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Binocular Stereo Vision Calibration Accuracy Evaluation
Using Epipolar Constraint

Zhang Qingzhe*, Wang Yong
Key Laboratory of Road Construction & Equipment, Ministry of Education, Chang’ an University,
Xi’an, Shaanxi 710064, China

Abstract The accuracy of binocular stereo vision calibration obtained using the mean of total residuals of left and
right images is unsatisfactory. To overcome this limitation, this study proposes a method for evaluating the
accuracy of binocular stereo vision calibration based on the epipolar constraint. The proposed method considers the
constraint relationship between left and right image features in binocular stereo vision and global characteristics of
camera calibration parameters. Based on the principle of minimum matching cost, a stereo feature matching method
based on scale-invariant feature transform is used for corner detection and matching. The accuracy of binocular
stereo vision calibration is evaluated based on the matching degree of measured corner points on the left and right
image planes with their corresponding epipolar lines on the relative image plane. This proposed algorithm is added to
the calibration algorithm to realize real-time evaluation of camera calibration accuracy during the calibration
experiment. Experiments demonstrate that the proposed method is more accurate than the method using the mean
of residuals, with accuracy increased by up to 54.0%.
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Fig. 2 Matching relationship between measured corner points of left image and its right epipolar line
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» Di\chengxuzhongxin\qt\TM\Debug\TM.ex:

Stereo calibration is completed!

Image residuals = 0.297807

Left Camera Matrix:

[368.1659056404632, @,
B, 368.0930874046912,
8, 6, 11

350.1788762212278;
258.08858352204434;

Right Camera Matrix:

[373.5194381229928,. 4.
8, 372.7183671851138,
8, 8, 11

353.8765604678106;
265.3476689014181;

Left Camera DistCoeffs:
[0.8527158232A342517, -0.02178048858613561 .
494574624, @]

-0.8808973777646895954 .

Right Camera DistCoeffs:
[0.83929668372287711, —-0.01734839994653387,. 0.00042603018240446839 .,
7928497, @1

Epipolar line is calculated... Errors is calculated ...

of distance = B.136965
Calibration is completed...
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Fig. 3 Real-time evaluation of camera calibration accuracy
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Table 1 Results of five sets of calibration experiments
Calibration sample
(chess board size) Camera S /pixel (ers o) ki ks b P
Left (368.165.,368.093) (350.178,258.085)  0.0527 —0.0217 —0.0009 —0.0006
110 mm) Right (373.519,372.718) (353.876,265.347)  0.0392 —0.0173 0.0004 0.0040
2¢10 mm) Left (371.442,371.330) (346.833,255.428)  0.0539 0.0301 —0.0010  —0.0009
Right (366.330,365.744) (354.867,265.233)  0.0340 0.0342 —0.0007 0.0042
) Left (362.349,362.997) (346.067,258.233)  0.0273 —0.0245 0.0007 0.0001
3020 mm) Right (368.832,369.370) (353.880,266.318)  0.0312 —0.0383 0.0011 0.0010
Left (370.017,370.576) (349.697,259.817)  0.0288 —0.0363 0.0004 0.0001
120 mm) Right (371.448,371.956) (354.044,264.984)  0.0340 —0.0460 0.0007 0.0010
. Left (366.331,366.959) (348.547,258.587)  0.0273 —0.0161 0.0009 0.0004
2(20 mm) Right (372.603,373.075) (353.470,265.876)  0.0374 —0.0404 0.0009 0.0011
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Table 2 Comparison of measurement results by two methods of camera calibration accuracy evaluation

Calibration sample Image

(chess board size) residual /pixel

Mean absolute deviation

of distance /pixel

Camera Measurement

baseline /mm error /mm

1(10 mm) 0.2978
2(10 mm) 0.2635
3(20 mm) 0.1879
4(20 mm) 0.2079
5(20 mm) 0.2125

0.1369 60.26 0.26
0.1643 61.11 1.11
0.1468 60.42 0.42
0.1584 60.91 0.91
0.1721 61.21 1.21

sEAF 1,2 A,
F— M 5 AR LK E SN
60.26,61.11,60.42,60.91,61.21 mm, SHHLHET =
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