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Presentation Notes
Presentation about the history and uses of aerial photography.  Presented at the Utah GIS Day activities held November 17-18, 2009 at the Salt Lake Community College, Miller Campus in Sandy, UT.



Aerial Imagery Platforms

• Balloons
• Rockets
• Kites
• Pigeons
• Airplanes, Helicopters, UAV’s
• Satellites, Space Shuttle, Space Station

USDA-FSA-APFO

Presenter
Presentation Notes
What does aerial mean?  What does photography mean?
These are various methods that have and are used for acquiring aerial imagery over the past 150 years.
What is a UAV  (Unmanned Aerial Vehicle)
Explain the difference between aerial or aircraft acquisition and satellite.



View of Boston from Balloon 
Queen of the Air, 1860
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Photograph taken from a balloon.   Fairly good view.  Buildings, streets, churches, water are all visible.  Acquisition dependent on wind direction and speed affecting where the balloon goes.



View of German Landscape by 
Alfred Maul’s Rocket, 1904
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View dependent on the rocket trajectory, angle, etc.  Very little control of what area is photographed.



Kite Cameras 
Arthur Batut and Lt. Hugh Wise
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Notice the size of the kite compared to the men and the building.  Once again acquisition dependent on the wind or other factors.



View of San Francisco from a 
Kite, 1906
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Very good photograph considering it is over 100 years ago.  Could only be acquired if the wind was blowing sufficiently strong in the proper direction. 



Pigeon Camera 
Patented by Julius Neubronner, 1903
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Pigeons were used to track troop movements in WWI.  Cameras had automatic timers.  Difficult to get the photo you want or need.  Dependent on where the bird flies and when the auto timer takes the photo.



35mm Aerial Photography

USDA-FSA-APFO
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Presentation Notes
35mm cameras, slide film used by USDA and others for many years to acquire imagery of farms and other areas.  Unlike earlier methods that depended on wind direction it was now possible using aircraft to fly where and when necessary to obtain photography of the needed area. 



Large Format Aerial Photography 
9”x9” Film
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Presentation Notes
Much larger cameras using 9”x9” film can acquire higher quality imagery.  Flying higher, 20,000 ft or more made it possible to cover more area but still get the necessary detail by using larger film, cameras, and lenses. 



9” x 9” Film Canister
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Presentation Notes
Photo of a can of aerial photography film.  The can is 10” high compared to 35mm film which is only 2” tall.



Over 10 million frames from 1955 to present

US Department of Agriculture
Salt Lake City, Utah

USDA-FSA-APFO
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Presentation Notes
USDA APFO has thousands of rolls of film that contain over 10 million images of the USA.  Dates are from 1955 to the present.  Any given area generally has imagery every 5 to 7 years. 



Large Format
•Mapping Camera
•9”x 9” film
•25 sq. miles@20,000 feet

Image Acquisition
Film and Digital

Small Format
•35mm Film Camera
• 3 sq. miles@8,000 feet

USDA-FSA-APFO
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Presentation Notes
Compare the area covered by a 35mm camera and a 9x9 camera.  



Large Format Digital Aerial Cameras
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Presentation Notes
Just like most people now use digital cameras rather than film cameras the same is occurring in the aerial imagery industry.  Digital aerial cameras can cost well over $1 million dollars. 



Image Acquisition Always Changing
Pigeon to Predator

USDA-FSA-APFO
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Presentation Notes
In about 100 years we have gone from using balloons, kites, rockets, and pigeons to aircraft that can fly themselves.  In the past you were at the mercy of the bird, wind, etc to get the photo you wanted.  Now a person can fly a UAV that is on the opposite side of the earth and get the exact photography needed.  Many of the pilots flying the UAVs in Iraq and other locations are located in Nevada or other parts of the continental USA.  In this case the pigeon and the predator UAV may be used for the same purpose, locating enemy troops.



UAV, UAS, UCAV
Unmanned Aerial Vehicle, Systems, Combat 

USDA-FSA-APFO
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UCAV   Unmanned Combat Aerial Vehicle.  Basically a pilotless fighter jet.
Unmanned aerial vehicles may be as large as a commercial aircraft such as the Global Hawk shown top left, to the Wasp which is not much wider than a pencil.  These vehicles can be used for military purposes or search and rescue in disaster situations.



Satellites
Satellite, Space Shuttle, Space Station
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Satellites  
Pro   Always in the air, no one needs to fly it, can see many parts of the world that are impossible or impractical to photograph with traditional aircraft.
Cons  Usually fly over the same spot at the same time.  If it’s always cloudy when the satellite goes over your area of interest you will not be able to get the image you need.  



Before GIS
Paper photos
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Before GIS, imagery and records where done with paper photos, paper maps, spreadsheets, and other hardcopy media and record keeping methods.  



Measure & Draw on the Photographs
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Presentation Notes
Before GIS measurements were often done on scaled photography using a planimeter.  Not nearly as easy or accurate as GIS.



GIS

USDA-FSA-APFO
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Presentation Notes
With GIS all of your data is in the computer or accessed from servers in any part of the world.  Carrying all of the hardcopy data, photos, maps, etc for a city, county, or state could take a truck or more.  With digital data on the computer or accessed online you can carry massive amounts of data on a laptop, PDA, or telephone.



USDA-FSA-APFO

Photo Identification
•Basics  

•Shape, tone, location, texture, size, pattern, 
shadow, association
•Buildings, roads, rivers, railroad, fields

•Change over time
•Fields and homes, new roads, commercial sites
•Time machine.  Can see back in time.

•Identify places we haven’t seen before
•Cities, states, countries, buildings, rivers, ….

Presenter
Presentation Notes
Learning to “read” an aerial photograph is like learning how to read a book.  You need to learn what the different things mean.  Most people are used to seeing the world around them from the height of their eyes, generally 4-6 feet above the ground and looking towards the horizon.  With aerial photography the view is from thousands of feet to even hundreds of miles above the ground, looking straight down.  Everything looks different from these drastically different vantage points.  Listed above are some basics for identifying objects on the photo.  For example most buildings are rectangular. This is true for almost anyplace on the earth.  Rivers are generally meandering lines, but can be straight lines if channeled such as a canal.  Streets can be straight lines, meandering lines, or both depending on the landscape, zoning laws, and so forth.  With historical imagery you can see back in time.   



USDA-FSA-APFO
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Traditional aerial imagery acquires data from the visible portion of the spectrum.  Some sensors can “see” outside of the spectrum visible to the human eye.  For example, Color Infrared or CIR bands can detect the near infrared portion of the spectrum.  Since vegetation typically is highly reflective in the infrared portion of the spectrum it can be very helpful for agricultural purposes.  Identifying geologic features, water, or other land cover can also be possible with different portions of the spectrum.  These sensors may have four or more bands.  



Where was this photo taken?

USDA-FSA-APFO
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Where is this?  Can you identify any of the features?  Would you want to visit this place?



USDA-FSA-APFO
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This is the same location as the previous photo but taken at a different date.  Where is this?  Can you identify any of the features?  Would you want to visit this place?



USDA-FSA-APFO
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This is the same location as the previous photo but taken at a different date.  Where is this?  Can you identify any of the features?  Would you want to visit this place?
First two photos are Black & White photography.  This photo is Color Infrared.  With CIR imagery Vegetation is displayed as red not green as is the case with typical imagery.



Disney World, Epcot Center

Florida

1969

1980

1998USDA-FSA-APFO
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Presentation Notes
Epcot Center location during three different time periods.



Where was this photo taken?

USDA-FSA-APFO
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Where is this?  Jupiter or Saturn?  It is on the planet earth.  The photograph has not been stretched.  



Dasht-e Kevir, Iran
• Dasht-e Kevir 

Image taken 10/24/2000 The Dasht-e Kevir, or valley of 
desert, is the largest desert in Iran. It is a primarily 
uninhabited wasteland, composed of mud and salt 
marshes covered with crusts of salt that protect the 
meager moisture from completely evaporating.

• Dasht-e Kevir can be found on Landsat 7 WRS Path 162 
Row 36, center: 34.62, 54.71.

• USGS Earth As Art 
http://earthasart.gsfc.nasa.gov/kevir.html

USDA-FSA-APFO
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The photograph was taken with the Landsat satellite of the Dasht-e Kevir region of Iran.



Online Maps & Imagery 
Downtown Salt Lake City   (Nov 2009)

USDA-FSA-APFO
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Presentation Notes
Google Maps shows both the location of the ZCMI Center and Crossroads Mall in downtown Salt Lake City.  Compare this to the imagery on MS Live.  With this imagery you would think that you could go shopping at either of these malls.  Remember that imagery on web mapping sites is not constantly updated and may be several years old.  When studying an area use multiple sources of data, including imagery.   



Online Maps & Imagery 
Downtown Salt Lake City   (Nov 2009)
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Presentation Notes
How does this imagery compare to the imagery shown on Google Maps?  Would you plan to go shopping at either mall based on this imagery?



Google Street View

USDA-FSA-APFO
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Google Maps offers street view imagery for many locations.  Just like aerial imagery, this is not constantly updated and may be several years old.



Bing Bird’s Eye

USDA-FSA-APFO
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Bing Maps offers a “birds eye” view for many locations.  This provides a view similar to looking from a tall building or from the window of a passenger aircraft.  As with all imagery, the data may not be current.



National Agriculture Imagery Program 
(NAIP)

USDA-FSA-APFO
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Presentation Notes
The USDA, Farm Service Agency, Aerial Photography Field Office administers much of the National Agriculture Imagery Program (NAIP).  This program acquires aerial imagery for use by the USDA.  It is also used by many other federal, state, and local governments, as well as businesses, and private citizens.  It is public domain data, which means that it is available to everyone.  Compressed county mosaics can be downloaded from the Geospatial Data Gateway at: http://datagateway.nrcs.usda.gov/   It can be viewed online, through GIS software, or purchased.  See the APFO website for more information http://www.apfo.usda.gov
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NAIP Camera Trends 
Film Cameras vs. Digital Sensors
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Graph showing the percentage of the NAIOP imagery acquired using digital and film cameras.  In less than a decade acquisition has changed from almost all film to almost all digital.



Pixels 
Ground Sample Distance

USDA-FSA-APFO
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All imagery whether it be an aerial image or a photograph of your favorite pet is comprised of pixels.  For example a 10 megapixel camera has approximately 10 million of these little squares on the sensor.  The more pixels the more detailed the photograph can be.  The more pixels the larger the file size as well.



Aerial Imagery Options

• Oblique or vertical
• Number of bands

– 1 Grayscale, 3 RGB or CIR, 4 RGBIr, 8
• Ground Sample Distance (pixel resolution)
• Data format

– Raw, TIFF, JPEG, GeoTIFF, MrSID, JP2, …
• Leaf-on, leaf-off, flying date, flying season
• Coverage
• Others

USDA-FSA-APFO
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There are many options when acquiring aerial imagery depending on the uses of the data.  The NAIP program acquires imagery when the vegetation is in full bloom (leaf-on) so that agricultural areas can be identified.  Many programs use leaf-off imagery so that features on the ground can be seen easier.  Other options include image resolution, time of day, sun angle, number of bands, and angle of acquisition.



GIS & Remote Sensing Careers

• Careers vs. Jobs
– Short & long term opportunities
– What is interesting and enjoyable 
– Required education
– Salary, benefits, stability
– Benefit to yourself, your family, your community

USDA-FSA-APFO

Presenter
Presentation Notes
Information to consider regarding possible careers in GIS, aerial imagery, remote sensing, and related geospatial fields are listed in the following four slides.



GIS & Remote Sensing Careers
• Acquiring aerial imagery

– Aircraft
– UAVs
– Satellite
– Government, Military, & Business

• Sensors
– Satellites
– Cameras
– LiDAR, Radar, other non-imagery sensors

USDA-FSA-APFO



GIS & Remote Sensing Careers
• Storing & Archiving

– Image files are ENORMOUS   (petabyte capacity equipment)
– Short and long term storage
– Data formats, including compression

• Creating orthoimagery
– GPS, ground control, DEM
– Rectification, photogrammetry
– Image manipulation, tone balancing, etc 

• Serving and Web Services
– Data downloads
– Web browser viewers
– View from GIS or other desktop software

USDA-FSA-APFO



GIS & Remote Sensing Careers
• Creating data from imagery

– Digitizing roads, street lights, parcels, …. 
– Land use & land cover change

• GIS & Remote Sensing Applications
– Real Estate
– Police, Fire, Emergency services
– Health, disease tracking 
– Business location
– Routing for garbage collection
– Web services
– Vehicle GPS and Mapping
– Google Maps, Bing, others

USDA-FSA-APFO
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