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|Introd uction

This User Manual contains all essential information for the user to make full use of the
Unidentified Flying Object Data Acquisition System (UFODAS). This manual includes a
description of the system functions and capabilities, contingencies and alternate modes
of operation, and step-by-step procedures for system access and use.

Refer to the Quick Start sections for an initial installation and introduction to the “look and
feel” of the UFODAS system.

Questions and suggestions for improvements may be made by email to:

rholch@agmail.com

UFODAS systems are the basis for the data collection methodology of the UFO Data
Acquisition Project (UFODAP). The UFODAP project is a result of collaboration
between the UFO Camera Project and the work of engineer/computer scientist Ron
Olch. Mr. Olch had independently developed the concepts of a low-cost optical tracking
system beginning in 2014 as his personal research project as a member of the Los
Angeles UFO Research Group. In 2016, Wayne Hollenbeck joined the LA group and
expressed interest in the work he had accomplished, which was directly in line with the
goals of the UFO Camera Project. Subsequently, MUFON OC, which had been funding
the project for software development, shifted some of those funds as a research and
development grant to Mr. Olch, who has continued the development work that has
resulted in the UFO Data Acquisition System (UFODAS).

The technical focus of the UFODAP has been on resolving a portion of this issue by
providing methods to recognize, track and photograph anomalous objects while
simultaneously collecting data from multiple sensors. While this sort of capability has
been investigated and other systems have been built, their design emphasis has not
been on such low cost to make practical the kind of significant numbers to be deployed
to have a practical impact on Ufology. By “low-cost” we assume a unit cost of perhaps
$2500 or less. Thus, over the last 12 years significant progress has been made on an
Unidentified Flying Object Data Acquisition System (UFODAS) that attempts to address
this issue such that hardware and software is available today for practical data
collection.

Please see the following web site for more information:

www.ufodap.com

Please contact us at:

team.ufodap@gmail.com
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|About the Developer

UFODAS development was initiated in 2014 by Ronald Olch — MS Engineering and
Computer Science, UCLA. His resume outlining his extensive background in
electronics, software and system design may be found on LinkedIn:

https://www.linkedin.com/in/ronald-olch-05b8a11

Mr. Olch was a founding member of the Los Angeles UFO Research Group
(LAUFORG), which began at UCLA in about 1973 and has met every month since then.
His research interest behind developing UFODAS is collecting scientific data to better
understand UFO/UAP/AAP phenomena.
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|System Requirements

Minimum hardware and software required for implementation of an UFODAS system
include:

Windows 10 or 11 OS on a PC Computer with Core i5 processor, 16GB memory
and 2GB free disk memory. A faster computer, e.g., an i7 or i9 or with higher
speed ratings may provide higher analysis frame rates and thus better tracking of
faster targets. NOTE: A computer with a high-end graphics processor, such as
the Dell Alienware series, is not required but may improve performance with high-
resolution, higher frame rate video streaming. Future versions of the OTDAU
software will be enhanced to use any GPU available including those available on
earlier PCs.

The PC needs to have installed the current version of Visual C++ Redistributable
installs for Microsoft C and C++ (MSVC) runtime libraries. See
https://learn.microsoft.com/en-us/cpp/windows/latest-supported-vc-

redist?view=msvc-170 to download and install the latest version for your computer.

Alternatively, a MAC OS with a Windows Virtual Machine as described below may
be used. Note that this option will provide somewhat slower operation than running
on a native PC with a similar processor:

https://www.howtogeek.com/187359/5-ways-to-run-windows-software-on-a-mac/

For OTDAU, at least one camera interfaced to the PC. The camera may be an
internal webcam, external USB camera or any UFODAP supported external IP
camera.

If when starting up OTDAU you get an error concerning getMachinelD, having
more than one wireless network adapter enabled may cause the problem.

If when starting up OTDAU you get a WMI-related error you will need to restore
your WMI repository by entering (or copy/paste) the following commands at an
elevated (Admin) command prompt and then restarting the WMI service using
wmimgmt.msc, started from the Windows search box:

mofcomp %windir%\System32\wbem\cimwin32.mof
mofcomp %windir%\System32\wbem\wmiutils.mof
regsvr32 %windir%\System32\wbem\wbemcore.dll
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Currently supported IP camera manufacturers and model numbers include:

Amcrest IP2M-841, IP8M-2899 (May not be in full ONVIF compliance)

Axis* M3025-VE

Dahua DH-SD59A230TN-HNI, 50230UNI-A, 50A230, 50232XANR, 50432XANR,
NK8BR4, N51BD22, N53AB52, N53CB62, N65CL5Z, N85EFN2,
49225TNI, 49425TNI, DH-IPC-EBW81242N, DH-SD6AL445XA-HNR-IR

Hanwa 8300

Hino IPC7F12-AF, IPC7F12E-AF

Hikvision DS-2DE4A425IW-DE

Luminys N5B-4CA2, N5B-8CA2, P54-4SA25, P45-8RA25, N9F-8RA1, N9F-12RA1,
P54-4DB25, P55-4SA45, P44-8DB25

Reolink RLC823A (May not be in full ONVIF compliance)

Samsung SNP-3750

Sony SNC-RX570N, RZ25N

Trendnet TV-IP450P (V1.1R)

Uniview IPC868ER-VF18-B, IPC6424SR-X25-VF, IPC6658SR-X25-VF,

TIC2A32SA series

Other cameras by the same manufacturers may also be used. Please contact the
UFODAS developer to check compatibility or attempt to use any camera not listed. The
OTDAU software also provides a Camera Configuration Assistant (CCA) feature to semi-
automatically discover correct settings for other ONVIF-compliant cameras. To use the
CCA, your camera must be configurable to provide an On-Screen Display (OSD) of pan,
tilt and zoom values and be able to display a channel ID (a user-entered character string).

Any camera that is certified ONVIF-compatible should work with the UFODAS software.
ONVIF (Open Network Video Interface Forum) is an international organization
established to promote standardized interfaces for effective interoperability of IP-based
physical security products. Camera manufacturers who want to establish the ONVIF
compliance of a particular product tests the product using an ONVIF test suite and file a
report with ONVIF which then lists the product on its website. Some cameras claim to be
ONVIF compliant but may not be if not listed on the ONVIF site:

https://www.onvif.org/conformant-products/

Cameras that are not ONVIF-compliant typically use a manufacturer-specific
communication protocol, such as CGI (Common Gateway Interface) to communicate with
hosts such as a UFODAS computer. Custom code must be added to UFODAS to support
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such a camera if not already in place. Currently supported cameras above that operate
this method are the Sony and Samsung cameras. To enable the development of this
custom code, any new camera proposed for UFODAS use must have available a
comprehensive CGl document describing all its commands. Some CGl command sets
do not implement the minimum set of commands necessary for OTDAU control. Such
compatibility will be determined during the custom development process.

Note that even cameras that claim to meet the ONVIF specification often do not or do so
only partially. Even those that are compliant must be evaluated for correct operation by
UFODAS OTDAU software. All the cameras listed above have been fully qualified and
OTDAU software has been designed to work correctly with them.

*Note: Use of Axis cameras will not connect for ONVIF access unless the “Enable replay
attack protection” box is unchecked in WebService under System Options > Advanced >
Scripting (for the M3025). See:

https://support.avigilon.com/s/article/Axis-Camera-Connection-Gets-an-Error-ONVIF-
Sender-not-authorized-error-or-Invalid-username-or-password?language=en_US
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|Purpose

It is apparent that timely collection of high-quality optical and electromagnetic scientific
data related to UFO events has been difficult to obtain. Individuals who are in the position
to potentially record such events often do not have the appropriate equipment at
hand. Even MUFON Field Investigators may not have the means to wait for hours, days
or longer to capture an event and, at that time, record all necessary data in a verifiable
way.

Even when photos or videos are recorded, they often lack verifiable associated meta-data
such as the exact location of the camera and sensors, the azimuth and elevation of the
where the camera is pointing, time of day, associated electromagnetic and gravitational
perturbations at that time and so on. Also, even if a single camera captured such data,
the track of an object, its location on or above the Earth and its altitude, could not be
ascertained without combining the data of at least two such systems, placed some
distance from each other.

The focus of the UFODAS development has been on resolving a portion of this issue by
providing methods to recognize, track and photograph anomalous objects while
simultaneously collecting data from multiple sensors. While this sort of capability has
been investigated and other systems have been built, their design emphasis has not been
on such low cost to make practical the kind of significant numbers to be deployed to have
a practical impact on Ufology. By “low-cost” we assume a unit cost of perhaps $2000 or
less. Thus, over the last five years significant progress has been made on an Unidentified
Flying Object Data Acquisition System (UFODAS) that attempts to address this issue.

UFODAS consists of a Windows operating system-based personal computer and options
of one or two cameras and other clusters of sensors. In addition, there is software to pull
data and video, locally or over the internet, from multiple sensor locations and triangulate
target objects. The system supports a wide range of supported cameras including USB
webcams up to sophisticated all-weather IP cameras with pan and tilt as well as optical
zoom. The software architecture is designed to adapt to most any camera or Pan-Tilt-
Zoom (PTZ) mechanism in the future by addition of a single software element, without
modification to the main UFODAS software. In dual camera applications, one camera
may be a non-PTZ type that views a wide field of interest including all-sky cameras. The
second camera can be a PTZ camera automatically directed to point at the object based
upon its relative location in the field of view of the wide-angle camera. The PTZ camera
then independently tracks the object. Whether using one camera or two, the processor
samples frames from the wide-field camera and through some sophisticated image
analysis, detects qualified moving objects. It then directs the pan-tilt head to point the
telephoto camera at the object and collects images from it. The software can acquire an
object of interest and smoothly track and zoom into a moving object even with a single
camera. Maintaining track while moving the camera, which causes the background to
also move, was a significant part of the development effort.
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The software architecture employed enables support for additional cameras, whether
simple or sophisticated, including those with fast PTZ operation, higher resolution or non-
visible spectrum devices.

Triangulation of a sighted target object requires accurate azimuth and elevation of the
tracking camera. The optional MultiSensor Unit (MSDAU) is an embedded hardware and
software subsystem that provides camera GPS coordinates and precise time as well as
3DOF magnetometer and DC accelerometer for gravitational measurements. The same
sensors may be used to sense perturbations in those fields and include that data with a
camera-based event or provide the initial trigger for subsequent data collection.

The software also provides several related functions which include:

When a qualified event is detected, send an email to a designated address with
data that includes attached photos, GPS coordinates of the camera and object
azimuth and elevation.

Saves automatically named photos and videos to folders it creates in local
memory.

A sophisticated Graphical User Interface (GUI) for user-friendly operation.

Real-time track correlation with data from OpenSky to distinguish unknowns
from aircraft.

Real-time weather conditions local to deployed DAUSs.

Additional methods to eliminate false alarms such as birds and aircraft including
the use of deep learning methods.

Support for pan-tilt-zoom heads that provide mounts for various cameras or
other sensors.

Support for DSLR camera shutter control.

Ongoing development work includes:

MSDAU interface for acoustic sensors.
MSDAU interface for radar data.
Use of an optical gradient filter to determine target spectrum

Differential magnetometry to determine target magnetic field strength and
direction

Support for other types of cameras such as those operating in the Long Wave
Infrared (LWIR) portion of the spectrum.
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The UFODAS system architecture provides for an extremely broad set of configuration
options to meet the goal of providing systems for every budget and type of case.
UFODAS architectural components consist of:

Mission Control (MC) GUI-controlled software. MC interfaces with other
elements via the Internet to bring together, in one location, data from up to six
Data Acquisition Units (DAUs). DAUs may be any combination of OTDAUSs,
MSDAUSs or PTDAUSs.

Optical Tracking Data Acquisition Unit (OTDAU). An OTDAU includes a GUI-
controlled software element that provides an interface to many types of cameras
for optical target acquisition, tracking and video storage. An OTDAU can either
stand alone or work with MC. Two OTDAUSs and an MC form a comprehensive
solution to tracking with triangulation and both OTDAU and MC local data
storage.

MultiSensor Data Acquisition Unit (MSDAU). An MSDAU consists of an all-
environment enclosure with an embedded Raspberry Pi computer interfaced to
nine different sensors including GPS, magnetometer, DC accelerometer, AC
accelerometer, temperature and pressure. An MSDAU communicates with an
MC over the Internet to provide all of this data in real-time. An MSDAU may also
transmit data from other USB-interfaced sensors such as a Trifield meter.

Pan/Tilt Data Acquisition Unit (PTDAU). A high-speed pant/iilt unit that can
carry up to 10Kg of an instrumentation payload. PTDAU position control and
position feedback may be via USB or by PoE++. When used with POE++, a
single cable carries power and Ethernet signals for all operations. Currently, the
PTDAU may be configured with up to two IP cameras and a DSLR camera for
simultaneous still-frame capture at up to 48Mp and special lenses and filters.

All cameras and the MSDAU may be either tripod or wall/poll mounted. The
PTDAU is tripod mounted. Each unitis powered by and communicates data via
a single Ethernet. An MC may be configured to use co-located MSDAU data to
locate the camera and collect multi-sensor data simultaneous with tracking
events.

All collected data is initially stored on the computer running OTDAU or MC software.
The MSDAU does not store any data. All MSDAU data is stored on the computer
running the MC software that is communicating with the MSDAU. All data is available to
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the user to store or send by any common method such as uploads to cloud data
storage, email attachment or remote access via remote PC control software.

OTDAU also includes the means for a user to send curated data to the UFODATA
organization (ufodata.net) for addition to scientific research.

UFODAS cameras, the MSDAU, OTDAU and MC software as well as numerous
installation and support options are available via the UFODAP website. Several
cameras are offered, each with unique capabilities and price levels ranging from a fixed
lens, wide-angle unit, an All-Sky 360-degree camera to 12x and 32x PTZ models.
OTDAU software allows the use of each type alone or in combination.

The figure below illustrates a high-level view of the UFODAS architecture. A DAU is
either an OTDAU with one or two cameras or an MSDAU.

Mission Control
"Wide"
camera

Optional
Pan/Tilt
Unit

DAU 6

MSDAU —

RF, Magnetic, Gravity,
GPS, Humidity, Temp,
Pressure

Optional
"Tele"
camera

OTDAU also supports various motorized Pan/Tilt units which can carry sensors that
have no PT capability on their own such as an IR or thermal camera, directional
microphone or a radar antenna via the PTDAU.

OTDAU and MC software may be run on a computer local to cameras and MSDAUSs,
connecting to them directly or via a router. In this case, the computer, camera(s) and
MSDAU(s) each connect to the same router. All these devices would be on the same
Local Area Network (LAN).
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Alternatively, any instance of OTDAU and/or MC could run on a computer remote from
any connected camera(s) or MSDAU(s) and communicate with it via the Internet.
Typically, the computer would be connected to a router that has an Internet connection.
Each camera and MSDAU would gain access to the Internet by a wired or wireless
connection to some other router. In this way, the computer(s) would access the
cameras and MSDAUs via the Wide Area Network (WAN).

Any combinations of local and remote connections, working together for the same
system are feasible. In addition, for systems that use more than one camera, such as
triangulation, each instance of OTDAU software (one per camera) may run on the same
computer or separate computers. MC software may run on the same computer as
OTDAU or on a different computer. How many computers are used for a particular
application will be a matter of convenience and speed which, in turn, depends on
connection speeds and camera resolutions and frame rates.
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|Functional Description

As shown in the configuration diagrams, a UFODAS system can take several forms, from
simple to more complex, depending on available resources and data collection
requirements.

In its simplest form, such a system may consist of a single PC with a fixed-lens USB
camera pointed at a portion of the sky of interest. An object moving into the fixed field of
view would be acquired, tracked and recorded. When a moving object enters the portion
of the field defined by a bounding box (to reduce false identifications of motion in the
background, such as foliage), the bounding box is reduced in size to surround the object
and recording begins. The bounding box is made smaller to reduce the likelihood that,
as the object moves past structures and foliage, it is less likely that the system will move
its attention away from the object first acquired. When the object leaves the field of view,
the system stops recording, returns the bounding box to its original location and size and
waits again for another moving object. At the end of recording, several factors are used
to determine if the object was truly of interest. These factors include the length of the
capture sequence (very short may be due to birds, for instance) and image recognition of
the object, such as an aircraft.

In a more capable configuration, a Pan/Tilt/Zoom (PTZ) IP camera is used. In this case,
a similar acquisition sequence occurs except the system attempts to move the camera to
keep the detected object in the center of the field of view (CFOV) so that zooming into the
image will not send it out of frame. Zooming is incremental with a timeout between zooms
to allow the system to bring the error distance from the object position to CFOV to below
a set value. Again, the object will be continuously tracked and possibly zoomed into for
as long as it remains visible.

At the end of each tracking sequence, data may optionally be sent via an email to up to
three designated email addresses indicating that an event occurred, basic meta-data
including time, location and system configuration as well as attached video or still frames
of the event.

Triangulation is accomplished by combining the azimuth and elevation from two cameras
tracking the same object. For this to be reasonably accurate, the location of each camera
must be known. The system can determine the geolocation of each DAU from a street
address or lat/lon values entered as part of its configuration. Alternately, an MSDAU can
provide GPS location and accurate time. All that data is combined with the camera video
and meta-data and included in the recording/upload. The magnetometer and
accelerometer data can also be monitored for unusual disturbances prior to or during a
video recording sequence. Such a disturbance may result in recording independent of or
combined with camera data if a moving object is detected at the same time.

All functionality is set up and controlled by the MC and OTDAU Graphical User Interfaces
(GUIs). These user interfaces are detailed in the following sections of this Guide.
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A UFODAS system can take many forms to suit a particular user’s needs. As illustrated
below, it may consist of just the OTDAU software with one or two cameras. It may also
include an MC communicating with any combination of up to six OTDAUs and MSDAUSs.
IP cameras and MSDAUs may be combined or separate and communicate with either a
local computer on a LAN at the same location or to distant computers over the Internet.

NOTE that cameras and PTDAUs are interfaced to and controlled by instances of
OTDAU. MC acquires camera data from OTDAUs and distinguishes between them by
the unique port number the user can assign in each OTDAU System configuration.

Thus, a field investigator may only be responsible for installing a camera and/or MSDAU
with power and an internet connection while the data those devices provide may be
sampled by a computer at a distant researcher site.

Alternately, all the data acquisition equipment as well as the computer(s) running the
OTDAU and MC software may be at the same site, communicating via a LAN on a single
router.

Given the nature of IP connected devices, more than one computer can simultaneously
monitor a video stream from one camera. Thus, a system may be constructed wherein a
camera obtains PTZ control and data storage on one computer while several others
monitor its video stream via OTDAU or another application such as Internet Explorer
browser or the VLC video display software.
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|Hardware Configuration Options

The UFODAS system architecture allows for many combinations of hardware and
software to meet various data collection requirements and user budgets. Some of these
configurations are illustrated in the diagrams below.

The most basic system would be just a PC computer running the OTDAU software with
input from a USB webcam or a low-cost home-monitoring type of pan-tilt or PTZ
camera. The camera may communicate with the computer via hardwire connection to
the user’s router or by WiFi.

A somewhat more sophisticated system might upgrade the camera to a security system
quality PTZ camera with or without optical zoom. A hardwired Ethernet interface to a
router is typical in this case. Camera power may be provided by an AC power supply or
by a Power over Ethernet (PoE) Injector.

Note that, in contrast with other object recording systems that depend on higher-
resolution cameras to detect object details, the OTDAU utilizes the combination of
continuous tracking and optical zooming to optimize the number of sensor pixels used
to image an object. Thus, for example, an object might occupy 100x100 pixels in a
4000x3000 pixel fixed-field image using a high-cost camera. The same object could be
recorded in approximately 1400x1080 pixels in a typical 1080P (1920x1080) image.
The UFODAS/OTDAU concept thus greatly improves on image quality as well as
lowering system cost.

A single OTDAU computer may also use two cameras. One might be, for example, a
USB fixed-field camera and the other a PTZ camera. In this configuration, an object
detected with the fixed-field camera is used to direct the PTZ camera to point at in the
general direction of the object. The PTZ camera then begins its own search for the
object, detects it and then continuously tracks and zooms. In another mode, the PTZ
camera’s direction is continuously updated according to the object location in the FOV
of the fixed camera These two-camera modes are particularly effective when the fixed-
field camera has an especially wide field of view, such as one with 360-degree optics
(also known as a panoramic or “all-sky” camera).

The next stage of UFODAS system implementation may utilize two of the above
OTDAU/camera systems and add the Mission Control (MC) software. In this
configuration, one can monitor both OTDAUs and, when they both signal acquisition of
a tracked target, continuously compute and record the triangulated geographic position
and altitude of that target as it moves with respect to both camera systems.
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The MC software can monitor and record data from up to six Data Acquisition Units
(DAUs). DAUs may be OTDAUSs for optical tracking but may also be MultiSensor DAUs
(MSDAUSs). Any combination of OTDAUs and MSDAUs may be locally (via LAN) or
remotely (via the WAN or Internet) monitored and recorded by an MC.

Physical mounting of PTZ cameras may be accomplished in several ways depending on
the available installation environment. A camera may be mounted by means of
standard hardware provided by the camera manufacturer to a wall or pole. If the
installation must be temporary or its position often moved, then an environmentally
protected tripod mount for such a camera is available. The MSDAU alone may be
tripod mounted or use Dahua standard mounting hardware for wall or pole mounting.
The same mounting options are available for an MSDAU that includes a camera
collocated on the same mounting adapter plate assembly.

Note that when configuring a data collection system, one can run more than one copy of
OTDAU on a single computer with a single licensed copy. One can also combine one
or more OTDAUs with MC on a single computer. The limit to this is the speed and
memory of the PC, the number of such processes and the video resolution of the
configured cameras. Some individual experimentation may be required to determine if
the processing power of a particular combination will be sufficient for a user’s
application.

Please see the ufodap.com website for the latest hardware, options and systems
offered on the UFODAP Shop, accessed via the home page. The R&D section of
ufodap.com also provides a look at what capabilities may be offered in the future.
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|Mission Control (MC)

Introduction

The Mission Control (MC) software provides a means to bring together, in one location,
data from up to six remote DAUSs. If two of those DAUs are OTDAUs then MC can
triangulate the location, azimuth and elevation data acquired from those DAUs to
provide a real-time view of the geolocation, altitude, size and velocity of an object both
DAUs are tracking.

Each DAU could be, in any combination:
e An OTDAU with one or two cameras
e An MSDAU with optional external USB and WiFi connected sensors
e A PTDAU via an instance of OTDAU

e Other types of DAUs which would consist of a version of the Raspberry Pi with its
OS and firmware plus internal or external specialized sensors such as radar or
acoustic devices.

The MC displays on a single main screen data from all the connected DAUs along with
thumbnails of the video from any OTDAUSs. It also provides a real-time updated Google
Map showing the locations of all DAUs, with camera bearings and triangulation results.
Alternately, a real-time, full frame-rate video stream from an OTDAU tracking camera,
moving graph of MSDAU data or an MSDAU RF spectrum may be selected to replace
the map display. The user can rapidly switch between any of these data sources.
Controls are provided to move the center of the map and zoom the map in or out for
detailed location analysis.

MC also can record to a local disk file all the continuously collected OTDAU and
MSDAU data, the map image and up to two camera feeds. Camera video is saved as
avi files while other data is saved as CSV files suitable for input to Excel for analysis.
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MC Quick Start Guide
The following is a brief list of steps to start and run an MC Mission.
e Power up an MSDAU and verify or set its address to 144.

e Open OTDAU and Load the System configuration “test-aerobatics” with assigned
port 51000.

e Open MC by double-clicking on the MC icon on your desktop, resulting in:

=3
Mission Sensors Recording Sharing Setup  Help
Status Data isition Units
- DAU 1 DAU 2
Chec]
Start
Lice
cne
e 2E-50
usis QLS SB25-9F78 9
url: https: //wwln‘s dwl om/api/vl/products/ 78046577/ licenses/
DAU 3 DAU 4
Spectrum Controls
RANGE OFFSET
|
DAU 5 DAU 6
e | m
Map Display Controls
Disabled ZOOM IN
oy LEFT RIGHT | RESET |
‘ to record
| DOWN | zoom ouT

e Click Mission. This will bring up the Mission Configuration form.

e Click on Open and then double-click on the desired mission file name, int this
case, “mission-pccam1-ms1.json. This mission monitors one instance of OTDAU
software with port 51000 and one MSDAU at address 192.168.1.144. The main
display status box should now show “Ready to load”.

e Click Close Window. To the right of the status box, click the Load button. Data
from the selected DAUs will appear in the Data Acquisition Units display
windows. The status box will show “Ready to run”, the Stop button will illuminate.
A Google map will appear which shows the location of the DAUSs, as shown
below.
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e Click the Display Plot button to see real-time MSDAU data or click Display RF,
Aircraft for a chart of nearby aircraft or, in the MSDAU box, Display RF to see a
real-time RF spectrum plot.

e Recording options may be selected at any time after opening the mission
configuration file.

e Clicking the Run button would enable any recording options selected if one or
both of the DAUs become triggered.
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After selecting Display Plot:
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The plot is continuously updated with the following data from the MSDAU:
e Relative humidity in %

e Temperature in degrees C — NOTE: This is the internal temperature of the
MSDAU useful as a measure of its hardware status and longevity. It is not
outside environmental temperature.

e Pressure in milliBars

e Magnetometer in microTeslas for each of the X, Y and Z directions

e Orientation in degrees of the MSDAU for each axis -- yaw, pitch and roll

e Gyro (AC accelerometer) in degrees/second for each axis -- yaw, pitch and roll

e Accelerometer (DC) in degrees for each axis of yaw, pitch and roll. The length of
each of the axis lines indicates acceleration in Gs
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After selecting Display RF:
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The minimum and maximum frequencies to be swept and the peak detection level are

selected in the MSDAU Configuration, as shown below.

Display with trigger level of -30 dB and anomalous peaks for fmin and fmax that
encompasses the entire FM broadcast band:
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The peak detection level is a value in dB which is displayed as a dashed red line.
Initially, the system makes several measurements of the specified RF band and retains
that as a background level. Subsequently, if any energy is detected that exceeds that
level, then those peak values are highlighted with their specific values displayed in red,
as shown above. This is also shown in the DAU display as “TRIGGERED BY RF”.

A trigger condition results from any frequency values exceeding the selected peak level
during a Run. If an MSDAU is selected to be a Recording Trigger then this trigger
condition, as well as for any sensor value above the percent increase selection, causes
the system to begin recording all data selected to be recorded, as shown in the Mission
Configuration below.

For example, the Mission configuration for the mission-pccam1-ms1 mission above
might be as shown below.

£n

Mission Configuration

Description |UFODAS Mission Control -- One camera, One M3DALU

Start time |07:00:00 Stop time |23:00:00 Enable Sound [+
Data Acquisition Unit Recording Trigger Associated DAL

DAU1:  |otdau-pe-cami v 2

DAU 2 |msdau-144 v

DAU 3 |display-2-rf [

DAl 4 |display-2-plot [

DAU 5: |display-1-video B

DAU & |display-1-map [

Mew COpen Save Save As Close File Close Window
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Mission Control menus and displays

Operating the Mission Control application requires the user to set up several mission
configurations. These configurations are entered from forms selected by the following
titles found at the top of the MC main window:

® Mission

® Sensors
® Recording
® Sharing

® Setup

® Help

-
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iverage data collection pericd: 0.04 seconds at 15 March 2021 17:52:42PM
|| closing the system file
| lsensorflame for file 0 write close: multi
| |sensertiame fox file 1 write close:
sensorliams for file 2 write close:
‘ sensorllame for file 3 write close:
sensorllams for file 4 write close:
|| sensortame for file 5 write close:
| v
i
DAU 5 DAU B
Ready to run
Map Display Controls
| Enabled upP | ZOOMIN |
‘ Not read
Y LEFT RIGHT RESET
to record
Z00M OUT|

Mission Control application GUI prior to Vmi'ssioh' configuration selection.
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A default (CGI UFO) photo is shown when the system has not been configured and thus

there is nothing to display.

Up to six sensors or Data Acquisition Units (DAUs) are supported by the mission
configuration. Each of the six boxes not used for a DAU can be used to display several

types of data from other DAUSs.

Mission Sharing Setup  Help

sors
Video and Data Display

Data isition Units
DAU 1 DAU 2
Not triggered by tracking
Time: 17:04:34
Loc:

«
DisplayVidenl

: Located by associated DAU GPS
rees.

Azi : 86.32 degy
Elevation: 31.85 degrees

Zoom: 1.0

mmma DisplayVidenl

DAU 3

msdau-144 ONLINE
All da below trigger levels
04-26 00:04:34 UTC Satellites: 09

GPS Altitude: 213.9 m 701.8 ft

Map Display Controls

g & z o
ES £ g um (@
> > = =7 Sky Zone | raymes
R O Tmpoine Park
2 I
g
=z
2 7 P
ssssss g LAKE BALBOAT _oF
~, 4m
L Fuent \‘-\
Restaurar -
~
S da B N
Sepulveda Basin
Victory Bivd Off-Leash Dog Park (4}
;G ard St Oxnard St
ENCINO VILLAGE
Soly Luna
Lsolvlung
TARZANA Q) = T
Yen,, I R
"8,
Monday 03 August 2026 17:04:34 Locol time from GPS
RF Spectrum Controls
RANGE OFFSET

28.84 56.98 53.03 uTeslas
Orientation: 242.35 3.2 92.57 degrees
Gyro: 0.00 0.00 -0.00 degrees
Accel: 24235 321 9251 degrees
Accel: 0.06 1.00 -0.05 Gs
percent Display Plot

Display Data

1.
7.4

Display RF
Electromaanetic: 0.0000 )

[ e | o () o | oo | o

Enabled up | ZOOMIN
o ey | LEFT RIGHT | RESET |
to record

DOWN | ZOOM OUT,

DAU 5

DAU 6

P863T31921

MC after configuration with one fixed camera, one PTZ cameras, MSDAU and
corresponding Sensor Units with optional additional data displays in unused DAU
positions.

Pins on the Google Map are color coded to the associated sensor and show the
Sensor number. Pie-shaped areas, color coded to the associated sensor, show the
FOV for each camera. The width of each area changes dynamically with actual
camera zoom value. In this example, the MSDAU has no built-in SDR for RF

scanning.

The MSDAU is located by GPS because it has sufficient satellites for a fix. Since
the Mission configuration did not specify that the location of the cameras (each
instance of OTDAU), was not Associated with the location of the MSDAU. The
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location of each camera is shown at its default location, specified manually in the
Sensor > OTDAU window for each.

Both cameras are pointing in the same direction as shown by the green bearing
paths.

The location shown of an MSDAU will be its longitude/latitude as derived from its
internal GPS receiver if the receiver has achieved a fix on at least four satellites.
Otherwise, the location will be the one entered as the Location in the MSDAU
configuration.

TARGET Lat: 34.218064 Lng: —118.524437 Alt: 3099.668 feet AGL
Ground Speed VX: —617.30 VY: -532.80 VZ: -150.92 mi/hr
Size W: 256.03 H: 212.05 feet  Distance LOS C1: 11119.17 C2: 13134.24 feet

pSUS 4
‘Y@ @1;!; l o Wholesale
[
I
" Sky Zone
Trampoline Park
The Japanese
) C Garden
: DAU ‘3 wo\Balboa/ ¢ Q ——
hmldtyn(1 ane ’l ane - Anthony C @ L 405
as display ?
Beilenson Park Sepulveda
Monday 17 February 2020 08: 21 41AM Basin Wildlife

Map data ©2020

nnnnnnnn

MC with Google roadmap after a target has been acquired by both cameras
and triangulated. The target latitude, longitude and altitude are now displayed.

Real-time recording of the map, both camera video streams and all the digital meta-
data from all four sensors would start recording, if selected.

When the target can no longer be triangulated, the system may optionally send a
status email with map frames and other data to up to three email addresses.
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System Status controls

The contents of the System Status box are controlled by a group of six buttons below it.

f Rosdnap| ssteiee [ ryoris [ tormain | weatner | reran § suns |

The Roadmap, Satellite, Hybrid and Terrain buttons govern what kind of Google map
display is shown.

The Status button, the initial default, selects ongoing MC program status messages.
Prior messages no longer in the window may be viewed when MC has been Stopped.
Messages may be scrolled by using your mouse wheel or the slider on the right side of
the Status display.
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Weather data collection

The Weather button displays a list of weather conditions at each DAU location, as

shown below.

15 March 2021 18:15:26PM

Data Item DAUL

City N/R

State Colorado
Time of calculation 18:15:25
Local Time 19:15:23
sunrise Time B6:14:84
Sunset Time 18:1@:28
Status few clouds

Wind Speed - m/s 5.66
Wind speed - mifhr 12.86

Wind Gust - m/s 12.86
Wind Gust - mi/hr  28.77
Wind Dir - deg 278.808
Humidity - % 49,880
Temperature - C 5.88
Temperature - F 41.14
Pressure - hPa leag.ea
Pressure - inHg 29.8@
Visibility - m laaea. aa
Rain - mm/hr N/R
Snow - mm/hr N/R
Clouds - % 2e.e2

N/R -- Not Reported

New York
New York

18:15:
21:15:
B4:87:
16:82:

clear
3.68
8.85
7.72
17.27

J@a. a8
17.88

1.41

34.54

26
23
12
21
sky

1@827.88

38.33

laaea.

N/R
N/R
1.e@

aa

Toronto
Ontario
18:15:88
21:15:24
B4:29:28
16:23:38
overcast clo
3.67
8.21
5.28
11.63
116.88
43, 88
-2.82
26.92
1828.686
38.36
18668 .66
N/R

N/R
1aa.ae

Portland
Oregon
18:13:46
15:15:25
@7:22:38
19:16:28
overcast clo
2.86
4.61

N/R

MSR
3a.68
49,88
65.14
43.85
1822.88
3@8.18
18666.868
MSR

N/R
9@.ee

Mew data is available every two hours or less

Hooper

Colorado

18:15
19:15

86:14:
13:18:

clear
3.75

19.57
11.32
25.32

24a. 88

42.88
5.a87
41.13

128
125

18
33
sky

188988

29.88

laaea.

N/R
N/R
1.e@

2a

Houston
Texas
18:12:28
28:15:26
@5:38:59
17:29:43
few clouds
4,12
9,22

N/R

N/R
158.88
83.ee
23.23
73.81
1811.86
29.85
18668, 86
N/R

N/R

28, a8

Weather data may be saved to a CSV format file by selecting the associated Recording
Option. This saves all weather parameters at the time a trigger condition occurs, which
also starts all recording options.
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Aircraft flight data collection

The Aircraft button displays a list of aircraft information for all flights within a 10 mile on-
a-side area surrounding DAU1.

DISABLED —-- 10 second delay between samples if Bun and triggered

Local Flight Data -- 5 Rircraft UFODAP Mission Control 31 October 2025 22:35:10FM

Data Item Flight 1 Flight 2 Flight 3 Flight 4 Flight 5 Flight &

ICAC transpdr adds a22eTe acd27a a2l4al 442387 a97aa7

Callsign N24JR N925TV N233LR VIT712 N71HD

Origin Country United State United State United State Malta United State

Last Position Time 22:35:07 22:35:08 22:35:07 22:35:01 22:35:07

Last Contact Time 22:35:07 22:35:08 22:35:07 22:35:07 22:35:07

Longitude -112.50 -118.38 -118.35 -118.49 -113.34

Latitude 34.28 34.09 34.07 34.22 34.11

Barometric 21t - m 708.66 42g.72 132.88 /R 411.43

Surface Report False False False Truse False

Velocclty - m/s 70.1% 1.15 28.00 0.00 4.16

Trus Track - deg 175.38 206.57 £9.57 87.19 51.34

Vertical Rate - m/s -4.55 0.00 1.63 /R 0.85

Sensor IDs H/R H/R H/R H/R H/R

Geometric Rlt - m 723.90 396.24 175.26 /R 403.56

Squawk Code N/R N/R N/R N/R N/R

Special Purpose Ind False False False False False

Position Source ADS-B AD5-B ADS-B AD5-B ADS-B

Aircraft Category No informat No informat No informat No informat HNeo informatc
Category line 2 ion at all ion at all ion at all ion at all ion at all

N/R -- Not Reported Typical data latency is ~10s to 2min 5 of 5 flights shown

Beporting area 1s a rectangle, 10 mi/side, centered on the location of DRUL

Data is from The OpenSky Network, https://opensky-network.org

Aircraft flight information is listed for the first six flights of the total flight data available.
Flight data includes each aircraft’s call sign, time of last position measurement, whether
it is on the ground or in the air (Surface Report), absolute (Geometric) altitude, etc. The
position source is typically from Automatic Dependent Surveillance—Broadcast (ADS-B)
receivers but may also be derived from Multilateration (MLAT) or All Purpose Structured
Eurocontrol Surveillance Information Exchange (ASTERIX) data.

ADS-B message decoding and display also provides the Aircraft Category. The
category may be one of 25 values including “No information at all”, “Small (15500 to
75000 Ibs.)”, “Glider / sailplane”, etc.

Detailed information about how flight data is collected and what aircraft may or may not
be displayed is available at:

https://www.opensky-network.org

After at least one set of aircraft data is collected, aircraft locations and call signs are
shown on the map, as in the display, below.
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The call sign and geometric altitude are also geolocated and displayed on the map.
Each such indicator moves whenever the data is updated, typically every 10 seconds.

Aircraft flight data may be saved to a CSV format file by selecting the associated
Recording Option. This saves flight parameters for all aircraft at the time a trigger
condition occurs, which starts all recording options

NOTE: OpenSky aircraft data can only be sampled 400 times/day. To prevent
unnecessary exhausting this limit, aircraft data is only sampled either once per selection
of the Aircraft display or every 10 seconds during Run and a trigger condition. The first
line of the display indicates when sampling occurs. You will see changes to the aircraft
indicators on the map when sampling picks up new values.
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Mission Control Maps

Introduction

Mission Control shows the DAU locations, fields of view, bearing lines, aircraft and other
data on a map of the area. Starting with this version, the maps no longer come from
Google. Mission Control builds each map from standard map tiles supplied by:

+ USGS National Map -- for sites in the United States. Public-domain data: no key,
no account and no fees.

» Esri ArcGIS Location Platform -- for sites outside the United States. Requires a
free Esri API key; the free tier (2 million map tiles per month) allows commercial
use, and with tile caching Mission Control uses only a small fraction of it.

Addresses entered as DAU locations are converted to latitude and longitude with
OpenStreetMap, also without Google. A Google account or Google API key is no longer
needed for any part of Mission Control.

How It Works

|Choosing the map source

The map is centered on the DAU locations (plus any panning). Mission Control then
chooses the source automatically: USGS when the center is in the United States
(contiguous US, Alaska, Hawaii, Puerto Rico), Esri everywhere else. The choice can be
fixed to one source in the map settings file (see Map Settings File).

USGS National Map

US sites -- public domain,
auto: insid no key, no account

Map center "provider" setting

locations (+ any panning) auto / usgs / esri

auts;outside US
Esri ArcGIS

centroid of the DAU > in C:\MC\maps.json

elsewhere -- needs a free
Esri APl key in maps.json

How Mission Control chooses the map source.
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Map types

The Roadmap, Satellite, Hybrid and Terrain buttons select these maps from each
source:

MC map type USGS (US sites) Esri (other sites)

Roadmap USGS Topo ArcGIS Streets

Satellite USGS Imagery ArcGIS World Imagery

Hybrid USGS Imagery Topo World Imagery with ArcGIS imagery labels
Terrain USGS Topo ArcGIS Outdoor

NOTE: For Esri, Mission Control asks the service which map styles it offers the first time
a map is needed and logs the list ("Esri static basemap styles available: ..."). Satellite
and Hybrid use the imagery the service provides; nothing needs to be configured.

'Map tiles and the tile cache

Each map image is assembled from map tiles at the selected zoom level, using the
standard web map projection, so DAU markers, field-of-view wedges, bearing lines and
aircraft are placed exactly. Tiles are saved on disk in C:\MC\maptiles. A site that does
not move downloads each tile once; afterwards maps appear immediately, and continue
to work without an internet connection for areas and zoom levels already viewed.

+ USGS tiles are kept indefinitely (public-domain data).
» Esritiles are kept for the number of days set in the map settings file (30 by
default) and then downloaded again, in line with Esri's terms of use.

DAU locations and addresses

A DAU location can be entered as an address or place name ("Heathrow Airport") or as
latitude and longitude ("51.4700, -0.4543"). Addresses are looked up once with
OpenStreetMap and saved in C:\MC\geocode cache.json; the map, aircraft and
weather displays all use the same saved results.

TIP: Entering locations as "lat, Ing" is the most reliable choice for fixed sites -- no lookup
is needed, and an ambiguous address can never place a DAU in the wrong town. A
GPS-equipped DAU uses its GPS position.
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The Map Display

Date / time (top left) UFODAP logo

- ==

Thursday 01 October 2026 17:11:09 Local CPU Time UFODAP

TARGET Lat / Lng /-Alt-{while-tracking)

Map credit (bottom right) -- only the
suppliers of the area and zoom shown

—

Esri, <data suppliers for this view>

Powered by Esri

Layout of the map display.

« Date and time -- top left: the date, the time and whether it comes from GPS or
the computer clock. While a target is being tracked, its position, ground speed,
size and distances appear below it.

« UFODAP logo -- top right.

* Map credit -- bottom right. For USGS: "Map: USGS National Map". For Esri:
"Powered by Esri" and the data suppliers for the area and zoom level shown (for
example Ordnance Survey and TomTom on a London street map, or Maxar on
satellite imagery). Esri requires this credit; it changes as you pan, zoom or
change map type.

+ Map not available -- if a map type cannot be loaded, the map shows "<type>
map not available from <source> -- see the log" instead of the previous map.
Mission Control retries every 30 seconds.
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Fullscreen.

 Video and Data Display

Thursday G1 October 2026 1?:46:i9 Locol CPU Time
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Powered by Esri
Esri, Esri Community Maps Contributors, DCCEEW, TomTom, Garmin,
METI/NASA, USGS

Example of a map for a non-US location, the Sydney Airport, also showing

aircraft via ADS-B.
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Map Settings File

Map settings are kept in C:\MC\maps.json. Mission Control creates the file with default
settings the first time it shows a map. For normal use, it is not necessary to edit this file.
If needed, edit it with Notepad, then restart Mission Control.

Example:
{
"provider": "auto",
"esri api key": "AAPT...your key...",
"esri cache days": 30,
"usgs_ cache days": 0,
"esri styles": { "roadmap": "arcgis/streets", "satellite": "auto",
"terrain": "arcgis/outdoor", "hybrid": "auto", "hybrid labels":
"auto" }
}
Setting Description
provider auto (USGS in the US, Esri elsewhere), usgs, or esri.
esri_api_key Your Esri API key (see Setting Up Esri Maps). Needed only for sites
outside the US.
esri_cache_days Days Esri tiles are kept before being downloaded again (0 = no limit).
usgs_cache_days Days USGS tiles are kept (0 = no limit).
esri_styles Esri map style for each map type: a style name, a full tile URL, or auto.

Normally left as created.

NOTE: Keep the quotation marks and commas exactly as shown. If the file cannot be
read, Mission Control logs "Map settings file could not be read" and uses the default
settings.
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Setting Up Esri Maps (Sites Outside the US)

Sites in the United States need no setup. For sites elsewhere, create a free Esri API key
once:

Step 1: Create an ArcGIS Location Platform account

« Sign up at developers.arcgis.com for an ArcGIS Location Platform account (free).
ArcGIS Online and ArcGIS Enterprise accounts are not supported by this service.

Step 2: Create an API key

* In the developer dashboard, create a new API key credential.

» Title, tags and summary are labels for your own reference, for example Title
"UFODAS Mission Control - Basemap Tiles", Tags "UFODAS, Mission Control,
basemap".

» Privileges: Location services > Basemaps > Static basemap tiles. No other
privileges are needed.

+ Referrer: leave empty. Referrer restrictions apply to web pages; Mission Control
is a desktop program and its requests would be refused if a referrer were set.

« Expiration: note the date and set a reminder -- when the key expires, maps
outside the US stop loading until a new key is entered.

Step 3: Keep pay-as-you-go disabled

+ With pay-as-you-go off, the service simply pauses until the next month if the free
tier were ever used up; there are never charges.

Step 4: Enter the key

+ Paste the key into C:\MC\maps.json as "esri_api_key" and restart Mission
Control.

» At asite outside the US the log shows "Map source: Esri ArcGIS (outside the
US)" and the map appears.

+ To test the key from a US site, set "provider" to "esri" temporarily, then back to
"auto".

NOTE: Without a key, a site outside the US shows a one-time message: "Maps outside
the US need an Esri API key -- add it to C:\MC\maps.json".
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Installation and Updates

« The installer creates the C:\MC folder with write access for all users. maps.json,
the tile cache and the address cache are kept when Mission Control is updated

or uninstalled.

+ To distribute your Esri key with the installer, place a maps.json containing it in the
Mission Control build folder before compiling the installer. It is installed only on
computers that do not already have a maps.json, so an update never overwrites

a site's own settings.

* The key in maps.json is readable on each computer. It is limited to map tiles, with
pay-as-you-go off, so it cannot incur charges; sites that prefer their own key can
create a free account of their own.

Map Troubleshooting
Symptom

Map outside the US is blank, with an
Esri key message

"<type> map not available from Esri"
Grey squares in part of the map
DAU shown in the wrong place

Map does not update after editing

maps.json

Few or no aircraft at a busy airport

Cause and action

No key in maps.json. Add "esri_api_key" and restart.

The key has expired or been revoked, or lacks the Static
basemap tiles privilege. Check the key in the Esri dashboard;
the log shows the failed request.

Some tiles could not be downloaded (connection). They are
fetched on the next map update.

The address matched a different place. Enter the location as
"lat, Ing".

Settings are read once per run: restart Mission Control.

Check the local time there -- many airports have little traffic at
night. Compare with a public flight tracker.

49



Operating controls

A status box and four buttons are located below the System Status controls.

e o N o | e | o

From left to right these are:

Status Box — Displays a message indicating the current MC operational state. These
messages include:

Stopped (as shown above)
Ready to load

Waiting for DAUs

Ready to run

Running

“** TARGET ACQUIRED ***

*** Recording

Recording stopped

Run — Click this button to start monitoring DAUs for triggered state(s) and updating the
map display.

Load — Click to load the selected Mission configuration, update the DAU displays and
get ready to Run.

Close — Close the current Mission.

Quit — Terminate MC program execution.
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Map Controls

The Map Controls portion of the display is enabled for user control when the system has
been loaded with a Mission Configuration but is not in the Run state. Whether these
controls are Enabled or Disabled is indicated under the Map Controls title.

s Map Display Contrels
Enabled upP | ZOOM IN
bl I LEFT | RIGHT | RESET
to record
DOWN | ZOOM OUT

When Map Controls are enabled, the user may move the portion of the displayed map
up, down, left or right by clicking on the corresponding buttons. Holding down the left
mouse button while over a direction allows continuous movement in that direction.

The map may also be zoomed in or out by clicking on the zoom in or zoom out buttons.

Clicking on Reset will return the map to the original size and location prior to any
direction or zoom command.

The contents of the box in the lower left corner reflects the Mission Description entered
in the Mission Configuration window.
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Mission Setup

Setting up an MC for a particular mission involves the following steps:

1.
2.
3.

Determine which DAUs will be used for the mission.
Verify or set up those DAUs as Sensors in Sensor Configurations.

For each OTDAU computer, calibrate the camera position. This is accomplished
by manually moving the camera via the PTZ controls to set the pan angle
(azimuth) due North and the tilt angle (elevation) at the horizon. Then in the
OTDAU Setup menu, click on “Set Pan and Tilt offsets” and then Save. This will
create an offset to the actual camera panl/tilt angles, zeroing them out at this
initial position and moving the green camera azimuth indicator line to point North.

For each OTDAU computer, set the initial Home position of the camera to the
field of interest and any other necessary parameters and then Run the tracking
process.

On the MC, select or configure a Mission configuration that uses the needed
DAUs. Be sure to set the Recording and Sharing options as required before
Runing. If MSDAUSs are used, adjust the triggering sensitivity by changing the
Trigger level percent in the Setup Options menu.

Run the Mission and verify via the right-side displays that data and video is
streaming to the MC from the DAUs and that the MSDAU trigger level is not too
low (creating false triggers). Use the MSDAU Display Data button to review
trigger levels and current background “noise”. Stop the Mission and adjust as
necessary.

Note that the function of Run is to enable recording and enable triangulation. Data can
be checked for any DAU prior to Run.

All the MC parameters and menus are described below.
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Mission Configuration

Mission Configuration

Description |UFQDAS Mission Control -- Two cameras and M5DALUs

Start time |07 00:00 Stop time  (23:00:00 Enable Sound [+
DAl Recording Trigger Associated Sensor

Sensor 1: |otdau-pc-cami v 2

Senmsor2: |msdau-145 [

Sensor 3 |otdau-pc-cam2 v 4

Sensor4: \msdau-144 [

Sensor 5 [

Sensor & [

MNew Open Save Save As Close File Close Window

An MC is configured for operation for a particular application by setting several
parameters via the Mission Configuration window. This window is accessed by clicking
on the System tab at the top of the main window.

This window shows all the available system configurations. To select one, click it once
and then click on Open or double click your selection.

A different configuration may be selected by clicking on Close File, then Open and
selecting a different configuration.

It is often convenient to create a new configuration by opening an existing one,
modifying it, and then clicking on Save As. The same file list will appear but the file
name, at the bottom will be highlighted and contain just “.json”. Add the rest of the
desired name before the “.”, for example, “mission-mycam-ms1.json” might be used to
describe a configuration with two DAUs — mycam referencing an instance of OTDAU
and ms1 referring to an MSDAU.
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After selecting a system configuration, all its parameters are available for inspection or
modification via the System, Cameras, Tracking, Recording, Sharing and Setup menus.
DAUs selected for Sensors 1 thru 6 have configurations accessed via the Sensors tab.

System Configuration form entries are:
Description -- User-provided description of the configuration.

Start time — The time in 24-hour format at which the system will start to run if enabled
to Run. Start time and Stop time are particularly useful when, for example, a sensor
may false trigger or a camera used is such that the image will start to pixelate under
low-light conditions causing false motion triggering.

Stop time — The time in 24-hour format at which the system will stop running.
Enable Sound -- Enable a system sound when a recording triggering condition occurs.

DAU — Up to six DAUs of any type may be specified. During Run time, each DAU wiill
be monitored and its data displayed in the right panel. Unused DAU display boxes may
also be used for additional data displays, as described below.

Recording Trigger — Enables the system to start recording if the associated DAU
sends MC a trigger signal. Recording is stopped if all such DAU are no longer triggered
for two seconds. This delay prevents intermittent trigger conditions from creating too
many recorded folders.

Associated DAU — Tells MC to use the location of the Associated DAU (1 to 6) as the
location of the DAU rather than use the geolocated position of the DAU derived from the
location entered in the DAU sensor configuration, typically a street address. This option
may be used to locate a camera based on the GPS location of an MSDAU.

You can also use DAU 1-6 display areas for other data displays. In a Mission
configuration, in an otherwise unused DAU entry, enter the text “display-n-type” where n
is the DAU which is the source for the data and type is the keyword “map”, “video”,
“plot” or “rf”. For example, to display the RF Spectrum from DAU 2 in position DAU5
enter “display-2-rf’ in the DAU2 line of the list of Data Acquisition Units in the Mission
Configuration window. Entry errors or references to a DAU which cannot be the data
source will be ignored or generate an error message. When using “map”, n can be any

valid number.
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For example, this Mission Configuration —

e _ - —_— S —

#® Unidentified Flying Object Data Acquisition System -- Mission Control  Version 3.1...

_ x|

Mission Configuration

Description |UFODAS Mission Control -- Cne camera, One MSDAL

<]

DAL 20 |msdau-144
DAL 3: |display-1-video
DAL 4 |display-2-rf

DAL 5 |display-2-plot

1 1 1 7

DAL & |display-1-map

Start time |07:00:00 Stop time |23:00:00 Enable Sound v
Data Acquisition Unit Recording Trigger Associated DAL
DAL 1: |otdau-pec-caml v

MNew | Open | Save | Save As Close File Close Window
— |
O Unidentifie Object Dat e . =
| Mission Sensors Recording Sharing Setup Help
| g Video and Data Display Data isition Units
T H o x DAU1 DAU 2
NORTHRIDGE 3350 &
& 25" it msdau-144 ONLINE
1.0 ] o Not triggered by tracking TRIGGERED BY RF
3 #{SHERWOOD N ‘ SR :52 CPU Time: 08-10-26 17:42:52 From CPU - No GPS fix
i NSEOREST L peihenle St or \ an Nuys airport Location: Van Nuys Airport
= e Galpin Ford| @) Eenacaina Mal Azimuth: 335.00 degrees GPS Latitude: —
g The Home DERER Ralpinorg Elevation: 12.62 degrees GPS Longitude:
Roscoe Bivd = © ’ S ANORAMATCITY: Zoom: 1.0 GPS Altitude
5 @) Restaurant Depot Magnetometer: 63.12 -11.99 66.28 uTeslas
§ valley Relics Museum (& | The Home Depot (@) Orientation: 41.73 2.69 90.14 degrees
> e Gyro: 0.00 0.00 0.00 degrees
z i @ o Accel: 41.73 2.69 90.14 degrees Display Data
& saticoy st Ralphs @) & Saticoy St Accel: 0.05 1.03 0.00 Gs —_—
= % Humidity: 23.9 percent Display Plot
z S Temperature: 48.9 C 120.0 F R
RESEDA LAKE BALBOA [ van Nuvs NORTH Display Video Pressure: 29.77 in Hg 1008.22 mb Display RF
. SHERMAN WAY. ic: 0.0000 —_
) Mexican Restaurant W g £ vionens DAU3 DAU 4
Sepulveda Basin @y © arket @) 2 MSDAU 2 RF Spectrum 10 August 2026 17:42:52PM  Sweeps: 3574
Off-Leash Dog Park P Victory Bivd = Victory Bivd
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Sensor OTDAU Configuration

Clicking the Sensor tab and then OTDAU Configurations brings up the OTDAU
Configuration window

2 Unidentified Flying Object Data Acquisition System -- Mission Control... — X |

OTDAU Configuration

Description  |OTDAU on PC port 51000
File Mame |otdau-pc-caml.json
Location |[Van Muys airport
Type |track
Video FPS (20

IF Address

Use 127.0.0.1 if OTDAU running on same computer as MC 127.0.01

! LS 51000
Unique value for each instance of OTDAU on a computer |

Mew Open Save Save As Close Window

Description -- User-provided description of the configuration.

File Name — The name of the file in which this configuration is stored. Not user
editable.

Location — The physical location of the DAU. Used to geolocated the DAU on Google
Maps. May be in any form acceptable to Google Maps such as a street address,
intersection or longitude/latitude.

Type — The type of DAU. Must be either “track” if an OTDAU or “sensor” if an MSDAU.
Video FPS — The frame rate of the camera used by the referenced OTDAU.

IP — The IP address of the computer running the referenced copy of OTDAU. For
instances of OTDAU running on the same computer that is running MC, use 127.0.0.1.
If OTDAU is running on a different computer (on the same LAN or port-forwarded from a
different LAN), use that computer’s static address. For example, 192.168.1.37. This
number would have been entered on the OTDAU host computer as a static IPv4
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address. See below for how to give your computer a static IP address instead of using
DHCP.

Port — The port number representing the instance of OTDAU running on this computer.
For example — 51000, 52000, 53000... This is the port number entered in the System
Configuration, Computer port field of the configuration running on the desired OTDAU.
Note that one computer can run multiple copies of OTDAU, each with its own
camera(s). In that case, each OTDAU configuration should have a different Computer
Port number, but the IP address would be the same.

NOTE: The TCP server configuration for each port is preserved after first use so that
when any System configuration is Loaded, either a new server is started if its port had
not been used or a previous one corresponding to the required port is reused. This
ensures that when an MC Mission is waiting for a particular port, it connects to the
correct instance of OTDAU.

Control buttons

New —Opens a file selection window but has no other effect. Not used in this version
release. Use Save As instead to create a new configuration.

Open configuration — Opens a window into the System configuration file folder. Select
a configuration by either double clicking on an entry or clicking one once and then click
on Open. The selected configuration must be Loaded prior to use after Opening it.

Note that the Load button may be used before or after the System Configuration window
is closed by the Close Window button. See the Load button, below.

Save — Saves the current settings as part of the currently loaded System configuration.

Save As — Opens a window into the System configuration file folder. Saves the current
settings as the System configuration but with a new name selected in this window. It is
very useful to Open an existing configuration, modify its values, and then Save As with
a new name to create a new configuration.

Close Window — Closes the configuration window.

NOTE: Opening Sensors > OTDAU or >MSDAU will open the last sensor of the same
type selected without having to use Open.
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Sensors MSDAU Configuration

Clicking the Sensor tab and then MSDAU Configurations brings up the MSDAU
Configuration window:

£ Unidentified Flying Object Data Acquisition System - Missio... — >

Description |M5DAU IP 144

File Mame |msdau-‘|44.jscur1

Location |‘ufar1 Muys Airport

Type W
P [192.168.1.144 Port [1500
Trigger Control levels in percent deviation from average
Trigger level for Temperature, Pressure, Humidity IF
Trigger level for Magnetometer and Accelerometer Gs IF
Trigger level far Orientation, Gyro and Accelerometer degs W
Trigger level for Electromagnetic (Tri-Field Meter] W

5ea Level Pressure (hPa) — update from local weather/METAR 1013.2

Station Altitude [m) — site elevation above sea level 42,0

RF Spectrum Analjzerl

Minimum frequency, MHz 20,0 Paximum frequency, MHz |93.0
Peak detection level in dB  |-15.0
RF amplifier gain

For Standard SDR: <40 to 40 |100.0 Lowpass filter cutoff in Hz | 100.0
For UWB SDR: Oto 102




The Description and other fields in the top box are the same as described for an
OTDAU, above.

Trigger level percent — Percent change from nominal baseline value that will cause a
trigger condition. The same level is applied to all MSDAU sensors.

Due to different background noise levels and absolute magnitudes of different
classes (groups) of sensors, there are four trigger levels instead of one. Trigger
level may be specified for Humidity/Temperature/Pressure/ (HTP), Magnetometer
(MAG), Orientation/Gyro/Accelerometer (OGA) and Electromagnetic (ELM — the
external USB interface for a Tri-Field meter). The group abbreviations and their
values are shown on the second line of each MSDAU data display. A single
trigger condition from each MSDAU occurs if any group is in a triggered state or
there is an RF trigger condition due to an RF spectrum peak(s) exceeding the
Peak detection level. For each data group, a trigger will occur if the absolute
value of the difference between the currently sampled value of any value in that
group and its running average (10 samples) exceeds a trigger level. The trigger
level for each value is a percentage of the full-scale range of data for that value.
The full-scale range for each group is: HTP — H:100, T:50, P:31, MAG and OGA
— 360 (except accel raw is 2) and ELM — 100. Setting too low a trigger level will
cause continuous triggering due to background noise. A sensor group will never
trigger if the associated level is set too high. Using the MSDAU Display Data
selection, set each level based on observation of nominal, settled conditions and
select a value above that.

For values collected as angles, a triggering condition exists when the difference
between the current and last input signal is the trigger level above the running
average of such differences. Triggering will occur both when the signal
abnormally peaks and when it drops back to the average. As before, trigger
levels are the product of the trigger % entered in MSDAU Sensor Configuration
and the sensor’s full-scale value. The Data display column for Avg has been
changed to Deviation which shows the difference between the current value of a
Data Iltem and running average of the data for non-angular sensors. It shows the
mean value of the deviation from the current value for angular sensors.

RF Spectrum minimum frequency — Starting frequency for RF spectrum sweeps.
RF Spectrum maximum frequency — Ending frequency for RF spectrum sweeps.

RF Spectrum peak detection level in dB — After an initial baseline sampling period,
any RF energy above this level will cause a trigger condition.
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Sea Level Pressure (hPa) — update from local weather/METAR - Enter this value for
a properly calibrated value of ambient pressure.

Station Altitude (m) — Enter the known altitude of the MSDAU as part of ambient
pressure calibration.

Control buttons

New —Opens a file selection window but has no other effect. Not used in this version
release. Use Save As instead to create a new configuration.

Open configuration — Opens a window into the System configuration file folder. Select
a configuration by either double clicking on an entry or clicking one once and then click
on Open. The selected configuration must be Loaded prior to use after Opening it.

Note that the Load button may be used before or after the System Configuration window
is closed by the Close Window button. See the Load button, below.

Save — Saves the current settings as part of the currently loaded System configuration.

Save As — Opens a window into the System configuration file folder. Saves the current
settings as the System configuration but with a new name selected in this window. It is
very useful to Open an existing configuration, modify its values, and then Save As with
a new name to create a new configuration.

Close Window — Closes the configuration window.

NOTE: The RF Spectrum Range and Offset slider controls now revert to the last setting
for each MSDAU when Display RF is selected for it. These settings are not saved with
the Mission but are retained between Mission selections.

NOTE: Full spectrum refresh is composed of concatenated sections of bandwidth with
successive center frequencies. Each section can only cover the maximum bandwidth
per sweep of the hardware, i.e., ~20MHz. Thus, the narrower the requested frequency
range, the faster the plot will be updated.
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For example:

#® Unidentified Flying Object Data Acquisition System -- Missio... — x

Description |MSD;&U IPx144

File Name |msdau-144.json

Location |LA:{
Type W
P [192.168.1.144 Port [1500
Trigger Control levels in percent deviation from average'
Trigger level for Temperature, Pressure, Humidity IE
Trigger level for Magnetometer and Accelerometer Gs Iﬁ

Trigger level for Orientation, Gyro and Accelerometer degs 2.0

Trigger level for Electromagnetic (Tri-Field Meter) 7.0
RF Spectrum Anal)rzerl
Minimum frequency, MHz  |39.0 Maximum frequency, MHz |108.0

Peak detection level in dB  |-30.0
RF amplifier gain

For Standard SDR: 40to 40 |40.0 Lowpass filter cutoff in Hz  |100.0
For UWEB SDR: 0 to 102

The RF spectrum portion of this configuration will result in the collected RF data as
shown in the example below.

MSDAU 1 RF Spectrum 01 November 2025 14:49:51PM Sweeps: 5426

-10 -

98.7

<L AL Ll
LT i LA

Power Spectral Density (dB/Hz)
3

T T T T T T T T
90.0 92.5 95.0 97.5 100.0 1025 1050 107.5
Frequency - 89.0 to 108.0 MHz



Recording Options

Recording Options

Enable recording

~ . . .
Disable when MC quits Enable recording until manually disabled

{* Disable recording

[ Allow recording only during triangulation

Data Interval -- Period in seconds between recorded samples of M5DALU sensor and RF data
3.0  Actual M5DAU sampling rate may be higher -- Use 0.0 for MSDAL rate
Larger value limits size of recorded files

¥ Map video

[~ RF Spectrum CSV

[ Sensor data CSV |
| T~ weather data CSV
[ Air Traffic data CSV
v Video 1

v Video 2

! Data path  |[DOWUFODAS MC

Save | Close Windu»wl |

Disable recording — Disables recording enabled by either of the following two
selections.

Enable recording — Disable when OTDAU quits — Enables the following selections to
control data recording if checked. Defaults to disabled when the system is
started to prevent accidental recording during the typical system startup. Startup
may involve testing data acquisition, parameter tuning such as MSDAU settings
followed by test Runs. This setting is retained through all changes to
configurations or Run/Stop until OTDAU is shut down (Quit).

Enable recording until manually disabled — Enables recording but does not
automatically disable when OTDAU quits. Recording is automatically reenabled
whenever OTDAU starts. This option may be used with the AutoStart option to
automatically reenable recording when OTDAU restarts.

Allow recording only during triangulation — If recording is enabled, start recording
only when triangulation begins, namely, when two data from two cameras results
in triangulation of a target.
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Data Interval -- Data sample write interval selection to limit data file size. Writes one
sample of MSDAU data per interval — Note that the rate that the MSDAU collects
the data and sends it to the MC may be higher. This period applies to all
MSDAU data including RF data.

Map — Record the Google Map display as a continuously changing video.
RF Spectrum — Record the spectrum received from all configured MSDAUSs
Sensor Data — Record data from any configured MSDAUSs.

Video 1 — Record video from the first active camera. An active camera is one
associated with a configured OTDAU.

Video 2 — Record video from the second active camera.

Data path — The disk drive path where the system will create a folder that will contain
any video or image files collected during run time, as selected above. The folder
will be created if it does not already exist.

NOTE: Recording will be terminated when MC is Stopped, regardless of
OTDAU/MSDAU trigger status. Recording during triangulation.

NOTE: Trigger indications and triangulation calculations and display will occur
with/without recording enabled. Recording is extended by two seconds beyond
loss of tracking or triangulation for continuous recording through dropouts.
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For example, with Recording Options set as shown below:

#® Unidentified Flying Object Data Acquisition System -- Mission Control  Version 3.10 ... —

o Enable recording

r ’ ) ]
Disable when MC quits Enable recording until manually disabled

(" Disable recording

I~ Allow recording only during triangulation

Data Interval -- Period in seconds between recorded samples of MSDAU sensor and RF data
3.0 Adctual MSDAU sampling rate may be higher - Use 0.0 for MSDAU rate
Larger value limits size of recorded files

v Map video

¥ RF Spectrum C5V
¥ Sensor data C5V
[” weather data CSV
[ Air Traffic data CSV
[ video 1

[~ video 2

Data path |D:\UFODAS MC

After an MSDAU trigger condition occurred, the following files will be written:

| = | mission-ms3-11-19-20_10-44-16

Home Share View
o} - J - Ly
* ] D ] + Move to X Delete ~ g
s ﬂ-

EJ 5

FH select al

jj Select none

Pinto Quick Copy Paste _ [E copy to =1 Rename Mew Properties .
access [#] py =] folder - £ (1 Invert selection
Clipboard Organize Mew Open Select
&« S « |JFODAS .. » mission-ms3-11-19-20_10-44-16 v | 0 2 Search mission-ms3-1..
Documents ad Mame Date modified Type
¥ Downloads EL) mc-data0-10-44-17.csv 11/19/2020 10:44 AM Microsoft Excel C...
J" Music ﬁ mec-map-10-44-16.avi 11/19/2020 10:44 AM AV Video File (VLC)
= Pictures @ mec-rfsal-11-1%-20_10-44-17.csv 11/15/2020 10:44 AM Microsoft Excel C...
B videos _E| mission-ms3.json 11/19/2020 10:44 AM J50M File
e 05(C)
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The MSDAU data CSV file contents looks like:

me-data0-10-

Insert  Pagelayout  Formulas  Data  Review  View

B Calibri <l11 B SiwmapTen General - ij“ ﬁ‘iﬁ‘ Normal Bad Good Neutral Ef- §‘ @
_— Bacopy- = . 2
Paste JF:::MPENU B LoU-| ¥ Efmergeacenter = | § v % » | %8 %8 Fcuuvr:ndaw:t-‘unr:\va:?;rs‘a:v @ Explanatory Note L | Insert Delete Farmat
Clipboard 5 Font = Alignment 5 Number 5 Styles Cells
AL - £ pave
A 8 c D £ £ G H 1 J K L M N o [ a R s T u v w X
1 |DAUO  Triggered Date  Time  Time Sour GPS LatituGPS Longi GPS Altitu Humidity Temperat Pressure Compass3 Compass Compass Orientatic Orientatii OrientatiGyro yaw Gyro pitel Gyro roll Accel yaw Accel pitc Accel roll EM Field
2 TRUE 201119 10:44:16 CPU 3418898 -118.511 247.289 22139  43.868 29.487 13.704  38.202 12.885 52653 359.742 77.996  0.544 0 0003 50677 359746 78.331  0.008
3 TRUE  20-11-19 17 cpu 3418898 -118.511 247.289 22108  43.832 29486 11429 42.825 12475 S50.679 359.737 79.149 0179  0.004  0.005 48903 359.746  79.645 0.01
4 TRUE  20-11-19 18 cpu 3418898 -118.511 247.289 22.304  43.886 29487 1L275 51 13.632  43.54 3959793 8317  0.017 -0.001 -0.002 42967 359.782  83.574  0.009
5 FALSE  20-11-19 18 CPU 3418898 -118.511 247.289 22465 43.832 29487 1046  50.342 16568 43147 359.751 85471  0.046 -0.011  0.003 43599 359.754  85.827  0.003
6 FALSE  20-11-19 19 CPU 3418898 -118.511 247.289  22.09 43921 29486 10105 49.933 16348 4417 359743  87.66 -0.335 -0.001 -0.006 44852 359.747 88.071  0.015
7 TRUE 201119 10:44:19 CPU 3418898 -118.511 247.289 21235 43.797 29486 13.026 37.165 16.077 45303 359.584 87.585  -0.004  0.077  0.002 45479 359.587 87.395 0011
H TRUE 201119 10:44:20 CPU 3418898 -118.511 247.289  22.009  43.85 29486 12861 3291 14146 45478 359576 86952 -0.002  0.008 0001 45413 35951 36758  0.006
s FALSE 20-11-19  10:44:20 CPU 3418898 -118.511 247.289 22111 43.939 29487 10578 28.493  17.946 46057 359.64 85337 -0.001 -0.002  0.001 46672 359.655 85.179  0.005
10 FALSE 20-11-19  10:44:21 CPU 3418898 -118.511 247.289 22069  43.815  29.487 9.94  30.557 21937  47.47 359674 84.438 0 -0.002 0 48357 350608 84296  0.005
1 FALSE 20-11-19  10:44:21 CPU 3418898 -118.511 247.289 2215  43.85 29486 6836 32007  23.95 48358 359.622  84.023 0 0007 -0.003 49.752 359.633 83.889  0.014
12 FALSE 20-1119  10:44:22 CPU 3418898 -118.511 247.289 2215  43.803 29487 11454 43073 23591 52094 359.619 82926  -0.001 0 0002 52446 359.629 82813  0.014
13 FALSE 20-11-19  10:44:22 CPU 3418898 -118.511 247.289 2215 43.903 29487 11454 43.173 23591 52094 359619 82926  -0.001 0 0002 52446 359629 82.819  0.014
zl Hw-wo-|= mc-rfsa0-11-19-20_10-44-17.csv - Microsoft Excel non-commercial use
Home Insert Page Layout Formulas Data Review View
)
j & cut Calibri S Wrap Text General - *i‘ #}ﬂ Narmal Bad Goot
~—' Hacopy - =
Paste . B I U- Merge & Center~ | $ = % » | %5 ;9 | Conditional Format @l Explanatory ... u
- f Format Painter = £ Merg : o e Formatting = as Table ~ . ’ I:
Clipboard 3 Font = Alignment 3 Number 3 Styles
AL - f | DAU 0RF Spectra
A B 5 D E F G H 1 1 K L M N o} P (o]
1 DAUORF Spectra
2 20-11-19 10:44:16 CPU
3 Frequency 88 88.002 88.005 88.007 88.009 88.012 88.014 88.016 88.019 88.021 88.023 88.026 88.028 88.03 88.033 88.035
4 Power -17.927 -18.317 -19.338 -19.126 -19.914 -18.237 -19.314 -15.103 -18.388 -18.179 -16.313 -16.65 -17.408 -16.53% -17.711 -17.76
5 20-11-19 10:44:17 CPU
6 Frequency 88 88.002 88.005 88.007 88.009 88.012 88.014 88.016 88.019 88.021 88.023 88.020 88.028 88.03 88.033 88.035
7 Power -17.927 -18.317 -19.338 -19.126 -19.914 -18.237 -19.314 -19.103 -18.388 -18.179 -16.313 -16.65 -17.408 -16.53% -17.711 -17.76
8 20-11-1910:44:18 CPU
9 Frequency 88 88.002 88.005 88.007 88.009 88.012 88.014 88.016 88.019 88.021 88.023 88.026 88.028 88.03 88.033 88.035
10 Power -17.927 -18.317 -19.338 -19.126 -19.914 -18.237 -19.314 -19.103 -18.388 -18.179 -16.313 -16.65 -17.408 -16.5339 -17.711 -17.76
11 20-11-19 10:44:193 CPU
12 Frequency 88 88.002 88.005 88.007 88.009 88.012 88.014 88.016 88.019 88.021 88.023 88.026 88.028 88.03 88.033 88.035
13 Power -20.068 -19.711 -19.663 -19.558 -19.677 -19.42  -19.571 -19.437 -18.615 -18.107 -18.055 -17.492 -17.986 -17.107 -17.224 -17.063
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Sharing Options

Sharing Options

Email

[ send email

Address from
Address to -1
Address to - 2
Address to - 3

App password

‘ Save | Close Window

éEmaiI setup

Checking the Send Email checkbox will cause the system to send an email including all
recorded video and still frame files as well as the current System configuration JSON
file for reference.

‘Address from’ — Your email address such as johndoe@gmail.com.

‘Address to — 1, 2, 3’ -- Up to three email addresses that you would like the system to
send emails to. A copy of the same email will be sent to each address.

‘App password’ -- The application-specific password associated with the named Gmail
account. This is not the Gmail password you use for access to emails via
gmail.com.
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You can generate an app password by the following process:

https://support.google.com/accounts/answer/185833?hl=en

Start by navigating to your Google Account via the hyperlink in the above page. Follow
the steps shown under Create & use app passwords. When asked to select an app,
enter OTDAU and then click GENERATE. Type this 16-character, lower-case password
into the Email password field and click Save.

If the Send email box is checked, an email will be sent just prior to the system has
returning to the camera Home position if the following conditions are met:

o After each data collection sequence is complete and data is saved
e After a target object has been identified and tracked until lost to view

The system accepts the tracking sequence (e.g., it was long enough) and just prior to
the system returning to the camera Home position.
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Setup Selections

»

Setup Selections

[~ Enable Test Mode -- Uses entered values for camera locations rather than GPS

™ Show metric instead of English units in triangulation results

AutoStart Setup

If AutoStart is enabled then when OTDAU is started from Windows, the AutoStart System configuration will be automatically loaded and Run
If "Enable record until manually disabled” has also been selected, then recording during tracking will also occur

[~ Enable AutoStart

AutoStart System configuration | C/Users/rholg/Documents/UFODAS/System-Software/me-build/missions/mission-pccam1-pccam2-ms1.json

Save Close Window

Enable Test Mode — Enables a mode in which the MC will triangulate data from two
cameras regardless of their actual trigger condition. This allows testing of system
triangulation calculations when the cameras, via their respective OTDAU software, are
manually positioned to simulate common target acquisition, even though the OTDAUs
have not detected motion. Manually set the location of each camera via their Sensors >
OTDAU Location settings and do not enter a value for their Associated DAU to prevent
override of their entered locations by MSDAU/GPS values.

Show Metric units — Select presentation and recording of data in metric units rather
than English units.

MC can automatically Load and Run any System configuration when started from
Windows. This may be useful for situations where system power may not be reliable —
when power drops out and then returns, and the computer reboots, OTDAU can restart,
running, with the same options enabled as when power went down.

AutoStart may also simply be used to manually startup MC in a Run mode in the least
time.

If AutoStart is enabled and a System configuration is selected and saved, then when
MC first starts up, that configuration is Loaded and Run. Disable AutoStart to start up
normally but retain the selected System configuration. AutoStart may be used with or
without the Record until disabled option to automatically start, run and record during
tracking just by running OTDAU.

Use Windows Task Scheduler or another method of your choice to automatically start
MC during Windows startup.
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Enable AutoStart — Enables automatic Load and Run the next time OTDAU is started.

AutoStart System configuration — Clicking in this field will open a list of System
configurations. Selecting one of those will populate this field with the selected
configuration.
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Help

Help > Documentation —

£ Lnidentified Flying Object Data Acquisition System -- Mission Contral ...  — >

Clicking on “Open UFODAP Documentation” will open the part of ufodap.com providing
various documents as pdfs in a browser window. You can then leave any document
open for reference.

Help > About —

™ Unidentified Flying Object Data Acquisition System -- Mission Control  Version 3.13 10-31-25

This window shows the current version of MC software. The version is also shown at
the top of the main display.
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Help > Manage License —

-

UFODAP Software License Validation
Mission Control

Enter your license key below. Upper case including "-"
Click Validate to use your license on this computer
License key | XOOCXO0OCOOO-000C

Validation Results

Checking for Internet connection. ..
*** Internet connectivity is available ***

Walidating license key
Attempting to validate key...
License key C107-D27E-5AQC-FE8A Is valid

Validating computer__.

| Computer validation is OK |
License entries have been saved

{ J| Exit to start the program .

|
| Validate | Saving... Exit I

Check the validity of your license key by entering it and clicking Validate.

If the key is correct, then “License key validated” will be displayed. Clicking Exit will return
to the MC software.

If the key is incorrect, it will display “Invalid key”. Exiting will close the MC software. To
run MC, restarting it will display the Validation screen. Correct the key and click Exit.

When validating from Manage license, wait for Exit button before returning to OTDAU.
To support field operations, does not need to check for internet connectivity if a license
file with key already exists. Also, verifies that the key, computer ID and a valid camera
(or USB) were validated at some time. If so, then OTDAU is immediately started.
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|Optical Tracking Data Acquisition Unit (OTDAU)

‘m TDAU -- Optical Tracking D Jisition Unit  Version 2.20P4 9-25-2 - ‘
System Cameras Pan/Tilt Tracking Touring Recording Analytics Sharing Setup Help
I Primary Video Display F Auxiliary Video Display

 Manual PTZ Controls - Di

® @ @ @ o @ Boundi"g
Box
05 i
QA @=Ol § =
Circle
I~ Auto
Not ready |
@ @ @ @ BRIGHT @ PTZ to record
SPEED

l System Configuration not selected

Introduction

The UFODAS system architecture supports a variety of Data Acquisition Units (DAUS).
One type of DAU performs optical acquisition, tracking and recording of objects in motion
within its Field of View (FOV). This type of DAU is thus an Optical Tracking DAU or
OTDAU.

An OTDAU may be set up to use one or two cameras. The system supports a wide range
of supported cameras including USB webcams up to sophisticated all-weather IP
cameras with pan and tilt as well as optical zoom. The software architecture is designed
to adapt to most any IP or USB camera, scientific cameras for astronomy, the PTDAU
Pan-Tilt-Zoom (PTZ) positioner as well as a number of telescope mounts.

In dual camera applications, one camera may be a non-PTZ type that views a wide field
of interest including all-sky cameras. The second camera would be a PTZ camera
directed to point at the object based upon its relative location in the field of view of the
wide-angle camera. The PTZ camera then independently tracks the object.

Whether using one camera or two, the processor samples frames from the wide-field
camera and through some sophisticated image analysis, detects qualified moving
objects. It then directs the pan-tilt head to point the telephoto camera at the object and
collects images from it. The software can acquire an object of interest and smoothly track
while zooming in to a moving object even with a single camera. Maintaining track while
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moving the camera, which causes the background to also move, was a significant part of
the development effort of the OTDAU software.
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OTDAU Quick Start Guide

The OTDAU Graphical User Interface (GUI) provides typical Windows-style menus, such
as File, Open to select a camera(s) and data collection process, PTZ controls for initial
positioning of a camera to a field of interest, video displays and system status.

The basic process of using OTDAU includes:

1. Select a System configuration. This defines which cameras are to be used, start
and stop times and other items (defined below). Initially, click System, then Open
configuration. Then double-click on “test-aerobatics.json”.

2. Click Load to load the selected System configuration. NOTE: OTDAU remembers
any System configurations successfully opened so that next time OTDAU is started
or after a configuration is closed, just click Load to select a configuration from a list
of prior selections. If you only opened one configuration, then clicking Load will
automatically load that one.

3. Click Bounding Box and use the mouse to draw a box on the Wide display
indicating the region in view that OTDAU will pay attention to moving objects.

4. Optionally select any options for Recording, Email or Analytics
5. Make any necessary changes to Tracking options.
6. Run the configuration

Clicking the Run button starts scanning for moving objects and thus, all the actions which
occur if one is detected. The video sources are displayed along with embedded meta-
data text overlay and a blue bounding-box. The user can select the size and location of
the bounding-box to avoid initial false detection due to object proximity to foliage, for
example. Also, the right-hand, multi-function Auxiliary Video display can show the
telephoto camera stream with its meta-data overlay, the Raw, non-annotated stream,
indications of tracking accuracy or the tracked object path.

What you need:

B UFODAS software installed to the standard Windows Program Files (X86) folder.

B At least one camera. It may be a USB camera or an IP camera, with or without
PTZ capabilities. Any combination of these cameras may also be used if the
Wide camera is different from the Telephoto camera.
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Setup:

If your laptop computer has a built-in webcam, it is USB-O0.

If you use an external USB camera, plug it directly into your PC. If you also have
a built-in webcam, then the external camera will be USB-1. A second external
camera would be USB-2.

If you use an IP camera, connect its Ethernet cable to a PoE injector. Connect
the injector’s LAN connection to your router. No additional connection to your PC
is required, if it already communicates to the internet via that same router. If the
IP camera is connected to your router, then its IP address will include its local
(non-forwarded) LAN address, typically 192.168.1.x. If you want to use a remote
IP camera on some other router, you must use its port-forwarded IP address
obtained from the owner of the router. Refer to the Installation Guide for more
information on camera setup and testing.

Click on the OTDAU UFO icon to run the OTDAU program.

Operation:

Click on System > Open configuration and double-click on a System file to select
an OTDAU configuration. For example: usb0-800x600 or dahua-50230-108-80-
1920x1080. The term local in the file name indicates a camera directly
connected to the user’s Local Area Network (LAN), that is, to his router either by
cable or by WiFi. (All of the configuration file names are simply examples — you
can create/rename such a file to any Windows-compatible name.) Thus, the
names of such files are arbitrary, but the dot extension must be “json”. Click
Close Window after configuration selection.

Click Load. The system should initialize and display the selected camera image.

Notice the scroll of messages in the lower right panel. When it stops, the system
is Ready to Run, as indicated by the Status box next to the Run button. You
should also see a video display from the selected camera(s) in the left and right
video panes which replace the default flying saucer images.

The PTZ Controls are Enabled for use when the system is in Stop mode. At this
time, you can move the camera (if it is PTZ-capable) to a preferred position. Use
the SPEED control slider to adjust the speed of PTZ actions controlled by the
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UP/DOWN/LEFT/RIGHT and WIDE/TELE buttons. This will be the position that
the camera will automatically return to after a tracking run.

B Click on System > Recording and selecting what type of data you would like to
record when there is an event. Set the Data path to a disk location you want to
use to save the recordings, such as “D:\OTDAU data”. Click Save if you make
any changes, then Close. (If the data location does not yet exist, then OTDAU
will create it the first-time recording starts.)

B Explore the other menus under System, Camera, Analysis, Sharing and Setup to
see if there are other changes you would like. Note that all parameters in these
various menus are saved in the System json file you opened except those under
Cameras. The Cameras Wide and Tele Configuration selections refer to the
cameras selected by the System file. If the camera is PTZ-capable, and motion
is desired, be sure that the PTZ box in the System menu is checked.

B Press Run to start scanning for moving objects. The Status box shows the
system's state, while the System Status pane provides a continuous scroll of
ongoing operations. You will probably not need to pay attention to these unless
you report the state of the system if a fault occurs.

B You can press Stop at any time to end frame acquisition and data analysis. Stop
will return a PTZ camera to its Home position. You can press Run again to
restart. For example, you may want to re-position the camera at a better Home
position by pressing Stop, using the PTZ controls and then click Run.

Data Analysis:

B If enabled, any data collected will be saved in a folder in the specified Data path,
identified by the System folder name you entered under which it was collected
and the date/time. This folder will contain all video files, individual still frames,
Path jpg, log file and PTZ data files.

B Video files have an extension of .avi and are best played by the VLC Media
Player. Still frame files have extensions of .jpg and may be viewed like any other
photo (e.g., just double-click them). PTZ data files use the extension .csv. The
json file you selected that defines the System configuration and its referenced
Camera configuration files are also saved.
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Full Screen Display:

Both the Wide and Aux displays include a “Fullscreen” button on the top right in green.
When this button is clicked, the associated video will appear on the full main PC display.
The original OTDAU GUI will also be retained on whichever display it was on when the
Fullscreen button was clicked. The display will return to normal if the button, now
shown as “Exit Fullscreen” in red, or if ESC or F11 is pressed on the keyboard.
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Camera Options

As noted above, the UFODAS is designed to use a wide variety of cameras. The camera
selection for a particular application would be based on the following criteria:

e Cost

Need for triangulation of data from two cameras

Size and ease of deployment

Image resolution

Anticipated target speed

Smaller, lower-cost cameras, such as USB “webcams” may be useful in situations where
the investigator does not have access to the larger UFODAS configurations and/or can
purchase the camera or already owns one. It is also the most portable. In this case, the
entire installation may consist of just the user's computer and such a camera. This system
can, unattended, collect video and still frames with meta-data including time of day.

The Dahua, Luminys and Univision IP PTZ cameras have the PT motion speed required
for most situations, as do most of the others, but have superior imaging capabilities. This
contrasts with an older Sony camera with low resolution and poor response in dark
conditions (thermal noise). An Amcrest camera is very low cost (~$100), has good image
quality but lacks optical zoom. UFODAP cameras are rated for IP66 or IP67, outdoor
use. Many other cameras were evaluated but did not provide features better than those
in the UFODAP Shop for their cost and often presented programmability issues.

A mid-range system (the focus of the recommended initial development and test) would
use a good-quality PTZ camera with 1080P resolution and at least 20x optical zoom, such
as the Dahua 50230XANR. As mentioned above, this camera was selected as one of
several recommended for typical UFODAS applications after extensive research and test
of alternatives due to its high performance including PTZ speed and image resolution, all-
weather rating, good technical support and relatively low cost. It was found that other
cameras, regardless of nominal specifications, could not be used because they either did
not provide an adequate PTZ software interface or did not adhere to their own
specifications. UFODAP camera data sheets are available on ufodap.com. More detailed
information may be obtained from the manufacturer websites:

https://us.dahuasecurity.com/

https://www.luminyscorp.com/

https://global.uniview.com//us/

Data sheets for all cameras offered in the UFODAP Shop are available in the Downloads
section of ufodap.com.
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The architecture of the UFODAS software also provides for adding new types of cameras.
This feature will provide for the use of higher-end cameras that cover different portions of
the spectrum such as the MWIR (3.0-5.0 um) FLIR RS6700 used with a high-speed
Pan/Tilt head such as the FLIR PTU-D48 E Series.

This type of camera can provide up to 1344 x 784-pixel Medium Wave Infrared (MWIR)
images using an internally cooled indium antimonide (InSb) detector with up to 10x zoom.
One trade-off in using such a camera is its relatively narrow wide-angle field-of-view
(FOV). The RS8300, for example, has a maximum FOV of only 8.97 degrees compared
to up to 87.8 degrees of Luminys cameras. In applications where the location of the object
of interest is well known, this is not a problem. However, in our application, we need to
cover as much of the sky as possible while scanning for initial object acquisition. Thus,
the use of an IR camera may need to be coupled to the need for a second, wide-angle
EO camera on the same pan-tilt mechanism. As mentioned previously, the UFODAS is
designed to accommodate that sort of configuration by making the initial target recognition
with a fixed-field, wide-angle camera such as the Dahua NK8ZBR4 and then handing off
tracking to a second, PTZ camera.

Other products also provide a combination of very capable Electro-Optical (EO) and
Infrared (IR) imagers on a single PTZ mechanism. For example, Infiniti Electro-Optics
makes a variety of such systems, as shown below. The UFODAP PTDAU, shown below,
accomplishes the same functionality as well.

Note that the greater the zoom the more difficult it is to maintain the target in the field of
view. Thus, greater zoom is useful for targets that may be initially captured while moving
when the camera is zoomed out but remain in a steady position when zoomed into. These
target features may or may not fit the characteristics of the UFO to be captured, so the
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full capabilities of some high-end cameras may rarely come into use. Nevertheless, these
capabilities may have value as they are held in reserve for unknown situations that arise.

A mid-range system (the focus of the recommended initial development and test) would
use a good-quality PTZ camera with 1080P resolution and at least 25x optical zoom,
such as the Luminys P54-4SA25. This camera was selected as the recommended unit
for typical UFODAS applications after extensive research and test of alternatives due to
its high performance including PTZ speed and image resolution, all-weather rating,
good technical support and relatively low cost. It was found that other cameras,
regardless of nominal specifications, could not be used because they either did not
provide an adequate PTZ software interface, did not adhere to their own specifications,
or did not offer any performance advantage for higher cost. An alternative, the Uniview
IPC6424SR-X25-VF, has very similar specifications but trades off optical sensitivity for a
somewhat lower cost.
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System Configuration and Operation

OTDAU configuration for operation is implemented by creating or using existing fill-in-
the-blanks forms. The forms are accessed by clicking on one of the following tabs at
the top of the OTDAU main window, shown below:

System

Cameras

Pan/Tilt

Tracking

Touring

Recording

Analytics —> Object Identification, Spectral Analysis
Sharing —> Send Email, Upload Data

Setup —> Display, PTZ Control and Tracking, AutoStart

Help —> About, Manage License

An OTDAU is configured for operation for a particular application by setting several
parameters via the System configuration window. This window is accessed by clicking
on the System tab at the top of the main window.

The Status display in the lower right of the main window provides a running list of
messages related to what OTDAU is currently doing and its status. Prior messages no
longer in the window may be viewed when OTDAU is Stopped. Messages may be
scrolled through using your mouse wheel or the slider on the right side of the Status
display.
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s Status ’

Validating camera...

IP: 1%2.168.1.108 Port: B0 User: admin Password: dahuaN51
Connected to OHVIF camera

Get dewvice information ---

ONVIF camera hostname: Dahua NS1BD22
—-—— Camera information ---

Mfgr: Dahua

Model: NS1BD22

5/N: 5D04D26PAGZ3DEB

Hardware ID: 1.00

Local Time: 10:20:32

Write the license key to a text fileExiting license walidation

Typical uses of this information would be to see values of system variables to tune
tracking or error messages to share with the system developer to solve problems.

NOTE: System and Camera parameters are re-read whenever Run is started allowing
their user-updated values to be used without closing and reopening the configuration.
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System Configuration

After opening the System tab in the main window, click the Open button. A file selection
window will open as shown below.

NOTE: All data entry fields in OTDAU menus provide a cut/copy/paste option — Left
click on any field in OTDAU or in Windows, move the mouse to highlight the desired text
and then release the button. Then right click on any field and select paste to place the
text into the field. Similarly, you can cut, copy and paste between any OTDAU fields and
any Windows text that is clipboard compatible.

% OTDAU - Optical Tracking Data Acquisition Unit  Version 2.20P2 8-24-26 — x

Systern Description |Test for tracking using aercbatics video Port 31000

Start time | 00:00:00 Stop time  23:59:00

Wide-Angle Camera |test—aerobatics

Telephoto Camera |test-aerobatics

Leave blank unless a separate physical

el | PIT unit is used with the camera(s)
Bound X1 1043 Bound X2 1211
Bound Y1 47 Bound Y2 358
Maximurmn zoom |'I]l_
Operator Mame ’W
Enable Pan/Tilt [ Enable Zoom [ Enable Sound v

OTDAU - Mission Control communication address selection

Computer IP address

127.0.0.1 if OTDAU running on same computer as MC 127,001 Computer port (49152 to 65535) 51000
else, use static [P of OTDAU computer
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=

1 « (OTDAU » configurations v O Search configurations
Organize = MNew folder ==~ [ e
. Web Site () Mame Date modified Type ~
@ OneDrive | amcrest-640x480,json 11/13/2020 12:34 PM 50N File
| amcrest-1920x1080,json 11 JSON File
O ThisPC ) I
| dahua-59a230-108-80-704-480,jsan 11 JSOM File
# 3D Objects | dahua-59a230-109-80-1920x 1020, json 11/13/202 JSON File
[B) Desktop | dahua-42212-108-80-704:480,json 11/ JSON File
=| Documents J dahua-42212-108-80-1280%720.json 11/ JSOM File
4 Downloads | dahua-42212-108-80-1920: 1080 json 11713/ 50N File
B Music | dahua-49425-108-80-704x480,json 1 JSON File
) | dahua-49425-108-80-1920x 1080 json 11 012:34PM 50N File
| Pictures
_ | dahua-49425-102-80-2560:1440,json 1 012:34PM JSON File
B Videos ] dahua-50230-108-80-704x480,json 11/13/2020 12:34 PM JSON File
- 05(C) ) dahua-50230-108-80-1280x720,json 1/ 012:34 PM JSON File
- DATA (D) | dahua-50230-108-80-1920x 1080 json 11/13/2020 12:34 PM JSONFile  w
— Backun (H:) v £ >
File name: |usb0.json ~| | json files (*.%) o
Open Cancel

This window shows all the available system configurations. To select one, double click
it or click it once and then click on Open or your selection. Note that local-usbO is the
default selection, so simply clicking Open will select the configuration that uses the
USBO device for both Wide and Telephoto camera.

A different configuration may be selected by clicking Close File, then Open and select a
different configuration.

It is often convenient to create a new configuration by opening an existing one,
modifying it, and then clicking on Save As. The same file list will appear but the file
name, at the bottom will be highlighted and contain just “.json”. Add the rest of the
desired name before the “.”, for example, “home-sony-1500.json”.

After selecting a system configuration, all its parameters are available for inspection or
modification via the System, Cameras, Tracking, Recording, Sharing and Setup menus.
Cameras selected for the Wide-Angle and Telephoto devices are shown in the
Configuration menu. The unique aspects of a camera type are shown in the Cameras
menu although camera specific parameters are stored in the cameras folder and
modified via the Cameras menu.

To preserve user-modified or created configurations between new OTDAU revisions,
the System, Camera and PT configuration files are now located in C:\OTDAU. After
each installation, these files are copied/merged into the configurations, cameras and
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positioners folders in C:\OTDAU, updating any with the same name and retaining any
with a name not provided in the new Installation. Thus, users do not need to rename
or save custom configurations between new software releases.

System Configuration form entries are:
System Description -- User-provided description of the configuration

Operator Name -- This entry should be the name of the user or other information that
would clearly identify the user to others who may want to share a camera. This name
will be inserted onto the Wide-Angle camera On Screen Display, replacing the text
“Available”, when the configuration is Run thereby allowing other potential users of that
camera to know who is currently using it.

Start time — The time in 24-hour format at which the system will start to run if enabled
to Run. Start time and Stop time are particularly useful when, for example, the sensor
of the camera used is such that the image will start to pixelate under low-light conditions
causing false motion triggering. Another typical use is to avoid capturing bird
movements at the beginning and end of the day.

Stop time — The time in 24-hour format at which the system will stop running. It will
automatically restart at the next Start time.

Wide-Angle Camera — Camera configuration selected to be the wide-angle camera.

Telephoto Camera -- Camera configuration selected to be the telephoto camera.
Required but may be the same as the Wide-Angle Camera. If the selected camera is
PTZ-capable, then it may be used with some type of Wide camera in the Handoff mode.

Pan/Tilt unit — Selected configuration of a Pan/Tilt unit. A PTU is a device providing a
motorized mount with pan and tilt motion, for any type of load such as a video camera,
DSLR camera or radar antenna. Click on this field to open a folder of available PTU
device drivers. If you are not using a Pan/Tilt unit, then leave this field blank.

Crop X1 -- Pixel number of the left side of the bounding box. Numbering in the x
direction is from 0 to the camera’s horizontal resolution, left to right. All four crop values
are automatically filled in when using the Bounding Box feature. For a circular bounding
circle, this is the x, y center of the circle.

Crop X2 -- Pixel number of the right side of the bounding box
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Crop y1 -- Pixel number of the top of the bounding box. Numbering in the y direction is
from O to the camera’s vertical resolution, top to bottom. For a circular bounding circle,
this is radius of the circle.

Crop Y2 -- Pixel number of the bottom of the bounding box. This is always 0 for a
circular bound.

Maximum zoom -- Maximum optical zoom allowed for the tracking session. It should
be less than or equal to the maximum the camera is capable of.

Enable Pan/Tilt -- Enable pan and tilt operations for cameras so equipped. Enable
Pan/Tilt is forced OFF when the configuration is saved if both referenced cameras do
not have PT capabilities.

Enable Zoom -- Enable zoom for cameras so equipped.

Enable Sound’ -- Enable bell sound when a potential target motion is recognized and a
different system sound when it is qualified and acquired.

For OTDAU to/from Mission Control communication:

Computer IP Address — The IP address of the computer running the instance of
OTDAU for a particular camera(s). If the computer is the same one that will be running
Mission Control (MC) software, then this address should be 127.0.0.1. If the OTDAU
computer is different, then this address should be a static address assigned to that
computer or the port-forwarded WAN address of the computer if it is remote from the
LAN running MC.

Port -- A unique port number assigned by the user to distinguish the computer from
other devices on the LAN, such as port-forwarded cameras. The value should be in the
range 49152 to 65535. This port should be different for each instance of OTDAU on the
computer — For example: 51000, 52000, 53000.

Control buttons

Open configuration — Opens a window into the System configuration file folder. Select
a configuration by either double clicking on an entry or clicking one once and then click
on Open. The selected configuration must be Loaded prior to use after Opening it.
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Note that the Load button may be used before or after the System Configuration window
is closed by the Close Window button. See the Load button, below.

Save — Saves the current settings as part of the currently loaded System configuration.

Save As — Opens a window into the System configuration file folder. Saves the current
settings as the System configuration but with a new name selected in this window. It is
very useful to Open an existing configuration, modify its values, and then Save As with
a new name to create a new configuration.

Close File — Terminates use of the last selected configuration. The camera views on
the Wide-Angle and Auxiliary displays will return to the default image. If the system is
in Run mode, it must be Stopped before Close File is selected.

Close window — Closes the System Configuration window. If the window is closed
before any changes to settings are Saved, then those changes are lost.

Open a video file for test — A special type of open for configuration files which
operates the same as opening a pre-configured test file (such as test-jet-cloud) except
the user can select any avi file, anywhere on the computer, for the test. You may
navigate to any folder on your system and then select any avi file in that folder. When
opened, the first frame of that file will display. You can then click Run to emulate
tracking of that pre-recorded file instead of using a camera. This is very helpful to
analyze existing files and to adjust tracking parameters for similar future recordings
using a live camera.

TIP: To optimize Tracking settings for a particular type of target and environment:
1. Set up the camera to point in the desired direction at a typical time/environment
2. Turn off any PTZ settings, using the camera as a fixed lens unit
3. Set recording options including Tele video without text

4. Click Ready to Record to start/stop manual recording when a representative
object, such as an aircraft moves through the image. Click it again to stop the
recording when sufficient target motion has occurred.

5. Load the resulting file using the above test option

6. You can now play the test video as many times as needed while adjusting
various Tracking options
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A System configuration may be selected in two ways:

e Click on the System tab and then Open to see all available configurations. After
selecting a System Configuration, click on the Load button located below the
Wide-Angle Video Display area.

e Click on the Load button without using System. This will bring up a shortcut list
of any configurations that have been loaded using the System menu previously.
If no configuration has ever been loaded, then you will be prompted to select
one. If only one such configuration had previously been used, then that
configuration is immediately loaded.

The status box on the left, also below that display area will indicate load progress
(“Initializing video...”) and, when the load has been completed, it will display “Ready to
Run”. When the system is Running, “Scanning” is displayed.

When a PTZ (or Zoom-only) camera is loaded, and “Enable Pan/Tilt” or “Enable
Zoom” options are set in its System configuration, then the Manual control indicator
on the left will turn green and show the initial camera that the PTZ control will affect.
Clicking on this button will change the affected camera from Wide to Aux if that camera
is PTZ capable. The button will again turn red during Run. Being able to select which
camera the Manual controls apply to make it easier to set up camera directions
when more than one PTZ camera is in use. All combinations of fixed cameras, PTZ
cameras and a Pan/Tilt head are supported. Cameras such as the Dahua N65CL5Z
that have a motorized zoom function but not Pan/Tilt are also supported.

The Close button closes the currently selected System configuration. Click it prior to
using the Load button or the System menu to select a new configuration.

The Load button is used in two ways —
e Toinitialize a new configuration after it has been selected via the System menu.

e To select a new configuration immediately after starting OTDAU or after Closing
the last configuration. OTDAU provides a list of past configurations to choose
from. If only one configuration was ever selected, then clicking Load immediately
loads that configuration.
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The Wide-angle display at the top left of the main window displays the video stream
from the selected Wide camera.

The Auxiliary Video Display, at the top right of the main window, will display a still frame
or motion video depending on which of four buttons are clicked:

® Raw Video -- Default selection that displays the Wide-Angle camera video stream
without any meta-data overlay.

® Telephoto -- Video from the configured Telephoto camera or from the Wide-Angle
camera if the Telephoto camera is the same as the Wide-Angle camera. This
display will include an overlay of meta-data including camera type and date and
time on the bottom as well as camera position, field size and PTZ motion indicators
if the camera was defined to be PTZ-capable. Displays a digitally zoomed image of
the tracked object if the Wide camera is not PTZ. The level of zoom may be set in
then Setup > Display menu and its value is shown on the bottom left of the Aux
display.

® Tracking -- Displays video from the tracking process to aid in tracking-related
parameter settings. If Feature Tracking is not enabled, then this display shows a
black and white representation of frame-to-frame differences. If Feature Tracking is
enabled, then this display shows the Raw video with the tracked object surrounded
by a green box. This display is helpful to verify what the system is tracking and if it
loses track.

® Path -- Displays an accumulation of lines indicating each time a target was
recognized by the tracker during run-time. Particularly when the Wide-Angle
camera is not PTZ, this is a convenient method to determine the track or motion
profile of a tracked target. “Real” UAPs sometimes travel in a path with sharp
angular discontinuities, unlike aircraft. This feature helps identify such targets.

The Path display includes a number at the starting point of the path that
corresponds to the file number of that path. If the Auxiliary Video Option is “Path of
target hits” then these numbers and the paths are randomly color-coded. If
recording is enabled the path numbers and path color also correspond to the folder
number of each recorded tracking event. If Recording options do not include Paths,
then the path display shows each path in green.

89



Track path analysis — After each tracking sequence has finished, the path of the
tracked target is analyzed for non-linear changes (divergence from a straight path).
The point(s) of divergence is displayed and saved as a red circle on the track path.

See the Path Capture, Display and Recording section below for more details.

® GPS/ADS-B — Initiates the GPS and ADS-B status and data display. Used in
conjunction with the Setup > RTL-SDR Gain Configuration window.

® Satellites — Initiates the Satellite tracking data display and Wide video icons.

® Spectrum — Displays a real-time optical spectrum if the Wide camera is equipped
with an appropriate grating. (HARDWARE TO SUPPORT THIS OPTION IS IN
DEVELOPMENT).

NOTE: All Wide and Tele images now include the UFODAP logo in the lower right
corner. The size of the logo is scaled to the resolution of the camera.
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The complete main window, with Raw Video selected, will now appear as follows:

| ¥ OTDAU -- Optical Tracking Data Acquisition Unit  Version 2.20P3 9-17-26 = X
|
System  Cameras Pan/Tilt Tracking Touring Recording Analytics Sharing Setup Help

Primary Video Dlsplay Auxiliary Video Display

AZ:203.1 EL 26.8 Zoom:1.0 HFOV:60.0 VFOV 30.8]
PTZ Activity: L

e

o
Wide: Dohua—49425XBNR_22 1920%x1080 Frame: 3191
Saturday 26 September 2026 15:09:46PM __FPS: 30.0

Manual PTZ Controls - PTEr Status

Bounding
Box
@ o @ B%:pgieng
I~ Auto 2
Not ready
PTZ to record
SPEED

Dahua 49425 130 - 1920x1080 Port 53000

Ready to Run

Saving the system file

nfig.txt

®0
©
@@

The scrolling text in the Status window, on the lower right, provides an indication of what
the system is always doing. It may be used to confirm what files and cameras are in
use, error conditions and other operational status. Status messages that have scrolled
out of view can be viewed by moving the slider on the right or clicking into the Status
window and using your mouse scroll wheel.

Clicking the Pause scrolling button in the Status display will result in no new status
messages appearing. Clicking Pause again will display the last 100 messages
accumulated while Pause was in effect and status messages appear normally. This
feature is particularly useful to make it easier to review status while OTDAU is in Run
mode with new messages causing messages of interest to scroll away.

Note that manual pan and tilt adjustments are only operational if the System
Configuration Enable Pan/Tilt box is checked. Likewise, Zoom adjustments are only
available if the Enable Zoom button is checked. The Focus and Brightness controls will
not function for cameras that do not support ONVIF control of those properties.
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While tracking using a fixed camera, the AZ and EL values are emulated in software.
These angles are computed for useful representation when displayed by Mission
Control: AZ ranges from (360 — %2 horizontal FOV) to (1/2 horizontal FOV). EL ranges
from vertical FOV at the top to 0.0 at the bottom. This is as if the camera was a PTZ
type initially pointed North and %2 vertical FOV above the horizon.

At this point, if the Wide or Telephoto camera is a PTZ unit, then the pan/tilt/zoom
controls in the PTZ Controls area are enabled. The PTZ Controls, on the lower left of
the main screen, are shown below.

r Manual PTZ Controls - PT Enabled
PO@ @9 | =
ORI @=Q J =
[~ Auto '}'Zj &
Not read
@O® @O - =
SPEED
Dahua 49425 130 - 1920x1080 Port 53000

The label next to “PTZ Controls” indicates whether these controls are ready for use or
not as Enabled or Disabled.



Gamepad controls

A USB Gamepad, as shown below, may be used as another method to control all
Manual PTZ functions, in parallel with mouse clicks.

Logitech F310 Xbox 360 PS4/Etpark

Button 6 Button 7 Axis 0 Left Joystick X
Button 4 Button 8 B 9 Button 5 Axis 1 Left Joystick Y {inv)
Button 10 e Axis 2 Right Joystick X
Button 11 T Axis3 —R.gi;i Jvoyslick ¥ (‘»W
Button 0 — :
Button 1 A
Button 3 Button 2 8
Button 3 Y
Hat Button 2 [ g,tona Left Bumper
Button 1 Button 5 Right Btfmper
Button 6 Left Trigger
Button 7 Right Trigger
Axis 1 5 Button 8 Back
Axis 3 Button 9 Start
Button 10 Left Joystick (click)
Button 11 Right Joystick (click)
o ﬁat Directional Pad (X, Yr

The Gamepad is enabled if it is plugged in to any USB port before a System
configuration is loaded.

This function has been tested only with a Logitech Dual Action control P/N 863247-
0010. If agamepad is plugged in and recognized then its type is displayed next to the
“PTZ Controls” label, as shown below:

I Manual PTZ Controls - PTEnabled Logitech Dual Action controller available ‘

PG ®-0 j EHE
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Left joystick (Axis 0 and 1) controls up/down, left/right motion with speed proportional to
amount of stick movement. PTZ Speed returns to 5 when the stick is centered.

Right joystick (Axis 1 and 2) up/down controls Zoom in/out.
Buttons 0 and 2 control Focus + and -.

Buttons 3 and 1 control Brightness + and -.

Buttons 6 and 7 can be used to Run and Stop.

Button numbers imprinted on the buttons of your device may differ from those
shown above.

Gamepad controls and the GUI buttons activated by the mouse are simultaneously
available.
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Path Capture, Display and Recording

OTDAU can capture the path of targets through the scene to determine if the target
displays the type of anomalous behavior that may indicate a UAP vs an aircraft, meteor
or other natural phenomena.

When Path is selected for the Aux display, every time tracking of a target begins, its
path through the field of view is shown as a series of line segments. The segments are
shown in random colors if Path of target detections are selected for recording.
Otherwise, paths are shown in green.

A path number is shown at the beginning of the path line to indicate the starting
location when the target was first detected. One frame of the detected object is shown
for reference.

An Auxiliary Video option allows automatic deletion of the folder and all related files
when the target track was linear. The folder is deleted at the end of the related tracking
sequence. If no nonlinear tracks are found during a Run, then there will be no Group
folder remaining after the Run.

Selecting “Path of target detections” as the Aux recording option will record a real-time
video of the path being captured along with other video files.

When recording, a composite of all tracked paths is included in the Group folder as a file
with the format: “otdau-path-xx-xx-xx.jpg” where xx is the recording date.

These functions make it easier to automatically find UAP due to their characteristic
nonlinear motion. Even if a path recording is retained, its path line is still included in the
composite path image jpg file in the Group folder. Note that even fast-moving targets
will result in recorded paths — each path line is composed of line segments spanning
detection frames. So even if a detection is not made in every frame, there will still be a
series of line segments between detection points

NOTE: Path tracking is intended for use with cameras using fixed optics or PTZ
cameras with Pan/Tilt disabled. The motion of the camera while tracking will create a
false path display. Path functions and saving of jpg composite images will not
occur if the camera is PTZ capable and P/T is enabled. Paths are not meaningful
when the target and the camera can move.

The sample Auxiliary Video Display shows a series of paths captured during one Run in
daytime conditions. The paths labeled 4 and 6 are from aircraft following a common
flight path. Other, lower numbered paths are not visible beneath these paths. Paths 5
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and 7 are designated for short distances. 7 was short due to the aircraft exiting the
bounding box just after initial detection. Path 8 is due to a bird.

Non-linearities are detected using a low-pass filter on the line. If a path includes a
section(s) that does not follow a sufficiently straight line, then the inflection point(s) are
marked by a red circle. One of these occurred at the end of path 6 due to just enough
fluctuation in the detection area to cause the detection of a non-linearity.

The file names of recorded non-linear paths are annotated as such with the text “NLP”
(Non Linear Path) when each recording (tracking event) is over.

Auxiliary Video Display

Available
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A thumbnail view of the tracked object is provided in the upper right corner of the
Display.

An alternative view of target paths as a series of thumbnail photos of the target may be
selected in Setup > Display options. If the option “For Path display, show path as
sequence of thumbnails instead of a line”. The path number corresponding to the file
number is above the starting photo and a red circle indicates any inflection point. The
path will be depicted as shown below for the “test-aerobatic” configuration as an
example:

Auxiliary Video Display

Note: Individual paths are recorded if selected in the same subfolder as wide video
files. Boxes surrounding thumbnails are the same color as the folder index for ease of
identification in the jpg composite of all paths. The composite is written to the group
folder along with the log and json files. The size of each thumbnail and the spacing
between them is scaled to the size of the image in the thumbnail. Continuous green line
paths are available when selected in Setup > Display.
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Automatic camera homing functions

OTDAU detects the home or initial position of a pan/tilt/zoom camera and saves it in the
associated configuration whenever a System configuration starts to Run. While during
the run the system is reset, e.g., due to a timeout or clutter, the camera is returned to
the last set home position.

OTDAU also moves a camera(s) that are part of a configuration to its home position as
soon as that configuration has been Loaded. It does this so that the user can set up
camera pan/tilt/zoom values for a particular situation, as reflected in the System
configuration and the camera(s) automatically return to that position.

If a configuration had never been loaded such that no home position exists, OTDAU
would not move the camera(s). The user may then manually move a camera to the
desired starting position. When the configuration is then Run, an initial home position is
saved.

When a configuration is Loaded, a PTZ camera will move to the last position it was in
when Run was initiated.
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Positioning a PTZ camera

The PTZ Controls, when Enabled, are used to move the camera into the Home or initial
position, ready to begin scanning for moving targets. This is accomplished via the
LEFT, RIGHT, UP, DOWN, ZOOM WIDE and ZOOM TELE buttons or gamepad if
available. Moving the PTZ SPEED slider up or down will set the relative speed of any of
those controls. The last position of a PTZ camera prior to starting Run will be the
position the camera returns to at the end of each tracking process.

The Focus control will continuously adjust camera focus in or out while + or — is held on
with the left mouse button. Releasing the mouse button after using the + or — controls
stop changes to focus which eliminated focus drift after each selection.

The Brightness control incrementally adjusts camera image brightness up or down
when + or — is repeatedly clicked.

Manual PTZ button to select which of the Wide, Tele or Pan/Tilt devices will be
controlled by the PTZ direction, Zoom, Focus and Brightness controls. This makes it
easier to set up camera directions when more than one PTZ camera is in use. All
combinations of fixed cameras, PTZ cameras and a Pan/Tilt head are supported.

Manual controls are disabled when:

e Pan/Tilt and Zoom are not enabled in the System configuration
e PTZ capable is not enabled in the Camera configuration
e The system is in Run mode

For example, PTZ functions are disabled as shown in the fragment of displays, below:

e

Manual PTZ Controls - Disabled =—
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Setting a bounding area

OTDAU allows the user to select the area of the Wide camera view that the system will
scan for motion, ignoring the area outside of this bounding box. This is valuable to
avoid triggering tracking on moving parts of the background, such as foliage. The Wide-
Angle Video Display shows the bounding box in blue when the system is not running
and in red when it is.

Start by clicking on either the Bounding Box or the Bounding Circle buttons. Either type
will work for any camera or test video. The circle is particularly useful with panoramic,
All-Sky Cameras that have a circular optical view.

To set a bounding box:

With a System configuration loaded, click the green Bounding Box button. The
button will change color to yellow. Hover the mouse over the Wide-Angle Video
Display window. You can define up to 10 boxes to more precisely background
clutter in view to be excluded from target detection. To define a box, hover the
mouse over any corner, hold down the left mouse button and move the mouse to
define a rectangular area. Multiple boxes may overlap. Click on an existing
box/region to delete it. You can redraw the box, starting at any corner, as
many times as needed by deleting and redrawing. A second click on the
Bounding button saves the definition of bounding regions with the System
configuration and eliminates any overlapping lines so that bounding regions that
are not simple rectangles may be defined. This process is compatible with prior
System configurations with a single rectangular region.

To set a bounding circle:

With a System configuration loaded, click the green Bounding Circle button.
Move the mouse to point to where you want to place the center of the circle.

Hold the left mouse button down and move the mouse to define the size of the
circle. Release the button to set the circular bounding box. Similar to bounding
boxes, you can define up to 10 bounding circles which may or not overlap. Click
on an existing circle/region to delete it. A second click on the Bounding
button saves the definition of bounding regions with the System configuration and
eliminates any overlapping lines so that bounding regions that are not simple
rectangles may be defined. This process is compatible with prior System
configurations with a single circular region.
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¢ Note: When operating OTDAU without Pan/Tilt enabled, a target will only be
tracked when it is within the bounding box. When using a PTZ camera with
Pan/Tilt enabled, a target object will be tracked for as long as it remains in view.

Some examples of complex bounding areas:

Define three boxes --

r Primary Video Display .

After saving them --

-Primary Video Display

AZ:190.6 EL.143 Zoom:1.2 HFOV:60.0 VFOV‘SO.&

May 2026 15:29:56PM _ FPS: 30.08
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Define three circles —

= Primary Video Display Fullscreen

After saving them --

Primary Video Display " Fullscreen
AZ:191.5 EL:15.9 Zoom:1.2 HFOV:60.0 VFOV:30.8

May 2026 16:07:54PM FPS: 3
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Enabling Pan, Tilt and Zoom

The Enable Pan/Tilt and Enable Zoom check boxes may be used to enable those
functions for a PTZ camera. If the Wide camera is not PTZ-capable, then Enable
Pan/Tilt is ignored. However, enabling zoom will cause the Telephoto view to use
digital zoom. In this mode, the telephoto view displays the portion of the Wide camera
frame within the current bounding box, resulting in a digital zoom effect.

The Wide and Telephoto camera selections can be the same Camera Configuration but
could be any combination of two cameras. For example, the Wide camera might be a
360-degree (“All-Sky”) type, and the Telephoto camera may be a PTZ type. In that
case, the location of a detected moving object in the field of view of the Wide camera is
used to continuously direct the view of the Telephoto camera to the same object.

If the System Configuration Wide camera is not PTZ capable, such as a USB type, and
the Telephoto camera is PTZ-capable, then the PTZ Controls will apply to manual
moves of the Telephoto camera.

If you would like to use an IP camera, PTZ or otherwise, that does not respond properly
to ONVIF queries, then you can still use it as if it were a fixed-lens camera. To do this,
use “nonptz” for the PTZ Driver entry in your Camera Configuration, instead of
‘onvifptz”. Alternatively, disable the “PTZ capable” checkbox in its Camera
Configuration.
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Manual Recording

The Recording button allows the user to continuously record the Primary and Auxiliary
recording options manually, without tracking if recording is enabled in the Recording
options. The button is initially green and is labeled “Recording stopped”. Any time after
a System Configuration has been Loaded, Run is enabled and recording has been
enabled via the Recording options, the user may click this button to start recording the
selected views. When clicked, the button changes to red and displays “RECORDING”.
Click it again to stop the recording.

The recorded .avi files are written to the same folder as other recordings, as selected in
the Recording menu. Each manually initiated recording opens a new folder named for

the System Configuration with the date and time appended. Under that folder will be a

video .avi file named, for example “otdau-wide-manual-date.avi” such as:

otdau-wide-manual-12-52-17 .avi

OTDAU will continue to record camera frames to this file until the Recording button is
clicked again, the configuration is closed or the OTDAU software is closed.

Normal triggered recording, as enabled by the “Enable recording” check box in the
Recording menu, also causes the Record button to change color and label when an
event causes recording to start or stop. Both triggered and manual recording states
affect the color/label of the Recording button independently. The user may start or stop
manual recording regardless of any triggered recording functions in progress.
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Camera Configuration

Camera configuration files define the properties of each camera used by OTDAU and
are stored as JSON files in the Camera Configuration folder. A single Camera
configuration file can be shared across multiple System configurations. Each System
configuration references one Camera configuration for the Wide-Angle camera and one
for the Telephoto (Aux) camera; these may be the same file.

OTDAU supports two fundamentally different classes of cameras, and it is important to
understand how the system knows which type it is dealing with:

IP and USB cameras — These cameras deliver a compressed or raw video stream that
OTDAU receives through a standard Windows pipe. The Video Driver field tells
OTDAU which pipe protocol to use (RTSP, HTTP, USB, AVI, or DSLR). PTZ
control is handled by a separate driver named in the PTZ Driver field, which
knows how to send camera-specific CGl or ONVIF commands for pan, tilt and
zoom. The camera’s identity and capabilities are defined entirely by the values in
the Camera configuration — OTDAU assists with but does not auto-detect IP or
USB camera properties. USB cameras include common webcams and the
camera built into your laptop PC.

Science cameras (ZWO ASI, QHY, Player One) — These astronomy-grade cameras
do not stream video through a pipe. Instead, they communicate directly with
OTDAU through a manufacturer-supplied Software Development Kit (SDK)
loaded at startup. Setting the Video Driver field to ZWO, QHY, or Player One is
how OTDAU knows to load the corresponding SDK instead of opening a video
pipe. The SDK handles all image capture, color demosaicing, and camera
control. These drivers appear in the Video Driver list only when the
corresponding SDK is installed on the PC. No PTZ Driver is used for science
cameras — telescope mount control is configured separately via the PTZ Driver
field (see Telescope Control and Science Cameras).

The Camera Configuration window is opened from the main OTDAU menu. It contains
five functional areas, each described in a section below:

1. IP Camera - Fields required to configure an IP camera. Includes the IP
Camera Assisted Configuration (ONVIF CCA) — Guided assistant for
configuring ONVIF-compliant PTZ cameras not on the standard support list.

2. USB Camera -- Fields required to configure any USB camera. Includes the
USB Camera Assisted Configuration (USB CCA) — Tool to discover,
identify and validate USB cameras and capture devices.
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3. Science Camera -- Fields required to configure a “science” camera. Includes
the Science Camera Configuration Assistant (Science CCA) — Per-
camera setup and field-of-view calculation for ZWO ASI, QHY, and Player
One cameras.

4. Video Playback — Fields necessary to define playback from a prerecorded
video source. OTDAU can open and play back from this source as if it were a
real-time, fixed FOV camera stream.

5. DSLR Information — Status and control for Canon cameras connected via
WiFi and USB or via a PTDAU.

NOTE: When an IP, USB, Science or Video camera configuration window is opened, if
a different one was already open, it will be closed so that the parameters associated
with a particular camera will only appear on the correct display.
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IP Camera Configuration

The following describes every field in the Camera Configuration window. Fields that
apply only to IP/USB cameras or only to science cameras are noted.

; ™ OTDAU -- Optical Tracking Data Acquisition Unit  Version 2.29 10-3-26 X

Camera Pe [ iview-TIC2A325A 11 PTZ Driver [onvifptz m';t":’:‘;rd;;:;;ay 192.168.1.1

or "test"

Filename |uni\.riew-TIC2A3.23A-‘IDS—CH‘I—256&(1Mﬂ.json
IP address |192.168.1.108 HTTP Port |20 User |admin Password  |univiewTICF10!

Video URL |rtsp:ffadmin:uni\.riewTICF10!@192.1 68.1.108/medial/videol

- Generate the video URL per camera type using other entries

Recording CODEC
FP5 |30 HVID for avi KVID [~ PTZ capable Driver - HTTP PTDAU |
MP4V for .mp4
Horiz FOV [62.8 Vert FOV [367 r ;“:‘;'::y:’l‘gr::f Maximum zoom [1 Flip image - 0:None 1:Up/Dn 2L/R 3:U/Dand LR |0
. Channel Stream .
Horiz Res 2560 Vert Res 1440 (1, 2. blank=EQ) ﬁ (1-3) 0 ™ Reverse continuous move
Pipe Res _ 2/3 1706960 | 172 1280720 | 720p 12804720 - - 50 Mk
no scaling
Zoom distance in pixels to CFOV Zoom speed
200 1
Zoom time limit Zoom restart interval
1.0 1.0
L L
Prepertienal constant Integral constant Derivative constant
0.0 0.0 0.0
L L L

Camera type or “test” — Must be one of the supported camera model identifiers,
entered exactly as shown, or a type name generated by the Camera
Configuration Assistant (CCA). Entering an unrecognized type produces an error
when the configuration is Loaded. See the complete camera type list in
Appendix A.

Filename — Not user modifiable. Shows the filename for this configuration.
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IP — The LAN IP address of the camera as x.x.x.x. For example: 192.168.1.108. Not
used for USB or science cameras.

HTTP Port — The HTTP port of the IP camera, typically 80. This is not the RTSP
streaming port (554) — it is the port used for camera setup and PTZ commands.
Not used for USB or science cameras.

User — Username to access the camera. Typically, “admin” but may be any username
assigned to the camera. Not used for science cameras.

Password — Password to access the camera. Not used for science cameras.

Video URL — The address or identifier used to open the camera video stream. The
format depends on the Video Driver:

* For RTSP cameras: the full RTSP URL, e.g.
rtsp://192.168.1.108:554/cam/realmonitor?channel=1&subtype=0

e For HTTP cameras: the HTTP stream URL.

* For USB cameras: a device index number (0, 1, 2...) or the exact device
name. To use a specific USB camera regardless of which port it is
plugged into, enter its exact device name here. Run the USB Camera
Assisted Configuration to discover device names.

* For AVI/MP4 test files: the full file path.

» For science cameras (ZWO, QHY, Player One): the camera index,
typically O for the first camera, optionally followed by parameter overrides
in the form “0,gain=200,exp=20000,bin=1,bit=8". See Science Camera
Settings for details.

* For telescope mounts paired with a science camera: the science camera
index as above. The mount is identified by the PTZ Driver field, not the
Video URL.

PTZ Driver — Names the software driver used to send pan, tilt and zoom commands to
the camera or mount. For IP cameras this selects the CGl or ONVIF command
protocol; for telescope mounts it selects the mount communication driver.
Current values:

» amcrest, dahua, sony, samsung — proprietary CGI drivers for specific
camera brands

» onvifptz — ONVIF standard PTZ protocol; use for any ONVIF-compliant
PTZ camera not on the named list

e usb — USB-interfaced PTZ device

» celestron — Celestron NexStar hand-controller protocol for telescope
mounts (see Telescope Control and Science Cameras)
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* nonptz — disables all PTZ commands; equivalent to unchecking the PTZ
Capable checkbox. Use for any camera or mount operated as a non-
moving device

» testdriver — simulated PTZ for testing without a connected camera

NOTE: For IP cameras, the PTZ Driver handles only motion commands. The Video
Driver (RTSP, HTTP, etc.) handles video streaming independently. These two drivers
are separate because some cameras use different protocols for video and for control.

LAN (router or gateway) address — OTDAU detects and displays your Local Area
Network base address. The first three octets of the camera IP address must
match this value, unless the camera is port-forwarded from outside the LAN.

FPS — Camera frames per second. Should match the camera’s configured output rate.
For science cameras (ZWO, QHY, Player One), this is the maximum rate; actual
throughput depends on exposure time — see the Note under Science Camera
Settings below.

Recording CODEC - Selects the video codec used for recording. Options:

* XVID - produces an AVI container file. Good compression for 1080p and
below.

* MP4V - produces an MP4 container file. Better compatibility with modern
players and smaller files.

For science cameras recording at full sensor resolution (e.g. 3552x3552), OTDAU
automatically substitutes MJPEG for XVID because MJPEG encodes very large
frames much faster. This substitution is transparent to the user.

Video Driver — Selects the video acquisition method. This is the most fundamental
setting because it determines how OTDAU receives video from the camera:

+ USB — USB cameras and analog capture devices. OTDAU receives
frames via the standard Windows USB video class driver. The camera
must be discovered and validated using the USB Camera Assisted
Configuration before use.

 RTSP — IP cameras using the standard Real-Time Streaming Protocol.
Most modern IP PTZ cameras use RTSP. The Video URL must be a valid
RTSP address.

e HTTP — IP cameras that deliver a MJPEG stream over HTTP rather than
RTSP. Less common on current cameras.

* AVI - plays back a recorded AVI or MP4 file as a simulated camera.
Useful for testing and tuning without a live camera.
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* DSLR - Canon DSLR/mirrorless cameras connected via WiFi using the
Canon CCAPI interface. See DSLR Information below.

« ZWO - ZWO ASI series science and astronomy cameras. Requires the
ZWO ASI SDK to be installed. OTDAU communicates directly with the
camera hardware through the SDK, bypassing the Windows video pipe
entirely.

*  QHY — QHY series astronomy cameras. Requires the QHY SDK.

+ Player One — Player One astronomy cameras. Requires the Player One
SDK.

Science camera drivers (ZWO, QHY, Player One) appear in the Video Driver list only
when the corresponding manufacturer SDK is installed on the PC. OTDAU
demosaics raw Bayer sensor data from color science cameras in a single pass at
full sensor resolution, then downscales for display. Recordings receive the full
resolution color frame.

NOTE: USB cameras and science cameras are fundamentally different even though
both connect via USB. A USB camera uses the standard Windows USB video class
driver and appears to OTDAU as a video stream, exactly like an IP camera. A science
camera connects through its manufacturer’s SDK, which OTDAU calls directly to fetch
raw sensor frames one at a time. This is why science cameras have their own Video
Driver types (ZWO, QHY, Player One) and their own configuration panel, while all USB
cameras share the USB driver and are set up via the USB Camera Assisted
Configuration.

Maximum zoom — The maximum optical zoom factor of the camera. OTDAU stops
issuing zoom commands when this value is reached. Not applicable to science
cameras.

Horizontal Resolution / Vertical Resolution — Must match the camera’s native sensor
or selected output resolution. For science cameras this is the full sensor pixel
count. OTDAU records at this resolution; the display pipeline downscales for
performance.

Pipe Resolution — FPS optimization for high-resolution cameras. OTDAU can scale
the video stream down before passing it through the Windows data pipe for
detection and display, while recording continues at native resolution. At 4K
(3840x2160) and 20 fps, the raw stream is approximately 500 MB/s — more than
most PCs can move through a pipe reliably. The Pipe Resolution setting reduces
this load.
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Click Auto-detect to measure your PC’s actual pipe throughput and automatically select
the highest resolution your system can sustain at the camera’s target FPS. The
MB/s figure updates immediately for each selection: green = safe, orange =
marginal, red = exceeds capacity. Click Reload to restart the camera at the new
setting. Detection and display update immediately; recordings remain at native
resolution.

NOTE: Pipe Resolution applies to IP and USB cameras. Science cameras (ZWO,
QHY, Player One) do not use a pipe — their downscaling for display is performed
internally by the SDK driver after demosaic, and recording always captures at full
sensor resolution.

Channel (1 or 2) — IP cameras may require a channel selection in their RTSP URL to
choose between visible-light (EO) and infrared (IR) streams. Set to 1 for
standard cameras. Verify your camera’s web settings page. Open and Save any
Camera configuration to automatically set the initial value to 1 and update the
RTSP URL to match.

NOTE: For a hybrid EO/IR camera like the Uniview TIC2SA32 series, the EO
camera is addressed as media1 and its main and substreams are 1, 2 and 3.
Thus, its RTSP URL is:
rtsp://admin:univiewTICF10!@192.168.1.108/media1/video1

the IR camera is addressed as media2 and its main and substreams are 1,
2 and 3. Thus, its RTSP URL is:
rtsp://admin:univiewTICF10!@192.168.1.108/media2/video1

Stream (1, 2 or 3) — IP cameras can support multiple simultaneous output streams at
different resolutions, set in the camera’s Settings menu. Stream 0 is the Main
stream; 1 and 2 are Sub streams. Creating separate System/Camera
configurations for each stream lets you switch resolution without changing
camera settings.

Horizontal FOV / Vertical FOV — The fully zoomed-out field of view in degrees. For IP
PTZ cameras, obtain this value from the camera datasheet. For science
cameras used with telescopes, calculate or use the Science CCA — see Science
Camera Configuration Assistant below.

Wide-angle / fisheye lens -- Tells OTDAU how this camera's lens maps directions in
the sky onto pixels in the image. That mapping is used whenever OTDAU
converts between a position in the picture and a real direction.
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The two lens models

« Rectilinear (unticked, the default): a standard lens, where straight lines stay
straight. Each degree away from the center covers more pixels toward the edges,
because positions follow the tangent of the angle. This suits most security and
PTZ cameras at their normal fields of view.

« Fisheye (ticked): a constant-angle lens, where every pixel covers the same
angle, from the center to the edge. Very wide lenses such as the N51 at 96°
behave this way. Treating them as rectilinear makes directions increasingly
wrong toward the edges of the picture, by several degrees in the outer part of the
view.

What it affects

All of OTDAU's image-to-direction conversions use one shared calculation, and the lens
setting is part of it:

o Handoffs: the direction a camera reports for a target. That covers the Scout's
cue in tower handoff, the aim in local handoff and local slave, and the target
velocity used for the lead.

o Overlays: where satellites and aircraft are drawn on the video, and whether they
count as inside the camera's view.

o Sky plot: the outline of the camera's view.

« Calibrate pointing: with satellites or aircraft, so the calculated offsets are
accurate even when the reference object is far from the center of the picture.

It doesn't change motion detection, recording, or a PTZ's own tracking loop, which all
work directly in pixels.

Using it

Tick it only for a lens that really is constant-angle; for anything else, leave it unticked.
When you tick it, OTDAU offers to fill in the vertical field of view to match. With a fisheye
lens the vertical and horizontal fields follow from the same angle per pixel, so the two
must be consistent. Accept that unless you've measured the vertical field yourself.

The setting is stored in the camera's configuration file as "lens": "fisheye", only when the
box is ticked. Existing camera files without it are treated as rectilinear, exactly as before.

Checking it
The simplest test is Calibrate pointing with a satellite or aircraft near the edge of the

picture. With the right lens model, the calibration offsets come out about the same as for
an object near the center. With the wrong one, they differ noticeably.
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Reverse Continuous move — Check this if the camera moves in the wrong direction
when OTDAU issues continuous pan or tilt commands. OTDAU follows absolute
position moves with velocity commands; this reverses the velocity direction.

PTZ capable — Check if the camera supports pan, tilt or zoom. Unchecking this
disables all PTZ commands, equivalent to setting PTZ Driver to nonptz.

Flip — Corrects image orientation when the camera is mounted at a non-standard angle.
0 = no change, 1 = flip vertical, 2 = flip horizontal, 3 = flip both. Image flipping is
applied to every frame and may add CPU load at high resolutions.

Supported camera manufacturers for automatic RTSP URL generation:

Manufacturer Notes

Dahua

Amcrest

Luminys

Axis optional channel via ?camera=N
Hikvision

Hino

Hanwha single-sensor cameras only
Foscam

Uniview supports blank channel for EO/single-lens
Reolink

Vivotek classic access-name scheme
Geovision port 8554 is Geovision standard
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Zoom parameters — Four parameters govern how optical zoom is used during tracking:

« Zoom distance in pixels to CFOV — How close the target must be to the
Center Field of View before zooming is permitted.

« Zoom speed — The speed of each zoom command.
+ Zoom time limit — How many seconds each zoom burst is allowed to run.
* Zoom restart interval — Minimum seconds between zoom bursts.

These parameters balance zooming in on a target against maintaining tracking stability.
If zoom speed is too high or time limit too long, the target may drift out of the
FQOV, causing loss of track. Adjust conservatively: lower speed and shorter limits
are generally safer.

Proportional, Integral and Derivative constants — PID loop constants that minimize
the offset between the target position in the image and the camera’s Center Field
of View. Typically, only the Proportional term is set above 0. Start with a value
near 4, test tracking with pan enabled, and increase if the CFOV always lags the
target. Reduce if the CFOV overshoots or oscillates. An optimal value keeps the
CFQV near the target and centers on it when the target stops.

NOTE: Per your camera’s web page, in Settings: if ONVIF Authentication is ON, the
ONVIF Username and Password defined in Account > ONVIF must match those in the
Camera configuration. Otherwise, the camera will not validate or load correctly.

NOTE: Older cameras such as the Dahua 50230, 50232 and 50A320 respond to
ONVIF position queries much more slowly than current models (approximately 450 ms
vs 30—60 ms). OTDAU compensates by incrementally computing pan, tilt and zoom
values from commanded velocity during periods when actual position is unavailable
from the camera.
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Control Buttons

Open — Opens the Camera configuration file folder. Select a configuration by double-
clicking or by clicking once and then clicking Open.

Save — Saves the current settings to the currently loaded Camera configuration file.

Save As — Opens the Camera configuration file folder and saves the current settings
under a new filename. Use this to create a new configuration: open an existing
one, modify the values, and Save As with a new name.

Close File — Clears all entries and releases the current configuration. Does not affect
any camera being used in a currently running System configuration.

IP Camera Assisted Configuration — Opens the ONVIF Camera Configuration
Assistant for IP PTZ cameras. See section 2 below.

Close Window — Closes the Camera Configuration window. Unsaved changes are
lost.
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IP Camera Assisted Configuration (ONVIF CCA)

The ONVIF Camera Configuration Assistant (CCA) makes it possible to use IP PTZ
cameras that are not on the OTDAU supported camera list. To control a PTZ camera
with pan and tilt, OTDAU must convert position values in degrees to a normalized
number between -1 and +1 for both position sensing and absolute position commands.
Because ONVIF does not standardize these conversion equations, the CCA determines
the correct equations for each camera through a guided, semi-automatic procedure.

& OTDAU -- Optical Tracking Data Acquisition Unit  Version 2.29 6-23-26 — x
_ |

Status Click Accept for fixed camera

Step 1 -- If camera IP/pert/user/PW has been entered in the Camera configuration, test the camera for ONVIF connectivity:

| Test ONVIF connectivity

RTSP URL |rtsp:f,‘admin:dahuaN43@192.163.1.109:55-4,’cam!reaImonitor?channelz'l&subtype:ﬂ&unica;t:true&proto:ﬂnvif

Manufacturer ’Dahua—
Model |N43AB52
Serial Nurnber ’W
FPS [30

Motion control NONE
supported

Step 2 --
Enter your camera maximum zeom from its data sheet -
Leave the default at 1 for fixed cameras

Step 3 --
If PTZ supperted, click Next until camera onscreen position shows exactly P:45 T:43 Z:3 then click Accept
If only Z supported, verify zoom is set to 1 then click Next until zoomed image remains at x1
If fixed (no PT or £ supported, Motion control is NOMNE], just click Accept

__ Tranfer discovered setings tothe camera configuation_ | _Cose Window |
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IP camera configuration procedure

1.

9.

Open an existing Camera Configuration or open a blank Configuration
window.

Enter the camera’s IP, Port, User and Password.

Click Assisted Configuration to open the CCA. Follow the Status message
directions. In Step 1, click Test ONVIF connectivity. If the camera is
accessible and ONVIF-compliant, its RTSP URL, manufacturer name and
other information will be discovered and displayed. The URL will be used
to open the camera’s video stream on the Aux display.

Enter the maximum zoom value (from the camera datasheet) in Step 2.
The default is 1, which is the minimum for any camera.

Follow Step 3. Click Next to cycle through the 9 possible control
algorithms. Click Next as many times as needed; repeat tests as required.

When the camera video shows the correct position, click Accept. The
CCA automatically tests each of 9 possible status calculations to find the
correct one.

Click Transfer to write the discovered camera type name to the open
Camera configuration.

Enter the camera’s Horizontal FOV and Vertical FOV from its datasheet —
these values cannot be auto-discovered.

Click Save or Save As to store the completed configuration.

The camera type generated by the CCA has the form:

"<manufacturer>-<model> <control calculation><status calculation>"

For example, the original “Dahua42212” type can also be represented as “Dahua-
42212TNI_11” after running the CCA. Both forms are accepted by OTDAU.

NOTE: Test ONVIF connectivity may be run any number of times before Steps 2 and 3.
If a non-existent IP, port, username or password is entered, an error message is
generated when the connectivity test starts.

NOTE: If a camera does not respond correctly to ONVIF queries but you still wish to
use it as a fixed-lens camera, set PTZ Driver to “nonptz” or uncheck the PTZ Capable
checkbox in the Camera configuration.
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USB Camera Configuration

USB cameras in OTDAU use the standard Windows USB video class driver. Unlike IP
cameras (which communicate over a network) or science cameras (which use a
manufacturer SDK), a USB camera presents itself to Windows as a video capture
device and is opened by OTDAU exactly like a file stream. Configuration is
straightforward but requires that the camera is already installed and known to Windows
before OTDAU is started.

& OTDAL - Optical Tracking Data Acquisition Unit  Version 2.29 6-23-26 — *

USB Camera Configuration

Camera type |USB

Filename |usb0-1920x1080 json

Video URL
(USE device index)

FP5 |30 Driver -
Horizontal Resolution |1920 Vertical Reselution | 1080
oo OO e
Clear Open | Save | Save As Close File Close Window
USE Camera Assisted Configuration |

Camera Configuration Parameters for USB Cameras

The following fields in the Camera Configuration window are relevant when using a USB
camera. Fields used by IP cameras (IP address, HTTP port, RTSP URL, PTZ Driver)
are not used and may be left blank or at their defaults.

Camera type — Set to "USB x" where x is the device index number (0, 1, 2, or 3). The
index corresponds to the order in which Windows assigns device numbers to
USB cameras. Index O is the first camera found; index 1 is the second, and so
on. These assignments can change if cameras are connected to different USB
ports or if new USB devices are added to the system.

To use a specific camera regardless of which USB port it is plugged into, enter its
exact device name in the Video URL field instead of a number. See Video URL
below.
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Video URL — For USB cameras, this is either a device index number (0, 1, 2 ...) or the
exact Windows device name of the camera. When a number is used, OTDAU
opens the first available camera at that index. When a device name is used,
OTDAU searches all available USB devices for that exact name and opens it
regardless of which USB port it is connected to.

To find the camera’s device name, first open it using a number (0 or 1) as the
Video URL. During the opening process, OTDAU automatically discovers and
displays a list of all USB cameras found on the system. Copy the exact text of
the camera you want from that list and paste it into the Video URL field, then
save the configuration under a descriptive name.

When a device name is used as the Video URL, it is displayed next to the
resolution on the Wide and Aux video panels for reference.

FPS — Frames per second. Must be set to a value the camera actually supports at the
configured resolution. Use the USB Camera Assisted Configuration to discover
which resolutions and frame rates are available for your specific camera before
entering values here. Requesting an unsupported FPS will cause the camera to
fall back to its default rate, which may be slower than expected.

Horizontal Resolution / Vertical Resolution — Must match a resolution the camera
supports. Common USB camera resolutions are 640x480, 1280%720, and
1920%x1080. If a resolution is specified that the camera does not support,
OTDAU will display an error and the camera will either open at its default
resolution or fail to open. Use the USB Camera Assisted Configuration to
confirm supported resolutions before configuring.

Flip — If the camera is mounted upside down or at a non-standard angle, use Flip to
correct the image orientation. 0 = no change, 1 = flip vertical, 2 = flip horizontal,
3 = both.

PTZ Driver — Set to “usb” for USB-interfaced pan-tilt devices. For fixed USB cameras
with no motion capability, set to “nonptz” or leave blank. USB cameras do not
support ONVIF PTZ commands.

NOTE: Most USB cameras require a driver installed by the camera manufacturer before
the camera appears in Windows. If the camera does not appear in the USB Camera
Assisted Configuration’s discovery list, install the manufacturer’s driver from the
supplied disc or their website, then restart OTDAU.

NOTE: For network cameras, pipe res controls how much data OTDAU passes through
the Windows data pipe, directly affecting CPU load and latency; the Auto-detect

119



benchmark measures actual pipe throughput to pick the right setting. None of that
applies to USB cameras (bandwidth already consumed at capture, resolution set
directly on the device), AVI playback (file read, no pipe), or science cameras (SDK path,
no pipe at all).
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USB Camera Assisted Configuration (USB CCA)

The USB Configuration Assistant (USB-CCA) automatically discovers and displays all
camera-type USB devices when it is opened, or by clicking Discover cameras. It
identifies each device by name, confirms its capabilities, and validates that the
resolution and FPS specified in a Camera configuration are achievable on the device.

™ OTDAU -- Optical Tracking Data Acquisition Unit  Version 2.29 6-23-26 — *

USB Camera Configuration Assistant

Status Camera discovery complete

Discovers and lists USE video sources and corresponding unit numbers

This toel scans for USB video cameras and capture devices and displays their names and unit numbers.
It also provides maximum resolution and frame rate information for each device,
Use this information to configure your USB cameras in the camera configuration settings.

Unit Source Name Available Resolutions and Max FPS
HD Pro Webcam C920 2560x1472@2, 1920x1020@30, 1600x886@30, 1280x720@30, 960x720@30, 1024x576@30, 800xE00@30
USED B64x420@30, 200:443@30, B40:430@30, 640x360@ 30, 432240@30, 352:288@30, 320:240@30

320x180@30, 176:144@30, 160:120@30, 160x30@30 |
USE1
Use2

USB3

‘ Discover cameras | Close Window |

USB cameras in OTDAU use the standard Windows USB video class driver. Unlike
science cameras, OTDAU does not communicate directly with the hardware — it opens a
video stream from the camera exactly as it would from an IP camera. The USB-CCA’s
purpose is to tell OTDAU which device number to use and what capabilities are
available:

Device name and index — Each discovered USB camera is shown with its Windows
device name and assigned index number (USBO, USB1...). The index can
change if devices are plugged into different ports. To ensure the same camera is
always used regardless of port, copy its exact device name into the Video URL
field of the Camera configuration.

Resolution and FPS table — For each device, the USB-CCA tests and lists every
supported resolution and corresponding maximum frame rate. Use this to set the
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Horizontal Resolution, Vertical Resolution and FPS fields in the Camera
configuration to values the camera actually supports.

Mismatch detection — If a USB camera configuration is loaded with a resolution or FPS
that does not match the camera’s reported capabilities, a fault message identifies
what needs to be corrected.

NOTE: If a USB camera is loaded in a System configuration before the USB-CCA has
been run, OTDAU automatically invokes the CCA to determine camera capabilities. The
CCA first checks to verify that the particular camera specified in the camera
configuration exists on the system. If so, the display acknowledges that and waits for
the user to Close the window, which loads the camera. If not, then the CCA begins the
complete camera discovery process. When that completes, the user may close the CCA
and select a configuration that includes one of the cameras/resolution/FPS
combinations that were discovered.

TIP: To use a specific USB camera regardless of which USB port it is connected to, find
its exact device name in the USB-CCA discovery table and enter that name as the
Video URL in the Camera configuration. OTDAU will select that camera by name rather
than by port number.

'USB camera configuration procedure
To configure a USB camera using the USB CCA:

* Open the Camera Configuration window and set Video Driver to USB.

* Click USB Camera Assisted Configuration. The CCA opens and immediately
scans for USB cameras. Each discovered device is listed by name and
index.

* Click Discover cameras to refresh the list if a camera was connected after the
CCA was opened.

+ The CCA tests and displays every resolution and corresponding maximum
frame rate that camera supports.

* Choose the resolution and FPS combination you want to use and note the
values.

* Close the CCA and enter the chosen resolution and FPS values in the
Camera Configuration window.

+ Set Video URL to the device’s exact name (copied from the CCA list) to
ensure the correct camera is always selected regardless of port.
Alternatively, use the index number (0, 1 ...) if only one USB camera will ever
be connected.
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+ Save or Save As the configuration.

NOTE: If a USB camera configuration is loaded before the USB CCA has been run for
that camera, OTDAU automatically invokes the CCA to determine the camera’s
capabilities. Close the CCA when it completes, then reload the camera. This automatic
invocation ensures that OTDAU is aware of the camera’s capabilities before attempting
to stream from it.

TIP: USB 3.0 cameras connected to USB 2.0 ports will operate but may not achieve
their rated maximum frame rate. If the camera’s actual frame rate is lower than
configured, check that it is connected to a USB 3.0 or USB-C port. The USB CCA’s
resolution table reflects the maximum rate achievable on the port currently in use, so
always run the CCA with the camera connected to the port you intend to use in
operation.
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Composite and Analog Cameras via USB Capture Device

Composite analog cameras (CCTV cameras with BNC output) can be used with
OTDAU via a USB analog-to-digital video capture device such as the Hauppauge USB-
Live 2 Analog Video Digitizer. The capture device presents the analog video signal to
Windows as a standard USB camera, and OTDAU treats it exactly like any other USB

camera.

To use a composite camera:

Connect the camera’s BNC or RCA video output to the capture device.
Connect the capture device to a USB port on the PC.
Install the capture device’s driver if required.

Run the USB Camera Assisted Configuration. The capture device will appear
in the discovery list.

Configure the resolution and FPS in the Camera Configuration to match the
capture device’s output — typically 640%480 at 25 or 30 fps for PAL or NTSC
respectively.

NOTE: Composite cameras deliver a standard-definition signal (typically 720x576 PAL
or 720x480 NTSC after digitization). The video quality and resolution available from a
composite camera is significantly lower than an IP or USB digital camera. Use
composite cameras only when a digital camera is not available or practical for the
installation.
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Science Camera Configuration

The Science Camera Configuration window is opened from the main OTDAU menu
when a science camera is to be used as a Wide or Telephoto source. It provides all
settings needed to identify the camera, configure its video output, and prepare it for
recording. The lower portion of the window contains driver-specific sensor settings
(Gain, Exposure, Binning and Bit depth) for the selected camera type — these are
described in the Science Camera Settings section. This section covers the fields at the
top of the window.

#® OTDAU -- Optical Tracking Data Acquisition Unit  Version 2.29P2 8-14-26 — O X

Camera type |ZWO-ASIETEMC

Filename |zwo-A.S|6_f6MC—35521L3552.json

Camera Index

gy |0
(e.g."0")
FPS |31 Driver - OHY Player1
Horizontal Resolution 3332 Vertical Resolutien |3332
Horiz FOV |0.271 Vert FOV |0.271
Recerding CODEC . . . . -
XVID or MPAY HVID Orientation [ Flip Pan (left/right) ¥ Flip Tilt (up/down)

Note: Pipe Resclution scaling does not apply to science cameras.

ZWO ASI Settings
Gain (0-570) |200 [~ Aute Exposure (ms) |30 ¥ Auto Binning 1 —l| Bit depth & B-bit © 16-bit

QHY Settings
Gain (0~100) |20 Exposure (ms) 100 Binning 1 —l| Bitdepth ¢ 8-bit ' 16-bit

Player1 Settings
Gain (0-400) |200 Exposure (ms) 100 Binning 1 —l| Bit depth ¢ 3-bit  12-bit { 16-bit

Mote: Exposure time directly limits frame rate (frame period = exposure + ~15ms processing). A long exposure — whether fixed or auto-selected in
dim conditions — will reduce FPS below the configured camera FPS.
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Configuration Parameters

Camera type — A descriptive name for this camera configuration. Unlike IP cameras,
where this field must exactly match a supported driver model string, science
cameras do not use this field for driver selection — the Driver buttons below
determine which SDK is used. Enter any name that identifies the camera for
your records, for example “ZWO ASI676MC” or “QHY268C wide”. This name is
displayed in the OTDAU status panel and stored in the configuration file.

Filename — Not user-modifiable. Shows the filename of the currently loaded Camera
configuration file. This field is filled automatically when a file is opened or saved.

Camera Index — |dentifies which physical camera to open when more than one science
camera of the same type is connected to the PC. Enter 0 for the first camera
found by the SDK, 1 for the second, and so on. For most single-camera
installations the value is always 0. The Science Camera Assisted Configuration
lists all detected cameras by index so you can confirm the correct number before
entering it here.

If two cameras of different types are installed (for example a ZWO wide camera
as Camera 0 and a QHY telephoto camera as Camera 0 of its own type), each
uses index 0 within its own SDK — the indices are independent per driver.

FPS — The target frame rate in frames per second. For science cameras this is an
upper bound, not a guarantee. The actual delivered frame rate is limited by the
exposure time: a camera configured for 31 fps cannot exceed approximately
18 fps if the exposure is set to 50 ms, because each frame takes at least 50 ms to
expose plus a further ~15 ms for readout and processing. Set FPS to the
camera’s rated maximum at your chosen resolution and let the exposure time
determine the actual rate in practice.

NOTE: Exposure time is the primary control over frame rate for all science cameras.
The FPS setting is a ceiling; the actual rate is approximately 1000 + (exposure_ms +
15). See the Science Camera Settings section for a full discussion of this relationship.

Horizontal Resolution / Vertical Resolution — The full pixel count of the sensor in
each dimension. For science cameras this should always be set to the sensor’s
native full resolution — for example 3552x%3552 for the ZWO ASI676MC. OTDAU
records at this resolution regardless of the display scaling applied for
performance.
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If binning is enabled in the Science Camera Settings below, the effective
resolution delivered by the camera is reduced by the binning factor (bin 2 delivers
half the pixels in each direction). The Horizontal Resolution and Vertical
Resolution fields should still be set to the full native sensor size — OTDAU reads
the actual delivered frame dimensions from the SDK at runtime and adjusts
automatically.

NOTE: Unlike IP cameras, science cameras do not have a Pipe Resolution setting. IP
cameras stream compressed video through a Windows data pipe, and Pipe Resolution
controls how much of that pipe bandwidth OTDAU uses. Science cameras bypass the
pipe entirely and deliver raw sensor frames directly to OTDAU through the manufacturer
SDK. The display is downscaled internally by OTDAU for performance; the recording
always receives the full sensor frame.

Horiz FOV / Vert FOV — The horizontal and vertical field of view of the complete optical
system in degrees. These values are used by OTDAU to convert pixel positions
to angular coordinates for PTZ commanding, ADS-B overlay, and Mission
Control data. They must reflect the entire optical path — the telescope or lens
focal length together with the sensor size — not the sensor alone.

The Science Camera Assisted Configuration calculates the correct FOV values
from the sensor’s pixel dimensions, pixel size, and the focal length you enter.
Click the Science Camera Assisted Configuration button at the bottom of this
window, enter the focal length of your optical system in the table, and use the
Transfer button to copy the calculated FOV values directly into these fields. This
is the recommended way to set FOV for science cameras.

NOTE: FOV changes with any modification to the optical path. Adding a focal reducer,
Barlow lens, or extension tube changes the effective focal length and therefore the
FOV. Re-run the Science Camera Assisted Configuration and re-transfer the values
whenever the optical configuration changes.

Driver — Selects which science camera SDK OTDAU uses to communicate with the
camera. Three driver options are shown:

« ZWO - ZWO ASI series astronomy and science cameras (e.g. ASI120MM,
ASI294MC, ASI676MC). Requires the ZWO ASI SDK to be installed.

*  QHY — QHY series astronomy cameras. Requires the QHY SDK to be
installed.

* Player1 — Player One astronomy cameras (e.g. Neptune-C Il, Mars-C).
Requires the Player One SDK to be installed.
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A driver button is greyed out if the corresponding SDK is not installed on the PC.
Only one driver may be active at a time. Selecting a driver highlights its settings
panel in the lower part of the window and activates the corresponding SDK when
the configuration is loaded. If the wrong driver is selected for the connected
camera, OTDAU will report a fault at load time.

TIP: To determine which SDK is installed, look at which driver buttons are available (not
greyed out) in this window. If all three are greyed out, no science camera SDK is
installed, and science camera operation is not available on this PC. SDKs are installed
separately from OTDAU — download them from the camera manufacturer's website.

Recording CODEC — Selects the video codec used when recording from this camera.
Two options are available:

+ XVID — MPEG-4 Part 2 compression in an AVI container. Suitable for
cameras with resolutions up to approximately 1920x1080.

« MP4V — MPEG-4 Part 2 in an MP4 container. More compatible with modern
video software.

For science cameras recording at full sensor resolution (for example 3552%3552
for the ZWO ASI676MC), OTDAU automatically substitutes MJPEG (Motion
JPEG) for whichever codec is selected here. This substitution is silent and
requires no action from the user. MJPEG is used because it encodes each
frame independently and can keep up with the science camera’s frame rate at
large resolutions; XVID and MP4V use inter-frame compression that cannot
encode 3552x3552 frames fast enough and would drop frames.

Orientation — Changes the direction of motion controls to compensate for the
orientation of the camera image with respect to the motion base.

NOTE: The codec substitution to MJPEG for large frames produces AVI container files
regardless of whether XVID or MP4YV is selected. If MP4 container format is essential
for your workflow, reduce the recording resolution using binning (set Binning to 2 in the
driver settings below) so the delivered frames are 1776x1776 or smaller, at which point
the selected codec is used without substitution.
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Science Camera Settings

The Science Camera Configuration Assistant provides per-camera setup and field-of-
view calculation for ZWO ASI, QHY, and Player One astronomy cameras. It is opened
by clicking the Science Camera CCA button in the Camera Configuration window when
a science camera Video Driver is selected. This assistant serves a different purpose
from the ONVIF CCA: instead of discovering PTZ control equations, it calculates the
camera’s Field of View based on the optical system it is paired with.

Gain (0-600) — Analogue gain applied by the sensor. Higher gain increases sensitivity
in dim conditions but also raises read noise and hot-pixel count. A value of 200
is a reasonable starting point for outdoor daytime tracking.

Exposure (ms) — Exposure time in milliseconds when Auto exposure is not checked.
This is the single most important factor governing frame rate. The actual frames
per second delivered to OTDAU are approximately:

Effective fps = 1000 + (exposure_ms + ~15 ms processing overhead)

A 20 ms exposure delivers approximately 31 fps at 3552x3552. A 50 ms exposure limits
throughput to approximately 18 fps even if FPS is set to 31. For tracking fast-
moving objects, use the shortest exposure that provides adequate image
brightness.

NOTE: Exposure directly limits frame rate for all science camera types (ZWO, QHY,
Player One), regardless of the FPS setting in the Camera configuration. The configured
FPS is an upper bound, not a guarantee. In Auto exposure mode the camera may
settle on a long exposure in dim conditions, reducing frame rate to well below 1 fps.
OTDAU caps the ZWO auto-exposure ceiling at 100 ms to prevent runaway. A console
warning is printed if auto exposure exceeds twice the configured value.

Auto exposure (ZWO only) — When checked, the ZWO SDK automatically adjusts
exposure to maintain target brightness. OTDAU imposes a 100 ms ceiling on the
auto-exposure range. Auto exposure is not available for QHY or Player One
cameras in the current driver.

TIP: For reliable tracking of moving objects, leave Auto exposure unchecked and use a
fixed short exposure. Reserve Auto exposure for static sky observation where frame
rate is less critical than image brightness.
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Binning (1-4) — On-sensor pixel binning. Bin 2 combines each 2x2 block of pixels into
one, halving the effective resolution but quadrupling light collection and halving
the data volume per frame. Binning does not increase the frame rate cap, which
is still determined by exposure time.

Bit depth — RAWS (8-bit) is recommended for tracking: it processes faster and is
sufficient for motion detection. RAW16 provides greater dynamic range for
scientific measurement but doubles data volume. Player One cameras also offer
12-bit. OTDAU converts 16-bit data to 8-bit for display; recordings save at the
selected bit depth.

NOTE: QHY and Player One camera settings panels do not include Auto gain or Auto
exposure checkboxes. These cameras do not support hardware-controlled automatic
exposure in the current OTDAU drivers. Gain and exposure must be set manually.
Only ZWO ASI cameras implement hardware autoexposure in the current release.
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Science Camera Configuration Assistant (Science CCA)

The Science Camera Configuration Assistant (Science CCA) automatically discovers
and displays all “science”-type USB devices when it is opened, or by clicking Discover
cameras. It identifies each device by name, confirms its capabilities, and validates that
the resolution and other parameters specified in a Camera configuration are achievable
on the device.

™ Science Camera Assisted Configuration - *

Science Camera Assisted Configuration

Telescope focal length (mm):  |1300.0 used to calculate FOV — default 1500 mm = Celestron MexStar 65E

status Discovery complete — 1 science camera(s) found

Discovers science cameras connected via USE,
Click Transfer on a discovered camera row to populate the Science Camera configuration fields.

Unit Camera Name Max Resolution Pixel (pm) FOVH=xV SDK
USBO ZWO ASIETEMC 3552x3552 2.0 0.271° % 0.271° Zwo Transfer
| UusB1 Transfer
usB2 Transfer
Discover Cameras | Close |

Camera Table

The CCA displays a table of detected cameras with the following columns:
Camera Name — The model name reported by the SDK.

Sensor Size — Horizontal x vertical pixel count of the full sensor.

Pixel Size (um) — Physical size of each pixel in micrometers, as reported by the SDK.
Used together with focal length to calculate FOV.

Focal Length (mm) — The focal length of the complete optical system in millimeters.
Enter this value manually for your telescope or lens. The default is 1500 mm,
appropriate for a Celestron NexStar 6SE at prime focus (f/10, 150 mm aperture).
This value must reflect the complete optical path, including any focal reducer,
Barlow lens, or camera adapter that changes the effective focal length.

NOTE: OTDAU cannot discover the focal length automatically — it depends on the
complete optical path. A x0.63 focal reducer on a 1500 mm telescope reduces the
effective focal length to 945 mm. A 2x Barlow extends it to 3000 mm. Entering the
wrong focal length will produce incorrect FOV values and inaccurate pointing
calculations.
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HFOV (°) — Calculated horizontal field of view in degrees. Updated automatically
whenever the Focal Length value is changed. Formula: HFOV = 2 x
arctan(sensor_width_mm + (2 x focal_length_mm)).

VFOV (°) — Calculated vertical field of view in degrees, using the same formula with
sensor height.

TIP: For a Celestron NexStar 6SE (1500 mm focal length) with a ZWO ASI676MC
(3.76 um pixels, 3552x%3552 sensor), the resulting HFOV and VFOV are each
approximately 0.96°. This is a very narrow field — useful for magnified sky observation
but requires accurate initial telescope pointing.

|Transfer Buttons

Each camera row has a Transfer button. Clicking Transfer copies the selected
camera’s name, sensor resolution, pixel size and calculated FOV values into the open
Camera configuration. After transferring:

* Review the Horizontal FOV and Vertical FOV fields in the Camera
configuration to confirm they are correct for your optical system.

+ Verify the Horizontal Resolution and Vertical Resolution values match the
sensor pixel count.

+ Click Save or Save As to store the updated Camera configuration.

Telescope Control and Science Cameras

Science cameras are most commonly used with a motorized telescope mount rather
than a PTZ camera for pointing and tracking. In this configuration the science camera
provides video, and the telescope mount provides azimuth-elevation slewing. OTDAU
controls the mount through the PTZ Driver field in the Camera configuration:

celestron — Celestron NexStar hand-controller protocol. Supports all NexStar-
compatible mounts including the NexStar 6SE, NexStar Evolution, and CPC
series. The mount connects to the PC via USB through the hand controller’s
hand-controller port.

NOTE: The Celestron NexStar mount requires the hand controller to be fully powered
on before connecting the USB cable to the PC. If the USB cable is connected before
the hand controller boots, the serial port will be unavailable to OTDAU. If the mount
does not respond, power-cycle the hand controller with the USB cable disconnected,
wait for the startup sequence to complete, then reconnect the USB cable.
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Serial / USB Port — The COM port to which the mount’s USB interface is connected.
Enter as “COM3” or the appropriate port number for your PC. The correct port
number can be found in Windows Device Manager under Ports (COM & LPT).

Home Position (Az, El) — The azimuth and elevation the mount returns to when the
Home button is pressed. Set this to a known pointing direction, such as a
terrestrial reference, a bright star, or magnetic north at a fixed elevation. The
home position is saved to the System configuration each time Run is started.

TIP: Press the Home button before each Run session to ensure the mount starts from a
known position. If the mount has been moved manually between sessions, OTDAU will
not detect that movement automatically.

OTDAU uses a software-computed slew algorithm (SW-GOTO) to move the mount to its
home position and to follow tracked targets. SW-GOTO does not require the mount’s
built-in alignment or star-catalogue Go-To, because it works directly with the mount’s
azimuth-elevation encoder values. It uses three slew rate tiers based on angular
distance:

+ Rate 9 (fast) — for distances greater than 3°
* Rate 7 (medium) — for 1° to 3°

» Rate 6 (creep) — for distances less than 1°

The mount stops when it is within 0.25° of the target position, followed by a 0.35-second
settle delay. During a Home slew the Home button turns yellow and displays
“‘Moving...”; it returns to its normal color when the position is reached.

NOTE: Small pointing errors of 0.1° to 0.5° are normal with SW-GOTO, as accuracy
depends on the mount encoder’s linearity and any mechanical backlash. For science
applications requiring higher pointing accuracy, use the mount’s own alignment
procedure and direct Go-To capability instead.
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Display and Recording with Telescope and Science Camera

When a science camera is used with a telescope mount in samecam mode (the same
camera selected as both Wide and Telephoto in the System configuration), the display
panels behave as follows:

Wide (left) panel — Displays the full sensor image at the downscaled display resolution
with OSD annotations.

Telephoto / Aux (right) panel — Automatically defaults to Telephoto (digital zoom)
mode when a science camera is loaded. While tracking is active it shows the
tracked target cropped and magnified. When not tracking it shows a digitally
zoomed center-crop of the wide image. The zoom level is shown in the “Digital
zoom X” label at the bottom of the panel and is adjustable from %1 to x10 in
Setup > Display Options.

Recordings — Both Wide and Aux recordings capture full-resolution sensor frames (e.g.
3552%3552 for the ZWO ASI676MC). OTDAU performs a single demosaic pass
per frame and shares the result between the recording path and the display path;
no quality is lost by the display downscaling. For color science cameras, raw
Bayer data is demosaiced to full-resolution BGR at capture time.

NOTE: For science cameras at full sensor resolution, OTDAU automatically uses
MJPEG instead of XVID for recording. MJPEG encodes large frames significantly faster
than XVID and prevents dropped frames during recording. The CODEC setting in the
Camera configuration is overridden automatically when the frame size exceeds
1920%1080.
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Video Playback (AVI / MP4 Configuration)

OTDAU can play back a previously recorded AVI or MP4 file as a simulated camera
source. In this mode, OTDAU reads the video file frame by frame and passes the
frames through the same detection, tracking, and analysis pipeline as a live camera.
This is useful for testing and tuning detection parameters, reviewing historical footage
through OTDAU’s analysis tools, developing and verifying system configuration without
a live camera, and demonstrating the system with a known-good recording.

& OTDAL - Optical Tracking Data Acquisition Unit  Version 2.29P 7-3-26 — *

Video Playback Configuration

Camera type |test

Filename |test-aerobatics.json
Video file path |test-aerobatics.avi
FPS (29
Haorizontal Resolution 1280 Vertical Resolution | 720

Recerding CODEC

XVID or MPaV il

Clear | Open | Save | Save As | Close File | Ck:se\l'c'indawl

Camera Configuration Parameters for AVl / MP4 Playback

Camera type — Set to “test”. This is the camera type identifier for video file playback
regardless of whether the file is AVI or MP4 format. The name refers to the
Video Driver type, not the file container.

Filename — Not user-modifiable. Shows the filename of the currently loaded Camera
configuration file. This field is filled automatically when a file is opened or saved.

Video filename — The name of the video file to be played referenced in the
configuration file.

FPS — Should be set to the frame rate at which the original recording was made.
OTDAU plays back frames at this rate. Setting FPS too high causes OTDAU to
attempt to read frames faster than they were recorded, which may produce
timing errors in the tracking analysis. Setting FPS too low slows playback and
may affect event timing.
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The original recording’s frame rate is shown in OTDAU’s log when the file is
loaded: “Video frame size: WxH FPS: 30”. Use this value. If the original FPS is
unknown, 30 is a safe default for most recordings.

Horizontal Resolution / Vertical Resolution — Should match the resolution of the
recording. OTDAU reads this from the file automatically, but the Camera
Configuration values must also match, or OTDAU will scale the frames to fit the
configured resolution. To find the recording’s resolution, check the OTDAU log
from the original session or use Windows Explorer — File Properties — Details.

Recording CODEC — Not used during playback. The CODEC field is only read when
recording — during playback, OTDAU uses the codec already embedded in the
file.

NOTE: The AVI Video Driver type works for both .avi and .mp4 files. OTDAU uses
OpenCV’s VideoCapture to read the file, which supports any format OpenCV has codec
support for on the current PC. If a file fails to open, verify that the file is not corrupted
and that Windows Media Player or VLC can play it back correctly on the same PC.

Playback Operation

Once a video file configuration is loaded and Run is pressed, OTDAU begins reading
frames from the file and passing them through the detection and tracking pipeline.
Playback behaves identically to a live camera session except that:

» Frames are read from disk rather than from a camera sensor. Playback
speed is limited by disk read speed and processing time — on typical
hardware, playback runs at approximately real-time for 19201080
recordings.

« OTDAU loops back to the beginning of the file when the end is reached,
allowing continuous analysis of a short clip without manual intervention.

» All recording and data logging features operate normally during playback.
OTDAU will create a new Group folder and record to it, producing new
recordings from the played-back source. Disable recording in Recording
Options if you want to review the file without creating new output.

+ PTZ tracking commands are not issued. The tracking display shows the
digitally zoomed view in the Aux panel, and path analysis runs at track end
exactly as with a live camera.

* ADS-B data from the original session is not replayed from the video file. If
ADS-B data is required during playback review, the ADS-B receiver must be
active and receiving live data.
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TIP: Video file playback is the most efficient way to tune OTDAU’s detection
parameters. Load a recording that contains the target type you want to detect, then
adjust Min area, Max area, Delta threshold, and Blur in the PTZ Control and Tracking
panel while watching the Tracking display in the Aux panel. Changes take effect
immediately without stopping and restarting the session. Once the parameters produce
clean detections on the playback, they will behave similarly on live video from the same
camera and scene.

Using Playback for Post-Event Analysis

When reviewing a recording after an event, load the AVI or MP4 file as the camera
source and press Run. OTDAU will re-run its detection and tracking algorithms on the
stored video, producing a fresh path display, path thumbnails, and inflection point
markers at the end of each track. This analysis may produce different results from the
original live session if the detection parameters have been changed in the intervening
time.

To compare original and re-analyzed results:

» Load the original recording’s data folder and review the saved log file for the
original detection parameters (min area, max area, delta threshold, blur).

» Set these same values in the PTZ Control and Tracking panel before pressing
Run.

* The re-analyzed path display will then match the original session’s detections
as closely as possible.

NOTE: OTDAU’s background learning algorithm runs from scratch on each playback
session. Targets that appeared in the first few seconds of the original recording may
not be detected on playback if the background has not yet stabilized, in the same way
they may not have been detected in the original live session. This is normal behavior —
the background sampling period (configured in the PTZ Control and Tracking panel)
must elapse before detections begin.
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Supported File Formats

OTDAU reads video files using OpenCV'’s VideoCapture interface. The following
formats are reliably supported on Windows when the corresponding codec is installed:

AVI (XVID) — The primary format produced by OTDAU’s own recording system. Always
supported.

AVI (MJPEG) — Used automatically by OTDAU for science camera recordings at large
resolutions. Always supported.

MP4 (H.264 / AVC) — Widely supported when the Windows H.264 codec is present
(included in Windows 10 and later). This is the most common format for
recordings from IP cameras and consumer video equipment.

MP4 (H.265 / HEVC) — Supported on Windows 10 and later when the HEVC Video
Extensions package is installed from the Microsoft Store. Required for 4K
recordings from newer IP cameras.

MP4 (MP4V /| MPEG-4 Part 2) — The format produced by OTDAU when MP4V is
selected as the recording CODEC. Always supported.

NOTE: If a file produced by a third-party source (a drone, a security camera, or a video
editor) does not open in OTDAU, open it in VLC Media Player first to confirm it is valid,
then re-encode it to AVI (MJPEG) or MP4 (H.264) using HandBrake or FFmpeg.
OTDAU will reliably read any file that OpenCV can decode; the most common failure
cause is a codec that OpenCV’s Windows build does not include support for.

138



DSLR Information

OTDAU supports Canon Digital Single Lens Reflex (DSLR) and mirrorless cameras that
implement the Canon CCAPI programming interface. DSLR support was developed
and tested on the Canon EOS M50 Mark IlI; other Canon CCAPI-compatible models
may work but are not guaranteed. OTDAU will display an error message if commands
to an unsupported camera fail.

»

DSLR Camera Configuration
|
r Camera View Camera information
WiFi SSID LAN (router or gateway) address |192.168.1.1

IP address |192,168.1.160 HTTP Port |80

Lens Still aspect ratio

Storage Battery or Adapter
Shooting Mode Snapshots + Shots taken during Run |0

dial setting
Get Info | Snapshot | Close Window |

Supported Canon camera families include the EOS R Mirrorless series (R, Ra, RP, R3,
R5, R5 Mark Il, R6, R6 Mark Il, R7, R8, R10, R50, R100, R50V, R1), the EOS DSLR
series (1D X Mark IIl, 5D Mark IV, 6D Mark II, 77D, 80D, 90D, Rebel SL3, Rebel T8i),
the EOS M Mirrorless series (M6 Mark I, M50 Mark 1l, M200), and selected PowerShot
models (G5 X Mark Il, G7 X Mark Ill, SX70 HS, V10, ZOOM). Older models with partial
CCAPI support may also function.

| Setup
Before using a Canon camera with OTDAU:

» Configure the camera for WiFi connectivity to a computer using Canon’s
instructions (https://cam.start.canon/en/C007/manual/html/UG-08_Wi-
Fi_0050.html). In Step 2, select the PC icon (top center).

+ Set the camera’s rotary function switch to A+ (not video mode).

» After loading a System configuration that includes a Canon camera, click Get
Info in the DSLR Information window to acquire camera status and begin
continuous frame capture.
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NOTE: The DSLR frame rate through the CCAPI WiFi interface is approximately 4 fps.
This is sufficient for confirming camera operation and FOV, and for tracking slow-
moving targets, but is not suitable for fast-moving objects.

DSLR Information Fields
Camera information — Manufacturer name and camera model number.
WiFi SSID — The SSID of the WiFi connection used by the camera.

LAN (router or gateway) address — The detected subnet address. The camera’s
default static address (192.168.1.160) must be in this subnet for the connection
to work.

IP address — The camera’s current WiFi IP address.

HTTP Port — The camera’s HTTP port, normally 80.

Lens — The lens type currently mounted.

Still aspect ratio — The aspect ratio selected for still captures.
Storage — Storage type (typically SD) and number of images saved.
Battery or Adapter — Battery type or adapter model number.

Snapshots + Shots taken during Run — Count of still frames taken both manually
(Snapshot button) and automatically by the Recording setting.

IDSLR Control Buttons

Get Info — Communicates with the camera to acquire the status data shown. The
camera must already be opened by loading a System configuration that
references it.

Snapshot — Triggers the shutter. If the camera Mode dial is set to any still-photo mode,
you will hear the mechanical shutter, and a green border will briefly appear on
the Camera View area. The image characteristics (resolution, quality) are
determined by the camera’s current manual settings. If the Mode dial is set to
Movie mode, a two-second video clip is recorded automatically.

Close Window — Closes the DSLR Information window.
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Camera Configuration Setup Options

OTDAU supports one or two simultaneous camera video streams. The Wide-Angle
(left) panel displays the primary camera; the Auxiliary (Aux, right) panel displays a
secondary camera, a digital zoom view, or other data sources. Pan-tilt-zoom control is
supported for IP PTZ cameras and telescope mounts.
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‘One Camera (Samecam) Configuration

When the same camera is selected as both Wide and Telephoto in the System
configuration, OTDAU operates in samecam mode. The Wide panel always shows the
full camera image. The Aux panel source is selected by the display mode buttons at the
bottom of the screen:

Raw Video — The camera image without any superimposed text or annotations.

Telephoto — A digitally zoomed view of the current bounding box or tracking crop area.
For science cameras with telescope mounts, this display defaults automatically
when the configuration is loaded. The zoom level is shown in the “Digital zoom
X” label and is adjustable from %1 to x10 in Setup > Display Options. The level
may be changed at any time whether in Run or not.
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Tracking — The wide-angle image as processed by the tracking algorithm, showing the
contours used to identify targets. White areas indicate where the system detects
potential targets. Use this view when tuning analysis parameters.

Path — The Wide image overlaid with the tracked target’s path. Green line segments
show each detection event. At track end, inflection point markers (red circles for
line path or rectangles for thumbnails) are drawn where the object changed
direction. When Path Thumbnails is enabled, small target images are shown at
regular intervals along the path.

Spectrum — Spectral analysis display for use with an optical diffraction grating placed in
front of the lens. A line spectrum is automatically detected and converted to a
power-vs-wavelength graph. Available when spectral processing hardware and
software are in use.

NOTE: For science cameras in samecam mode, the Telephoto display performs digital
zoom on the existing sensor frame; no physical camera movement occurs. The
effective resolution of the zoomed view equals the display resolution divided by the
zoom factor. Higher zoom magnifies the image but reduces detail.

TIP: To see the effect of digital zoom before a live session, load a recorded AVI file as
the camera source, switch the Aux panel to Telephoto, then adjust the zoom slider in
Display Options while watching the Aux panel. The zoom level shown at the bottom of
the screen will update in real time.
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One Camera (PTZ) Configuration

When a single PTZ camera is configured as both Wide and Telephoto and PTZ is
enabled, the Telephoto display shows the full PTZ camera video stream rather than a
digital crop. OSD text includes azimuth, elevation, and zoom values from the camera’s
current position. OTDAU uses the detected target’s position in the image to command
the PTZ camera to center on it.

Two-Camera Configuration

When separate Wide and Telephoto cameras are configured, the Wide panel shows a
fixed or low-zoom camera covering a broad area. The Aux panel shows the PTZ or
telescope camera, which OTDAU points at detected targets.

To align a two-camera system, enable FOV calibration marks in Setup > Display
Options. Position the telephoto camera so its Center Field of View (CFOV, shown by
red crosshairs) aligns with the Wide camera’s CFOV. A laser pointer is helpful for
establishing a common reference point. Confirm that an object moving left in the Wide
view also moves left in the Aux view. If not, rotate either camera to correct the axis
alignment.

A triangulation configuration uses two separately running instances of OTDAU, each
with its own camera, detecting and tracking objects independently. Mission Control
software combines the data from both to estimate the true position of the target in three
dimensions. Any combination of OTDAU instances and Mission Control can run on the
same or different computers provided addresses and port numbers are correctly
configured.

USB Camera Setup

Most USB cameras require a driver installed from the camera manufacturer before use.
Use the manufacturer’s utility to set the camera’s operating resolution and frame rate,
then enter those values in the Camera configuration. OTDAU attempts to configure the
USB camera to the specified resolution automatically; an error message appears if the
camera does not support that resolution.

Any USB camera will work with OTDAU. Composite analog cameras can be connected
via a USB analog-to-digital capture device such as the Hauppauge USB-Live 2 Analog
Video Digitizer.
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A Comparison of Recording Formats: XVID, MP4 and AVI

OTDAU supports two container formats (AVI and MP4) and several codecs for
recording video. The choice affects file size, compatibility and encoding speed.

XVID — A video codec using MPEG-4 Part 2 compression stored in an AVI container
file. Provides strong compression with acceptable quality for tracking purposes.
Not suitable for very large frames (above 1920x1080) because it cannot encode
them fast enough at recording frame rates; OTDAU automatically substitutes
MJPEG in those cases.

MJPEG (Motion JPEG) — Encodes each frame as an independent JPEG image within
an AVI container. Significantly faster to encode than XVID for large frames,
making it the required codec for science camera recordings at 3552x3552 and
above. File sizes are larger than XVID at equivalent quality settings because
each frame is compressed independently without reference to neighbouring
frames.

MP4V (MP4) — MPEG-4 Part 2 video stored in an MP4 container. More compatible with
modern video players and streaming than AVI. Select this option when post-
processing recordings with video editing software or for distribution.

NOTE: For science cameras recording at full sensor resolution, OTDAU automatically
selects MJPEG regardless of the CODEC field, because MJPEG is the only codec that
can encode 3552x3552 frames reliably at capture frame rates. XVID at that resolution
would drop frames.
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Choosing the Right Camera Configuration

OTDAU can operate with three fundamentally different classes of camera: wide-angle
fixed-lens IP cameras, PTZ (pan-tilt-zoom) IP cameras, and astronomy science
cameras paired with a motorized telescope mount. Each approach involves significant
trade-offs in field of view, detection range, tracking speed, light sensitivity, and
operational complexity. Understanding these trade-offs is essential for choosing the
right configuration for your intended application.

This section describes each camera class in detail and then compares them across the
dimensions that matter most for aerial and airspace surveillance.

Wide-Angle Fixed-Lens IP Camera

A wide-angle fixed-lens |IP camera is the simplest and lowest-cost configuration. It has
no moving parts, no motor control, and no alignment requirement. The camera is
mounted, aimed, and left in place. OTDAU processes the continuous video stream
looking for motion within the fixed field of view.

Strengths

Whole-sky (or whole-scene) coverage — A fisheye or very wide lens (90°-180°
HFOV) can cover a hemisphere of sky in a single frame. Any object entering the
field of view will be detected regardless of where it appears. This is the only
configuration that provides this guarantee — PTZ and telescope configurations
must be pointed at the right part of the sky.

Instant detection anywhere in the FOV — Because the entire scene is captured in
every frame, a target that appears at the edge of the frame is detected at the
same frame rate as one in the center. There is no slew time and no “search”
phase.

Operational simplicity — No PTZ calibration, no mount alignment, no tracking loop
tuning. Point the camera, configure OTDAU, run.

Low cost and high reliability — Fixed-lens IP cameras are commodity hardware. No
moving parts means no mechanical wear or motor failure.

Continuous background learning — OTDAU can learn the static background (trees,
buildings, clouds) over time and subtract it, improving detection of slow-moving
objects that would be missed by simple frame differencing.
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Limitations

Low angular resolution — A 120° HFOV camera at 1920x1080 delivers approximately
0.063° per pixel. A small aircraft at 1 km subtending 5 m spans only 0.29° —
about 4-5 pixels wide. The target is detectable but not identifiable.

No optical magnification — What you see is what you get. There is no way to zoom in
on a detected target without a second camera with optical zoom. The digital
zoom in OTDAU’s display is a software upscale of existing pixels, not additional
optical resolution.

Reduced sensitivity in large FOV — A wide field of view means a large sensor area is
devoted to background sky. Targets are small relative to the frame, and motion-
based detection depends on the target moving a meaningful number of pixels
between frames. At 120° FOV, a distant or slow target may move less than 1
pixel per frame.

Day use primarily — Typical IP cameras have modest low-light performance. While
some models have usable sensitivity down to 0.0005 lux with wide apertures, the
small angular size of distant targets at wide FOV means they are lost in sensor
noise before the sky background fades.

No ability to follow a target beyond the FOV — If a target exits the field of view,
tracking ends. OTDAU records what it saw and waits for the next target.

NOTE: For wide-angle fixed cameras, the most effective configurations use a 60°-90°
FOV rather than extreme fisheye angles. At 180° FOV the angular resolution becomes
too low to reliably detect targets smaller than a large aircraft at ranges below 500 m. At
60° FOV, a 1920-pixel-wide sensor delivers 0.031°/pixel — roughly twice the resolution
of a 120° lens.
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PTZ IP Camera

A PTZ (pan-tilt-zoom) IP camera adds motorized pan and tilt axes and an optical zoom
lens to the capabilities of a fixed camera. OTDAU can command the camera to center
on a detected target, zoom in for a closer view, and follow the target across the sky.
This gives far higher resolution to a detected target at the cost of a reduced
instantaneous field of view.

Strengths

High optical zoom for target identification — A PTZ camera with x30 optical zoom at
a 60° base FOV provides a x30 zoomed FOV of approximately 2°. At that
magnification, a 5 m aircraft at 1 km spans over 40 pixels wide — sufficient for
shape recognition, counting propellers, or reading large markings.

Active tracking across a wide scan area — OTDAU uses the PTZ camera in two
phases: wide-angle detection of the initial target, then zoom-in and follow. A
moderate FOV (30°-60°) at the wide end still provides a reasonable detection
zone. Once detected, the camera pans and tilts to keep the target centered
while zooming in.

Single-camera solution for detect-and-identify — With a good PTZ camera, OTDAU
can detect at wide FOV and identify at telephoto without a second camera or
telescope. This simplifies installation and cabling.

All-day and moderate-night operation — Many PTZ cameras include IR illuminators
and starlight sensors for operation at low light levels. While not approaching
science-camera sensitivity, modern PTZ cameras can detect human-sized
targets at low light levels without active illumination. TIP: If your camera has an
IR illuminator, it is usually best to disable it — otherwise a large amount of dust
and insects may obscure actual targets of interest.

Weather resistance and ruggedness — PTZ cameras are designed for outdoor
installation and typically carry IP66 or IP67 ratings, operating across wide
temperature ranges.

Limitations

Narrow instantaneous FOV when zoomed — When the camera is zoomed in on a
tracked target, the FOV may be as narrow as 1°-2°. Any new target entering the
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sky from a different direction will not be detected until the camera returns to wide
angle. OTDAU must stop tracking the current target to detect a new one.

Slew time creates gaps in coverage — Moving the camera from one part of the sky to
another takes time — typically 1-5 seconds depending on angular distance and
motor speed. During the slew, nothing in either the old or new position is being
detected. Fast-moving targets (aircraft at close range) may exit the FOV before
the camera can follow.

Tracking speed limitation — PTZ camera motors have a maximum angular speed,
typically 100°-300°/second for high-end cameras, 20°-60°/second for typical
models. An aircraft at 1 km moving at 200 knots subtends an angular rate of
approximately 5°/second — within range of most PTZ cameras. At 200 m the
same aircraft subtends over 20°/second and may outrun slower cameras.

Mechanical wear — Pan and tilt motors and gears are subject to mechanical wear.
Continuous operation tracking many targets will eventually require maintenance.
Encoder drift can cause pointing inaccuracy that worsens over time.

PTZ calibration required — For OTDAU to point the PTZ camera at a target detected in
the wide-angle view, the relationship between pixel position in the wide image
and the PTZ camera’s pan-tilt coordinates must be calibrated. Miscalibration
produces pointing offsets that worsen with zoom level.

TIP: For applications where both detection probability and identification quality matter,
consider a two-camera configuration: a wide-angle fixed camera for detection and a
separate PTZ camera slaved to it for identification. OTDAU supports this configuration
natively through the Wide/Telephoto handoff feature. The fixed camera never misses a
target; the PTZ camera immediately cues on detections from the fixed camera.
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Science Camera with Telescope Mount

A science (astronomy) camera paired with a motorized telescope mount is a
fundamentally different type of instrument from either IP camera configuration. Where
an |IP camera is designed for rugged continuous video output, a science camera is
designed to measure light with maximum sensitivity and dynamic range. The
combination offers extraordinary detection range for small or dim targets at the cost of
an extremely narrow field of view and significant operational complexity.

The photo below shows a Celestron NexStar 6SE telescope with a ZWO ASI676MC
scientific camera mounted in place of the eyepiece. A small USB webcam is
temporarily taped to the top of the telescope for test purposes. A Rezco 4-port USB 3.0
Extender is used to remotely connect the mount control, ZWO camera and the USB
camera to the computer running OTDAU via a single CAT6 cable up to 229ft/70m away.
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Strengths

Exceptional light sensitivity — Cooled astronomy cameras achieve quantum
efficiencies above 90% on some sensors — meaning 9 out of 10 photons striking
the sensor produce a measurable electron. Typical IP camera sensors achieve
30-50% QE. This translates to detection of targets 3—6x dimmer for the same
integration time, or the same target at approximately 1.7—2.4x greater range.

High resolution at long focal length — A 3552x3552-pixel sensor (such as the ZWO
ASI676MC) on a 1500 mm focal length telescope delivers approximately
0.00027° per pixel (about 1 arc-second per pixel). An aircraft at 5 km subtending
5 m spans over 200 pixels across. At equivalent resolution, an IP camera would
require an impractically large telephoto lens.

Scientific measurement capability — Science cameras record raw photon counts at
full dynamic range (12—-16 bit). This enables quantitative measurement of target
brightness, color temperature, and spectral characteristics when combined with
an optical filter wheel or diffraction grating. IP cameras apply irreversible in-
camera processing (noise reduction, gamma correction, compression) that
destroys quantitative data.

Interchangeable optics — The telescope can be paired with different focal length
eyepieces, focal reducers, Barlow lenses, and optical filters. A x0.63 focal
reducer widens the FOV for easier target acquisition; a 2x Barlow doubles the
magnification for close analysis. IP camera lenses are generally fixed or limited
in their interchangeability.

Astronomical pointing database — The telescope mount itself, with alignment, can
point to any object in an astronomical catalogue, enabling precise coordination of
observations with published ephemeris data for satellite, meteor, and planetary
tracking.
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Limitations

Extremely narrow field of view — The same 3552x3552 sensor on a 1500 mm
telescope has a FOV of approximately 0.96° x 0.96°. This is less than 2 solar
diameters. A target must be within this tiny window to be detected. Without prior
knowledge of where the target will appear, detection probability approaches zero.
This configuration is only practical when the target’s approximate position and
trajectory are known in advance, or when another sensor (ADS-B, radar, wide-
angle camera) provides a cue.

Slow frame rate — Science cameras at full sensor resolution deliver 15-31 frames per
second depending on exposure time. More critically, the exposure time directly
determines the frame rate: a 50 ms exposure caps throughput at approximately
18 fps regardless of the sensor’s burst capability. In dim conditions where longer
exposures are needed, frame rate may drop to 2-5 fps, making it difficult to track
fast-moving targets.

Mount slew speed limits tracking of fast targets — Telescope mounts are designed
for tracking the slow apparent motion of celestial objects (at most a fraction of a
degree per second for the Moon, much less for stars). High-speed aircraft at
close range may move 10-20° per second in apparent angle — far exceeding
what most telescope motors can track smoothly. OTDAU’s software Go-To
slews at the mount’s maximum rate; for fast targets, the target may cross the
entire FOV in a single frame before the mount can respond.

Alignment and setup overhead — Using the mount’s built-in Go-To and alignment
features requires a multi-star alignment procedure each session. OTDAU’s
software Go-To avoids this requirement for basic operation but cannot achieve
the same pointing accuracy as a properly aligned mount. Physical setup
(levelling the tripod, polar alignment for equatorial mounts) must be repeated
each session.

Sensitivity to vibration and wind — At high magnification, even mild vibration from
wind or nearby footsteps produces visible image movement. A telescope on a
light tripod in a 15-knot breeze may shake enough to cause OTDAU to detect
spurious motion on every frame. Heavier mounts and pier-mount systems
reduce this problem at significant cost.

Dew and weather sensitivity — Telescope optics are not sealed and are susceptible to
dew formation, which destroys image quality rapidly. Dew heater systems are
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available but add complexity. Most telescope setups are not rated for
precipitation; operation requires a clear, dry sky.

Cost and complexity — A science camera and telescope mount of sufficient quality for
aerial surveillance typically cost 5-20% more than a comparable PTZ IP camera
system. Setup, alignment, calibration, and maintenance require more
specialized knowledge.

NOTE: The science camera / telescope configuration is best suited to targeted
observations where the object’s expected position is known from another data source.
ADS-B data in OTDAU can provide aircraft position and trajectory to pre-point the
telescope before the aircraft enters the FOV, dramatically improving detection
probability despite the narrow field of view.
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Comparison Summary

The following table summarizes the key trade-offs across all three configurations.
Ratings of High / Medium / Low are relative within the context of aerial surveillance at

ranges of 200 m to 5 km.

Factor

Wide-Angle Fixed IP

PTZ IP Camera

Science Camera +

Telescope

Field of view (single frame)

Very wide (60°~180°)

Wide to narrow (2°-60°
depending on zoom)

Extremely narrow (<1°)

resolution

Detection: unknown target |High Medium (wide-end only)  |Very low — requires prior
location cue
Target identification Low High (with zoom) Very high

Tracking: fast targets
(>10°/s)

N/A — no tracking

Medium (motor speed
limited)

Low — mount too slow

Light sensitivity

Low—Medium

Low—Medium (IR assist
available)

Very high

Day / night operation

Day + limited night

Day + moderate night

Day + excellent night

Frame rate at detection

High (full FOV always)

High (wide) / Medium
(tracking)

Medium (exposure limited)

Setup complexity

Low

Medium

High

Calibration required

None

PTZ offset calibration

Alignment + FOV
calibration

Weather/environment

IP66/67 rated

IP66/67 rated

Clear sky required

Cost (relative)

Low

Medium

High

Best application

Broad area monitoring,
unknown target location

Detect-and-identify, active
tracking

Cued observation, scientific
measurement
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Choosing the right camera for Your Application

The right configuration depends on what you are trying to achieve. The following
guidelines cover the most common scenarios.

You do not know where the target will appear

Use a wide-angle fixed IP camera as your primary sensor. A 60°-90° HFOV at
1920x1080 provides the best balance of detection coverage and pixel-per-degree
resolution. If identification is also required, add a PTZ camera slaved to the fixed
camera’s detections using OTDAU’s Wide/Telephoto handoff feature. This two-camera
configuration provides the highest overall probability of both detecting and identifying
unknown targets.

NOTE: A science camera / telescope combination should not be used as a primary
sensor for unknown targets. lIts field of view is too narrow for reliable detection without
advance cueing.

You need to identify what you detect

Use a PTZ camera with at least x20 optical zoom, or a two-camera system (fixed wide +
PTZ telephoto). The PTZ camera’s zoom capability is essential for resolving target
details at typical surveillance ranges. A science camera can provide even higher
resolution if you have advanced knowledge of the target’s position.

TIP: Optical zoom is always better than digital zoom for identification. OTDAU’s digital
zoom in the display upscales existing pixels without adding information. Use it for
monitoring convenience, not for identification decisions.

'You are tracking a target whose position is approximately known

A science camera and telescope are the most capable configuration when the target’s
expected position and trajectory are known. ADS-B data from OTDAU can pre-point the
telescope at a known aircraft before it enters the field of view. Once acquired, the
telescope tracks the target at high magnification with excellent light sensitivity. This is
the recommended configuration for scientific observation of specific objects.

You are operating at night or in low light

Night surveillance requires careful consideration of sensitivity vs. coverage. A science
camera offers by far the best sensitivity but the narrowest FOV. A PTZ camera with a
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large-aperture lens (f/1.4 or faster) and starlight sensor provides a reasonable
compromise: moderate sensitivity across a useful FOV with active tracking capability.
Wide-angle fixed cameras are generally unsuitable for night operations against small
targets because both the angular size and the brightness of the target are too small to
distinguish from sensor noise at wide FOV.

NOTE: Exposure time is the key variable at night for science cameras. Longer
exposures collect more photons and reveal dimmer targets but reduce frame rate and
blur fast-moving objects. At 500 ms exposure, an aircraft moving at 100 knots at 500 m
range will trail across approximately 120 pixels — detectable as a streak but not as a
sharp object. OTDAU’s auto-exposure ceiling (100 ms by default) prevents this
runaway at the cost of limiting night sensitivity. Raise the ceiling only for stationary or
very slow targets.

You want to minimize setup and operational complexity

A single wide-angle fixed IP camera is the lowest-complexity option: no moving parts,
no calibration, no alignment, no motor control. It can be installed in minutes and
operated without any optical or astronomical knowledge. If tracking and identification
are not required — for example, if the goal is simply to count or log all aerial activity over
an area — this is the most practical choice.

|Budget considerations

A workable wide-angle fixed IP camera system can be assembled for under £200
(camera + mounting hardware). A PTZ IP camera with sufficient zoom for target
identification at 500 m range typically costs £500-1500 for the camera, plus OTDAU
calibration time. A science camera (ZWO ASI676MC = $602) with a usable telescope
(Celestron NexStar 6SE = $1606) represents a minimum investment of approximately
$2200, plus a PC capable of handling full-resolution science camera data, and
significantly more time to learn to operate effectively.
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Using Multiple Camera Types Together

OTDAU supports combinations of camera types in a single system. The most powerful
configurations use the complementary strengths of different camera types:

Wide fixed + PTZ telephoto (two-camera handoff) — The most common configuration
for unattended monitoring. The wide camera detects any target in the
surveillance zone; OTDAU immediately commands the PTZ camera to slew to
the detected position and zoom in. Detection coverage is determined by the
wide camera; identification resolution is determined by the PTZ zoom. Both
cameras record simultaneously.

Wide fixed + science camera (cued observation) — A wide-angle IP camera provides
all-sky detection. When a target of interest is detected, its position and trajectory
are computed by OTDAU and used to pre-point the telescope. If the target is
also broadcasting ADS-B, the telescope can be pointed before the aircraft even
enters the wide camera’s FOV. This configuration maximizes both detection
probability and scientific data quality.

ADS-B receiver + science camera (scheduled observation) — For known cooperative
targets (commercial aircraft with ADS-B transponders), OTDAU'’s integrated
ADS-B receiver can identify and track any aircraft in the area and use that data to
pre-point the telescope. No wide-angle camera is needed because the target’s
position is known from its transponder. This is the most efficient configuration for
studying the visual appearance of known aircraft types.

In all multi-camera configurations, OTDAU synchronizes detection, recording and data
logging across all sensors. Each tracking event produces a coordinated data folder
containing recordings from all active cameras, PTZ position logs, ADS-B data, and path
analysis results.
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.Common IP camera configuration problems

If OTDAU will not recognize your camera after configuration and Load or if you get the
error message ‘Could not open wide RTSP camera’, then you may want to check for the
following camera and system configuration problems:

e |P address in the Camera configuration in either the IP or Video URL entry or
both does not match the IP address of the camera.

e The User and/or Password entries are incorrect.

e The IP, Port, User and Password are correct, but they were changed and then
the Camera Configuration was not saved.

e The port number entered in the Camera configuration does not match the
camera’s HTTP port number or the camera’s port was not set to the expected
port number in the camera’s setup menus, accessed via IE.

e |f the camera is accessed remotely via the Internet by port-forwarding, then verify
that the IP address used in the Camera configuration is the camera’s WAN
address, not its LAN address (192.168.1.x). Verify that the camera has been
properly port-forwarded using its correct IP address and port number in the router
which is local to the camera (which it is directly connected to by wire or WiFi).

e The Camera type in the Camera Configuration is not one recognized by OTDAU.

If the computer running OTDAU is connected to the same local router as the camera
(they are on the same LAN), then verify that the IP address used for the camera is its
local (LAN) address, i.e., 192.168.1.x.

The Camera Configuration Assistant function of OTDAU has been provided to help
resolve such issues and automatically identify the correct RTSP URL and ONVIF
control and status functions.

NOTE: Setting IP camera mainstream encoding to H265 in some Dahua camera
firmware builds may cause the camera to respond to ONVIF queries for capabilities to
be incomplete, resulting in OTDAU assuming the camera has no PTZ ability. If this
seems to be the case, use H264 instead of H265.
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Setup for All-Sky (panoramic) Camera

OTDAU supports IP and analog cameras with ultra-wide-angle lenses, also known as
All-Sky Cameras (ASC) or panoramic cameras. An ASC may be used alone or in
combination as the Wide camera with a second Tele camera.

If the tele camera is PTZ-capable, then it will operate in one of two modes — slaved or
handoff. With the Setup Handoff option disabled, the PTZ camera pan, and tilt angles
will be slaved or incrementally moved to match the calculated approximate direction of
the target based on its location in the Wide camera FOV.

If Handoff is enabled, then the initial calculated target position is used to move the PTZ
camera to those panftilt angles and then hands-off subsequent tracking to the PTZ
camera. At handoff, the PTZ camera is moved such that its FOV is approximately
centered on an estimated target position. The PTZ camera then begins its own target
detection resulting in a second absolute move of the target to its CFOV, this time more
accurately. It then continues to track the target in a continuous, velocity feedback
mode.

Because the handoff position is more of an estimate than when a PTZ camera would
have made the initial recognition, the Crop increment value in Tracking Settings should
be set larger than usual. For example, set it to 10.0 instead of 5.0. The system will
automatically reduce the crop or bounding box around the target after the PTZ camera
locks onto the target itself.

When using an ASC, you may notice that some smaller objects you can see visually do
not seem to appear on the ASC Wide-Angle display. This is possibly because so much
of the visual field is imaged by the ASC that objects visually observed near the horizon
occupy too few pixels on the image. On an ASC, the closer to the horizon (its worst
case), the more the field is compressed.

This website provides a size/distance/angle relationship:
http://www.astro.ex.ac.uk/people/hatchell/rinr/sizeangle.pdf

Which is x = r a pi/180 where x is the size of the object, r is the distance to it and a is the
angle subtended by the object to an observer.

As an example, for a small aircraft, x might be 20'. Say the distance from the
observation area to an aircraft is about 4000'. So, the angle the aircraft subtends would
be 0.28 degrees. Assume that the ASC was set to resolution 2048x1536. That would
result in about 2000 pixels per 360 degrees. The aircraft would then cover only 1.5
pixels and thus would not be visible. In contrast, a non-ASC camera with a horizontal
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FOV of 60 degrees, at resolution 1280x720 would provide 1280 pixels per 60 degrees.
This would result in the aircraft covering nearly 6 pixels and thus probably be visible on
the display and detectable by OTDAU. Note that these calculations are for the worst-
case condition of an object near the horizon. The closer an object gets to the CFOV of
the ASC, the less reduction in size/pixels will occur. Thus, a particular ASC may be
rated for 180/360-degree coverage, but not all that area may be useful. Additional
calculations or experimentation may be required to determine how much of the FOV of
an ASC would be useful.
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Setup for dual cameras

OTDAU can be configured so that the wide-angle and telephoto cameras are not the
same. Each one can be any type of camera OTDAU supports. Typically, the same
camera configuration is used for both, for example, USBO or a PTZ camera.

If the single camera is USB, then that camera’s video will appear on both the Wide-
Angle Video Display and the Auxiliary Video Display regardless of the sources selected.
All tracking functions will work but, of course, no PTZ action is possible.

If the single camera is a PTZ-capable unit, then its video stream will also be used on
both displays. However, the Auxiliary on-screen data will vary depending on the source
selected. Raw video may be selected to eliminate all on-screen data, for example.

If different cameras are used for the wide and tele configurations, then the wide camera
stream will be used for all displays except the Telephoto source selection. Note that
these same four selections are available for recording.

A particularly useful System configuration consists of two cameras where the Wide
camera has very wide-angle fixed optics and the tele camera is a PTZ unit. In this
configuration, OTDAU will use the relative position of a tracked object on the wide
camera to direct the pointing angles of the PTZ camera at the same object. As tracking
progresses, the PTZ camera will incrementally zoom in the same manner as for a single
PTZ camera configuration. If Handoff is enabled, then the Tele camera will perform its
own object identification and then continue to track as if it were the only camera. If
Handoff is not enabled, then the Tele camera will make a series of incremental moves
to each x, y coordinate provided by the Wide camera as it tracks the object. In this
case, the Tele camera is slaved to the Wide camera instead of controlling itself.

In the case where the wide camera is a panoramic or “all-sky camera” (ASC with up to
360-degree optical FOV), some special setup steps are required to align the PTZ
camera FOV with that of the wide camera. For the ASC to provide the PTZ camera with
the correct estimated panl/tilt values, the system must be calibrated prior to use. The
initial position of the PTZ camera must be related to the ASC by the following process:

1. Try to mount the two cameras so that their lenses are as close together and at
the same height as possible. However, given the typically long distances to a
target object, a difference of a foot or two is not very consequential.

2. Enable handoff calibration marks in the Setup > Display menu.

3. Load OTDAU with the dual-camera configuration and set the Auxiliary source to
Telephoto. Verify that you can see the views from both cameras. Set the

160



Auxiliary Video Display to Raw Video. Use Flip = 0 for the ASC camera
configuration.

. Rotate the wide camera so that the horizon is parallel to the lower part of its
FOV.

. Using the PTZ Controls, move the tele camera down and rotate so that it displays
the wide camera’s view centered in its FOV. Use the Setup > Enable FOV
calibration marks to help align the marks of both cameras. Using PTZ Controls,
move the PTZ camera so that tilt is O degrees (horizon) and pan is such that it is
aligned with the bottom of the ASC view direction.

. Use the Pan control to manually move the PTZ camera so that its Center Field of
View (CFQOV) crosshairs are over the same view as that of the Wide camera.

. Optionally, Enable Handoff in the Setup menu. If enabled, when a target is
detected in the Wide camera, the Tele camera will be pointed in the same
direction and begin its own detect/track process. Both camera’s video streams
will be recorded, if enabled. If Handoff is not enabled, then the Tele camera is
“slaved” to the target location in the Wide camera FOV. It will incrementally
move as the target moves in the Wide camera FOV.

The system is now ready to Run.
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Setting focus for night sky tracking

When setting up a PTZ camera for use in night conditions, it is particularly important to
verify that the image will stay in focus during zoom-in to the tracked object. Otherwise,
as the camera incrementally zooms into the object, it may become unfocused and
possibly lose tracking lock.

One method to avoid this problem is to set up the camera so that it retains focus at any
zoom level using the following procedure:

1.

Open the camera’s web page using a browser such as |E via the Dahua ConfigTool.
(See the UFODAS System Installation Guide for how to do this.)

Select Setting, Camera, Conditions and then Focus & Zoom

Set Digital Zoom to Off, Zoom Speed to 100, Mode and Focus Limit to Auto,
Sensitivity to Default and PFA to On

Using the pan-tilt control arrows in the lower left corner, move the camera so that
there is some identifiable object, such as a tree, in the center of the field of view.

Use the -/+ Zoom buttons to zoom into the object to the maximum zoom telephoto
zoom level. If the object gets too out of focus during zoom, adjust focus with the -/+
Focus buttons.

Adjust the image for best focus at maximum zoom (for example, x12 or x30
depending on the camera.)

Zoom back to x1 and verify that the image stays in focus throughout the zoom
range.

Click Lens Initin IE to verify that the camera will retain a sharp image after resetting
its focus and zoom.
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Automatic Focus (Autofocus)

OTDAU can automatically focus the wide camera once at the start of every Run, before
tracking begins, on cameras with a motorized focus interface. This is the automated
counterpart to the manual, pre-configured focus retention procedure described above
under Setting focus for night sky tracking depends on the same underlying idea: a focus
setting found at maximum zoom remains valid across the whole zoom range for a
distant target. Autofocus is enabled by the checkbox below the FOCUS controls label,
as shown below.

FOCUS
[ Auto

When enabled, at the start of a Run the wide camera briefly zooms to its maximum
optical zoom, searches for the sharpest focus at that zoom level, then returns to the
camera’s configured home zoom before tracking begins. The whole sequence runs in
the background and does not delay the rest of the interface from responding; pressing
Stop at any point during the sequence cancels it immediately and returns the camera to
its home position.

The on-screen display shows “Autofocusing...” for the duration of the sequence, and the
System Log reports the progress of the search along with a final summary line giving
the focus position and sharpness value found.

Why the camera zooms to maximum first

At high optical zoom, a small change in focus produces a much larger, more
measurable change in image sharpness than the same change does at a wide field of
view. Searching for the focus peak at maximum zoom therefore finds it far more reliably
than searching at a lower, operating zoom level would — the same principle behind
zooming to maximum telephoto in the manual procedure above.

This depends on tracked targets being, for focus purposes, effectively at infinity: the
distance to a distant aircraft or object is large enough that the same focus setting is
correct regardless of zoom level. The setting found at maximum zoom therefore
remains valid once the camera returns to its normal operating zoom.

NOTE: You may find that Autofocus works best if you set the CFOV on some distant,
complex object, such as a tree, before starting. Then, after focus is set, Stop, move to
your actual desired CFOV, disable Autofocus and then Run.
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éEnainng Autofocus

Enable Autofocus as shown above, in the Manual PTZ Controls section. The feature
applies only to the wide camera, and only when a focus-capable device is available:

ONVIF PTZ or zoom-only cameras — cameras exposing a motorized focus
interface over ONVIF are used directly.

Telescope mount configurations — science camera setups with an AUX-
connected focuser on the mount are supported the same way.

Cameras with no focus interface — the checkbox has no effect; fixed-focus and
digital-zoom-only configurations are unaffected.

NOTE: Autofocus runs once, at Run start, and is not re-triggered while tracking is in
progress. There is no per-detection or periodic refocus — the single search at Run start
is the complete extent of the feature.

Limitations

Adds time to Run start — the zoom-to-maximum-and-back sequence, plus the
search itself, typically takes on the order of a minute, occasionally longer on a
camera with a slow zoom or focus motor. Tracking does not begin until the
sequence completes.

One-time, not continuous — focus is set once at Run start and is not re-checked or
re-adjusted for the remainder of the Run. If lighting, temperature, or target distance
changes meaningfully during a long Run, the original focus setting may no longer be
optimal until the next Run.

Assumes a distant target — the technique depends on the same focus setting
being valid across zoom levels, which holds for a distant subject but not for a nearby
one. A camera position used for a close-range target is not a suitable candidate for
this feature; use the manual procedure above, or the camera’s own focus controls,
instead.

Large zoom ratios between home and maximum zoom — can occasionally leave
the search unable to find a clear focus peak, if the lens’s optical axis shifts enough
between zoom levels that the original target falls outside the region the search
measures. This is uncommon but worth checking for on camera positions with an
unusually large gap between operating zoom and maximum zoom.
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Recommended Application

Automatic focus at Run start is best suited to fixed or slowly changing camera positions
viewing distant targets, where a single good focus setting established at the start of a
Run will remain valid for its duration.

For camera positions with closer or more variable subject distances, or where the added
time at Run start is undesirable, use the manual procedure described above, or focus
the camera manually before pressing Run, and leave Autofocus disabled for that
configuration.

TIP: If a particular camera position produces an autofocus search that regularly runs
long or fails to find a clear peak, check the ratio between that position’s configured
home zoom and the camera’s maximum zoom. A very large ratio is the most common
cause — focusing manually for that position, per the procedure above, is a reasonable
alternative to leaving Autofocus enabled there.
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Data interpretation and adjustments
OTDAU accomplishes tracking by means of a two-phase process:

1. Detect motion of an object that moves with respect to the background. Reject
detections from objects that move too fast or are outside of size limits. Reduce
the bounding box to an area that only surrounds the detected target object.

2. Track the target by rapid re-detections only in the smaller detection bounding
box until no further detections occur for a set period.

In the optical environment of an OTDAU there will inevitably be many sources of false
positive tracking events. The source of those events includes:

e Foliage such as trees moving in the wind.

e Significant dirt spots on the camera lens or on a window if the camera is used
inside a structure.

e Certain geometric shapes in clouds.

e Significant movement of water or reflections off a body of water.

e Birds and large or close insects.

Of course, aircraft and helicopters moving through the field of view will also be tracked.
In this case, such events may be of some value as they may be associated with another
unknown event collected close in time. Tracking aircraft is particularly useful for
calibrating the system and verifying that to some extent, the system is set up
appropriately for ambient conditions.

Higher frame rates are valuable in terms of the fastest object motion that can be
captured.

However, the highest practical frame rate does not need to be higher than the rate at
which the OTDAU software can process those frames -- otherwise the extra frames are
redundant.

The processing frame rate is a function of the speed of the computer and
communications paths between it and the camera. This means that there is no fixed
answer to determining camera resolution and frame rate without considering the other
factors.

However, you may find that it is practical to operate a camera at 20 FPS, sometimes
trading that off against a lower resolution such as 704x480. The key issue to bear in
mind is that OTDAU uses zoom to effectively increase the number of pixels to image an
object rather than depending on the camera's imager resolution alone. The value of an
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imaging chip with a higher resolution, larger size and more sensitivity is improved ability
to make the initial target recognition when an object is smaller (i.e., some combination
of farther and smaller) and in dimmer light if the target is not self-illuminated.

Note: You can start a scanning run at a zoom level other than x1. Whenever OTDAU
goes into the Run mode, it captures the current pan, tilt and zoom levels as the Home
position. It returns to that position after each tracking event. The zoom level can start
at any value the camera provides. If zoom is selected in the System Configuration, then
zoom is incrementally increased until the selected maximum value. It will not decrease
until the event is over when it returns to the Home value.

Due to lag in camera motion, a moving object will not be at the initially detected position
by the time the camera moves its center FOV to that position. Simply expanding the
crop (Tracking, crop increment) may be adequate but would often catch surrounding
clutter close to the object instead of the desired target. OTDAU makes the initial move
to the future predicted location of the object. It does this by sampling object motion just
after detection and calculating its velocity and direction of motion.

When using a PTZ camera, the first move after target detection is a rapid absolute
move to try to place the target at the CFOV, as described above. For every other target
detection thereafter, during tracking, the system controls the PTZ velocity in a closed
loop to move the CFOV toward the target, minimizing the difference between the
target’s location in the image and the CFOV. However, the speed of the target may be
sufficient so that the CFOV always trails the target. At every frame, OTDAU measures
the total non-contiguous size of moving areas within the bounding box. [f that total is
below the Min area or exceeds the Max area, there is no detection. At the same time, if
the total area exceeds 10x the Max area, then tracking is aborted due to clutter.

The Auxiliary Video Display, Telephoto selection displays a 100x100 pixel digital zoom
of the center of the camera frame when scanning or a digital zoom of the crop around a
tracked object. This helps identify transient objects that fly by but do not trigger tracking
as well as tracked objects. Since the last frame of the triggering event is retained on the
display after the sequence ends, this feature helps identify what caused the system to
detect the event. This feature may be used along with higher values of the Min events
Tracking parameter to reduce false triggers.

See the discussion of Tracking settings for further information.
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Testing otdau setup and tracking

In addition to trying the various “test-x” System configurations, using a laser to test
tracking is a very effective way to simulate actual targets and see how OTDAU
responds.

However, the problem is the following:

-- OTDAU uses a process of predictive location to determine where to make the initial
absolute move upon detection (the PID loop continuous velocity control is used after
that).

-- The predicted position is derived from measuring the vector velocity of a potential target
during the number of frames specified by the Tracking, "Min events" parameter. After
that number of detections are measured, it uses the estimated lag time of the
software/camera to derive what the target location will be in the future and move to that
point.

-- Thus, while the system sees the laser, if you make some quick motions (high velocity),
then it predicts what may seem to be odd future locations some distance from the laser
spot.

-- Thus, to do that kind of testing requires a very steady hand. Another method is to sit in a
swivel chair, point the laser at the wall outside of the bounding box and then turn in the
chair so that the laser spot emulates a moving object in the FOV. That method tends to
eliminate the dithering problem.

The purpose of the resolution entry is to tell the system what the camera is set to. You
cannot use it to set the camera's resolution.

You may also want to reduce the initial zoom speed, for example, from 2.0 to 1.0.
Generally, the process to validate system operation is to:

1. Check operation with P/T and Zoom disabled and use the Default settings. Look
for proper detection and tracking and adjust settings such as Crop, Blur, Delta,
Min and Max areas if necessary.

2. Enable only P/T and check again. Look for proper detection, initial move and
continuous tracking of the sort of targets that were detectable in step 1. Adjust
camera Proportional constant larger if there is no hunting (unstable motion), then
back it down a bit.
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3.

If that works, then enable Zoom. Look for the largest number of zoom-in
increments without losing the target.

It would be best to try all this on daytime aircraft as test targets. At night, you may find
that you want to make the Min area a bit larger to avoid triggering on twinkling stars.

For technical support feedback, the best sort of files to provide are just a Wide video
plus a screenshot of your Wide and Camera configurations.

Note the following:

The configured FPS should match whatever the camera is set to, which has
various options depending on resolution. If they don't match that will affect two
things: Displayed frame rates will be inaccurate; The length of recordings will not
match actual times. It should not affect tracking.

Pan/Tilt values are actual when a camera is a PTZ type. If not, then the P/T
values are emulations based on the location of a detected target in the frame.
Thus, if no target has been detected, then there are no PT values to change until
then.

Performance of the various Dahua cameras varies a bit depending on optical
sensor sensitivity, P/T rate, etc.

Older cameras such as the Dahua 50230, 50232 and 50A320 respond to ONVIF
queries for position much slower than more current models (in about 450msec vs
30-60 msec). This creates problems when attempting to maintain control in a
PID loop which uses the difference between current position and target location.
This version of OTDAU attempts to improve on this by automatically
incrementing pan, tilt and zoom values based on commanded velocity of those
axes while setting the position values to actual any time they become available.
That is, position increments are filled in during periods when they are not
available from the camera itself. This augmented statusing is only applied to the
cameras noted above.
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'Camera Sharing

One IP camera may be used simultaneously by more than one copy of OTDAU.
However, if more than one OTDAU attempts to send PTZ motion commands to that
camera then both OTDAUSs will react to motions created by any of them.

OTDAU provides a feature that prevents more than one copy of the software from
controlling a particular IP camera. It does this by setting and reading a particular string
of characters to the camera’s On-Screen Display (OSD) as the “Channel Number”. This
text is initially “Available”. If it was “’ (blank) then OTDAU will initialize it to the Operator
Name of the first PC that uses it. When a PC running OTDAU is set to the Run state, it
reads and checks this text. If the text is “Available” or “ then it will set the text to its
Operator Name. If the text is otherwise indicating that the camera is already in use,
then it will perform all normal OTDAU functions for that configuration except for PTZ
controls, if enabled. The position of this text on the video frame is preferred to be in the
lower left so that in the Wide-Angle Display it is covered by text generated by OTDAU.
It will be visible in the same position on the Auxiliary Video Display if that display is set
to Raw Video.

A camera is initially set up for OTDAU sharing by setting the camera’s OSD as shown in
the following screen displays.

For a Sony camera, turn on Superimpose and edit its settings as shown below

= =[a x]J
@ hitp://192.168.1.124:4500/en/14/index.html
System System Date & time  Superimpose Initialize System log Access log
Camera .
Superimpose O oOn ® Off
Network Style @ Border O Background @® Transparent

802.1X Position
Font size

Superimpose Format [[RYEER
=EI0Ly Date &time Camera ID Frame rate Bit rate
Preset position Zoom Area title Preset position name

e-Mail (SMTP) camera 1

User
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The resulting display will appear as follows:

Auxiliary Video Display

Available

Initially set a Dahua camera as shown below.

Snapshot Path

> Conditions

> Audio

» Privacy Mask (®) Enable () Disable

» Channel Title Input channel title:

Network » Time Title Available

PTZ » OSD info
Event » Picture Overiay
Storage
System

Information

Avdlilbstael

| Default | l Refresh | ] Save
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The resulting display will appear as shown below.

Auxiliary Video Display

Available

When a copy of OTDAU attempts to use a camera that is already in use by another
copy of the software, then the second row of text on the Wide-Angle Display will indicate
that the camera is in use and by what operator name takes the place of “Available” as
the OSD. However, this indication is covered by metadata text, as shown below.

Wide-Angle Video Display Fullscreen |
:0.0 EL:0.0 HFOV:50.0 VFOV:30.0
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éTraCk and Zoom Tuning

After identifying an object for tracking, the OTDAU attempts to continuously move a PTZ
camera such that the object is in the camera’s CFOV. When the object image is within
the Zoom distance (listed above) from the CFOV, both horizontally and vertically, then
an increment of zoom is performed at the Zoom speed, for the Zoom time limit.

The method used to center the image is by means of a Proportional, Integral, Derivative
(PID) feedback loop. The parameters used to tune this loop are listed above. Typically,
one may only need to adjust the Proportional constant, leaving the other two at zero. If
this constant is too large, then the system will move the object back and forth across the
CFOV (assuming, just as a test case, that the object has very little movement). If the
value is too low, then tracking will lag the target object movement such that the target
will not be tracked at all. If the PID constants are not appropriately set, then zooming
will also not provide acceptable results.

The best sequence to make these adjustments is as follows:
1. Disable Pan/Tilt and Zoom in your System configuration.

2. Provide tracking test targets. One way to do this is to use aircraft in your vicinity.
Another more convenient method is to point the camera at a flat, light surface,
such as an indoor wall, and use a laser pointer to simulate moving objects.

3. Select Run and verify that the system detects target motion. Setting the Auxiliary
Display to Tracks helps visualize the rate and number of detections. Adjust the
values of the Blur parameter and the Delta threshold to provide the highest rate
of detections without false detections from background items.

4. Enable Pan/Tilt and repeat the tests and note the system response to moving
test targets. Adjust the value of the Proportional constantly until smooth tracking
is achieved up to moderate target speeds.

5. Enable Zoom and adjusting the zoom-related constants so that a moving target is
periodically and progressively zoomed into and not lost to tracking in the process.

6. If you were not using aircraft as test targets, set up your camera to do that and
run the system to verify that tracking and zooming are operating as expected.
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Pan/tilt Positioner Configuration Options

OTDAU supports the use of remotely controlled Pan/Tilt heads that, unlike PTZ
cameras, are independent of any specific payload, such as a camera. This feature
allows use of a pan/tilt head that is not part of a PTZ camera so that any directional
sensor, such as an IR camera, radar antenna or microphone could be pointed by an
independent PTU.

As an example, see the System configuration “usb0-800x600-onvifptu”. This
configuration uses the P/T portion of a 42212 camera and a USB camera for video. It
emulates a system wherein a USB camera is mounted on a P/T unit. To do this, the
Wide and Tele cameras are set to usb0-800x600, and the Pan/Tilt Unit is set to onvif-
108. The Pan/Tilt configuration “onvif-108” references an ONVIF-compatible P/T unit
that happens to be part of a 42212 camera (the video from the 42212 not being used).
Ordinarily, the Pan/Tilt type would refer to a manufacturer’s part number of a PTU so
that OTDAU would know how to control it. The Pan/Tilt Driver selection indicates that
this PTU can be controlled with ONVIF commands.

OTDAU also includes a native Pelco-D driver, referred to as “ptuusb”. This driver may
be used to control and status P/T Units that implement the standard Pelco-D protocol
via ASCII serial over USB. See the PTU section of ufodap.com, for data sheets on
compatible PTUs and the protocol implementation. If you obtain a PTU to use this
feature, you will need a USB-RS422 converter and a digital PTU that properly
implements absolute and continuous (velocity) moves as well as provides position
feedback.

A new UFODAP PTU DAU is in development which will use a new driver and the IP
address-related entries. Those entries are ignored by the ptuusb driver. The new driver
will use the IP entries in place of the COM port entries. Both sets of entries will be
available and used depending on which driver is selected.

Entry and selection of data to set up an optional Pan/Tilt head is as shown below.
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#® OTDAU -- Optical Tracking Data Acquisition Unit  Version 2.29P3 9-17-26 X

Pan/Tilt Unit Configuration

Pan/Tilt type |Celestron NexStar 65E Pan/Tilt Driver |celestron

Filename |C:;"OTDAUfposition ers/celestron-nexstar.json

Alpaca Profile
(seestar/dwarf/ascom)

¥ Enable PT [ Reverse absolute move [ Reverse continuous mowve

To use the USB driver, enter the following USB Interface fields

Pan/Tilt COM Port Baud Rate
COM1I thru COM4 com3 2400, 4800, 9600 or 19200 9600
Data Bits 2 Stop Bits 1 Parity N
5-8 lord E.M. M Oors
Focuser COM Port Focuser Baud 9600
(blank = via mount) (e.g. 9600)

To use the IP driver, enter the following IP Interface fields
| P Address HTTP Port User Password
Realtime data received from the PTDAU
Time Satellites |0 Longitude Latitude Altitude |0.0

Proportional Constant

0
Integral constant Derivative constant
0.0 0.0
L1 L1
QOpen | Save | Save As | Close File | Close Window |

Pan/Tilt type — Text description of the P/T configuration
Filename — (Display only) Shows the currently open filename.

Enable PT — Enables motion control commands from OTDAU, both manual and
automatic, to control the PTU.

Absolute move direction -- Checked or unchecked depending on how the camera
responds to absolute move commands. OTDAU issues an absolute move
command upon confirming an initial target detection event. If a camera moves in
the wrong direction upon testing detection, then reverse this setting.

Continuous move direction -- Checked or unchecked depending on how the camera
responds to continuous move commands. OTDAU issues a continuous (velocity)
move command after the absolute move stemming from an initial target detection
event. If a camera moves in the wrong direction upon testing detection, then
reverse this setting.
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Focuser COM Port — Enter the COM port used by your RS422-USB serial interface.

Focuser Baud Rate -- Enter the serial baud rate used by your RS422-USB serial
interface.

Data Bits, Stop Bits, Parity — Enter one of the allowed values as required by your
RS422-USB serial interface.

IP, HTTP Port, User, Password — Data that defines the LAN connection to be used to
communicate with this P/T head. Typically defined by data entered in the P/T
head’s manufacturer-provided interface.

Pan/Tilt Driver — The software interface needed to communicate with this particular P/T
head. Entry values should be either “ptudau” for POE communication with the
PTDAU or “ptuusb” for USB control of P/T motion.

Proportional, Integral and Derivative constants — Controls for the PID loop that
attempts to minimize the error between the position of the target in the image and
the center of the field of view.

Control buttons

Open — Opens a window into the Pan/Tilt configuration file folder. Select a
configuration by either double clicking on an entry or clicking an entry once and
then click Open.

Save — Saves the current settings as part of the currently loaded Pan/Tilt configuration.

Save As — Opens a window into the Pan/Tilt configuration file folder. Saves the current
settings as the Pan/Tilt configuration but with a new name selected in this
window. lItis very useful to Open an existing configuration, modify its values, and
then Save As with a new name to create a new configuration.

Close File — Terminates view of the last selected configuration and clears all entries.
This has no effect on any P/T units used in the currently open System
configuration.

Close window — Closes the Camera Configuration window. If the window is closed
before any changes to settings are Saved, then those changes are lost.
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ASCOM Alpaca Telescope Mount Configuration

In addition to Celestron NexStar mounts, OTDAU can control any telescope mount that
speaks the ASCOM Alpaca protocol. This covers all-in-one smart telescopes such as
the ZWO Seestar and DWARFLAB DWARF, and traditional GoTo mounts —
Sky-Watcher, iOptron, Meade, Celestron, and others — exposed to the network through
the free ASCOM Remote server. A single generic driver handles all of them; you select
it by entering alpaca as the Pan/Tilt Driver, and a Profile setting adapts it to the specific
mount family.

Alpaca mounts are configured in the Pan/Tilt Unit Configuration window, opened from
the main OTDAU menu in the same way as a Celestron mount. Because Alpaca is a
network protocol, the mount is reached over your local network by IP address and
HTTP port rather than by a serial (COM) connection, so the USB Interface fields are left
blank and the IP Interface fields are used instead.

™ OTDAU -- Optical Tracking Data Acquisition Unit  Version 2.29P3 9-17-26 X

Pan/Tilt Unit Configuration

Pan/Tilt type |Alpaca simulation Pan/Tilt Driver |alpaca

Filename |C:fOTDAUfpositionersfalpaca-simulation.json

Alpaca Profile

. . ascom
(seestar/dwarf/ascom)

¥ Enable PT [ Reverse absolute move [ Reverse continuous mowve

|| To use the USE driver, enter the following USE Interface fields

|
|
Pan/Tilt COM Port Baud Rate |
COM?1 thru COM4 COM3 2400, 4300, 9600 or 19200 9600 |
Data Bits 2 Stop Bits 1 Parity N |
[ 5-8 1or2 E M N, QorS |
I Focuser COM Port Focuser Baud 3600
| (blank = via mount) (e.g. 9600)
|
| Tousethe P driver, enter the following IP Interface fields
| IP Address [127.0.0.1 HTTP Port (32323 User Password
| Realtime data received from the PTDAU
| Time Satellites |0 Longitude Latitude Altitude |0.0
| Proportional Constant
: 0
|
; Integral constant Derivative constant
0.0 0.0
I |
Open | Save Save As | Close File Close Window
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The IP and port numbers shown are for use with the ASCOM simulator only.

Mount Control and Video Are Separate

An Alpaca mount driver controls only where the telescope points — slewing, homing,
and reporting position. It does not deliver the image. How OTDAU receives video
depends on the type of telescope:

— All-in-one smart telescopes (Seestar, DIWARF) — the camera is built into the
telescope. OTDAU pulls its live image as an RTSP stream, configured separately in
the Wide (or Telephoto) IP Camera Configuration window using the RTSP URL the
device provides.

— Traditional GoTo mounts — the mount carries a separate camera on the optical
tube. That camera is configured normally in OTDAU (IP, USB, or science camera),
and the Alpaca driver only steers the mount.

NOTE: Because pointing and imaging are configured independently, a working mount
connection and a working video stream are two separate steps. Configure and confirm
the camera as you normally would, then configure the mount as described below.

NOTE: On the ZWO Seestar, the RTSP video stream is available only in the Scenery
(Landscape) and Solar System modes. It is not available in Stargazing mode. Mount
control through Alpaca is unaffected by mode; only the video feed is restricted.
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Supported Telescopes

The following mounts are known to work with the generic Alpaca driver. The Profile
column shows the value to enter in the Alpaca Profile field (described under
Configuration Parameters). The value for Celestron mounts is “celestron”.

Telescope / mount

ZWO Seestar S50/
S30/S30 Pro

DWARFLAB DWARF 3

Traditional GoTo
mounts — Sky-
Watcher, iOptron,
Meade, Celestron,
Losmandy, etc.

Celestron Origin

ASCOM Omni
Simulator (for testing)

Alpaca connection Video source

Native (Station
Mode, on your Wi-
Fi)

Community Alpaca
bridge (dwarfAlp),
run on the PC

ASCOM Remote
server bridges the
mount’s ASCOM
driver to Alpaca

No official Alpaca;
community access
only (limited)

Native, on localhost

RTSP (Scenery and
Solar System
modes only)

RTSP

A separate camera
on the OTA, using
an OTDAU camera
driver (IP / USB /
science)

HTTP image stream
(no standard RTSP)

n/a — simulated
mount only

Profile

seestar

dwarf

ascom

ascom /
generic

ascom

NOTE: Any mount with an ASCOM or Alpaca driver can be used. If a mount speaks
Alpaca natively, connect to it directly. If it has only a traditional (Windows COM)
ASCOM driver, install the ASCOM Platform and the ASCOM Remote server on the PC;
ASCOM Remote publishes the mount on the network as an Alpaca device that OTDAU

can then reach.
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Configuration Parameters

The fields below are set in the Pan/Tilt Unit Configuration window. Only the fields
relevant to an Alpaca mount are listed; leave the USB Interface fields (COM Port, Baud
Rate, Data Bits, Stop Bits, Parity) blank — those apply only to serial mounts.

Pan/Tilt Driver — Enter alpaca. This selects the generic Alpaca mount driver, which is
used for every Alpaca-compatible telescope regardless of make. (The earlier Celestron
mounts continue to use celestron.)

Alpaca Profile — Selects the device family so the driver applies the correct defaults and
quirks. Enter one of: seestar (ZWO Seestar), dwarf (DWARFLAB DWAREF via the
dwarfAlp bridge), ascom (a mount published through ASCOM Remote, or any standard
Alpaca mount), or generic (an unknown Alpaca device — conservative defaults). See
the per-mount instructions in the next section for the correct choice.

IP Address — The network address of the Alpaca device or server. For a Seestar, this is
the telescope’s address on your Wi-Fi in Station Mode. For an ASCOM Remote or
DWAREF bridge, it is the address of the PC running that server. Use 127.0.0.1 when the
server runs on the same PC as OTDAU (including the simulator).

HTTP Port — The Alpaca port on that address. ASCOM Remote and the ASCOM Omni
Simulator use well-known ports (11111 and 32323 respectively). For a Seestar or the
DWAREF bridge, use the port given by the device or bridge configuration. If left blank, the
driver falls back to the default port for the selected profile.

User / Password — Normally left blank. Alpaca devices on a home network are typically
unauthenticated. Fill these in only if your Alpaca server has been configured to require
credentials.

Enable PT — Check this box to enable the pan/tilt (mount) unit. It must be checked for
OTDAU to engage the mount and show the manual pointing controls.

Reverse absolute move — Reverses the sense of absolute (GoTo) moves. Leave
unchecked initially. If, on real hardware, commanding a move sends the mount the
opposite way in azimuth or altitude, check this box to correct the sign. (The ASCOM
Omni Simulator uses standard conventions and needs no reversal.)

Reverse continuous move — Reverses the sense of continuous (jog) moves. Leave
unchecked initially; check it only if manual jog drives the mount the wrong way.

Proportional / Integral / Derivative constants — Set all three to O for a telescope
mount. A GoTo mount is driven by absolute slew commands, not by a velocity PID loop;
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OTDAU recognizes zero PID on a telescope mount and uses the correct slew-based
tracking path. Non-zero values here would work against that path.

NOTE: The Alpaca device number, coordinate mode, tracking behavior, and slew
timeout are not shown in this window. The driver sets sensible defaults for them
automatically (device 0, Alt/Az pointing, sidereal tracking off, and a 30-second slew
timeout), which are correct for the mounts listed above. No action is required.

Configuring for Specific Mounts

ZWO Seestar (S50 / S30 / S30 Pro). In the Seestar app, put the telescope into Station
Mode so it joins your home Wi-Fi, and open the arm. Set Pan/Tilt Driver to alpaca,
Alpaca Profile to seestar, IP Address to the Seestar’s station-mode address, and HTTP
Port to the Seestar’s Alpaca port. Configure the video separately as an IP camera using
the RTSP address from the Seestar app (Settings — Advanced Feature — RTSP).

NOTE: The Seestar’'s arm must be opened from the app before use. On current
firmware the Alpaca Park/Unpark command does not open or close the arm, so OTDAU
cannot start the telescope from a fully powered-down state — prepare the scope in the
app first, then connect OTDAU.

DWARFLAB DWARF 3. DWARF does not expose Alpaca on its own; run the
community dwarfAlp bridge on the PC, which presents the DWARF as an Alpaca
device. Set Pan/Tilt Driver to alpaca, Alpaca Profile to dwarf, IP Address to the PC
running the bridge (127.0.0.1 if it is the same PC as OTDAU), and HTTP Port to the
bridge’s Alpaca port. Configure video separately as an IP camera using the DWARF’s
RTSP stream.

Traditional GoTo mounts via ASCOM Remote. Connect the mount to a Windows PC
and confirm it works with its normal ASCOM driver. Install the ASCOM Platform and the
ASCOM Remote server, and in ASCOM Remote select your mount’s Telescope driver
and start the server (default port 11111). In OTDAU set Pan/Tilt Driver to alpaca, Alpaca
Profile to ascom, IP Address to the PC running ASCOM Remote, and HTTP Port to
11111. The imaging camera is configured separately as its own OTDAU camera.

ASCOM Omni Simulator (for testing without hardware). The Omni Simulator
provides a fully functional simulated Alpaca telescope and is the recommended way to
verify the configuration before connecting real hardware. Start it (default
localhost:32323), enable the Telescope simulator’s Alt/Az slewing, then in OTDAU set
Pan/Tilt Driver to alpaca, Alpaca Profile to ascom, IP Address to 127.0.0.1, and HTTP
Port to 32323.
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TIP: Test your configuration against the ASCOM Omni Simulator first. It confirms the
mount connection, homing, manual jog, and GoTo behavior end-to-end without a
telescope present, so that when you connect a real Seestar or DWARF the only
remaining variables are the device address, port, and pointing-sign calibration.

Setting the Field of View

As with any OTDAU camera, the Horizontal and Vertical Field of View for the imaging
camera must reflect the complete optical path — the telescope’s focal length together
with the sensor size. This is set in the camera’s configuration window (IP, USB, or
science), not in the Pan/Tilt window, and is what OTDAU uses to convert pixel positions
to the angular commands sent to the mount. For a smart telescope, use the built-in focal
length (for example, approximately 250 mm for a Seestar S50, or approximately 150
mm for a Seestar S30 or DWAREF 3).

NOTE: Accurate field-of-view values are important for a telescope mount: they
determine how far OTDAU slews for a given pixel offset. If tracking consistently over- or
undershoots the target, re-check the focal length and FOV before adjusting anything
else.

Verifying the Connection

When the configuration loads, OTDAU opens the Alpaca driver, connects to the mount,
and reports the result in the status output. A successful connection shows a status of
PTZ for the mount. If the mount cannot be reached, confirm that the device or ASCOM
Remote / bridge server is running, that the IP Address and HTTP Port are correct, and
— for a Seestar — that it is in Station Mode with the arm open. Once connected, use
the manual pointing controls to confirm the mount moves, and the Home button to
confirm it returns to and settles at the home position.

182



Tracking Options

Select Tracking to adjust tracking settings. The values of the Default settings are
shown below.

% OTDAU -- Optical Tracking Data Acquisition Unit  Version 2.24 3-1-24 — x

------------------------------------ Definition of Terms -------------mmmmmmmmmm e

Values determine how the tracking process detects and tracks valid motion

Detection -- Potential target motion detected prior to a valid sequence

Event -- A target detection after the detection validation period

Sequence -- The set of events from wvalidation until tracking termination

Target event -- Target recognition cccurs at this event, after Min time from first detection
and results in the OBJECT DETECTED status message and start of recerding

All time values are in seconds

Min tirme -- Minimum time peried of detections prior to tracking
Sequence will be rejected if there are no detections for more than 1 second before this interval times out
Higher values filter cut short events such as birds or insects

§|

Max time -- Maximum time after the first event before sequence termination and re-acquisition
Limits the total tracking and recording time to this value
Set to O for no time limit (Run until manual Stop)

§|

Event interval -- Maximurm acceptable time between events
Provides tirme for dropouts in detections while tracking without loosing track
Set to O for no timecut after target detection

g

Crop increment -- Relative size of new bounding box above target size
Defaults to 4.0 if tracking by ternplate matching

Blur -- Odd number of surrcunding pixels averaged for each target image pixel

Delta threshold -- Sets minimum OMN level for target image conversion to binary
Detection effect can be visualized using Tracking Display

&l ] g

5

10 Min area -- Minimum allowed target size in pixels

2000 Max area -- Maximum allowed target size in pixels
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Note the distinction between potential target detections vs events. In OTDAU, a
detection means that some motion was detected in a single video frame. An event is
initiated when the characteristics of a series of detections indicate that a target of
interest may be in view.

Units for time values are in seconds, and Blur is in pixels. Delta is grayscale value, from
0-255 (black to white) that is compared to each gray-scaled pixel of an image that is a
frame-to-frame difference. Max and Min areas are square pixels. All time values are in
seconds.

Minimum time — The minimum time of target detections to allow tracking of the
sequence to begin.

Target tracking begins if motion is recognized after at least this period starting at the
first detection. This filters out birds and other fast-moving objects. Tracking
Settings allow Min time of O for fast targets, Max time of 0 for no limit to
tracking/recording time and Event interval of 0 for no timeout after target
detection. Use these alone or in conjunction with template matching feature for
long-duration tracking of non- or slow-moving targets. NOTE: Default settings
have been adjusted for better initial testing — Try the defaults first before
modification for your situation. Use the Aux Display Telephoto option to see what
was rejected, e.g., a still image captured of a bird.

Maximum time — The maximum clock time in seconds for a tracking event until the
system returns to the Home position and restarts scanning for motion. It may be
useful to limit this time if known obstructions may be encountered by a target,
assuming its flight trajectory. It would make sense to increase this time to an
estimated maximum event time.

The system uses the Minimum and Maximum area parameters (square pixels) to
reduce some false positives by rejecting initial motion detections that are too
small or too large.

After getting five such detections that are less than the Start Interval apart, It averages
the size of each detection and then computes new max/min sizes to be used for
the subsequent detections.

The new max/min values are the average +/- a value that is based on the video frame
width and zoom value.

When the event sequence is over, the max/min reverts to the user-selected defaults.
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Event interval — Maximum time in seconds between motion detections to declare the
start of an event sequence. Adjust to filter infrequent detections, such as birds.

Crop increment — Relative number governing the amount that the crop or bounding
box is reduced after initial target identification. This reduction is provided to
reduce the possibility of distraction from trees, etc. as the object moves across
the landscape. The larger initial bounding box is needed for initial capture over a
wide FOV but is undesirable thereafter. The value reflects the size of the box
above the size of the object during tracking. A typical initial value is 4.0 10 6.0. A
larger value makes it easier for the tracker to capture a faster object given the
latency of PT motion to move the object to CFOV after the initial motion
recognition. Too large a value, however, will result in loss of lock for a larger
distance from the object as it flys past background distractions. This value is
automatically doubled for the first three events to better capture a target despite
an inaccurate initial move. NOTE: The nominal value of this parameter should
be set to 2.0 when Feature Tracking is enabled and a larger value when Handoff
is used in dual camera configurations.

Blur — Must be a positive odd number. If an even number n is entered, then n+1 is
used. Filters background noise by averaging the surrounding n pixels around the
central pixel. Larger numbers cause more filtering but lower resolution. For
example, some cameras with low light sensitivity may show pixilated images in
night conditions. If this parameter is too low, the camera will generate a lot of
detections of the thermal noise in the video rather than actual objects. Increasing
this parameter may allow such a camera to still be useful as it may ignore the
noise but still recognize multi-pixel lights such as aircraft strobes. Thus, a larger
number helps ignore video “noise”, clouds, etc. This is also helpful to allow use
of cameras with poor low-light response that display thermal noise in low light
conditions — noise is ignored and sufficiently large objects are still detected with a
blur value of 5 or more. Setting this parameter too high will filter out valid
objects.

Delta threshold — Threshold for moving object recognition with respect to a static
background. Lower numbers increase sensitivity. Threshold for valid targets
based on the difference from the prior frame average. Smaller numbers will
allow smaller but perhaps less qualified images to be detected as targets.
Nominal value is about 20 for typical uses. TIP: If you see a very large tracking
box after initial target tracking, increase the Tracking Delta threshold to eliminate
background noise and limit tracking to the desired target. Use the Aux Tracking
display to visualize the effect.
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Min area — The motion detection algorithm measures the contours of any “objects”
sufficiently different from frame to frame. The area within these contours is
tested to verify if it is too small to qualify as a valid target. If the system triggers
on what seems like noise or objects that are smaller than what you expect to
capture, such as cloud features, then increase this value. Use the Tracking
option of the Auxiliary Video Display to visualize small differences that may be
occurring, but the system is not triggering, as desired.

Max area — Maximum area of a contour allowed for a valid target. Decrease to reject
objects that are too large, such as buildings or masses of dense foliage.

Control buttons

Save — Saves the current settings as part of the currently loaded System configuration.

Default settings — Changes all settings values to recommended default values. Those
values are shown in Tracking Settings view above.

Close window — Closes the Tracking Settings window. If the window is closed before
any changes to settings are Saved, then those changes are lost.

Tip: Use the test System configurations, such as “test-aerobatics.json” to see what
effect various combinations of Tracking parameters have on tracking performance.

You can also test a camera by pointing it at a blank wall and using a laser pointer to
simulate a moving object.

Similarly, you can simulate various types of objects using the Setup > Display target
simulator. The simulator adds a moving dot of selectable size color and speed to any
video image. Thus, it works with both fixed and PTZ cameras and any other test
videos.

Another way to find the best Tracking settings for a particular viewing environment is to
use Manual recording to capture a typical target object, such as an aircraft, moving
across the FOV. The resulting avi file can then be loaded via the System configuration
“Open a video file for test” and played back as many times as needed. The resulting
Tracking settings should then be a good starting point for actual live camera tracking.
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Touring Configuration

OTDAU has the capability to move a PTZ camera between up to 12 pan/tilt/zoom
positions, in order, during a Run. The dwell time or duration of each stop can be set in
hours, minutes, and seconds. Tracking object identification is suspended during moves

between tour stops to prevent triggering on tour movement.
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Description — User-supplied description of the tour for reference.
File name — Desired folder and file name for saving a tour.

Start tour — Click to start running the tour if one has been loaded. This will have no
effect if the camera is not a PTZ type or P/T is not enabled.

Stop tour — Stops running the tour and returns the camera to its home position.

Disable tracking while at each position -- PTZ enabled in System configuration is
required to use Touring. Check this Disable tracking option to disable motion
when tracking begins so that the PTZ camera can operate in a fast-tracking, fixed
camera mode at each touring position.

Loop mode — Click ON / Click OFF: When enabled, the camera is moved to each
defined position and then starts again at position 1.

Open — Opens a window to select a previously defined tour.
Save — Saves the tour values to the previously loaded named file.

Save As — Opens a window to select a new name for the tour configuration and saves
it.

Close Window — Close the Tour Configuration window.

To set up a tour:
Open a System configuration for the desired camera.
For each of up to twelve positions —
1. Move the camera to the desired position and zoom value.
2. Click Set to save those values into one of the positions.
Repeat move and Set for any other positions.

Enter the Duration for each position.

A

If different values are needed for a position, click Remove and set new values or
leave blank — that position will not be used during the tour.

Click Save or Save As to save the tour position values.
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Test the tour by clicking Start tour.

Click Stop tour at any time to abort tour movements.

Touring may be used with Pan/Tilt offsets to zero-out a PTZ camera home position.

To use touring during a tracking run:

1.
2.

Set up and save a tour as above or Open an existing tour.
Load a System configuration for the camera used to set up the tour.
Click Run to start the tracking process.

Click Start tour. Stop/Run and starting or stopping a tour can be set
independently.

At any time, click Stop to stop the Run or Stop tour to continue Running but at a
fixed position.

Clicking Loop mode will enable the tour to automatically restart at Position 1 and
continue the tour after all positions have been moved to.
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Recording options

#M OTDAU -- Optical Tracking Data Acquisition Unit  Version 2.20P3 9-17-26

Recording Options

Enable recording

[ =
D Disable when OTDAU quits

" Enable recording until manuslly disabled Data path  |D:AUFODAS N51

Primary Video and Data Options Audio Recording Options

¥ Wide video with text

& Nane

™ Wide and Tele frames el 2.0 ¢ Wide camera audio from RTSP stream or USB ¢ Wide audio and video from RTSP stream or USB
C Tel dio from RTSP st uUse

™ PTZ data values to CSV file Data Interval 1.0 €8 camera sudio from RIF stream or

" Tele audio and video from RTSP stream or USE

£ Intemal or extemal USB-connected microphene
[ Target analysis values to CSV file Analysis Interval (00 (0= every frame)
Channels (1or2) |1 Recording rate 44100

[~ Saveajpg of the digitally zoomed image

of each detected but not tracked event

0 Automatically delete folders with
identification NONE

| Pre-detection recording time in seconds DSLR Control Options
Auxiliary Video 0ptions| = If mode dial is not set to movie:
:
Take one phote upon initial move to target and ene each shutter interval
-
If mode dial is set to movie
 None I~ Automatically delete Path files with linear paths Record video during tracking
@@ Tele video without text ¢ Tracking status DSLR camera shutter release interval or maximum video recording time 0.0
" Tele video with text " Path of target detections

" Wide video with digital zoom ¢ Aircraft and satellite data (CSV)

£ Spectrum video and CSV of peak wavelengths at Data Interval

|Primary Video and Data Options

Disable recording — Disables recording enabled by either of the following two
selections.

Enable recording — Disable when OTDAU quits — Enables the recording selections to
control data recording if checked. Defaults to disabled when the system is
started to prevent accidental recording during the typical system startup. Startup
may involve testing camera positioning, parameter tuning such as Tracking
settings followed by rest Runs. This setting is retained through all changes to
configurations or Run/Stop until OTDAU is shut down (Quit).

Enable recording until manually disabled — Enables recording but does not
automatically disable when OTDAU quits. Recording is automatically reenabled

whenever OTDAU starts. This option may be used with the AutoStart option to
allow recording when OTDAU restarts.

Wide video with text -- Checkbox to enable recording of wide-angle camera video with
overlaid data.
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Tele video with text -- Checkbox to enable recording of Aux camera video with overlaid
data.

Wide and Tele frames -- Checkbox to enable recording of individual wide-angle
camera frames without overlaid data.

Frame Interval -- The number of frames per second at which wide-angle frames are
recorded. For example, a value of 3.0 will record 3 frames per second.
Decimating the data this way is particularly helpful to reducing the number of
frames attached to a subsequent email to a number adequate to get a sense of
the event. Later viewing the complete wide or telephoto video saved to the
computer or uploaded to Google Drive will provide the entire captured video.

PTZ data values to CSV file -- Accumulate values of pan, tilt and zoom with associated
time during an event and, at the end, write all values to a standard CSV (comma-
delimited) ASCII file (name.csv). This file may be directly opened by Excel, for
example, for graphing, data analysis, etc.

The format of the CSV file is a comma-separated list of values in seven columns.
The first row contains the names of the data items:

Frame Time Pan Tilt Zoom TargetX TargetY

Each row thereafter is the values at each frame in which a target detection
occurred, recorded at the Data Interval, below.

The Pan and Tilt values are in degrees and the Zoom value is the current optical
zoom. The TargetX and Y values are the center of the target in pixels ranging
from O to the horizontal and vertical size of the video frame.

Data Interval -- Interval in seconds between PTZ value recordings. For example, a
value of 3.0 will record a set of PTZ values once every three seconds. If a target
detection has not occurred within this interval, then the next recorded values will
be at the next detection time.

Target analysis values to CSV file -- Accumulate values of target size, brightness
variation, blink periodicity and velocity with associated time during an event and,
at the end, write all values to a standard CSV (comma-delimited) ASCII file
(name.csv). This file may be directly opened by Excel, for example, for graphing,
data analysis, etc.

The format of the CSV file is a comma-separated list of values in seven columns.
The first row contains the names of the data items:
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Frame Time Target Size Brightness Variation Blink Periodicity Velocity X Velocity Y

Each row thereafter is the values at each frame in which a target detection
occurred, recorded at the Analysis Interval, below.

Target Size is the area of the detected target in square pixels -- the same area
value used to qualify the target against the Min/Max area settings in Tracking
options. Brightness Variation is the standard deviation of the target's average
brightness, sampled at each detection during the Analysis Interval. Blink
Periodicity applies to targets that flash or strobe (such as an aircraft strobe light):
it is the average time, in seconds, between successive on/off brightness
transitions detected during the interval, using an adaptive threshold at the
midpoint of the brightness range observed in that interval. A value of zero means
either the target showed no detectable on/off swing during that interval (a steady,
non-blinking target) or too few transitions occurred in that interval to compute a
period -- a genuinely blinking target may still show zero on some intervals, and a
non-zero value on the next, depending on how the blink timing happens to align
with the interval boundary. Velocity X and Velocity Y are the target's pixel
velocity components in the horizontal and vertical directions, in pixels per
second.

Analysis Interval -- Interval in seconds between target analysis value recordings. For
example, a value of 3.0 will record a set of analysis values once every three
seconds. If a target detection has not occurred within this interval, then the next
recorded values will be at the next detection time. If the interval is set to 0.0,
then data for every frame will be recorded. Note that some values of the Blink
Period may be 0 if not enough time has elapsed between frames so that an
on/off cycle can be measured.

Save a jpg of the digitally zoomed image of each detected but not tracked event —
Provides a means to see a still image of what caused an initial detection but did
not persist (meet the Min time requirement) to tracking. If Sound is enabled,
each recording is accompanied by a higher-pitched tone.

Automatically delete folders with identification NONE — If enabled, folders IDed as
NONE after video analysis will be deleted. Folders may be identified as NONE if
tracking does not last long enough for any identification method such as YOLO or
SSD to make any identification other than UNKNOWN. UNKNOWN data folders
will not be deleted.
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Origen of the Analysis Data

Frame number — The wide camera's own current frame counter, read at the moment
each row is written.

Timestamp — wall-clock time (HH:MM:SS) at write-time, not the time of the underlying
detection.

Target size — cv2.contourArea() of the largest detected contour in the frame, in square
pixels within the cropped tracking frame. It's a raw contour-area pixel count, not
an angular or physical size.

Brightness variation — the standard deviation of brightness samples collected over a
rolling window (at least 5 seconds). Each individual brightness sample is the
mean pixel intensity over the target's own bounding-rectangle region, sampled
right where cv2.boundingRect() computes that rectangle.

Blink periodicity — derived from that same brightness sample stream: an adaptive
threshold is set at the midpoint of the window's own observed brightness range,
each time the signal crosses it (either direction) that's logged as a transition, and
periodicity is the average time gap between consecutive transitions — in
seconds.

Velocity X / Velocity Y — xv/yv from the tracker's target velocity computation, an
averaged velocity in pixels/second in full-frame coordinates (not the
cropped/local frame).

All six of the tracking-derived values (size, brightness—variation/periodicity, velocity
X/Y) come from the same detection cycle, fed into the writer via one set data call
once everything for that cycle is fresh — size and the raw brightness sample are
captured earlier in that cycle and held until velocity is computed at the end, so all
four numbers genuinely correspond to the same detection event.
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DSLR Control Options

OTDAU can control the shutter of any Canon camera that conforms to the latest CCAPI
standard. New Recording option to release the shutter at any interval during tracking.
Another option enables one snapshot following the initial move to a tracked target.
Communication with the camera is via the camera’s built-in WiFi capability. Also,
configuration of various camera functions may be viewed on a new DSLR Configuration
option in the Camera Configuration. Click on Open to view the camera’s information
and view its streaming image (with resolution reduced from the camera’s maximum).
Click Snapshot to take one photo. All photos are saved to the camera’s local storage
and not uploaded.

DSLR camera shutter release interval — If a compatible model of a Digital Single Lens
Reflex (DSLR) camera is present (configured for WiFi use), and the Mode dial is
not set to Movie, then a value greater than 0.0 sets the period between shutter
releases (snapshots) during tracking. DSLR photos are saved to its local
memory for later retrieval and not downloaded to OTDAU. Set the camera’s
rotary mode selector to A+ (or other selections, but not video).

Enable phot or video recording —

If the camera Mode dial is set to anything except Movie, then when tracking
starts, a snapshot will be taken immediately and at the DSLR camera shutter
release interval until tracking stops.

If the camera Mode dial is set to Movie, then when tracking starts, video will start
to be recorded. Recording will stop when tracking ends.

Selecting this option causes the camera to stream video frames to its internal
memory as configured by camera settings. If enabled, then only video will be
recorded with no shutter release functions.

NOTE: The current version of OTDAU does not support using a DSLR for remote
shutter/video control at the same time as a System configuration that uses two other
cameras. A three-camera configuration may be supported in future versions.
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IP camera writes do not skip frames due to the write loop being slower than the frame
rate because frames are queued for writing. If the time it takes to write a frame to disk
exceeds the frame rate, then the queue will eventually be full resulting in dropped
frames. A warning Status line indicates that condition. The write time depends on the
frame size and the write speed of your computer. To test this issue, start Manual
recording by selecting Ready to Record and check the track queue messages to ensure
the queue length does not continuously increase beyond its limit.  If so, reduce the
camera frame rate or resolution. Be sure these are also changed in the Camera
configuration. Some examples by camera of maximum frame rates for a given frame
size and rate on my system (your results may vary) for no frame drops:

NK8BR4, 4000x3000 (12MP) set to 25FPS: 21 FPS

NK8BR4, 2880x2880 (8MP) set to 30FPS: 30 FPS

N65CL5Z, 3072x1728 (5MP) set to 25FPS: 25 FPS
42212, 1920x1080 (2MP) set to 30FPS: 30 FPS

Note that all Wide and Tele images now include the UFODAP logo in the lower right
corner. The size of the logo is scaled to the resolution of the camera.
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Auxiliary Video Options
None — Click to select no Auxiliary recording.

Wide video without text / Tele video without text if in Handoff mode -- Click to
record the Wide video stream without any overlaid meta-data. Records the Tele
video stream if Handoff is enabled.

Wide video with digital zoom -- Click to enable recording of telephoto (digitally
zoomed and stabilized) camera video with overlaid data.

Tracking status -- Click to record the Tracking view of the Auxiliary Video Display.

Path of target hits -- Click to record the Wide video stream with overlaid sequence of
track boxes indicating all the detections during the Run. If Path analysis detects a
non-linear path, the file name path will be appended with “-NLP”.

Pre-detection recording time in seconds — Specify up to five seconds of camera
video prior to a target event to be included in a recording. OTDAU continuously
saves video frames in a circular buffer prior to an event. This feature only
applies to Auxiliary video selections. The slider control is adjustable from 0.0 to
5.0 seconds to set the period of the selected Auxiliary video source, prior to the
start of a tracking event, to be recorded along with video starting at start of the
event. Source data is continuously saved in a circular buffer, and the requested
length is appended to the beginning of the output file when the tracking sequence
is over.

Aircraft and satellite data (CSV) — Records two CSV standard data files, one for GPS
and ADS-B data and one for satellite data. See the associated sections for more
information.

Spectrum video and CSV of peak wavelengths at Data Interval — Records a
continuous video of the spectrum display if that feature is enabled and
operational.

NOTE: The System and Camera configuration files used for the recorded tracking
session are also recorded at the Group level, defined below.

The run time for any Aux file will be the sum of the Wide camera recording time
plus the Pre-detection time +/- 1 second.
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Audio Recording Options

OTDAU can record audio as a .wav file derived from an RTSP camera stream, from a
USB camera or from a microphone interfaced to the computer. It can also combine that
audio with the camera’s video frames and record an .avi file. Audio encoded into an
RTSP stream might come from a microphone built into the camera or from a cable to
the camera.

In addition to the Primary and Auxiliary Options, you can record audio during a tracking
event (or manually). Recording may be from an IP camera with a microphone or from a
USB mic or webcam mic. Recordings may be audio alone, resulting in a .mp4 file or
combined with video resulting in an .avi file. Number of channels may be selected as
well as the audio recording bit rate. Standard rates are: 8, 16, 24, 32, 40, 48, 64, 80,
96, 112, 128, 160, 192, 224, 256, or 320 (add a k after each to get that rate). Any value
in this range will work but will be truncated to the closest 1KHz. For your particular
computer, if you check the actual file bit rate (using file > Properties > Details) the
maximum rate might lower, such as 48kbps even if a higher rate was selected. Note
that AV (avi) files are about 3 seconds longer than the tracking period to record the full
period audio.

None — No audio or A/V will be recorded.
Channels (1 or 2) — Number of audio channels recorded: 1 (mono) or 2 (stereo).

Recording rate — Audio recording bit rate, typically 44,100 bits per second. Enter a

value without a ‘,”.
Select one of the following five options:

Wide camera audio from RTSP stream or USB
Wide audio and video from RTSP stream or USB
Tele camera audio from RTSP stream or USB
Tele audio and video from RTSP stream or USB
USB- or PC-connected microphone
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Data path

Enter the disk drive path where the system will create a folder that will contain any video
or image files collected during run time, as selected above. At the time data is written,
the folder will be created if it does not exist.

The path format is: <drive letter>:\<name>
For example: D:\UFODAS Data

The name must be in Windows standard format and may be anything the user finds
descriptive, composed of upper and lowercase letters, numbers and special characters
not including:

< (less than)

> (greater than)

: (colon - sometimes works, but is actually NTFS Alternate Data Streams)
" (double quote)

/ (forward slash)

\ (backslash)

| (vertical bar or pipe)

? (question mark)

* (asterisk)

The following filenames are reserved and cannot be used:

CON, PRN, AUX, NUL
COM1, COM2, COM3, COM4, COM5, COM6, COM7, COM8, COM9
LPT1, LPT2, LPT3, LPT4, LPTS, LPT6, LPT7, LPT8, LPT9

Also, filenames cannot end in a space or dot.

Note that if recording is Enabled, and no other selections are made, the minimum that
will be recorded is raw video, namely, the Wide camera view without overlaid metadata.
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Control buttons

Save — Saves the current settings as part of the currently loaded System configuration.

Close window — Closes the Recording Options window. [f the window is closed before
any changes to settings are Saved, then those changes are lost.

Log File

A log file is opened in the Group folder when the folder is initially created. The file name
format is “otdau-logfile-<date>_<time>.txt". Various messages are written to the log
during Run time that may be useful for debugging or data analysis. The file is closed at
manual Stop. More types of messages may be added for logging in the future.
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Aircraft and Satellite Data Recording
Overview

The Auxiliary Video Option "Aircraft and satellite data (CSV)" records the aircraft and
satellites around each event as data files, for later comparison with recorded tracks. It
replaces the former "GPS/ADS-B aircraft tracking" option, which recorded a video of the
GPS/ADS-B display -- a video that was blank whenever that display was not the one
selected, and hard to analyze when it was.

Each recording with this option produces two files in the recording folder:

» otdau-aircraft-HH-MM-SS.csv -- every aircraft with a known position, once a
second.

+ otdau-satellites-HH-MM-SS.csv -- every satellite in the wide camera's view,
once a second.

No Auxiliary video file is recorded for this option.
Enabling Data Recording

Step 1

» Open Recording options > Auxiliary Video Options.
Step 2

+ Select "Aircraft and satellite data (CSV)".
Step 3

« Enable recording as usual. The files are written for each recording.

How the Data Is Collected

» Collection runs for the whole recording whatever Auxiliary view is shown. The
GPS/ADS-B display does not need to be selected.

« If the ADS-B receiver is not running when a recording starts, it is started (with
OpenSky, if configured). It keeps running if the Auxiliary view is changed during
the recording and is stopped when the recording ends unless the GPS/ADS-B
display is selected.

» The satellite calculations are also started automatically if needed. The satellite
file does not depend on the satellite overlay button.

» Positions use the same observer location and camera calibration as the overlays,
so the files can be compared directly with the recorded track.
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Aircraft Data File

The file begins with a title line and the file path, followed by the column headings:

Column

UTC time, Local time

ICAO

Callsign

Source

Data age

Latitude, Longitude, Altitude ft
Speed kt, Heading deg

Az deg, El deg, Range mi

In camera view

Az offset deg, El offset deg

Camera az deg, Camera el deg

Satellite Data File

Description

Time of the row.

Aircraft transponder address.

Flight identification, if received.

RF (ADS-B receiver) or OS (OpenSky).

Seconds since the aircraft's position was last reported.
Reported position.

Reported ground speed and track, if available.
Direction and distance from the observer.

yes / no -- whether the aircraft is inside the wide camera's field
of view.

Direction of the aircraft relative to the image center.

True direction of the wide camera's image center at that time.

The file begins with a title line, the file path, the observer's latitude and longitude, and a
line explaining the status values, followed by the column headings:

Column

UTC time, Local time

Name, NORAD

Status

Crewed

Az deg, El deg, Range km
Rate deg/s

Az offset deg, El offset deg
Camera az deg, Camera el deg

Sun el deg

Description

Time of the row.

Satellite name and catalog number.

VISIBLE, sunlit or shadow.

yes, for a crewed space station.

Direction and distance from the observer.
Angular speed across the sky.

Direction relative to the image center.

True direction of the wide camera's image center.

Elevation of the Sun (below -6 degrees = dark sky).
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NOTE: Only satellites inside the camera's view are recorded -- several hundred
satellites can be above the horizon at once, and those outside the view are not relevant
to a recorded event.

Using the Data

* Find the rows at the time of the track, using UTC time.

* Rows with "In camera view" = yes, or satellite rows, whose Az/El offsets match
the track's position in the image are candidates for the tracked object.

« Compare the angular speed and direction of motion: a satellite's deg/s, or
successive aircraft positions, should match the track's motion.

» For satellites, only VISIBLE (sunlit, dark sky) satellites can appear as lights; a
match with a shadow satellite is not an explanation.
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The Analytics tab selects two sets of data analysis tools:

B Object Identification
B Spectral Analysis

Object Identification

Object Identification provides the following real-time and offline tools:

! £ OTDAU -- Optical Tracking Data Acquisition Unit  Version 2.28 6-9-26 — *

¥ Enable analysis, real-time or batch

¥ Enable modification of folder names to include ID

¥ Enable YOLO day/night ohject identifier (slower than 55D)
¥ Enable Single Shot Detector (SSD) daytime Object identifier
¥ Abort detection if YOLO or S5D recognize foliage

¥ Enable Mighttime Aircraft [dentifier (MAI)

™ Enable end of file analysis if confidence exceeds threshold

Thresheld confidence percent: 50.0 Maxirnum frame for analysis or playback (blank for all): 100

Data path |D:/UFODAS 49425

OTDAU includes tools for online and offline analysis of collected data. Typically, a long
data collection run will record many event sequences triggered by mundane targets,
such as aircraft and birds. Manual analysis of those events requires opening each

Group folder and playing at least one recorded file for the event, looking for true
unknowns. That can take a long time if many events are recorded.

OTDAU Data Analytics can greatly reduce the time to analyze collected data by
automating recognition of known target objects in collected data. It utilizes advanced
methods of machine vision and deep learning technologies to scan all files under a
user-selected folder, determining the most likely initial target object in each and then
modifying the associated folder name to include its identification and confidence
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measure. The user can then focus further analysis on files labeled UNKNOWN or those
with low confidence. The identification process may be run online, following each target
event or offline, for a batch of events under a single folder.

OTDAU supports reading and streaming all the following file types for A/V files: avi,
mp4, mov, flv, wmv and mts (AVCHD).

Currently, objects that the software attempts to recognize include:
In daytime lighting conditions --

e Aircraft of all types as well as helicopters
e Birds in many modes of flight
e Foliage such as trees

In nighttime conditions —

e Aircraft with standard blinking navigation lighting

Note: Since the analytics functions do not know the user-specified bounding box at the
time the recording was made or how it changed during tracking, a bounding box that
initially includes most of the frame is assumed when analysis of a file is started.
Analytics detects the target object by methods like those used by OTDAU when the
target was originally detected and recorded. It reduces the bounding box after initial
detection to a value most useful to the recognition functions. Under some conditions,
the box may be returned to maximum size until another detection of a moving object is
found.

Somewhat more accurate and faster recognition may be obtained by enabling recording
of CSV files during OTDAU data collection. This is because analytics will use such a
file, if it finds one associated with the video data, to only locate and bound the target
according to the TargetX and TargetY values in the CSV file instead of examining every
frame.

All Analytics options are saved in C:\OTDAU\AnalyticsOptions. Options are saved
when the “Save options” button is clicked and are read and displayed when Analytics is
subsequently opened.
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Enable analysis, real-time or batch— Enables analysis of a target data collection
sequence both during tracking and immediately after collection has completed,
Recording has been selected and the associated, new video and data files have
closed. Enabling this option will delay automatic scanning for another event
while analysis is in progress. If enabled, a thumbnail video of the tracked target
with the current identification will appear in the upper right corner of the Wide-
Angle Video Display. Do not Start Analysis after this selection — just
checking this box will cause auto-analysis after each detection/tracking
and recording interval after Run is activated.

An example of real-time analysis:

. S
| # OTDAU -- Optical Tracking Data Acquisition Unit Version 2.29P3 9-17-26 = X |
System Cameras Pan/Tilt Tracking Touring Recording Analytics Sharing Setup Help
Primary Video Display Auxiliary Video Display

AZ:6.1 EL:1.1  HFOV:50.0 VT'OV:S0.0
Slaving: Master (not slaved)

aircraft
93.8%
weighted

1A 29.0 V' S

Manual PTZ Controls - Di:

P0G @0 j =
Box
05| i
QR6 @=0 |
Circle
™ Auto
Not ready |
® @ @ @ BRIGHT@ PTZ to record
SPEED

l Test for tracking using aerobatics video Port 51000

OuropAr]

is mot ASC FOV: 50.0 x 30.0
5C2: False FOV: 50.0x30.0

s —- xf: 789.00 yf: 332.00 pan: 5.82 tilt: 1.17
00) from x,y:(789.00, 332.00)
t

GE resolution: [1280, 720]
0 dy=1 (tpvx=-102.6 tpvy=5.7)

Enable modification of folder names to include ID — Enable modification of analyzed
folder names to include the ID and confidence determined for the collection of
files in that folder. After tracking, when data is written to the designated folders,
the folder name containing video data will be renamed with identifying
information added to the folder name in the form “...ID-name-confidence%”. For
example, “dahua-49425-130-1920x1080-02-20-26 _09-16-19-44 _|D-aircraft-
99.93%". The ID could be aircraft, bird, foliage or UNKNOWN. If at least 10
tracking events are detected during the run, then the ID will be “ID-NONE”. The
path indicator “NLP” may also be added indicating that path analysis detected a
non-linear path.
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Enable YOLO day/night object identifier (slower than SSD) — Enables a “You Only
Look Once” deep learning identifier. The YOLO recognizer supports both v3 and
v4 model weights. The version is selectable at runtime; v4 remains the default.
GPU Acceleration for YOLO (Where Available) The packaged build now
automatically bundles CUDA runtime libraries if they are present on the build
machine, enabling GPU-accelerated YOLO inference on systems with an NVIDIA
GPU. CPU-only operations are unchanged on machines without CUDA.

Enable Single Shot Detector (SSD) daytime Object identifier — Enables “Single Shot
Detector” identification method. Depending on scene content, it operates up to
about 80% of the real-time frame rate. Best for daytime lighting conditions but
can be enabled for low light conditions. Can detect birds and various types of
aircraft.

Abort detection if YOLO or SSD recognize foliage -- Aborts tracking if foliage is
identified to minimize time spent hunting without a target.

Enable nighttime aircraft identifier — Enables an alternate method of aircraft
identification in nighttime lighting conditions. Can be enabled for any set of day
or night files and will automatically be engaged for videos with low light. May be
enabled for all lighting conditions but may not identify aircraft lights in daylight.
The NAI confidence formula uses rate score (how close to ideal aircraft strobe
rate) combined with cycle count score.

Enable termination of file analysis if confidence exceeds threshold -- Enable a
time-saving method of terminating analysis of a file if the identification confidence
is greater than the percent entered. If more than one identification method is
enabled, then any of them that exceed this value will terminate analysis.

Threshold confidence percent: -- Minimum percent confidence level required to label
a file as identified.

Maximum frame for analysis or playback (blank for all) — Enter the maximum frame
number as a limit to the number of frames that will be played back for review or
identification. If the field is blank, then all frames in a file will be played.

Data path <path name> -- The name of the path and, optionally, the file to be
analyzed. If no file name is selected, then the software will search for and
analyze any files it finds, even if in sub-folders, below this named folder.

File names that are analyzed have the following elements in their filename:

Start with “otdau-aux” or “otdau-tele” and end with “.avi”
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Maximum frame for analysis or playback (blank for all) — Analysis will be performed
on all input frames up to this value and then stop. If no identifier is selected, then the
video file is simply played back for visual review. If this value is 0 or blank, then all

available frames are played or analyzed.
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Control buttons

Click on the seven buttons at the bottom of the Options display to perform an analysis
as follows:

Select Folder — Opens a Browse for Folder window. Click on any folder that contains
collected data (or has a folder below it that contains the data) and then click OK.
When your selection has been completed, the complete path to the selected
folder will be shown in the Data Path box. If a non-existent folder is selected, the
browser will start at the top, Desktop level. You can browse to any folder from
this level.

Select file — Opens a window showing all of the files under the folder in the selected
Data Path. Double click (or click and then Open) one of these files to analyze
that file only. If the window contains a folder, you may double-click it to open the
files or folders it contains, ultimately selecting the file you want. When your
selection has been completed, the complete path to the selected file will be
shown in the Data Path box.

Save options — Saves all analysis selections in the file:
“C:\OTDAU\AnalyticsConfig.txt”.

Stop — Stop all processing. After selecting this option, Pause and Continue have no
effect. Selecting Perform analysis will restart all processing. If any folder names
were modified due to prior analysis, then they will be changed again to conform
with any new analysis results.

Close Window — Closes the Analytics Options window. The selection shown in the
Data Path box is saved in the AnalyticsConfig.txt file.

Start — Starts the analysis process by opening the folder and file (if any selected)
designated in the Data Path box. If only a folder specified, then the tree of sub-
folders below it will be traversed to find any .avi files to analyze. The functions
specified in the check boxes described above will be enabled during the analysis.
The most likely reason for misidentification or low confidence is that the target
object was too small for the identifier to recognize.

Pause — Pause reading and processing frames from the currently open video file.

Continue — Continue processing video frames from the point at which processing was
paused.
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Step frame > -- Click to advance the display to the next frame. Can be the first action
after selecting a data folder or file or, when a file is running, it will stop playback
at the current frame and then may be used to advance frames one at a time.

Step frame < -- Click to advance the display to the prior frame. When a file is running,
it will stop playback at the current frame and then may be used to view past
frames one at a time. When using Step < (back) and the frame number reaches
0, then frame numbers will start to decrease beginning at the number of frames
in the file.

Next file — Aborts playback of a file in the selected folder and starts playback of the next
available file in that folder.

Some examples of file selection and analysis are shown below.

SSD analysis and termination upon >50% confidence enabled. The maximum frame
number that will be played is 200. The Data path is specified was either typed in or was
retrieved from analytics_config.txt when Analytics Options was selected:

You can use SSD to identify foliage in analytics and then, as an option, enable restart of
tracking if foliage is recognized. This may be a better option than only using a bounding
box to eliminate foliage — If a tracked target flys into foliage, the original target may be
quickly reacquired, and tracking continue instead of the foliage becoming the tracking
focus. This may be especially useful when using a fixed camera with a bounding box so
that it is not necessary to enable the option to confine tracking to the box area only.
Tracking may continue until the target gets to foliage without trapping tracking there.
Without this option, clutter detection may also terminate tracking. (Note that YOLO
detection of foliage may also work but since the YOLO foliage category was trained on
potted plants, it may not be very useful for this purpose.)
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Clicking on Select data folder opens a folder browsing window:

m
[=]
m
Tl
Q
T

Pt

Select folder for data analysis

- Desktop -'\
& COneDrive
2 Ron Olch
~ O This PC
_J 3D Objects
[ Desktop
2| Documents
Downloads
Music
Pictures
Videos
05 ()
DATA (D)
File Backup

| VN> 4G

Manual File Backups
MC Data
My File Backup(1)
Snapshot Backup 8-1-19
UFODAS 42212
UFODAS Data Dahua
UFODAS Data SLV
UFODAS ID Tests
UFODAS MC
UFODAS N51
UFODAS Sony
UFODAS Tests
UFODAS USE
UFODAS_ Sony

& WUSE Drive (E)

- DVD RW Drive (F:)

= Backup (G:)

'+ Libraries

- Backup (G:) W

Folder: UFODAS ID Tests

Make Mew Folder K Cancel
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A fragment of the window above is shown below after “UFODAS ID Tests” was clicked,
exposing the folder “test-aerobatics-12-09-19_17-23-31below it:

Snapshot Backup 8-1-14

UFODAS 42212

UFODAS Data Dahua

UFODAS Data 5LV

UFODAS D Tests
A4 test-aerobatics-12-09-19-0

test-aerobatics-12-09-19_17-23-31

» UFODAS MC
» UFODAS MN31

£ W o W W

After selecting the test-aerobatics folder, its path populates the Data path field:

(=]

£ OTDAU -- Optical Tracking Data Acquisition Unit  Version 2.23 12-10-23 — *

[ Enable analysis, real-time or batch

¥ Enable modification of folder names to include ID

™ Enable YOLO day/night object identifier (slower than 55D)
[¥ Enable Single Shot Detector (S5D) daytime Object identifier
™ Enable nighttime aircraft identifier

™ Enable end of file analysis if confidence exceeds threshold

Threshold confidence percent: 50.0 Maxirmum frame for analysis or playback (blank for all):

Data path |C:}’U sers/rholc/Documents/UFODAS/ Systern-5Software/otdau-buildtest-aerchatics.avi
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This fragment shows the files contained in the selected analysis folder:

Look in: | | test-aerobatics-12-03-19_17-23-31 -] 5 Ed-

Quick access

Desktop

otdau-aux-17-23... otdau-wide-17-2...

Libraries

Now, when Perform analysis is selected, the file “otdau-aux-17-23-31 is read and
analyzed frame-by-frame with the result that the aircraft is correctly identified to a
confidence level of 98.08%. Analysis has been Paused to obtain the snapshot shown
below:

- u D c 97 =
System Cameras Pan/Tilt Tracking Touring Recording Analytics Sharing Setup Help

Wide-AngIe Video Display Auxiliary Video Display

C:/Users/rholc/Documents/UFODAS /System—Software /otdau—build /t SSD ID: UNKNOWN confidence: 89.31%
otdau—build/test—aerobatics.avi

Telephoto
Manual PTZ Controls - Disabled
ot il me: 177 of €32
Z00M — rach False xTarget: 0 yTarget: 0
rop fo 677, 771, 311, 363,
ize o h frame: 94x52
es lis] or threshold
05 i
FOCUS
Target . ---> 184.00 <--- 5000.00
ICenter e crop: 48, 27
Offset er o: 725, 338
BRIGHT PTZ Not ready ofs: ectangle: 708 333 36 15
SPEED to record cro 1, 29
Che s for €64, 309: w: 1280, h: 720, x: €64, y: 309

c n limits for 786, 367: w: 1280, h: 720, x: 786, y: 367
Crop values: €64, 786 309, 367

2 contours found at 22:00:08

I System Configuration not selected

Note that if the folder “test-aerobatics-12-9-19 0 had been selected instead, any video
files in folders below it would have been analyzed. The example above only shows one
folder below, but there could be many — one for each target acquisition during a run.
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If the other analysis option, nighttime, were also selected prior to analysis, then a
separate line for each would be added to the top of the right-side display along with the
SSD result.

The Frame similarity value on the bottom of that display indicates the similarity of this
frame to the last using the SSIM (Similarity Index) method. Since the initial bounding
box used when the video data was originally captured is not known, this process is
employed to determine if “motion” in the frame was due to actual target motion or
camera motion and, if the latter, is rejected. Thus, the identification analysis methods
are more likely to be applied to the actual target that caused the recording to have been
made.

Note that during analysis, the software automatically selects and moves the bounding
box. Since the box could be anywhere in a collection of analyzed files and because the
analysis process is automated, it would not make sense for the user to try to set it for
every file.
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Spectral Analysis

'.:-’

Spectral Analysis Options

Configuration file saved in C:\OTDAU
--- System configuration not loaded ---

[ Enable optical spectrum capture

Wavelength units:

{* nanometers " angstroms

Save Close Window

Enable optical spectrum capture — Enables automatic location of the line spectrum
generated by use of a transmissive optical grating mounted in front of the camera
lens. The located spectral line is then used to create an optical power spectrum
plot (relative power vs wavelength) that may be viewed using the Spectrum
button or optionally recorded. This option allows the real-time, continuous
spectrum of light from a tracked object to be recorded for later analysis.

Wavelength units — Selected how the spectrum plot and recorded CSV file represent
and label wavelength data.

Control buttons

Save — Saves the current settings for use during the next Run period.

Close window — Closes the Setup Options window. If the window is closed before any
changes to settings are Saved, then those changes are lost.
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To use the optical spectrum feature, a blazed grating must be mounted in front of your
camera lens. The grating must be rotated so that the spectral line resulting from a
point-like light source is horizontal and on the left of the point.

For spectrum generation, go to the new Spectral Analysis menu, enable spectrum
capture, and select nanometers or angstroms for the wavelength unit display. Running
the System configuration will cause continuous spectrum capture and plot generation.

Select Spectrum for the Auxiliary Video Display to see spectrum plots. You can record
both a video of that display as well as a CSV table of peak wavelength/intensity values
via the Spectrum selection in the Recording Options menu. The time between recorded
sets of peaks is governed by the Data Interval setting.

If the Spectrum function has been enabled but tracking is not running yet, a sample
spectrum of a neon lamp is displayed:

1 Auxiliary Video Display

Tracking Spectrometer -- Optical Spectrum
Default test spectrum of a neon lamp
640.7

674.8 701.8
I T41.9

o
[=]

=4
=]

=
=
[}
[ =}
[
=
£
@
2
=
]
[]
o

8

[ ]
(=3
I

o
|

350 600
Wavelength (nm)

As a means of aiding spectrometer testing and calibration, if a System configuration is
loaded and spectral analysis is enabled but not Running, then the spectrum is
measured about once/second with the assumption that the target is at the Center Field
of View (CFOV) and the Spectrum display will be updated with the results. When the
system is Run, measurement and display occur whenever a target is detected.

Also, the line spectrum used to compute the graph is shown in a thumbnail in the upper
right corner of the Wide display.

215



File Sharing options

Send Email

Sharing Options

Email

[ Send email (Recording must be enabled)

Ernail interval |0
Address from
Address to - 1
Address to - 2
Address to - 3

App password

Save Close Window

Checking the Send Email checkbox will cause the system to send an email including all
recorded video and still frame files as well as the current System configuration JSON
file for reference.

Email interval — The minimum time in seconds between possible email transmissions.
This is used to avoid too many emails when target conditions result in many rapid
sequential identifications.

Address from’ — Your email address, for example: johndoe@gmail.com.

Address to — 1, 2, 3’ -- Up to three email addresses that you would like the system to
send emails to. A copy of the same email will be sent to each address.
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App password’ -- The application-specific password associated with the named Gmail
account. This is not the Gmail password you use for access to emails via
gmail.com.

Control buttons

Save — Saves the current settings for use during the next Run period.

Close window — Closes the Setup Options window. If the window is closed before any
changes to settings are Saved, then those changes are lost.

You can generate an app password by the following process:

https://support.google.com/accounts/answer/1858337hl=en

Start by navigating to your Google Account via the hyperlink in the above page. Follow
the process to “Create & use App Passwords”. When asked to select an app, enter
OTDAU and then click GENERATE. Type this 16-character, lower-case password into
the Email password field and click Save.

If the Send email box is checked, an email will be sent just prior to the system returning
to the camera Home position if the following conditions are met:

e After each data collection sequence is complete and data is saved

e After a target object has been identified and tracked until lost to view

e The system accepts the tracking sequence (e.g., it was long enough) and just
prior to the system returning to the camera Home position.

e Recording was enabled

Note that Gmail imposes a limit of 20MB to the sum of all attachments. OTDAU will
attempt to attach all the collected files up to this limit and notify you via the Status box of
what was attached and what could not be attached due to this limit.

The log file is included as an attachment to the email.
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Upload Data

Collecting potentially valuable scientific data using UFODAP software and either
UFODAP- or User-provided hardware is only the first step toward UAP investigation.

The primary objective of the UFODAP team of “citizen scientists” is to submit data of
interest for objective evaluation by UAP experts and scientists with the goal of learning
about new aspects of the phenomena and ultimately publishing peer-reviewable papers
in the same way that any scientific subject is pursued.

Toward that end, UFODAP, the UFODATA Project (https://www.ufodata.net/) and the
Scientific Coalition for UAP Studies (https://www.explorescu.org/) have worked together
to develop a means for any UFODAP user to submit their data for evaluation. UFODAP
OTDAU software includes the means to select, identify, annotate, decimate for clarity
and upload data to a common database. UFODATA along with the SCU are providing
skilled personnel to evaluate this data and provide feedback to the contributor and a
means to compile such data for comprehensive understanding of the UAP
phenomenon.

To participate in this research process, please review the “UAP Data Collection and
Contribution Guidelines” document which can be found in ufodap.com, Downloads.
This document provides a format for a Narrative document that must be included with
each upload. It also provides guidelines for the use of various types of equipment and
the UFODAP OTDAU and Mission Control software including equipment setup, location
selection, calibration, testing, how to select useful data and more. Please use this
document to guide your efforts toward data collection and use the features described
below to submit your data via the form shown below.
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Upload Data to UFODATA for Analysis

Unique identifier for this submission

| Enter text in the following fields

Contributor last name Contributor email address
Sensor location(s)

Sensor type(s)

| Click in each field to select the desired folder

Marrative file
Mission Control folder
| OTDAU 1 group folder

| OTDAU 2 group folder

| To decimate your data for the minimum time span of interest, enter the data Start and Stop times in seconds

Start time |0 Stop time |0

MNew Open Save Submit Withdraw Close window

Unique identifier for this submission — To create a new submission, Enter your last
name in the Contributor field. Then clicking in the Unique Identifier field will
create an identifier for your submission consisting of your last name and the date
and time. To open an existing submission, clicking in the field will open an
Explorer window. Double-click or click Open to select a prior submission.

Contributor last name — Enter your last name (surname) to identify the submission.

Sensor locations(s) — Enter a brief description of the location of the sensor(s) used for
the data collection. Longitude/Latitude is optional but preferred.

Sensor type(s) — Enter a list of sensors used for the data. For example, “Dahua 50432
camera and MSDAU”

Narrative folder — Click in this field to show an Explorer window in which you can then
browse to the folder containing the Narrative file in the format “Narrative-10-15-
24 txt”. The file type can also be .pdf or .doc or .docx. The date should match
that created in the identifier. This is a file that you created in some other app,
such as Word, to provide any descriptive information you feel is necessary to
describe the data and how it was collected.
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Mission Control folder -- Click in this field to show an Explorer window in which you
can then browse to the folder with MC data created during the data collection.

OTDAU 1 group folder -- Click in this field to show an Explorer window in which you
can then browse to the folder containing the data created by one of two instances
of OTDAU.

OTDAU 2 group folder -- Click in this field to show an Explorer window in which you
can then browse to the folder containing the data created by a second instance
of OTDAU, if that was operational during the data collection, for example, used
for triangulation.

Elapsed seconds start — Enter the number of seconds from the start of any .avi files to
include.

Elapsed seconds stop — Enter the number of seconds to the end of the necessary .avi
data files. All .avi files discovered as part of OTDAU or MC files will be decimated
such that the length of the resulting file will be Stop-Start in length.

NOTE: Elapsed seconds start and stop are not time of day entries.

An example of a completed Upload form:

[ om

Upload Data to UFODATA for Analysis

Unique identifier for this submission

Jones-10-15-24_17-54-53

| Enter text in the following fields

Contributor last name |Jones Contributer email address |Jones@gmail.com
Sensor location(s) |Portable station in field near home

Sensor type(s) |Camera and MSDAU

| Click in each field to select the desired folder

Marrative file |D:/dropbox-test/Marrative-10-10-24.txt
Mission Control folder  |None
OTDAU 1 group folder | D:/dropbox-test/dahua-49425-130-1920x 1080-10-05-24_18-07-51

OTDAU 2 group folder  |Mone

| To decimate your data for the minimum time span of interest, enter the data Start and Stop times in seconds

Start time |10 Stop time |13

Mew Open Save Submit Withdraw Close window |
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Control buttons

New — To create a new submission, first enter your Contributor last name (surname)
and then click New. A new Unique identifier will be created. Fill in the rest of the form
and then click Save.

Open — Displays an Explorer window to select a previously created submission form.
Save — Saves the current form for future reference or updates.

Submit — Uploads the selected Narrative file followed by all files discovered under each
of the MC, OTDAU 1 and OTDAU 2 folders. These include all files with dot
extensions .txt, .pdf, .avi, . json or .csv.

Withdraw — Deletes any folder/files submitted under the selected identifier.

Close window — Closes the Setup Options window. If the window is closed before any
changes to settings are Saved, then those changes are lost.

Following any Submit or Withdraw, an email containing a summary of the operation (but
not including the files themselves) is automatically sent to the UFODATA staff to alert
them to the availability of new data or the deletion and implied non-usability of prior
data. A confirming email is also sent to the contributor. The selected files are uploaded
to the UFODATA database.

It may be useful to pull together into one top-level folder all the files and folders that
were used for one submission. This makes it easier to locate the files/folders for
selection in the form as well as to remember what was submitted.

If you want to include any additional files, such as .jpg photos from a DSLR camera,
then move or copy them into an OTDAU or MC folder already selected prior to initiating
Submit. They will be uploaded along with other files found there.

For example, for the data in the above form, it was all accumulated into the folder
D:\UAP Data Submission, as shown below:
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| = | UAP Data Submission

Home Share View
» U & cut x I T New item ~
| w.| Copy path <::I ﬂ Easy access =
Pin to Quick Copy Paste _ Move Copy Delete Rename Mew
access lﬂ Paste shortcut to to - folder
Clipboard Organize Mew
« v » ThisPC » DATA(D:) » UAP Data Submission
~ MName Date modified
7 Quick access
dahua-49425-130-1920x1080-10-05-24_1...  10/10/2024 851 PM
[ Desktop . .
MNarrative-10-10-24.txt 10/10/2024 8:54 PM
* Downloads
Documents *
[&=] Pictures A+ v
2 items

— O *
-~ @
=4 Open BaSeIect all
! Edit -0 Select none
Properties
- g History 5 Invert selection
Open Select
v O Search UAP Data Submission @
Type Size
File folder
Text Document 1KB

Expanding the OTDAU data folder above gives:

| = | dahua-

5-130-1920% 1080

080- - O X
Home Share View ~ o
» U & cut x I 7 New item ~ il open - HHsetectan
| | Copy path <::I 3 ﬂ Easy access © [ Edit -0 Select none
Pin to Quick Copy Paste = Move Copy Delete Rename MNew Properties X X
access E Paste shortcut to ta - folder - 4 History EJE‘In\rert selection
Clipboard Organize Mew Open Select
€« v 4 > ThisPC » DATA(D:) » UAP Data Submission » dahua-49425-130-1920x1080-10-05-24_18-07-51 ~ @ | Search dahua-49425-130-19.. 0
J’ Music ~ MName Date modified Type Size
=] Pictures dahua-49425-130-1920x1080-10-05-24_18-19-50-6 10/10/2024 &:51 PM File folder
B videos | dahua-42425-130-1920x1080,json 10/5/2024 6:07 PM JSON File 3KB
s 05(C) otdau-logfile-10-05-24_18-07-51.txt 10/5/2024 7:04 PM Text Document 14 KB
= DATA (D2 E telecamera-dahua-49425-130-1920x 1080 json 10/3/2024 6:07 PM JSON File TKB
USB (E) E widecamera-dahua-49425-130-1920x 1080, json 10/3/2024 6:07 PM JSON File TKB
= " v
5 items
= | Play dahua-4% — [} =
Home Share View Video Tools ~ o
I:| [TH Preview pane Extra large icons [&=| Large icons I [ Group by = [] ttem check boxes 7
Medium icons EEE Small icons - [[i]Add columns = [@] File name extensions
Mavigation i = - — Sort Hide selected  Options
pa%e. [EDetails pane  gp gt ¥ by [miSizeall columnstofit  [¥ Hidden items items L
Panes Layout Current view Show/hide
<« v <« dahua-49425-130-1920x 1080-10-05-24_18-07-51 » dahua-49425-130-1920x1080-10-05-24_18-19-50-6 ~ @ | Search dahua-49425-130-19.. 0
J5 Music ~ MName Date Type Size Length
=] Pictures 24 otdau-tele-18-19-50.avi 10/5/2024 £:20 PM AV| Video File (VLC) 37,82TKE  00:00:31
B videos £ otdau-wide-18-19-50.avi 10/5/2024 6:20 PM AV Video File (VLC) 44609 KB 00:00:27
e 05(C)
- DATA (D:) v
2 items

All of the files above would be uploaded to the UFODATA database, as shown in the

example below:

222



otdau-wide-18-19-50

otdau-tele-18-19-50 otdau-logfile...24 18-07-51 UFODAP-Data-22-00-47

AVI-Jones-10-15-24 17-54-53  AVI - Jones-10-15-24 17-54-53  TXT - Jones-10-15-2417-54-53  TXT - Jones-10-15-24_17-54-53

All files / Apps / UFODAP Data

Jones-10-15-

24_17-54-53 @

® Recents ¥ Starred

Name ¥ ‘Who can access
< widecamera-dahua-49425-120-1920x1080.json Only you
= UFODAP-Data-22-00-47.txt Only you
< telecamera-dahua-49425-130-1920x1080.json Only you
B otdau-wide-18-19-50.avi Only you
I otdau-tele-18-19-50.avi Only you
= otdau-logfile-10-05-24 18-07-51.xt Only you
Only you

< dahua-49425-130-1920x1080.j50n

The corresponding email sent will look like:

O

@ Only you

Modified

10/15/202410:01 ...

10/15/202410:00 ...

10/15/2024 10:01 ...

10/15/2024 10:01 ...

10/15/202410:01 ...

10/15/2024 10:01 ...

10/15/2024 10:01 ...

*** UFODATA Upload Activity at 13:48:34 *** Inbox x

team.ufodap@gmail.com

tome -

=* UFODAP Data Upload to UFODATA at 13:48:34 ™

Total number of uploaded files: 0
Total folders uploaded: 0
UFODATA contribution summary

Contributor name: Jones

Sensor locations: Portable station in field near home

Sensor types: Camera and MSDAU

Marrative file: D:/dropbox-test/Narmrative-10-10-24 txt

Mission Control folder: Mone

OTDAU 1 folder: D:/dropbox-test/dahua-49425-130-1920x1080-10-05-24_18-07-51

OTDAU 2 folder: Mone

Event files saved to folder: Jones-10-15-24 17-54-53
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éHow to interpret UFODAP data files

The following is intended to provide some guidance for UFODAP data interpretation and
analysis. For additional information, please refer to the UAP Data Collection and
Contribution Guidelines document. For more details about what types of files a user
might collect, please see the UFODAP User Guide sections on Recording.

The best way to really understand what the various options mean and how they
affect recorded data is to exercise the OTDAU and MC software, even without
actual cameras or an MSDAU. The built-in “test-xx.json” avi files are provided for
that purpose.

JSON files

The result of entering or changing any configuration in OTDAU or MC, such as a
System, Camera or Mission, is the creation or modification of a text file with an
extension of json, an industry-standard format. JSON files govern all operations of the
software and are saved or loaded when any Save or Load operation is applied.

All json files associated with an OTDAU System or MC Mission are saved along with
any data folders created in the group folder of the System or Mission. When the user
uploads any group folder, all files under it, including the json files, are also uploaded.
Since these files fully describe the system configuration used at the time of data
collection, they serve as a reference to how the data was collected such as Tracking
settings and Camera configuration details.
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'OTDAU Data

A user might submit data in any combination of allowed recording options, as shown in

the Recording Options window:

Recording Options

Enable recordin

-
Dissble mhen ODAU quits Enable recerding until manually disabled

@ Disblerecording

Data path | D:\UFODAS N43

Primary Video and Data Options

¥ Wide video with text

[~ Wide and Tele frames Frame Interval 30
[ PTZ data values to CSV file Data Interval 10
Save a jpg of the digitally zcomed image — Automtically delete folders with
of each detected but not tracked event identification NONE

Audio Recording Options

& None

" Wide camera audio from RTSP stream or USB
" Tele camera audio from RTSP stream or USB

" Internal or external USB-connected micraphone

Channels (Teor2) |1 Recording rate 24000

" Wide audio and video from RTSP stream or USB

" Tele audio and video from RTSP stream or USB

Pre-detection recording time in seconds

Auxiliary Video 0ptions| 2.0

" None [~ Automatically delete Path files with linear paths
£ Tele video without text £ Tracking status
& Tele video with text £ Path of target detections

‘ " Wide video with digital zoom " GPS/ADS-B aircraft tracking

¢ Spectrum video and CSV of peak wavelengths at Data Interval

DSLR Control Options

If mode dial is not set to movie:
Take one photo upon initial move to target and one each shutter interval
If mede dial is set to movie
Record vides during tracking

-

DSLR camera shutter release interval or maximum video recording time 0.0

LSW: Close Window

Video files — extension .avi

B All video files are recorded per parameters, such as FPS, recording codec and
FOV specified in the Camera configuration for the camera used. See the Camera
Configuration section for details of each parameter.

Selections “with text” refers to the inclusion of on-screen metadata that is recorded

along with the video content. This text may include

The real-time values of the camera’s pan, tilt (azimuth and elevation) and zoom

B Compare these to the motion in the video to understand how camera motion
might affect what is being recorded

Camera horizontal and vertical field of view (FOV)

B Use to verify how much of the scene is captured and for angular calculations

Real-time PTZ Activity — Indicates if the camera has been given P, T or Z motion

commands.
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B Helps to understand what aspects of motion of the target of interest is due to the
target’s motion and what may be due to camera motion.

The type of camera, usually a model number

B Verifies user narrative as to what type of camera was used for the recording.
The camera’s digital image resolution

B Use for calculating available target resolution and expectation of detail.
A running frame number (rolls over to 1 at 9999)

B Use for motion timing, knowing the frame rate as shown in the Camera
configuration window.
B Use in the Analytics function to note frame numbers of details when using frame

stepping.
The day and time of the recording
B Validates when the recording was made.
The camera itself might be enabled to generate on-screen text showing its PTZ values

B Use to validate the overlaid text and sometimes get more accurate PTZ values
per frame.

Below is an example of what a recording might look like with text enabled:
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Wide-Angle Video Display
AZ:182.4 EL:14.6 Zoom: 1.0 HFOV:60.0 VFOV:30.8

ide: Dahua—49425XBNR_22 130 1920x1080 Frame: 8821 5 2,
uesday 03 December 2024 16:39:49PM FPA824 T:14.6 Z:1

If the Path of target detections option is selected, then a video file would be
generated that shows the path of the tracked target during each tracking sequence.
The key application of this type of data is to note track paths with sharp angular
deviations. The recording will include a circle at any part of the path where a sufficient
deviation occurs. OTDAU automatically notes such paths by appending a notation to
the recording folder name.

If the user provided the “PTZ data values to CSV file” option data, then you can drop
that data into an Excel spreadsheet and plot the motion of the tracked target.

If the user set a Pre-detection recording time (>0.0), then the recording will start at a
time prior to target detection and tracking. Use this information to understand what the
target was doing prior to the detection.

If the Wide and Tele frames option is selected, a set of individual .jpg frames from the
video recording will be generated. The number of such frames would be determined by
the selected Frame Interval. Having these may make it easier to do more detailed
analysis of the target.
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Setup Options

Operational options that modify system behavior during run time. These selections are
saved in a text file in C:\OTDAU when a System configuration is closed or you Quit out
of OTDAU. They are read whenever the corresponding System configuration is
opened. If you click Load without selecting a configuration, OTDAU automatically
selects the last configuration Loaded or provides a list of recent configurations to
choose from.

Setup options are organized into three subsections:

e Display
e PTZ Control and Tracking
e AutoStart

The contents of each of these sections are described below.
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‘Display options

£® OTDAU -- Optical Tracking Data Acquisition Unit  Version 2.28 6-9-26

Configuration file saved in the OTDAU folder
--- System configuration not loaded ---

Video text relative font size. Use 0.0 for no text
5.0

Display resclution -- Implemented the next time OTDAU is started

% Auto-scale to one of the following based on display resolution
" HD -- 1366 x 763
" FHD -- 1920 % 1080

= QHD -- 2560 x 1440
" UHD -- 3840 x 2160
" QWXGA -- 2048x 1152

[~ Display every Status message during Run
instead of a summary for each Tracking detection

¥ Log all Status messages instead of a subset

’ﬁ Maximum number of overlaid paths

Telephoto display digital zoom level
2

[ For Path display, show path as sequence of thumbnails instead of a line

Wide camera image rotation in degrees
0.0

™ Enable handoff calibration marks and text on Aux Raw Video

" Enable dark mode -- Implemented the next time OTDAU is started

% Black = Gray " Red
™ Enable target simulator

& Linear  Circular * Central

" Black © White " Green

Simulated target speed or central rotation period
5.0

Simulated approximate target size in pixels
400

Video display relative font size -- Video display text font size is control slider. Set the
slider from 0.0 to 10.0 for relative size control. If set to 0, no overlay text will be
displayed. Click Save to immediately see the effect on video overlay text. The
size value is saved in the configuration file for the currently loaded configuration.
(NOTE: All sliders can be adjusted by moving with the mouse or by clicking on
either side of the slider. Holding the mouse down will move the slider in the
direction of the mouse.) NOTE: Take care not to eliminate text you may later
want to record for identification and analysis.

Display resolution selections -- The size of the OTDAU display may be changed to
better fit the available computer monitor size. If Auto-scale is selected, then
OTDAU uses a size based on the detected monitor size. Selecting one of the
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other sizes forces OTDAU to use that size. The size is implemented when
OTDAU is started and not when the display resolution selection is saved.

Enable every Status message during Run (verbose mode) — Enabling verbose mode
attempts to display all OTDAU process messages. Default is verbose mode OFF
which provides summary messages for target tracking but uses verbose mode
when OTDAU is Stopped. Both modes attempt to display as many messages as
possible, but some will not be visible due to higher speed of message generation
than display. Messages may be manually scrolled when the system is Stopped.
System Performance measurements are displayed every three seconds during
Run only in Verbose display mode.

Log all Status messages instead of a subset — Normally, the size of the Log file is
limited by only logging the most relevant fixed subset of all status messages.
Enabling this option will log all messages.

For Path display, show path as a sequence of thumbnails instead of a line -- The
Path display may now show the path of the target object as a series of small
thumbnails of the Telephoto view. A thumbnail view of the tracked object is also
shown in the upper right of the display. Select this option in Setup > Display,
“For Path display, show path as sequence of thumbnails instead of a line”. See
how it works by using some of the test videos.

Maximum number of overlaid paths -- The Path display has the potential to become
quite cluttered when a substantial number of paths are collected during
operation. To maintain clarity and usability, the system allows you to set a
maximum count for the number of overlaid paths displayed at any given time.
Once this threshold is reached, the display will automatically reset, enabling the
collection and visualization of additional paths without overwhelming the
interface. During a single run, all paths are assigned a unique sequence of
increasing path numbers. These numbers correspond directly to folder numbers,
ensuring clear organization and easy reference. This numbering remains
consistent regardless of the total number of path sets collected throughout the
session.

Telephoto display digital zoom level — The Telephoto selection for the Auxiliary Video
Display shows a digitally centered and zoomed image of the currently tracked
object. The level of digital zoom can be adjusted from 1 to 10 by this sliding
control and is shown on the display.

Wide camera image rotation in degrees — The orientation of the Wide video image
can be rotated by sliding this control from 0.0 degrees to 360.0 degrees. This is
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particularly useful when setting up an ASC camera in handoff mode so that the
image may be rotated such that the top of the view corresponds to what is due
North of the camera.

Enable handoff calibration marks and text on Aux Raw Video — Displays lines and
text on the Wide display to indicate the four compass directions and enables
camera and date/time data to be displayed on the Aux Display. Useful for setting
up two cameras in Handoff mode.

Enable handoff calibration marks and text on Aux Raw Video -- Check to cause
OTDAU to draw short horizontal and vertical calibration marks on the sides of the
Wide camera view. This is helpful when determining the actual FOV of a camera
for entry into a camera configuration.

Enable Dark mode — If enabled and OTDAU is Quit and run again, then all display
backgrounds are shown in the selected color — Black, Gray or Red. This may aid
display viewing in low-light conditions. To return the display to its normal
background, disable this option and restart OTDAU.

Enable target simulator — \WWhen enabled and a System configuration is Run, a small
moving round dot is shown that moves in either a selected linear or circular path.
The color of the dot may also be selected for optimal tracking detection based on
the background color of the video. OTDAU software adds the dot to the image
from the Wide camera such that all subsequent processing assumes that the dot
is an actual part of the camera video stream.

Linear, Circular, Central — Selection for type of simulated target: Linear moves a dot
from right to left, lowers, then moves left to right, then raises again. Circular
moves in a circular pattern with a radius size that depends on the vertical video
frame size. Central moves a dot in a small area around the CFOV.

Black, White, Green — Selection for the fill color of the target simulation dot.

Simulated target speed or central rotation period — The relative speed of the
simulated target dot.

Simulated approximate target size in pixels — The relative size of the simulated
target dot. The cluster size as measured and displayed in Status during tracking
will only approximate this value.
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PTZ Control and tracking options

#% OTDAU -- Optical Tracking Data Acquisition Unit  Version 2.29P 7-3-26 — #

Configuration file saved in the OTDAU folder
--- System configuration not loaded ---

PTZ Control options
& Mone
" Enable PTZ motions of the tele camera to slave to wide camera motions on this OTDAU
" Enable PTZ motions of the camera on this OTDAU to slave to the motions of a Master OTDAU via Mission Control
" Enable Handoff from wide to tele camera on this OTDAU

" Enable handoff from one or more fixed cameras to this OTDAU's PTZ camera via Mission Control

Tracking options
% Target detection and tracking by motion
" Target detection by template matching
" Target detection by motion and tracking by template matching

r Confine the area of each new crop box resulting from each tracking detection to within the original bounding box
Otherwise, allow tracking to continue beyond the original box

[” Enable sun avoidance [” Enable night image background suppression
™ Enable Autocruise Background sampling period 1.0
Autocruise sensitivity | 0.0 Time between sampling periods 1.0

Pan and Tilt additional offsets

Azimuth offset 0.0 Elevation offset 0.0
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PTZ Control options

None — Normal, non-slaved control

Slave PTZ motions of the tele camera to wide camera motions on this OTDAU —
Echoes the pan and tilt angles of the Wide camera to a PTZ Tele camera. This
happens within the OTDAU software.

Slave PTZ motions for this OTDAU to a Master OTDAU via Mission Control —

Enables designation of this copy of OTDAU to be a Slave. Any number of slaved
OTDAUs with PTZ cameras will follow the motion of the Master, including manual
positioning for setup and homing as well as triggered recording. Slave camera
manual PTZ controls will also function normally. If a slave is enabled for
recording, then its Manual recording function is available, and it will also start
recording whenever the Master does. This feature allows one camera to be used
to detect/track a target while pointing several other cameras (or other equipment
on independent pan/tilt heads) at the same target. This feature depends on also
running Mission Control through which all Master data is distributed to Slaves.
Before use, align all cameras to the same CFOV and enable Slave for any
OTDAU instances that need it. Then, save the setup. NOTE: Triangulation may
be operational in this configuration but would not be valid. OTDAU Telephoto,
Tracking, Path and Spectrum options are not available in any slave since
tracking and target position data did not originate with the slave. Be aware that
the FOV of any slave will not perfectly correspond to that of the Master, with an
offset related to the distance between them.

To slave an instance of OTDAU:
1) Move the Master to its home position,
2) Move the Slave so that its CFOV aligns with that of the Master

3) In the Slave Setup Options, enable Slave PTZ motions and Set Pan and Tilt
offsets which zeroes its AZ and EL indications.

Enable recording in Master and/or Slave as desired. Test by manual PTZ control
of the Master and observe the corresponding motion of the Slave.

Enable Handoff from wide to tele camera

if not enabled, tele follows wide — Enables the system to handoff target detection and
tracking to a telephoto PTZ camera after initial detection by a wide fixed-field unit
such as a 360-degree panoramic camera. The wide camera makes the initial
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detection and then the tele camera is pointed to the approximate location of the
target. The tele camera then proceeds with its own detection and tracking as if it
had made the initial detection. This re-detection process compensates for
inaccuracies in pan/tilt values derived from the target location from non-linear
optics such as an All-Sky (panoramic) camera. Use the manual motion controls
to align the center of the PTZ (Tele) camera with the center of the Wide camera
prior to tracking. Handoff operations occur within the OTDAU software.

NOTE: Setup for Handoff using a non-ASC fixed camera (or PTZ camera with PTZ
disabled), in typical situations where the target is distant — Instead of aligning the
crosshairs, use manual motion to initially point the tele camera in the same
compass direction as the wide camera. That is, move the tele PTZ camera such
that its pan and tilt angles match that of the wide camera. When using a fixed
wide camera, move the tele PTZ camera so that its direction of view is parallel to
that of the wide camera. Use a larger Crop increment and Event interval than
normal. Use the Display setup option to rotate the ASC view so that objects to
the North are at the top of the display.

NOTE: When in Handoff mode and tracking results in a handoff to the Tele camera, the
PTZ position data and video frame sent to MC changes from Wide to the Tele
camera data.

Target detection and tracking by motion, Template matching, or both --

Alternate tracking methods are provided to support “star tracking” or similar targets. If a
target is visible prior to Run, then it may be manually designated as the tracked
target. In Setup > Tracking there are three options: Target detection and tracking
by motion (the original method), both detection and tracking by template
matching and detection to set the template by motion detection but tracking by
matching. To use template matching, draw a tight bounding box around the
target of interest and then Run. OTDAU will capture the first frame after Run as
a template and attempt to identify the same target in all subsequent frames. To
use the first or third option, use a larger bounding box, a low value of Tracking >
Min events to allow faster recognition of initial target motion and a Crop
increment greater than 2. Bounding box, and target location indication are the
same as in normal tracking mode. Use with Tracking Settings > Max time set to
0 for long-term tracking. Useful for targets of any speed but particularly for slow-
moving such as celestial objects or satellites. See the ISS and jet-clouds test
configurations for examples.
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NOTE: Template matching alone does not use any of the non-time Tracking
parameters. It may lose lock due to target size and orientation changes. It does
not function well if in Handoff mode due to a non-specific initial frame crop area.
Template matching automatically terminates tracking if the quality of a match is
significantly different than the last successful match.

When template matching is enabled, the Wide camera video display shows a thumbnail
frame of the template with a SSID (deep learning) assessment of the object ID
with its confidence value below it and, if the confidence is zero, UNKNOWN. The
resulting object class and confidence level are appended to the Wide video
filename if that option is selected in Analytics.

Confine the area of each new drop box... -- This option will cause tracking,
particularly for fixed (non-PTZ) cameras to be limited to within the originally
defined bounding box or circle. The target will only be detected and tracked if it
is within that area. Otherwise, allow tracking to continue beyond the original box”.
This eliminates the issue of a target continuing to be tracked into surrounding
foliage and thus useless detections. The target crop box will be limited to the
area inside of the original bounding box. This feature is intended to be used only
with fixed cameras or PTZ cameras with pan/tilt disabled. It is particularly helpful
in daytime conditions when the bounding area is intended to prevent false
detections in surrounding foliage. NOTE: This function cannot be used for
Handoff or tracking by template matching.

Set Pan and Tilt Offsets -- Check to cause OTDAU to create offsets to the current pan
and tilt positions such that the offset positions rather than the actual positions are
sent to MC during triangulation. This option is typically set after pan and tilt have
been manually moved to due North and the horizon. If this box is checked and
then you click Save, OTDAU samples the current pan and tilt values of the
camera and saves them. Until this box is unchecked, OTDAU subtracts these
values from the actual camera pan and tilt values to provide offset values used
for the AZ and EL displays and for data to MC.

Offsetting pan and tilt is also helpful to set, as above, prior to any PTZ camera Run so
that the actual azimuth and elevation of the camera are saved for later image
analysis.

Azimuth offset -- If Pan and Tilt Offsets is checked, this value is added to the net offset
for pan at Run time. This may be used to emulate a PTZ camera for triangulation
when using a fixed camera to obtain a desired azimuth angle regardless of the
camera’s actual angle.

235



Elevation offset -- If Pan and Tilt Offsets is checked, this value is added to the net
offset for tilt at Run time. This may be used to emulate a PTZ camera for
triangulation when using a fixed camera to obtain a desired elevation angle
regardless of the camera’s actual angle.

Avoid Sun -- Check to cause OTDAU, during Run time, to continuously measure the
brightness of the brightest spot on the Wide image of a PTZ camera. If this spot
sufficiently increases in brightness, indicating that the camera has the sun in its
FQOV, then the system will move the camera up, away from the sun, for one
second. Scanning for motion will continue at the new position. Do not use this
option if the type of object that may be detected is very bright, otherwise tracking
will be lost just after it starts.

Enable Autocruise -- Check to enable the Autocruise process. This is a feature
designed to maximize target viewing time despite the target passing a foreground
or background object, such as tree foliage, that may confuse the tracker.
Autocruise works by continually monitoring the velocity of the target. When the
velocity makes a sudden change, as defined by the sensitivity value, the tracker
stops attempting to directly track the object and instead continues smooth PTZ
motion in the direction and at the velocity of the object last measured prior to the
change. OTDAU will stay in Autocruise until the end of the current tracking event
sequence.

Autocruise sensitivity -- Enter a relative value that will be used when Autocruise is
enabled, to determine the level of velocity change required to cause the system
to go into Autocruise mode. A larger value is more sensitive.

Enable Autofocus -- Check to have OTDAU automatically focus the wide camera once
at the start of every Run, before tracking begins, on cameras with a motorized
focus interface. The camera briefly zooms to maximum optical zoom, searches
for best focus there, then returns to the configured home zoom before tracking
starts. See Automatic Focus (Autofocus), under Using Multiple Camera Types
Together, for a full description, its limitations, and when it is and is not
appropriate to enable.

NOTE: OTDAU emulates azimuth and elevation values for fixed cameras and PTZ
cameras when panltilt is not enabled. Values are 0/0 when not Running. During
Run, AZ is 0 when no target is detected. During tracking, the angle is 0 when the
target is centered in the horizontal FOV. Values increase when the target moves
right. Values decrease, starting at 360 degrees when the target moves left. EL

236



is ¥z of the vertical FOV when no target is detected. During tracking, the angle
increases as the target moves above center and decreases when it moves down.
The total horizontal and vertical angle ranges are proportional to the camera’s
particular FOV. You can zero out these values (or offset them) using Setup >
PTZ Control and Tracking > Set Pan and Tilt offsets. AZ/EL emulation is
important for using non-PTZ cameras for triangulation via Mission Control.
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Enable night image background suppression — Enables the automatic, periodic
identification of non-moving night sky objects. This feature uses this
identification to ignore such objects when qualifying actual new, moving objects
to become tracking targets. The screenshot below is an example of this process
using the test-night-stars.json test configuration. Each purple circle encloses an
object that has been detected with intensity above an internal threshold. Any
new object that is found inside the bounding box after the initial background
sampling period is detected and tracked while fluctuations in the background
objects are ignored.

Background objects to be excluded are determined by sampling during the
Background sampling period entry, in seconds. The sampling period and its
termination are indicated by onscreen display messages.

Since the background may change over time (e.g., stars shift position), the
sampling process is periodically repeated at a rate set in seconds by the Time
between sampling periods entry.

All excluded objects are displayed as green circles in the Raw Video display.
Note that if a potential target is moving during the sampling period, then every
point it passes through during the sampling period will be part of the exclusion
set.

Note: To avoid the effects from very small objects, it may be necessary to
increase the values of Blur to perhaps 7 and Delta threshold to about 25. Some
experimentation may be required, pre-Run, to get the best results.
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r Wide-Angle Video Display

Wide Camera: Test niaht tracking 1920x 1080 MREEEDRESEFS
Wednesdav 18 Nov 2020 13:53:55PM Frame: 477
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How to Use Camera Handoff and Slave Modes

OTDAU can drive one camera’s PTZ motion from another camera’s detected target in
two fundamentally different ways: Handoff mode and Slave mode. Both exist in a single-
instance form (one OTDAU controlling its own wide and tele cameras) and a multi-
instance form coordinated through Mission Control (MC). This section explains what
each mode does, how to configure it, and how to combine multiple cameras with it.

Overview: What Are Handoff and Slave Modes?

Handoff Mode — hand off, then go independent. A wide (or fixed) camera detects
and confirms a target, then gives a PTZ camera one initial position to aim at. From that
point forward, the receiving PTZ camera runs its own local detection and tracking on its
own video feed, completely independently — as if it had found the target entirely on its
own. The originating camera’s job ends the moment the cue is sent.

— Handoff — wide and tele are two cameras on the same OTDAU instance.

— Tower Handoff — a fixed (or wide) camera and a PTZ camera are on two separate
OTDAU instances, coordinated through Mission Control (MC).

Slave Mode — echo, continuously. A camera continuously mirrors another camera’s
detected target position for as long as tracking continues, receiving an ongoing stream
of absolute position updates. Unlike Handoff, a slaved camera never runs its own local
detection and never takes over tracking on its own — it has no independent judgment

about the target at all. It goes wherever it’s told, moment to moment, and simply stops

updating the instant the master stops sending fresh data.

— Local Slave — wide and tele are two cameras on the same OTDAU instance, with
tele continuously following wide.

— Remote Slave — a master camera and a slaved PTZ camera are on separate
OTDAU instances, coordinated through MC.
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Key differences at a glance

After the initial
position, who
tracks?

Update pattern

Detection sound /
crop box on the
receiving camera

If the source loses
the target

Best for

Handoff

The receiving PTZ,
independently, on its own
video

One cueing move, then
silence from the source

Yes, once its own local
tracking picks up the target

Nothing — the receiving
camera manages its own loss-
of-target and reset

A camera that should
independently confirm and
track once pointed roughly at
a target

Slave

Nobody — the slave just
keeps echoing

Continuous stream of
absolute-position updates

No — it has no local detection
of its own

The slave stops getting
updates and holds its last
commanded position

A camera that should always
point exactly where another
camera says, with no
judgment of its own
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System Setup

'Handoff Mode Setup

Local Handoff (single OTDAU instance).

— Configure a wide and a tele camera on the same instance, with the tele camera
flagged as PTZ-capable in its camera configuration.

— In PTZ Control and Tracking, select the Handoff radio button.

— No P/T Offsets calibration is required — wide and tele share the same physical
mounting reference.

Tower Handoff (multiple OTDAU instances via MC).

On each fixed/source camera instance:

— Leave the Handoff/Slave radio button set to None. A fixed camera reports itself as
an ordinary, unslaved master — MC relays its target position to whichever instance
is configured to receive it.

On the PTZ (receiving) instance:

— Select “Enable handoff from one or more fixed cameras to this OTDAU’s PTZ
camera via Mission Control” (Tower Handoff).

— Physically align the PTZ camera’s center field of view with the fixed camera’s center
field of view — point them in the same real-world direction — then press Set P/T
Offsets. This works directly when there’s a single fixed camera; with more than
one, see Calibrating Multiple Fixed Cameras to a Shared PTZ below — aligning to
just one of several fixed cameras isn’t enough. This establishes the PTZ's home
position as the shared true-azimuth reference that fixed camera’s cueing data is
measured against. Skipping this step, or aligning to the wrong reference, is the
most common cause of the PTZ moving to the wrong place after a cueing move.

— Manually place the PTZ instance in Run mode and leave it running. Nothing
automatically starts with it. A fixed camera’s Run/Stop state has no effect on the
PTZ instance, since more than one fixed camera may take turns owning it. A cueing
command arriving while the PTZ isn’t in Run is ignored, with a one-time warning per
idle period.
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Tower Handoff: Cueing, Acquisition and Display

This section describes how a Tower Handoff proceeds after the cue is sent, and
supplements How to Use Camera Handoff and Slave Modes.

How a Tower Handoff Works

Fixed camera OTDAU Mission Control PTZ OTDAU
Detects and tracks a target. Sends ONE cue to the PTZ Converts the true az/el to
Reports the target's TRUE - for each new acquisition - its own pan/tilt (home +

az/el: its Azimuth/Elevation Ll (a new camera takes over, or L calibration offsets) and
offsets + position in image. the same camera re-acquires). moves once to the cue.
Track ends Target acquired Search at the CFOV

Or nothing is detected within No second pointing move -- Box of +/-5 deg around the
the event interval: the PTZ the cue already pointed the image center. GREY while the

releases the cue, homes, and camera. Continuous tracking camera moves and settles,
waits for the next handoff. centers the target. RED once detection is live.

4

4

Sequence of a Tower Handoff from a fixed camera to a PTZ camera.
1. The fixed camera reports the target's true direction

* While tracking, a fixed camera reports the target's true azimuth and elevation: its
calibrated image-center direction (Azimuth and Elevation offsets) plus the target's
position in the image. Calibrate each fixed camera (see Camera Pointing
Calibration) -- with uncalibrated offsets (0/0) every cue points the PTZ at north
and the horizon.

2. Mission Control sends one cue per acquisition

* Acueis sent when a fixed camera newly acquires a target -- when a different
camera takes over the PTZ, or when the same camera acquires again after
losing its target. Repeated cues to the same direction are accepted.

3. The PTZ moves once to the cue

* The PTZ converts the true direction into its own pan and tilt, using its home
position and its calibration offsets, and moves there. The log shows "PTZ
handoff: true az/el ... -> device-native ...".

« The PTZ OTDAU must be in Run. A cue that arrives while it is not running is
ignored, with a warning.

4. The PTZ searches a box at the center of its view
*» See PTZ Search Box below.
5. After acquisition the PTZ tracks on its own

+ When the PTZ detects the target inside the search box, it does not make a
second pointing move -- the cue has already pointed it at the target. It continues
straight into continuous tracking, which centers the target. The log shows "Tower
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handoff: acquired at x,y after cue -- camera already on target, no initial move;
continuing with tracking".

6. End of the handoff

*  When the PTZ's track ends, or if nothing is detected within the event interval after
the cue, the PTZ releases the cue, returns home and waits for the next handoff.
The log shows "Tower handoff: track ended -- cue released, waiting for next
handoff" or "... no local detection activity within event interval ... -- releasing cue
and homing".

PTZ Search Box

After the cue move, the PTZ searches a box centered on its center field of view (CFOV),
extending 5 degrees to each side, rather than its whole detection area or a small
tracking box. The margin allows for small calibration errors and for the cameras seeing
the target from different locations.

PTZ display after a tower-handoff cue -- Moving / settling PTZ display after a tower-handoff cue -- Searching
+/-5 deg search box +/-5 deg search box
centered on the CFOV centered on the CFOV

Box grey: the camera is still moving or Box red: detection is live. A target
settling -- targets cannot be detected yet. anywhere inside the box is acquired.

The search box after a cue: grey while the camera moves and settles, red once
detection is live.

* Grey box -- the camera is moving, or settling after the move. Targets cannot be
detected yet.

* Red box -- detection is live. A target anywhere inside the box is acquired.

+ The same grey/red convention applies to the detection and tracking boxes after
every PTZ move, on both the wide and tele displays.

NOTE: If handed-off targets regularly appear outside the box, the cue is off by more
than 5 degrees: check the pointing calibration of the fixed cameras and of the PTZ.

Local Handoff Display

In Local Handoff (wide and tele cameras on one OTDAU), the tele camera's display now
shows its search and tracking box and its handoff state, the same way a PTZ does in
Tower Handoff:

* In Raw Video mode, the Auxiliary display shows the tele camera's video with its
overlay while Local Handoff is enabled.

* Line 2 of the Auxiliary display shows the slaving state to the right of PTZ Activity:
"Slaving: Ready for local handoff", then "Slaving: Handoff completed". This text
appears only on the Auxiliary display.
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+ From the handoff move onward, the box appears as corner brackets, starting at
the image center, and follows the target once tracking starts.

Setup Checklist

+ Calibrate the Azimuth and Elevation offsets of every fixed camera to true north
(Camera Pointing Calibration).

* On the PTZ: point it due north at the horizon and press Set P/T offsets, or
calibrate its offsets so its displayed AZ/EL are true directions.

* Put the PTZ OTDAU in Run and leave it running.

» Setthe PTZ's event interval long enough for the camera to move, settle and
acquire the target -- at least 3 seconds is recommended.

Tower Handoff Troubleshooting

Symptom
PTZ moves to north / the
horizon on every cue

PTZ moves, but the target is
not in the search box

PTZ does not respond to a
cue

PTZ acquires the target, then
loses it

Box stays grey for a long time
after a move

Cause and action

The fixed camera's Azimuth/Elevation offsets are
0/0. Calibrate the fixed camera.

Calibration error larger than 5 degrees. Recalibrate
the fixed camera and the PTZ.

The PTZ OTDAU is not in Run (see the warning), or
the fixed camera is not configured as a master.

Check that tracking settings suit the target speed; a
longer event interval gives more time.

The camera is still settling after the move; detection
usually resumes within a second.
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Calibrating Multiple Fixed Cameras to a Shared PTZ

Two different controls, both in PTZ Control and Tracking — Tracking options, are
involved in getting a handoff or slave relationship pointing accurately: Set P/T Offsets
and Pan and Tilt additional offsets.

— Set PIT Offsets — button. Physically point this camera at a known reference
direction, then press it. This captures the camera’s current physical position as its
home reference — the point every future true-azimuth cueing or relay value is
measured against. The displayed AZ and EL values are zeroed out.

— Pan and Tilt additional offsets — the Azimuth offset and Elevation offset fields on
the same tab. These are numeric corrections applied to this camera’s own reported
target position, compensating for imperfect mounting alignment and mount leveling
error. Any instance can use them, but they’re essential on a fixed camera
specifically — a fixed camera has no PTZ to physically re-point, so this is its only
way to correct systematic reporting errors in what it relays.

For a single fixed camera paired with one PTZ, it's enough to physically align the PTZ’s
center field of view with that fixed camera’s center field of view and press Set P/T
Offsets, since only one relationship needs to stay consistent.

With multiple fixed cameras sharing one PTZ, that shortcut breaks down — the fixed
cameras point in different directions, so the PTZ can’t be aligned to all of them at once.
Instead, calibrate every camera involved, each fixed source and the shared PTZ alike,
against one common absolute reference rather than against each other:

— On each fixed camera — sight a landmark, star, or ADS-B aircraft whose true
azimuth and elevation are known and adjust that instance’s Azimuth offset and
Elevation offset until its reported target position matches the known true value. Do
this independently for every fixed camera — each one’s own mounting error is
different, so calibrating one doesn’t calibrate the others.

— On the PTZ - physically point the camera at that same absolute reference — true
north is the simplest choice — and press Set P/T Offsets. This anchors the PTZ’s
home position to the shared reference itself, not to any one fixed camera’s
direction.

Once every camera is calibrated to the same absolute reference, any of the fixed
cameras can hand off a target to the PTZ accurately, regardless of which direction that
camera happens to be pointed — and regardless of which one currently owns the PTZ
(see How multiple masters are coordinated below).

NOTE: A tracked ADS-B aircraft or a bright star at a known catalog position and time
makes a convenient, repeatable calibration reference — both give a precise, verifiable
true bearing and elevation without needing a manually surveyed landmark.
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Once cued, the PTZ makes one initial absolute move to the reported target position,
then tracks independently using its own local video — sound, crop box, and all —
exactly as if it had found the target on its own.

Al-generated rough concept of the use of Handoff mode with multiple fixed-lens
cameras and a PTZ camera. Any target object within a 360 degree radius and the
vertical field of view of the fixed cameras could be tracked and recorded throughout the
space visible to the PTZ camera. Consider one of the boxes under the lower ring as an
MSDAU for additional environmental data recording.
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Slave Mode Setup

Local Slave (single OTDAU instance).

— Configure a wide and a tele camera on the same instance, with the tele camera
flagged as PTZ-capable.

— In PTZ Control and Tracking, select Local Slave.

— No P/T Offsets calibration is required — the tele camera’s moves are computed
directly from wide’s own detected pixel position, sharing the same physical
mounting reference.

Remote Slave (multiple OTDAU instances via MC).

On the master camera instance:

— Leave the Handoff/Slave radio button set to None, same as a Tower Handoff
master.

— Press Set PIT Offsets after physically aligning the camera to a known reference

direction. This establishes the true azimuth reference the relayed position data is

built from. The same Azimuth offset / Elevation offset calibration approach

described under Calibrating Multiple Fixed Cameras to a Shared PTZ applies
here too and matters just as much with multiple slaves following the same master.

On the slaved PTZ instance:

— Select Remote Slave.
— Physically align the PTZ camera’s center field of view with the master camera’s

center field of view, then press Set P/T Offsets. Both the master’s and the slave’s
offsets must be calibrated to the same real-world reference direction — if either is
skipped, or only one side is calibrated, the relayed positions won’t reconstruct into a

meaningful shared target, and the slave will sit near its own home position
regardless of what the master is tracking.

— Manually place the slave instance in Run mode and leave it running, for the same

reason as Tower Handoff. Any relayed command arriving while not in Run is
ignored, with a one-time warning per idle period.

Once running, the slave continuously mirrors the master’s target for as long as the
master keeps tracking, moving as fast as new positions arrive. It never runs its own
local detection and never takes over tracking independently.
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Applications

Handoff — Single Master, Single PTZ

The simplest Tower Handoff configuration: one fixed camera watching a wide area, and
one PTZ camera cued whenever the fixed camera acquires a target. This lets the
detecting camera and the PTZ camera be physically separated — for example, a wide-
FOV camera on one pole and a PTZ on another.

Handoff — Multiple Masters, Single PTZ

Multiple fixed cameras, each covering a different area or angle, can all be configured to
cue the same shared PTZ camera — useful when one PTZ needs to respond to
whichever of several coverage zones currently has activity.

How multiple masters are coordinated:

MC arbitrates ownership of the shared PTZ so only one fixed camera directs it at a time.

— Claiming ownership — the first fixed camera to report an active, triggered target
claims the PTZ and receives one cueing move.

— Holding ownership — ownership renews automatically as long as that same fixed
camera keeps reporting a triggered target, within a timeout window. A brief
detection gap (occlusion, a missed frame) doesn’t immediately surrender
ownership.

— One-shot cueing — only one cueing move is sent per acquisition. Once cued, the
PTZ’'s own local tracking takes over, and MC steps back rather than continuing to
direct it.

— Releasing ownership - if the owning fixed camera’s trigger goes stale past the
timeout, ownership clears quietly. The PTZ is not actively called home — its own
local tracking is responsible for recognizing loss of target and resetting, the same
as if it had found and lost the target entirely on its own.

— A new acquisition — once ownership clears, any fixed camera (the same one re-
acquiring, or a different one) can claim it and trigger a fresh cueing move.

Because ownership is exclusive, a second fixed camera acquiring a target while the
PTZ is already committed to tracking for the first will not interrupt it — it waits for the first
acquisition to end.
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|Slave — Single Master, Single Slave

The most direct Remote Slave configuration: one master camera continuously drives
one slaved PTZ camera to mirror its detected target for as long as tracking continues.

|Slave — Single Master, Multiple Slaves

Any number of OTDAU instances can be configured as Remote Slave against the same
master camera. MC broadcasts the master’s target-position data to every instance
configured to receive it, so all slaved cameras move together, each echoing the same
target from its own physical position — useful for pointing several PTZ cameras at the
same target from different vantage points (different angles for triangulation, or
redundant coverage).

Unlike Handoff’'s ownership model, no arbitration is needed for multiple slaves — every
slave-configured instance simply receives the same continuous stream and follows it
independently. Each slave’s own P/T Offsets calibration determines how the shared
true-azimuth data translates into that camera’s own absolute position.

Quick Troubleshooting Reference

Symptom Likely cause

PTZ doesn’t move at all Confirm the receiving instance is in Run mode —
commands are silently ignored (with a one-time
warning) while stopped.

PTZ moves to the wrong place  Confirm P/T Offsets were set on both the source
and receiving cameras, physically aligned to the
same real-world direction.

PTZ moves once but doesn’t Confirm the receiving camera’s own local detection
keep tracking (Handoff modes) is correctly configured and able to run — Handoff
relies entirely on it after the initial cue.
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Symptom Likely cause

Slave lags behind or doesn’t Expected to a degree with a fast-moving target,

reach the target precisely since each slave move is a discrete absolute update
rather than a continuous velocity followed, it should
stay reasonably close, not noticeably behind.

A second fixed camera’s target = Expectedly, the PTZ commits to one owning fixed
is being ignored (Tower camera’s acquisition at a time and won’t switch until
Handoff) that acquisition ends.

251



AutoStart Setup

=

Autostart Options

Auto Start Setup

If AutoStart is enabled then when OTDAU is started from Windows, the AutoStart System configuration will be automatically loaded and Run
If "Enable record until manually disabled" has also been selected, then recording during tracking will also occur

[” Enable AutoStart

AutoStart System configuration  |C:/OTDAU/ configurations/dahua-49425-130-1920x1080,json

Save | Close Window |

OTDAU can automatically Load and Run any System configuration when starting from
Windows. This may be useful for situations where system power may not be reliable —
when power drops out and then returns, and the computer reboots, OTDAU can restart,
running, with the same options enabled as when power went down.

AutoStart may also simply be used to manually startup OTDAU in a Run mode in the
least time.

If AutoStart is enabled and a System configuration is selected and saved, then when
OTDAU first starts up, that configuration is Loaded and Run. Disable AutoStart to start
up normally but retain the selected System configuration. AutoStart may be used with
or without the Record until disabled option to automatically start, run and record during
tracking just by running OTDAU.

Use Windows Task Scheduler or another method of your choice to automatically start
OTDAU during Windows startup.

Enable AutoStart — Enables automatic Load and Run the next time OTDAU is started.

AutoStart System configuration — Clicking in this field will open a list of System
configurations. Selecting one of those will populate this field with the selected
configuration.
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Help

About

" OTDAU -- Optical Tracking Data Acquisition Unit  Version 2.26 10-23-25

This window shows the current version of OTDAU software. The version is also shown
at the top of the main display. Clicking on “Open UFODAP Documentation” will also
open the ufodap.com Downloads page in a browser window.
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Manage license

Displays the license validation GUI. Allows the key and camera information to be
modified or re-validated. Use this option to, for example, implement an IP camera for
validation instead of a USB camera or use a different IP camera for validation.

=

UFODAP Software License Validation
OTDAU

Enter your license key below. Upper case including "-
Enter your camera information. Modify the defaults shown as required
For use with USB cameras only, enter "USB" for the Camera IP

Click Validate to use your license on this computer

License key OO -MO00000-000K
I Camera IP 192.166.1.130

Camera HTTP port (usually 80) 80

Camera User Name admin

Camera Password dahua49425

Validation Results

Please wait during initialization _.. Validation GUI startup completed

Validate Save Exit
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Make any necessary changes and then click Save. If not Saved before Exiting, then
when Manage Validation is selected again, the original validation information will be
shown. Save is automatic whenever Validation is started.

After clicking the Validate button, the Validation Results box shows the resulting
validation check results including validation of the key and if the selected camera can be
accessed. Both must validate to run OTDAU after clicking the Exit button.

Note that OTDAU can be used with only a USB camera if the Camera “IP” is set to
“‘USB” instead of an IP address.

Unlike Validation when OTDAU or MC is started up, it does not automatically exit after
validation when it is run from the Help selection. This allows the user to test different
entries before exiting.
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IGPS | ADS-B AIRCRAFT TRACKING SYSTEM

|Introduction

The GPS / ADS-B Aircraft Tracking System provides real-time aircraft identification and
position tracking capabilities integrated with OTDAU's video surveillance system. This
feature enables automatic identification and tracking of aircraft within the camera's field
of view, helping distinguish conventional aircraft from potential anomalous objects.

Key Capabilities:

Real-time GPS position tracking using USB GPS receivers
ADS-B aircraft reception and decoding on 1090 MHz

Automatic aircraft identification with callsign, altitude, and distance
Integration with wide-angle video display showing aircraft overlays
Comprehensive data logging for post-mission analysis

Support for up to 150 simultaneous aircraft tracking

System Components:

USB GPS Receiver (GNSS-compatible)

RTL-SDR USB dongle (ADS-B reception)

1090 MHz ADS-B antenna

GPS/ADS-B software module (integrated with OTDAU)
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ADS-B Receiver Setup with GPS

GPS Antenna
ADS-B Antenna
1090 MHz @

RTL-SDR (iga
R820T2

GPS USB

Receiver

USB Connection
NMEA GPS Data

USB Connection
ADS-B Data Stream

COMPUTER

System Components
* RTL-SDR: Receives 1090MHz ADS-B
* GPS: Provides position reference

* PC: Decodes & displays aircraft
« Software: dump1090, gpsd, UFODAS
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GPS SUBSYSTEM

|What is GPS?

GPS (Global Positioning System) is a satellite-based navigation system that provides
accurate location, altitude, and time information anywhere on Earth. The OTDAU
system uses GPS to:

e Establish observer position - Required for calculating aircraft distance and
bearing

e Provide accurate timestamps - Essential for correlating video with aircraft data
e Enable altitude reference - Used for calculating elevation angles to aircraft

e Support position overlay calculations - Maps aircraft positions to video
coordinates

Technical Specifications:
e Accuracy: Typical 3-10 meters horizontal
e Update rate: 1-10 Hz (1-10 times per second)
e Time accuracy: < 100 nanoseconds

¢ Altitude accuracy: 10-20 meters vertical
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GPS Hardware Requirements
RECOMMENDED GPS RECEIVERS

The system supports standard USB GPS receivers using the NMEA 0183 protocol.
Recommended models include:

Budget Option ($20-30):
+ VK-162 USB GPS Receiver

* Chipset: U-blox 7+ Update rate: 5Hz  + Connector: USB Type-A
Antenna: Built-in patch antenna  « Cold start: ~30 seconds < Note: Adequate
for stationary installations

Mid-Range Option ($40-60):
* Globalsat BU-353S4 USB GPS Receiver

* Chipset: SIRF Star IV« Update rate: 1 Hz  + Sensitivity: -165 dBm -
External antenna option available + Widely compatible, reliable performance

Professional Option ($80-150):

 U-blox USB GPS with External Antenna

* Chipset: U-blox 8 or9 « Update rate: 10 Hz  + External active antenna
Superior sensitivity and accuracy < Best for challenging environments

GPS ANTENNA CONSIDERATIONS
Built-in Antenna (Patch Antenna):
» Adequate for outdoor or window placement

* Requires clear view of sky
+ Typical gain: 0-3 dBi
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External Active Antenna:

e Required for indoor installations

Roof or outdoor mounting

Typical gain: 25-30 dB
Cable length: Up to 30 feet (keep as short as practical)

Requires USB power or separate 3.3-5V supply

Antenna Placement Tips:

e Clear view of sky (minimum 4 satellites visible)
e Away from metal obstructions
e Avoid proximity to high-power RF transmitters

e Magnetic mount antennas work well on metal roofs

=

N
VK-162 Globalsat BU-35354 U-blox USB GPS
USB GPS Receiver USB GPS Receiver with External Antenna
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GPS Installation and Setup
STEP 1: PHYSICAL CONNECTION
The GPS subsystem is designed for plug-and-play operation:

1. Connect USB GPS receiver to an available USB port

2. Windows automatically installs drivers (typically appears as "USB Serial Port")
3. OTDAU automatically detects the GPS receiver on startup

4. No manual configuration required - COM port is found automatically

Allow time for GPS acquisition:
e Cold start: 30 seconds to 5 minutes (first time or after long power-off)
e Warm start: 15-45 seconds (recently powered)

e Hot start: 5-15 seconds (continuous operation)

Automatic Operation:
e GPS receiver begins acquiring satellites immediately upon connection
e System searches all COM ports for NMEA GPS data
e Once valid GPS data detected, position automatically updated

e No user intervention required

STEP 2: VERIFY GPS OPERATION IN OTDAU

5. Open Auxiliary Video Display menu
6. Select Option 7: GPS/ADS-B Display
7. GPS status should show within 1-2 minutes:

e "GPS: Fix OK (N sats)" - GPS operating correctly (green text)
e "GPS: Acquiring satellites..." - Waiting for fix (gray text)

e "Location Source: IP Geolocation" - GPS not detected, using fallback (orange)
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GPS Status Messages:

"GPS: Fix OK (7 sats)" - Normal operation, 3D position fix (green)
e "GPS: Acquiring satellites..." - GPS detected but no fix yet (gray)

e "Location Source: IP Geolocation" - GPS not found, using internet location
estimate (orange)

e "GPS: Error" - GPS communication problem (red)

GPS / ADS-B Aircraft Tracker [ --- Display aircraft ---I

GPS: Fix OK (12 sats, HDOP 1.0['{]) Port: COM4 @ 9600 baud Max aireraft in camera FO
Location (GPS): 34.18963, -118.51060 | = | 10 I T |
Messages: 286 | Aircraft: 2 displayed, 2 qualified, 174 total

IDENT SYM SIG TYPE AGE ALTITUDE LATITUDE LONGITUDE VELOCITY HEADING DIST BEARING

S ft deg deg kts deg mi deg
SWA4530 M [Il Large O 4075 34.200858  -118.593063 204.0 90.3 16.29 275.0
AA3Z226 7 Il D 25825 34.340607  -118.611201 438.0 279.2 20.49 302.7

(GPs Troubleshooting

If GPS does not automatically connect or shows persistent "Acquiring satellites"
message:

éCheck 1: Verify GPS Hardware Detection
Windows Device Manager Method:

1. Press Windows Key + X, select Device Manager
2. Expand Ports (COM & LPT) section
3. Look for device named:
o "USB Serial Port (COMX)" where X is the port number
> "Prolific USB-to-Serial"
o "U-blox GPS" or similar GPS-specific name
4. If device shows yellow exclamation mark:
> Right-click device — Update Driver
o Select "Search automatically for drivers"

If GPS device not visible in Device Manager:

» Try different USB port
» Check USB cable (try known-good cable)

262



+ GPS may be defective - test on a different computer

éCheck 2: Test GPS with Diagnostic Software
Online GPS Test (Recommended for Quick Check):
Visit gpsd.io or gps-test.com in web browser:

* Requires GPS receiver connected

+ Browser-based, no installation

+ Shows satellite view, position, signal strength

« Verify GPS is receiving signals and calculating position

Desktop GPS Diagnostic Tools:
Option 1: U-blox u-center (Professional Tool)

« Download from: u-blox.com

* Free software, full featured

+ Shows satellite constellation, signal strength, NMEA sentences
+ Best for detailed diagnostics

Option 2: GPS Viewer (Simple Freeware)

» Search "GPS Visualizer" or "NMEA Monitor" or “VisualGPSView” from
https://www.visualgps.net/#visualgpsview-content

+ Shows raw NMEA sentences
» Verifies COM port communication
» Lightweight, easy to use
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What to Verify:

. GPS acquiring satellites (count should increase to 4+)
. Position calculated (latitude/longitude displayed)

. NMEA sentences flowing ($GPGGA, $GPRMC, etc.)
. Satellite signal strength bars visible

. HDOP value < 5.0 (preferably < 2.0)

! File Edit WView Tools Help

Longitude: -118.51065
Altitude: 222.400 M
PDOP: 1.5 (1.5)
HDOP: 0.9 (0.9)
VDOP: 1.2 (1.2)
Satellites Tracked: 12
Satellites in View: 19

GPS Quality: GPS Fix

VisualGPSView GPS receiver test
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éCheck 3: Improve GPS Reception
If GPS detected but not acquiring satellites:
Antenna Placement:

* Move GPS near window or outdoors

* Ensure antenna faces upward

* Remove obstructions (no metal/concrete above)
* Avoid proximity to high-power electronics

Sky Visibility Requirements:

* Minimum 4 satellites needed for 3D fix

* More satellites = faster acquisition and better accuracy
« Typical visible satellites: 8-12 in open sky

» Trees and buildings reduce satellite count

Cold Start vs. Warm Start:

» After long power-off, GPS needs to download almanac data
+ First fix can take 5-10 minutes with poor sky view

» Subsequent fixes much faster (30-60 seconds)

* Be patient on first use

éCheck 4: Verify OTDAU COM Port Scanning

OTDAU scans COM1 through COM20 for GPS data. If GPS is on COM21 or higher:

Reassign the GPS device to a Lower COM Port:

1. Device Manager — Ports (COM & LPT)
Right-click GPS device — Properties
Port Settings tab — Advanced

Change COM port number to 1-20
Click OK, restart OTDAU

o bkhwbd
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Understanding GPS Data
The GPS display shows the following information:
Satellite Count:

« Number of satellites currently tracked
* Minimum 4 required for 3D position fix
+ More satellites = better accuracy

+ Typical: 6-12 satellites visible

HDOP (Horizontal Dilution of Precision):

* Measure of geometric satellite distribution
+ Lower values indicate better accuracy

+ <1.0 = Excellent

+ 1.0-2.0 = Good

« 2.0-5.0 =Fair

+ >5.0 = Poor (reposition antenna)

Altitude:

+ GPS altitude above mean sea level (MSL)
» Used for elevation angle calculations

» Accuracy typically £10-20 meters

* Important for aircraft overlay feature

GPS Fallback Mode

If a GPS receiver is unavailable or not configured, the system automatically falls back to

IP Geolocation:

» Uses your router’s internet IP address to estimate location
» Accuracy: City-level (typically 5-50 km)

» Sufficient for rough distance calculations

» Display shows: "Location Source: IP Geolocation" (orange)
* Note: Altitude not available in this mode
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ADS-B SUBSYSTEM

|What is ADS-B?

ADS-B (Automatic Dependent Surveillance-Broadcast) is a surveillance technology
used by aircraft to broadcast their position, altitude, velocity, and identification. Unlike
radar, ADS-B is:

e Automatic - Broadcasts continuously without interrogation
e Dependent - Relies on aircraft's own navigation systems (GPS)
e Surveillance - Provides real-time aircraft tracking

e Broadcast - Transmitted on 1090 MHz, receivable by anyone

What ADS-B Provides:
e Aircraft ICAO identifier (24-bit unique code)
e Callsign (flight number or registration)
e GPS position (latitude/longitude)
e Pressure altitude (feet)
e Velocity (ground speed and heading)
e Vertical rate (climb/descent)

e Aircraft category (heavy/large/small/helicopter/etc.)

ADS-B Coverage:

e Required in USA: All aircraft in Class A, B, and C airspace
e Optional: General aviation in uncontrolled airspace
e Mandate effective: January 1, 2020 (USA)

¢ International: Varying mandates worldwide
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Transmission Specifications:
¢ Frequency: 1090 MHz (1090.000 MHz exactly)
¢ Modulation: Pulse Position Modulation (PPM)
o Power: 70-250 watts (aircraft dependent)
e Rate: Varies, typically 0.5-2 times per second per aircraft

¢ Range: Line-of-sight, typically 100-250 miles for aircraft at altitude

Aircraft with ADS-B Transponder

= ﬁ"
......‘ ~u-“’>'

ADS:B Signall  SSCEEEEE
B (Position; Altitude;Speed D) s {ye.

R

_ < Receiver
S e Antenna

ADS-B Data Decoding | ,
L ——— .

Transmission from Aircraft ADS-B Gmhd

\ Receiver oy

Data to Computer
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ADS-B Hardware Requirements
RTL-SDR USB DONGLE

The system uses an RTL-SDR (Software Defined Radio) dongle to receive and decode
ADS-B signals.

Recommended RTL-SDR Models:
Standard Option ($25-35) - RECOMMENDED:

e RTL-SDR Blog V3 or V4

e Chipset: RTL2832U + R820T2 -« Frequency range: 500 kHz - 1.7 GHz -
Built-in bias tee (powers active antennas) « SMA connector « Temperature-
Compensated Crystal Oscillator (TCXO) «Low phase noise < Best value for
ADS-B reception

NOTE: The original RTL-SDR V4 (powered by the Rafael Micro R828D) is officially
End of Life and out of production because the manufacturer exhausted its supply of
the tuner chip. The creator is developing a replacement dubbed the RTL-SDR Blog
V4 Lite, which utilizes the R828S chip, while continuing stable production of the
Blog V3.

Alternative Option ($30-40):

e NooElec NESDR Smart or SMArt
e Similar specifications to RTL-SDR Blog  + Aluminum enclosure (better heat

dissipation) + Metal case shields against interference  + TCXO for frequency
stability

Budget Option ($15-25):

e Generic RTL2832U Dongles
Basic functionality adequate < May lack TCXO (frequency drift possible)

Acceptable for testing/evaluation < Not recommended for permanent
installations
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A\ IMPORTANT - NOT COMPATIBLE:
HackRF One - Cannot be used (different architecture, not an RTL-SDR)

[ ]
e Airspy - Not currently supported (different API)

Standard TV tuner dongles - Not recommended (poor 1090 MHz performance)

L-SDRCOM RTL-SDR.CO |
pdliaticiabed 0 R M <:(
SDR.BLOG V4 . RTL-SDR BL @
T E DEFINVED RADIO \ OG v4. 2
SQFTWARinn China @ SOFTWARE DEFINTED RADIO =
Made Made in China & | g
‘E,

DNooElec r:
Dvg

RTL-SDR Blog V3 orV4  « NooElec NESDR Smart or SMArt
82azric RTL2832U Dongles « Generic RTL2832U Dongles

Why HackRF One Won't Work:
e HackRF is a transmit-capable SDR (not just receive-only)
e Uses different chipset and driver architecture
e OTDAU specifically requires RTL2832U-based devices
e Price: $300+ vs $25-35 for RTL-SDR (unnecessary expense)
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1090 MHz ADS-B ANTENNA

The antenna is critical for good ADS-B reception. Several options are available:

Indoor Option ($20-40):

Small magnetic mount whip antenna

* Gain: 0-3dBi < Length: 6-12 inches « Placement: Window ledge with clear
view e« Range: 50-100 miles (aircraft at altitude) <« Easy to deploy, no
installation required

Outdoor Option ($40-80):

Vertical collinear antenna (dedicated 1090 MHz)

* Gain: 3-9dBi  * Length: 24-48 inches < Placement: Roof or mast mounted
* Range: 150-250 miles (optimal conditions) « Weatherproof, permanent
installation

Professional Option ($100-200):

Filtered preamp + antenna system

* Built-in bandpass filter (reduces interference) + Low-noise amplifier (LNA) 20-
30 dB gain  « Optimal for urban/RF-dense environments  « Range: 200-300
miles

DIY Option ($5-15):

Build your own 1/4 wave ground plane antenna

» Materials: Coax cable, SMA connector, wire  « Resonant at 1090 MHz
» Performance comparable to commercial antennas  * Plans available online
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ADS-B Antenna Types Comparison

Indoor Magnetic Mount Whip Outdoor Vertical Collinear
$20-40 $40-80
f Weather
Sefled

6-12"
(telescoping)

24-48"

| B T T |

SMA
ini edge —_
* Gain: 3-9 dBi
¢ Gain: 0-3 dBi 2 R.ange: h150-250f mi
* Range: 50-100 mi . RWefa‘c ertproo .
+ Indoor use oof/mast moun

* No installation

Professional Filtered Preamp DIY 1/4 Wave Ground Plane
$100-200 $5-15
n Materials:
l » Copper wire (#12 AWG)
* SMA female connector
1 * Solder
= = * Heat shrink tubing
- -1 ~2.7"
- I} (a/4)
1
=z
1
=
,,,,, 1L I, o
L 300 ; ~2.7" ea.
! o Ris0R)

* Gain: 20-30 dB (LNA)
* Range: 200-300 mi
* Built-in bandpass filter

* Urban/RF-dense optimal * Gain: ~0-2 dBi

+ Range: Comparable to commercial
* DIY construction
* Resonant at 1090 MHz

All dimensions approximate = Performance varies by installation and environment
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ANTENNA PLACEMENT RECOMMENDATIONS
Height:
e Higher is better (reduces terrain/building blockage)
e Minimum: Above roofline
e Optimal: 20+ feet above ground

e Every 10 feet of height = 4 miles additional range

Orientation:

e Vertical polarization (antenna perpendicular to ground)

e Omnidirectional coverage (receives from all directions)

Environment:
e Clear line-of-sight to horizon
e Away from metal obstructions
¢ Avoid proximity to other transmitting antennas

e Ground plane antennas need metal surface below

Cable Considerations:

e Use low-loss coax (LMR-240 or better)
e Keep cable length <30 feet if possible
e Every 10 feet of RG-58 cable = 2 dB loss at 1090 MHz

e Consider LNA at antenna if a long cable run is required
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ADS-B Installation and Setup

STEP 1: CONNECT ANTENNA and INSTALL THE SDR

1. Connect 1090 MHz antenna to RTL-SDR SMA connector

* Hand-tighten only (do not over-torque) < Ensure center pin makes contact

2. Position antenna for optimal reception

* Near window or outdoor mounting  « Vertical orientation < Clear view to sky

3. Connect RTL-SDR to USB port

* Use USB 2.0 or 3.0 port -« Direct connection preferred (avoid hubs if possible)
* Blue LED should illuminate (if your receiver has one)

STEP 2: INSTALL RTL-SDR DRIVERS

The system uses RTL-SDR drivers that must be installed before first use, as described
below.

Windows Installation:
1. Prepare: Plug your SDR dongle (e.g., RTL-SDR) into your computer.

2. Download: Download the latest Zadig application from zadig.akeo.ie (version 2.9
recommended).

3. Run: Launch the application (no installation required, just run zadig.exe) as
Administrator. Just double click zadig-2.9 to start Zadig.
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Ed

Device Options  Help

RTL2832U ~ | []Edit

Driver |WinLISB {v6.1.7600.16385) | Ep |WinUSB (v5.1.7600. 16385) |: More Information
WinUSB (ibush

USEID | OBDA libush-win32

: Reinstall Driver hd libusbk
WCID = IE

WinUSB (Microsoft]

Mo new version of Zadig was found

. List Devices: Go to the "Options" menu and select “List All Devices”.

. Select Device: In the dropdown menu, select your device (e.g., "Bulk Interface 0",
"RTL2832U", or "RTL2838UHIDIR").

Note: Ensure the USB ID matches 0BDA 2838 or O0BDA 2832.
. Select Driver: Ensure the box next to the green arrow shows WinUSB.
. Install/Replace: Click Install Driver (or Reinstall Driver).

. Repeat: If your device has multiple interfaces, repeat the process for "Bulk
Interface 1".

. Finish: Close Zadig, open OTDAU, load any System configuration and then
select GPS/ADS-B for display. System will automatically:

* Detect and start the best available decoder + Begin receiving ADS-B
messages * Display detected aircraft

. Initial Setup Time:

* First aircraft may appear within 30 seconds < Full display population: 2-5
minutes  « Aircraft qualify after receiving sufficient messages
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Troubleshooting:

e Wrong Driver: If you accidentally replace the wrong driver (e.g., for a mouse),
reinstall that device in Device Manager.

e Windows 10/11: Ignore Windows automatic installation messages when plugging
in the device.

o Errors: If it fails, try a different physical USB port.

RESTART ADS-B DISPLAY

The ADS-B receiver is automatically configured and started when you activate the
display. If you unplug and then reconnect the SDR or want to change the receiver gain
setting, you can restart the driver using ADS-B Gain Settings found under Setup, as
shown below.

Success Indicators:
e Message count increasing (shown in display header)
e Aircraft appearing in list
e Position data populated (latitude, longitude, altitude)
e Green signal strength bars

e Yellow and pink highlighted rows indicate data age (time since last message)

Auxiliary Video Display Full
GPS / ADS-B Aircraft Tracker —— Display aircraft —
BP35: 12 sats, HDOP 0.82m | Loc: 34 18964, -116 51055 Mas aircraft in camera FOY
Messages: 384 | Alrcraft: 59 displayed, 86 qualified. 232 total EI 10

OpenSky: OK (59 aircraft) | Sources: 177 RF, 55 05 | 1824 OS queries left today
SRC IDENT SYM SIG TYPE AGE ALTITUDE LATITUDE LONGITUDE VELOCITY HEADING DIST BEARING
kts deg

Sec it deq deg mi deg
RF AAE2CE 72 1 15 2200 24.235100 -118.529900 1347 286.5
RF MG170C L Il Light Q G800 34.3561184 -118.642815 84.0 63.9 2278 2033
RF ABE448 2 1 Q 3TO00 23.848831 -118.516192 4620 134.5 2502 207.4
RF MNSE5AB L 1 Light a 8375 21622715 -118.542905 105.0 az21.2 3332 326.5
RF SWA3STE M I Lamge a 38000 34.672256 -118.754752 A31.0 3338.5 42,41 323.3
05 MNS33cA 7P 5 6150 31156900 -118.235500 B34 25581 2.4 225.0
0% MS1EG) P 5 3400 24148400 118220200 0.1 0.0 2,23 106.0
0% NSETGS 2 = 24196600 -118.250500 2572 347 204.2
o5 M224LA 2 5 T25 240486100 -118.287700 739 659 9,28 172.5
OS5 MNSA0K = 5 24.210800 -118.484400 2.8 13.22 2817
0% DALZGAT 7 1 5200 24.032500 -118.205300 2130 B30 10,26 178.8
oS M20evA P 5 24196300 118488100 215.0 10,31 276.8
0% EJA93E 2 5 24197200 118488400 0.1 244.7 0,32 276.4
05 EJAS24 = 5 24.208100 -118.487000 2728 13.35 280.6
a5 N3IOEA 2 5 24196800 -118.420200 6.5 146.2 1341 276.1
0% ME13:D 2 5 TOO 24.206200 118488900 54.2 2558 043 270.7
0% M1§2JC 7 5 24202600 118481300 0.9 1054 278.6
0% SWA1SE 2 1 19775 341.035278 -1189.251083 2097 554 10.5¢ 161.7
a5 NS18DH 2 5 24.215300 -118.420200 270.0 13,82 283.0
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STEP 5: RTL-SDR GAIN CONFIGURATION (OPTIONAL)

After starting the ADS-B display, you can optimize receiver performance by adjusting
the RTL-SDR gain setting:

6. Navigate to Setup — ADS-B Gain Settings
7. Select gain mode:

* Auto Gain (Recommended) - System optimizes automatically < Preset Gain -
Choose from environment-specific presets  « Manual Gain (Advanced) - Set
custom gain value 0-49.6 dB

Preset Gain Options:

e Maximum Range - Rural (42 dB) - Best for open areas with minimal RF
interference

e Suburban / General Use (27 dB) - Balanced setting for most locations
e Urban / High RF (20 dB) - Reduces overload in areas with strong signals

e Very High RF / Near Airport (15 dB) - Prevents receiver saturation near airports

8. Click Apply & Restart to apply changes

Note: Gain changes require restarting the ADS-B display to take effect. The Apply &
Restart button will automatically restart the receiver with the new settings.
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#® GPS and RTL-5DR Gain Configuration

GPS fix acquired (11 sats, HDOP 1.1m) 34.18968, -118.51057

Current status:

Manual location fallback:

Used when GPS hardware is absent or has no fix.
Leave blank to use IP geclocation.

|‘u"an MNuys Airport

Accepts decimal lat, lon | Google Maps right-click coords
street address | intersection

¥ Geocoded: 34.20721, -118.49015

% Auto Gain (Recommended)
Let system optimize automatically

" Preset Gain

Suburban / General Use (27 dE) = |

¢ Manual Gain (Advanced)

Gain: | | 27.0dB

Common: 0, 8, 14, 27, 27, 77, 125, 157,
229, 280, 372, 421, 496 (x0.1 dB)

Total Messages: 654 Aircraft (disp/qual/tot): 6/62/363

Max Range: 68.2 mi

Enter a location and click Look Up / Validate to convert it to latitude/longitude values.
These values will be used for the ADS-B location if no GPS hardware is connected or if

it is, no fix has been acquired yet.

All GPS and ADS-B options are saved in C:\OTDAU\SystemOptions.txt upon Apply and

restored when OTDAU is started.
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GPS/ADS-B Display Interface

'Display Overview

The GPS/ADS-B Display shows real-time aircraft tracking information in a clean,
organized format optimized for quick scanning and interpretation.

 Auxiliary Video Display Fullscreen

GPS / ADS-B Aircraft Tracker Airgraft display enabled
GPS: 12 sats, HDOP 0.94m | Loc: 3418963, -118.51064 Max aircraft in camera FOY

Messages: 1618 | Aircraft; 63 displayed, 114 qualified. 895 total s

Open3ky; QK (28 aircraft) | Sources: 836 RF, 29 03 | 2787 OS5 gueries left today EI 10

SRC IDENT SYM SIG TYPE AGE ALTITUDE LATITUDE LONGITUDE VELOCITY HEADING DIST BEARING
Sec it deqg deg kis deg mi deg

M 4 33600 34268220 119505200 aTaa a3Ta TET B3

Il Large 0 32500 34080287 118382320 AB4.4 14484 10,05 133.0

Il Large 4 35000 34293497 1183444958 ABQG 16416

| a 16650 31468742 -114.704585 T48.0 2034

34204500 118453000 0.4

34208200  -118.453000

34206300 118452600

3214600 -112,459900

3216500 118500300

34213800 118451900

3210800 118485600

34210000 119485600

3210500 118484700

3216100 1184562300

34202400 118568400

34243300 118453600

321ME00  -118.595800

34498300 -118,2365900

258800 118412300

RF ACTAE4 72
RF ASAS21 M
RF ENW4803 M
RF A2F0GE 72
ARGFTT 2
NASOPD 2
ME3SP 2
MA22SN 2
MN2525P 2
NgaTaL 2
?

z

2

z

s

2

?

M

?

fu fa fn

e

PXTES
MN252AG
MEG2TM
NAQOST
EJAGTE2

MO
MNZ13PF
S0OWa223

CAPA4E

Small

Lamge

hihihdh — <hdh <h ¢h {h =

Display Components

Header Section

Top Row - System Title:

+ "GPS/ADS-B Aircraft Tracker"

+ Toggle Button (upper right): "Display Aircraft"
o Click to enable/disable aircraft overlays on Primary Video Display
o Gray = Disabled
o Green = Enabled
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Second Row - GPS Status:

+ GPS Fix Quality: "GPS: Fix OK (N sats)" or error status
* The five display cases are now:

Condition Example Text
GPS Fix: 8 sats,
GPS hardware, fix acquired HDOP 1.2m | 34.18050, -
118.30900

GPS: Connected, 4 sats, waiting
GPS hardware, no fix yet, manual set for fix | Manual Location:
34.18050, -118.30900

GPS hardware, no fix yet, no manual GPS: Connected, 4 sats, waiting

for fix
No GPS hardware, manual location = Manual Location: 34.18050,
set -118.30900
No GPS. no manual SGeFt’S: Not connected | No location

+ HDOP value in meters

* GPS Coordinates: Latitude, Longitude displayed to 5 decimal places
« Source Indicator: "(GPS)" or "(IP Geolocation)"

+ Example: "Loc (GPS): 34.18081, -118.30904"

Fourth Row - Statistics:

* Messages: Total ADS-B messages received
» Aircraft Counts:
o Displayed: Aircraft shown in list (passed all filters)
o Qualified: Aircraft meeting minimum criteria
o Total: All aircraft detected on 1090 MHz
« Example: "Messages: 2456 | Aircraft: 8 displayed, 12 qualified, 68 total"

Fifth Row — OpenSky (OS) web data ADS-B status:

* OK if connected and total number of aircraft tracked
» Sources: Number of aircraft tracked via RF and via OpenSky

* Number of shared OpenSky queries available left: UFODAP is allowed up to
4000 queries per day, shared among all users. When this number has been
used, this message and one on the Status display indicates that status.

Color

Green

Blue

Blue
Purple

Gray
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Upper right — Aircraft display selection:

» Clicking the Aircraft display button enables/disables overlay of symbols on the
Primary Video Display indicating aircraft that might be in view.

» Use the — and + buttons to adjust the maximum number of aircraft indicators in
view at once to reduce clutter.

Primary Video Display
AZ:184.0 EL:18.4 Zoom:1.0 HFOV:60.C VFOV:30.8

*
+

Wide: Dahua—49425XBNR_22 1920x1080 Frame: 4251
2026 15:26:03PM __FPS: 29.6-J 1

Example of aircraft indicator on wide camera display showing call sign, altitude and
distance. The circle around the aircraft type symbol is blue if the data came from RF
and red if from OpenSky data.
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. Column Headers

The display uses a tabular format with the following columns:

Column

IDENT

SYM

SIG

TYPE

ALT (ft)

LAT (deg)

LON (deg)

VEL (kts)

HDG (deg)

DIST (mi)

BEARING

Full Name

Identifier

Symbol

Signal

Aircraft Type

Altitude

Latitude

Longitude

Velocity

Heading

Distance

Bearing

Description

Callsign or ICAO code

Aircraft type code

Reception strength

Category description

Pressure altitude

Position latitude

Position longitude

Ground speed

Track direction

Distance from observer

Angle from your
location to the aircraft
(your camera’s
calibrated azimuth
angle)

Units

Text

Letter

Bars

Text

Feet

Degrees

Degrees

Knots

Degrees

Miles

Degrees

Each row represents one aircraft. Rows alternate with white/light gray for readability.
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IDENT Column:

» Callsign shown if available: "AAL123", "UAL456", "SWA789"
+ |ICAO code if no callsign: "A2B4C6" (first 6 characters)
« Trailing underscores removed for cleaner display

SYM Column (Aircraft Symbol):

» Single letter indicating aircraft category

» Bold text for better visibility

« Common Symbols:
o H = Heavy (Boeing 777, A380, B747)
o M = Medium/Large (Boeing 737, A320, etc.)
o S = Small (Regional jets, small commercial)
o L = Light (General aviation, private aircraft)
o R = Rotorcraft (Helicopters)
o D = Drone/UAV
o G =Glider
o E = Emergency vehicle (medical, police)
o ? = Unknown type

[IMAGE PLACEHOLDER: Table showing all aircraft symbols and their meanings]

SIG Column (Signal Strength):

» Vertical bar graph showing reception quality

» 5 vertical bars possible: | | | | |

» Green color indicates active signal

* Interpretation:
o |]]]| (5 bars)=Excellent (100+ msgs/min)
° |]]] (4 bars) =Very Good (80-99 msgs/min)
> |]](3 bars) = Good (60-79 msgs/min)
> || (2 bars) = Fair (40-59 msgs/min)
> | (1 bar) = Weak (20-39 msgs/min)
o (blank) = Very Weak (<20 msgs/min)

Signal Strength Meaning:

* More bars = closer aircraft or better signal
» Strength decreases with distance
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+ Weak signals may have intermittent data updates
« Strong signals update position every 1-2 seconds
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Aircraft Filtering and Display Criteria

The system applies multiple filters to ensure only valid, relevant aircraft are displayed.

Filter Stages
Stage 1: Message Reception

+ Al 1090 MHz Mode S/ADS-B messages received
+ CRC validation performed by external decoder (rtl_adsb)
* Invalid messages discarded automatically

Stage 2: Basic Qualification

* Minimum message count: 8 messages

« Valid data quality score: Combination of factors:
o Position messages received
o Callsign decoded
o Altitude data present

* Requirement: Minimum quality threshold met

Stage 3: Position Validation

» Coordinate range check: -90° < Latitude < 90°, -180° < Longitude < 180°
» Distance validation: Position must be within 400 miles of observer

> Rejects CPR (Compact Position Reporting) decoding errors

o CPR errors can produce positions anywhere on Earth

o 400-mile limit catches invalid decodings
« Altitude validation: 0 < Altitude < 65,000 feet

o Rejects negative altitudes (decoding errors)

o Rejects unrealistic high altitudes (>65,000 ft)

Stage 4: Display Filters

» Position required: Latitude AND Longitude must be present
» Distance limit: Aircraft within 150 miles only

o Beyond 150 miles: Weak signals, unreliable data

o Focus on trackable, observable aircraft
« Altitude validity: No negative altitudes displayed
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Result: Only aircraft passing ALL filters appear in display

éUnderstanding Aircraft Counts
The statistics line shows three different aircraft counts:

Example: "Aircraft: 8 displayed, 12 qualified, 68 total"

Total (68):

» All aircraft detected on 1090 MHz

* Includes Mode S transponders (no position data)
* Includes aircraft with insufficient messages

* Includes aircraft beyond reception range

Qualified (12):

* Met basic qualification criteria:
> Minimum 8 messages received
o Quality score threshold met
o Has callsign OR position data
* May not have complete position data yet

Displayed (8):
+ Passed ALL filters:
o Qualified v
> Valid position (lat/lon) v
> Valid altitude (0-65,000 ft) v

o Within 150 miles v
 These are the aircraft shown in the list

Why counts differ:

« Some qualified aircraft don't have position yet (newer Mode S)
+ Some qualified aircraft beyond 150 miles (filtered out)
« Some qualified aircraft have invalid altitude (data errors)
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Aircraft Overlay on Wide Video Display

Overview

The aircraft overlay feature allows real-time aircraft symbols and information to be
displayed directly on the wide-angle video feed, showing where each aircraft is located
in the sky. Overlays are recorded along with the Wide camera video. An ADS-B derived
symbol near a tracked object can help identify it as an actual aircraft and exclude
classification as a UAP.

Requirements:

* GPS receiver providing observer position or OpenSky ADS-B data (but with 10
second sampling interval)

* Wide camera with known azimuth (pan) and elevation (tilt)
* Field of View (FOV) data for wide camera
» ADS-B aircraft with valid position data

» Calibrate/offset the camera FOV and then enable Aircraft displays, as shown
below
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A otdau-wide-08-15-47.avi - VLC media player - m} X

Media Playback Audio Video Subtitle Tools View Help

AZ:357.4 EL:30.0 Zoom:1.0 HFOV:60.0 aircraft
99.8%

Wide: Dahua—49425XBNR_22 1920x1080 Frame:
Friday 20 February 2026 08:15:54AM FPS: 30.9.

u&&@@ 00:11
| D] ] [E]5]%] o el ] .

Aircraft icon overlay on video display corresponding to aircraft listed below.

A otdau-adsb-08-15-47.avi - VLC media player - m] X

Media Playback Audio Video Subtitle Tools View Help

GPS / ADS-B Aircraft Tracker
GPS: 12 sats, HDOP 0.81m | Loc: 34.18964, -118.51060 Max aircraft in camera FOV
Messages: 65515 | Aircraft: 8 displayed, 55 qualified, 666 total +

OpenSky: Rate limited (400/day) | Sources: 666 RF, 0 OS | 0 OS queries left today EI 10

SRC IDENT SYM SIG TYPE AGE ALTITUDE LATITUDE LONGITUDE VELOCITY HEADING DIST BEARING

sec ft deg deg kts deg mi deg
RF SWA4130 M ||||| Large O 2925 34.199648 -118.510494 180.0 90.3 0.69 0.0
RF LXJ340 S Il Small 0 1725 34.182656  -118.486805 221.0 165.3 1.44 109.6
RF N620SY M ||| Large O 5525 34.136124  -118.541640 236.0 224.0 4.10 205.7
RF ABBBA4 ? | 13 5400 34.188848 -118.674660 227.0 945 9.38 269.7
RF N17FJ M [l Large 9 5150 34321708 -118.576126 226.0 193.0 9.87 337.7
RF AA9A56 ? | 3 21850 34.407411  -118.569775 218.0 321.5 15.42 3473
RF SWA1198 M ||| Large 1 22025 34.412567 -118.586874 354.0 3386  16.01 344.2
RF SUAT072 M I Large 19 34300 34.022750 -118.228970 508.0 149.9 19.81 1255
00:05 00:11
QIS
> w3 [=]2]%)
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Enabling the Aircraft Overlay
Step 1: Configure Camera PTZ

e Ensure wide camera PTZ (Pan/Tilt/Zoom) is properly configured
e System must know camera azimuth and elevation
o Verify FOV values are correct in camera configuration

Step 2: Enable Toggle

1. Open Auxiliary Video Display menu

2. Select Option 7: GPS/ADS-B Display

3. Click "--- Display aircraft ---" button (upper right corner)

4. Button turns green with message “Aircraft display enabled”

Step 3: View Overlays

5. Switch to wide video display (Auxiliary Display Option 1 or Main Display)
e Aircraft within camera field of view will show available overlays
e Overlays update in real-time as camera moves or aircraft fly by

To Disable:

» Click toggle button again (turns gray)
* Overlays removed from video
+ Console message: "ADS-B: Wide overlay DISABLED"
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Camera Azimuth/Elevation Calibration

For accurate aircraft overlay positioning, the wide camera must be calibrated to
establish its azimuth (pan) and elevation (tilt) reference frame.

éCaIibration Procedure
Step 1: Point Camera North and Level

6. Determine True North at your location:
o Compass points to Magnetic North, not True North
> Declination correction varies by location
o Use compass (apply magnetic declination correction)
o Use a smartphone compass app
> Use online tools: magnetic-declination.com
o Use North Star (Polaris) at night (very accurate)
o Compass reading + Declination = True North bearing
7. Position wide camera:
> Pan camera to point due North (0°)
o Tilt camera to horizon (0° elevation as shown on the Primary Video Display)
> Use bubble level or smartphone level app to verify horizontal (approximate)
> Ensure camera stable and locked in position

Step 2: Configure PTZ Offsets in OTDAU

8. Open System Configuration window
9. Navigate to: Setup — PTZ Control and Tracking Options
10.Locate "Set pan and tilt offsets" section
11.Click the button "Set P/T offsets"
e System now knows:

o Current PTZ position = North (0° azimuth)

o Current PTZ position = Horizon (0° elevation)

o All future PTZ movements referenced to this baseline
12.Click Save
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Step 3: Position Camera for Data Collection

13.With the System configuration option Enable Pan/Tilt set, manually move the
camera to the desired monitoring position.
14.Click Run to collect data.

15.When Stopped, the camera will return to the set position and display the offset
AZ and EL values. It will also do this when the Home button is pressed or when
that System configuration is reloaded.

ADS-B Data Logging

'Log File Location

All ADS-B data is automatically logged to a text file for post-mission analysis:

Default Location:

C:\OTDAU\adbslog.txt

Directory Creation:

« C:\OTDAU\ directory created automatically by software on first run
» No manual directory creation needed
« If directory missing, software creates it automatically

Log File Characteristics:

* Plain text format (readable in any text editor)

* UTF-8 encoding

» Line-buffered (writes immediately, not cached)

* Automatically created on ADS-B startup

* Appends to existing file (preserves historical data)

» Can grow large over time (periodic archiving recommended)
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Log File Format

The log uses a timestamped format with structured sections:

Session Header (Written on startup):

[2026-01-13 14:30:00] ========== ADS-B SESSION START ==========
[2026-01-13 14:30:00] Observer Location: 34.18081, -118.30904
[2026-01-13 14:30:00] GPS Status: Fix OK (8 satellites, HDOP: 1.2)

[2026-01-13 14:30:00] Decoder: rtl adsb

GPS Updates (Every 30 seconds):

[2026-01-13 14:30:30] GPS Update: 34.18082, -118.30905 | 8 sats | HDOP: 1.1 |
Alt: 850ft

Aircraft Qualification (Immediate):

[2026-01-13 14:31:15] QUALIFIED: AAL123 (A2B4C6) | Pos: 34.2500, -118.2500 |
Alt: 35000ft | Dist: 10.7mi

Periodic Summary (Every 60 seconds):

[2026-01-13 14:32:00] === STATUS: 2456 msgs | 8 displayed, 12 qualified, 68
total ===

[2026-01-13 14:32:00] AAL123 H 5bars 35000ft 10.7mi Cruise

[2026-01-13 14:32:00] UAL456 M 4bars 28000ft 25.3mi Cruise

Session End (On shutdown):

[2026-01-13 15:45:00] ========== ADS-B SESSION END ==========
[2026-01-13 15:45:00] Duration: 1h 15m

[2026-01-13 15:45:00] Total Messages: 15,234

[2026-01-13 15:45:00] Total Aircraft: 156
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Log File Growth

Typical log file growth rates:

Duration Messages Aircraft
1 hour 8,000-12,000 50-100

8 hours 60,000-100,000 200-400
24 hours 180,000-300,000 600-1200

Log Management Recommendations:

Archive log weekly in busy areas

Archive log monthly in rural areas
Compress old logs (text compresses well)
Keep most recent session for reference

Approx Size

50-100 KB

400-800 KB

1.2-2.4 MB
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GPS TROUBLESHOOTING

Symptom

"GPS: Acquiring

satellites" >10 min

Position jumps around

GPS not detected

Wrong location shown

Diagnosis

No GPS fix

Poor HDOP, multipath

Not in Device Manager

Wrong datum/corrupted

Solution

Move antenna to
window/outdoor

Relocate away from
reflective surfaces

Try different USB port,
check cable

Reset GPS, verify WGS84
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ISATELLITE TRACKING SYSTEM

|Introduction

Satellites are among the most common sources of unidentified moving lights. A satellite
in sunlight, crossing a dark sky, looks like a steady point of light moving in a straight
line; some flash briefly as a solar panel or antenna catches the Sun, and Starlink
satellites often appear as a line of lights shortly after launch. The Satellite Tracking
System lets OTDAU tell you, at any moment, which satellites are above the horizon,
which of them are lit by the Sun, and which are in the wide camera's field of view -- so a
detected light can be checked against known spacecraft before it is classified as
unidentified.

It provides:

« Satellites display -- an Auxiliary Video Display listing every satellite above the
horizon, with a sky plot showing where they are and where the camera is looking.

* Wide display overlay -- satellite symbols and names drawn on the Primary
(wide) video at their computed positions, the same way aircraft are shown from
ADS-B.

+ Satellite data recording -- a CSV file of every satellite in the camera's view,
once a second, recorded with each event (see Aircraft and Satellite Data
Recording).

« Pointing calibration -- satellites (at night) and aircraft (by day) make precise
references for calibrating the camera's azimuth and elevation (see Camera
Pointing Calibration).

How It Works

'Orbital data from CelesTrak

Satellite positions are predicted from published orbital elements (two-line element sets).
OTDAU downloads the elements for all active satellites -- about 16,000, including the
International Space Station, the Chinese space station, Starlink, OneWeb, GPS and
communications satellites -- from CelesTrak (celestrak.org), a free public source. The
data is saved to C:\OTDAU\satellites\ so it is available immediately at the next start, and
without an internet connection.
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Orbital elements become less accurate over days, so the saved data is refreshed about
once a day, in the background, while the satellite calculations are running.

Limits on CelesTrak queries

CelesTrak updates its data about every two hours and blocks users who download the
same data too often. OTDAU therefore strictly limits its requests:

* New data is requested only when the saved copy is more than 24 hours old.

* Arequest is never made more often than every 2 hours, whether the last request
succeeded or failed.

+ If CelesTrak refuses a request (HTTP 403 or 429), no further request is made for
24 hours.

» Every request is recorded in C:\OTDAU\satellites\celestrak queries.json before it
is made. Because the record is on disk, restarting OTDAU -- or running several
copies of OTDAU on one PC -- cannot cause extra requests.

The result of the last request, and when the next one is allowed, are shown on the
Satellites display.

Position calculation

Once a second, OTDAU calculates the azimuth, elevation, range and angular speed of
every satellite using the standard SGP4 orbit model, for the observer's location and the
current time. Between calculations, each satellite's symbol is moved smoothly according
to its measured rate, so symbols on the video move continuously rather than jumping
once a second.

Positions are typically accurate to better than 0.1 degree when the orbital data is less
than three days old. In practice the accuracy of the overlay depends mostly on how
accurately the camera's pointing direction is known (see Camera Pointing Calibration).

'Satellite status

For each satellite OTDAU works out whether it is in sunlight or in the Earth's shadow,
and whether the sky at the observer is dark enough to see it:

Status Color Meaning

VISIBLE Amber In sunlight while the sky is dark (Sun more than 6 degrees below the
horizon). Can be seen as a moving point of light, or may flare briefly.

sunlit Grey In sunlight, but the sky is too bright (daytime or twilight) to see it.

shadow Blue In the Earth's shadow -- not illuminated, and normally invisible.
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Status Color Meaning

(crewed) Magenta A crewed space station (ISS, Chinese space station), whatever its
status.

NOTE: In the middle of the day every satellite above the horizon is in sunlight -- the
Earth's shadow is on the far side of the planet -- so the whole list shows "sunlit".
VISIBLE (amber) and shadow (blue) satellites appear from dusk onward.

NOTE: Geostationary satellites (for example the Intelsat, Galaxy and SES series, about
36,000 km away) are often listed as VISIBLE at night, but they are far too faint for the
OTDAU cameras. Low satellites (ranges of a few hundred to about 2,000 km) are the
ones that are seen.

Observer location and camera pointing

The observer location is the same one used by the GPS/ADS-B display: the GPS
receiver if one is connected, otherwise the manual location entered in the GPS/ADS-B
settings.

To place satellites on the video, OTDAU must know the true azimuth and elevation of
the wide camera's image center. This comes from the camera's Azimuth and Elevation
offsets (Pan and Tilt additional offsets); see Camera Pointing Calibration.

Satellites Display

IOpening the display

Click Satellites in the Auxiliary Video Display buttons (between GPS/ADS-B and
Spectrum). The first time it is selected after a configuration is loaded, the satellite
calculations start; they then keep running, whichever Auxiliary view is shown, until the
configuration is closed.
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Satellites above the horizon 21:03:37 local  21:03:37 UTC

Observer 34.1800, —118.3100 Sun —24.0 deg (sky dark)
Above horizon 127 visible 95 sunlit 0 shadow 32 in view 2
CelesTrak: 1401 satellites, data 0.0 h old, last query never queried, next allowed now

——— Display Starlink ———
Calibrate pointing

Name NORAD Az El Range km deg/s Status
* NAVSTAR 633 20633 264.0 45.0 21595 0.01 VISIBLE
* NAVSTAR 675 20675 236.3 21.6 23545 0.01 VISIBLE

NAVSTAR 1173 21173 149.1 77.7 20223 0.01 VISIBLE

NAVSTAR 1037 21037 71.0 77.3 20208 0.01 VISIBLE

NAVSTAR 256 20256 190.7 73.0 20336 0.01 VISIBLE

NAVSTAR 1109 21109 30.0 65.9 20493 0.01 VISIBLE

NAVSTAR 1081 21081 288.4 61.4 20687 0.01 VISIBLE

NAVSTAR 1220 21220 3279 59.8 20732 0.01 VISIBLE

NAVSTAR 1228 21228 170.0 59.3 20843 0.01 VISIBLE

NAVSTAR 873 20873 232.1 58.8 20847 0.01 VISIBLE

NAVSTAR 349 20349 25.2 58.5 20784 0.01 VISIBLE

NAVSTAR 1372 21372 47.4 58.4 20804 0.01 VISIBLE

NAVSTAR 901 20901 328.7 58.2 20803 0.01 VISIBLE

COSMOS 2750 30450 316.4 58.1 940 0.43 VISIBLE

NAVSTAR 1009 21009 42.7 56.4 20894 0.01 VISIBLE

STARLINK—-1317 44317 331.7 56.1 652 0.63 VISIBLE

... 111 more not listed

Amber = VISIBLE: sunlit while the sky is dark —— may appear as a moving light or brief
Grey = sunlit, sky too bright. Blue = shadow, not illuminated. Magenta = crewed.

camera view

flare.
* = in camera view.

SGP4 positions from CelesTrak data (< 0.1 deg if under 3 days old). Overiays also depend on camera calibration.

Satellites display at night (example). Amber rows are VISIBLE satellites; the sky plot
shows every satellite above the horizon and the wide camera's field of view in red.

Auxiliary Video Display

Satellites above the horizon 14:05:43 local  21:05:43 UTC

Observer 34,1808, —118.3090 Sun 48.8 deg (sky daylight)
Above horizon B65  wisible 0  sunlit 865 shodow O in view 25

Starlink display enabled
[ Calibrate _pointing |

CelesTrok: 15976 sctellites, doto 23.7 h old, lost query OK 2026—09-27 14:21, next allowed now

Name NORAD Az El Range km deg/s Status

* STARLINK—36872 67955 3284 18.6 1218 0.32 sunlit
* STARLINK=-6271 56397 225 18.3 1230 031 sunlit
* STARLINK-30400 57937 3307 18.1 1194 0.35 sunlit
* STARLINK—3992 52627 3338 17.9 1197 0.20 sunlit
* STARLINK-31809 53743 3322 17.0 1285 0.29 sunlit
* GEESAT-1 01 52785 3458 165 1641 0.21 sunlit
= STARLINK—4186 52880 18.4 16.0 1284 0.22 sunlit
* STARLINK-3975 52620 231 15.7 1290 0.32 sunlit
* STARLINK=31353 58980 349.7 155 1308 0.25 sunlit
* STARLINK 34160 64119 3443 154 1314 0.31 sunlit
* STARLINK-34269 64386 3253 151 1372 0.26 sunlit
* STARLINK—11585 [DT 63309 17.0 13.6 1135 0.35 sunlit
* STARLINK-36316 B7705 118 13.4 1424 013 sunlit
* STARLINK-36068 66845 3597 12.9 1698 0.15 sunlit
* STARLINK—37402 69210 3534 129 1440 0.24 sunlit
» CUBEBUG-2 (LO-74) 39440 208 11.9 1892 0.18 sunlit

. B49 more not listed

comera view

Amber = WSIBLE: suniit while the sky is dark —— may oppear os @ maving light or brief flare.
Grey = sunlit, sky too bright.  Blue = shadow, not llumincted. Mogenta = crewed. = = in camera view.
SGP4 positions from CelesTrok dato (< 0.1 deg if under 3 doys oid). Overiays also depend on camerg calibration.

Satellites display in daylight, with Display satellites and Display Starlink enabled.

Display components
Header lines

» Title, local time and UTC.
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+ Observer latitude and longitude, and the Sun's elevation with the sky state
(daylight, twilight or dark).

+ Counts: satellites above the horizon, VISIBLE, sunlit, in shadow, and in the
camera's view.

» CelesTrak status: number of satellites loaded, age of the data, result of the last
request, and when the next request is allowed.

Buttons (upper right)

« --- Display satellites --- / Satellite display enabled -- turns the satellite symbols
on the wide display on (green) or off (grey). It starts off each time a configuration
is loaded.

« --- Display Starlink --- / Starlink display enabled -- includes Starlink satellites
in the wide display symbols (green) or leaves them out (grey). Starlink satellites
are most of the low satellites and otherwise fill most of the 25-symbol limit. It
starts off each time a configuration is loaded, and affects only the wide display
symbols: the list, sky plot and data file always include Starlink.

+ Calibrate pointing -- starts Camera Pointing Calibration.

Satellite list
Column Description
* The satellite is in the wide camera's view.
Name Satellite name from the CelesTrak catalog.
NORAD Catalog number (unique identifier).
Az | El Azimuth (degrees from true north) and elevation (degrees above the horizon).
Range km Distance from the observer in kilometers.
deg/s Angular speed across the sky, degrees per second. Useful for comparing with a
tracked target.
Status VISIBLE, sunlit or shadow (see Satellite status). Rows are drawn in the status

color.

Satellites in the camera's view are listed first, then VISIBLE, sunlit and shadow
satellites, each group from highest to lowest elevation. Sixteen rows are shown; the
number not listed is shown below the list.

Sky plot -- a circular chart of the whole sky: the horizon at the edge, the zenith at the
center, north at the top and east at the right (like a map). Each satellite is a dot in its
status color, and the wide camera's field of view is outlined in red.
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Legend -- the meaning of each color and a note on position accuracy.
Satellite Overlay on Wide Video Display

The overlay shows each satellite in the wide camera's view as a small satellite symbol
(a body with two solar panels) with its name, in the status color. Overlays are recorded
with the wide camera video.

Primary Video Display Auxiliary Video Display

—
A2:355.3 EL:3.5 Zoom:1.C HFOV:60.0 VFOV:30.8 Satellites above the horizon 140425 ocal 210525 UTC
;

for remote handoff Observer 34.1808, ~118.3090  Sun 48.9 deg (sky dayicht)
A Above horizon 887  visible O sunltt 887  shodow O In view 25

CelesTrok: 15378 satelites, dato 23.7 h oid, lost query OK 2026-09-27 14:21, next ollowed now

KUIPER—0023.

<P Name
+ YUNHAI-2 O1E 43913 3443 182 1854 0.19 sunlit
* HULIANWANG DIGUI=1 67236 3336 179 2503 0.14 sunlit
+ KUIPER-00357 68866 3427 16.1 1640 0.25 sunlit
* ONEWEB—-0701 61607 3375 16.0 2743 o1 suniit
+ YUNHA-2 02F 59285 3460 154 2017 020 sunit
« KUPER-00293 503 163 141 1748 024 sunit
SPACEMOBILE-009 69530 48 120 1651 022 sunit
* 2023-085A) 57036 3578 11.4 1637 043 suniit
« GEESAT-1 01 S2785 3329 105 1985 015 sunit
* HULIANWANG DIGUI-6 65167 22.7 8.7 3196 0.09 suniit
+ ONEWEB-0266 48984 7.4 79 3315 0.07 sunlit
* KUIPER=-00078 64825 3593 7.9 2167 0.19 suniit
« QANFAN-83 88041 70 70 3154 007 sunit
* METEOR-M2 4 59051 18.1 5.9 2762 0.12 sunlit
+ ONEWEB-0054 45158 3456 58 3550 0.07 sunlit
+ KL-ALPHA A 4785 B8 54 3271 007 sunit
. 871 more not listed

NORAD Az El _ Range km _deg/s Status

-
{UIPER=00300

Wide: Dahuu—49425XBNR.22 20x1oao Frame: 7124 O e, sy v g, B = o, e I Mo = oo+ It vomer o
Monda Saplamber 2026 14:04:25! FPS: 20015 1.6 Z:1 ourcons S possers o etk 44 8.3 0o s s o, Gt g s s

Satellite symbols on the Primary Video Display (left) with Display Starlink off, and the
Satellites display (right). In daylight every satellite is "sunlit" (grey).

Primary Video Display Auxiliary Video Display

AZ:355.3 EL: szi IZODI‘!'IR:‘I .0 HFOV:60.0 VFOV 30.8 Satellites above the horizon 14:05:03 local  21:05:03 UTC

dy for remote handoff Observer 34.1808, ~118.3090 S ...a“.,qck,m‘gm)
. Above horizon 868 wvisible 0 sunlit 868 shodow in view 25
et Tamms st 257 h e ey O 27 & vt o e

‘Satalite dispiay snodled
Storiink disploy enabled

Name NORAD Az _ EI _ Ronge km deg/s Status
« STARUNK-31707 59736 3365 185 1224 032 sunit
«STARUNK-11595 [OT 63669 3255 17.6 969 041 sunit
« STARUNK=33781 63826 3326 17.3 1273 028 suniit
+ STARUNK 36068 66845 3540 172 1473 020 sunit
« STARLINK-30191 57413 201 165 1168 034 sunit
« STARUNK-34160 64119 3310 164 1267 035 suniit
+ 2023-0854 57036 3542 160 1387 0.17  sunit
« STARUNK~-5797 55784 165 159 1477 023 suniit
+ STARUINK- 34623 65018 3451 159 1290 0235 sunit
« STARLINK- 35788 66831 3564 156 1550 0.18  sunit
«STARUNK-11585 [T 63303 16 149 1079 039 sunit

M‘

+ STARLINK - 3075 52620 104 143 1360 029 sunit
« STARUNK-35213 65638 219 141 1377 030 suniit
+ STARLINK - 36388 68037 217 129 1451 021 sunit
« STARLINK~-3992 52627 3200 127 144a 0.15  suniit
« STARUNK-11328 [OT 61880 137 125 1201 034 suniit

.. 852 more not listed comera view
Jember = VISIBLE: sunit while the:sky s dork —— may oppear @8 o moving light or brief flre.

Wide: Dahuu—494zsxaNR.zz' 1920x1080 Frame: 8269 G w2k ot e o = i, o8 Mo g & e+ e
Monda Seplember 2026 14:05:03PM _FPS: 30.11-1.6Z1 o, con S0 et e Gttt e & 21 de ¥ s 3 ders o Ot s S 3 crrs st Ouronar

The same view with Display Starlink enabled: Starlink satellites fill most of the 25
symbols.

Enabling the satellite overlay
Step 1: Calibrate the camera pointing

* The overlay can only be as accurate as the camera's azimuth and elevation. See
Camera Pointing Calibration.

Step 2: Open the Satellites display

» Click Satellites in the Auxiliary Video Display buttons.
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Step 3: Enable the overlay

Click "--- Display satellites ---" in the upper right corner. The button turns green
and reads "Satellite display enabled".

The symbols remain on the wide display when another Auxiliary view is selected.
To include Starlink satellites, also click "--- Display Starlink ---".

To disable

Click the button again (it turns grey).

What is drawn

At most 25 satellites are drawn at once, VISIBLE satellites first, then the nearest.
Starlink satellites are drawn only when Display Starlink is enabled.

Symbols are not drawn over the top two and bottom two lines of OSD text; a
name that would run into the bottom lines is drawn above its symbol instead.
Satellites more than about 3 seconds past their last calculation are not
extrapolated further.

Requirements

Internet access for the first download of orbital data (afterwards only for the daily
refresh).

An observer location (GPS receiver or manual location in the GPS/ADS-B
settings).

An accurate PC clock -- within about a second. Low satellites move up to about 1
degree per second across the sky. Standard Windows time synchronization is
sufficient.

For the overlay: calibrated camera pointing and correct field of view in the
camera configuration.

Development (Python) installations only: the sgp4 package (python -m pip install
sgp4). Itis included in the installed version of OTDAU.

Satellite Troubleshooting

Message or symptom Cause and action

"No observer location -- setitin the | No GPS fix and no manual location. Enter the location in the
GPS/ADS-B settings" GPS/ADS-B settings.

"No satellite data yet -- waiting for No saved data and no download yet. Check the internet
CelesTrak download" connection. A download is attempted as soon as the satellite

calculations start, and retried within the query limits.
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Message or symptom

CelesTrak status "HTTP 429 --
backing off 24 h"

"Python package 'sgp4' is not
installed"

Symbols are offset from the

satellites, or in the wrong part of the
sky

No symbols on the wide display

Cause and action

CelesTrak refused a request. OTDAU keeps using the saved
data and tries again after 24 hours.

Development installations only: run python -m pip install sgp4.

The camera pointing is not calibrated, or the field of view is
wrong. See Camera Pointing Calibration.

The overlay button is off (it is off after each configuration load),
or no satellites are in the camera's view.
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ICAMERA POINTING CALIBRATION

Overview

Pointing calibration establishes the true azimuth (degrees from true north) and elevation
(degrees above the horizon) of the wide camera's image center. It takes a single click
on a real object in the wide video -- a satellite or an aircraft. OTDAU takes the nearest
overlay symbol to be that object, measures the gap between the symbol and the click,
converts it to degrees, corrects the camera's Azimuth and Elevation offsets, and saves
them in the system configuration. Clicking the object again undoes the correction.

Calibration starts by asking where the camera is pointing approximately. Click
calibration can only correct a few degrees, so this first step puts the symbols close to
their objects before the click refines the result.

Everything in OTDAU that relates the camera to true directions uses this one
calibration:

» the aircraft (ADS-B) and satellite overlays on the wide display,

» the direction a fixed camera reports to Mission Control for Tower Handoff,

» the conversion of a Tower Handoff cue into a PTZ camera position,

» the aircraft and satellite data files, and the camera view on the Satellites sky plot.

How It Works

The calibration is stored in the Azimuth offset and Elevation offset fields (Pan and Tilt
additional offsets, in PTZ Control and Tracking options):

+ PTZ camera -- with P/T offsets enabled, the displayed AZ is (current pan - home
pan) + Azimuth offset, and likewise for EL. Once the offsets are calibrated, the
displayed AZ and EL are true azimuth and elevation, wherever the camera is
pointed.

* Fixed camera -- the Azimuth and Elevation offsets are the true azimuth and
elevation of the image center.

An overlay symbol is drawn where the current calibration says its object should appear.
When you click the real object, the symbol nearest the click (within about 120 pixels) is
taken to be that object's symbol. If the real object appears to the right of its symbol, the
camera is actually pointed further left than OTDAU assumed, by the gap times the
horizontal field of view divided by the image width; the same applies vertically. The
display rotation setting is taken into account.
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1 Click the real object 2 Offsets corrected and saved at once

Cal Offsets - Az: 203.46 El: 1.23

real object
(point of light)

i +

The nearest symbol is taken to be the object you clicked. The symbol now sits on the object. Click the object again
The gap from the symbaol to your click is the pointing error. 0 undo, or click another object to calibrate on that instead.

Calibration: click the real object (1). The offsets are corrected by the gap between it and
its symbol, and the symbol moves onto the object (2).

Before You Calibrate

'PTZ cameras: enable P/T offsets

For a PTZ camera the Azimuth and Elevation offsets are only applied while P/T offsets
are enabled. Use Set P/T offsets (Setup > PTZ Control and Tracking options) first;
OTDAU reports this if you try to calibrate without it. Fixed cameras need no preparation.

'Why the approximate direction matters

Click calibration relies on the symbol nearest the object you click being that object's own
symbol. If the offsets are badly wrong -- for example a camera pointing south that
OTDAU believes is pointing north -- every symbol shows a different part of the sky, the
nearest symbol belongs to some other satellite, and the click changes the offsets by
only a degree or so while the view stays wrong. The approximate-direction step (Step 3
below) prevents this; within 5 to 10 degrees is enough.

NOTE: A compass points to magnetic north, not true north (about 12 degrees east of
true north in Los Angeles). A landmark bearing read from an online map, or Polaris at
night, gives a better estimate.

TIP: OTDAU sets the offsets from the direction you enter: new offset = current offset +
(entered direction - displayed direction). For a fixed camera the offsets simply become
the entered azimuth and elevation; for a PTZ camera the current pan and tilt are taken
into account.

Calibration Procedure
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Step 1: Show the reference objects

« At night: open the Satellites display and enable Display satellites. Enable Display
Starlink as well if you want to use a Starlink satellite as the reference.

« By day: open the GPS/ADS-B display and enable the aircraft overlay.

* Only symbols actually drawn on the wide display can be chosen as the
reference.

Step 2: Start calibration

+ Click Calibrate pointing -- on the Satellites display (the bottom of its three
buttons) or on the GPS/ADS-B display (to the left of the aircraft overlay button).

* While calibration is in progress the button turns orange and reads "Calibrating --
see wide display".

Auxiliary Video Display Fullscreen

Satellites above the horizon 14:08:03 local  21:08:03 UTC
| ——— Disploy Starfink ——— |
|

Observer 34.1808, —118.3080 Sun 4B.5 deg (sky daylight)
Above horizon 857 visible O sunlit 857 shodow O in view 25
CelesTrak: 15976 satellites, dota 23.8 h old, lost query OK 2026—09-27 14:21, next allowed now

Name NORAD Az El  Range km deg/s Status

* QIANFAN—152 69111 3256 16.9 2485 0.14  sunlit
* KUIPER-00300 68587 2.3 145 1726 0.23 sunlit
* KUIPER-00524 68892 3301 138 1766 0.23  sunlit
= 2025— 2848 66914 329.1 13.4 2347 0.15  sunlit
* QIANFAN—-54 62255 330.8 12.9 2682 0.2 sunlit
+ ONEWEB-0E78 56712 7.2 12.1 2978 0.08 sunlit
* ONEWEB—0708 B1613 341.2 10,1 3179 0.09 sunlit
* BUGSAT—1 (TITA) 40014 3448 T4 1910 0.15 sunlit
# KUIPER-00083 B4838 3498 74 22056 0.19 sunlit
* HULIANWANG DIGUI-1 68656 331.2 6.2 3412 0.09 sunlit
+ KUIPER-00357 68866 250 6.1 2317 013  sunlit
* FLORIPASAT-1 44885 340.2 53 2185 0.15 sunlit
* ASTROCAST-0402 55109 3367 4.6 2081 0.16 sunlit
* AE2A 64591 19.2 4.6 2326 0.08  sunlit
+* ONEWEB-0093 45444 3257 40 3NS5 0.10 sunlit
# FENGYUN 3A 32958 3478 24 3116 0.06 sunlit
« B41 more not listed camera view
Amber = VISIBLE: sunfit while the sky is dark —— may appear s a moving light or brief flare.
Grey = sunlit, sky too bright. Blue = shodow, not illuminated. Mogents = crewed. = = in comera view.
SGP4 positions from CelesTrok doto (< 0.1 deg if under 3 doys old). Overloys olso depend on comera calibrotion.

Satellites display during calibration: the Calibrate pointing button reads "Calibrating --
see wide display".

Step 3: Enter the approximate direction

+ A window asks where the wide camera is pointing. Enter the true azimuth (0 =
north, 90 = east, 180 = south, 270 = west) and elevation of the image center. The
fields start at the current values.

« Set and continue -- sets the offsets from the entered direction, saves them, and
continues to Step 4.

» Skip -- continues to Step 4 without changing anything; use it when the symbols
already sit close to their objects.

» Cancel -- ends calibration without changes.
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+ Line 2 of the wide display then shows, in yellow: "Calibrate: click an object (Esc =
done)".

# Calibrate pointing *

Where is the wide camera pointing (approximately)?
Enter the true azimuth (0 = north, 90 = east, 180 = south, 270 = west) and elevation
of the image center -- from a compass (about 12 deg east of true north here), a map
bearing or a landmark. Within 5-10 degrees is enough; the click on an object refines it.
' If the satellite symboels already sit close to their objects, choose Skip.

Azimuth (deg): |335.3 Elevation (deg): |3.5

Set and continue | Skip ‘ Cancel |

The approximate-direction window. The fields start at the current values.

Step 4: Click the real object

» Click the actual satellite or aircraft -- the point of light -- in the wide video.

« OTDAU takes the nearest symbol (within about 120 pixels) to be that object,
corrects the Azimuth and Elevation offsets and saves them at once. The symbols
move into line immediately.

* A vyellow box surrounds the selected object's symbol and name, labeled with the
saved offsets, for example "Cal Offsets - Az: 203.46 EIl: 1.23", and follows the
object as it moves.

» Line 2 changes to "Calibrated -- click it again to undo (Esc = done)", and the log
records the object, the correction and the new offsets.

* If no symbol is near the click, line 2 briefly shows "No satellite or aircraft symbol
near that point -- try again" and nothing is changed.

Step 5: Check, and undo or retry if needed

« Check that the selected symbol now sits on its object, and that other symbols
across the view line up.

« To undo: click the selected object again. The offsets return exactly to their
previous values, the box is removed, and you can click another object. Line 2
briefly shows "Calibration undone -- offsets restored".

* To use a different object instead: click it. It becomes the reference; undo then
returns to the offsets from before the first correction.

Step 6: Finish
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Press Esc, or click Calibrate pointing again. The box stays on the selected object
until the next calibration, until the configuration is closed, or until the object
leaves the view.

The selected satellite's own symbol and name stay inside its box even when the
overlay no longer draws it -- for example if Display satellites is turned off, or if
enabling Starlink fills the 25-icon limit with nearer satellites.

Primary Video Display

AZ:355.3 EL:3.8 Zoom:1.0 HFOV:60.0 VFOV:30.8
Calibrated —— click it again to undo (Esc = done)

e
QIANFAN—152
-2848

-
ONEWEB—0676
-
QIANFAN-54

=
ONEWEB-0708 .
o= KUIPER-00357

==
HULIANWANG DiGUI- 164
FLORIPASA] FENGY

ASTRO y =
JEWEB-00S S ICA
[EWEB-0093 AS[— = [AE2A]

i B ONEWEB—0584

Wide: Dohuo—49425XBNR.22 1920x1080 Frame: 12947
Monday 28 September 2026 14:07:39PM  FPS: 30.1/:1.0Z1 o,c

After the click: the reference satellite (KNACKSAT-2) is boxed and labeled with the
saved offsets, and line 2 reads "Calibrated -- click it again to undo (Esc = done)".

Choosing a Reference Object

Satellites (night) -- choose a VISIBLE (amber) low-orbit satellite: a clear moving
point of light with a range of a few hundred to about 2,000 km. Positions are very
accurate.

Aircraft (day) -- choose an aircraft received by the ADS-B receiver (RF).
OpenSky positions are sampled only every 10 seconds and can lag the aircraft.
Position in the image -- objects near the image center give the best result; lens
distortion is largest near the edges.

Repeat -- calibrating with two or three objects in different parts of the view, and
checking the others, gives a reliable result.

Tips and Limitations
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» Click the center of the object promptly -- satellites cross the view at up to about 1
degree per second, and the correction uses the symbol's position at the moment
of the click.

» The correction assumes the field of view in the camera configuration is correct. If
symbols line up at the center but drift apart toward the edges, check the
HFOV/VFOV values.

« Calibration uses the wide display. Starting it while drawing detection boxes is not
allowed.
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IAIRCRAFT AND SATELLITE DATA RECORDING

Overview

The Auxiliary Video Option "Aircraft and satellite data (CSV)" records the aircraft and
satellites around each event as data files, for later comparison with recorded tracks. It
replaces the former "GPS/ADS-B aircraft tracking" option, which recorded a video of the
GPS/ADS-B display -- a video that was blank whenever that display was not the one
selected, and hard to analyze when it was.

Each recording with this option produces two files in the recording folder:

+ otdau-aircraft-HH-MM-SS.csv -- every aircraft with a known position, once a
second.

+ otdau-satellites-HH-MM-SS.csv -- every satellite in the wide camera's view,
once a second.

No Auxiliary video file is recorded for this option.
Enabling Data Recording

Step 1

» Open Recording options > Auxiliary Video Options.
Step 2

+ Select "Aircraft and satellite data (CSV)".
Step 3

« Enable recording as usual. The files are written for each recording.
How the Data Is Collected

» Collection runs for the whole recording whatever Auxiliary view is shown. The
GPS/ADS-B display does not need to be selected.

» |If the ADS-B receiver is not running when a recording starts, it is started (with
OpenSkyi, if configured). It keeps running if the Auxiliary view is changed during
the recording, and is stopped when the recording ends unless the GPS/ADS-B
display is selected.

» The satellite calculations are also started automatically if needed. The satellite
file does not depend on the satellite overlay button.
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+ Positions use the same observer location and camera calibration as the overlays,
so the files can be compared directly with the recorded track.

Aircraft Data File

The file begins with a title line and the file path, followed by the column headings:

Column

UTC time, Local time

ICAO

Callsign

Source

Data age s

Latitude, Longitude, Altitude ft
Speed kt, Heading deg

Az deg, El deg, Range mi

In camera view

Az offset deg, El offset deg

Camera az deg, Camera el deg

Satellite Data File

Description

Time of the row.

Aircraft transponder address.

Flight identification, if received.

RF (ADS-B receiver) or OS (OpenSky).

Seconds since the aircraft's position was last reported.
Reported position.

Reported ground speed and track, if available.
Direction and distance from the observer.

yes / no -- whether the aircraft is inside the wide camera's field
of view.

Direction of the aircraft relative to the image center.

True direction of the wide camera's image center at that time.

The file begins with a title line, the file path, the observer's latitude and longitude, and a
line explaining the status values, followed by the column headings:

Column

UTC time, Local time

Name, NORAD

Status

Crewed

Az deg, El deg, Range km
Rate deg/s

Az offset deg, El offset deg
Camera az deg, Camera el deg

Sun el deg

Description

Time of the row.

Satellite name and catalog number.

VISIBLE, sunlit or shadow.

yes for a crewed space station.

Direction and distance from the observer.
Angular speed across the sky.

Direction relative to the image center.

True direction of the wide camera's image center.

Elevation of the Sun (below -6 degrees = dark sky).
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NOTE: Only satellites inside the camera's view are recorded -- several hundred
satellites can be above the horizon at once, and those outside the view are not relevant

to a recorded event.
Using the Data

* Find the rows at the time of the track, using the UTC time.

* Rows with "In camera view" = yes, or satellite rows, whose Az/El offsets match
the track's position in the image are candidates for the tracked object.

« Compare the angular speed and direction of motion: a satellite's deg/s, or
successive aircraft positions, should match the track's motion.

» For satellites, only VISIBLE (sunlit, dark sky) satellites can appear as lights; a
match with a shadow satellite is not an explanation.
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TOWER HANDOFF: CUEING, ACQUISITION AND
DISPLAY

This section describes how a Tower Handoff proceeds after the cue is sent, and
supplements How to Use Camera Handoff and Slave Modes.

How a Tower Handoff Works

Fixed camera OTDAU Mission Control PTZ OTDAU
Detects and tracks a target. Sends ONE cue to the PTZ Converts the true az/el to
Reports the target's TRUE .y for each new acquisition - its own pan/tilt (home +

az/el: its Azimuth/Elevation - (a new camera takes over, or - calibration offsets) and
offsets + position in image. the same camera re-acquires). moves once to the cue.
Track ends Target acquired Search at the CFOV

Box of +/-5 deg around the
image center. GREY while the
camera moves and settles,
RED once detection is live.

No second pointing move -

the cue already pointed the

camera. Continuous tracking
centers the target.

Or nothing is detected within
the event interval: the PTZ
releases the cue, homes, and
waits for the next handoff.

A
7'

Sequence of a Tower Handoff from a fixed camera to a PTZ camera.

1. The fixed camera reports the target's true direction

* While tracking, a fixed camera reports the target's true azimuth and elevation: its
calibrated image-center direction (Azimuth and Elevation offsets) plus the target'
position in the image. Calibrate each fixed camera (see Camera Pointing
Calibration) -- with uncalibrated offsets (0/0) every cue points the PTZ at north

and the horizon.

(7]

2. Mission Control sends one cue per acquisition

* Acueis sent when a fixed camera newly acquires a target -- when a different
camera takes over the PTZ, or when the same camera acquires again after
losing its target. Repeated cues to the same direction are accepted.

3. The PTZ moves once to the cue

+ The PTZ converts the true direction into its own pan and tilt, using its home
position and its calibration offsets, and moves there. The log shows "PTZ
handoff: true az/el ... -> device-native ...".
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* The PTZ OTDAU must be in Run. A cue that arrives while it is not running is
ignored, with a warning.

4. The PTZ searches a box at the center of its view
e See PTZ Search Box below.
5. After acquisition the PTZ tracks on its own

*  When the PTZ detects the target inside the search box, it does not make a
second pointing move -- the cue has already pointed it at the target. It continues
straight into continuous tracking, which centers the target. The log shows "Tower
handoff: acquired at x,y after cue -- camera already on target, no initial move;
continuing with tracking".

6. End of the handoff

*  When the PTZ's track ends, or if nothing is detected within the event interval after
the cue, the PTZ releases the cue, returns home and waits for the next handoff.
The log shows "Tower handoff: track ended -- cue released, waiting for next
handoff" or "... no local detection activity within event interval ... -- releasing cue
and homing".

PTZ Search Box

After the cue move, the PTZ searches a box centered on its center field of view (CFOV),
extending 5 degrees to each side, rather than its whole detection area or a small
tracking box. The margin allows for small calibration errors and for the cameras seeing
the target from different locations.

PTZ display after a tower-handoff cue -- Moving / settling PTZ display after a tower-handoff cue -- Searching

Box grey: the camera is still moving or
settling -- targets cannot be detected yet.

Box red: detection is live. A target
anywhere inside the box is acquired.

The search box after a cue: grey while the camera moves and settles, red once
detection is live.
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Grey box -- the camera is moving, or settling after the move. Targets cannot be
detected yet.

Red box -- detection is live. A target anywhere inside the box is acquired.

The same grey/red convention applies to the detection and tracking boxes after
every PTZ move, on both the wide and tele displays.

NOTE: If handed-off targets regularly appear outside the box, the cue is off by more
than 5 degrees: check the pointing calibration of the fixed cameras and of the PTZ.

Local Handoff Display

In Local Handoff (wide and tele cameras on one OTDAU), the tele camera's display now
shows its search and tracking box and its handoff state, the same way a PTZ does in
Tower Handoff:

In Raw Video mode, the Auxiliary display shows the tele camera's video with its
overlay while Local Handoff is enabled.

Line 2 of the Auxiliary display shows the slaving state to the right of PTZ Activity:
"Slaving: Ready for local handoff", then "Slaving: Handoff completed". This text
appears only on the Auxiliary display.

From the handoff move onward, the box appears as corner brackets, starting at
the image center, and follows the target once tracking starts.

Setup Checklist

Calibrate the Azimuth and Elevation offsets of every fixed camera to true north
(Camera Pointing Calibration).

On the PTZ: point it due north at the horizon and press Set P/T offsets, or
calibrate its offsets so its displayed AZ/EL are true directions.

Put the PTZ OTDAU in Run and leave it running.

Set the PTZ's event interval long enough for the camera to move, settle and
acquire the target -- at least 3 seconds is recommended.

Tower Handoff Troubleshooting

Symptom Cause and action

PTZ moves to north / the horizon on | The fixed camera's Azimuth/Elevation offsets are 0/0.

every cue Calibrate the fixed camera.

PTZ moves, but the target is not in Calibration error larger than 5 degrees. Recalibrate the fixed
the search box camera and the PTZ.

PTZ does not respond to a cue The PTZ OTDAU is not in Run (see the warning), or the fixed

camera is not configured as a master.
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Symptom

PTZ acquires the target, then loses
it

Box stays grey for a long time after
a move

Cause and action

Check that tracking settings suit the target speed; a longer
event interval gives more time.

The camera is still settling after the move; detection usually
resumes within a second.
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|Diffraction Grating Spectroscopy

An IP camera fitted with a diffraction grating over its lens can capture the spectrum of a
point light source. The grating acts like a prism, spreading light into its component
wavelengths. Getting a clean, usable spectrum from this setup depends on controlling
ambient light and choosing the right focal distance — this section covers both the
general technique and its specific application to distant, unidentified aerial lights.

Key Considerations

« The “slit” requirement — a bare point of light produces overlapping spectra that blur
together. A clean spectrum needs the light source to be effectively a thin, vertical
line — either a true slit (for example, a small gap between two razor blades) placed in
front of a nearby light source, or, for a sufficiently distant point of light, the point itself
acting as a natural slit.

« The zero-order image — the original, undispersed point of light remains visible in the
frame. The spectral lines of interest stretch out to one side of this point, not in place
of it.

« Focus and distance — the distance between the grating and the sensor determines
how far the spectrum spreads. Adjust this distance, or the camera’s zoom/focal
length, so the spectrum spreads usefully without falling off the edge of the sensor.

« IR cut filters — most IP cameras include a built-in IR cut filter that blocks near-
infrared wavelengths, limiting the range a standard camera can capture without
modification.

General Setup Procedure

1. Eliminate ambient light. Turn off all surrounding light sources so the sensor
detects only the light being measured.

2. Align the grating so its grooves run perpendicular to the length of the light source
(or slit), so the spectrum spreads in a clean horizontal line.

3. Record and analyze. OTDAU’s own Spectrum display mode automatically
detects a line spectrum and converts it to a power-vs-wavelength graph (see
Data Analytics Options, Spectral Analysis). Third-party tools such as RSpec
Real-time Spectroscopy or the Theremino Spectrometer can also process
recorded footage for more detailed wavelength analysis.
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Application to Distant and Airborne Targets

Capturing the spectrum of an unidentified aerial light differs from typical benchtop
spectroscopy in a few important ways, described below.

|Near-infrared capture in night mode

Many IP cameras physically retract their IR cut filter when switched to black-and-white
(night) mode. With the filter retracted, the sensor becomes sensitive into the near-
infrared range, roughly 700—-1000 nm — useful for distinguishing lighting technologies
(incandescent, LED, strobe) by their spectral signature, in addition to the visible range.

|Grating selection and orientation

e Line count — for small, distant points of light, a higher-line-count transmission
grating (600 or 1000 lines/mm) spreads the spectrum wider across the sensor,
resolving finer spectral detail than a coarser grating would.

« Orientation — rotate the grating so the spectrum spreads horizontally. Since aircraft
typically move across the sky at a roughly level attitude, a horizontal spectrum keeps
clean data as the target moves.

« Exposure and sensor saturation — high-resolution sensors have smaller individual
pixels and saturate more easily on bright points of light. Reduce exposure or gain so
the core of the spectrum does not blow out to solid white — saturation destroys the
wavelength data at that point.

NOTE: For a sufficiently distant target against a dark sky, no physical slit is needed —
the point of light itself acts as the slit, since the dark background already provides the
necessary contrast.
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Reading a grayscale (night mode) spectrum

Night mode removes color processing, so the resulting image is grayscale and spectral
lines cannot be identified by color. Instead, map the spectrum by pixel distance from the
source:

1.

Locate the zero-order point — the bright dot of the object itself.

2. Measure the pixel distance from that point to each bright line in the spectral smear

extending to its side.

Calibrate the scale using a light source of known wavelength — for example, a
household remote control (typically around 940 nm) or a green laser pointer (532
nm) — recording how many pixels away its lines fall to establish a baseline scale for
unknown targets.

|Focus and frame rate

Manual focus required — autofocus generally fails when shooting through a
diffraction grating at night. Lock focus manually to infinity, using a distant star or
streetlight as a reference, before tracking targets.

Resolution vs. frame rate — very high sensor resolutions (e.g. 8K) often reduce
frame rate to 15 fps or lower. For fast-moving targets, a lower resolution (4K or
1080p) that sustains 30—60 fps will produce less motion blur in the spectral lines
than a higher resolution at a low frame rate.

TIP: Establish the pixel-to-wavelength calibration (see Reading a grayscale spectrum,
above) using a known source under the same grating, distance, and zoom setting
intended for actual targets — changing any of these afterward invalidates the calibration.
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|Using Test Configurations

OTDAU software is provided with several System and Camera configurations for your
use or as a starting point to create your own. This includes several test configurations
and the avi video files they reference.

OTDAU will perform all detection, tracking, recording, analysis, etc. operations on test
data as if it was from a live, streaming source such as a camera. This is very helpful
when developing or testing Tracking options to verify that a similar object will be
captured without too many false positives from other in-frame objects such as:

e Birds
e Insects
e Moving foliage
e Twinkling lights such as stars or streetlamps
There are two methods to loading files for test —
Select a default avi file:
1. Click on the System tab and then click “Open configuration”

2. Double click on one of the System configurations that has a file name that begins
with “test-"

3. Click Load
Select any video file:
1. Click on the System tab

2. Click “Open a video file for test”; A window will open showing folders and avi files
in your Program files (x86)\OTDAU directory.

3. Navigate to any avi file in this directory or anywhere else on your computer.
4. Double click on the selected avi file.
Video files may be one of the following types (dot extensions):

avi, mp4, mov, flv, wmv, mts, dav
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Note that the latter method uses all System and Tracking settings as the “test-
aerobatics.json” System configuration. Thus, running the selected file will use those
settings and modifying those settings will affect subsequent use of the test-aerobatics
test configuration.

After the selected configuration or file has been loaded, the first frame of the test avi or
mp4 file is displayed, for example:

Primary Video Display

AZ:0.0 EL:0.0 HFOV:50.0 VFOV:30.0

Clicking Run will play back the test avi file and cause OTDAU to detect and track the
target object, in this case, an aerobatics stunt plane:
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» Primary Video Display Fullscreen
AZ:6.4 EL:16.2 HFOV:50.0 VFOV:30.0

aircraft
weighted

Playback may be stopped at any time by Clicking Stop. It will restart from the first frame
when Run is clicked. Playback will automatically restart from frame if the file is allowed
to play to its end, as indicated by the Frame number no longer incrementing. Clicking
on Stop, then Run will restart playback from frame 1.

Several test configurations are provided so that the user may experiment with settings
for different situations, including, for example, a clear night sky with many star-like
objects, as shown below.

The ability to select any avi file for testing may be used to improve tracking parameters
for existing tracking runs. If you include Wide-Angle video as one of the Recording
Options, then select any recorded avi file with a file name beginning with “otdau-aux-“.
Double clicking that file will load it, ready for a tracking run.

Note that since such file uses the “test-acrobatics” configuration, you may have to
change the Bounding Box or Tracking parameters to run the test. You can stop
playback, change a parameter and Run again as many times as required.

To better understand what is being tracked, try the Telephoto, Tracking and Path
options for the Auxiliary Video Display selection.
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Recorded Folder and file Structure

If OTDAU runs with recording enabled and a target event occurs, then folders and files
are created on the Data Path specified above. If the event sequence terminates and it
does not meet criteria such as the Event Interval in Tracking Settings, then the data
collected will be deleted.

The following defines the data structure that OTDAU creates for a target event —

Top Folder name: <Data Path>
Group Folder name: <SCN> + <today’s date> + <folder count>
Data Folder name: <SCN> + <today’s date> + <time folder created>
Files of videos and data selected in Recording for the event named:
“otdau-aux” + <time recording started> + “.avi”
“otdau-wide” + <time recording started> + “.avi”
‘otdau-data” + <time recording started> + “.csv”

“otdau-tele-frame” + <time recording started> + “.jpg”

<Data Path> as specified in Recording Options
<SCN> System Configuration Name as selected in the System menu

<folder count> initially 0, increments by 1 each time OTDAU begins to Run, creating a
new Group Folder name. A new Data folder will be created under this Group folder for
each target tracking sequence until either the user Stops the run or the sequence times
out per the Maximum time in Tracking Settings.

322



For example, see the following Windows File Explorer snapshots —

Drive D:\ contains several Top data folders.

D:\UFODAS Data Dahua is selected:

Home Share Wiew
Ij I | [EE Extra large icons [&] Large icons I [Z]= [ ttem check boxes P
Medium icons EEE Small icons - = ﬂj]' File name extensions
Mavigation . s - _ Sort Hide selected
pa?m' = EE List M by~ Hidden items items
Panes Layout Current view Show/hide
€« = v 4 = > ThisPC » DATA (D) v O Js.
Mame Date modified Type
3 Quick access
Amcrest Configuration 9/10/2020 841 AM  File folder
B Desktop - . . - .
Amcrest media 6,/24/2020 9:25 AM File folder
¥ Downloads  # Manual File Backups 10/23/2019 4:02 PM  File folder
Documnents + MC Data 11/13/2020 2234 PM File folder
&=/ Pictures E g media 6/23/2020 2:40 PM File folder
. cameras My File Backup(1) 1171872020 2:01 AM  File folder
| configurations OTDALU Data Amcrest 9/10/2020 2:471 AM File folder
u . QOTDAL data from Dan Mims 10/14/2020 3:38 PM  File folder
. User Guide
) CTDAL Shared Video Files T/A0/2020 3:37 PM File folder
| Web Site ) B )
OTDAU Shared Videos 3-9-18 71072020 1:13 PM File folder
& Onelrive OTDAL Shared Videos 9-12-18 7/10/2020 4:53 PM File folder
SLV folders to share 4-8-19 - baseline 471972020 3:32 PM File folder
= This PC ,
— Snapshot Backup 8-1-19 8/1/201910:2% PM File folder
<3 3D Objects UFODAS 42212 10/16/2020 420 PM  File folder
I Desktop UFODAS Analytics 27772020 10:04 AM File folder
Docurments UFQDAS Data Dahua 11/18/2020 12:36 ... File folder
; Downloads UFQDAS D Tests 4/18/2020 12:04 AM  File folder

[
o
o

Options

Search DATA (D:)

Size

323



A Group folder under D:\UFODAS Data Dahua (dahua-n51-...) is show below:

| = | UFODAS Data Dahua - |

Home Share View

I:| | [&8| Extra large icons [&=| Large icons I [F]- [ rtem check boxes 7
Medium icons EEE amall icons - - [|j:|* File name extensions
Na:mti.on B EE st = Eﬂ’f = Hidden items Hidﬁtsﬂédm Dpt-ims
Panes Layout Current view Show/hide
“~ v » This PC » DATA (D) » UFODAS Data Dahua v | D 2 Search UFQDAS Data
Mame Date mod\i,fied Type
;Q;::::E“ " dahua-n51-108-80-2592x 1944-11-18-20_12-36-27 11/18/202012:36 ... File folder
local-dahua-42212-1300-704:480-10-06-19_22-13-20 9/10/2020 8:36 AM  File folder
¥ Downloads  # local-dahua-42212-1300- 704x420- 10-06-19_22-47-33 9/10/2020 8:36 AM  File folder
Documents * local-dahua-42212-1300-704:480-10-06-19_21-43-15 9/10/2020 8:36 AM  File folder
[&] Pictures -+ local-dahua-42212-1300-70:480-10-06-19_21-45-20 9/10/2020 8:36 AM  File folder
 cameras local-dahua-42212-1300- 7049 420-10-06-19_21-54-35 9/10/2020 8:36 AM File folder

These data folders are under the Group folder. Notice the System and Camera json
configuration files:

[ = | dahua-n51-108-80-2592x1944-11-18-20_12-36-27 — O

Home Share Wiew

D...

.j | [EE Extra large icons [&=] Large icons I [F1+ [ ttem check boxes
Medium icons EEE small icans - - [[i]' File name extensions
Mavigation ) == _ _ Sort Hide selected  Options
pa?w' @ BE st T by~ i Hidden items items "
Panes Layout Current view Show/hide
L= A “« UFO.. » dahua-n31-108-80-2592x1944-11-18-20_12-... v 0O 2 Search dahua-n51-108...
Name Date modified Type
7 Quick access
dahua-n31-108-80-2592%1944-11-18-20_12-36-28-1 11/18/2020 12:36 PM File folder
I Deskt »
eskto -
P || dahua-n51-108-280-2592x% 1944, json 11/1872020 12:36 PM JSQN File
J
¥ Downloads " telecamera-dahua-N31BD22-80-2592x 1944 json 11/18/2020 12:36 PM JSON File
Documents #* | widecamera-dahua-N51BD22-80-2592x1944,json 11/18/2020 12:36 PM JSOM File
J
&=/ Pictures E
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These data files are stored under the first of the above data folders:

| = | Ceere dahua-n51-108-80-2502x1944-11-18-20_12-36 -~ O x

Home Share View Picture Tools & o
B ] mn = oo erae icons [E] Gorgeicons | [ e |1 tem cckbones
H =

LTy

Medium icons small icons - File name extensions
Mavigation _ - _ _ Sort ., Hide selected Options
o B BE st fl== Details - by~ [ Hidden items items -
Panes Layout Current view Show/hide
“~ v < dahu... » dahua-n31-108-80-2592x1944-11-18-20_12-... v | D 2 Search dahua-n31-108...

- Quick access
I Desktop
* Downloads

Docurments
&=/ Pictures

A3
-

Pl

L=

otdau-aux-1236 otdau-data-12-3 otdau-tele-frame  otdau-tele-frame otdau-wide-1-3
-28.avi G-28.csv -12-36-29.jpg -12-36-32.jpg G-28.avi

LU S Y

1 Cameras

configurations

!
o User Guide
- Web Site

. otdau-wide-fram otdau-wide-fram
@& OneDrive e-12-36-29,jpyg e-12-36-32,jpyg

325




Program and Configuration File Structure

After installation on a computer, OTDAU software is located in the directory:
C:\Program Files (x86)\OTDAU

Within this folder there are several folders and files that make up the OTDAU software.
Among these are the following:

¢ otdau.exe — The operational software file contained in C://OTDAU. Double
clicking on this file will run the UFODAS system. The same startup function is
also accomplished simply by clicking on the desktop icon created during system
installation.

e configurations — Contains all of the configuration files that may be selected to
configure the system for a particular use. These files may have been given an
arbitrary name, typically selected to designate the location of the system and its
complement of cameras. Each file must have. json as its dot extension.

e cameras — Contains a file for each type of camera that is available for system
configurations. The file contains a set of parameters that provide the system with
a description of hardware features of that camera. Each file must have “.json” as
its dot extension.

e positioners -- Contains a file for each type of pan/tilt positioning unit that is
available for system configurations. The file contains a set of parameters that
provide the system with a description of hardware features of that PTU. Each file
must have “.json” as its dot extension.

If the user selects a recording option which results in the system collecting data on an
acquired target, any such data will be saved in the folder selected in the Recording
Options, Data Path entry. If that folder does not exist the first time OTDAU needs to
save a recording, then it will be created. The folder may be on any drive and have any
name. For example -- C:\My UFO Data.

During operation, other subfolders will be added to the selected folder. Each subfolder
will contain data from each target acquisition and tracking instance. Thus, one or more
such subfolders may be created during a data collection period (from Run to Stop).

The format of the folder names created consists of the configuration file name
appended with the date and time the file was created. For example, if home-sony was
selected as the configuration file then a typical data folder may be:
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C:\<My UFO Data\home-sony-06-09-17_08-43-00

TIP: If you want to save a prior release of OTDAU for future use, despite installing a
newly released version, rename C:\Program Files (x86)\OTDAU to something like
C:\Program Files (x86)\OTDAU-V2.22 to match the old version. Windows may ask for
Administrator permission to do this — reply yes. After doing that, you can install the new
version which will be in a new C:\Program Files (x86)\OTDAU folder.

To use the old version, just navigate to the renamed folder and double-click the
otdau222.exe file. You can also set the old OTDAU v2.22 desktop icon by right clicking
it and selecting browse — Browse to the associated version and change the Properties
of the icon so that the old version is the “Target” file and the “Start” folder is the old
folder name.

When OTDAU loads and if there is no C:\OTDAU\ConfigFiles folder, then it creates one
and copies all System and Camera configuration files from C:\Program Files
(x86)\OTDAU to C:\OTDAU\configurations and \cameras. If the ConfigFiles folder does
exist, then the only files from Program Files that are copied are those with names that
do not exist in C:\OTDAU\configurations and \cameras — In this way, new versions
of OTDAU can add new configurations and cameras for anyone’s use. Any subsequent
loading and changing of System or Camera config files are made to those in the
\OTDAU\configurations and \cameras folders. Thus, the user can make any
modifications or additions desired, and they will be retained regardless of running
OTDAU or new OTDAU version installations.
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Within any data folder that was created as named in the Recording menu, there will be
a number of files collected during the run. Their filenames are created as follows:

Wide-angle video: otdau-wide-<time>.avi. For example, otdau-wide-08-43-00.avi
e Telephoto video: otdau-tele-<time>.avi.

e Stillimages: An equal number of still frames are collected and named otdau-
wide-<time>.jpg and otdau-tele-<time>.jpg.

e Log file: otdau-logfile-<date_time>.txt

All times are 24-hour format.
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|PanITiIt Data Acquisition Unit (PTDAU)

The Pan/Tilt Data Acquisition Unit (PTDAU) is a high-performance pan/tilt positioner
that can carry up to 10Kg/20lbs and can move up to 100 degrees/sec in pan and 40
degrees/second in tilt. Any PTU defined as a Pan/Tilt Unit Configuration may be used
as the Pan/Tilt Unit entry in a System configuration. The PTU is distinct from prior

pan/tilt cameras in that it can potentially carry any type of sensor payload, not just
cameras.
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Standard payloads currently supported for simultaneous operation:

e One or two IP cameras
e One USB camera
e Canon DSLR cameras

With corresponding software revisions, other possible payloads could include:

e EO, thermal IR, ultraviolet or multispectral cameras
e Radar

e Lidar

e Acoustic sensors

The PTDAU configuration provides the means for interfacing such payloads via both
PoE and USB as well as onboard data processing and control.

The PTU is available in two versions —

e PTDAU -- PoE power and both Ethernet and USB communications interfaces
e PTUSB -- 120VAC power, USB control interface with POE camera interface

The PTDAU version is required for support of USB or DSLR cameras.

Both versions share the same Pan/Tilt Positioning mechanism which has the following
specifications:

B Maximum top load capacity 10kgs/20.05lb

B Pan angle: 0-360°; Tilt angle: -90°~-+40°

B Pan speed 0.01~100°/s; Tilt speed 0.01~40°/s

B Preset accuracy: £0.1°

B High precision stepper motor and tilt worm gear drive
B Pan speed up to 100°/s, Tilt speed up to 40°/s

B Support coordinate feedback and control

B 4000V lighting surge protection

B Rated IP66 for dust and water ingress
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The PoE version includes an onboard Raspberry Pi 4 Model B 64-bit computer with
2GB RAM and 32Gb SD card for local control and signal processing including IP to
Pan/Tilt control via the Pelco-D interface standard, internally, over RS-485 serial.

The Pan/Tilt Unit Configurations define the interface characteristics and driver
combinations for specific PTU hardware. For example, the “ptudau” configuration is for
a PTDAU and provides the IP address information needed for that interface.

The “ptuusb” configuration is for a PTUSB and provides the COM port settings needed
for that interface.

System configurations that use a PTDAU should use the “ptudau” designation as the
Pan/Tilt Unit in its System configuration.

A System configuration that uses a PTUSB should use the “ptuusb” designation as the
Pan/Tilt Unit in its System configuration.

The AC powered version includes an external USB interface for direct connection to the
computer running OTDAU. The length limitation of USB can be extended via CAT5/6
cable using the included converter and up to 150ft of Ethernet cable.

Both versions include a mount on top for a DSLR camera and camera power via a high-
current 5V USB connector. The PoE version also includes USB signal interface
connectors which may be used for future camera control options. The DSLR camera
interface to the PC running OTDAU is by WiFi between the camera and a WiFi router.
OTDAU can stream camera video to the OTDAU and, like any other camera, use it for
tracking, record it, etc. However, the frame rate is rather low (~4FPS) and the
resolution is only 480x320. This is intended only for checkout of camera operation —
More effective data collection would be by still frames saved to camera memory by
automatic shutter releases by OTDAU during tracking.

OTDAU recording options provide for shutter control at a periodic rate or continuous
video recording. In both cases, camera frames or video is stored in the camera’s SD
card rather than streaming or uploading to OTDAU. The SD card can be removed from
the camera for data retrieval after recording. Alternatively, camera control and data
uploading may be accomplished by the Canon phone app, “Camera Connect”.
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PTU Payloads

Both the PTDAU and the PTUSB include a camera mounting plate on the top, between
the tilt head and the upper controls junction box.

The plate has two sets of M4 threaded holes, one set on each side. The holes are
spaced for common circular and square camera mounting bases. A cable gland for
camera cable access to the junction box is provided on each side of the box.

Cameras that may be mounted on the plate include:
B Lumanys N5B-4CA2 4MP bullet
B Lumanys N5B-8CA2 8MP bullet

B Uniview TIC2A32SA-F3-4F4AC-I1 hybrid thermal & optical bi-spectrum network
bullet

B Uniview TIC2A32SA-F10-4F8AC-I1 hybrid thermal & optical bi-spectrum network
bullet

Cameras ordered for use with a PTU will be installed and cabled prior to delivery of the
PTU.

The top of the upper junction box of both types of PTU has a detachable DSLR camera
mounting device.
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AC Version Function Description
This version consists of the pan/tilt positioning mechanism mounted on a junction box.

The junction box houses weatherproof USB, Ethernet and AC power connectors and a
push-ON, push-OFF power switch. It also includes a 120VAC, 50/60Hz to 24DC power
converter and a USB to RS-485 converter. 24VDC powers the mechanism. The RS-
485 signals provide the Pelco-D protocol signals to control pan/tilt speed and direction
as well as absolute positioning. It also feeds back real-time pan/tilt position for closed
loop tracking control.

The top, tilt portion of the mechanism includes mounting holes for a user’s mechanical
assembly of cameras or other sensors. An umbilical cable is also provided which
communicates power/signals via slip rings to the base. This cable includes 24VDC,
12VDC, RS-485 signals and an Ethernet RJ45 connection. A single POE camera may
be used with its POE connected to this cable and available at the base via the base PoE
connector. The interface could be extended to multiple IP cameras if a PoE extender
was included in the top assembly (as is the case with the PTDAU).

The base junction box is mounted on a plate providing a rugged 5/8-11 threaded and
padded mount for use with a heavy-duty, surveying-type tripod.
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PT Unit Connectors

The lower junction box is shown below, left to right: power switch/indicator, AC power
connector, USB connector and PoE connector as well as a Gore vent on the rear:

Inclusion of these four items varies with the ordered configuration:

PTDAU (PoE powered and IP interface)

B Power button
B Waterproof POE connector

PTDAU (AC powered and USB control interface + PoE camera interface)

Power button
Waterproof AC power connector with line cord
Waterproof USB connector and cable

[
[
[
B Waterproof PoE connector
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PoE PTDAU Functional Description

This version consists of the pan/tilt positioning mechanism mounted on a junction box
and a second, fan-cooled enclosure on a plate mounted on the top, tilt mechanism.

The base junction box houses weatherproof USB and Ethernet and a push-ON, push-
OFF power switch. It also includes a PoE signal splitter / PoE to 24V converter. It also
houses a USB to RS-485 converter. 24VDC from the converter powers the mechanism.
Thus, either PoE/Ethernet or RS-485 signals via USB provide the means for Pelco-D
protocol signals to control pan/tilt speed and direction as well as absolute positioning. It
also feeds back real-time panttilt position for closed loop tracking control.

The top junction box houses a PoE splitter with four ports. Typically, two ports are used
to power and communicate with two PoE IP cameras, one mounted on either side of the
top payload plate. Another port provides power and signal to the Raspberry Pi
computer. One of the Pi's USB ports us used to communicate with the pan/tilt unit via a
USB to RS-485 converter. Another USB port provides an interface to a GPS receiver.
A third port is connected to an external connector for DSLR camera or other sensor
communication. A second USB connector provides power for a Canon DSLR battery
substitute for long-term, battery-less uptime.

The upper payload plate is designed for mounting up to two typical three-hole, circular
mount IP cameras. The PTU umbilical cable as well as these camera cables enter the
enclosure via waterproof gland nuts. The camera’s own angle adjustment feature is
used to point at 90 degrees from the mount, under the plate so that the center of gravity
of the cameras puts less force on the tilt axis.

The base junction box is mounted on a plate providing a rugged 5/8-11 threaded and
padded mount for use with a heavy-duty, surveying-type tripod.

Indicators and connectors on the upper box are shown below. They include waterproof
dual USB port connectors and a single USB connector used to provide higher current
5V power for DSLR camera power (without USB signals).

Two LED indicators show when the PTDAU has established a communication path to
the PC/OTDAU (COMM) and when control commands are received (CONTROL).

The rear of the box includes a small fan and air input and output cleanable dust filters.
NOTE: The need for air circulation precludes this configuration from being waterproof.
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A block diagram showing the components and interconnections of a PTDAU is shown
below.

Pan/Tilt Data Acquisition Unit (PTDAU) Electronics Block Diagram 1/6/2026
|PUBmetndome | | PTUTopEndosure
' PoE Splitter | i
i Linovision | : Poe SW I IP Camera 1
POESSWmax | POE-5PO2BT 5 Port PoE Switch — f©
[ Linovision pems
115vAC PaE++ Injector Planet - POE-Switch0504GD | POE13W 1P Camera 2/3
T eoearsss | i Data [ EEEB02.3af/at = €0 / Thermal IR
[ 12V to 48V booster | PoE -
T ' [ > ——» Spare
' Output 24V @ [ 24V @ 154, 36W :
i Ethernet : 72W max [ :
‘ : POE <10W
: 24V-5V SV-T.5V
Router or Computer :
| H usa : Cannon DSLR
207 60W Lo Spare P
e Rpi 4 Model 8 uUss
1/0 conn Hat H converter
Use

Lo USB to Rs485
Motion Controller use
[ Converter

!_L i
-} DC-DC SSR H Comm
DC-DC SSR Control

R | ! F
H a
' n

12V @ 154, 18W

PTUSB Functional Description

This version consists of the panl/tilt positioning mechanism mounted on a junction box
and a second, sealed enclosure on a plate mounted on the top, tilt mechanism.

Differences from the PTDAU are:
B AC powered by a waterproof line cord and connector
B Motion control by USB commands

B Control and data to/from up to three IP cameras directly by PoE via splitter/switch
in the top enclosure

B DSLR control only via WiFi
B Comm indicator showing USB/RS-485 activity
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A block diagram showing the components and interconnections of a PTUSB is shown

below.

Pan/Tilt Data Acquisition Unit (PTUSB) Electronics Block Diagram

Pan/Tilt Data Acquisition Unit (PTUSB) Electronics Block Diagram

PoE++ Injectar Fanet
POE17545

PTU Top Enclosure

115VAE

Ethernet

Rauter or Camputes

USE to RS485
Corverter

2000C 100W

Fower Supply
- 100130y,
SO/6LHz input

Output 24w &

100 max

Motion Controlier

24 BOW

Pak Salitter

Pae 30W

1/6/2026

1/6/2026

Pak 30W

IF Camera 1
1 O

[ 1P Camera 203

13V @ 154, 18W

Cantred signal

a
|LZ
[ @ D coom

1l

BV
camverter

EQ/ Thermal IR

Cannon DSLR
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PTDAU Operation

A typical PTU configuration for USB control is shown below:

#® OTDAU -- Optical Tracking Data Acquisition Unit  Version 2.26Beta 5-31-25 — X
Pan/Tilt type |PTU Pan/Tilt Driver |ptuush

Filename |C:;’UselsfﬂmlcfﬂocumenistFODthSyslem—Snﬂwalefoidau— build/positioners/ptuusb.json

V¥ Enable PT [~ Reverse absolute move ¥ Reverse continuous move

To use the USB driver, enter the following USE Interface fields

COM Port l— Baud Rate ,—
COM1 thru COM4 comz 2400, 4800, 9600 or 19200 —
Data Bits Stop Bits Parity
53-8 £ lor2 |1— E.M N, Oors W

To use the IP driver, enter the following IP Interface fields

IP Address HTTP Port User Password |

Realtime data received from the PTDAU

Time Satellites |D_ Longitude Latitude Altitude (0.0

Proportional Constant

30
Integral constant Derivative constant
0.0 0.0

To set up a PTDAU for USB control
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A typical PTU configuration for IP control is shown below:

™ OTDAU -- Optical Tracking Data Acquisition Unit  Version 2.26Beta 5-31-25 — *
Pan/Tilt type |PTU Pan/Tilt Driver |ptudau

Filename |C:I Users/rholc/Documents/UFODAS/ System-Software/ otdau-build/positioners/ptudau.json

¥ Enable PT ™ Reverse absolute move [~ Reverse continuous move

To use the USB driver, enter the following USE Interface fields

COM Port l— Baud Rate l—gﬁ 00
COM1 thru COM4 CoMm3 2400, 4800, 9600 or 19200

Data Bits Stop Bits Parity

5-8 £ lor2 |1— E.M N Oors W

To use the IP driver, enter the following IP Interface fields

IP Address |192.168.1.150 HTTP Port 1501 User Password |

Realtime data received from the PTDAU

Time Satellites |D— Longitude Latitude Altitude (0.0

Proportional Constant

25
Integral constant Derivative constant
0.0 0.0

To set up a PTDAU for USB control
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PTDAU Software boot process

There may be periodic updates of PTDAU software to add or change features or correct
bugs. A PTDAU might be mounted in a location that would make it difficult to implement
these changes if it were necessary for the user to access its enclosure directly.
Therefore, part of the Ethernet communication protocols between the PTDAU and
OTDAU software implement a means for remote reloading of PTDAU software and
rebooting the PTDAU processor to run it.

PTDAU software updates are included with each OTDAU release. The user does not
need to take any special action to install an update on an PTDAU - this is accomplished
automatically the first time a System configuration is loaded with a PTDAU included if
the PTDAU has a version prior to the new one. When this happens, the user will note a
longer than normal Load time and status messages will indicate this process in
progress. If the System is closed and another one loaded with the same PTDAU, then
that PTDAU will not be reloaded again.

The rebooting process consists of the following processes:

1. When a PTDAU is powered up (its Ethernet cable is plugged into an active
injector) it starts running the version of software last downloaded to it. The
display indicates the software version running as in step 4, below. It samples its
internal sensors even if OTDAU is not running. Normal operation is indicated by
the green COMM indicator flashing periodically.

2. When an instance of OTDAU first establishes communications with an PTDAU, it
uploads the current PTDAU software version and compares it to that of the
version included with the last MC release. If the new version is higher than the
existing version, MC downloads the new version to the MSDAU and commands
the PTDAU to reboot. After the PTDAU reboots, it automatically runs the PTDAU
software.

3. The PTDAU starts running, communicating data to the OTDAU, the blue
CONTROL LED indicates the PTDAU’s ONLINE status.

If the OTDAU is closed or communication is otherwise lost, the PTDAU continues to
sample data while checking for a new connection. Communication with the OTDAU will
be automatically resumed when OTDAU is restarted, and a System that uses the
PTDAU is loaded.
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Introduction

The MultiSensor Data Acquisition Unit (MSDAU) hardware consists of a waterproof
enclosure containing a small computer (Raspberry Pi) and a collection of sensors on a
second board mounted on top of the Pi. The sensor board and its specifications are
described below. Power over Ethernet (PoE) and bi-directional communications are
provided via an external waterproof RJ45 connector. Two other waterproof connectors
provide two external USB interfaces. An SMA RF antenna connector provides signal for
the internal Software-Defined Radio (SDR) that generates RF spectrum data.

MAC:
P fa 68114

The MSDAU also includes an internal GPS receiver and provides two waterproof USB
connectors for external equipment interfaces.
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A block diagram of the MSDAU is shown below. Note that power and communication to
an OTDAU or MS is accomplished by a single Ethernet cable.

Lacal PC ar the —
Internet

;

¥ GFS with antenna Software-Defined
Radio

Ethernet
Router

-~
ETH

UsE UsE [ ™
OFTIOMNAL |

Usg
S - (D TrRiAEDMETER |
ETH. PoE ETH, Foi Raspberry Fi 1
i B T FoE Power or other sensor 1
PoE+ Injector ™ converter processor USE :) L »

Pi Hat
MAGMETOMETER
ACCELEROMETER

GYRO
Waterproof BARCMETER

AC Power IP67 Enclosure TEMPERATURE

STATUS DISPLAY

O Indicates enclosure-mounted waterproof connector

The Pi has four USB ports of which two are available externally; one is used for the
internal GPS receiver and one for the SDR.

Cameras and associated MSDAUSs do not have to be in proximity. The MSDAU is not
the camera processor or controller — the OTDAU software does that job. Camera
control via MSDAU may be a subject of future development.

When using two nearby cameras for triangulation, each camera is connected (locally or
over the Internet) to a separate instance of the OTDAU software. So, for example, two
cameras may be on separate tripod mounts and either or both may share that mount
with an MSDAU. The distance between them is only limited by cable length.
Practically, close cameras, less than one meter apart, can be used for triangulation but
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the farther apart they are, the more accurate the position and altitude measurements.
Triangulation is accomplished by MC software on the same computer or a computer at
some other location.

An MSDAU may be mounted to a System mounting bracket that provides a tripod
mount and optionally share that mount with a camera. An MSDAU may also be poll or
building corner mounted using an adapter bracket with the rear System Mounting plate.
See the UFODAS System Installation Guide for details.
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Description and Specifications

The MSDAU is housed in a non-metallic enclosure, sealed when closed to IP66 and
NEMA 1, 2, 4 and 4x specifications.

e External size: 8.27in (210mm) long by 6. in (160mm) wide by 3.94in (100mm)
deep

e Gore vent for internal/external pressure equalization without condensation

e Waterproof connectors for Ethernet and two for USB

e Pi Sense Hat with 15 sensors, 8x8 multi-color display and joystick

e Internal GPS receiver with SiRF Star IV GPS Chipset

e Internal SDR receiver with frequency range of 25MHz to 1750MHz or 6000MHz

e Clear cover for display and indicator visibility while sealed

e Power: <4W

e Temperature range: 0 to 50 degrees C internal; external could be lower

The MSDAU implements several sensing functions by means of an add-on board for the
Raspberry Pi computer, made especially for the Astro Pi mission known as the Sense
HAT. This combination, shown below, was packaged for use in the International Space
Station in December 2015 — and is now available for general use.
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The Sense HAT has an 8x8 RGB LED matrix, a five-button joystick and includes the
following sensors:

e Gyroscope - angular rate sensor: +/-245/500/2000dps
e Accelerometer - Linear acceleration sensor: +/-2/4/8/16 g
e Magnetometer - Magnetic Sensor: +/- 4/8/12/16 Gauss

e Barometer: 260 - 1260 hPa absolute range (accuracy depends on the
temperature and pressure, +/- 0.1 hPa under normal conditions)

e Temperature sensor (Temperature accurate to +/- 2 degrees C in the 0-65
degrees C range)

¢ Relative Humidity sensor (accurate to +/- 4.5% in the 20-80%rH range, accurate
to +/- 0.5 degrees C in 15-40 degrees C range)

The board is compatible with the Raspberry Pi B+, A+, Pi 2, 3 and 4. The MSDAU uses
the latest Pi 4 Model B with 2GB of memory. In the ASTRO PI, the Raspberry Pi Sense
HAT is being used by the Raspberry Pi Foundation to perform science experiments
aboard the International Space Station (ISS). For more information see Appendix A on
the first page of each data sheet:

Inertial measurement sensor: ST LSM9DS1

A 3D accelerometer, 3D gyroscope and 3D magnetometer combined in one chip. It will
give you the pitch, roll and yaw orientation of the Astro Pi and therefore the ISS itself. It
can also be used to detect when the ISS booster rockets are being fired or just as a
compass to find the direction of North.

Barometric pressure and temperature sensor: ST LPS25H
Provides measurement of air pressure in Pascals or Millibars as well as the
temperature in centigrade.

Relative humidity and temperature sensor: ST HTS221
Measures percentage of relative humidity as well as the temperature in centigrade. The
sensor is good enough to detect the water vapor in human breath.
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http://en.wikipedia.org/wiki/Aircraft_principal_axes

Yaw Axis

Pitch Axis

Roll Axis

Above picture shows the axes of motion as measured in the Sense HAT.

The MSDAU also includes a GPS receiver and antenna that provides MSDAU/camera
location, altitude and time to the associated MC.

Bear in mind that since the Sense HAT board inside the enclosure, measurements of
temperature and humidity reflect its local conditions, not the surrounding atmospheric
environment.
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Display and Indicators

The MSDAU includes an 8 x 8 color LED display visible through the clear cover when
the enclosure is closed and thus environmentally sealed.

This display provides an indication of the status of MSDAU operations. The display may
be:

e Scrolling software version number in green upon bootup

e A temporary static display indicates that the software update and reboot process
has begun.

e Flashing concentric green boxes -- The MSDAU is sending data to an MC. If
these boxes change to red then the value of at least one sensor has exceeded
the user-specified change threshold, causing a trigger condition.

e Various status text messages during use of the joystick for MSDAU setup

The trigger threshold is specified in the MC Sensors > MSDAU menu for each selected
MSDAU configuration.
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Joystick settings

Press the center of the joystick button —

({3t

Scrolls “Bx” and displays “x” where x is the current brightness value
Note that brightness 0 will disable the display during normal operation and
will be initially 2 when the joystick is used again.
Moving the joystick right or left selects which value to change —
Scrolls “.x” and then displays “x” for the third number in the IP address
Scrolls “.abc” and then display “c” for the fourth number in the IP address
Where the IP address is 192.168.x.abc

Moving the joystick up or down increments or decreases the value. The new value is
displayed.

Joystick center button will display the final selection and then go back to normal
operation. If any part of the IP address was changed, then the MSDAU will restart.

e Gamma correction is utilized to provide a non-linear relationship between the
illumination value and the perceived brightness — 1 is very low and 5 is very
bright. Setting this value to 0 turns the display off. As the joystick is moved left
or right, the selected illumination level is displayed at the corresponding level to
provide an idea of how bright the display will be.

e The IP address and illumination level are retained through MSDAU power cycles.

e The red and green LED indicators on the Pi CPU board indicate power ON and
solid-state disk access, respectively.
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Software boot process

There may be periodic updates of MSDAU software to add or change features or
correct bugs. An MSDAU is often mounted in a location that would make it difficult to
implement these changes if it were necessary for the user to access its enclosure
directly. Therefore, part of the Ethernet communication protocols between the MSDAU
and Mission Control (MC) software implement a means for remote reloading of MSDAU
software and rebooting the MSDAU to run it.

MSDAU software updates are included with each MC release. The user does not need
to take any special action to install an update on an MSDAU - this is accomplished
automatically the first time a Mission is loaded on MC with an MSDAU included as one
of its DAUs. When this happens, the user will note a longer than normal Load time and
status messages will indicate this process in progress. If a Mission is closed and
another one loaded with the same MSDAU, then that MSDAU will not be reloaded
again.

The rebooting process consists of the following processes:

4. When an MSDAU is powered up (its Ethernet cable is plugged into an active
injector) it starts running the version of software last downloaded to it. The
display indicates the software version running as in step 4, below. It samples its
internal sensors even if no MC is running. Normal operation is indicated by
green concentric squares on the display.

5. When MC first establishes communications with an MSDAU, it uploads the
current MSDAU software version and compares it to that of the version included
with the last MC release. If the new version is higher than the existing version,
MC downloads the new version to the MSDAU and commands the MSDAU to
reboot. After the MSDAU reboots, it automatically runs the MSDAU software.

6. The MSDAU starts running, communicating data to the MC which indicates the
MSDAU’s ONLINE status.

If the MC is closed or communication is otherwise lost, the MSDAU continues to sample
data while checking for a new connection. Communication with the MC will be
automatically resumed when the MC is restarted, and a Mission is loaded.

NOTE: MSDAU firmware will be upgraded automatically during Load when the detected
version in any loaded MSDAU is different from the current version which is included in
the latest MC revision.
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| Appendix A: ADS-B Aircraft Tracking Supplement |

Understanding ADS-B Reception

ADS-B (Automatic Dependent Surveillance-Broadcast) is a surveillance technology
where aircraft broadcast their position, velocity, and identification. UFODAS uses two

complementary data sources for comprehensive aircraft tracking:

| Dual Data Sources

RF (Radio Frequency):

Direct reception from aircraft via RTL-SDR dongle

Real-time local aircraft detection at 1090 MHz

Range: 10-150 miles (depends on antenna, altitude, terrain)
OS (OpenSky Network):

Internet-based global aircraft data from OpenSky Network API

Pre-filtered, high-quality data with aircraft type information

Worldwide coverage, 10-second update interval
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Performance Expectations

Typical RF Reception Performance

Environment Aircraft Visible

Messages/Min

Urban/Suburban 3-15
Rural 1-5
Coastal/Flat 5-20

50-200

20-100

100-300

Message Accumulation Patterns
Close Aircraft (0-20 miles):

10-50+ messages accumulate

Strong signal (5 bars)

All data fields populated - DISPLAYED v
Medium Distance (20-40 miles):

3-10 messages accumulate

Medium signal (2-4 bars)

Most data fields populated - DISPLAYED v
Edge of Range (40-60+ miles):

1-2 messages only

Weak/no signal bars

Limited data - NOT DISPLAYED (normal filtering)
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Tracker Table Reference

| Column Descriptions

Column Unit Description

SRC - Data source: RF (radio) or OS (OpenSky network)
IDENT - Aircraft callsign or ICAO hex address

SYM - Aircraft symbol/icon

SIG - Signal strength bars (RF only, 1-5 bars)

TYPE - Aircraft type code (B738, A320, C172, etc.)

AGE sec Seconds since last update

ALTITUDE ft Altitude above mean sea level

LATITUDE deg Latitude (decimal degrees)

LONGITUDE deg Longitude (decimal degrees)

VELOCITY kts Ground speed in knots

HEADING deg True heading (0-360°, 0=North)
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DIST mi Distance from your location

BEARING deg Bearing from you to aircraft (0-360°)

|Row Color Coding

Background Colors:

Color Meaning Age Range
White/Light Gray Fresh data 0-30 seconds
Yellow Stale (warning) 30-60 seconds
Red Very stale (alert) 60+ seconds
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Text Colors:

SRC

SRC

SIG

AGE

AGE

AGE

Column

Blue

Orange

Green

Green

Orange

Red

Color

Meaning

RF source (radio)

OpenSKky source (internet)

Signal strength bars

Fresh (0-30 sec)

Stale (30-60 sec)

Very stale (60+ sec)
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Wide Video Overlays

Wide video overlays allow you to see aircraft positions directly on your camera view,
with circles marking each aircraft's location and identification labels.

Enabling Overlays
* 1. Click 'Show on Wide' button in GPS/ADS-B panel
» 2. Adjust 'Max Displayed' slider (5-50 aircraft)
» 3. Overlays appear on wide video window

Overlay Elements
Aircraft Circles:

Blue circle = RF source (real-time local detection)

Orange circle = OpenSKky source (internet data, 10-sec lag)
Aircraft Labels:

Callsign (or ICAO if no callsign)

Altitude in feet

Distance in miles

[Field of View Calculation
Only aircraft within camera FOV are displayed. Position is calculated using:

» Bearing from you to aircraft

» Elevation angle based on altitude and distance

» Current camera panl/tilt position

+ Camera FOV (typically 60° horizontal, 40° vertical)
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Troubleshooting Reception Issues

No Aircraft Displayed
Check RTL-SDR Connection:

» Verify USB cable connected
» Try different USB port (avoid USB 3.0 hubs)
» Check for green LED on RTL-SDR (if equipped)

Verify dump1090 Installation:

*  Open command prompt and type: dump1090
» Should see help text or version information
* If not found: Install dump1090 and add to system PATH

Optimize Antenna Placement:

Raise antenna to highest point possible
Ensure clear line of sight to sky

Outdoor placement ideal, window second best
Vertical polarization (antenna pointing up)

‘Low Message Rate

Antenna Improvements:

Antenna Type Expected Performance

Commercial 1090 MHz collinear 200-500+ messages/min
DIY collinear antenna 100-300 messages/min
Ground plane antenna 50-150 messages/min
Stock RTL-SDR antenna 20-50 messages/min
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Gain Optimization:

Click 'Configure Gain' button

Try AUTO GAIN first (-10)

If Auto fails, try MANUAL.: 40-49 dB (typical sweet spot)

Monitor messages/min and qualified aircraft counOpenSky Issues

Connection Error:

* Check internet connection
+ Wait for auto-retry (every 10 seconds)
» Check firewall settings (allow UFODAS HTTPS)

Authentication Failed:
» Use legacy credentials (not OAuth2)

« Try anonymous access (leave credentials blank)
» Create account at https://opensky-network.org
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Signal Strength Interpretation

| Understanding Signal Bars

Bars Msgs/Min Quality Typical Scenario
Hi 60+ Excellent Overhead or very close
[l 30-59 Very Good Within 10-20 miles
ll 15-29 Good 20-30 miles
[l 5-14 Fair 30-40 miles, edge of range
| 1-4 Weak 40-50 miles, intermittent

Factors Affecting Signal Strength

Distance: Closer = stronger signal, more messages

Altitude: Higher altitude = better line of sight, visible much further
Antenna Quality: Better antenna = more messages from distant aircraft

Obstacles: Buildings, trees, terrain block signals and cause fading
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Performance Optimization

Recommended Gain Settings

Environment Recommended Gain

Urban (lots of buildings) 40-45 dB (reduce noise)
Suburban (some buildings) 45-49 dB (balanced)

Rural (open area) 49-52 dB (maximize sensitivity)
Coastal (may be busy) 40-45 dB (reduce noise)

Display Performance
Max Displayed Setting:

» Wide overlays: 5-10 aircraft (reduce clutter)
» Tracker only: 20-50 aircraft (see more data)

Automatic Filters:

» Aircraft >150 miles automatically excluded
« Stale aircraft (180+ seconds) removed
* Negative altitudes filtered (invalid data)
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Quick Reference

|Performance Targets

Metric Excellent

Messages/min <20 50-100 100+
Qualified Aircraft 0-2 5-10 10+
Signal Bars (avg) 1 2-3 3-5
OpenSky Aircraft 0 10-30 30+

Normal Behavior

* Many msgs=1 aircraft are normal (distant, correctly filtered)
OpenSky 10-second lag is normal (not real-time)
No signal bars for OpenSky aircraft (internet data, not RF)
Fewer aircraft at night (less air traffic)
More aircraft near airports (denser coverage)
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Glossary

ADS-B: Automatic Dependent Surveillance-Broadcast

ICAO: International Civil Aviation Organization (aircraft identifier)
MSL: Mean Sea Level

RTL-SDR: Realtek Software Defined Radio (USB receiver)
dump1090: ADS-B decoder software

OpenSky: OpenSky Network (crowdsourced aircraft data)

FOV: Field of View

Callsign: Flight identifier (e.g., UAL1234)

Quality Score: Internal metric for data completeness

Signal Strength: Messages per minute (RF only)
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ADS-B Quick Reference Summary

Signal Strength Bars (RF Aircraft Only)

11 60+ Excellent 0-10 mi

Il 30-59 Very Good 10-20 mi
I 15-29 Good 20-30 mi
I 5-14 Fair 30-40 mi
| 1-4 Weak 40-50 mi

Tracker Table Columns

SRC RF or OS Blue=RF, Orange=0S
IDENT Callsign/ICAO -

SYM Aircraft symbol -

SIG Signal bars Green (RF only)
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TYPE

AGE

ALTITUDE

VELOCITY

HEADING

DIST

BEARING

Aircraft type

Seconds old

Feet MSL

Knots

Degrees

Miles from you

Degrees from you

Green—Orange—Red
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Row Color Meanings

White/Gray Fresh
Yellow Stale
Red Very Stale

Troubleshooting Checklist

No Aircraft Displayed:

o RTL-SDR connected? (check USB)

o0 dump1090 installed? (check PATH)

o Antenna positioned? (high, clear view)

o Gain configured? (try Auto or 40-49 dB)
o Air traffic present? (check FlightAware)
Low Message Rate (<50/min):

o Raise antenna higher

o Move away from interference (USB3, WiFi)
o Optimize gain (Configure Gain button)

o Use better antenna (upgrade from stock)
OpenSky Not Working:

o Internet connected?

o Wait for auto-retry (10 sec)

30-60 sec
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o Check credentials (use legacy format)
o RF still works without OpenSky v/

Performance Targets

Messages/min 50-100 100+
Qualified Aircraft 5-10 10+
RF + OpenSky Mix Yes Yes

Normal Behavior (Don't Worry!)

v Many msgs=1 aircraft (distant, filtered out)
v OpenSky 10-sec lag (normal update rate)

v No signal bars for OS (internet data, not RF)
v Fewer aircraft at night (less air traffic)

v More aircraft near airports (denser coverage)

Gain Settings (Manual Mode)

Urban 40-45 dB

Suburban 45-49 dB
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Rural 49-52 dB

Or just use Auto Gain (-10)!
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|Appendix B: Mission Control S\W Change Log

V3.13 2-5-2026

1.

NEW — GPS / ADS-B receivers and display. New display option for the Aux
Video Display. Automatically finds a USB GPS device if connected to determine
system location. If no GPS device can be found, uses the system IP address
information to determine approximate location. Automatically finds any RTL-SDR
receiver and implements a ADS-B receiver with displays of aircraft identification,
altitude, lat/lon, velocity and more. Creates a log file, C:\OTDAU\adbslog.txt, with
all device status and aircraft data. The log file is created when the ADS-B
display is selected and closed when deselected or at system quit. Using the
system location, calculates and displays the LOS distance to the aircraft.

NEW - All map images now include the UFODAP logo in the upper right corner.
NEW - The Video and Data Display includes a Fullscreen button. Click the
button to duplicate the display on the main PC monitor. Click it again, or ESC or
F11 to exit Fullscreen mode. Fullscreen works for any type of display shown on
the Status screen.

NEW — MSDAU display of temperature displayed as both C and F; Display of
pressure in both in Hg and mb. GPS Altitude is displayed in both meters and
feet.

New version of MSDAU firmware: V3.17 with improved SDR performance when
using RTL-SDR hardware. [V3.16 is skipped since it was provided with some
new MSDAUSs since the last release and we want to be sure to update all
MSDAUSs to the latest version.]

6. Corrected system response to MSDAU boot loader fault conditions.
7. Corrected fault response to non-existent DAU configurations.

8.
9.
1

Faster data updates including the RF Spectrum.
Improvements to MSDAU boot process and messaging.

0.Revised update resolution time of the Aircraft data shown on the map as well as

the Aircraft data table to 5 seconds which is the Opensky data update resolution.

11.Added additional ADS-B message decoding and display to provide the Aircraft

Category. The category may be one of 25 values including “No information at
all”, “Small (15500 to 75000 Ibs.)”, “Glider / sailplane”, etc. See the User Guide
for more information.

12.0pening Sensors > OTDAU or >MSDAU will open the last sensor of the same

type selected without having to use Open.

13.Improvements to MSDAU RF spectrum processing for speed and ability to

provide a spectrum across all requested frequencies. NOTE: Full spectrum
refresh is composed of concatenated sections of bandwidth with successive
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center frequencies. Each section can only cover the maximum bandwidth per
sweep of the hardware, i.e., ~20MHz. Thus, the narrower the requested
frequency range, the faster the plot will be updated.

14.Corrected DAU location for weather and aircraft data — MC was always using the
manually entered value instead of the GPS location when a GPS location is
available.

15. Corrected calibration of pressure data — raw data from the SenseHat is offset by
using GPS altitude, if available (or 220m if not) and sea level pressure of 1017
hPa.

16.Corrected display of GPS altitude to value in meters rather than feet.

17.0penSky aircraft data can only be sampled 400 times/day. To prevent
unnecessary exhausting this limit, aircraft data is only sampled either once per
selection of the Aircraft display or every 10 seconds during Run and a trigger
condition. The first line of the display indicates when sampling occurs. You will
see changes to the aircraft indicators on the map when sampling picks up new
values.

18.Improved detection and response to disconnected DAUs and recovery after
reconnection.

19.For an MSDAU, uses GPS data if GPS has a fix, otherwise uses associated
location data and switches between them dynamically.

20. Text based data such as MSDAU Data, Weather and Aircraft are now correctly
displayed when Fullscreen mode is selected.

21.In the text Status display, you can scroll up to 1000 lines for reference and prior
use of Weather, Aircraft or MSDAU Data will not prevent viewing prior lines.
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Changes from V3.14 to V3.15:

1.

9.

Corrected a possible discrepancy between the time displayed with the OSD text in
maps vs the time derived from GPS when there is a valid fix from GPS in a
connected MSDAU. Added a GPS Time / CPU Time indication to the map text.
Verified that GPS time is shown as UTC and converted to local time as shown under
the map display.

Same enhanced validation changes as used for OTDAU.

Version 3.20 of the MSDAU firmware is included — 3.18 and 3.19 were interim
versions. 3.20 is used to guarantee that systems delivered with either of those will
be updated to this new version.

Added graphical depiction of each camera’s FOV on the Map displays along with
text that provides the actual AZ and EL of the camera.

Doubled the RTL-SDR frequency spectrum refresh rate.

Added automatic centering and scaling of RF plot upon startup of a mission.
Corrections made to Validation process to properly recognize existing license files
and separate errors due to key validation from lack of internet access.
Re-architected RF plot generation and presentation for much faster refresh and
lower impact on overall data collection. Added a new REFRESH RATE slider — set
to 0 to stop refresh to study the spectrum or set it to any value up to 20/sec.
Revised ADS-B map marker updates to every 10 seconds, regardless of use of the
text list view.

10.Mapping functions were based on Google Maps services, but due to their current

high cost, MC has switched to using USGS and Esri services. See details in a new
section of this Guide.
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|Appendix C: OTDAU Software Change Log

Composite changes from V2.27 to 2.28

1.

NEW — OTDAU saves all lengthy data files such as the avi test videos and YOLO'’s
recognition data in a cloud-based repository instead of bundling it in with the rest of
the code. This reduces the size of the setup file by about half, which reduces
download time from SendOwl. The data files are downloaded and installed during
setup.

NEW - Instead of a single Bounding box or circle, you can define up to 10 boxes or
circles. Click on the Bounding Box or Bounding Circle button and then draw up to 10
regions. The boxes or circles may overlap. Click on an existing region to delete it.
A second click on the Bounding button saves the definition of bounding regions and
eliminates any overlapping lines so that bounding regions that are not simple
rectangles or circles may be defined. Compatible with prior System configurations
with a single region.

NEW - You can use SSD to identify foliage in analytics and then, as an option,
enable restart of tracking if foliage is recognized. This may be a better option than
only using a bounding box to eliminate foliage — If a tracked target flys into foliage,
the original target may be quickly reacquired, and tracking continue instead of the
foliage becoming the tracking focus. This may be especially useful when using a
fixed camera with a bounding box so that it is not necessary to enable the option to
confine tracking to the box area only. Tracking may continue until the target gets to
foliage without trapping tracking there. Without this option, clutter detection may
also terminate tracking. (Note that YOLO detection of foliage may also work but
since the YOLO foliage category was trained on potted plants, it may not be very
useful for this purpose.)

NEW -- YOLOv3 and YOLOv4 Both Supported The YOLO recognizer now supports
both v3 and v4 model weights. The version is selectable at runtime; v4 remains the
default. GPU Acceleration for YOLO (Where Available) The packaged build now
automatically bundles CUDA runtime libraries if they are present on the build
machine, enabling GPU-accelerated YOLO inference on systems with an NVIDIA
GPU. CPU-only operations are unchanged on machines without CUDA.

NEW --Tracking crop box around the tracked object changed from a box to just
corner brackets for less obstruction of the object and its surroundings. With this
change, you may now prefer smaller values of Crop increment in Tracking settings.

Frame Rate (4K Camera) improvements:
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Identified that 3840%2160 cameras were piping full 4K frames (24.9 MB each) to
the detection pipeline, capping frame rate at ~5 fps. Auto-scaling now
downscales the pipe to 1920x1080 for processing while recording remains at
native resolution.

Added CUDA/GPU hardware-accelerated H.264 decoding via NVIDIA NVDEC —
the GTX 1080 now handles video decode, freeing the CPU entirely from that
task.

Disabled Windows Efficiency Mode (EcoQoS) at startup, which was throttling the
process priority and starving the video capture threads.

Idle frame rate had been throttled to 5 fps when not running, reducing CPU load
from ~21% to ~10% while the system is standing by.

. Detection Pipeline improvements:

Corrected a coordinate-space mismatch where detection area thresholds
(min/max area) were being multiplied by a pipe-scaling factor, making the
effective Max area 4x smaller than configured — causing valid targets to be
rejected as "too large."

Fixed the tracker silently dying when the tracker referenced an undefined
variable (com vs self.com), which caused zero detections without any error
message.

Forced the background subtraction tracker to use the CPU path — its internal
GPU/UMat path mixed incompatible types, producing silent failures with GPU
enabled.

. Recording improvements:

Wide-angle video now records at native camera resolution (3840x2160) by
upscaling pipe frames before writing, matching the zoom recording resolution.
Auto-switches codec from XVID to MJPEG for 4K frames since MJPEG is
significantly faster for large frame sizes.

AVI test file frame counter changed from cap.get(CAP_PROP_POS_FRAMES)
(unreliable for some codecs, returning a stale value) to a simple incrementing
counter, fixing a bug where the duplicate frame detection filter was blocking
every frame after the first.

372



9. Corrected a pre-detection tele recording interval problem where the target would
start at the detection interval time and then jump back to the correct start before
completing the correct recording.

10. Automatic compensation in ONVIF driver authentication for passwords with special
characters.

11.Camera ONVIF connection authentication process improved to function more
reliably — Dahua cameras connect with ONVIF Authentication ON or OFF and
without PC time sync; Uniview cameras need ONVIF set to On in Network > Service
Config > ONVIF. In general, for any IP camera, it is probably best to set ONVIF ON
and synchronize time to your PC.

12.Made testing for internet connection more robust under various conditions.
Improved user interface for conditions where connection availability is not
immediate. When validating from Manage license, wait for Exit button before
returning to OTDAU. To support field operations, does not need to check for internet
connectivity if a license file with key already exists. Also, verifies that the key,
computer ID and a valid camera (or USB) were validated at some time. If so, then
OTDAU is immediately started.

13. Corrected code for recording selection of wide video with digital zoom. This
selection had been recording just the wide video stream without text.

14.Revised ONVIF driver to provide more robust feedback for conditions that may
cause an inability to connect to a camera.

15. Control buttons only change background color from white when their function is
active.

16.Made button background colors more consistent — white until activated and then a
color(s) during use.

17.Improved the way paths are recorded — Individual paths are recorded if selected in
the same subfolder as wide video files. Boxes surrounding thumbnails are the same
color as the folder index for ease of identification in the jpg composite of all paths.
The composite is written to the group folder along with the log and json files. The
size of each thumbnail and the spacing between them is scaled to the size of the
image in the thumbnail. Continuous green line paths are available when selected in
Setup > Display.

18.GPU availability status for user’s computer is displayed upon startup.
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19.Revised path nonlinearity detection with more consisted detection in both x and y
direction changes:

Threshold raised 25°—45° — a 45° direction change is a genuine course correction
(a right-angle turn at 90° would register as nonlinear with headroom to spare).
Tracking jitters typically cause <15° heading wobble, so 45° gives a clean margin.
Minimum segment length 20px — a direction change is only counted if the path
segment is at least 20 pixels long. Sub-pixel or very short steps are pure tracking
noise and are now ignored regardless of their apparent angle change.

20.The Nighttime Aircraft Identifier is now also referred to as NAI. The NAI confidence
formula has been improved: now uses rate score (how close to ideal aircraft strobe
rate) combined with cycle count score, rather than the old backwards formula that
rewarded faster rates.

21.The selected identification method has been added to the thumbnail and text for
real-time analysis during tracking. This lets you know which method had the highest
confidence for the current track — “YOLOv4’, ‘YOLOV5’, ‘SSD’, or ‘NAS’.

22.Corrected functioning of start/stop timing in System configuration when the time
overlaps one day to the next.

23.Corrected Uniview camera support including the use of special characters in
passwords.

24. Improvements to the initial tracking detection process for more reliable target
capture.

25.Added option in Analysis to automatically abort tracking if foliage is identified to
minimize time spent hunting without a target.

26.Corrected operation of the Min time tracking parameter so that it can correctly
exclude fast-moving objects such as birds.

27.Improved Target Retention After Initial Acquisition -- A crop box positioning error
was causing the system to lose the target immediately after the first few tracking
events when the target was moving quickly. The detection region now correctly
spans both the target's current position and its predicted position, so fast-moving
targets are retained through the full tracking sequence.

28.Path Recording Now Correct for AVI Files -- When using path recording mode with
AVI input, the saved video file was the plain wide video instead of the path overlay
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visible on the aux display. The recorded file now matches what is shown on screen
— the accumulated target path with numbered event markers.
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Composite changes from V2.28 to 2.29

Highlights

This release adds support for scientific/astronomy cameras, reorganizes camera setup
into dedicated per-type configuration windows, hardens startup validation, and
completes Celestron telescope-mount tracking.

New camera support

Scientific camera drivers added: ZWO ASI, QHY, and Player1. Each is driven
through its vendor SDK rather than the OS video path, giving direct sensor
access — manual gain, manual exposure (us), hardware binning, and raw bit-
depth output.

Full-resolution capture with a separate downscaled display path. A single
debayer pass produces the full-res frame used for recording plus a half-res copy
for live display, so recording quality isn't sacrificed for GUI performance.

Bayer handling now reads the camera's reported pattern (Player1 no longer
hardcodes it); RAWS8 capture with debayering to color.

Live gain / exposure updates apply while streaming (no stop/start). Binning and
bit-depth changes restart the capture cleanly.

Auto gain / auto exposure options, with autoexposure bounded to the
configured exposure value.

USB (UVC) camera handling improved alongside the science work; camera
discovery is faster (drain test shortened with early-exit polling).

Camera configuration & menu changes

Camera setup split into dedicated windows per camera type — IP, USB,
Science, Video Playback, and DSLR — each showing only the fields relevant to
that type while sharing the same underlying config data.

Improved USB camera detection in the USB CCA. Note that the CCA will run
the first time you load a USB camera and not subsequently. After completing
discovery, when you press Close, your configuration will be loaded.

Two-level driver selection: interface type first, then (for Science) a ZWO / QHY
/ Player1 sub-type selector.
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« Fixed: QHY and Player1 were unreachable. The sub-type selector row was
being hidden in the scoped windows, so the Science window silently defaulted to
ZWO with no way to switch drivers. The selector now stays visible for Science.

« Field visibility cleaned up: Pipe Resolution controls are hidden for USB /
science / file drivers where they don't apply (both the main and USB config
windows); the single "Driver" text field is hidden except for IP.

« Science config window resized so the bottom button rows are no longer
clipped.

« Science Ul polish: auto checkboxes for gain/exposure, binning options 1-4, bit-
depth ordering 8/12/16 (ZWO limited to 8/16), narrowed camera-index field.

« Configuration and menu dialogs now center on the parent window and open
on the correct monitor in multi-monitor setups.

New satellite tracking, display and recording

« Similar to the ADS-B aircraft tracking function. Displays all spacecraft visible
above the horizon in a table as well as icon overlays on the wide camera display.
Added camera pointing calibration using satellites or aircraft positions with the
result saved in the AZ/EL offset values.

Validation & startup

« Validation no longer blocks startup on error — validation failures are caught
and logged, and the main window still comes up rather than locking.

o Corrupted validation file handling — a bad file no longer leaves the validation
window blank or stuck.

o Deterministic machine ID for licensing; validation-window auto-close and quit-
hang fixes.

o Cleaner startup: the main window stays hidden until all widgets and threads are
built, eliminating the white flash and partially rendered window.

Telescope / PTZ mount

« Celestron NexStar integration using AzAlt (32-bit) commands instead of
RA/Dec, fixing bad position reads from unaligned mounts; serial 1/O is serialized
through a worker queue to prevent race conditions.
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« USB camera + Celestron telescope tracking fixed end-to-end (PTZ driver init
for non-network cameras, pan/tilt assignment, config-table entries, and crop-reset
timing).

« Home position save/restore hardened for telescope mounts.

e« Home button now returns to white when the move completes. Telescope
mounts use GOTO completion; regular PTZ / IP cameras watch the reported
position and reset once the mount settles at home, with a safety timeout so the
button can never stay stuck.

Path analysis

o Inflection-point detection reworked to use chord-deviation geometry with scipy
find_peaks (prominence-based), replacing the Y-only method that missed
genuine U-shaped path turns.

Stability & other fixes
e ZWO shutdown errors suppressed.

e Recording stop moved to a background thread to avoid a GUI freeze, with guards
for mid-recording config switches.

o FPS display smoothed with an exponential moving average.
« ADS-B gain dialog sizing and centering fixed.

A new generic alpaca driver has been added: A new generic alpaca mount driver
drives any Alpaca-compatible telescope in addition to Celestron NexStar — ZWO
Seestar (S50 / S30 / S30 Pro), DWARFLAB DWARF 3 (through the community
Alpaca bridge), and traditional GoTo mounts (Sky-Watcher, iOptron, Meade,
Celestron, and others) exposed via the ASCOM Remote server. A single Alpaca
Profile setting (seestar / dwarf / ascom / generic) adapts the driver to each
mount family. Mounts connect over the network using the existing Pan/Tilt IP
fields plus a new Alpaca Profile selector, with cached position polling to keep
network load low. The telescope-driver list is now centralized in one place, so
adding future mount types is a one-line change. NOTE: This was tested with
end-to-end simulator validation via the ASCOM Alpaca simulator (OmniSim),
unlike Celestron which was tested with a new NexStar 6SE mount, so there
could be hidden bugs.

Automatic Focus at Run Start
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What it does

When enabled, OTDAU now automatically focuses the wide camera once at the
start of every Run, before tracking begins. The camera briefly zooms to its
maximum optical zoom, runs a focus search there, then returns to your
configured home zoom level before tracking starts.

Zooming in first is deliberate: at high zoom, small changes in focus produce a
much larger, more measurable change in image sharpness, so the search
can find the true focus point far more reliably than it could at a wide field of
view. Because tracked targets are effectively at optical infinity, the same
focus setting found at maximum zoom remains valid when the camera
returns to your normal operating zoom.

The whole sequence — zoom in, search, zoom back — runs in the background
and does not block the interface; pressing Stop at any point cancels it
immediately.

Enabling it

A checkbox in the camera setup controls this feature. It only applies to cameras
with a motorized focus interface reachable over ONVIF (or, for telescope-
mount setups, an AUX-connected focuser); on cameras without one, the
checkbox has no effect.

Limitations

o Adds time to Run start. The zoom-to-max-and-back sequence, plus the
search itself, typically takes on the order of a minute, occasionally longer
on a camera with a slow zoom or focus motor. Tracking is held until the
sequence completes.

« One-time, not continuous. Focus is set once at Run start and is not re-
checked or re-adjusted while tracking is in progress. If lighting,
temperature, or target distance changes meaningfully during a long Run,
the original focus setting may no longer be optimal until the next Run.

o Assumes a distant, effectively-fixed-focus-distance target. The
technique depends on the same focus setting being valid across zoom
levels, which holds for distant subjects but not for close-range ones. If a
camera position is used for a nearby target, this feature is not appropriate
for it and should be left disabled for that configuration.
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« Very large zoom ratios between home and maximum zoom can
occasionally leave the search unable to find a clear peak, if the lens's
optical axis shifts enough between zoom levels that the original target falls
outside the search's measurement region. This is uncommon and
mitigated in the current implementation, but worth checking for on setups
with an unusually large gap between operating zoom and maximum zoom.

Recommended use

Best suited to fixed or slowly changing camera positions viewing distant targets,
where a single good focus setting at Run start will remain valid for the
duration of tracking. For camera positions with closer or more variable
subject distances, focus manually before pressing Run and leave this
feature disabled.

Gamepad/Joystick Improvements

e Gamepad now works if plugged in after OTDAU starts (previously required
plugging in before launch); also detects disconnects.

e Fixed pantftilt joystick control not always stopping when the stick was recentered.

e Reduced pan sensitivity for finer control.

e Pan and tilt now move independently and simultaneously (previously only one
could be commanded at a time).

e Reduced console log spam: motion, stop, and focus messages now print once
per action instead of repeating.

¢ Removed unneeded gamepad Home-button log message.

Video analysis result selection

e The real time results of video analysis is shown in the upper right of the wide
display — Object identification has been improved and bottom line has been
changed to reflect the selection: this On-Screen Display (OSD) may show
"weighted" instead of "YOLOv4"/"SSD"/"NAI", telling you the result reflects
accumulated evidence across the whole track rather than one classifier's single
best reading.

Automatic deletion of folders IDed as NONE via a checkbox in the Recording
Options

Abort tracking when target is behind identified foliage for longer than the Event
interval

Camera RTSP URL Handling
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Fixed: RTSP/Video URL not generating correctly on "Update"

Fixed a bug where clicking Update in the IP Camera Configuration window could
silently fail to regenerate the Video URL — most notably for Amcrest cameras,
where the manufacturer name (typed in the "Camera type" field) wasn't reliably
recognized whenever the model number itself contained a hyphen (e.g. Amcrest
IP2M-841). When this happened, the IP address, username, and password
entered in the form were never actually used, and the URL field was left
unchanged. Manufacturer detection is now more robust to how the camera name
is formatted.

Fixed: Channel field ignored for Hikvision/Hino cameras

The Channel field had no effect on generated Hikvision/Hino URLs — they
always addressed channel 1 regardless of what was entered. Multi-channel
setups now correctly reflect the selected channel.

Added: support for a blank Channel field (Uniview EO streams)

The Channel field can now be left blank, which is required for Uniview single-
lens/EO camera streams (media/video1, no digit after media). Previously the app
forced a digit in, which produced an incorrect URL for EO streams. Dual-lens
Uniview units (EO/IR) still use channel 1 or 2 as before.

Adjusted: Hanwha default port and stream/profile mapping

Default RTSP port corrected to 554 (was 6554), and main/sub stream now map
to profile2/profile3 per Hanwha's documented convention. (Not yet verified
against physical Hanwha hardware — flag any issues.)

Added: optional channel selection for Axis cameras
Single-sensor Axis cameras are unaffected. If a channel number is entered, it's
now passed through as ?camera=N for Axis encoders/multi-sensor units.

Added: three new supported camera manufacturers

e Reolink
e Vivotek
e Geovision
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Validation updates

Corrections made to Validation process to properly recognize existing license files
and separate errors due to key validation from lack of internet access.

AnalyticsConfig file contents

This file which saves the Analytics options is now formatted as a standard json file
instead of a txt file. It was only saved as a txt file in C:\OTDAU. The json format aids
readability as each parameter has a name corresponding to each parameter in the
Analytics options window. Also, the file is now written to the C:\OTDAU directory as
well as the group folder for each recording so that the Analytics selections will be
available for later data evaluation.

Port number conflicts

If two instances of OTDAU try to load a System configuration with the same port
number assigned, an error message is provided and the configuration is closed. To
resolve the conflict, open the configuration via the System tab, change the port to
another value, Save As with a different configuration name, then click Load.

Target analysis values to CSV file

Accumulate values of target size, brightness variation, blink periodicity and velocity
with associated time during an event and, at the end, write all values to a standard
CSV (comma-delimited) ASCII file (hame.csv).

PTZ slave mode

The slaved PTZ camera now moves using continuous motion with closed loop
control instead of stepwise absolute moves. This provides smoother and faster
tracked obiject following for both local slave or remote slave passed through MC.

Predictive move

The initial move of a PTZ camera to a detected target is based on a prediction of
where the target will be by the time the camera completes the move. This position is
now adjusted by learning to correct for effects of parallax and optical distortion after
several target acquisitions.

Prior release notes are listed in earlier versions of this document.

382



383



Appendix D: MSDAU Component Data Sheets

£ys ..o

LSM9DS1

INEMO inertial module:

3D accelerometer, 3D gyroscope, 3D magnetometer

LGA-24L (3.5x3x1.0 mmj)

Features

+ 3 accelerafion channels, 3 angular rate
channels, 3 magnetic field channels

» ++4/+8/+18 g linear acceleration full scale

» 4484127416 gauss magnetic full scale

« +245/#500i+2000 dps angular rate full scale

» 168-bit data cutput

» 5P/ 2 serial interfaces

» Analog supply voltage 1.8V 0 3.6V

* “Always-on” eco power mode down to 1.9 mA

* Programmable interrupt generators

* Embedded temperature sensor

+ Embedded FIFO

» Position and motion detection functions

» Click/double-dick recognition

» [ntelligent power saving for handheld devices

« ECOPACKE. RoHS and "Green” compliant

Datasheet - production data
Applications

& [ndoor navigation
& Smart user interfaces

& Advanced gesture recognition
# Gaming and virtual reality input devices
& Display/map orentation and browsing

Description

The LSMBDS1 is a system-in-package feafuring a
3D digital linear acceleration sensor, a 3D digital
angular rate sensor, and a 30 digital magnetic
SEMSOr

The LEMED51 has a linear acceleration full scale
of $2g/+4g'+B/+16 g, a magnetic field full scale of
+4'+8/+12'+18 gauss and an angular rate of
245/+500/+2000 dps.

The LSMEDS1 includes an 3G serial bus
interface supporting standard and fast mode
{100 kHz and 400 kHz) and an SPI serial
standard interface.

Magnetic, accelerometer and gyroscope sensing
can be enabled or set in power-down mode
separately for smart power management.

The LSM8D51 is available in a plastic land grid
ammay package (LGA) and it is guaranteed to
operate over an extended temperature range
from -40 *C to +85 *C.

Table 1. Device summary

Part number Temperature range [C] Package Packing
LSMaDs1 -40 to +85 LGA-24L Tray
LSMBDS1TR -40 to +35 LGA-24L Tape and reel
March 2015 DoclD025715 Rev 3 172
This s information om a product in full production. WWW. I Com
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S/

HTS221

Capacitive digital sensor for relative humidity and temperature

S &

HLGA-BL
(2 x2x0.9mm)

Features

+ [ to 100% relative humidity range

* Supply voltage: 1.7 t0 3.6V

* Low power consumption: 2 pA (@ 1 Hz ODR
+ Selectable ODR from 1 Hz to 125 Hz

+ High rH sensitivity: 0.004% rHLSB

* Humidity accuracy: + 4.5% rH, 20 to +80% rH
* Temperature accuracy: £ 0.5 *C,15 to +40 °C
+ Embedded 16-bit ADC

+ 16-bit humidity and temperature cutput data
+ 5Pl and PG interfaces

+ Factory calibrated

* Tiny 2 x 2 x 0.8 mm package

« ECOPACK® compliant

Datasheet - preliminary data

Applicatiuns

* Air conditioning., heating and wentilation
* Air humidifier

+ Refrigerators

* Wearable devices

+ Smart home automation

* |[ndusirial automation

Description

The HTS5221 is an ultra compact sensor for
relative humidity and temperature. It includes a
sensing element and a mixed signal ASIC to
provide the measurement information through
digital serial interfaces.

The sensing element consists of a polymer
dielectric planar capacitor structure capable of
detecting relative humidity variations and is
manufactured using a dedicated 5T process.

The HT5221 is available in a small iop-holed cap

land grid array (HLGA) package guaranteed to

operate over a temperature range from -40 °C to

+120 °C.

Table 1. Device summary

‘Order codes Temperature range [*C] Package Packing
HTS2Z21TR Tape and real
-40 to +120 HLGA-BL
HTS221 Tray
May 2014 DoclDI25333 Rev 1 1130
This is preiminary Informaion on a new product now i devesopment or LNdergoing evaluation. Detalls are subject o wwwLs.oom

change without nofice.
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