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Work Flow for Photogrammetric Mapping Project
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Derivation & Definition
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Derived from 3 Greek words
— photos - light
— gramma - something drawn or written

— metron - to measure

Photogrammetry is the art, science, and technabdgyptaining
reliable information about physical objects andehgironment
through processes of recording, measuring, andoireng
photographic images and patterns of electromagradiant energy
and other phenomena.



gGDOT

Photogrammetry Workshop %

Work Flow for Photogrammetric Mapping Proje(raorocrammvrrry unrr

 Requirements Definition

* Flight Planning & Control Planning
e Aerial Photography Acquisition
e Scanning

o Control Survey

e Aerotriangulation

o Stereo Compilation

e Orthophoto Generation
 Review & Edit

* Accuracy Testing & Reporting
 Meta Data
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Requirements Definition
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Project Boundary

Intended use of the photogrammetric product
Accuracy of photogrammetric product

Deliverables - orthophotos, elevation data, topphi@map, other
Deliverables format - digital, hardcopy, or both
Digital orthophoto pixel GSD (Ground Sample Distan
Contour interval

Scale of hardcopy photogrammetric products
Reports

Meta Data

Digital file format(s) for all deliverables
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Flight Planning & Control Planning
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« Determine photo scale - elevation accuracy of plratmmetric
product is the driving factor

e Minimize number of flight lines and exposures
 Determine number and location of photo controhpot elevation
accuracy of photogrammetric product is the drivilactor
— Airborne GPS system or GPS-IMU system
— Need to be in clear view for photography and GiR8ey
— Need to be in safe, easily accessible locations
— Target prior to flight or select photo identifialoints after flight

e For a digital camera, you need to determine tRelgSD (ground
sample distance) and the flying height
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Aerial Photography Acquisition
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Seek to acquire vertical photography that enatktie®0 viewing

5

60% exposure overlap (endl
forms triple overlap regions . G .
4x vertical exaggeration

20 - 30% strip overlap (sidela

———W — plaSidelapm|
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Scanning
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Conversion of film negatives to a digital positive
High geometric accuracy requirement (2 microns)
High quality optics

High resolution CCD sensor

High radiometric accuracy

Common photogrammetric scanner solutions
— Intergraph PhotoScan

— Leica DSW700

— Vexcel UltraScan 5000

— Wherli RM-6 AutoScanner
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Control Survey
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Horizontal and elevation surveys need to be coteduat specified
locations

Use same GPS base station network for both thea@urvey and
the airborne GPS or GPS-IMU photogrammetry datkeciodn
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Aerotriangulation

« Photogrammetric process used to extend and decwniyol
« provides solution to where is camera and howp®inhted?

e Involves the stereoscopic measurement of passgp@rposure to
exposure), tie points (strip to strip), and conpoints

v

Tie Points Tie Points

A

Pass Point I I I Triple Overlap Regions
Control Point
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Stereo Compilation

Stereoscopic collection of planimetric and/oraerrfeatures
Requires photo interpretation skills

Usually done in a graphic environment

Soft copy (digital image) stereoplotters are staiddechnology
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Orthophoto Generation

Reprojection of input digital image from a perspeaeiprojection to
an orthographic projection

Requires a variety of input data

Compute intensive

Requires massive storage space for large projects

True orthophotos require elevation data for toplb$tructures -
labor intensive stereo compilation
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Review & Edit

« Reference graphic photogrammetric products withllany data such
as field surveys

« Reference digital orthophotos with graphic plarnimeeand/or terrain
data

e Review edge match, tonal balance, image contenthlé or missing
features), image distortion, excessive buildingnlea
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Accuracy Testing & Reporting

Use independent higher order surveys to checkipoal accuracy of
planimetric features

Use independent higher order surveys to checaitedata accuracy

Report according to NSSDA standard - see
http://www.fgdc.gov/standards/projects/FGDC-staddgsrojects/accuracy/part3/chapter3
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Meta Data

« Data that describes the content of the photogramsr@oducts
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Photogrammetry Terms & Concepts for Film Frame Gase

Characteristics of a Near Vertical Frame Photograp
Camera Calibration Report

Interior Orientation

Image Coordinates

Exterior Orientation

Object Space Coordinates

Collinearity

Photogrammetric Problem Types

GPS Assisted Aerotriangulation
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Characteristics of a Near Vertical Frame Photograph

« Near vertical: < 3tilt (roll or pitch)
e Large format: 9 inch by 9 inch
« TIME INDEPENDENT

Scalg,, = f
H-h

avg
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Camera Calibration Report

 US Geological Survey has a sophisticated laboyatalibration
system for aerial mapping film frame cameras

* Produce an independent calibration report thableas an industry
standard for several decades

 Note - Leica and Zeiss have both announced thgtwhiestop
producing aerial mapping film frame cameras aft# 2
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Interior Orientation

Determination of the interior perspective of tlegial photograph at
Its instant of exposure

requires camera calibration report and measureofdiucials

required for all -
photogrammetric surveys
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Image Coordinates

This is what stereoplotter operator actually measu

They are the x and y values of a point on an bphatograph with
respect to the camera coordinate system as ddiywdtke camera
calibration report

Denoted by lowercase x and y

Corrected for:

— principal point offset
— lens distortion

— atmospheric refraction
— earth curvature
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Exterior Orientation

Determination of the where the aerial camera tmmger was and
how it was pointed at its instant of exposure

consists of 3 positional parameters and 3 rotatiparameters

positional parameters denoted by, X, and 4
where L Is the camera lens center

— commonly called exposure station or photo center

rotational parameters denoted byomega), (phi),
and (kappa) which correspond to aircraft

roll, pitch, and yaw
— Is a rotational about camera system x-axis
— Is a rotational about camera system y-axis
— Is arotational about camera system z-axis
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Object Space Coordinates

Determined by control survey - typically NC statane coordinates
Can be local or assumed coordinates

Denoted by uppercase X, Y, and Z

Photogrammetry only yields relative coordinates
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Collinearity Condition

Fundamental condition for photogrammetric modeling

states that the photogrammetric ray from the carperspective
center (L) to point “a” recorded on the imagedadinearwith the
photogrammetric ray from the camera perspectivéecgh) object

space point “A”

In vector form, a =K A
— where k is a scale factor,

— and M is a rotation matrix bringing
the object space coordinate system

parallel to the image coordinate
system
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Collinearity Equations

Expanding vector form yields

Expressing algebraically

Direct form
— divide 1st & 2nd Egn by 3rd

Inverse form
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Photogrammetric Problem Types

Photogrammetry has 3 general problem types wressdts are object
space positioestimateand rotational anglestimates

Resection- exterior orientation is unknown
Intersection - determine object space coordinates for point “A”

Aerotriangulation - determinezstimatedor exterior orientation for
all photographs and object space coordinates fpaak and tie
points

Note that image coordinates can always be measttedinterior
orientation is computed
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GPS Assisted Aerotriangulation

There are 2 types of GPS assisted aerotriangnlatio
GPS only- exposure station positions for each photo are cieap
using a post processed kinematic GPS solution
— requires a GPS base station in project vicinity
— block photography, often with cross strips
GPS-IMU System- exposure station positions are computed using a

post processed kinematic GPS solution and rotdtmarameters (
, ) are supplied by the IMU for each photo

— requires a GPS base station in project vicinity
— strip or block photography

NO Aerotriangulation = Direct Geopositioning (regs GPS-IMU
system to solve for all exterior orientation partens
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Photogrammetry Terms & Concepts for Digital AeG@meras

Characteristics of a Digital Image

Digital Aerial Camera Types

Line Versus Array Sensor

North America Large Format Aerial Camera Market
Large Format Digital Aerial Cameras

Medium Format Digital Aerial Cameras

Large Format Frame Digital Camera - Intergraph DMC
Large Format Line Digital Camera - Leica ADS40
Line Versus Frame Camera

Camera Calibration Report

Interior Orientation

Image Coordinates

Exterior Orientation

Object Space Coordinates, Collinearity, PhotogrammBroblem Types,
GPS Assisted Aerotriangulation
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Characteristics of a Digital Image

Charge coupled device (CCD) converts light duergosure into an
electric charge that is stored as a pixel value

collected raw image must be post processed ingeable format for
application software

pixel values typically have a greater dynamic efigts/pixel) than
scanned film images

leads to improved image quality

http://www.library.cornell.edu/preservation/tut@lcontents.html
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Digital Aerial Camera Types

Digital aerial cameras are characterized by ttoemat and their
sensor geometry

Format defines how much, in this case, how marglpi(ie, the CCD
sensor size and the number of CCD elements

— Large format

— Medium format

Sensor geometry defines how the individual CC3seerlements are
arranged

— Array (area) sensors

— Line sensors
Array sensors equates to frame camerdadE INDEPENDENT

Line sensors FIME DEPENDENT = more complex mathematical
modeling
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Line Versus Array Sensor

 Digital acquisition via
two methodologies:

— Push-broom sensor

» Derivative of satellite
systems

« Platform stability key to
success
— GPS accuracy
— Inertial accuracy

— Frame sensor

« Mimic performance
envelope of conventional
film-based sensors

» Less sensitive to
perturbations of platform
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Large Format Digital Aerial Cameras




Photogrammetry Workshop
Medium Format Digital Aerial Cameras
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North America Large Format Aerial Camera Market

From Z/I Imaging, ASPRS, May 2007

Canada

9 companies

20 film cameras in use

5 large format digital cameras

37% Leica ADS40
(13)

46%

US

150 companies

300 film cameras in use

30 large format digital cameras

17%
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Large Format Frame Digital Camera — Intergraph DMC
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Large Format Frame Digital Camera — Intergraph DMC

Image Mosaicking
« apply camera calibration
parameters
« apply platform calibration
e tie point check

e robust adjustment
e projection to virtual perspective

 fusion with color composite

tie point
area
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Large Format Line Digital Camera — Leica ADS40

3 panchromatic CCD lines
two lines each 12,000 pixels,
one line 2 x 12,000 pixels
staggered by 3.2%m

2 X 4 multispectral CCD lines,
each 12,000 pixels

Pixel size: 6.5mm x 6.5mm

Field of view (FOV) or
swath angle: 64°

Focal length: 62.77 mm

Stereo angles: 16°, 26°, 42°
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Large Format Line Digital Camera — Leica ADS40

ADS40 2nd Generation Airborne Digital Sensor
Panchromatic, RGB and NIR data collection
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Line versus Frame Camera

continuous pushbroom scanner discrete perspective images

forward view

nadir view overlapping aerial photographs

backward view
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Camera Calibration Report

e Since CCD geometry and optics are unique to eaptadaerial
camera, the USGS has not established a calibriadofor large format
digital cameras. The USGS has begun implementingsapractices
procedure according to the following:

 Four major parts covering two major processes
— Data Production
 Manufacturers Certification

« Data Providers (flyers) Certification (require®éuct
Validation Range)

— Data Purchasing & Acceptance
« Contracting Guidelines
« Data Acceptance Standards
o http://calval.cr.usgs.gov/digital _aerial imagingafity assurance.php
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Camera Calibration Report
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Camera Calibration Report
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Interior Orientation

 Interior orientation information is provided frotime camera
manufacturer - CCD geometry, CCD element size, sredd
sample ordering
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Image Coordinates

e Image coordinates are now defined as pixel addsess
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Exterior Orientation

o frame digital aerial camera - just like film fraroemera

 line digital aerial camera
— different for every line of imagery
— must have an GPS-IMU system to generate sterga@ble imagery

— mathematical modeling is more complex due to ti@eendent nature of
line CCD sensor
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Object Space Coordinates, Collinearity, Photogrammet
Problem Types, GPS Assisted Aerotriangulation

o frame digital aerial camera - just like film fraroemera
 line digital aerial camera

— must have an GPS-IMU system to generate sterg@lsle imagery

— mathematical modeling is more complex due to ti@eendent nature of
line CCD sensor
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Digital Orthophotography Considerations

Orthographic versus perspective projection
Effects of relief displacement
Orthophotography process
Orthophotography ingredients
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Orthographic Versus Perspective Projection

Orthographic Projection Perspective Projection
*Uniform scale *Non-uniform scale
*No relief displacement *Relief displacement
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Effects of Relief Displacement

Datum elevation = AMGL
Average Man Gound Level

objects above AMGL displaced
outward on image

objects below AMGL displaced
Inward on image



Photogrammetry Workshop
Orthophotography Process
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Digital Orthophotography Ingredients

Digital Imagery
Object Space Control
Interior Orientation
Exterior Orientation

» Rectification -removal of tilt displacement
* yields a rectified image

A 4

Differential Rectification - removal of
tilt and relief displacment

ssmall segments of photo rectified individually
* yields an orthophoto

+ Terrain Data



