Intro to Small Unmanned Aircraft
Systems & Recreational Drones
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Photography

“A picture is worth a thousand words”



Presenter Notes
Presentation Notes
"Hearing something a hundred times isn't better than seeing it once" – Confucius (551 BC – 479 BC) a Chinese teacher, editor, politician and philosopher of the Spring and Autumn period of Chinese history.

“Wherever there is light, one can photograph.” – Alfred Stieglitz (1864 – 1946) and husband of Georgia O’Keeffe (1887–1986)

“I think that emotional content is an image’s most important element, regardless of the photographic technique. Much of the work I see these days lacks the emotional impact to draw a reaction from viewers, or remain in their hearts.” – Anne Geddes (1956-present)

“You don’t take a photograph, you make it.”
“Twelve significant photographs in any one year is a good crop.”
“There are always two people in every picture: the photographer and the viewer.” – Ansel Adams (1902 – 1984)

“A good photographer can create a great photograph with a poor camera.  A poor photographer will never create a good photograph even with a great camera.”


Brownie Camera (1900)

Introduced the “snapshot” to the masses!


Presenter Notes
Presentation Notes
First mass-marketed camera—the Brownie.  The Brownie camera, introduced in February 1900, brought the concept of the snapshot to the masses.  The Brownie camera was conceived and marketed to sell Kodak roll films. Because of its simple controls and initial price of $1 along with the low price of Kodak film and processing, the Brownie camera achieved and surpassed its marketing goal with over 150,000 Brownie cameras shipped in the first year of production.

Snapshot photography started to boom in 1948 when the Polaroid camera was introduced.  This camera was capable of taking images and processing them onto paper instantly.  This proved very popular with consumers because a big problem with cameras back then was the time it took to develop a photo.


Snapshot vs.
Photograph

A snapshot captures a moment; a
photograph captures a memory.

A photograph tells a story and makes the
viewer think and ask questions.

A photograph is a view of something
many others have seen before but seen
from a new perspective.

Commercial photography is as an artistic
expression of a vision, but with the goal
of advancing a business or cause.
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Aerial
Photography

Aerial Photography
gives a new perspective
of things viewed from
above. ltis literally a
“bird’s eye view” of the
world.



Presenter Notes
Presentation Notes
Honoré-Victorin Daumier (French: [ɔnɔʁe domje]; February 26, 1808 – February 10, 1879) was a 19th century French printmaker, caricaturist, painter and sculptor, whose works offer commentary on social and political life in France.  The lithograph, “Nadar elevating Photography to Art”, was published in Le Boulevard, May 25, 1862.  Nadar was famous for taking aerial photos of Paris, and Daumier depicts Nadar as a bizarre, daring photographer.  Nadar's hat is flying off, and in his own excitement to capture the perfect shot, he almost falls out of his balloon.  Daumier irony mocks the new declaration that photography could be equal to "high art”.  (A 1862 court decision permitted photography to be seen as high art.)  The cartoon shows the ridiculous and dangerous means used to elevate photography to the height and importance of "high art.“

It also foreshadows modern aerial-surveillance photography.  Nadar's balloon was used in the 1870 Siege of Paris for intrusive photography.

Giza pyramid complex, photographed from Eduard Spelterini's balloon on November 21, 1904.  Eduard Spelterini (June 2, 1852 – June 16, 1931) was a Swiss pioneer of ballooning and aerial photography.  


Early Aerial Photography

New York City — 1930 by Fairchild Aerial Photo



Gimbals

Provides a stable
platform for a
camera

Designed for
specific camera &
drone model

2-Axis & 3-Axis
Stabilized

Integrated or
separate control



Presenter Notes
Presentation Notes
2-Axis stabilization does not limit yaw.


Gimbal and Camera
control hardwars

_—— anti-vibration
and firmware, —__

o

* Joystick
Control

* Head
Tracking

Camera and Lens

Gimbals



Presenter Notes
Presentation Notes
Head Tracking lets pilots control the drone while it flies forward by moving their head — you turn left or right to yaw left or right, just like you’d do with the joystick. There’s also a mode which lets you use your head to control the gimbal in 360-degrees of movement and continue only using the controller for flight control.


Camera Basics

Three Primary Adjustments

e Aperture — “f-stop” or shutter
opening

f/1.2-1/2.0-f/2.8—-f/4.0 -
f/5.6 —f/8.0—-f/11-f/16—f/32
Most drones have a fixed f/2.8 aperture.

e Shutter Speed — in seconds or
fractions of a second — length of
exposure — 1 sec — 2 sec — % sec

* ISO —sensor sensitivity — low ISO for
bright scenes & high ISO for low light


Presenter Notes
Presentation Notes
It's a fraction: The f-stop is expressed as a fraction, such as f/1.4 or f/16. The f-number is the denominator, so a smaller denominator means a larger aperture (e.g., 1/4 is larger than 1/16).  Each f-stop either doubles or reduces by half the amount of light striking the sensor.  Mechanical cameras had discrete aperture settings or “stops”.
ISO is a measure of the sensitivity to light.  Low numbers mean low sensitivity.  A high ISO setting will increase film grain and sensor noise. 
Shutter Speed and ISO are linear.

Many drones have a fixed f/2.8 aperture.





Less light More light
100 1S0O /1.4
More detail Shallow DOF
Controls the
sensitivity of your Controls the
camera's sensor to area over which
light light can enter

your camera

Less light
f/22
Greater DOF

More light
12 800 150
Less detail ¥
Less light
1/1000 sec

Freeze action

Controls the duration _
of the exposure (how
much light is allowed

to reach the sensor)

L

More light
1 sec
Artistic blurs



Small aperture increases the depth
of field so more of the photo is “in
focus”.

EXPOSU re Fast shutter speed “stops the action”
. and gives a sharp photo.
Choices

Low ISO is good in “bright light” and

reduces the noise or false pixels. It
also reduces the sensor heating.




Neutral Density Filters

A neutral-density filter (ND) reduces the
light intensity. Doing so allows the
photographer with a fixed aperture drone
to select the desired shutter speed
(exposure time) and sensor sensitivity.




Neutral Density Filters

Use neutral-density filters (ND) to reduce
incoming light which allows you to set the
shutter speed.

Aperture priority /8, 1ISO100




Videography

A movie camera uses a
rotating shutter to control
how long each frame is
exposed. Typically, these
cameras record at 24 frames
per second, allowing the
human eye to see smooth
motion with minimal blur
and synchronized lip
movement.



Presenter Notes
Presentation Notes
This is known as the “180° Rule” because many video cameras use 180º rotating shutters.



Videography

“Cinematic Shutter Speed” is the setting
where shutterless video closely matches
that of a video camera with a rotating
shutter. This allows seamlessly blending
video footage from two sources.

Example:

120 FPS x 2 = 240 or 1/240t" shutter speed
60 FPS x 2 =120 or 1/120t" shutter speed
30 FPS x 2 = 60 or 1/60t" shutter speed



Presenter Notes
Presentation Notes
FPS = Frames Per Second
“CENE” drones have settings that do this automatically.



Drone Camera Specs

e Sensors

— CMOS (complementary metal oxide
semiconductor) sensors are faster,
which allows for higher video frame
rates. CMOS sensors are less
expensive to manufacture.

— CCD (charge-coupled device) sensors
provide higher dynamic range and
require less current and voltage to
operate. CCD sensors have superior
low light performance and deliver
better image quality.




Field of View (FOV)

84° is 24mm equivalent
108° is 16mm equivalent
120° is 12mm equivalent

85MM
50MM

35MM

26MM
20MM

14MM


Presenter Notes
Presentation Notes
Many drones have a 80-to-90-degree wide angle FOV.



Drone Camera Specs

» Video Resolution
— 5.1K: 5120x2700 @ 24 to 50 fps
— Cinema 4K: 4096x2160 @ 24 to 120* fps
— 4K: 3840%x2160 @ 24 to 120* fps
— Full HD (FHD): 1920%x1080 @ 24 to 200* fps
— HD: 1280x720 @ 30 to 60 fps

*Videos recorded at high framerates will be played as
slow-motion videos.



Drone Camera Specs

* Video Formats

* MP4: A highly compatible and widely used
container format, making it suitable for sharing
and viewing. Commonly used on PCs.

« MOV: A container format, often associated with
Apple's QuickTime, that can hold high-bitrate
video files and is good for editing.



Photography is more than Megapixels

SONY [

12 MP Cameras .- .



Presenter Notes
Presentation Notes
All of these are 12 MP cameras.  Which one takes the best still pictures?  Why?

More “glass” equals better images.  Also, sensor size is important.


Videography is more than Resolution

. 4K . 720p
. 1080i * WVGA

Each of these shoots in 4K resolution


Presenter Notes
Presentation Notes
All of these are 4K cameras.  Which one takes the best video?  Why?

More “glass” equals better images.  Also, sensor size is important.



Print or Video?

Print — image size is
important — larger print
Size or cropped images

are better with more MP

and larger sensors

J

TV or large projections —
commercial uses require
higher resolution

Video — view on a phone,
a monitor, high-definition

/




PPl vs. DPI

Video screens use
pixels to create an
image

Pixel are measured in
Pixels Per Inch (PPI)

Monitors have from 94
to 160 PPI

Printers use ink to
create an image

Ink is measured in Dots
Per Inch (DPI)

5x7 or 4x6 photos are
fine with 300 DPI

8x10 photos need 600
DPI to look good

[__|




Print Image Size Ratio (W x H)

35mm camera film = 36mm x 24mm (3:2)
Drones have a 3:2 or 4:3 aspect ratio
Standard Print Paper Sizes (USA)

* 4x6 (3:2)

e 5x7 (7:5)

* 6x8 (4:3)

e 8x10 (5:4)
e 8x12 (3:2)
e 10x12 (6:5)
e 10x15 (3:2)

. 11x14 (14:11)
e« 11x17 (17:11)
. 12x16 (4:3)
e 12x18 (3:2)
. 16x20 (5:4)
. 20x24 (6:5)
e 20x30 (3:2)


Presenter Notes
Presentation Notes
Image size is an important factor in the crop and way you display the image.

Prints can be landscape or portrait.

Europe & Asia use ISO standard paper sizes, A0, A1, A4, etc.


Video Image Size Ratio (W x H)

Drones have a 3:2 or 4:3 native image ratio but can
be cropped to 16:9

* Facebook*/Instagram™ = 1:1 (1200 x 1200 pixels)
e Standard TV = 4:3 (640 x 480 pixels)

e HDTV =16:9 (1920 x 1080 pixels)

4K Ultra HD = 16:9 (3840 x 2160 pixels)

 Cinema 4K =17:9 (4096 x 2160 pixels) — Letterbox
on a HDTV

* Ultra-widescreen =21:9 (10240 x 4320 Pixels) —
shown in theaters

* Social media offers different sizes for different
purposes from profile photos to cover photos.


Presenter Notes
Presentation Notes
Image size is an important factor in the crop and way you display the image.

Social media offers different sizes for different purposes from profile photos to cover photos.


CAMERA SENSOR SIZE COMPARISON

MEDIUM FORMAT FULL-FRAME APS-C
53.0 x 40.20mm 35.00 x 24.00mm 23.60 x 15.60mm

L1 Ll KN

MICRO 4/3 1/2.55”
17.00 x 13.00mm 12.80 x 9.60mm 6.17 x 4.55mm



Presenter Notes
Presentation Notes
Sensor size is important!
An IMAX frame is 4x the size of a Full-frame 35mm frame.   IMAX frame = 69.6 mm × 48.5 mm
70mm-format of widescreen cinema = 48.5 mm × 22.1 mm



JPEG or RAW (DNG)

Post processing a RAW photo in
Lightroom or Photoshop can greatly improve
photo quality over a compressed JPEG.


Presenter Notes
Presentation Notes
DNG (Digital Negative) was developed by Adobe and is supported in all Adobe applications, there are other camera manufacturers such as Leica, Hasselblad and Pentax that adopted this standard and use it in their cameras as their native and supported RAW file format.


Normal Lens

Wide Angle or Fisheye vs. Normal


Presenter Notes
Presentation Notes
Most drone cameras are a wide-angle or fisheye lens, which distorts the real image.  You usually cannot take close-up pictures with a drone camera.

A “Normal Lens” looks normal to the human eye.  Technically, a normal lens is one in which the focal length (distance from the film or sensor to the main lens element is the same as the diagonal measurement of the film or sensor.

A “normal” lens is one whose focal length is the diagonal of the sensor of the camera


Normal Lens

& Wide Angle — Telephoto =
Avoid “selfie nose”


Presenter Notes
Presentation Notes
A telephoto or long lens brings the far view closer and flattens the image.


Stable Hover

Stable hovering requires an advanced flight
control system and onboard sensors.




Flight Time

Most camera drones will fly for 20+ minutes,
which is plenty of time to take a good
photograph. So don’t worry about flight time
but carry 2 or 3 extra batteries.

BN




Rule of Leading

Thirds Lines

Basic
Photography

Composition




Rule of Thirds
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Rule of Thirds




Leading Lines give Structure



Presenter Notes
Presentation Notes
Using leading lines in landscape photography is a tried-and-true method for giving your images more dimension.  Leading lines help the viewer's eye move through the shot in a more purposeful manner.





Symmetry




Include People in the Photo



Presenter Notes
Presentation Notes
Our eyes are trained to see images of other people. That's true even if they are quite small in the frame. By adding people to your photos, you give viewers something with which to immediately connect.  Including people also helps the viewer understand the scale of the shot.   In looking at this image, you get a sense of just how high up the drone is based on how small everyone is in the frame.  This photo also illustrates the value of repetition - the pattern of the umbrellas makes this shot much more visually appealing.


Look for Color



Presenter Notes
Presentation Notes
Color adds drama and dimension a picture.  The photo of the fall colors is a prime example. The red, orange, and yellow tones of the foliage give the landscape life and vitality that make this an eye-catching shot.


Texture Creates a 3-Dimensional Look



Presenter Notes
Presentation Notes
Note how this image combines leading lines and color.


Wedding Photography

“eran G

Studio




Andrew Morgan — Tanzania




Baldwin Foley — Family Photo




Commercial Aerial Photography - Waterloo




Flowerama — lowa City, |A




Real Estate — Cedar Rapids
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* Orthophotos — vertical
photographs which have been
geometrically "corrected" to
be usable as a map

 Low Oblique — photographs

Type:s of taken from a low angle — No
Aerial Horizon
Photographs High or Steep Oblique —
photographs taken from a 0

high angle — Visible Horizon

* Vertical — photographs taken I
straight down
/

o



Orthophotos



Presenter Notes
Presentation Notes
Google Earth


Low Oblique

AREA COVERED




Tuilp Fields, by Anders




Sergey Farenyuk

Urban Frozen Fun -




Francis Scott Key Monument
by Terry and Belinda Kilby




High or Steep Oblique




'‘Above the Mist' Maringa Cathedral, Brazil by Ricardo Matiello




Baltimore’s Inner Harbor
by Elevated Element




Seven Foot Knoll Lighthouse
by Elevated Element




Geese Meeting the Winter - Terje Kolaas




Polk City Sunset




QC Drone — Des Moines
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CAMERA LENS

AREA COVERED




Moab Rock Climbing by Max Seigal




Where's Wally, Limassol Carnaval
by Fly Over Media
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JCOURTIAL — Provence
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Presenter Notes
Presentation Notes
Lavender harvest


Luke Maximo Bell — South Africa




Wrong Way Buddy! - John Cowpland




Martin Sanchez — New Jersey




Scrap Combine Yard, Colfax,
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Ghost Ranch, Abiquiu NM



Presenter Notes
Presentation Notes
Yurt


Ghost Ranch, Abiquiu NM




Ghost Ranch, Abiquiu NM




Check the weather forecast
Shoot in RAW or DNG format

Utilize the thirds grid overlay
for composition

Stick to a lower ISO

Take advantage of Auto
Exposure Bracketing

Be prepared to improvise

Create higher resolution
images with panoramic shots

Experiment with both aspect
ratios (16:9 or 4:3)

Use camera lens filters

Seek out symmetry, patterns,
and lines

Play with lights and shadows
Take a drone “selfie”



Photography Beyond the Visible

The Electromagnetic Spectrum
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Picture credit: NASA. Arrows & numbers added by Baldscientist.


Presenter Notes
Presentation Notes
Light is a wave!  You can photograph beyond the visible light wavelengths.




All three use the same camera
with a CCD sensor

Infrared — daylight, monochrome
Infra red' or false-color, plants reflect

Thermal infrared light

& Night Thermal — day or night, false-color,
. relies on temperature differences
Vision between object and background

Night Vision — nighttime,
monochrome image, requires a
light source such as a red LED


Presenter Notes
Presentation Notes
CCD (charge-coupled device) and CMOS (complementary metal-oxide semiconductor) image sensors are used in cameras.  CMOS sensors are less expensive to manufacture than CCD sensors.

Infrared imaging is active. Thermal imaging is passive.   Night vision works by amplifying nearby visible light.

All objects emit a certain amount of black body radiation as a function of their temperatures.  Generally speaking, the higher an object's temperature, the more infrared radiation is emitted as black-body radiation. A special camera can detect this radiation in a way similar to the way an ordinary camera detects visible light. It works even in total darkness because ambient light level does not matter. This makes it useful for rescue operations in smoke-filled buildings and underground.

A major difference with optical cameras is that the focusing lenses cannot be made of glass, as glass blocks long-wave infrared light. Special materials such as Germanium or Sapphire crystals must be used. Germanium lenses are also quite fragile, so often have a hard coating to protect against accidental contact. The higher cost of these special lenses is one reason why thermographic cameras are more costly.



FLIR — Forward Looking Infrared

Search and rescue operations for missing persons especially in
wooded areas or water — Can see through smoke and haze

Monitoring wild game habitats

Detection of energy loss or insulation defects in buildings in
order to reduce energy consumption

Pinpoint sources of ignition during firefighting operations

Detecting faulty or overheating electrical joints, connections and
components

Night driving


Presenter Notes
Presentation Notes
FLIR is also the name of a company that makes infrared cameras.


Infrared Photograph

GSD = 5" Apr 2009 lowa

Aerial Services = Copyright 2009 :
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Thermal Image




What to consider when
buying a photo drone

Megapixels & Resolution

Sensor Size — bigger is better

Aperture — fixed or variable

Field of View (FOV) — wide angle or telephoto
Shutter type — electronic or mechanical
Shutter speed — up to 1/8000 second

ISO range — 100 up to 6400

Photo Flight Modes — tripod, cinema, movie
modes



Presenter Notes
Presentation Notes
Fixed aperture lenses may need neutral density filters to control light

Many drones have a fixed f/2.8 aperture and 80-to-90-degree wide angle FOV.

A lens that can change the FOV is called a Zoom lens.

Electronic shutters turn the camera imaging sensor on and off to control exposure.  With electronic shutters the CMOS sensor is turned On and the sensor scans line by line sequentially and with fast moving subjects rolling shutter distortion can be seen in the image.

A high ISO is used for low light photography.
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