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How Photogrammetry WorksHow Photogrammetry Works

Production of items Production of items 
Geometry of productionGeometry of production
Products Products 

The Main Steps of The Main Steps of 
PhotogrammetryPhotogrammetry22

1.1. Get mapping limitsGet mapping limits

2.2. Select scaleSelect scale

3.3. Plan flights & ground controlPlan flights & ground control

4.4. Place and survey premarksPlace and survey premarks

The Main Steps of Photogrammetry The Main Steps of Photogrammetry 
(continued)(continued)2 2 

5.5. Aerial photographyAerial photography

6.6. Check aerial photosCheck aerial photos

7.7. AerialtriangulationAerialtriangulation

8.8. MappingMapping

1. Get the Mapping Limits1. Get the Mapping Limits

2. Select the Necessary Scale2. Select the Necessary Scale

Small number, 

Large scale

1:200

1”=200’

Large number,

Small scale

1:1000

1”= 1,000’

600 Scale600 Scale
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2000 Scale2000 Scale 6000 Scale6000 Scale

12000 Scale12000 Scale 35000 Scale35000 Scale

ScaleScale

S =  __S =  __f__f__
(H (H –– h)h)

f=focal length f=focal length 
S =scale          S =scale          
H=flying heightH=flying height
h=elevation of the pointh=elevation of the point

Scale variesScale varies
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3. Plan Flights3. Plan Flights

3. Plan Ground Control3. Plan Ground Control 4. Place Premarks4. Place Premarks



5

4. Survey Premarks4. Survey Premarks

5. Aerial Photography5. Aerial Photography

http://www.doh.dot.state.nc.us/preconstruct/highway/photo/camplane.htm#camera

CameraCamera Aerial PhotographerAerial Photographer
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Flying FingersFlying Fingers

Factors Affecting Factors Affecting 
PhotographyPhotography

Things we can’t changeThings we can’t change

NatureNature

Sun AngleSun Angle ShadowsShadows
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SnowSnow

CameraCamera

LocationLocation

Focal lengthFocal length

Fiducials Fiducials ––

reference marksreference marks

TiltTilt

http://liftoff.msfc.nasa.gov/academy/rocket_sci/shuttle/attitude/pyr.html

TiltTilt

http://liftoff.msfc.nasa.gov/academy/rocket_sci/shuttle/attitude/pyr.html

CrabCrab

http://liftoff.msfc.nasa.gov/academy/rocket_sci/shuttle/attitude/pyr.html
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Close Up of a FiducialClose Up of a Fiducial

Zoomed out shot of a FiducialZoomed out shot of a Fiducial All Eight FiducialsAll Eight Fiducials

And now, back to our And now, back to our 
feature,feature,

THE MAIN STEPS OF THE MAIN STEPS OF 
PHOTOGRAMMETRYPHOTOGRAMMETRY
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6. Check photography6. Check photography Flight dataFlight data

WeatherWeather Sun angleSun angle

Endlap & CrabEndlap & Crab
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Sidelap &Sidelap &
TiltTilt

FiducialsFiducials

BlurBlur
ExposureExposure
ScaleScale

Relief DisplacementRelief Displacement

Biggest amount of error in aerial Biggest amount of error in aerial 
photographyphotography
Points above the datum are displaced Points above the datum are displaced 
out  (larger scale)out  (larger scale)
Points below the datum are displaced Points below the datum are displaced 
in (smaller scale)in (smaller scale)

Image                    MapImage                    Map
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Aerial PhotoAerial Photo OrthophotoOrthophoto

Three Three ––Dimensional VisionDimensional Vision

Monocular view Monocular view –– flat  (2D) flat  (2D) 
perspectiveperspective
Binocular view Binocular view –– 33--D perspectiveD perspective
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Aerial TriangulationAerial Triangulation

Triangulation in 3Triangulation in 3--DD

Angles & distances from camera to Angles & distances from camera to 
the ground are different for each the ground are different for each 

photophoto
From camera to filmFrom camera to film
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To the control on the groundTo the control on the ground Model shows overlapping areaModel shows overlapping area

Known ValuesKnown Values
Control point coordinatesControl point coordinates
Photo coordinate systemPhoto coordinate system
Relation between stereo Relation between stereo 
photosphotos
Focal length of cameraFocal length of camera

Unknowns to be SolvedUnknowns to be Solved
Camera position and Camera position and 
orientationorientation
Positions on the groundPositions on the ground
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Interior OrientationInterior Orientation
Done first (determines Done first (determines 
the relationship between the relationship between 
the calibrated fiducial the calibrated fiducial 
coordinates and the coordinates and the 
image pixel coordinates)image pixel coordinates)

From camera to filmFrom camera to film

Relative OrientationRelative Orientation
Determines the Determines the 
relationship between two relationship between two 
images.  The two images images.  The two images 
form a “model”.form a “model”.

Same control points on Same control points on 
sequential imagessequential images

TWO IMAGESTWO IMAGES
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Absolute OrientationAbsolute Orientation
Determines the Determines the 
relationship between relationship between 
image coordinates and image coordinates and 
the corresponding the corresponding 
ground coordinates.ground coordinates.

To the control on the groundTo the control on the ground
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ProductsProducts
Items are specific to clientItems are specific to client

•• Digital or hardDigital or hard--copy mediacopy media

MicroStation DrawingsMicroStation Drawings

InRoads DTMsInRoads DTMs

Aerial ImagesAerial Images
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Aerial PhotoAerial Photo Rotation MatrixRotation Matrix

Cos(x)Cos(y) -Sin(x)Cos(x)Sin(y)

Sin(z)Sin(y) + 
Cos(z)Sin(x) 
Cos(y)

Cos(z)Cos(x)

-Sin(z)Cos(y) 
+ 
Cos(z)Sin(x)
Sin(y)R zxy=

Cos(z)-Sin(y) 
+ Sin(z)Sin(x) 
Cos(y)

Sin(z)Cos(x)
Cos(z)Cos(y) 
+ Sin(z)
Sin(x)Sin(y)

OrthophotoOrthophoto Orthophoto MosaicsOrthophoto Mosaics
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Select the Select the 

Scale of Scale of 

Mapping / Mapping / 

PhotographyPhotography

Focal Length Focal Length 2

Aerial Triangulation (AT)Aerial Triangulation (AT)
““Conjugate image rays projected from two Conjugate image rays projected from two 

or more overlapping photographs intersect or more overlapping photographs intersect 
at the common ground points to define at the common ground points to define 
the 3the 3--d space coordinates of each point.  d space coordinates of each point.  
The entire assembly of image rays is fit to The entire assembly of image rays is fit to 
known ground control points in an known ground control points in an 
adjustment process.  When the adjustment process.  When the 
adjustment is complete, ground adjustment is complete, ground 
coordinates of unknown ground points are coordinates of unknown ground points are 
determined by the intersection of adjusted determined by the intersection of adjusted 
image rays.image rays.

A “regular” vertical image of terrain has A “regular” vertical image of terrain has 
distortions due to tilt (pitch) displacement.  distortions due to tilt (pitch) displacement.  
A rectified photo has had the tilt A rectified photo has had the tilt 
displacements removed, so that it is like a displacements removed, so that it is like a 
map, except for the relief displacements.  map, except for the relief displacements.  
An orthophoto has had the tilt and relief An orthophoto has had the tilt and relief 
displacements removed.  “An orthophoto displacements removed.  “An orthophoto 
is equivalent to a planimetric map except is equivalent to a planimetric map except 
that, instead of lines and symbols, image that, instead of lines and symbols, image 
tonal variations convey the informationtonal variations convey the information11””
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Purpose of ATPurpose of AT
““to extend horizontal and vertical control to extend horizontal and vertical control 
from relatively few ground survey control from relatively few ground survey control 
points to each unknown ground point points to each unknown ground point 
included in the solution.  The included in the solution.  The 
supplemental control points are called supplemental control points are called 
pass points, and they are used to  control pass points, and they are used to  control 
subsequent photogrammetric mapping.  subsequent photogrammetric mapping.  
Each Each stereomodelstereomodel is scaled and leveled is scaled and leveled 
using the adjusted coordinate values of using the adjusted coordinate values of 
the pass points located in the the pass points located in the 
stereomodelstereomodel..

OrthophotosOrthophotos
Orthographic Projection:  Projection of a single view of an 
object onto a drawing surface in which the lines of 
projection are perpendicular to the drawing surface

orth- Variant(s): or ortho-
Etymology: Middle English, from Middle French, straight, 
right, true, from Latin, from Greek, from orthos; akin to 
Sanskrit urdhva high, upright
1 : straight : upright : vertical <orthograde>
2 : perpendicular <orthorhombic>
3 : correct : corrective <orthodontia>

rec·ti·fy
Etymology: Middle English rectifien, from Middle French 
rectifier, from Medieval Latin rectificare, from Latin rectus 
right –
1 : to set right : REMEDY
3 : to correct by removing errors : ADJUST <rectify the 
calendar>


