E32Ek FEoW
201249 A

D = Vol. 32, No. 9
ACTA OPTICA SINICA
it 1l S L % UL

bt 0 A BE AR BL b e AR

mEX KWE t § LHE 4
&MHEDWEDﬁ;‘H

(R B2 LR K 2= HL A B » Y195 B 210016)
A5 B R B E R S

FE AR T R AL RS AR TN A SRAR LR R B ik % R S

He 2 R0 18 RE TR = AR AR DU A BIL A I Sk b TR UORT 88 75 8 = B BOE I S
< [1] (37 B 6 35 AR WL XS $E 5 A T R AR . =

KEAULSE R BAR o B X K UL A AR TE L3 BRAR LB 7 Hh HURE A 55— /N B 20 A o 5 () 1 [) JE iil id F oh 3% 3l B 1R
BUTE 22 J5 30 % e A0 S7 1A S0 AR 247 47 5% » (15 22 A He $OL S (ACHBR 20 A1 T 8 A g =2
ST AR BT Y SR bR E — B AR LI A NS EG R
FEARTE SRR AL AL bR R T 0L B e %

L= Br VAN S WA -3 et 4
FIGOR 4 . BRI = A bR 0 4 HLAY RS B 278 . 78 =2 =
e 2

BREC R AR 2R MR UG AL 05 16 SR M R AR BILAT

CIEDA- LS 2/
25 1) M K —
&),

SR,
17 33K
G B
KEIW AL
FE S

o
A WLAE B A 7 L % HE 4
Ja LABAZ AL N S UM BAR HLAE 45 A J5 00 T A58 19 B8 #0714
BT VLT = 4 A A
TRIE B AR LR A2 A5 BE XE DA BRIE B a8,y 350 A0 52 b 2 S 56 3 0E B 6 2 ml LA R
s MLAS L5
K5 TP391

Y
YR 22 7 R R e/ B H R
SR BACIR . %7 1R BT g e T R A 3 0 5 I e P R R ST SR AR
R R A B AR BL ) b
s BRAGHLR AE 5 AN 0 58 I
XHkERIRED A doi: 10.3788/A0S201232.0915001

Camera Calibration Technique of Wide-Area Vision Measurement
Abstract

Yang Bowen Zhang Liyan Ye Nan Feng Xinxing Li Tielin

(College of Mechanical and Electrical Engineering, Nanjing University of Aeronautics and Astronautics ,
Nangjing, Jiangsu 210016, China)

A new method is proposed for wide-area camera calibration using virtual calibration target created by one
infrared light-emittng diode (IR-LED) marker fixed on the moving probe of a coordinate measuring machine (CMM)

performance of the proposed method

The camera takes an image when the IR-LED marker moves accurately with the CMM probe to each preset position in
The calibration parameters are finally solved by nonlinear optimization of the intrinsic parameters and the positions
OCIS codes

1

turn. Since the measurement space of common CMM is not large enough, the virtual calibration target is imaged in

and orientations of the virtual calibration target with respect to the camera
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several camera poses to cover the whole measurement volume of the wild-area camera. The calibration parameters
are initially obtained by using the 3D information of the virtual target and its image taken from each camera pose
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The proposed method requires no

large-size calibration target and can ensure the calibration accuracy. Experiments demonstrate the superior
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Fig. 1 Schematic of pinhole camera model
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Fig. 2 Schematic of wide-area calibration of camera in world coordinate system (a) and camera coordinate system (b)
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Table 2 Calibration results of wide-area camera calibration
Q. ay U Uo ky ks P y22 S1 S2
Nominal value 1945, 233 1944, 927 657. 221 547.674 —0.149 0.171 —0.011 0.002 0.015 —0.002
Result 1 1945. 263 1944, 887 653. 439 547.185 —0.148 0.169 —0.012 0.002 0.016 —0.002
Result 2 1945. 224 1944. 856 652.799 545,324 —0.148 0.169 —0.012 0.001 0.016 —0.001
Result 3 1945. 148 1944. 813 653. 839 546.337 —0.149 0.169 —0.012 0.001 0.016 —0.001
Result 4 1945. 175 1944. 850 654,271 545,307 —0.148 0.169 —0.011 0.001 0.015 —0.002
Result 5 1945, 186 1944, 818 653.263 543.209 —0.149 0.170 —0.011 0.001 0.015 —0.001
Result 6 1945. 255 1944. 944 655.712 545.450 —0.149 0.170 —0.011 0.001 0.015 —0.001
Result 7 1945. 335 1944. 969 652.594 542.072  —0.148 0.170 —0.012 0.001  0.016 —0.001
Result 8 1945, 241 1944, 897 653. 806 543.758 —0.148 0.170 —0.011 0.002 0.016 —0.001
Result 9 1945. 290 1944.971 655.116 545.469 —0.148 0.170 —0.011 0.001 0.015 —0.001
Result 10 1945. 262 1944, 842 652. 560 544.829  —0.148 0.169 —0.011 0.001 0.016 —0.001
Mean 1945. 238 1944. 885 653. 740 544,894 —0.148 0.170 —0.011 0.001 0.016 —0.001
RMS 0. 054 0.070 3.622 3.126 0.001 0.002 0.001 0.001 0.001 0.001
23 AN IS AR SR BRAR AL KA A7 5 T W o 4 2R
Table 3 Calibration results of wide-area camera with single virtual calibration stereo-target
. ay uo Uy ky ks 2 D2 51 S2

Nominal vale 1945, 233 1944. 927 657.221 547.674 —0.149 0.171 —0.011 0.002 0.015 —0.002
Result 1 1945, 065 1944, 880 674. 339 544,591 —0.116—1.099 —0.007 0.000 0.011 —0.000
Result 2 1947. 210 1946. 594 571. 838 465.212 —0.179 0.337 —0.031—0.016 0.038 0.019
Result 3 1946. 466 1947.139 681.736 415,599  —0.171 0.463 —0.006—0.024  0.007 0.032
Result 4 1944. 916 1945. 791 796. 454 459.718 —0.172 0.375 0.017—0.017 —0.019 0.022
Result 5 1949. 765 1947. 374 863. 368 523.338 —0.179 0.583 0.030—0.003 —0.038 0. 004
Result 6 1944. 484 1945. 474 820. 480 608.311 —0.174 0.394 0.022 0.015 —0.025 —0.018
Result 7 1944. 615 1944. 086 710. 387 633.580 —0.185 0.347 —0.001 0.021 0.001 —0.024
Result 8 1947.787 1946. 342 576.297 612.028 —0.176 0.313 —0.029 0.016 0.037 —0.018
Result 9 1948. 108 1947.598 552. 145 522.129 —0.172 0.323 —0.034—0.003 0.042 0. 004
RMS 2.156 1.652 114.084 73.358 0.028 0.479 0.023 0.015 0.029 0.019

7 FpoE S g R R A
Fig. 7 Schematic of calibration experiment
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Fig. 8 Virtual calibration target images acquired by camera in experiment (a) The first, (b) second and (c¢) third group
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Table 4 Results of 3 group calibration experiments

Group a, ay o ky ks D D2 s Sz
1 1945. 421 1945, 124 660. 885 540.427 —0.149 0.180 —0.011 0.001 0.015 —0.001
2 1948. 167 1946. 675 844. 315 527.431 —0.197 0.765 0.027—0.002 —0.034 0. 004
3 1945. 416 1944. 443 671. 264 526.441 —0.151 0.187 —0.008—0.002 0.011 0. 004

F5OMMESIRKEERE

Table 5 Reconstruction errors of calibration results

Group Mean /mm RMS /mm Max /mm
1 0.168 0.183 0. 365
2 0. 655 0. 697 1. 225
3 0.242 0. 268 0.574
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