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Abstract There are two kinds of nonlinear optical distortion compensation methods for digital cameras. One is the
image distortion model used in the photogrammetry, and the other is the object distortion model used in the
computer vision. Aiming at the problem that the two kinds of distortion models are difficult to achieve generality,
we propose a method for transformation of image distortion and objects distortion. First, the transfer relationship
between the original image point and the theoretical image point, generated from the known distortion model
coefficients and the intrinsic parameters, is used as the virtual measurements. Then, the intrinsic parameters and
distortion model coefficients are computed according to the virtual measurements by the least square method.
Finally, the three-dimensional (3D) control field calibration result is used to evaluate the precision of the conversion
results. The experimental results show that when the camera calibration root mean square error is less than
0.3 pixel, the mutual conversion error of the two types of distortion models is less than 0.5 pixel, which can meet
the conversion precision of the sub-pixel.
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Table 1 Parameters of test camera
Size / Pixel Focal
Camera . . .
pixel X pixel size /pm  length /mm
Cam@ 5616X 3744 6.4 24
Cam@® 6000 X 4000 3.9 20
Cam® 7952 X 5304 4.5 35
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Fig. 1 3D control field and control point distribution
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Table 2 Calibration results and root-mean-square error of test cameras

Model Parameter Cam® Cam® Cam®
f 5546.618 5249.147 7483.596
xo 2780.938 2921.972 3958.634
Yo 1862.785 1949.625 2704.883
Image ki 2.859987 X100’ 6.012081x10"* 1.434100X 10"
distortion ko —1.048447X10 ' —9.372935X10 "7 1.516296 X 10 !¢
model ks —1.275629X10 * —6.986634 <10 * —4.,312730X10 *
V2 1.229415X 1077 1.946764 X107 —1.982032X10"¢
Do —1.150595X10 ¢ 2.874529X10 7 6.589224 X 10 *
R wse/ pixel 0.162 0.299 1.027
f 5546.340 5248.897 7486.177
Xo 2780.836 2921.870 3959.224
Vo 1862.786 1949.442 2705.477
Object Ly —8.695999X 10 * —1.638446X 10" —1.985395X 10" *
distortion l, 1.117678 X 10! 1.415960X 10! —3.732801X 10!
model L 1.737243X10°° 1.337443 X102 5.997279X 10!
t —6.177340X10° 1.288535X10°° 4.445400 X 10"
ts 6.415810X10~* 8.592075X107* —1.394464 107"
Rse / pixel 0.161 0.298 0.936
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Table 3 Distortion difference before and after distortion model transformation
) Distortion Cam@ Cam@® Cam®
Transformation
difference x direction y direction & direction y direction x direction y direction

Object Max 0.11918 0.07187 0.49150 0.39164 1.60927 0.62419
Min —0.04547 —0.07078 —0.21582 —0.11891 —1.59070 —1.11782
) © Average 0.00230 —0.00012 0.01093 0.01170 —0.00312 0.01200

rmase Rse 0.01210 0.05299 0.17406
Image Max 0.04922 0.07060 0.24865 0.10499 1.62366 1.13292
Min —0.11917 —0.07218 —0.48808 —0.37713 —1.63384 —0.65743
t'O Average —0.00209 0.00010 —0.00818 —0.00843 0.00420 —0.01601

object Ruse 0.01217 0.04751 0.18642
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Table 4 Conversion RMSE of distortion models with different mesh sizes

Grid interval /

Image to object

Object to image

pixel Cam@® Cam® Cam@® Cam® Cam® Cam®
25 0.011065 0.045519 0.180192 0.011014 0.050951 0.16746
50 0.011327 0.046116 0.184336 0.011271 0.051587 0.171909
100 0.012171 0.047512 0.186424 0.012104 0.052988 0.174056
200 0.014285 0.050802 0.188091 0.012997 0.056103 0.176442
400 0.015121 0.057044 0.197795 0.015001 0.061985 0.189201
800 0.017719 0.06666 0.215399 0.015049 0.070913 0.21159
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Table 5 Results of intrinsic parameters and RMSE of different adjustment methods

Image to object

Object to image

Cam Parameter

Method 1 Method 2 Method 3 Method 2 Method 3
A 5482.296 5546.618 5546.618 5546.34 5546.34
Cam® xo 2778.876 2778.876 2780.938 2782.873 2780.836
“am

Yo 1863.05 1863.05 1862.785 1862.512 1862.786
R st / pixel 0.012171 0.013271 0.016454 0.012104 0.050251
f 5199.144 5249.147 5249.147 5248.897 5248.897
Xo 2916.543 2916.543 2921.972 2927.287 2921.87

Cam@
Yo 1940.738 1940.738 1949.625 1958.672 1949.442
R wise / pixel 0.047512 0.055512 0.106891 0.052988 0.129598
A 7395.438 7483.728 7483.728 7486.297 7486.297
Xo 3957.292 3957.291 3958.506 3960.89 3959.112

Cam®
Yo 2706.803 2706.807 2704.846 2701.297 2705.443
R yise / pixel 0.186424 0.196424 0.216635 0.174056 0.235617
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