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Multi-dimensional high-precision calibration method for line-scan camera
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Abstract: In this study, to address the problem of limited adaptability and accuracy of the exact
measuring angle method, which only calibrates the principal point and distortion in a one-dimensional
direction with a line-scan camera, a two-dimensional high-precision calibration method for a line-scan
camera was proposed. First, the inner orientation elements model of a line-scan camera was analyzed.
Then, a two-dimensional calibration method based on a two-axis precise rotation stage was proposed
for the model. Detailed calibration steps and data processing methods were also given. Finally, the
calibration results of the proposed method were compared with those of the exact measuring angle
method. The results show that the reprojection error of the calibration method proposed in this study
is 0. 34 pixels, which is a significant improvement in calibration precision when compared to the 1. 25
pixels of the exact measuring angle method. The proposed calibration method does not require
alignment, and the calibration process is simple.
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Fig. 1 Photo of line scan camera single-dimensional

calibration setup
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Fig. 2 Geometric drawing of image bundle
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(a)Position and shape of linear sensor under ideal condition

(b)
(b) Position and shape of linear sensor in general condition
3
Fig. 3 Wchematic of inner orientation elements in

line-scan camera
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Fig. 4 Photo of the line scan camera multidimensional
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Fig. 5

calibration setup

5
Principle diagram of multidimensional calibration

for line-scan camera
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Tab. 2 Result of line scan camera calibration
1
L . Two-dimensional One-dimensional
Tab.1 Definitions and values of error items
method method
Error terms  Gaussian noise  Unit Note
n 41 41

Equal to normal noise in

Longitudinal accuracy 0.5 Arcsecond
practical calibration Lo 0.634 2 mm 0.726 3 mm

Equal to normal noise in 0.934 -
Azimuth accuracy 2 Arc-second ) o Yo mm
practical calibration
f 75.674 75.938 mm
Image point Larger than normal noise
1/10 Pixels i o 020
measurement accuracy mn practlcal calibration 0 0.334 —
41 5 2 s
500 , . ,
0. 36 pixel, 2 s
0. 77 pixel, o ’
6 2 b
b o

0.5 arcsec, 2 arcsec, 128 .2
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Tab. 3 Verification of 2 calibration results

Two-dimensional One-dimensional

method method
RMS of long direction of the linear
0,21 0. 36
sensor/ pixel
RMS of dicular to the |
perpendicular to the long 027 Ly
direction of the linear sensor/pixel
RMS of calibration accuracy/pixel 0. 34 1.25
2 , 1 ,
7 1 128
b
, 1
b
2 )
,RMS 1. 25 pixel Q 34 pixel,
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