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Overview 

Digital aerial imagery was acquired during the spring of 2015 for approximately 3,900 square miles of 

the Puget Sound region in support of the 2015 Western Washing Regional Aerials update project.  A 

total of six Vexcel UltraCam digital mapping cameras were utilized to acquire almost 30,000, frame-

format digital images.  Given the size of the project, the area was flown in pre-planned acquisition 

blocks or “zones” to allow for multiple planes and sensors 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. 
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Imagery was acquired at three different Ground Sample Distances (GSD) suitable for processing 

orthos at 3inch, 6 inch and 12 inch resolutions (see Table 1). 

TABLE 1.  MAXIMUM GSD VS FINAL ORTHO RESOLUTION 

Final Ortho 

Resolution (ft) 

 

Maximum GSD (ft) 

Area of 

Project (Mi2) 

0.25 0.225 1,042 

0.50 0.45 1,639 

1.00 0.90 1,200 

 

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 also improved auto-correlation of image tie 

points in the AT process.   

All aerial imagery was acquired with Airborne GPS (AGPS) and IMU to allow for calculation of precise 

photo center locations and image rotation values. AGPS 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 acted as a source of control, thereby 

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

Inpho MatchAT software was used to calculate the block adjustments and produce final Aerial 

Triangulation (AT) solutions.  Given the size of the project, the AT was initially processed and 

calculated by zones (Figure 1 and Table 2) as blocks of imagery were flown.   

TABLE 2.  AT SUB-BLOCKS OR ZONES BY RESOLUTION. 

Ortho Resolution Zones 

3” 11, 12, 13, 14, 15, 16, 17 and 18 

6” 21, 22, 23 and 24 

12” 31 and 32 

 

The AT production proceeded by using the same zone layout used for imagery acquisition and AGPS 

processing, thereby allowing the AT to begin prior to completing acquisition of the entire project and 

to help assess the AT quality in smaller blocks in order to detect any issues as early as possible.  
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Methodology 

After flight and post-processing of imagery, each flight contractor delivered to GeoTerra a set of full-

resolution, 4-band, 16-bit per band, digital images in uncompressed TIFF format.  Overview pyramids 

were generated for each image as well as a second set of images in 8 bit, RGB format that were 

compressed for easier file handling and general troubleshooting.  Processed AGPS and IMU data were 

also delivered with each vendor’s separate flight acquisition.  There were a total of 29 separate flight 

acquisitions for this project. 

 

The 16-bit images for each zone were loaded into INPHO MatchAT software using the AGPS and IMU 

to geo-reference them to their correct location and rotation.  (See Figure 2, below, for a diagram of 

assigned Zones used for the project.)  Automatic tie points were then generated by the software.  

Control points were measured, and the block was examined for gaps or weak areas in the layout of 

the auto tie points.  Where necessary, additional tie points were added manually.  A block adjustment 

was then computed on a zone of images, and the results checked.  Points with high residual errors 

were removed or re-measured, and the block adjustment was run again. This process was repeated 

until satisfactory results were reached for the zone. 

 

The results of each zone’s block adjustment were delivered to the project’s DAT Vendor for final QC 

and review.  The resulting QC Report identified any issues and corrections required.  GeoTerra made 

required corrections as identified in the report until the AT for each zone was accepted.  Once the AT 

of a zone was accepted and finalized, it was tied to an adjacent, approved zone of the same 

resolution by generating tie points between the zones.  All contiguous zones with the same resolution 

were tied together into one final block.  For this project, Zones 11-16 were included in a single 3-inch 

block adjustment and underwent a final review by the QC Vendor. Several sub-zones for zones 17 

and 18 were stand-alone adjustments as they did not tie to any other 3-inch zones.  Zones 22 and 24 

were also included as a single adjusted block of 6-inch imagery.  Once a block adjustment was 

completed for all resolutions, the entire project was tied together by transferring common, photo-

identifiable points from the higher resolution images to the lower resolution images to use as lower-

weighted control.  The tying of lower to higher resolution imagery helped to ensure a good match 

between orthos processed at different resolutions. 
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FIGURE 2.  ZONES USED FOR IMAGE ACQUISITION AND AT. 
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Software, Hardware and Processes 

The primary software used for the AT was MatchAT, a part of the INPHO suite of software.  All 

processing and checking of the AT results were performed on PC’s with stereo-capable monitors.  

INPHO was also used to create overviews for the images. 

 

MatchAT starts with defined camera parameters and the geo-referencing from the AGPS and IMU to 

position the images correctly in reference to each other then uses a combination of image matching 

techniques and least squares adjustments to generate tie points.  The program starts with one of the 

lower resolution overviews then transfers the results to the next higher resolution overview where it is 

processed further before transferring to the next overview.  This continues until the final tie points 

are generated in the 1:1 image using the results of the previous operations, and a block adjustment is 

run.  At each stage, errant points are automatically eliminated by the software.  Results from each 

block adjustment are output in both a numerical and graphical display so that the operator can easily 

check for blunders.  Computed residual errors are also available to review for the tie points, the 

control points, the AGPS data and the IMU data. 
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Control points, additional tie points or re-measurements can be measured either manually or semi-

automatically.  After changes are made, a block adjustment can be run to check the results.  MatchAT 

allows the operator to apply differential weighting to the control, the tie points, and the AGPS/IMU.  

The program can also compensate for shift/drift in the AGPS (either as a block or by each strip 

separately) and for IMU boresight misalignment. 

Procedures in Block Adjustment Plan 

A fully analytical, simultaneous bundle adjustment was performed on all imagery using a weighted 

least-squares method.  The aerial triangulation was performed with Trimble-Inpho’s MatchAT 

software.  After review of existing control, 114 additional photo-identifiable locations were carefully 

chosen on flat, open ground to best supplement the existing surveyed control as provided by the 

County. New control locations were chosen with a more permanent nature (e.g. sidewalk corners, 

concrete pad corners, road stop bars, catch basin corners, etc.) wherever possible to allow for 

potential use of the 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 was produced for each Zone 

using the following methodology: 

 Processed Airborne GPS/IMU photo centers and rotation parameters were used to import each 

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

 Over one million pass-points (image tie points) were automatically generated including over 

10 million measurements for the entire project on a zone by zone basis.  Pass points were 

generated using the 16-bit images as the added bit depth allowed for better correlation and 

selection of common pixel locations between images. A minimum 3-fold connection along the 

strip and a 6-fold connection between strips was maintained for a robust block adjustment. 

 In areas where automatically-generated pass points were inadequate in quality or distribution, 

points were manually edited or added.  Areas with dense tree cover or water required the 

most manual collection of tie points due to the inability of the software to accurately calculate 

matching pixels between images. 

 Highly accurate Airborne GPS photo centers, acting as control, supplemented the existing and 

newly acquired surveyed ground control.  All ground control was manually measured in the 

imagery and “weighted” heavier in the AT solution than Airborne GPS photo centers.  The 

reason for the slight difference in weighting of ground control versus AGPS was that the 

project’s datum is NAD83(91) datum, while the AGPS could be only be accurately calculated to 

the closest native datum of NAD83(2011).  Thus, the ground control was weighted slightly 

heavier than the AGPS to allow for the AGPS to adjust to the NAD83(91) datum.  Current 

calculations show this shift to be an average of be -0.32’ in Y and -0.29’ in X.  While this 

methodology has been used in previous unrelated projects with accurate results, a test was 
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performed on Zone 12 imagery comparing the above method with the alternative method 

whereby the AGPS photo centers are shifted to NAD(83)91 prior running the block adjustment. 

The results of this test provided proof that heavier weighting of ground control was an 

effective and accurate method. 

 Tie point matching was 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, but was 

extended to 1.5, a more reasonable expectation given a project of this size and with 

large bodies of water). 

 Airborne GPS and ground control was statistically reviewed for fit and accuracy: 

o RMS values were less than 1.5 pixels.  While an RMS value of less than 1 pixel is 

usually preferred, a value of less than 1.5 pixel was considered statistically adequate 

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

dense vegetation. 

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

control is not possible, AGPS/IMU was more heavily relied upon to extend project control.   

Ground Control and Weighting 

A total of 3,641 control points were available for this project from 16 different sources (see Appendix 

A - Master Control List.xlsx). While most existing control was provided in the final project data, a few 

sources required conversion to NAD83/91 (HARN), Washington State Plane North, NAVD88, US feet.  

Not all existing control points were used.  Some were unmeasurable (obscured by trees etc.), some 

were obviously wrong (e.g. ground had changed between time of survey and time of flight), and 

some were redundant due to their proximity to other points (e.g. elevation points located every 50ft 

along a road).  While all of the points had horizontal and vertical coordinates, not all were useable as 

horizontal-vertical control.  Points with no visible, measurable object (e.g. painted target, manhole or 

valve cover, corner of concrete etc.) were used only as vertical control if they were located on flat, 

open terrain and there was sufficient confidence that the ground had not changed since control was 

acquired. 

 A total of 2,303 control points were utilized for the 3 inch AT. 

 A total of 1,517 control points were utilized for the 6 inch AT. 

 A total of 1,431 control points were utilized for the 12 inch AT. 

Initially all the control was weighted equally.  Due to concerns from the QC vendor regarding the 

relative reliability of the control from various sources, a differential weighting scheme was adopted 

based on results from the first combined block of the 3” imagery (Zones 11 – 16).  Points from 

sources with the lowest RMSE (especially as measured in stereo during the QC process) were 

assigned to the highest weight class (“standard”).  Points from sources with the next lowest RMSE 

file:///C:/Users/lmitchell/Desktop/King%20Co/Reports/Deliverable/AT%20and%20Survey%20Control%20Report/Appendix%20A%20-%20Master%20Control%20List.xlsx
file:///C:/Users/lmitchell/Desktop/King%20Co/Reports/Deliverable/AT%20and%20Survey%20Control%20Report/Appendix%20A%20-%20Master%20Control%20List.xlsx
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were assigned to the next highest class (“Class 1”), and so on.  The least reliable points (as 

determined by RMSE) were assigned to the lowest class (Class 4).  Points in a higher class were 

assigned a lower Standard Deviation value so that they would have more “weight” (and thus more 

influence) during the adjustment.  To a lesser degree, other considerations such as whether points 

were targeted or easy to measure were used in determining the weight class assignments.  This 

scheme was adhered to for all the final AT adjustments.  (See Table 3 below.) 

 

 

TABLE 3.  CONTROL POINT WEIGHTING PLAN FOR AT CALCULATION 

 

*Note:  See Appendix A - Master Control List.xlsx for a definition of control point Origin Codes. 

 

 

Control Point Weighting Plan 

Class 3" H 3" V 6" H 6" V 12" H 12" V 

Standard 0.100 0.100 0.200 0.200 0.300 0.300 

1 0.125 0.125 0.250 0.250 0.375 0.375 

2 0.150 0.150 0.300 0.300 0.450 0.450 

3 0.175 0.175 0.350 0.350 0.525 0.525 

4 0.200 0.200 0.400 0.400 0.600 0.600 

       Point Range Class Origin Codes* 

1001 1037 2 AUB 
   1038 1155 1 BEL BOT 

  1156 1671 4 DUV 
   1672 1999 2 KCE KCP KEN 

 2000 2058 2 KIT 
   2059 2142 3 MLT 

   2143 2172 Standard SEA 
   2173 4038 1 SNA SNB SNC SND 

4039 4053 2 TUL 
   4054 4422 3 WDK WDP WDS WDT 

4423 4536 3 NWA NWB NWC 
 4537 4551 4 GEO 

   4552 4618 1 SNX 
   4619 4623 Standard MCA 

   4624 4636 1 SNX 
   4637 4641 1 HOD 

   

Appendix%20A%20-%20Master%20Control%20List.xlsx
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The following Table 4 is a statistical assessment of the weighted groups of ground control as used in 

the final block adjustment(s).   The results shows the resulting RMSE values for each weighted group 

of control points by zone and help to indicate which groups of control were statistically weaker and 

thus given lower weight in the final adjustment. 

TABLE 4. AT RMSE RESULTS BY ZONE(S). 

 

 

While values highlighted in red exceed ASPRS 2D Accuracy requirements, most of these occur only in 

the Class 4 group of points which were given the lowest weight in the final block adjustment.   In 

Zone 17D, the highest RMSE of 0.26’ exceeds limits by only 0.01’ in X and was for a group of control 

classified in the 2nd highest weighted class of control.  The remaining 3 places in which the 

requirements are exceeded are all on class 4 points, the least reliable points.  Of these, the RMSE for 

the lowest weighted control in the Zone 21_24 block exceeds the requirement by only 0.006’.   In 

addition, the high-residual RMSE for points in the Z11-16 block occur on only 2.5% of the horizontal 

points used in the block and only 2.8% of the vertical points in the block.  Once again, it should be 

noted that these results are not the final results for each block adjustment, only an analysis of the 

several groups of control used throughout the project. 
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Statistical Results 

Information in Tables 5 and 6 below shows key statistical results by block/zone for each resolution. 

TABLE 5.   AT STATISTICAL RESULTS FOR 3" ORTHO BLOCKS 

 

TABLE 6.   AT STATISTICAL RESULTS FOR 6" AND 12" ORTHO BLOCKS. 

 

Zone: 11-16 17A 17B 17C 17D 18N 18S
Number of images 17,189 302 263 233 843 100 686

# of measurements 6,625,362 108,914 145,138 87,718 419,917 25,910 187,805

Redundancy 0.670 0.560 0.650 0.620 0.660 0.630 0.650

Sigma Ø 1.0 1.3 1.3 1.3 1.1 1.2 1.1 (microns)

RMS AGPS X 0.142 0.137 0.098 0.155 0.161 0.178 0.171

RMS AGPS Y 0.156 0.158 0.163 0.217 0.205 0.171 0.162

RMS AGPS Z 0.083 0.092 0.109 0.116 0.110 0.094 0.099

RMS IMU omega 0.005 0.006 0.006 0.010 0.006 0.003 0.004

RMS IMU phi 0.005 0.005 0.006 0.008 0.007 0.004 0.004

RMS IMU kappa 0.016 0.057 0.059 0.045 0.064 0.005 0.007

number of tie points 694,276 15,223 16,524 10,728 46,344 3,008 20,401

RMS X 0.760 0.652 0.974 0.934 0.537 0.987 0.872

RMS Y 0.728 0.634 0.758 0.792 0.559 0.960 0.893

Mean SD X 0.026 0.062 0.043 0.059 0.040 0.067 0.054

Mean SD Y 0.024 0.061 0.042 0.056 0.040 0.070 0.052

Mean SD Z 0.073 0.134 0.104 0.126 0.088 0.123 0.113

Max SD X 0.361 0.194 0.157 0.201 0.158 0.167 0.328

Max SD Y 0.222 0.205 0.110 0.154 0.118 0.205 0.193

Max SD Z 0.737 0.404 0.331 0.400 0.297 0.399 0.724

(feet)

(degrees)

(microns)

(feet)

3" Orthos

Zone: 21&24 22 23A 23B 23C 31 32
Number of images 4,691 2,047 797 84 23 982 79

# of measurements 1,665,733 453,726 197,173 34,096 4,556 319,053 18,106

Redundancy 0.640 0.620 0.590 0.600 0.550 0.630 0.590

Sigma Ø 1.3 0.9 1.4 1.4 1.3 1.3 1.3 (microns)

RMS AGPS X 0.370 0.239 0.386 0.351 0.294 0.334 0.301

RMS AGPS Y 0.404 0.287 0.401 0.301 0.193 0.439 0.645

RMS AGPS Z 0.208 0.159 0.173 0.169 0.124 0.385 0.411

RMS IMU omega 0.011 0.006 0.006 0.005 0.003 0.005 0.004

RMS IMU phi 0.014 0.005 0.008 0.006 0.006 0.005 0.004

RMS IMU kappa 0.032 0.007 0.055 0.045 0.026 0.033 0.022

number of tie points 189,413 53,341 25,289 4,342 637 36,948 2,285

RMS X 0.998 0.791 0.652 0.990 1.043 1.018 1.114

RMS Y 0.886 0.645 0.613 0.815 0.825 0.849 0.893

Mean SD X 0.070 0.054 0.102 0.120 0.210 0.162 0.263

Mean SD Y 0.065 0.051 0.096 0.126 0.219 0.150 0.237

Mean SD Z 0.188 0.117 0.248 0.260 0.368 0.424 0.562

Max SD X 0.368 0.481 0.424 0.289 0.529 1.489 0.866

Max SD Y 0.289 0.471 0.298 0.332 0.577 1.055 0.679

Max SD Z 0.765 1.292 0.996 0.653 0.807 2.690 1.577

(microns)

(feet)

6" Orthos 12" orthos

(feet)

(degrees)
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Errant or Discarded Data 

Pass points with excessive RMS errors were checked during post-processing of each Zone.  Since 

modern AT software automatically calculates up to hundreds of matching tie points for each image, 

errant points in areas that had a sufficient number of good tie points in the vicinity were usually 

deleted, a standard practice with modern, digital AT.  Other tie points were re-measured, either in the 

same location or (more usually) in a different location which facilitated greater accuracy.  No attempt 

was made to keep track of erroneous tie points due the size of the project and the fact that the bulk 

of problematic points are automatically removed by the AT software.  As mentioned earlier, areas 

with a higher number of errant pass points were usually a result of the type of ground cover (e.g. 

dense trees).  

Control points were examined, usually in stereo, to determine their usability.  Points were excluded 

for the following reasons:  

 Unmeasurable due to being obscured by trees, vehicles etc. 

 Not in stereo (i.e. only visible in one image). 

 In certain areas there was an excessive number of control points located in very close 

proximity to each other and were not statistically necessary.  In order to speed up the AT 

process, especially since each control point required manual measurement in several images, 

only a representative sampling was used and the remaining points were not visited. 

 Points that had no visible object to measure were used as vertical only points.  These were 

measured and adjusted until an adequate horizontal solution had been achieved, and only if 

the ground was determined to be flat and without obstruction.  The elevation of these points 

was then measured at the given horizontal location. 

 A handful of points were used only as horizontal points.  Some of these were visible in only 

one image and thus could not be measured in stereo to achieve an elevation value.  Others 

may have been difficult to measure accurately to current conditions. 

See Appendix A - Master Control List.xlsx for a review of all survey control available for the project.  

The table includes information regarding the use or non-use of control points. 

AT Accuracy  

Table 7 shows the accuracy standards established and required for this project, per the November 

contract amendment.  They are based on the most recent accuracy standards for digital geospatial 

products, as published by the ASPRS in December of 2014. 

 

 

Appendix%20A%20-%20Master%20Control%20List.xlsx
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TABLE 7.  AT ACCURACY STANDARDS FOR THE 2015 PROJECT 

 

The AT results for the 2015 project meet accuracy standards for 2D data as required for 

orthophotographic and 2D-related production or data (e.g. impervious feature data collection).  Any 

3D planimetric or terrain mapping required in the future may require enhancement of the AT by 

GeoTerra for a subset of the imagery surrounding the area to be mapped, particularly if 1” = 50’ 

mapping and 1-foot contours are required in the 0.25’ pixel ortho areas.  Given the extent of the 

project, time constraints, limited survey budget and unlikely need for 3D mapping accuracy 

traditionally required for 1” = 50’ mapping and one foot contours, it was deemed acceptable by the 

County and the QC Vendor for the project to meet 2D data accuracy standards.    

Challenges Experienced 

 Lack of metadata for some existing control. While some of the existing control points 

provided by the client came with adequate metadata which enabled us to determine their 

usefulness and level of accuracy, a significant amount of control was provided with no 

metadata at all, and sources were unable to provide pertinent information about the data, 

particularly regarding the relevant datums for the points.  SOLUTION: analysis of the RMS 

errors of the groups of control points in the largest contiguous area (Zones 11-16) provided a 

means for rating the control based on their source.  This allowed the more reliable control to 

be held with a higher weight in the AT solution than less reliable control.  Educating 

participating agencies regarding the vital importance of preparing and maintaining metadata 

for geospatial information would be very helpful for future projects. 

 The sheer size of the project. This was the greatest challenge as it involved over 30,000 

images and included more than 3500 control points from multiple sources to manually 

measure and review.  Further increasing the complexity were three different levels of image 

resolution, imagery that was provided by several different sub-contractors using several 

AT Accuracy Criteria for the 2015 Washington Regional Aerials Update 

Ortho 
Pixel 

Size (ft) 

Horizontal 
Accuracy 
Class (ft) 

Vertical 
Accuracy 
Class (ft) 

Non-Veg Vertical 
Absolute Accuracy 

for 3D Data (ft) 

AT Accuracy for 
Orthos and 2D 

Data (ft) 

AT Accuracy for 3D 
Data (ft) 

 

RMSEx, 
RMSEy RMSEz 95% CL (<1.96*Z) 

RMSEx, 
RMSEy 

RMSEz 
RMSEx, 
RMSEy 

RMSEz 

0.25 0.50 0.50 0.98 0.25 0.50 0.25 0.25 

0.50 1.00 1.00 1.96 0.50 1.00 0.50 0.50 

1.00 2.00 2.00 3.92 1.00 2.00 1.00 1.00 
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different cameras, and multiple blocks of imagery flown over many flight dates.  The presence 

of multiple large bodies of water were also a challenge to ensure all images used in the AT 

were properly tied and controlled.  As well, given the urgent need to start production as soon 

as possible necessitated starting production prior to finalization and approval of the entire, 

project-wide AT.  The solution was a series of tables and checklists designed to assist in 

keeping a large spread of data in multiple stages of AT as organized as possible. 

 Lack of control in certain areas.  In spite of intensive efforts to obtain sources of existing 

control to cover the whole project adequately, some areas lacked sufficient control.  

SOLUTION: additional control points were acquired to strengthen weak areas where possible.  

Some areas still lacked sufficient control but this was usually because they were in areas of 

difficult or inaccessible terrain (mountains, dense vegetation etc.) where obtaining control was 

difficult, if not impossible.  It must be noted that the project was in rapid image-acquisition 

mode from the start due to a last minute change in vendor during flying season, and there 

was no time available to set surveyed targets.  Thus, only photo-id locations could be 

surveyed after flight.  Two of the large islands in the Puget Sound lacked any control due to 

access issues (only by boat).  These islands were controlled using the ABGPS only.   

SOLUTION for FUTURE: Educate participating agencies as to the usefulness of permanent, 

visible and monumented control points that can be used for future projects. 

 Difference in datum between ground control and AGPS.  The ground control was in the 

NAD83(1991) horizontal datum but the AGPS was processed in the closest, native datum 

available: NAD83(2011).  Due to the difficulty of processing the AGPS in NAD83(91) and the 

small amount of difference between the two datums (approximately 1/3rd of a foot in both 

northing and easting) it was decided to leave the AGPS in NAD83(2011) and allow the AT 

software to adjust for this minor difference, an approach that had been employed in previous 

large projects with good success.  However, the QC Vendor was skeptical of this technique. 

SOLUTION:  Testing was done on a single zone by manually shifting the AGPS by the amount 

of difference between the datums, running a solution, then comparing the results with the 

non-adjusted AGPS.  This testing showed no significant difference in the two AT results.  

 Lack of points in eastern part of Zone 12.  It was felt by the QC vendor that the eastern 

side of Zone 12, a more remote, mountainous and rugged part of the 3” Ortho area, lacked a 

sufficient number of control points.  Additional control points were provided by the QC vendor 

and added to the solution.  A statistical analysis was then done by measuring 21 control points 
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in both the original AT and the revised AT and results were compared.  While the additional 

control made small changes in local areas, the overall difference was negligible.  The average 

difference between the two AT’s was: X = .03’; Y = .00’; Z = .07’.  Of the 53 (X, Y or Z) 

measurements, 23 were closer to the surveyed values in the revised AT while 27 were further 

away from the surveyed values in the revised AT.   Three measurements showed no change.  

SOLUTION: Use the original AT without the additional control points since these added points 

were technically “QC Checkpoints” and needed to be used in the final accuracy assessment.  It 

should be noted that it has long been proven that proper AGPS acquisition, processing and 

usage can be used to successfully extend control in remote and mountainous conditions. In 

addition, proper collection and verification of image pass points will also help spatially hold the 

block in place. 

 Concerns expressed by QC vendor.  The following concerns (except those already 

addressed) raised by the QC vendor were dealt with as follows: 

o Lack of cross flights at ends of flight lines.  Since the flight plan (without cross 

flights) had been previously approved by the QC Vendor, and all photography had 

already been acquired for the project, nothing could be done about this.  Cross-flights 

are not an industry standard for photogrammetric projects, whereas they are essential 

for Lidar projects. 

o Missing tie points.  Additional tie points were measured in areas as identified by the 

QC vendor. 

o Missing control points.  Points specified were measured.  In areas where there was 

an over-sufficiency of control points, additional points were measured. 

o Tie points with excessive negative elevations.  These points (almost all in water 

areas) were visited and removed.  Though these points have no effect on the final AT, 

additional checks were made to remove other automatic tie points that landed in 

water. 

o Puget Sound water elevation not utilized as additional vertical control.  No 

water elevation points were added due to tidal fluctuations (photography was flown at 

different times and on different days) and the difficulty of accurately measuring the 

water edge (especially because of wave action).  This was not deemed a viable option 

to increase AT accuracy. 
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o Airborne GPS not in final horizontal datum. It is difficult to impossible to back-

calculate the AGPS from NAD83(2011) into the final NAD83(91) datum. Only a 

standard and known XY shift can be applied post-calculation. Modern AT software is 

designed to sufficiently adjust a strong relative AGPS solution to the local datum of the 

primary ground control.  As GeoTerra has done with previous projects, including those 

with limited ground control, the AGPS was allowed to adjust to the local datum by 

being given a slightly lighter weight in the AT adjustment than the survey control.   

 

 


