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1. Introduction
This document describes an aerial triangulation assessment of a Phase One iXA-R-180 with
50 mm Rodenstock lens to measure the mapping accuracy of the camera. The assessment was
conducted by Phase One Industrial and independent surveying company.

2. Method
The assessment took place between August and November 2015 and included the following steps:
• Location of a suitable test area
• Flight planning
• Metric ground calibration for the IXA camera
• Measurement of ground control points and check control points
• Flight and image capturing
• Processing RAW images to TIFFs
• Aerial triangulation
• Accuracy assessment
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2.1.

Selection of Test Area

The test area that was selected is a flat industrial urban area. It was selected for operational flight
reasons and ease of generating ground control points and check control points. Figure 1 – Flight lines
and image locations shows an overlay of the flight lines and image locations on the ground. The area
elevation is between 35 to 60 meters with an average of 45 meters above WGS 84 ellipsoid.
The flight was planned such that there would be 60 percent forward overlap and 30 percent side
lap between the images.

Figure 1: Flight lines and image locations
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2.2.

Flight Planning

The flight was planned with the following values:
• Flight height: 500 meters above the ellipsoid to ensure a GSD of 5 cm for the whole area
• Aircraft speed: 90 knots
• Time between exposures: about three seconds
• Flight line direction: north – south

2.3.

Metric Ground Calibration of Camera

The camera was calibrated by Phase One Industrial using the standard Phase One calibration
protocol.
Phase One Industrial has calibrated many iXA-R cameras with 50 mm lenses and has built a
comparison data base that shows stability in the calibration parameters. A sample calibration
report is available with the data of this assessment.

3. Measurement of Control Points
Forty eight control points (CPs) were measured with real-time kinematics (RTK) GNSS with an
accuracy of two cm in X, Y and Z. Some were used as ground control points (GCPs) and some as
check control points (CCPs).
The GCP distribution over the block was planned to serve the block accuracy and to achieve
flexibility in switching between GCPs and CCPs during the block accuracy assessment. Switching
control points to check control points was used in evaluation of the stability of the aerial
triangulation. It was also used in solution of models and small blocks.
CCPs were measured on flat areas, usually on street markings or well-defined marks.
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Figure 2: Ground control points and control checkpoints
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Figure 3: Control and checkpoints spread on images footprint

Ground control point
Control checkpoint

3.1.

Photogrammetric Processing

A full aerial triangulation was performed using ERDAS IMAGINE® LPS tools.
• The Australis values were used in the calibration of the digital camera model.
• The GCPs were identified on the images and the block was solved in a few iterations.
• A comparison of checkpoints between the models was done.
• A small block was solved and checkpoints accuracy was evaluated.
• The final aerial triangulation was done using a set of GCPs, testing the accuracy with a set of
CCPs.
• In addition, several GCPs were changed into CCPs and the accuracy was reevaluated to check
the stability of the aerial triangulation.
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4. Results
4.1.

Accuracy with 20 GCPs

Using 20 ground control points and 28 checkpoints as shown in Figure 6: Control and checkpoints
spread on images footprint, the accuracy results as shown in Figure 7 are:
RMSx=3.7 cm
RMSy=3.3 cm
RMSz=4.8 cm

Figure 4: Triangulation summary - 20 GCP's

For a GSD of 5 cm this result is better than one pixel.
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4.2.

Stability Analysis

4.2.1. Reduction of Five Ground Control Points
Ground control points tying flight line one to two and flight line four to five were removed from the
photogrammetric process, leaving only one common ground control point between those lines.
Figure 8 shows the ground control points that were taken out of the process with an X on them.

Figure 5 - Five GCP's canceled for stability evaluation

Using 15 ground control points and 33 checkpoints as shown in Figure 8, the accuracy results as
shown in Figure 9 are:
RMSx=3.8 cm
RMSy=3.4 cm
RMSz=4.3 cm
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Figure 6: Triangulation summary — 15 GCPs

4.2.2. Reduction of Six Ground Control Points
To further check the stability of the solution, the last ground control points tying flight line one to
two were removed from the photogrammetric process and the total number of ground control
points was reduced to 14. Figure 10 shows the ground control points that were taken out of the
process with an X on them.

Figure 7: Six GCPs canceled for stability evaluation
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Using 15 ground control points and 33 checkpoints as shown in Figure 10: Six GCPs canceled for
stability evaluation the accuracy results as shown in Figure 11: Triangulation summary — 14 GCP's
are:
RMSx=3.7 cm
RMSy=3.5 cm
RMSz=6.9 cm

Figure 8: Triangulation summary — 14 GCPs

When taking out six control points that tie between the flight lines, the RMS error in Z grew to over
one pixel, while the RMS error in X and Y remained stable.

5. Conclusion
The aerial triangulation accuracy results for mapping purposes, with an iXA-R 180 camera and a 50
mm Rodenstock lens, calibrated by Phase One Industrial are:
RMSx=3.7 cm
RMSy=3.3 cm
RMSz=4.8 cm
This result is better than one pixel accuracy and shows that the Phase One iXA-R 180 camera with a
50 mm Rodenstock lens is suitable for accurate mapping work.
The aerial triangulation results show that a reduced number of GCPs can be used for aerial
triangulation with minimal influence on the block accuracy results.
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