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ABSTRACT:

The method for calibration of cameras equipped with long focal distance lens is researched in the present work. The basic idea is as
follows. The camera to be calibrated is placed on the tripod with panoramic head. The main condition of panorama shooting is that
the rotation center of the camera and the front nodal point of the lens should be the same. The camera is calibrated based on a series
of images of a test object with a common center of projection. Special software has been created for this purpose. The results of
experimental studies on digital simulated data and for a real camera Hasselblad H4D-60 are presented. Results of these experiments
show that use of common projection center allow to increase accuracy of the calibration process of the long focal length cameras.

1. INTRODUCTION

The problem of calibration of cameras in this case is consists of
the following. If we try to calibrate long focus camera using
ordinary test-object (Figure 1) then we will note the significant
degradation of precision of results or even the failure of calibra-
tion procedure may occur. It is due to bad geometrical conditions.
A small number of points to be measured are in each photograph,
very sharp intersection angle and insufficient depth (difference
in position between far and near points) of the test-object (Figure
2). It is obvious that for long focal distance calibration the special
test-object should be constructed.

Figure 1. Test-object of (MIIGAiK) for camera calibration.

The problem of calibration of long focal length camera is dis-
cussed in the photogrammetric literature (Cramer, 2004), (Cramer
et al, 2017), (Ergun, 2010), (Knyaz, 2015), (Fryer, 1996), (Re-
mondino and Fraser, 2006), (Shortis, 2012). (Stamatopoulos,
2010), (Stamatopoulos, 2011) consider that two prospective ap-
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proaches are available. The first is to investigate means to bet-
ter accommodate numerical ill-conditioning, and the second is to
look to the formulation of the functional model.

(Liang et al, 2014) propose a robust algorithm to calibrate the
camera with a long focal length without using additional devices
by adding a regularization term to computational process.(Robson
et al, 2016) represents results of long focal length camera calibra-
tion in Violet and IR light.

Figure 2. Photos of the test object with a long-focus camera.

2. CAMERA CALIBRATION USING COMMON
CENTER OF PROJECTION

We suggest another approach to the calibration process. The cam-
era to be calibrated is placed on the tripod with panoramic head
(Figure 3) used by photographers to get high-quality panoramas.
The main condition of panorama shooting is that the rotation cen-
ter of the camera and the front nodal point of the lens should be
the same.

In this case all photographs will have common center of projec-
tion. The number of photographs depends on cameras field of
view and on geometrical dimensions of used test-object. The po-
sition of the front nodal point for common user lenses is pub-
lished in photography literature. The position of the front nodal
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Figure 3. Panoramic head.

point can be found using vertical lines test-object. The principle
of the determination is shown on Figure 4.

Figure 4. Finding the front nodal point.

In the field of view of the camera two vertical line objects are
located. We used wires weighted near the floor for this purpose.
Rotating and shifting camera in panoramic head one should find
the position of the camera when two vertical objects will be seen
in one sight line.

The next step is making series of photographs of the test-object
while rotation of the camera around center of projection to the
left and to the right in order to get more points of the test-object
(Figure 5).

Figure 5. Example of shooting a test-object with a long-focus
camera.

The image coordinates of the object points should be measured
manually or automatically. Further processing is performed in
original software ProjNet designed at the chair of photogramme-
try MIIGAiK.

The ProjNet has an option (in red circle at Figure 6) to perform
a bundle adjustment with self-calibration and to do calibration
using photographs taken from the single projection center with
definition of its coordinates in the test-object coordinate system.

3. EXPERIMENTAL STUDIES
2.1 Experiment on the simulated data

At the beginning suggested calibration method was checked up
using digital simulated data. The following steps were imple-
mented.
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Figure 6. Software interface to calibrate the cameras with a
common center of projection.

e Setting desirable intrinsic parameters of the camera.

Choosing a virtual test-object.

e Choosing the number of cameras and their position and ori-
entation.

Computing image coordinates.

Computing calibration parameters.

To test calibration process the following experimental work was
performed. Camera parameters (true values) were the following.
Focal distance f=1000mm, frame dimensions 200x200mm, coor-
dinates of the principal point xo=yo=0. The distribution of points
in the image plate is shown in Figure 7. 9 photographs were cre-
ated as it is shown at Figure 8.

Distribution of points

-150 000

Figure 7. Scheme of the points location in the simulated image.

Total number of points on each photograph is 128 and they are
grouped in 4 levels (32 points in each), as shown in Figure 9.
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Figure 9. Scheme of formation of the simulated images.

Random errors were added to image coordinates with std.error
of 0.0lmm and to test-object points with std.error of 1mm. 10
realizations were done. The results (RMS of deviations from true
values in mm) are shown in the Table 1.

RMS Individual Common
(mm) | projection centers | center of projection
f 0.047 0.017
X0 0.372 0.352
yo 0.280 0.284

Table 1. Evaluation of accuracy by simulated data.
2.2 Experiment on the real data
Camera - Hasselblad H4D-60, lens - Hasselblad H 100 mm, /2.2.

Photographs used for calibration are shown at Figure 5. Calibra-
tion results are presented in the Table 2.

Individual Common
projection centers center of projection
f, pix 16663.77 +2.33 16656.36 & 1.44
X0, pix 3363.18 £2.32 3360.73 £ 2.39
yo, pix 4522.66 £+ 2.50 453229 £1.92
Ky | —1.86e " £9.87¢7"? | —2.02¢7'0 £ 9.94¢7
Ky | —1.17e7'® £3.24e7 " | —7.81e7 "% £ 3.35¢7 "

Table 2. The results of camera calibration — Hasselblad H4D-60.

Results of photogrammetric processing of the stereopair (49 points
of the test-object) using two variants of calibration parameters are
shown in the Table 3.

RMS Individual Common
(mm) | projection centers | center of projection
X, mm 0.17 0.16
Y, mm 0.21 0.11
Z, mm 0.50 0.31

Table 3. Results of photogrammetric processing of the
stereopair.

4. CONCLUSION

Results of our experiments show that use of common projection
center allow to increase accuracy of the calibration process of the
long focal length cameras.
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