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Introduction 

Over 30,000 digital images (frame-format) were acquired for the 2015 Western Washington 

Regional Aerials Update.  The project was flown in pre-planned acquisition blocks or “zones” to 

allow for multiple vendors and large-format digital cameras to capture simultaneously with safety 

and efficiency. (Figure 1)  Zones were determined based on resolution, logical size, and camera 

footprint.   

 

Figure 1. Flight Zones by image resolution. 

All imagery was acquired with a minimum of 60% forward overlap and 30% overlap between lines.  

Exceptions included downtown areas of tall buildings where imagery was flown with 80% forward 



overlap and 60% overlap between lines to help reduce building lean. Camera pitch, roll and yaw 

was limited to a maximum of 5 degrees for quality which will also improve auto-correlation of image 

tie points in the AT process.   

Airborne GPS and IMU data was collected during flight when PDOP values were less than 6.0.  

Data was processed after flight with vendor-specific software (NovAtel’s Inertial Explorer or 

Trimble’s Applanix POSPac) using Precise Point Positioning (PPP) and with GPS values tightly 

coupled to the IMU.  Final processed AGPS photo centers will act as a source of control, thereby 

reducing the number of ground control points required in the AT process. 

Once all imagery was successfully flown, processed and reviewed, a plan was formulated for the 

next phase of production: Aerial Triangulation (AT).  AT is essentially a method by which surveyed 

ground control (horizontal and vertical) is extended to all areas of the imagery.  A well-planned AT 

is critical to overall accuracy, production flow and quality of final products.  With a project of this 

size, completion of the AT for over 30,000 images is estimated to take over three months.  Thus, it 

is imperative to aerially triangulate the project in substantial blocks so that post-AT production can 

begin as quickly as possible to ensure delivery deadlines are reached for final ortho products.   

 

Methodology 

A fully analytical, simultaneous bundle adjustment will be performed on all imagery using a 

weighted least-squares method.  The aerial triangulation will be performed with Trimble-Inpho’s 

MatchAT software using the 16-bit, 4-band stereo-overlapping imagery; the added bit depth will 

improve tie-point generation and overall AT results.  After review of existing control, about 135 

photo-identifiable locations were carefully chosen on flat, open ground to assure both horizontal and 

vertical usage in the final AT solution, and to best supplement the existing surveyed control as 

provided by the County. New control locations were chosen with a more permanent nature (ex: 

sidewalk corners, concrete pad corners, street stop bars, etc…) wherever possible to allow potential 

use of new control points in future projects. 

To resolve concerns about production, AT of imagery was broken into blocks that correspond to the 

zones created for flight acquisition (Figure 2).  An interim AT solution will be produced for each 

Zone using the following methodology: 

 Processed Airborne GPS/IMU photo centers and rotation parameters will be used to import 

each zone of 16-bit, 4-band images into Inpho’s MatchAT software.  

 Billions of pass-points (image tie points) will be automatically generated using the 16-bit 

images to tie all imagery together in each zone.  The 16-bit depth images will allow for better 

correlation and selection of automatic pass-points between images. We will ensure a 3-fold 

connection along the strip and a 6-fold connection between strips for a robust block 

adjustment; a graphic review of tie point distribution will follow.  

 Areas where pass points are inadequately generated will be manually edited or added (ex: 

in areas of dense tree cover or water). 

 Highly accurate Airborne GPS photo centers, acting as control, will be supplemented by the 

addition of surveyed ground control.  New and existing ground control will be manually 

measured in all imagery and will be “weighted” heavier in the AT solution than Airborne GPS 

photo centers.  The ground control values will in the NAD83(91) datum will slightly adjust the 



NAD83(2011) AGPS to final project locations.  Current calculations show this shift to be an 

average of be -0.32’ in Y and -0.29’ in X. 

 Tie point matching will be statistically reviewed within the block for fit within itself. 

o Sigma Naught = less than 1.5 (note: less than 1.2 sigma naught is preferred, 

extending it 1.5 is a more reasonable expectation given a project of this size and with 

large bodies of water) 

 Airborne GPS and ground control will be statistically reviewed for fit and accuracy 

o RMS values = less than 1.5 pixels (Note: less than 1 pixel preferred, but given the 

vast size of the project, large bodies of water and significant coverage of dense 

vegetation). 

 Where large bodies of water exist or in vast areas of inaccessible terrain where ground 

control is not possible, AGPS/IMU may be heavily or even solely relied upon to extend 

project control. 

 

Figure 2. Flight and imagery AT Zones. 

Once a block or Zone of imagery is completed, reviewed and accepted, production will be allowed 

to proceed on that block while the next zone is aerially triangulated.  Production on each block with 



a completed AT will only occur within the interior of the block, as we acknowledge that the edges of 

each block may adjust slightly when tied to the next block of aerially triangulated imagery. The 

interior production block will exclude imagery on each zone’s boundary equivalent to at least 1 flight 

line (side lap) or at least 3 images on line end points (end lap) to act as a buffer for expected 

adjustment when blocks and tied together. (Figure 3). 

 

Figure 3. Post-AT buffer for continued Zone 14 production. 

An AT will be performed on each indicated Zone of imagery.  Once a zone is completed, it will be 

tied to already-completed zones.  Zone matching and overall project-wide adjustment will be 

accomplished by the following methods:  

 Matching tie points will be added to adjacent lines and endpoints of imagery along each 

zone.   

 Existing and new ground control will be carefully read and checked within these zone tie 

areas to ensure a good match.  

 Stereo measurements will be compared within ties between zones to verify correct fit. 



AT Production Plan 

The AT process will begin with Zone 14, followed by Zones 13, 12, 11, 15, and 16,  all of which are 

zones flown for 3” pixel orthos. These six zones comprise the main interior block of high-resolution 

3” imagery.  Our methodology for a project-wide AT solution is to first process the main block of 3” 

imagery as it contains the bulk of image processing.  In addition, the 6” and 12” imagery will be 

aerially-triangulated and tied to match the results of the higher resolution 3” image solution.  Blocks 

of imagery will be processed for AT in stages.  All imagery in all blocks is expected to be complete 

in about 12 weeks.  Production of each block will happen in stages, allowing multiple blocks to be in 

production.   

 Stage 1: Importation of imagery into software, MatchAT image pyramids produced for 

production. 

 Stage 2: Automatic Pass points generated by MatchAT. 

 Stage 3: Review of pass points; editing and manual additions performed. 

 Stage 4: Manual reading of all control. 

 Stage 5: Final block adjustment 

 Stage 6: Review of statistical results; stereo imagery used to verify. 

Given the enormous size of the 2015 data set, and the need to keep the momentum of the project 

moving forward, GeoTerra will work closely with our subcontractor, IntraSpatial, to perform all of the 

automatic and manual pass point generation as well as read much of the new and existing ground 

control.  GeoTerra has worked closely with IntraSpatial for several years, and their team has 

extensive experience with AT production on very large projects using Trimble’s Inpho MatchAT, The 

overall project will benefit from including IntraSpatial in the project AT production plan by allowing 

greater processing capacity which will boost further production stages and a quicker review of 

preliminary and final AT results by GeoTerra given a consistent AT software package. 

A Final AT Report containing resulting values and accuracy of all calculations will be delivered 

when the project-wide AT has been completed. Accompanying this report will be delivery of Exterior 

Orientation files and a final list of all control used in solution. 

 

Final Accuracy Requirements and Review 

Each block, as well as the overall AT results, will be review by a certified and licensed 

Photogrammetrist.  Results of the final AT will meet or exceed the following accuracy requirements, 

per contract requirements: 
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0.25 ft 1” = 100’ 0.5 ft 0.6 ft @90% 1.25 ft @90% 1.2 ft 

0.50 ft 1” = 100’ 1.0 ft 0.6 ft @95% 2.5 ft @95% 1.2 ft 

1.00 ft 1” = 200’ 2.0 ft 1.2 ft @95% 5.0 ft @95% 2.4 ft 



 

Potential Issues 

 Existing control in remote areas is sparse or non-existent.  New control will be limited by 

accessibility and the fact that not many photo-identifiable features (i.e. man-made) are 

available.  However, these areas are typically at a lower resolution, so Airborne GPS can be 

heavily relied up for the final AT solution. 

 There is no existing control for Blake and Gedney Islands.  Accessibility for new control will 

be difficult and expensive as there is currently no WSDOT ferry service to these islands.  

Any ideas or support from the county or participants would be helpful.  At this time the plan 

is to rely upon existing DEM data to verify the AT fit. 


