
2008 Review Officers' Workshop

Data, Processes, & Standards for 
Orthophoto Generation in North Carolina

April 16, 2008
Sylva, NC

Keith Johnston, PE, PLS
NCDOT Photogrammetry Unit

kjohnston@dot.state.nc.us



2008 Review Officers' Workshop
Presentation Outline

• State Digital Orthophoto Standard
• Photogrammetric Data
• NCDOT Use of FMP LiDAR Data
• Digital Orthophoto Generation Process
• Image File Formats & Compression 



2008 Review Officers' Workshop
State Digital Orthophoto Standard

• NC Geographic Information Coordinating Council adopted a 
Digital Orthophoto Standard on August 18, 2004
– Standard was developed based on an aerial film camera

• Standard was amended on November 10, 2004 to permit use 
of digital camera
– Must have “expressed written consent of the Contracting Officer”

• Key Components of the Standard Include:
– Aerial photography acquisition parameters
– Elevation data
– Accuracy Requirement (ASPRS Class II horizontal)
– Ground Resolution
– Orthophoto scale is used to tie the ground resolution, accuracy,

and the aerial photography scale components together

• http://www.ncgicc.com/Portals/3/documents/orthostand.pdf
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Digital Photography ScaleAerial Photography ScaleLimiting RMSE (X or Y)Ground ResolutionOrthophoto Scale

• Elevation data “shall be developed at a density necessary to 
support the orthophoto production”

• Elevation data is not required to be “suitable for detailed 
engineering activities”

• The accuracy for 0.5 feet resolution orthophotos is 9.8 feet 
circular error at a 95% confidence level using the National 
Standard for Spatial Data Accuracy (NSSDA) formula (assuming 
RMSE X = RMSE Y)  

• If you are using direct digital photography, its scale is not 
important, rather its collected resolution needs to be greater than 
the orthophoto resolution
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PHOTOGRAMMETRY
• Derived from 3 Greek words

– photos - light
– gramma - something drawn or written
– metron - to measure

• Photogrammetry is the art, science, and technology of 
obtaining reliable information about physical objects and the 
environment through processes of recording, measuring, and 
interpreting photographic images and patterns of 
electromagnetic radiant energy and other phenomena.

• All cameras use a lens system that records light through its 
focal point which results in a perspective projection
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Photogrammetric Data Collection Process
• Requirements Definition
• Flight Planning (film or digital) & Control Planning
• Aerial Photography Acquisition (either film based or digital)
• Scanning (if film based)
• Control Survey
• Aerotriangulation
• Stereo Compilation
• Orthophoto Generation
• Review & Edit
• Accuracy Testing & Reporting
• Meta Data
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Flight & Control Planning – General Concepts

• Determine if you are using a film or digital camera
• If digital, which camera since they are all different
• Is horizontal or elevation accuracy of the photogrammetric 

product the driving factor - dictates your project flying height
• Minimize number of flight lines and exposures
• Determine number and location of photo control points -

– Airborne GPS-IMU system 
– Need to be in clear view for photography and GPS survey
– Need to be in safe, easily accessible locations
– Target prior to flight or select photo identifiable points after flight
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Film Camera vs Digital Cameras

• Film Camera Characteristics
– Design is uniform
– Standard 6” focal length lens
– Standard 9” film format
– Existing standards and repeatable performance
– Independent camera calibration
– Mature technology approaching its end of life

• Digital Camera Characteristics
– Two fundamental design approaches (push broom scanner vs

frame)
– Different focal length lens systems
– Different type and number of CCD sensors 
– Lack of existing standards; performance is not well known
– No independent camera calibration
– Evolving technology
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Digital Camera Design
Digital acquisition via two methodologies:

– Push-broom sensor (linear CCD array)

• Derivative of satellite systems

• Platform stability key to success
– GPS accuracy

– Inertial accuracy

– Frame sensor (2D CCD array)
• Mimic performance envelope of 

conventional film-based sensors

• Less sensitive to perturbations of 
platform
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Digital Camera Design
• Digital acquisition via two 

methodologies:
– Push-broom sensor (linear CCD array)

• Commonly called linescanner
• Collects a line of information for 

each linear CCD array
• Nadir, forward,& aft views
• Requires an IMU to use imagery

– Frame sensor (2D CCD array)
• Multiple cameras each with its own 

2D CCD array
• Images are mosaiced together to 

form a single image frame 
• Does not require an IMU
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Digital Cameras – from www.eijournal.com
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From Z/I Imaging, ASPRS, May 2007

North American Digital Camera Marketplace

Canada
9 companies
20 film cameras in use 
5 large format digital cameras

US
150 companies
300 film cameras in use
30 large format digital cameras

Leica, 13, 37%

Ingr, 16, 46%

Vexel, 6, 17%

Leica ADS40    
(13) Intergraph DMC 

(16)

Vexcel UltraCam
(6)
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Pushbroom Digital Camera - Leica ADS40 Imagery



2008 Review Officers' Workshop
Photogrammetric Data

Frame Digital Camera – Microsoft UltraCam X



Four Overlapping ImagesFour Overlapping Images Image MosaickingImage Mosaicking
• apply camera  calibration 

parameters
• apply platform calibration

• projection to virtual perspective
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Frame Digital Camera – Intergraph DMC Imagery

• fusion with color composite
tie point 
area 

• tie point check 
• robust adjustment
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Important Digital Camera Formulas
• Relationship between captured pixel resolution (also know as 

GSD for ground sample distance) and Flying Height (AMGL –
above mean ground level)

GSD = (CCD size/focal length) x Flying Height (AMGL )

• Scale is still computed the same as for film cameras

Scale = focal length/Flying Height (AMGL)

• To convert a ratio scale to an inch = feet scale, divide ratio 
denominator by 12
– Example: 1/1,200 ratio scale is equivalent to 1” = 100’ scale
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Digital Camera Parameters & the NC GICC Orthophoto Standard
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Hypothetical Project using the NC GICC Standard 
• 20 mile N-S x 23.5 mile E-W project captured at a 5.4” GSD that 

is flown in a N-S direction with 60% forward overlap and 30% 
side overlap
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Film & Digital Camera Image Footprints
• Assumes 5.4” GSD pixel resolution at image capture
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Digital Camera Information
• See ASPRS Large Format Camera Symposium (August 29, 

2007)at http://www.dewberry.com/geographic.asp?id=994 for 
more information on:
– Intergraph DMC
– Leica ADS40 Camera
– Microsoft (Vexcel) UltraCam X
– DiMAC Systems DiMAC
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Flight & Control Planning, Accuracy Testing & Repor ting
• NC FMP 0.5’ Orthophotos using Leica ADS40 Imagery & LiDAR
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Accuracy Testing & Reporting 
• NCDOT contracted with Sanborn to obtain Intergraph DMC imagery for 3 

projects
– Evaluation is on going as this date
– Preliminary orthorectification testing indicates it will support accuracy 

requirements 
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• NCDOT Photogrammetry incorporates the FMP LiDAR data 
into several mapping products used by the department for 
functional and preliminary design purposes.
– Namely: 

Digital Mosaics
Digital Orthophotography
Topographic mapping

• Digital Mosaics are solely an image product
• Digital Orthophotography is delivered with a Digital Elevation

Model (DEM) associated with it
• Topographic Mapping is delivered with a Digital Terrain Model

(DTM) associated with it. 
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Bare Earth LiDAR Data in Macon County



Contouring with Bare Earth LiDAR Data
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NCDOT will edit and enhance the DEM or DTM through 
LiDAR-Photogrammetric compilation

• LiDAR-Photogrammetric compilation consist of the LiDAR
mass point data and 3-D line data called “Breaklines”.

What are breaklines?

• Breaklines are 3-D linear data features that represent sudden 
changes in slope for a terrain area, such as: edge of 
pavements, drainage ditches, ridge lines, curbs, body of water, 
etc...

• But why?
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NCDOT use of FMP LiDAR

Bare Earth LiDAR Data in Macon County
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Bare Earth LiDAR Data with breaklines



Contouring with Bare Earth LiDAR Data and breaklines

2008 Review Officers' Workshop
NCDOT use of FMP LiDAR



Bare Earth LiDAR 
only

Bare Earth LiDAR 
with breaklines
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But why edit the LiDAR?
The 17 river basins were broken into three phases:

• Phase 1 - Blue  (6 River Basins)- Flown Jan.-March 2001
• Phase 2- Gold   (5 River Basins)- Flown Feb.-April 2003
• Phase 3 -Green (6 River Basins)- Flown Jan.-May 2005
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Bare Earth LiDAR Data in Washington County
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NCDOT use of FMP LiDAR

Contouring with Bare Earth LiDAR Data
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Bare Earth LiDAR Data with breaklines
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Contouring with Bare Earth LiDAR Data and breaklines



Bare Earth LiDAR 
only

Bare Earth LiDAR 
with breaklines
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• Combining LiDAR with photogrammetric compilation 
provides a more realistic depiction of the terrain than does 
LiDAR data alone. It ensures that desired map accuracies 
will be maintained, and offers another means of quality 
control.

– Robert F. Brinkman, an ASPRS certified photogrammetrist at 
Woolpert LLP
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NC FMP LiDAR derived Products Available from NCDOT GIS Unit
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SEE: http://www.ncdot.org/it/gis/DataDistribution/ContourElevationData/contourDataDownload.html?stokes
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Orthographic Projection

•Uniform scale

•No relief displacement

Perspective Projection

•Non-uniform scale

•Relief displacement
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• Digital Imagery
• Object Space Control
• Interior Orientation
• Exterior Orientation

Rectification - removal of tilt displacement
• yields a rectified image

Differential Rectification - removal of 
tilt and relief displacment
•small segments of photo rectified individually
• yields an orthophoto

+ Terrain Data
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Rectification Differential Rectification
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NC GICC Digital Orthophoto Ground Resolution Standard
• The horizontal ground resolution (x and y components) of the finished digital 

orthophoto image (both hardcopy and softcopy) shall be at a minimum of 1 
foot for 1” = 400’ orthophotos, 0.50 foot for 1” = 200’ orthophotos, and 0.25 
foot for 1” = 100’ orthophotos.** 
(**Adopted 8/18/04 by NC Geographic Information Coordinating Council)

NC FMP and County Governments have chosen 0.5 foot color orthophotos 
as the standard delivery ground resolution pixel size for all images.
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0.5’ Pixel 1.0’ Pixel 1.0 m Pixel
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0.5’ Pixel1.0’ Pixel1.0 m Pixel
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Image File Formats

• Image file formats provide a standardized method of 
organizing and storing image data

• Image files are made up of pixels in the form of a grid of 
columns and rows 

• Each of the pixels in an image stores digital numbers 
representing brightness and color
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• TIFF is an acronym  for Tagged Image File Format and was 
originally created as an attempt to get desktop scanner vendors 
of the mid-1980's to agree on a common scanned image file 
format

• MrSID is an acronym for Multi-resolution Seamless Image 
Database and is part of the LizardTech product family.

• JPEG2000 is a wavelet-based image compression standard 
that was created by theJoint Photographic Experts Group 
committee in the year 2000.

• ECW is an acronym for Enhanced Compression Wavelet 
developed by Earth Resource Mapping.
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There are two types of image file compression algorithms:

Lossless compression
– Lossless compression reduces file size with no loss in image quality 

Lossy compression
– Lossy compression algorithms take advantage of the inherent 

limitations of the human eye and discard information that cannot be 
seen. 

– Most lossy compression algorithms allow for variable levels of 
compression. 

– As these levels are increased, file size is reduced. 
– The higher compression ratio, the more data that is lost
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• TIFF files can be compressed both lossless or lossy

• MrSID files uses wavelet scalar quantization 
compression, that allows compression of imagery up 
to 2:1 with no loss of information (Lossless) and 50:1 
with almost no visual loss of information (Lossy).

• JPEG2000files can be compressed both lossless or 
lossy, but the lossless encoding was never intended to 
supersede the dominant lossless image file formats

• ECW files allows compression of imagery up to 50:1 
with almost no visual loss of information. 
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MrSID Lossless 
Compression

MrSID 20:1 
Compression

MrSID 100:1 
Compression
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• Why JPEG2000 over Standard JPEG?

• JPEG 2000 compression adds three important things to the 
existing standard:

– adds a wavelet-based algorithm to the existing JPEG compression 
algorithms. 

– 20% improvement in compression efficiency over the current JPEG 
format. 

– optional lossless compression mode
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• Image Overviews: 
– are a reduced resolution 

representation of a raster images. 
Overviews are stored in the same file 
as the original image data and 
software can significantly reduce 
image diplay times by displaying 
overviews rather than the full 
resolution data

• Image Tiles
– are smaller division or sub image of a 

raster file that is used as a storage or a 
formatting mechanism. Raster data 
files that are too large to load into 
memory can be divided into square 
tiles that can be loaded into memory 
as needed. Tiling can result in faster 
disk access of data and in faster load 
and screen update times.
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• Questions


