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Disclaimer
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|Introduction |

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 init.i
feel o 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 i-cnopsatcat wen  aUsf sou nmeg ya.  uBnyi tA | coc
$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


mailto:rholch@gmail.com
http://www.ufodap.com/

|About the Developer

UFODAS development was initiated in 2014 by Ronald Olch i 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-05b8al1l

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:

l

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, N85EFNZ2,
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

12
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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 CGI document describing all its commands. Some CGIl 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 wil|l not connect for O
attack protectiond box is unchecked in WebSer
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

13



|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 fdoswt 06 we assume a un0adr
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.

14
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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:

T

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.

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

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

Real-time weather conditions local to deployed DAUSs.

1 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:

T

il
il
1

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:

T

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 OTDAUS,
MSDAUSs or PTDAUS.

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 pan/tilt 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 unit is 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

DAU1

OTDAU
Internet

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 MSDAUS,
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 MSDAUSs 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 aircratft.

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 userd seeds. 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 MSDAUS.
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
t he us erodbyWiriout

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
camerabs direction is continuously wupdated ac
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 panoramicor -$ilay & c.amer a

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 OTDAUSs 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 combinat
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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Internet Accessible, single (or dual) camera Wide-Area system suitable for triangulation and data analysis
Triangulation feasible if cameras widely spaced
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| I Internet
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NOTE: "Camera USB or IP" may also include a Multi-Sensor Unit combined on a single Ethernet cable.
Standalone data collection Direct connect to internet, remote computation

Windows Computer

Camera

Windows Computer USB or 1P

Internet
Standalone, dual cameras (e.g., wide-angle fixed + telephoto)
Camera
USB or IP Router
Windows Computer
Camera
IP Camera

USB or IP

NOTE: "Camera USB or IP" may also include a Multi-Sensor Unit combined on a single Ethernet cable.
Cameras could be fixed, wide-angel, IP-PTZ, USB or USB from converted composite video, e.g., an all-sky camera
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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:
An OTDAU with one or two cameras
An MSDAU with optional external USB and WiFi connected sensors

A PTDAU via an instance of OTDAU

= == =2 =

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.

1 Power up an MSDAU and verify or set its address to 144.

T Open OTDAU and

port 51000.

Load

t he

Sayesrtoebna tciocnsf O gwuirtaht ia

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

Mission Sensors Recording Sharing Setup Help

usi g).s SB25-9F78: E
url: hteps: ¢/ o sendorl. om/api/v1/products/ 78046577/ licenses/

Data

ion Units

DAU 1

DAU 2

Spectrum Controls

RANGE OFFSET

DAU 3

DAU 4

|
e | m
Map Display Controls
Disabled ZOOM IN
oy | LEFT RIGHT | RESET |
to record
DOWN | ZOOM OUT,

DAU 5

DAU 6

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

1 Click on Open and then double-click on the desired mission file name, int this

case, i mi

s -pacamf-ms1.json. This mission monitors one instance of OTDAU

software with port 51000 and one MSDAU at address 192.168.1.144. The main

di splay status

b o x

shoul

d now show fiReady

1 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

wi ndows . The

status

box

wi || show fAReady

A Google map will appear which shows the location of the DAUs, as shown

below.
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Mission Sensors Recording Sharing Setup Help

Video and Data Display
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|Friday 31 October 2025 17:22:11PM 1) Hawthorne

] Map data €:2025

Data isition Units

DAU 1

DAU 2

otdau-pc-cami ONLINE
Not triggered by tracking
Time: 17:22:11
Location: Van Nuys Airport
Azimuth: 0.00 degrees
Elevation: 0.00 degrees
Zoom: 1.0

msdau-144 ONLINE
TRIGGERED BY RF
Time: 10-31-25 17:22:06 From CPU - No GPS fix
Location: LAX
GPS Latitude: 0.000000 degrees
GPS Longitude: 0.000000 degrees
GPS Altitude: 0.0 feet
Magnetometer: 21.19 38.30 68.51 uTeslas
Orientation: 85.16 356.91 96.27 degrees
Gyro: 0.00 0.00 -0.00 degrees

RF Spectrum Controls

RANGE

H

s |
i

‘
!
‘

Accel: 85.16 356.90 96.28 degrees  Display Data
Accel: 0.09 0.99 0.12 Gs —_—
Humidity: 27.3 percent Display Plot
Temperature: 34.7 deg C —_—
Display Video | Pressure: 29.8 in mercury Display RF
El ic: 0.0000 —_
DAU 3 DAU 4

MSDAU 2 RF Spectrum 31 October 2025 17:22:11PM  Sweeps: 2025

30 fom- - - - ‘\‘“
<t il
I AV L
A If

o

]

‘E—w W/
1
i

il
iU
Bl

T Freaerer s01 1000 i

MSDAU 2 Data - 31 October 2025 17:22:10PM
ity Termpacature

| o |
| p Map Display Controls
| Enabled

up | ZOOM IN

RIGHT | RESET |

ZOOM OUT

| Not ready

| to record

i

LEFT

DOWN |

DAU 5

DAU 6

Bsinds

Fidoy 31 October 2025 17:22:11PM T none

1 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.

1 Recording options may be selected at any time after opening the mission

configuration file.

1 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:

-
Mission Sensors Recording Sharing Setup Help

Video and Data Display

MSDAU 2 Data - 24 May 2022 21:14:03PM

Humidity Temperature
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60 v W0 —
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o B
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time (s)
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Yaw Pitch Roll

time (s)
m-l.mm.m r dag-Gs

Data isition Units

DAU 2

DAU 1

otdau-pc-cam1 ONLINE
um mggmd
54

otdau-pc-cam2 ONLINE
Not d

Display Video |

= DisplayVidanl
DAU 3

DAU 4

msdau-144 ONLINE
.... TRIGGERED ***
Time: -22.05.24 14:53:58 CPU
Location: 6338 Balboa Blvd, Encino
GPS Latitude: 0.00000 degrees
itude: 0.00000 degre:
le: 0.000 feet
11.452 193.016 -224.333 IlTesIas

| p Spectrum Controls
RANGE OFFSET

|

i |
Map Display Controls
Enabled upP | ZOOM IN

RESET |

Not ready
to record | LEFT
Z0OMOUT

RIGHT |

eniation: 210,445 357153 91.869 dag
Gy 0,001 0:004 0,001 deg

Accel: 270.476 357751 91. m Searess
ecel: 0020 0972 00336
Temperaturc: 34,1544 ¢ deg c

Pressure: 29.1580 in mercury Display RF |
Floctomaanetic: 10000

DAU 5

DAU 6

The plot is continuously updated with the following data from the MSDAU:

1 Relative humidity in %

1 Temperature in degrees C1 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.

Pressure in milliBars

= = == =4

each of the axis lines indicates acceleration in Gs

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

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

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

Accelerometer (DC) in degrees for each axis of yaw, pitch and roll. The length of




After selecting Display RF:

-

|
Video and Data Display

MSDAU 2 RF Spectrum 24 May 2022 21:12:45PM Sweeps: 233
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msdau-144 ONL
----- TRIGGERED *****
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GPS Latitude: 0.00000 degrees

GPS Longitude: 000000 degrees

1 GPS Atitude: 0.000 feet

| p Spectrum Controls 11.452 193.016 224333 uTeslas

Orientation: 270.446 351.753 91.889 degrees
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DAUG

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:

p Video and Data Display
MSDAU 0 RF Spectrum 19 November 2020 10:22:41AM Sweeps: 108
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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,
asshownabove. Thi s is also shown in the DAU display

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.

£ Linidentified Flying Object Data Acquisition Systemn -- Mission Contral  Version 3.1... — >

Description |UFDDA5 Mission Control -- One camera, One MSDAL

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

DAL 1: |otdau-pc-cam1 v E
DAU 2: |msdau-144 i

DAU 3 |display-2-rf r [
DAU 4 |display-2-plot r [
DAU 5: |display-1-video r [
DAL & |di5p|ay-1-map r |_
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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

B
., Sensors
. Recording
. Sharing
. Setup
., Help
-
Mission Sensors Recording Sharing Setup  Help
F Status Data isition Units
Average data collection peried: 0.04 seconds at 15 March 2021 17:52:22PM -~ DAU 1 DAU 2
New data at 287.2134399 Sweep 59 Data gueus size: 0
hlines parameters: 10.0, £8.0, 107.198
fmin, fmax: 8.0, 107.19%
power limits: -31.378 14.424
Average data collection period: 0.04 seconds at 15 March 2021 17:52:27BM
New data at 292.1900722 Sweep 60 Data queus size: 0
hlines parameters: 10.0, £5.0, 107.198
fmin, frax: 82.0, 107.
power limits: -29.90¢ 14.892
Average data collection period: 0.04 seconds at 15 March 2021 17:52:32BM
New data at 297.4450201 Sweep 61 Data queus size: 0
hlines parameters: 10.0, £3.0, 107.198
fmin, fmax: 82.0, L0
power limits: -29.617 18.684
| verage dara collection pericd: 0.04 seconds at 15 March 2021 17:52:37M
New data at 302.9063528 eep 62 Data queue size: 0
hlines parameters: 10 .0, 107.198
fmin, fmax: 10 DAU 3 DAU 4
power limits 404 a7
Average data collection period: 0.04 seconds at 15 March 2021 17:52:42BM
Il |closing the system file
|J sensorttame for file 0 write close: mulsi
| |sensertiame fox file 1 write close:
sensorName for file 2 write close:
‘ sensorflame for file 3 write close:
sensorllame for file 4 write close:
! sensorName 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 mission 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 DAUs.

-
Mission Sensors Recording Sharing Setup Help
Video and Data Display . e (T
g g ] HERE ‘”OJ DAU 1 DAU 2
&y > i — Sky| Zone FlyAway Bus Terminal
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cilBeiiens ik

Display Video |

Costco\Wholesale

|
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a
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ENGINO VILLAGE SePU

Sol. Y Liun: S
— Recreation DAU 3 DAU 4
@
mau po-uma ONLINE msdau-144 ONLINE
HTP:4.00% MAG:5.00% OGA:6.00% ELM:7.00%
Time: 1225 23 18:: 3425 SaIEIIIIEs "

Sherman Oaks O
Castle Park.
Map data €2023

Tussday 26 December 2023 10:34:36AM noino Park

Azimuth: 0.00 degrees
Elevation: 0.00 degrees
Zoom: 1.0

RF Spectrum Controls Magnetometer: 13 59 14 01 69.75 uTeslas
Orientation: 101.02 357.52 91.06 degrees

RANGE OFFSET b Gym 0.00 -0.00 0.00 degrees
Accel: 101.02 357.52 91.05 degrees ~_Display Data
Acce .04 0 97 0.02 Gs
em| :23. e
ressure: 29.8 in mercus

Display Plot

Display Videnl Display RF

I

DAU 5 DAU 6
— o

RE Spoctrum 26 Dacombar 2023 10:34:36AM  Swoeps: 440 MSDAU 3 Data - 26 December 2023 10:34:35AM
ity mparaturs

Map Display Controls

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

DOWN | ZOOM OUT,

i ¢

LESSER—————

MC after configuration with three 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.

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
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.

31



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

p US4
.y@ Ql;;,.,,[gu Wholesale
Dig
hr
~ Sky Zone
Trampoline Park °
The Japanese
O Garden
: DAU ‘3 A ral soa/ Q —
mg\,( ane Lane = Anthony C @ L 405
hristmas display -
Beilenson Park Sepulveda
MOﬂde 17 FeerOfy 2020 08: 21 41AM Basin Wildlife

Map data ©2020

........

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.

34



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 DAUL.

s Status

Local Flight Data --

ICAQ transpdr adds

Callsign

Origin Country

Last Position Time

Last Contact Time

Leongitude

Latitude

Barometric 21t - m

Surface Report

Velocity - m/s

Trus Track - d=g

Vertical Rate - m/s

Sensor IDs

Geometric Rlt - m

Squawk Code

Special Purpose Ind

Position Source

Aircraft Category
Category line 2

N/R -- Not Reported
Reporting area is a

5 Rircraft

a22eTe
N24JR
United State
22:35:07
22:35:07
-112.50
34.28
708.66
False

70.1%
175.38
-4.55

N/R

723.90

N/R

False
ADS-B

Ho informat
ion at all

Typical data latency is
10 mi/side, centered on the location of DAL
Data is from The OpenSky Network, https://opensky-network.org

rectangle,

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

UFQDAP Mission Control

acd27a
N925TV
United State
22:35:08
22:35:08
-118.38
34.09
42g.72
False

1.15

206.57

0.00

/R

396.24

N/R

False
LD5-B

Ho informat
ion at all

a2l4a0
N233LR
United State
22:35:07
22:35:07
-118.35
34.07
132.88
False

28.00

£9.57

1.63

N/R

175.26

N/R

False
ADS-B

Ho informat
ion at all

~10s to 2min

442387
VIT712
Malta
22:35:01
22:35:07
-118.49
34.22

/R

True

0.00

87.19

/R

/R

/R

N/R

False
LD5-B

Ho informat
ion at all

31 Qctober 2025 22:35:10FM

a%7a67
N71HD
United State
22:35:07
22:35:07
-113.34
34.11
411.43
False

4.16

51.34

0.85

N/R

403.56

N/R

False
ADS-B

Ho informat
ion at all

5 of 5 flights shown

Aircraft flight information is listed for the first six flights of the total flight data available.

Flight d

at a

i ncl

udes

each

ai

rcraftoés

c al

it is on the ground or in the air (Surface Report), absolute (Geometric) altitude, etc. The
position source is typically from Automatic Dependent Surveillancei 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
75000 1| b

may
s. )0

be
, nGl

one

i der

of

25

v al

ues |
/| sailplaneo,

ncl udi

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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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 1 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 1 Click this button to start monitoring DAUs for triggered state(s) and updating the
map display.

Load 1 Click to load the selected Mission configuration, update the DAU displays and
get ready to Run.

Close T Close the current Mission.

Quit T 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 uP | ZOOM IN
_oom |

LEFT |

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

3. 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, clickoni Set Pan and Tilt offsetso an
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.

4. 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.

5. 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.

6. 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 |l evels and c uStapteMissibnaacdlagustasi nd A noi
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

£ Unidentified Flying Object Data Acquisition Systermn -- Mission Control  Version 2.0... — O >

Description |UFDDA5 Mission Control -- Two cameras and MSDALUS

Start time |07:00:00 Stop time [23:00:00 Enable Sound ¥
DAl Recording Trigger Associated Sensor
sensor 1: |otdau-pc-cam1 v E
Sensor 2 |msdau-145 r |_
sensor 3 |ntdau-pc-cam2 3 |E
Sensor 4 |msdau-144 r |_
Sensor 5 | r |_
Sensor & | r |_

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 wil/l be highlighted and c
desired name bef or emigsibnemydam-ns 1f psoarampbbt Bbe
describe a configuration with two DAUs i 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 T 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 T 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 i Up to six DAUs of any type may be specified. During Run time, each DAU will
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 1 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 i 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 untupgepeao DRiVerat
is the DAU which is the source for the data a
Apl ot 0Fooexample, fo display the RF Spectrum from DAU 2 in position DAU5

enter ®Rdaifdpliamy the DAU2 | ine of the I|Iist of Da
Configuration window. Entry errors or references to a DAU which cannot be the data

source wi |l be ignored or generate an error me
valid number.
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For example, this Mission Configuration i

% Unidentified Flying Object Data Acquisition System -- Mission Control
ying i) | }

Version 3.1... — >

Description

Start time |07:00:00

Data Acquisition Unit

DAL 12 |ntdau-pc-cam‘l

DAL 2: |cutdau-p c-cam2

DAL 3: |otdau-p c-cam3

DAU 4 |msdau-144

DAU 5: |display-4-rf

DAU 6 |display-<4-plot

|UFDDA5 Mission Cantral -- Two cameras on local PC

Stop time |23:00:00

Recording Trigger

Enable Sound ¥

Associated DAL

™ [

[ B (Y B
— 1 1 1T

Results in the following set of displays:

% Unidentifed Fying Object Data Acquisition Syster - Mission Control  Version 310

Mission Sensors Recording Sharing Setup Help

Video and Data Display

QMahha\b& HomeGoods: By S
High Schodl vanowen st

ENCINO VILLAGE| Sepulveda
Basin

Recreation
Area

Qso\ Y. lfuna

T Maxx@ (!

i Chick MAO

Tuesday 26 December 2023 14:40:46PM "c10 Park

WOODLEY

Sherman Oaks
Castle Park:

g & = Targe|
g 3 g Strathern st
> L > Zone FlyAway Bus Terminal 9
L 1l Trampoling Park
Z cutcorst
RESEDA LAKE BALBOA 1" sheman way

99 Ranch Market

Reseda Park ) (@] Tne Japanese
oo ﬁ i
g g Lok Arthon
s £ DAY o p A
i T 3 CostcoWholesale

Burbank B

Map data ©2023|

RF Spectrum Controls
RANGE

OFFSET

Map Display Controls.

[ resayorn ] | | _tosa [ cose [ oue |

Enabled

Not ready |
to record LEFT I

w |

RIGHT I

ZOOM IN I

RESET I

ZOOMOUT I

DAU1 DAU2

tory and White Oak
00 degrees

Elevation: 0.00 degrees
Zoom: 1.0

|
DAU3

otdau-pe-cam3 ONLINE
OTDAU Not triggered

Time: 14:40:46

Location: 17633 Lemay St., Van Nuys
Azimuth: 0.00 degrees

Elevation: 0.00 degrees

Zoom: 1.0

GPS Latitude: 34.189648 degrees

GPS Longitude: -118.510599 degrees
GPS Altitude: 2136 feet

1376 1075 68.28 uTeslas
Orientation: 101.14 357.55 90.96 degrees

Gyro: -0.00 0.01 0.00 degrees

Accel: 101.14 357.55 90.96 degrees  Display Data
Accel: 0.04 0.97 -0.02 Gs

Humidity: 31.2 percent Display Plot
Temperature: 25.9 deg C
Display Videnl Pressure: 29.8 in mercury Display RF

19300

DAUS DAUG

MSDAU 3 RF Spoctrum 26 December 2023 1440:46PH  Sweeps: 2638 MSDAU 3 Data - 26 December 2023 14:40:45PM
ity

h Oriantation degroes  Gyrodogisec  Accalerometer dog-Ge.
ns s - n®~

Frauercy 85011000z
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Sensor OTDAU Configuration

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

o
OTDAU Configuration
Description |
|
File Mame
Lacation |
[
Type
Video FP5
IP Address [
Use 127.0.0.1 if OTDAU running on same computer as MC
Port
Unique value for each instance of OTDALU on a computer
!
Mew Open Save Save As Close Window
I |

Description -- User-provided description of the configuration.

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

Location 1 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.

Typei The type of DAU. Must be either Atracko i
Video FPS T The frame rate of the camera used by the referenced OTDAU.

IP 1 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

di fferent LAN), use t hakorezampiq 102.568.1035. This at i ¢ ad
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 i The port number representing the instance of OTDAU running on this computer.
Forexamplei 51000, 5 2 0 0 Ohisis%hd j@ofl lutmber 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 T 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 1T 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 i Saves the current settings as part of the currently loaded System configuration.

Save As T 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 1 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 Systern -- Missio... — >

Description |

File Name |

Location |
Type
IP Port

Trigger Control levels in percent deviation from average

Trigger level for Temperature, Pressure, Humidity 0.0
Trigger level for Magnetometer and Accelerometer Gs 0.0

Trigger level for Orientation, Gyro and Accelerometer degs 0.0

Trigger level for Electromagnetic (Tri-Field Meter} 0.0
RF Spectrum Analjzerl
Minimum frequency, MHz 0.0 FMaximum frequency, MHz 0.0

Peak detection level in dB (0.0

RF amplifier gain
For Standard SDR: 40to 40 (0.0 Lowpass filter cutoff in Hz 0.0
For UWE SDR: 0 to 102




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

Trigger level percent 1 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 T 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 7 H:100, T:50, P:31, MAG and OGA
T 360 (except accel raw is 2) and ELM T 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 t he s eqalswiued Fhe Datd display column for Avg has been
changed to Deviation which shows the difference between the current value of a
Data Item 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 1 Starting frequency for RF spectrum sweeps.

RF Spectrum maximum frequency 1 Ending frequency for RF spectrum sweeps.

RF Spectrum peak detection level indB 1 After an initial baseline sampling period,

any RF energy above this level will cause a trigger condition.
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Control buttons

New 1 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 T 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 i Saves the current settings as part of the currently loaded System configuration.

Save As i 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 1 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

U Al
ki L

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  105.0 107.5
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 1 Disables recording enabled by either of the following two
selections.

Enable recording 1 Disable when OTDAU quits T 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 T 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 T 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 i 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 7 Record the Google Map display as a continuously changing video.
RF Spectrum i Record the spectrum received from all configured MSDAUs
Sensor Data T Record data from any configured MSDAUS.

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

Video 2 T Record video from the second active camera.

Data path 7 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

R Calibri <l11 B SiwmapTen General - ijﬁ‘ ﬁ‘iﬁ‘ Normal Bad Good Neutral E- §‘ Ll'__|

152 Copy - B o —_—— -, 2
PO Fomatpainter | B £ U 7| 1 B verseacener~ | § - %+ %l 2| Cordtional rormet [T explanatory Linkedcell _ [Note o[ e LRI

Clipboard 5 Font e Alignment 5 Number 5 Styles cells

AL - £ DAvO

A e c D 3 F G H 1 1 3 L M N o P a R s T U v w x
1 DAUO  Triggered Date  Time  Time Sour GRS Latitu GRS Longi GPS Altitu Humidity Temperat Pressure Compass’ Compass Compass Orientatic Orientatit OrientatisGyro yaw Gyro pitcl Gyro roll Accel yaw Accel pitc Accel roll EM Field
2 TRUE 20-11-19  10:44:16 CPU 3218898 -118.511 247.289 22139 43.868 29487 13704 38.202 12885 52653 359742 7799 0544 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 42825 12475 50679 359737 79.149 0179 0004 0005 48903 359.746  79.645  0.01
4 TRUE  20-11-19 18 cPU 3418898 -118.511 247.89 22304  43.886 29487 11275 51 13632 4354 359793 8317 0017 -0.001 -0.002 42967 359.782 83.574  0.009
s FALSE 20-11-13 18 cPU 3418898 -118.511 247.089 22465 43.832 29487 1046 50.342 16568 43.47 359751 85471 0046 -0.011 0003 43593 355754 85827  0.003
5 FALSE 20-11-13 19 cPU 3218898 -118.511 247.289 22,09 43.921 29486 10.105 49.933 16348 4417 359743  §7.66 0335 -0.001 -0.006 44852 359.747 88.071  0.015
7 TRUE 20-11-19  10:44:19 CPU 3418898 -118.511 247.289 21235 43.797 29486 13026 37.165 16077 45303 359584 87585 -0.004 0077 0002 45473 359.587 87.395  0.011
s TRUE 20-11-19  10:44:20 CPU 3418398 -118.511 247.289 22009  43.85 29486 12861 3231 14.146 45478 359576 26352 0002 0008 0001 45413 35351 86758 0.006
s FALSE 20-11-18  10:44:20 CPU 3418898 -118.511 247.089 22111  43.939 29487 10578 28493 17.46 46057 35964 85337 -0001 -0.002 0001 46672 359.655 85179  0.005
10 FALSE 20-11-18  10:44:21 CPU 3418898 -118.511 247.289 22069 43.815 29487  9.94 30557 21937 4747 359674 84438 o -0.002 0 48357 359.608 84296  0.005
1 FALSE 20-11-12  10:44:21 CPU 3418898 -118.511 247.089 2215  43.85 29486  6.836 32007  23.96 48358 350622 84023 0 0007 -0.003 49752 359.633 83.889 0014
2 FALSE 20-11-13  10:44:22 CPU 3418898 -118.511 247.089 2215  43.803 29487 11454 43173 23551 52094 359619 82326  -0.001 0 0002 52445 359.629 82819 0014
13 FALSE 20-11-18  10:44:22 CPU 3418898 -118.511 247.089 2215  43.903 29487 11454 43.173 23591 52094 359619 8292  -0.001 0 0002 52445 355625 82819  0.014

The MSDAU RF spectrum CSV file (partial) looks like:

EI H b RN me-rfsa0-11-19-20_10-44-17.csv - Microsoft Excel non-commercial use

Home Insert Page Layout Formulas Data Review View

7j ii:t i} Calibri S Wrap Text General - *é‘ ﬁ Narmal Bad Goot
Paste JFo::Etpainter B I U- i Merge fuCenter | $ v % v | %8 % Conational Fomat E=TE exianatory ... [inpd
Clipboard 3 Font = Alignment 3 Number 3 Styles
a1 - fe | DAU 0 RF Spectra
A B c D E F G H 1 ] K L % N o P a
1 DAUORF Spectra
2 20-11-19 10:44:16 CPU
3 Frequency 88  88.002 BB.005 88.007 B8.009 88.012 B88.014 88.016 88.019 B88.021 88.023 B88.026 88.028  B88.03 88.033  B88.035
4 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 -16.539 -17.711 -17.76
5 20-11-19 10:44:17 CPU
6 Frequency 88  88.002 B88.005 88.007 88.009 88.012 S88.014 88.016 83.019 B88.021 88.023 88.026 83.028  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 -16.539 -17.711 -17.76
8 20-11-19 10:44:18 CPU
9 Frequency 88  §8.002 B88.005 88.007 88009 S88.012 83.014 88.016 88.019 88.021 B88.023 88.026 83.028  B88.03  88.033  88.035
10 Pawer -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 -16.539 -17.711 -17.76
11 20-11-19 10:44:19 CPU
12 Frequency 88 §8.002 B88.005 88.007 83009 §8.012 S8s.014 88.016 83.019 88.021 88.023 88.026 83.028  B88.03  88.033  88.035
13 Pawer -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

¢ Unidentified Flying Object... — O bt

Email

[T Send email

Address from |

Address to -1 |

Addressto -2 |

Addressto -3 |

App password |

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 6i Your email address such as johndoe@gmail.com.

Address to i 1, 2, 36-- 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 6-- 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:

1 After each data collection sequence is complete and data is saved
1 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 i 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 T 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 1
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 T Enables automatic Load and Run the next time OTDAU is started.

AutoStart System configuration T 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 i

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

Cl i cki ng UBODAR dbpumentationdo wi | the parpotufodap.com providing
various documents as pdfs in a browser window. You can then leave any document
open for reference.

Help > About i

™ 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 i

-

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.

| f the key is correct, then fiLicense key valioc
to the MC software.

I f the key is incorrect, Pt owi || di splay Al nv
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)

]
|'s meras  Pan/Tilt Tracking Touring Recording Analytics Sharing Setup Help

System  Ca
Primary Video Display Auxiliary Video Display

Manual PTZ Controls - Di

QIOONCIC) H

@@ @0 |
@ @ @ p— @ torecerd
to record |
SPEED

I System Configuration not selected

©E>r©®

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 camera or the PTDAU Pan-Tilt-Zoom (PTZ) positioner.

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
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.

5.
6.

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. Thendouble-c | i ck -a@r dbasitcs.j sono.

. 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.

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.

Optionally select any options for Recording, Email or Analytics
Make any necessary changes to Tracking options.

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:

Setup:

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

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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>

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

>

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 6s ywArdutec dmaddtionalicammectiondo 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.

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

Operation:

A 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
connectedtot he user 6s Local Area Network (LAN),
cable or by WiFi. (All of the configuration file names are simply examples i you
can create/rename such a file to any Windows-compatible name.) Thus, the
names of such files are arbitrary, butthedote x t ensi on muGlitk be #fj sol
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.

>

Click on System > Recording and select 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 r a@ToDAU nddicksSevaiifoydu make A D:
any changes, then Close. (If the data location does not yet exist, then OTDAU
will create it the first time recording starts.)

p)

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.

>

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.

>

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:

A 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.

>

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.

Full Screen Display:
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Both the Wide and Aux displays include a AFul
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 AExi t ,bBruf E3CscHLleispressedion therkeydoard.
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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:

1 Cost

1 Need for triangulation of data from two cameras
1 Size and ease of deployment

1 Image resolution

1 Anticipated target speed

Smaller, lower-c 0 s t camer as, such as USB fAwebcamso

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
can, unattended, collect video and still frames with meta-data including time of day.

The Dahua, Lumanys and Univision 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
guality 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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https://us.dahuasecurity.com/
https://www.luminyscorp.com/

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 Lumanys 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 T > Object Identification, Spectral Analysis
Sharing 1 > Send Email, Upload Data

Setup 1> Display, PTZ Control and Tracking, AutoStart

Help i > 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

#® OTDAU -- Optical Tracking Data Acquisition Unit  Version 2.23 12-10-23 — >
3 9 |

Systemn 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

Pan/Tilt Unit |
Bound X1 130 Bound X2 1133
Bound Y1 (123 Bound V2 [428
Maximum zoom |E
Operator Mame ’W

Enable Pan/Tilt [ EnableZoom [ Enable Sound v

OTDAU - Mission Control communication address selection

Computer IP address

127.0.0.1 if OTDAU running on same computer as MC - |127.0.0.1 Computer port (49152 to 65535) 51000
else, use static IP of OTDAU computer

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 i 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.
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L

1 « (OTDAU » configurations v O Search configurations
Organize v New folder = [ @
. Web Site () Mame Date modified Type ~
@ OneDrive | amcrest-640x480,json 11/13/2020 12:34 PM JSON File
] amecrest-1920%1080.json JSOM File
i
I This PC c ) I
| dahua-59a230-108-80-704-480,jsan JSOM File
# 3D Objects | dahua-59a230-109-80-1920x 1020, json 11/13/2020 12:34 PM JSON File
[ Desktop | dahua-42212-108-80-704x480,json 11/ JSON File
=| Documents mj dahua-42212-108-80-1280%720.json 11/ JSOM File
& Downloads | dahua-42212-108-80-1920x1080,json 11413/ JSON File
b Music | dahua-49425-108-80-704x480,json 11/13/202 JSON File
_ | dahua-49425-108-80-1920x1080,js0n 11/ 012:34PM JSON File
| Pictures o
_ | dahua-49425-108-80-2560x1440,json 11/ 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-50230-108-80-1920x1080,json 11/13/2020 12:34 PM JSONFile
— Backun (H:) v £ >
File name: |usb0.json ~ | json files (*.%) ~
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 c
desired name before thsenyi500. feonéxample, fAho

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, u sers 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

A Av ai lwhen theeconfiguration is Run thereby allowing other potential users of that
camera to know who is currently using it.

Start time T 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 i 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 i 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 i 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 O to the c¢ameaAlfaubsopmaesi zont a
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 camer ads Vv e Foracoalar baurdimgcirclet 1 on, t
this is radius of the circle.

Crop Y2 -- Pixel number of the bottom of the bounding box. This is always O 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 6-- 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 1 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 1 For example: 51000, 52000, 53000.

Control buttons

Open configuration 1 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 i Saves the current settings as part of the currently loaded System configuration.

Save As i 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 T 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 i 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 T 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 auvi 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:

1 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.

1 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
(lAni tiali®)ngndi dwbén the | oad has been compl ¢
RunWhen the system is Running, AScanningo is

When a PTZ (or Zoom-only) cameraisloaded,and fAEnabl e Pan/ Tiltod or
Z o0 o0 noptions are setinits 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 1
1 Toinitialize a new configuration after it has been selected via the System menu.

1 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 atracked target.  Real 06 UAPs someti mes travel i n
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 ofthatp at h . Il f the Auxiliary Vic
target hitsodo then these numbexoledalhd t he pat!
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.
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Track path analysis i 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 1 Initiates the GPS and ADS-B status and data display. Used in
conjunction with the Setup > RTL-SDR Gain Configuration window.

Spectrum 1 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:

]

System Cameras Pan/Tilt Tracking Touring Recording Analytics Sharing Setup Help
Primary Video Display 'Fullscreen [y Auxiliary Video Display

AZ:182.4 EL:19.8 Zoom:1.0 HFOV:60.0 VFOV:30.8
PTZ Activity:

Al
Wide: Dahua—49425XBNR_22 1920x1080 Frame: 726! S
Friday 06 February 2026 15:18:54PM__FPS: 30.0: Available ““

 Manual PTZ Controls - PT Enabled:

@ @ oo @
0.5
@ @ —— @
Not ready |
@ @ BRIGHT @ PTZ to record
SPEED

l Dahua 49425 130 - 1920x1080 Port 52000

S

®® @
@@@

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 i %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.

D
= PTZ Controls - Enabled
0@ @=0
OB @«
PTZ
@ BRIGHT SPEED Not ready
to record

The | abel next to APTZ Controlso indicates wh
not as Enabled or Disabled.
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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 a gamepad is plugged in and recognized then its type is displayed next to the

APTZ Controlso | abel, as shown bel ow:
Manual PTZ Controls - PTEnabled Logitech Dual Action controller available
I PO @m@| I |
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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 fromt hose
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 APath of target detectionsdmeas t he
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 f @athmaxx:x xil ¢gtpdyadu where xx i s the record

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 1 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 recordednon-l i near paths are annot dPoed as
(Non Linear Path) when each recording (tracking event) is over.

Auxiliary Video Display

Avaibble
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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. I f the option fAiFor Path di s
sequence of thumbnails instead of a I|ineo. T
number is above the starting photo and a red circle indicates any inflection point. The

path will be depicted as shownbe | ow f or-adrheb dittiesd configuratio
example:

s 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 i is held on
with the left mouse button. Releasing the mouse button after using the + or i 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 1 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:

1 Pan/Tilt and Zoom are not enabled in the System configuration
1 PTZ capable is not enabled in the Camera configuration
1 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:

1 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:

1 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 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.

1 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.
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Some examples of complex bounding areas:

Define three boxes --

. Prlmary Vldeo Dlsplay : - ' : ' : Fullscreen

After saving them --

-Primary Video Display

Frida 01 May 2026 15:29:56PM _ FPS: 30.08
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Define three circles 1

 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

Dohuu—49425XBNR.22 1920x1080 Fromo. 2425
May 2026 16:07:54PM _ FPS: 30.0
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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 ( -5 k lytgpe, 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 Anonptzo for the PTZ Driver endfry in your
Aonvifptzo. Al ternatively, disable the APTZ
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 | a
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
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 i o t videsmanual-d at e. avi 0 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.

Nor mal triggered recording, as enabled by 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

#® OTDAU - Optical Tracking Data Acquisition Unit  Version 2.27 4-1-26 = x
Camera type N - = LAN address
or "tect” |Dahua A8425XBMR_22 PTZ Driver |onvifptz e 192.168.1.1

Filename |C:fOTDAUIcanwlasfdahua—49425— 130-1920x1080,json

IP address |192.168.1.130 HTTP Port |3D User |admir1 Password |dahuadf42

Video URL |rtsp:,."fadmin:dahuadgdi@'lg?_l68.1 130:5354/cam/realmonitorfchannel=18subtype=08wnicast=truefproto= O rwvif

Recording CODEC

FPS ,3.# KVID for .avi XVID ¥ PTZ capable Video Driver USB |- H'I_I'Pl AV | D’SLRl PTDAUl

MPAY for .mpd
Heriz FOV |60.0 Vert FOV |30.8 Maximum zoom E Flip image -- 0:None 1:Up/Dn ZL/R 3:U/D and L/R |6
Horiz Res 1920 Vert Res 1080 Channel (1 or2) |T Stream (0, 1 or 2) |E [ Reverse continugus move
| e T
Pipe Res 1920x1080 | 1/2 960x540 | T20p 12&]1?20' 1280720
Zoom distance in pixels to CFOV Zoom speed
200 2
| L I L
Zoom time limit Zoom restart interval
20 1.0
| L1 L
Proportional constant Integral constant Derivative constant
6.0 0.0 0.0
| L LI LI

The following is a list of all system configuration parameters found in each configuration
file.

Camer a t ypei Mustbeioheeokthiedollowing unique supported camera model
identifiers, entered exactly as shown below OR as generated by the Camera
Configuration Assistant (CCA):

1 ADahua SD50A2300
M AiDahua SDG6AI 4450
1T ADahua 492250
M AiDahua 494250
f ADahua 502300
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ADahua 502320
ADahua 504320
6Dahua 5A8250
ADahua 422120
ADahua 4A4250
ADahua NK8BR40
ADahua ASCO
ADahua N51BD220
ADahua N53AB520
ADahua N53CB620

dahua N65CL5Z0 * *

fHino IPC7F120
Hanwh a9 ® N3o

Ha n wh a-90P1IN M
Han wh a9 XMNWPO

Ha n wh a8 3XONOPo

fHikvision 4A4250
Amcres-841€&2M

Axi s M30250
Samsung 3S0PB
Samsung750B

Sony RZ25NO0o

Sony -RXMT 0NO

Uni view | PC868ERO
USB x0 where x is 0, 1, 2 or 3

= =4 4 8 9 _9 _9 _9 _9 _9_9_9_9_9_9_9_9_9_49_49_49_49_2_42 -2
O ot Tt D

jun I S | S ' S ! S | S | S | - 1

** The Dahua N65CL5Z seems to operate more rel
not included in the Video URL, i.e.:

rtsp://192.168.1.110:554/cam/realmonitor?channel=1&subtype=0&unicast=true&proto=
Onvif

ADahua ASCO may be used for any 360/180 degre

These types may also be names created by the Camera Configuration Assistant (CCA).
See below for a full description.

Entering a Camera type that does not conform to any of the above values will result in an
error displayed when the configuration is Loaded.
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Filename -- Not user modifiable. Shows the filename for this configuration.

IP 1 The LAN IP address of the wide-angle camera as x.x.x.X. For example:
192.168.1.108.

HTTP Port i The HTTP Port number of the camera, a two to four-digit number, typically
80. Note: This is not the RTSP port, which typically has a value of 554 and is
used for video streaming. Rat her, this 1is
for camera setup and motion commands.

UseriUsername to access the camer a. Typically,
name has been assigned to the camera.

Password 1 Password to access the camera. The default will be provided by the
camera manufacturer. It is changed to match Camera configurations provided
with the OTDAU software when the camera is purchased but could be changed
by the user via access to camera settings.

Video URL T The full URL required to stream video from this camera. Such URLs vary
by camera and manufacturer. However, it can be manually modified and saved.

To select a particular USB camera regardless of what port it is plugged into,
enter its name as the Video URL entry instead of a number. To find its name,
open the camera using a number such as 0 or 1 as the URL. As part of the USB
camera opening process, OTDAU will display a list of cameras it discovered.
Replace the number with the exact text of the camera you want. You may also
want to save this configuration with a name reflecting that specific camera. If a
camera name is used as the URL, then it will be displayed for reference next to
the resolution on the Wide and Aux displays.

PTZ Driver -- The name of the driver software provided with OTDAU or a customized
version for a particular camera with controls that do not conform to existing
drivers. Any camera that conforms to the
Current values may be:

amcrest
usb

sony
samsung
onvifptz
dahua
testdriver

=4 =4 =4 4 -4 -8 2
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1 nonptz (has the same effect as disabling pan/tilt and zoom in the System
configuration

LAN (router or gateway) address 1 OTDAU finds and displays the base address of
your Local Area Network (LAN), also known as your router or Gateway address.
This may be helpful to verify that the address used as the Camera IP address is
correct, since the first three parts (octets) of that address must match that of the
LAN address. (This is not the case when the camera is port-forwarded.)

FPS--Camera Frames Per Second. Shoul d match th

Recording CODEC 1 XVID for .avi or MPV4 for.mp4 i The CODEC to be used to
encode the video stream for recording. Should match the type of file to be
created during recording i avi or mp4. XVID will produce an avi file. See the
explanation of the differences between CODECSs below.

Video Driver -- One of six choices, depending on type of video stream supported:

USB -- for any USB camera

RTSP -- for most IP cameras

HTTP -- for IP cameras that do not support RTSP

AVI -- for running simulated camera test files. Also used for MP4 files
DSLR 1 for DSLR camera streaming frame capture via WiFi. Frames are
at a lower, fixed resolution which is not the resolution used for normal
camera photography, which is only saved to its SD card.

= =4 =4 4 2

Maximum zoom T The maximum zoom value of the camera. The camera will stop
zooming after this value is reached.

Horizontal Resolution --Mu s t match the camerads horizont al
Vertical Resolution --Mu st match the camerads vertical r e

Channel (1 or 2) 1 Hybrid IP cameras may require the format of their RTSP URL to
contain a selection for channel, for instance, to determine if the desired stream is
from the EO (color/B/W) or IR cameras. This option is typically set to 1 for non-
hybrid cameras. Select 2 for the IR camerastream.Ver i fy your camer abd
setup page for verification of these settings. NOTE: Open and Save any
Camera configurations you plan to use to automatically set the initial Channel
value to 1 and update the RTSP URL to match.

Stream (0, 1 or 2) i IP cameras can typically support more than one simultaneous
output stream, each with a different resolution and other parameters as selected
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in their Settings menu. These are the Main Stream (0) and Sub Streams (1 or 2).

It is convenient to set the camerads strea
and create (or use the provided) System/Camera configurations that correspond

to those. Thus, alternate System configuration may be used with a camera

without changing any camera Settings.

Reverse Continuous move -- Checked or unchecked depending on how the camera
responds to continuous move commands. OTDAU issues continuous (velocity)
movement commands 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.

Horizontal FOV -- The fully zoomed-out horizontal field of view of the camera optics in
degrees.

Vertical FOV -- The fully zoomed-out vertical field of view of the camera optics in
degrees.

PTZ capable -- Set if the camera is pan-tilt-zoom or just zoom capable.

Flip -- Set if camera video frames need to be inverted horizontally or vertically due to
mounting orientation. Use 0 for no change, 1 for flip vertical, 2 for flip horizontal
and 3 to flip both vertical and horizontal. Image flipping may cause considerable
CPU overhead due to this process operating on every frame.

Pipe Resolution & FPS optimization by user pipe resolution setting:
Why It's Needed

OTDAU receives video from the camera through a Windows data pipe. At 4K
(3840x%2160) and 20fps, the raw video stream is about 500 MB/s 8 more than
most PCs can move through a pipe reliably. When the pipe can't keep up, frames
are dropped or delayed, which directly reduces the detection frame rate and can
cause the camera stream to stall and restart.

The Pipe Resolution setting solves this by having the system scale the video
down before it enters the pipe. The camera still records at full native resolution &
only the stream used for detection and display is scaled. So a 4K camera can
record in 4K while OTDAU detects objects at 1080p or 720p, which the pipe can
deliver reliably at full frame rate.

How to Use It
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Enter the camera's native resolution and FPS in the Horiz Res, Vert Res, and
FPS fields first.

Click Auto-detect 8 this measures your PC's actual pipe throughput and
automatically selects the highest resolution that your system can sustain at the
camera's target FPS.

If you prefer to choose manually, click one of the preset buttons. The MB/s figure
updates instantly so you can see whether the selection is within your PC's
capability (green = safe, orange = marginal, red = too fast).

Click Reload to restart the camera at the new pipe resolution. Detection and
display will update immediately; recordings remain at full camera resolution.

The native resolution preset is fine for 1080p cameras on modern hardware. The
Auto-detect recommendation is most important for 4K cameras or older/slower
PCs.

Zoom distance in pixels to CFOV  -- The maximum distance from the target image
from the CFOV to allow the start of zooming in pixels. For example, if the zoom
distance is set to 200 then zooming will start when the CFOV is brought within
200 pixels from the target.

Zoom speed -- The relative speed of zoom command sent to the camera when
zooming is allowed.

Zoom time limit -- The period in seconds that the camera is allowed to zoom at the
zoom speed each time zooming is allowed.

Zoom restart interval -- The minimum time in seconds that must elapse from the end
of the zoom time limit until the next time zooming is allowed.

These four zoom parameters govern how effective zoom can be used by the system
when zoom is enabled by the System configuration. The amount of zoom (the telephoto
multiplier, x1 to x32 for example) will be higher if these parameters are more optimally
set and how fast the target object moves and how long it loiters in a limited area.

Less optimal operation may occur if, for example, the zoom speed is too high, or the
time limit is too long. In those cases, the offset of the target from the CFOV will more
rapidly affect the distance of the object from the CFOV, causing the target to move
away from view, possibly causing loss of tracking.

Proportional, Integral and Derivative constants i Controls for the PID loop that
attempts to minimize the error between the position of the target in the image and the
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center of the field of view. Typically, only Proportional is set to a value above 0. To
adjust PID operation, begin with a low value, approximately 4, and attempt tracking with
pan enabled. If the CFOV always lags the target location, then slowly increase this
value, and try again. If the CFOV overshoots the target or moves back and forth over
the target in ever larger distances until the target is lost, then reduce this value. An
optimal value is indicated by the CFOV staying close to the target object and moving on
top of the target if it stops.

NOTE:Per your camer ads -wlkyburqaaegacONVIF Authehtcationi n g
is ON, then the ONVIF Username and Password, defined in Account > ONVIF must

match those used in the Camera configuration. Otherwise, if that camera is referenced

in the initial Validation or during Load, then it will not validate or load correctly.

NOTE: Older cameras such as the Dahua 50230, 50232 and 50A320 respond to ONVIF
gueries 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.

Wide-angle video records at native camera resolution (e.g., 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.
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Control buttons

Open i Opens a window into the Camera configuration file folder. Select a
configuration by either double clicking on an entry or clicking an entry once and
then click Open.

Save i Saves the current settings as part of the currently loaded Camera configuration.

Save As i Opens a window into the Camera configuration file folder. Saves the
current settings as the Camera 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 T Terminates view of the last selected configuration and clears all entries.
This has no effect on any cameras used in the currently open System
configuration.

Assisted Configuration i Runs the ONVIF Camera Configuration Assistant, described
below.

Close window 1 Closes the Camera Configuration window. If the window is closed
before any changes to settings are Saved, then those changes are lost.

IP Camera Assisted Configuration 1 Opens the CCA, described below.

USB Camera Assisted Configuration -- Opens the USB configuration assistant,
described below

DSLR Information -- Opens the DSLR camera information window, described below.
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A comparison of xvid, mp4 and avi

Xvid is a video codec, MP4 is a multimedia container format, and AVI is an older
multimedia container format that holds video and audio. Xvid, which uses MPEG-4 Part
2 compression, makes files smaller by reducing their size with good quality. MP4, using
modern codecs like H.264/AVC, is a flexible container that supports advanced features
and smaller file sizes. AVI is a container that supports various codecs (including Xvid
and DivX) but is less efficient in compression, resulting in larger file sizes and less
advanced features compared to MP4.

Xvid

What it is: A video codec that compresses and decompresses video content, with a
focus on small file sizes and good quality.

How it works: It uses the MPEG-4 compression technique.

Pros: Achieves strong compression (up to 200:1), leading to smaller file sizes, which is
good for storage and network transmission.

Cons: It's a codec, not a container, so Xvid files need a container format like AVI to be
usable.

MP4 (MPEG-4 Part 14)

What it is: A flexible multimedia container format designed to store video, audio,
subtitles, and other data.

How it works: It uses advanced codecs such as H.264/AVC, which provide efficient
compression.

Pros: Excellent for streaming and general use, supports multiple audio tracks and
subtitles, and produces smaller file sizes than AVI for similar quality.

Cons: The "lossy" compression can sometimes result in slightly lower quality compared
to lossless AVI formats.

AVI (Audio Video Interleave)
What it is: An older multimedia container format that holds audio and video streams.

How it works: It uses various codecs (including Xvid and DivX) but is less efficient at
compression than modern formats.

Pros: Can be lossless, offering very high quality for certain files.
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Cons: Larger file sizes, less efficient compression, and a fixed, less flexible structure
compared to MP4.

Key Differences Summarized
Type: Xvid is a codec, while AVI and MP4 are container formats.

Compression: Xvid uses MPEG-4 Part 2, which is good but less advanced than the
H.264/AVC used by MP4.

File Size: AVI files are typically larger than MP4 files.

Flexibility: MP4 containers are more flexible, supporting advanced features like multiple
audio tracks and complex subtitles, which AVI lacks.
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‘ONVIF Camera Configuration Assistant

#®% OTDAU -- Optical Tracking Data Acquisition Unit  Version 2,26 10-23-25 - >

Status |Star1 by entering camera IP, port, user and password into the Camera configuration

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

RTSP URL |

Manufacturer ’—

Medel |

Serial Number ’—
FPS 0

Motion control
supported

Step 2 --
Enter your camera maximum zoom from its data sheet ,‘D_
Leave the default at 1 for fixed cameras

Step 3 --
If PTZ supported, click MNext until camera onscreen position shows exactly P:45 T:45 Z:3 then click Accept
If enly 7 supported, verify zoom is set to 1 then click Next until zcomed image remains at x 1
If fixed (no PT or £ supported, Motion control is NOME], just click Accept

Next I Accept I

This feature makes possible the use of cameras that are not on the documented
support list. To operate an ONVIF camera with pan/tilt, OTDAU must convert degrees
to a number between -1 and +1 for both position sensing and absolute position control.
Since there is no ONVIF standard for these conversion equations, typically, they must
be derived from testing using a sample camera. The new Configuration Assistant
provides a means to determine the correct conversion equations for many cameras by a
guided, semi-automatic procedure:

1. Open an existing Camera Configuration or just a blank Configuration window.

2. Enter the camerads | P, Port , User and Pass
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3. Click Assisted Configuration 1 the Assistant will open. Follow the Status
message directions i For Step 1, Click Test ONVIF connectivity. If the camera is
accessible and ONVIF-compliant, its RTSP URL, Manufacturer and other
information will be discovered and shown. The URL will be used to open its
video stream on the Aux display.

1. Enter its maximum zoom value (from its datasheet) in Step 2 and then follow the
directions in Step 3. This value is defaulted at 1 which is the minimum for any
camera.

4. You can click Next as many times as needed; repeating tests as required to find
the 1 of 9 best control algorithm.

5. When The camera video shows the correct position, click Accept. The Assistant
now automatically tests each of 9 possible status calculations and finds the
correct one. Note that more than one combination of calculations may work.

6. Click Transfer to rename the Camera type in the opened Camera configuration to
incorporate the discovered control and status calculation.

7. Fi || in the camerads horizont al and vertic
discoverable)

8. Save or Save As the completed configuration.

The Camera configuration should now be usable in a System configuration. Note that

prior Camera type names, such as fADahua 42212
converted to the new format via internal table lookup. The Assistant will work for PTZ,

Z-only or non-PTZ cameras, indicating the type in the Motion control box.

The Camera type generated by this procedure is in the form:

A<manuf a<cmadelr> <control <calculation><sta
For example, the type for a 42212 camera can
the CCA,48DahdubNIl 110.

ATest ONVIF connectivityo may be started any

If a non-existent IP, port, user or password are entered, then an error message will be
generated when the connectivity Test is started.
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For example, after loading the Camera configuration of a 42212 camera, running
Assisted Configuration and clicking Test ONVIF connectivity.

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 Anonptzo for the PTZ Driver endfry in your
Aonvi fptzo. Al ternatively, disable the APTZ
Configuration.
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USB Camera Assisted Configuration

| E

USB Camera Configuration Assistant | ‘

Status Camera discovery complete

Discovers and lists USB video sources and corresponding unit numbers

| This toel scans for USE video cameras and capture devices and displays their names and unit numbers,
It also provides maximum resolution and frame rate infoermation 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 £920 2560x1472@2, 1920x1080@30, 1600xA06@30, 1280x720@30, 960x720@30, 1024x576@30, S00x600@30
USBED B64x4B0@30, B00x448@30, B40x480@ 30, 640x360@ 30, 432x240@30, 352x288@30, 320x240@30
320x180@30, 176:144@30, 160x120@30, 160x30@30
USE Video Device 1280x960@30, 1280x720@30, 1124x656@30, 960x720@30, 1024x576@30, 960:544@30, 300x600@30
USB1 B64cAB0@30, 200x448@30, T52:416@30, 640x430@ 30, 640x360@30, 544x288@30, 431240@30
352:2BE@30, 320x240@30, 320x176@30, 176x144@30, 160x120@30
UsBe2
USE3
Discover cameras Close Window

The USB Configuration Assistant (USB-CCA) will automatically discover and display
any camera-type USB devices when it is opened or by clicking the Discover cameras
button.

The USB-CCA provides information and verification of USB-interfaced cameras as well

as video capture devices you may want to use for input from composite video cameras

or HDMI sources. This function lets you know which device to use in a configuration

(UsBo,UsSB1, é) regardless of how Wi nldatsowslidades si gns U
the maximum usable resolution and FPS of each device for proper camera configuration

entries.

When the CCA is run by clicking Discover cameras, all attached USB cameras are
detected and tested for all available resolutions and corresponding FPS for each. Then,
if any USB camera is loaded, a mismatch between its configuration values for resolution
and FPS can be compared to what the associated camera is capable of. If there is a
mismatch, then a fault message provides the details of what needs to be modified for a
successful load. If a USB camera is loaded prior to running the USB CCA, then the
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CCA is automatically invoked to determine all attached camera characteristics. When
that is completed, just close the CCA and load the required camera again.
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‘DSLR Information

#® OTDAU -- Optical Tracking Data Acquisition Unit

Version 2.26 10-23-25

r Camera View

Camera information |Canon.|nc Canon EQS M50m2

WiFi SSID |rholch24
IP address |192.168.1.160

LAN (router or gateway]) address [192.168.1.1

Lens |EF—M‘I 3-45mm /3.3-6.3 15 STM

Storage |sd Photos: 23
Shooting Mode |a+

dial setting

Snapshots + Shots taken during Run |7

HTIP Port |20
Still aspect ratio |32
Battery or Adapter |DR-E12

OTDAU supports use of Canon Digital Single Lens Reflex (DSLR) cameras that comply
with the Canon CCAPI programming interface.

A list of Canon cameras that support CCAPI includes, but is not limited to, the following

models:

EOS R Mirrorless Series

T EOSR

1 EOS Ra
1 EOSRP
7 EOSRS3
T EOSR5

1 EOS R5 Mark II
1 EOSRG6

7 EOS R6 Mark Il

1 EOSR7Y
17 EOSRS8
1 EOSRI10
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7 EOS R50
1 EOS R100
1 EOS R50V
7 EOSRI1
EOS DSLR Series
T EOS-1D X Mark IlI
1 EOS 5D Mark IV
1 EOS 6D Mark Il
1T EOS 77D
7 EOS 80D
7 EOS 90D
T EOS Rebel SL3 (EOS 250D / EOS 200D II)
T EOS Rebel T8i (EOS 850D / EOS Kiss X10i)

1 Many older models like the EOS 5D Mark Il, EOS 7D, and various Rebel series
cameras also have some level of CCAPI support through the developer Kit.

EOS M Mirrorless Series
T EOS M6 Mark II
T EOS M50 Mark I
1T EOS M200
PowerShot Series
1 PowerShot G5 X Mark Il
1 PowerShot G7 X Mark IlI
1 PowerShot SX70 HS
1 PowerShot V10

17 PowerShot ZOOM
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However, OTDAU DSLR software was developed and tested only on the EOS M50
Mark Il camera. Thus, there is no guarantee that any other of the above cameras will
function correctly. OTDAU will provide an error message if commands to the camera do
not function correctly.

Prior to use, set up your camera for WiFi connectivity to a computer using these
instructions, 1-10:

https://cam.start.canon/en/C007/manual/html/UG-08 Wi-Fi 0050.html

In Step 2, be sure to select the top, center icon (a PC).
Set the rotary function switch to A+ (not video).

After Loading a System configuration that
button shown above to acquire settings and status from the camera. Continuous still

frame captures will also be shown on the left display. These frames will also be

displayed on the Wide Video Display like any other camera.

The frame rate is rather low at about 4FPS. This is adequate for checking that the
camera is operational with a FOV as expected. It will work for tracking but only for low-
speed targets.
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https://cam.start.canon/en/C007/manual/html/UG-08_Wi-Fi_0050.html

DSLR camera information includes:
Camera information T The manufacturer name and camera model number
WiFi SSID i The SSID of the WiFi connection

LAN (router or gateway) address 1 The detected subnet or LAN address in use. For
debugging the connection, use this to verify that the camera default static
address (192.168.1.160) is in that LAN.

IP address 1 Verifies the expected address of the WiFi connection.

HTTP Port i Normaly 80.

Lens i The lens type in use.

Still aspect ratio 1 The still frame aspect ratio.

Storage i St orage type, typically fASDO0 and the numl

Battery or Adapter 1 The type of battery in the camera or the model number of a

battery adapter.

Snapshots + Shots taken during Run  -- A count of the number of shots taken both
manually (using the Snapshot button) and automatically by the Recording
selection.

Control buttons

Getinfo 1 If the camera has been opened by Loading a System configuration that
includes it, communicates with the camera to acquire the data shown.

Snapshot T Causes a shutter release.

If the camera Mode dial is set to anything except Movie mode, you will hear the
mechanical shutter and a green box will temporarily surround the Camera View
area. The characteristics of the shot, such as resolution, are set manually by the
user.

If the camera Mode dial is set to Movie mode, video recording will start and
automatically stop after two seconds.

Close Window 1 Close this window.
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Camera configuration Setup Options

OTDAU supports input from and displays of either one or two simultaneous camera
video streams. These are displayed on the left Wide-Angle Video pane and the right
Auxiliary (Aux) Video pane. It also supports Pan-Tilt-Zoom operation of cameras
capable of such motions via their CGI command set or via internationally standardized
ONVIF commands.

Supported combinations of cameras and displays are as follows:

One camera : Selected in a System configuration File as both the Wide-Angle and the
Telephoto camera. In this case there are several operational possibilities, depending on
camera type:

1. The camera is not PTZ-capable, such as a USB camera or it is an IP camera with
PTZ disabled. The camera image will be displayed on the Wide-Angle pane
including textual meta-data superimposed on the image. On the Aux pane, there are
four selectable display sources:

1 Raw Video: The video image without any superimposed text.

1 Telephoto: The video image with abbreviated text. The image will be the
portion of the Wide-Angle image that is within the Bounding Box, which
simulates digital zoom.

Digital zoom defaults to a fixed 5x zoom. Zoom can be adjusted from x1 to
x10 using a sliding control in the Setup > Display window. The zoom amount
may be changed at any time, whether in Run or not. Try it by loading a test
file and opening the Display Options. Then while viewing the Telephoto
display, adjust the zoom level and Save. The digital zoom level in the display
will change and the level shown at the bottom of the screen.

1 Tracking: The wide-angle video image as processed by the tracking algorithm
showing what contours the system is using to identify a target. This display
may be helpful when setting analysis parameters to improve target
identification and tracking. White areas may display intermittently show
where the system sees a potential target that may or may not be accepted.

1 Path: The Wide image overlaid with green boxes indicating each time the
tracker identifies the moving object and its relative size. This is very useful in
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determining the track or motion of an object that may be too fast or small to
know otherwise.

1 Spectrum: A line spectrum resulting from use of an optical grating in front of a
camera lens is automatically detected and converted to a graph of power vs
wavelength, displayed. This option will be usable after a suitable grating
assembly and any further software additions are made available after
completion of development.

2. The camerais PTZ-capable and PTZ is enabled. This case is like 1 except that the
Telephoto display is the full video of the Wide-Angle camera, and the superimposed
text includes azimuth, elevation and zoom values.

Two cameras : Selected in a Configuration file, either static or PTZ-enabled. Typically,
in this case, the Wide-Angle camera is a fixed camera (or a PTZ camera is used without
PTZ enabled) to focus attention on an area of interest. The relative location of a target
on this camera is used to direct the Telephoto camera to point at the target. The Aux
pane thus displays the target as close to the center Field of View (FOV) and as zoomed
in as the system can track given the target dynamics. This case includes the
application of either afixedoran {{Klyldo type of camera and
degree pan capability.

To set up a two-camera system where the second camera is PTZ-capable, prior to
running, start by enabling FOV calibration marks in the Setup > Display Options. Then
move the initial position of the PTZ camera so that its Center Field of View (CFOV, as
indicated by the red crosshairs) is aligned with the CFOV of the fixed camera. A laser
pointer may be helpful to establish a common point of reference for both cameras.
Verify that a test object moving left-right and up-down near the CFOV of the fixed
camera moves in the same direction in the Telephoto view of the PTZ camera. If not,
rotate either camera to achieve this alignment.

Another two-camera configuration is used for triangulation. In this case, both cameras
may be fixed or PTZ-enabled and are operated by two separately running copies of
OTDAU. Both cameras independently identify and track moving objects and their data
is combined by the Mission Control software to provide a true position estimate of the
target. Note that any combination of the OTDAU instances and MC could run on the
same or different computers if the addresses and port numbers are set correctly in the
OTDAU System configuration and corresponding MC Sensors configurations.
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USB camera setup

Most USB cameras and other USB-interfaced video sources require a driver to be
installed prior to use. The driver would be provided by the camera manufacturer.

Use a utility provided as part of the manufac
camerads operating settings. For example, <c¢ch
resolutions. Values for resolution and frame rate must match those entered in the

¢ a me rCandesa Configuration. The current version of OTDAU software automatically

configures USB cameras to the resolution specified in the Camera configuration, if

possible. An error message will appear if the camera does not support the selected

resolution.

Any USB camera will work with OTDAU. Just be sure to select a resolution that the
camera can produce. A camera that only provides a composite analog video output can
be interfaced to OTDAU via an analog to USB interface device. One such device that
works well for this purpose is the USB-Live 2 Analog Video Digitizer from Hauppauge.

OTDAU attempts to set the resolution of a USB camera to the values entered in its
Camera configuration.

If you have difficulty acquiring an image from a USB camera (or analog-to-USB
converter), try connecting via a program other than OTDAU. Three helpful resources
are:

1 VLC Media Player i connect via its Media > Open Capture Device feature to
stream video from a camera.

1 WebcamViewer i Automatically shows connected USB devices to select from.
Just select the resolution and click Connect. You can find this free tool at:

www.bustatech.com

1 Webcamtests.com i Just select the video input (corresponding to a camera USB
port) and click ATest my camo. This onlin
well as list all the specs/characteristics of the camera selected.

After verifying that the camera functions on the computer running OTDAU, proceed to
create a Camera Configuration for it or use one of the USBO, USB1 or USB2
configurations provided with OTDAU, as shown below.
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A System configuration that uses this USB camera might look like:

#® OTDAU -- Optical Tracking Data Acquisition Unit  Version 2.23 12-10-23 — X

Systermn Description

Start time
Wide-Angle Camera
Telephoto Camera
Pan/Tilt Unit

Bound X1

Bound Y1
Maxirmum zoom
Operator Name

Enable Pan/Tilt

|Loca| USBO camera - 640:x420 Port 51000

00:00:00 Stop time  |23:55:00

|usb0-640x480

|usb0-640x480

|
[139 Bound X2 [425
[102 Bound V2 [389
[20

[VourName

[T EnableZoom [

Enable Sound v

OTDAU - Mission Control communication address selection

Computer IP address

127.0.0.1 if OTDAU running on same computer as MC  |127.0.0.1
else, use static IP of OTDAU computer

Computer port (49152 to 65533) |51000
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IP Camera setup

Setting up an IP camera for use with OTDAU involves several steps that, if done
carefully and in order, will make it a reasonably simple process.

Please see the UFODAS System Installation Guide for IP camera hardware setup and
configuration.

After verifying camera connectivity and operation it may be used with OTDAU by
creating a camera configuration, for example, as shown below for a Dahua 42212
camera set to a resolution of 1920x1080.

A System configuration that uses this Camera configuration might look like this:

| en |

System Configuration

System Description  |Dahua 42212 108 - 19201080 port 52000
Start time  |00:00:00 Stop time  |23:5%:00
Wide-Angle Camera |dahua-42212-108-80-1920x1080

Telephoto Camera  |dahua-42212-108-80-1920: 1080

Pan,/Tilt Unit
Bound X1 317 Bound X2 1683
Bound ¥1 159 Bound Y2 965

Maximum zoom |12
Operator Mame  |Ron

Enable Pan/Tit [~ EnableZoom [ Enable Scund [

OTDAU - Mission Control communication address selection

Computer IP address
127.0.0.1 if OTDAU running on same computer as MC  |127.0.0.1 Computer port (49152 to €3533) |52000 |
else, use static IP of OTDAU computer

Open configuration | Save | Save As | Close File | Close Window | ‘

Open a video file for test |

Since this camera supports pan/tilt/zoom functions, the Pan/Tilt and/or the Zoom
choices could be enabled and Saved prior to Run to allow those functions to be used for
manual or automatic tracking purposes.
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IP camera setup problems
Some typical problems with IP camera setup and OTDAU configuration include:

1 The Ethernet connection from the camera to the PoE injector or the cable is
faulty or the connection from the injector to your router is incorrect.

1 The camera IP address and port are set to values that are not the same as those

in the camerads configuration file.

1T The camer abs | Pswidhcdother device motimefsdmie LAN. Use
the Dahua ConfigTool or similar Lumanys LumiViewer or Uniview EZTools to
check for this T it will highlight two conflicting cameras in red if they have the
same IP address. A typical problem is that the range of DHCP addresses that
the router uses to automatically assign IP addresses to non-Static devices
overlapsyourcamer a6s | P address and the router us:e
the case, modify the DHCP range to, forinstance, 1 t o 99 so that yol
IP, such as 108, is not within that range.

1 If port-forwarding via the router, the port number selected in the camera is not
available to be forwarded in the router.

M The video resolution selected in the camer
OTDAU configuration.

T The camer ads c oXViDcMPEG4 onMIPEGsbhettrathér PG or
H.265 for example. Use H.264 instead of H.265 for better compatibility with
OTDAU code. This is because setting main stream encoding to H265 in some
Dahua camera firmware builds may cause the camera to respond to ONVIF
gueries 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.

1 Python ONVIF libraries can generally handle special characters in camera
passwords, but issues frequently arise because the underlying camera firmware
or the SOAP/XML communication layer fails to properly encode or parse them.
Characters like @, &, !, and non-ASCII symbols often cause authentication
failures or connection errors. Recommendation: If you encounter errors, sanitize
the camera password to use only standard alphanumeric characters (A-Z, 0-9)
and basic punctuation to ensure compatibility with ONVIF standards.
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The video stream HTTP string entered as the Video URL in the camera
configuration has an incorrect user, password, IP or port number. It may also not
comply with the URL format required by the manufacturer for that camera.

If the PTZ camera will not initially acquire a target image but instead makes an
initial movement away from the target position, verify that the value of the
Absolute move direction check box in the PTZ camera configuration is correct.
Reverse it and try again, preferably with a test object or the laser-on-the-wall
method.

If the PTZ camera makes uncontrolled continuous movements after target

acquisition, check the setting of the Continuous move direction check box in the

camera configuration. Also check that the Proportional velocity setting is not too

large. The correct setting will cause the camera to smoothly track a moving

object and, when the object slows or stops, moves it to the CFOV. An incorrectly

| arge setting wildl r e s u-and-foithmovermantrottien g 6 or
camera CFOV about a static target location. If it is sufficiently larger than this

stabile setting, then the camera will move away from the target location, possibly
encountering other background objects which cause additional triggers and even

more loss of control.

If the image tends to defocus (and loose track) during zooming, then it may be

that the camerads autofocus function is n
too slow or does not focus properly in low-light conditions. Prior to use, it is

usually best to set the cameras zoom option to Manual and then set focus as

follows:

1. In daytime lighting, center the camera FOV on an object with sharp edges or
writing.

2. Zoom to maximum, moving pan or tilt to keep the object in the center of the
frame.

3. Operate the +/- focus control to bring the object into as sharp focus as
possible. Iterate between steps 2 and 3 to get the best focus.

4. Notice that now the object and other parts of the view will stay in focus
regardless of zoom level.

Problem connecting to ONVIF cameras that cannot disable ONVIF
Authentication or Authentication is enabled: This problem may not occur if
the camera Time Zone and Current Time exactly match that of your PC (use

116



Sync PC to set time). For Dahua cameras, go to System > General > Date &
Time to set the Time Zone and Current Time. Correct connection will be made if
the time is synchronized or Authentication is turned off.

If when Validating your license/system, either initially or via Help > Manage

License, you geta messagesuchas: Sé&l ected camera i s not ac
fCould not connect to ONVIF camera -- check IP, port, username or passwordo

then your camera may not have an ONVIF user set up. For Dahua cameras, for

example, go to the System > Account>ONVIFUsersect i on of your <can
webpage and look for a place to add an ONVIF user. Use the same username

and password to set up an ONVIF user as you use for the camera. Be sure to

use the same Group Name used forthenon-ONVI F account, typicall

Note that it is not required to enable ONVIF Authentication as found, for example
for Dahua cameras, in Network > Access Platform > ONVIF. Some cameras
default to some type of authorization, which is acceptable.
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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 O0Coul d n o tthemypwenmy wanttbehedk oSt ¢ a mer
following camera and system configuration problems:

1 [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.

9 The User and/or Password entries are incorrect.

1 The IP, Port, User and Password are correct, but they were changed and then
the Camera Configuration was not saved.

1 The port number entered in the Camera configuration does not match the
camerads HTTP port number or the camerads
port number in the cameradbdés setup menus, a

9 If the camera is accessed remotely via the Internet by port-forwarding, then verify
that the I P address used in the Camera con
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).

1 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 i 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://lwww.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 camerais USB,t hen t hat camerads video- wil/l apr
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 patrticularly 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.

I n the case where the wideskcyanearnee riasd a ApSaCn owi a
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
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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 camerad s wentered 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 dva¢oeteeanst r ac k

will be recorded, if enabled. If Handoff is not enabled, then the Tele camera is
Asl avedo to the target | ocation in t
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 camerads web pagteviaths Dahup Cenfighoolo ws e r
(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 Init in IE to verify that the camera will retain a sharp image after resetting
its focus and zoom.
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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:

1 Foliage such as trees moving in the wind.

1 Significant dirt spots on the camera lens or on a window if the camera is used
inside a structure.

1 Certain geometric shapes in clouds.

1 Significant movement of water or reflections off a body of water.

1 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
targetds | ocati on i n Howewer thenspegdeof tretadyet méydoe CF OV
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. If 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

I n addition to t«xyilystkeen camifogarfat e on s,

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

1 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.

1 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.

1 Performance of the various Dahua cameras varies a bit depending on optical
sensor sensitivity, P/T rate, etc.

1 Older cameras such as the Dahua 50230, 50232 and 50A320 respond to ONVIF
gueries 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 charact er s Onh-8creéenDsplay @8 aa ds he @A Chan ihasl

text is initially fAAvailabl eo. I f it

wa s

Name of the first PC that uses it. When a PC running OTDAU is set to the Run state, it
reads and checks this t exthenitwilsetthe texetoitse x t

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 setupf or OTDAU sharing by setti
the following screen displays.

For a Sony camera, turn on Superimpose and edit its settings as shown below

System System Date & time  Superimpose Initialize System log Access log

Camera Superimpose O On @ Off

Network Style @ Border O Background ® Transparent

802.1X Position
Font size

Superimpose Format [[RYEER
=edla Date &time Camera ID Frame rate Bit rate
Preset position Zoom Area title Preset position name

e-Mail (SMTP) camera 1

User

ng

@ hitp://192.168.1.124:4500/en/14/index.html
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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 operatorn ame t akes the place of
the OSD. However, this indication is covered by metadata text, as shown below.

Wide-Angle Video Display Fu 1 |
: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 i1is in the camerabd
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 830s00ecom vd d mpftiugpur atTihdam 0
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/ Til-108o0onf &far ahn-compatible®/M nNY¥ I F
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 manuf ac

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 dr i ver, referred to as fAptu
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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Pan/Tilt Unit Configuration

Pan/Tilt type |PTU Pan/Tilt Driver |ptuush

Filename |C:f0TD‘AUfpositi oners/ptuush.json

¥ Enable PT [+ Reverse absolute move [ Reverse continuous move

To use the USB driver, enter the following USE Interface fields

COM Port Baud Rate

|
COM1 thru COM4 COoM3 2400, 4300, 9600 or 19200 9600 |
Data Bits 2 Stop Bits 1 Parity N
53-8 lor2 E.M N, Oors

| To use the IP driver, enter the following IP Interface fields
I 1P Address HTTP Port User Password
| Realtime data recerved from the PTDAU |

Time Satellites |0 Longitude Latitude Altitude (0.0

‘ Proportional Constant
30

Integral constant Derivative constant
0.0 0.0
Open | Save | Save As | Close File | Close Window |

= — — — — — — —

Pan/Tilt type T Text description of the P/T configuration
Filename i (Display only) Shows the currently open filename.

Enable PT i 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.

COM Port i Enter the COM port used by your RS422-USB serial interface.
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Baud Rate -- Enter the serial baud rate used by your RS422-USB serial interface.

Data Bits, Stop Bits, Parity i Enter one of the allowed values as required by your
RS422-USB serial interface.

IP, HTTP Port, User, Password 1 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
heado6s ma nrpovidedinteuface. r

Pan/Tilt Driver T The software interface needed to communicate with this particular P/T
head. Entry values should be either fAptudauo
PTDAU or fAptuusbo for USB control of P/ T m

Proportional, Integral and Derivative constants i 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 i 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 i Saves the current settings as part of the currently loaded Pan/Tilt configuration.

Save As 1 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. 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 T 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 1 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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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 7 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 O 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 1 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 T 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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Eventinterval 7 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 i 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 4.0t0 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 CFQOV 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 T 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 hel ps ignor e v iThisialsdgihelpfulte allowusec| oud s,
of cameras with poor low-light response that display thermal noise in low light
conditions i 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 1 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 areai The moti on detection algorithm measures
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 i 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 T Saves the current settings as part of the currently loaded System configuration.

Default settings T Changes all settings values to recommended default values. Those
values are shown in Tracking Settings view above.

Close window 1 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 co-atrgbeaatcengsosonochoas
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

AOpen a video file for testo and played back
Tracking settings should then be a good starting point for actual live camera tracking.

138



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.

" OTDAU -- Optical Tracking Data Acquisition Unit  Version 2.23 1

Il

-10-23

*

Descripticn

File name

10
1

12

Pan

Position

Tilt

Hrs

Duration

Mins

Secs
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Description T User-supplied description of the tour for reference.
File name 1 Desired folder and file name for saving a tour.

Start tour 1 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 T 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 i Click ON / Click OFF: When enabled, the camera is moved to each
defined position and then starts again at position 1.

Open i Opens a window to select a previously defined tour.
Save i Saves the tour values to the previously loaded named file.

Save As 1 Opens a window to select a new name for the tour configuration and saves
it.

Close Window i Close the Tour Configuration window.

To set up atour:

Open a System configuration for the desired camera.

For each of up to twelve positions i
1. Move the camera to the desired position and zoom value.
2. Click Set to save those values into one of the positions.
3. Repeat move and Set for any other positions.
4. Enter the Duration for each position.

5. If different values are needed for a position, click Remove and set new values or
leave blank i 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

Recording Options

Enable recordin

" Disable recording

o Disable when OTDAU quits

' Enable recording until manually disabled

Data path  |D:\UFODAS DSLR

Primary Video and Data Options

¥ Wide video with text

™ Wide and Tele frames

™ PTZ data values to CSV file

Frame Interval 0.0

Data Interval 1.0

[~ Save a jpg of the digitally zoomed image
of each detected but not tracked event

Audio Recording Options

® Nene

" Wide camera audio from RTSP stream or USE
" Tele camera audio from RTSP stream or USB
" Internal or external USB-connected microphone

Channels (1or2) |1 Recording rate 44100

" Wide audic and video from RTSP stream or USB

" Tele sudio and video from RTSP stream or USB

Auxiliary Video Options‘ 0.0

Pre-detection recording time in seconds

" None
" Tele video without text

& Tele video with text

I Automatically delete Path files with linear paths
€ Tracking status

" Path of target detections

" Wide video with digital zoom (" 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 mode dial is set to movie
Record video during tracking

DSLR camera shutter release interval or maximum video recording time 1.0

‘ Save Close Window

|Primary Video and Data Options

Disable recording
selections.

Enable recording

i Disable when OTDAU quits

i Disables recording enabled by either of the following two

i 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

T 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.

Tele video with text

data.

-- Checkbox to enable recording of Aux camera video with overlaid

142



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 (hame.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.

Save a jpg of the digitally zoomed image of each detected but not tracked event T

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.
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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.

Communi cation with the c¢ amen/\Ficapability.i Adso,t he camer
configuration of various camera functions may be viewed on a new DSLR Configuration

option in the Camera Configuration. Click on
andview its streaming image (with resolution r
Click Snapshot to take one photo. All photos

and not uploaded.

DSLR camera shutter release interval 1 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 t he camer ads
rotary mode selector to A+ (or other selections, but not video).

Enable phot or video recording 1

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 i 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 t arget 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
nonl i near path, the file naMEPpath wil!/ be

Spectrum T Record video of the generated optical spectrum if that feature is enabled
and operational.

Pre-detection recording time in seconds T 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.

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
audi o with the camer aob sn.avifilel daudiotncaledin®ama nd r eco

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 i No audio or A/V will be recorded.
Channels (1 or 2) 7 Number of audio channels recorded: 1 (mono) or 2 (stereo).

Recording rate 1 Audio recording bit rate, typically 44,100 bits per second. Enter a
value without a 06, 0.

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

> I > > I>»
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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, LPT5, LPT6, LPT7, LPTS, 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 i Saves the current settings as part of the currently loaded System configuration.

Close window 1 Closes the Recording Options window. If the window is closed before
any changes to settings are Saved, then those changes are lost.
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Log File

A log file is opened in the Group folder when the folder is initially created. The file name
f ormat Hogfilexkatad ®&aw» <ti me>.t xto. Various
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.

me s S a
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Data Analytics Options

The Analytics tab selects two sets of data analysis tools:

Object Identification

A
A Spectral Analysis

Object Identification

Object Identification provides the following real-time and offline tools:

|

Target Identification and Data Playback Options

I¥ Enable analysis, real-time or batch

I¥ Enable modification of folder names to include ID

¥ Enable YOLO day/night object identifier (slower than 550)
I¥ Enable Single Shot Detector (S5D) daytime Object identifier
v Abort detection if YOLO or S5D recognize foliage

¥ Enable Nighttime Aircraft Identifier (NAI)

[~ 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 48425

Select folder | Select file | Save options | Stop | Close Wil

Start | Pause | Continue | Step frame » | Step frame < | Mext file |

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 --

1 Aircraft of all types as well as helicopters
1 Birds in many modes of flight
91 Foliage such as trees

In nighttime conditions 1

1 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 ASave optionso button is clicked and
subsequently opened.
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Enable analysis , real-time or batch i 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 T 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:

Enable modification of folder names to include ID T 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

i nformation added to the-nieicoarf i dame e %0 . t

e X a mpdalua-49425-130-1920x1080-02-20-26 09-16-19-44 |ID-aircraft-

99.93%0. The | D coul d ateeor UNKNOWN.dffattleast 10i r d, f ol
ru
nd

tracking events are detected dNVUONEnSg tThhee
path indicator ANLPO may al so be added
non-linear path.
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