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A camera calibration method based on single image
XU Jie
(3D Printing Research Institute, Beijing City University, Beijing 100083, China)

[ Abstract] In this paper, a fast camera calibration method is proposed. Using a plane calibration board, only one image can be
taken to complete the camera calibration. Compared with the general Zhang Zhengyou camera calibration method, it can save the
trouble of taking at least three images to calculate the initial value of camera parameters, and improve the efficiency of camera
calibration, especially suitable for multi camera calibration at the same time. In the calculation of camera internal parameters,
Levenberg Marquarat method is used to optimize the solution. The experimental results show that the algorithm is fast and accurate ,
and can be applied in machine vision research, industrial 3D measurement and other fields. This method can also choose to take two
or any number of images to participate in the iterative optimization process of the algorithm to further improve the calibration accuracy.
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Fig. 3 Testing calibrate board
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Tab. 1 The world coordinates of centers of circles on the calibrate board(z,; =0,63 points)

1 5 2 51 3 51 4 5 5 51 6 517 51 8 519
Xoi 167.974 0 175.984 0 183.977 0 191.974 0 199.970 0 207.961 0 215.961 0 223.957 0 231.950 0
Y i 223.995 0 223.988 0 223.992 0 223.986 0 223.992 0 223.993 0 223.989 0 223.991 0 223.990 0
Xoi 167.978 0 175.983 0 183.982 0 191.973 0 199.983 0 207.974 0 215.962 0 223.956 0 231.939 0
Y i 216.010 0 216.008 0 216.006 0 216.003 0 216.001 0 216.002 0 216.000 0 216.001 0 216.000 0
Xoi 167.978 0 175.988 0 183.989 0 191.988 0 199.986 0 207.983 0 215.976 0 223.971 0 231.965 0
Yui 208.030 0 208.019 0 208.017 0 208.017 0 208.014 0 208.014 0 208.014 0 208.015 0 208.016 0
X 167.991 0 176.000 0 184.002 0 191.988 0 199.976 0 207.975 0 215.968 0 223.968 0 231.951 0
Yui 200.030 0 200.033 0 200.025 0 200.004 0 200.015 0 200.022 0 200.017 0 200.020 0 200.030 0
X 168.029 0 176.023 0 184.025 0 192.017 0 200.017 0 207.999 0 215.998 0 223.984 0 231.972 0
Y i 192.060 0 192.054 0 192.057 0 192.044 0 192.057 0 192.038 0 192.040 0 192.050 0 192.064 0
X 168.028 0 176.024 0 184.028 0 192.022 0 200.010 0 208.002 0 216.001 0 223.995 0 231.994 0
Y i 184.091 0 184.078 0 184.080 0 184.085 0 184.078 0 184.074 0 184.078 0 184.080 0 184.080 0
X 168.038 0 176.044 0 184.036 0 192.030 0 200.026 0 208.017 0 216.019 0 224.002 0 231.994 0
Y wi 176.090 0 176.094 0 176.083 0 176.080 0 176.079 0 176.072 0 176.077 0 176.078 0 176.072 0

R2 TEARERAEDEGLER(63 =, B EE)

Tab. 2 The image coordinates of centers of circles on the calibrate board (63 points, unit: pixel)
511 512 513 54 51 5 51 6 517 51 8 519
U; 176.16 291.14 403.67 513.88 621.82 727.57 831.25 932.74 1 032.3
Vi 239.432 0 234.457 5 229.479 5 224.656 7 219.909 9 215.320 0 210.780 3 206.307 5 202.036 0
U; 191.04 307.36 421.11 532.58 641.83 748.79 853.48 956.12 1 056.6
Vi 343.992 2 337.753 1 331.718 8 325.771 0 319.919 1 314.230 5 308.703 5 303.226 1 297.883 2
U; 206.29 323.97 439.29 552.02 662.36 770.55 876.45 980.10 1 081.6
\B 451.337 4 443.936 4 436.610 7 429.553 0 422.728 5 415.678 0 409.067 7 402.467 8 396.084 0
U, 222.02 341.19 457.7 571.69 683.3 792.74 899.70 1 004.5 1107.1
v, 561.825 1 553.124 3 544.674 0 536.544 8 528.390 0 520.172 7 512.371 3 504.518 1 496.847 4
U, 238.14 358.87 476.85 592.12 705.27 815.63 923.97 1 029.8 11334
v, 675.399 1 665.420 6 655.486 5 645.948 9 636.329 6 627.095 6 617.911 9 608.916 1 600.136 1
U, 254.80 377.04 496.46 613.34 727.39 839.20 948.67 1 055.6 1 160.4
V, 791.938 8 780.561 1 769.219 5 758.241 3 747.444 7 736.867 1 726.445 9 716.142 9 706.117 4
U; 271.94 395.71 516.68 634.87 750.42 863.45 974.14 1082.3 1188.1
V, 912.374 6 899.348 1 886.618 5 874.163 1 861.842 0 849.944 4 837.994 2 826.506 6 815.203 9
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Tab. 3 Calibration result

R T (mm) A k1 k2 pl p2
09560 -0.1732 0.2369 -151.8893 16.2753  0.037 1 -0.126 2
-0.0682 -09162 -0.3948 198.078 9 0.0 16.300 9  -0.005 3 0.000 1 -2.72e-006  2.35¢-005 —1.89e-005
0.285 4 0.361 3 -0.8877 85.716 6 0.0 0.0 1
SEHAER FRAE bR 1T L3S FH T A Ao Ao 288 B 5 Sk W 22 A6
S T . SIS AT S G,
EF‘i@/f%%%_&%:i:l ' ' ' ' _ SRR 11 5 A0 AL 90 Uh 2= 8k, 7 A Levenberg —
n Marquarat rsRA AR ,HAE R RGN,
0.094 5(1%%).

Hodt (u, ,v,) RBLOSEBREG AR, (u," ,0,") N
HESHR T A k1 k2 pl p2 P& R A RLO RS AL
Fiho TEE Intel i7 A0 FRES A4 HL i [ 5532 17 B [A]
INF 1 s,

4 ZERIE

IS T DU B, BRI Sk 25 AR R A
BREL S (g, y0) o, (xy,y,) B EIRA(5) %L, B
H Tsai Jrik") B3 A AR AR Y bR T, 2 45 SRR
SERUEM . SRFAKR 7%, A AR AN RE IE XS AHAL,
PR R 2EAK b ik ] S ARG Z 8]
e AR KT 100, —fBEHL 30° ~45° Ui A, Xtk
HH R A0 2 5000 s o8 1030 5 B AE — o S5 RV 16 PN
7o AITERIL AR R s, — IR,

Sk

[1] ZHANG Zhengyou. A flexible new technique for camera calibration
[J]. IEEE Transactions on Pattern Analysis and Machine
Intelligence, 2000, 22 (11) ;374-376.

[2] RS DLEALSE PSR RALIRE Tsai W20 00T S ctt[ 1], 3
HHLLASF,2010, 4.42-44.

(3] S, B SRR ERI M]. B RkL, 1998,52-60.

[4] Reimar K Lenz, Roger Y Tsai. Technology for calibration of the
scale factor and image center for high accuracy 3 — D machine
version metrology[ J]. IEEE Transactions on Pattern Analysis and
Machine Intelligence, 1988,10(5) ; 68-75.

[5] B B, FET BV I AEAR A SR LR E DS [ 7], Boda R
H540F 2003, 18(3) :40-43.

[6] ROGER Y TSAI A Versatile Camera Calibration Technique for
High— Accuracy 3D Machine Vision Metrology Using Off —the —
shelf TV Cameras and Lenses [ J |. IEEE JOURNAL OF
ROBOTICS AND AUTOMATION[J],1987, 3(4) . 323-344.

( 4%55 154 D)
4 ZRiIE

ARSCUA NI RGN E AR N O B ISR T —
FAE N TR AU S B R 5, SO
Je i T ARG B 7 XA AR 0 IR AL, 18 TN $R 51
% B R GG PR e A OO 6 N R A
KEARTEI AT, Bk T 5T AR % B R 5
A S, e AR 0 S B 58, B 1 AR
AR FER ) %5 B R G RIMESR DL S D e R, fr )
SEEL T TN B R G At i A S R
o FETAMTFUNEA 825 8 2R 50 T LAAE B4l fi
PRAUT R BR FLR, Bl — DA F A IER A
Bl RGEBE] T RGBT IR A0 25 BT S i
FLY, REAS I 52 00 B 03 5 8., % 52 A0 2% B kA7
IWRMGE, I HLREE 58 it TR BRI A

K25 {5 B R AR Mgt
&% ik

[ 1] Nirmalya Kar. Study of Implementing Automated Attendance
System Using Face Recognition Technique [ J ]. International
Journal of Computer and Communication Engineering, 2012, 1
(2):1.

[2] Ajinkya Patil. Implementation of Classroom Attendance System
Based on Face Recognition in Class[ C]// International Journal
of Advances in Engineering& Technology, 2014.

[3] REN S, HE K,GIRSHICK R, et al. Faster R—CNN ; Towards Real
—-Time Object Detection with Region Proposal Networks [ J].
IEEE Transactions on Pattern Analysis & Machine Intelligence,
2017, 39(6) :1137-1149.

(4] PRIGEAR. o7 RGAR I 7E N R g/ 0], B id (=
#,2019,2(7) :15-17.



