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ABSTRACT:

Large format digital aerial cameras are now in widespread commercial operation. Despite the advantages of the new cameras over
their traditional film counterparts, systematic image errors have been observed in all existing large format digital cameras.
Organizations such as the USGS and EuroSDR have therefore focused efforts on calibration, validation and certification of digital
camera systems. However, to-date, few studies have assessed the effects of extreme temperature and humidity variations on these
camera systems, and the potential for self-calibration in this respect. This research addresses these issues through investigation of the
UltraCamD, with test data acquired over a range of climatic zones in Libya. This presentation will report the preliminary results of
self-calibration using a bundle block adjustment for an UltraCamD system, based upon aerial data acquired for two test sites during a
single field campaign. The datasets were flown at two different flying heights and incorporate differing block geometries. A SOCET
SET (v5.4.1) digital photogrammetric workstation was used to triangulate the imagery with investigation of different tie point
densities. Following this, a self-calibrating bundle block adjustment was performed using the BLUH software provided by the
University of Hannover. Initial testing investigated the influence of tie point density and different coordinate systems and datums on
the bundle adjustment results. Further testing was then performed within BLUH in order to determine the optimal set of additional
parameters, compensating for systematic image errors and impact upon object space coordinates of independent check points and
ground control points.

1. INTRODUCTION improve accuracy at independent check points. (Baz et al, 2006;
Buyuksalih et al, 2006; Jacobsen, 2007)

Due to the apparent advantages of digital cameras over
conventional film cameras in geometry and image quality,  The aim of this research is to investigate the effects of extreme
digital cameras are now in widespread commercial use. As with  environmental conditions on a digital airborne UltraCamD
aerial film cameras, the manufacturer's laboratory calibration is camera system across Libya, and investigate the suitability of
still being applied to commercially operational digital cameras.  existing camera calibration methods to compensate for any
Despite the precision and accuracy of the measurements identified systematic errors.
provided by laboratory calibration, practical tests have shown
that without self calibration, systematic image errors are clear 2. METHODOLOGY
for all existing large format digital cameras (Alamus, 2006;
Honkavarra, 2006; Kruck, 2005; Passini et al., 2008; Scholz et The initial camera calibration tests were based on two datasets
al., 2009). It has also been reported in the literature that the of real world mapping missions acquired using an UltraCamD
reasons for these errors are due to the differences between the camera model owned by the Libyan Centre for Remote Sensing
laboratory and the actual mission environment, atmospheric and Space Science (LCRSSS). These datasets were flown at two
refraction (Tachibana et al., 2008), multi-head integration different flying heights with differing block geometry and
(Dorsel et al., 2007) and changes in the operating temperature located in areas which have different climatic conditions.
(Yastikli, 2004). Systematic errors which represent the
difference between the mathematical model of the perspective The first mission was flown over the Sidi-Assaid area located
geometry and the real image geometry can be detected and approximately 67 kilometres south-east of Tripoli on January
respected by self-calibration with additional parameters. 29" 2007. The second took place over the Al Gazal area (north-
Different sets of additional parameters have been developed to east of Libya) on November 8™, 2008. For the Sidi-Assaid area
determine and compensate for these systematic errors through three parallel strips were flown at 1450 m in a north-south
self-calibration. Examples include the Ebner 12 and Griin 44 direction with 11 images in each strip. Another two cross strips
additional parameters (Passini et al, 2008). The accuracy of the were flown in an east-west direction with 8 images for each
obtained additional system parameters demands a strong strip, the number of images totalling 49. For the Algazal area
geometry in the block and accurate ground control points in the four parallel strips were flown at 5650 m in east-west direction
test field (Honkavaara et al., 2008). Due to the differences in with 18 images in each strip and there were no cross strips in
design and working concepts of current digital aerial systems, this dataset.
new special additional parameters have been designed to
account for the specific geometry of each camera model. These GPS/IMU data for the two test areas were provided along with
new additional parameters have been introduced into the the image datasets. For Sidi-Assaid area the data was provided
Hannover bundle block adjustment program BLUH (Buyiksalih with + 4cm accuracy in horizontal and + 9cm in vertical. For
et al, 2006). However, practical tests have shown that even the the Al Gazal area, the accuracy of the GPS/IMU data was +9cm
special additional parameters which are designed to account for in horizontal and +14cm in vertical. Different ground control
the specific geometry of the new digital large format cameras point (GCP) configurations were available for the two areas. In
sometimes have limited effects and have not been found to Sidi-Assaid 22 well distributed cultural features points were
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surveyed using static GPS methods with 20 minutes observation
time. For the Algazal area 9 premarked ground control points
were surveyed through a similar approach. In both cases, the
GPS data was post-processed in Leica Geo-Office.

2.1 Experimental Strategy

As only 9 ground control points were available for the Al Gazal
dataset, in the Sidi-Assaid area the priority was given to use at
least 9 well distributed ground control points in the bundle
adjustment and use the remaining points as independent check
points. The tests focused on:

e Investigating the UltraCamD camera geometry using a
bundle block adjustment with self-calibration;

e Applying camera self-calibration with different sets of
additional parameters using the BLUH bundle adjustment
software provide by Hannover University;

e Investigating the effect of tie point density on the bundle
adjustment;

e  Assessing the influence of different coordinate systems.

2.2 Data processing

First, the image measurements for aerial triangulation were
performed using the automatic tie point measurements model,
APM, within the SOCET SET software (v5.4.1). All points
were stereoscopically re-measured to make sure they were
properly located. Ground control points were identified and
manually and stereoscopically measured. For the two test areas,
two sets of tie point densities were prepared, (300/1000 for Sidi-
Asaid and 400/1000 for Al Gazal area). In this study all
measurements were exported into BLUH format which is
bundle adjustment software developed and provided by the
University of Hannover.

The influence of map projections on the bundle adjustment was
also considered. As stated by Jacobsen (2010), “In theory, the
best coordinate system is a tangential plane system to the earth
ellipsoid”. Therefore, to eliminate the effect of earth curvature,
which will mainly cause deformation in the vertical component,
it was decided to use orthogonal tangential coordinates for the
two test areas. This also allowed direct comparison of results
obtained from areas located in different regions. Transformation
of ground control points from GPS coordinates into tangential
coordinates was made using the BLUH BLTRA module.

Bundle adjustment was performed within BLUH as follows:
Input data from different files for the different sites and tie
points densities were imported individually using the BLPRE
module. This allowed the data to be converted into BLUH
format. Focal length was automatically identified from the input
data files, whereas the principal point coordinates were defined
and inserted manually during BLPRE module setup.

The BLOR module was used to define the block geometry
approximate orientations of the images. This configuration was
defined by ground control points. At this stage data snooping
was used to detect any Blunders. Also input images were
grouped into strips and unique camera number for each strip to
correct for any shifts and drifts in the kinematic GPS data in the
bundle adjustment. The input parameters for the bundle block
adjustment were prepared by the module BLIM. In this study,
the investigation of camera performance and self-calibration
was performed using different sets of additional parameters. In
the first run no self-calibration was made and the robust
estimator option was introduced to detect and eliminate any
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blunders from the input data. In the second run the 1-12 BLUH
standard set of additional parameters for usual perspective was
used. These parameters are mainly designed to fit general image
deformations such as affinity, tangential distortion, radial
symmetric distortion and general deformation. The parameters
from 13-20 were used, this set includes correction for focal
length and principal point coordinates. Also determination and
compensation of GPS shift drift and offset. The final run
included special additional parameters 42-73 for UltraCamD.
These parameters are intended to respect any deformation in the
sub-images geometry.

The BLUH bundle block adjustment module is based on the
colinearity condition equations. Observations for the adjustment
are photo coordinates, control point coordinates and coordinates
of the projection centers. The camera interior orientation can be
improved by introducing the additional parameters when the
original camera parameters are already known before the
adjustment. The other unknowns are exterior orientations and
additional parameters in the case when self-calibration will be
applied.

3. RESULTS AND DISCUSSION

Testing was carried out to assess the optimum tie point
configuration. Table 1 shows the minimum and maximum
number of tie points per image in each block. This highlights
that use of 300-400 tie points does not provide enough
redundancy as the number of points will not be sufficient to
precisely estimate any deformation in the aerial images. This is
particularly relevant in the case of the UltraCamD where the
large virtual image is constructed by combining 9 smaller
images. Therefore, it was decided to perform self-calibration
using t the 1000 tie points option, with the tangential coordinate
system.

Number of points per-image

Minimum Maximum
I
| o | w
a00tiogts | © »
10A(;0Gt?ez a|:>Its 34 1

Table 1 Minimum and maximum number of tie points per
image in each block.

In accordance with the methodology described in Section 2, the
bundle adjustment was performed for the two sites using the
different sets of additional parameters. Figures 1 and 2 show
the obtained accuracy from the two sites, it is obvious that after
introducing the additional parameters, BLUH 12AP and 20AP,
to the bundle adjustment the accuracy of object points increased
significantly. Even after introducing additional parameters 42-
73 into the bundle adjustment (which are specially designed to
account for the geometry of the UltraCamD) the accuracy did
not improve as expected. Indeed it actually deteriorated in the Z
axis.

For the Sidi-Assaid area the expected accuracy which is in the
range of 0.5 pixel in horizontal and one pixel in vertical nearly
matches the estimated accuracy from the bundle adjustment. For
the Al Gazal area, the estimated accuracy was close to the
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expected accuracy in horizontal. However, the difference was
quite large in vertical accuracy.
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Figure 1 Accuracy at independent check points for Sidi-
Assaid test site.
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Figure 2 Accuracy at ground control points for Al Gazal area.

A direct comparison of results for the two datasets is shown in
Figure 3. For both datasets, the horizontal accuracy is in the
range of 0.5 pixels after introducing the additional parameters in
the bundle adjustment. This improvement was observed after
introducing the 12 additional parameters to compensate for
general and radial distortions. Also the accuracy was even better
after using the additional parameters from 1 to 20 which
included other parameters to compensate for any errors in the
GPS data in terms of shifts and drifts. However larger variation
was observed in the vertical accuracy, with the Al Gazal dataset
notably poorer than the Sidi-Assaid results in all cases. This
could be due to radiometric degradation and artefacts which
were observed in the input dataset. Another factor which may
also contribute to this low accuracy is that the datasets were
supplied by the LCRSSS (Libyan Centre for Remote Sensing
and Space Science) following processing using an old version
of the UltraCamD software. In the latest version, the camera
manufacturer has improved the methods of image merging and
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stitching in order to reduce systematic image errors (Jacobsen,
2007).
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Figure 3 Accuracy comparison (pixels) between Sidi-Assaid
and Al Gazal areas.

Figures 4 and 5 show the averaged image residuals of the two
test areas for the case of no additional parameters, 12 additional
parameters, and all additional parameters (including the
UltraCamD specific parameters) which indicate large systematic
errors. By comparing the residuals obtained when no self
calibration was made, the images residuals tend to have a
similar pattern, particularly in the upper part.
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The factor which could contribute to these large systematic
errors is that the aerial imagery was post processed using the
standard stitching algorithm using the old version of the
UltraCamD software. Also by comparing these findings to other
results presented by Ladstadter et al (2010) that the camera
factory calibration maybe lost and the calibration data was no
longer valid in the camera post processing stage, which means
the camera needs to be recalibrated.
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Figure 4 (a, b, ¢) Averaged image residual for Sidi-Assaid area. s 5

Moreover, these figures show that most of the systematic image

errors can be reduced with the 12 general additional parameters. b-12additional parameters——9.0
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Figure 5 (a, b, c) Averaged image residual for Al Gazal
area.

12 additional parameters All additional parameters

Figure 6 Effect of additional parameters on the image space for
the Sidi-Assaid test area.

Figures 6 and 7 highlight the effect of additional parameters on
the image space for Sidi-Assaid and Algazal areas. These results
also showed that most systematic image errors can be fitted with
the standard additional parameters (1-12) of the BLUH
software.
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Figure 7 Effect of additional parameters on the image space for
the Al Gazal test area.

In both cases the special UltraCamD additional parameters have
only a limited influence on the adjustment. Furthermore, these
special Additional Parameters have sometimes deteriorated the
obtained accuracy as evidenced in Figure 2 which means that
they are unable to fit the systematic effects in these cases.

4. CONCLUSION

The datasets used in these tests were selected from real world
mapping missions. These preliminary results are specific to the
UltraCamD camera model v015 owned by the LCRSSS which
has shown large systematic errors compared to previously
obtained results from other cameras of the same model.
Nevertheless, the results presented here have shown the high
potential for self-calibration. The results from the two test areas
showed that without self-calibration the achieved horizontal and
vertical accuracies were far beyond the expected and acceptable
range, thus confirming that the use of self-calibration with
additional parameters is necessary.

Accuracy was improved using the BLUH 12 additional
parameters and was further improved with the use of 20
additional parameters. In all cases the special UltraCamD
additional parameters have displayed only a limited influence
on the adjustment. In some cases they were found to degrade the
obtained height accuracy, indicating that they are unable to
model the remaining systematic errors.

The next phase is to validate these findings using specially
designed block structures, different flying heights and additional
ground control points. This will allow self-calibration and
estimation of any systematic errors with a high degree of
precision.
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