[image: image4.png]|
ln =

Sy EARTHDATA

NNNNNNNNNNNNN




Turning Spatial Data Into Knowledge


Technical Report

ADS40 Data

Aerial Triangulation in Istar Processing Software

Prepared by

EarthData International of Maryland, LLC

7320 Executive Way

Frederick, MD 21704
 Executive Summary

This technical report describes the Aerotriangulation process in Istar processing flow of the ADS40 data.  The pre-processing is the first step after the data acquisition and includes data download and initial quality control (QC), the image conversion from TIF to Istar format, the check of the ground control point locations, coverage, sidelap and clouds, the complete aerotriangulation process, and the packaging of the pre-processed data for the processing farm to produce the orthos and DSMs.  The flowchart below summarizes the major pre-processing steps within the complete Istar production process, from acquisition through ortho, DSM and vector product delivery.
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Figure 1:  Processing flow
1 Aero Triangulation

The aerotriangulation is conducted on a complete lift or one day of flying.  After the processing of the IMU/GPS data, the orientation of every scan line is computed and stored with the raw imagery.  The lift consists of multiple flight lines or tracks (figure 1).  Each of these tracks is tied to the adjacent track(s) through the process of tie points collection.  
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Figure 1. Lift and tracks layout

The standard AT procedure includes the optimization of the following 7 parameters for an entire flight:

· 3 angles representing the relative orientation of the IMU and the focal plane. These angles account for the mechanical distortions over a thermal cycle of use of the camera. Typical angles are less than 100 micro rd.

· The focal length. Actually this value doesn’t change, but this parameters accounts for changes in the refraction index of the atmosphere. Typically less than 100m.

· 3 translation parameters accounting for the inaccuracy of the absolute position given by the GPS. Typically less than 50cm in each direction.

In case of very long runs the drift in yaw is an additional parameter estimated in the AT process.

Relative Orientation

1.1.1 Picking Points for Ground versus True Orthos

If the final product is a Ground Ortho and the strips were flown at 30% sidelap, the following procedure should be followed.  Select four points (top to bottom) on both the left side and right side of the first and last strip.  Select four points (top to bottom) if the collection is performed in a manual mode and as many as the software collects if the auto correlation is utilized on the left of every other even image strip and select four points (top to bottom) if the collection is performed in a manual mode and as many as the software collects if the auto correlation is utilized on the right of every other odd image strip.  This however only holds true if the flight lines in the left were flown in a regular sequence, because the blue overview always displays the beginning of the line at the top and the end of the line at the bottom, no matter if the line was flown north-south or south-north.  Look at the flight log for the sequence and direction of the flight lines.  For example, if the flight log looks like the table below,

then the tie points for each strip have to be selected at the locations in the blue overview as shown in the next figure.  The arrows represent the direction of flight.

Figure2:  Tie Point Selection For Ground Orthos Flown at 30% Sidelap

If the final product is a True Ortho and the strips were flown at 60% sidelap, select four points (top to bottom) in the center of each strip if the collection is performed in a manual mode and as many as the software collects if the auto correlation is utilized.  The tie points for each strip have to be selected at the locations in the blue overview as shown in the next figure.  The arrows represent the direction of flight.


Figure 3:  Tie Point Selection For True Orthos Flown at 60% Sidelap
If the final product is a True Ortho and the strips were flown at 80% sidelap, select four points (top to bottom) in the center of every other strip.  In the figure above, one could skip line numbers 2, 4 and 6.

1.1.2 Running the Relative Orientation

Once all tie points are measured in all tracks, the relative orientation can be executed.

The list below shows an example of a trace file with the estimated coordinates and pixel residuals of each tie point (in this case only pt20 is shown).  The bottom of the trace file shows the mean (moy) and standard deviation (moy quad) of the pixel residuals of all tie points (residus sur les points de calage).

pt20   A   X   295755.529 Y   4405441.060 Z   154.731    

Dxt083s1    0.74      Dyt083s1   -0.56      

Dxt083s2   -0.56      Dyt083s2   -0.44      

Dxt084nd   -0.21      Dyt084nd    0.02      

Dxt084s1   -0.01      Dyt084s1   -0.04      

Dxt084s2   -0.12      Dyt084s2    0.07      

Dxt085nd    0.32      Dyt085nd    0.10      

Dxt085s1   -0.06      Dyt085s1   -0.32      

Dxt085s2    0.03      Dyt085s2    0.32      

Residuals of Image Points

Dx : Mean = 0.004677
RMSE = 0.412079

Dy : Mean = 0.008539
RMSE = 0.380817

Figure 4:  Excerpt of the trace File after Relative Orientation
The standard deviation of the pixel residuals has to be less than 0.50 in x and y.  If the standard deviation is larger than 0.50 pixels, one or more tie points may not match and need to be corrected.

1.1.3 Performing IMU Misalignment

During the relative orientation process, a new set of misalignment parameters is calculated for each lift to correct for any IMU instability that may be occurred from the last boresight calibration.

1.2 Absolute Orientation

1.2.1 Automatic GCP Matching and Manual Editing

In the absolute orientation the block of traces is connected to all ground control points (GCPs).   The following statistics is generated from the least squares solution.

· For each GCP: the residuals in meters in X, Y, Z between the fixed coordinates and the calculated coordinates from the AT, as well as the pixel residuals in each trace (in this case only GE02 is shown).

· For each tie point: the estimated coordinates and pixel residuals of each tie point (in this case only pt20 is shown).

· Average and standard deviation of the residuals of all GCPs in meters.  The standard deviation of the GCP residuals has to be less than 0.15 m in X and Y and 0.25 m in Z (for 30 cm GSD).

· Average and standard deviation of the residuals of all tie points in pixels.  The standard deviation of the tie point residuals has to be less than 0.50 in x and y.

GEO2       A   DX  0.128      DY  0.080      DZ  0.011      

Dxt007s2    0.04      Dyt007s2    0.29      

Dxt008s1    0.35      Dyt008s1    0.91      

Dxt006s1   -0.43      Dyt006s1    0.31      

Dxt007nd   -0.14      Dyt007nd    0.72      

Dxt008nd    0.04      Dyt008nd   -0.25      

Dxt006nd    0.59      Dyt006nd    0.60      

Dxt008s2   -0.46      Dyt008s2   -0.93      

Dxt006s2    0.21      Dyt006s2   -0.33      

Dxt007s1    0.40      Dyt007s1    0.11      

pt20   A   X   295755.529 Y   4405441.060 Z   154.731    

Dxt083s1    0.74      Dyt083s1   -0.56      

Dxt083s2   -0.56      Dyt083s2   -0.44      

Dxt084nd   -0.21      Dyt084nd    0.02      

Dxt084s1   -0.01      Dyt084s1   -0.04      

Dxt084s2   -0.12      Dyt084s2    0.07      

Dxt085nd    0.32      Dyt085nd    0.10      

Dxt085s1   -0.06      Dyt085s1   -0.32      

Dxt085s2    0.03      Dyt085s2    0.32      

Residuals of Control Points

DX : Mean = -0.021342
RMSE = 0.097683

DY : Mean = -0.001444
RMSE = 0.139226

DZ : Mean = -0.002413
RMSE = 0.063120

Residuals of Image Points

Dx : Mean = 0.004677
RMSE = 0.412079

Dy : Mean = 0.008539
RMSE = 0.380817

Figure 5:  Excerpt of the trace File after Absolute Orientation
If the standard deviations exceed the thresholds, one or more tie points may not match.  The points have to be moved.  It is also possible that the residuals on one of the GCPs exceed the threshold, for example if the technician has chosen the wrong corner of a concrete target.  

1.2.2 Shift and Drift correction

During the absolute orientation, the ground control points are also used to calculate the ABGPS shift and drift parameters.

1.2.3 Focal Length self calibration

The ground control points in the bundle block adjustment are also utilized to perform camera focal length self-calibration.

1.3 Creating Samples for Quality Control

To make sure that the geometry parameters from the AT are good and the lines match up, ortho samples must be created.  Ortho samples are patches selected in the project area, where the full DSM is calculated to create the ortho.  The samples (figure 6) are selected to cover

· At least a part of all flight lines across the project

· The GCP locations

· Some tie point areas, if there are adjacent flight blocks in the project.  If there are no adjacent flight blocks, this step can be discarded.

[image: image2.jpg]



Figure 6:  Example of Two Sample Area Vectors Across the Project
1.3.1 Selecting Sample Patches Around GCPs

· A box is created around each location of the ground control points and full resolution ortho photo is computed for these locations (figure 7) 
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Figure 7:  Example of GCP Sample Area Vectors
1.3.2 Selecting Sample Patches For Tie Points

If there are adjacent flight blocks in the project, sample patches have to be selected to later connect the adjacent block(s) to the current block.  

1.3.3 Analyzing The Samples

Once all the samples are computed, the shifts between flight lines and spectral bands are examined.  

1.4 Combining Multiple Lifts or AT Blocks

1.4.1 Selecting Tie Points, Running The AT and Creating Samples

To tie all blocks together, tie points have to be selected in the overlapping traces between blocks in xv3d.  The tie points are located in the flight line (usually the last) that overlaps the flight line of the next block (usually the first).  The figure below shows the locations of the tie points.  The black tie points are selected in the last flight line of the black block that overlaps the blue block; the blue tie points are selected in the last flight line of the blue block that overlaps the red block.


Figure 8:  Tie Point Selection Scenario For Multiple Flight Blocks

If the orientation results meet the requirements (generally around or better than 0.50 pixels), samples in the overlap area must be created.  

Check for shifts between flight lines and spectral bands.  Alternate between the panchromatic bands, between the color bands, and check the DSM.

SAMPLE AEROTRINGULATION REPORT

Annex 3:  Aero Triangulation Report (to be completed by the aerotriangulation technician)
	Project Number
	Project Name

	Julian Date(s) with Lift Number
	Line Numbers

	Technician
	Date


All optimized parameters tied together for the entire lift
Y / N


If no, explain


Any lifts adjacent to this adjusted bundle block
Y / N


If yes, list Julian Date(s) and Lift Number(s)


All images used in AT
Y / N


If no, list all images NOT used in AT


Recommended images to be omitted in DSM/Ortho Process with explanation


DSM:



Ortho:


Differential GPS and IMU Processing Report(s) attached
Y / N

specif_chantier attached
Y / N

grp_file attached
Y / N

Triangulation residuals (trace file) attached
Y / N

Ortho/DSM – GCP residuals (QC.txt) attached
Y / N

	Comments
	Signed Off By Production Manager

Date


	Project Number
	Project Name

	Julian Date(s) with Lift Number
	Line Numbers
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