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Abstract: To realize the calibration of a camera and a light plane in the line structured light sensor sim-
ultaneously, a calibration method was proposed based on a single plane calibration target which con-
tains a concentric circle and two orthogonal lines passing through its center. Firstly, several images of
model plane were captured from different orientations, and the camera parameters were determined via
computing conjugated points linearly and were optimized according to the orthogonal constraints.
Then, by moving the sensor for several times freely and keeping the light plane intersecting with the
concentric circle, the perspective-three-points (P3P) model was implemented, and the 3D coordinates
of calibration points on the light plane were computed. Finally, the light plane equation was derived e-
ventually using the least square algorithm. Experimental results indicate that this calibration method
has high accuracy, its average measuring accuracy is 0. 036 82 mm, and relative error is about
0.277 13%. This calibration method requires only one target to complete the calibration of camera pa-
rameters and light plane equation, therefore, the calibration cost is reduced. It is characterized by

simple calculation, easy operation and suitable for calibration in fields.

W7 HHA:2012-05-21 ;11T HH#H :2012-07-03.
HEEWME : BFFRFHEE R LI BIIH (No. 20092X04001-021)



2346 e KE TR

5% 20 &

Key words: line structured light sensor; camera calibration; light plane calibration; conjugated point;

perspective-three-point model

|

uu\«

SRy b IRl b s N RAE TR N S
M 3R R LA R AR O A TR R TR AR
LRI = HE I B A R A R )Tz
2R 45 K e L e 1 IR A T2 i BB L RTROL B 4%
A A AR AR AL O A 22 B A A X7 B G AR
IO = Mk A B P R 1 = e R w45 L

LR LA L B AL S AR B A E AR T ), —
SERRRILS HObR E » IR T B AR E . SR
LS Hhs € £ 2l b g 2 Y 1 2 RRRIE
L FC X IO F) P8 A e M) P 2 P AR 4 1 T 1 oK
fir R BALS B, SRABHUARE B BE 5T T R ELR, J7
LB WA, Tsai 82 7 W25 K
FEHLSN SRR N SR 0% T5 ik A% 8 A 10
Wi AR B B 1 AR, 1999 4R K IE A
P — ol T T R AR A AR E B AR %07 0k B
ARG BE R v R AR A R i TR T 8%
GBI MG br ™ . /NI SR R
2430 2R I B 5 X AR AL AT Bs E L T
TR 0 FE AR AL A B G AR AR5 B . X 7
PRI AR E e AT 2 3 B 1 A7 22 0 58 15 TR T A
SET5  (EL K T b 7 0k AN AR RS ) Rl B s A o
BB B AE AR ARE . Huynh S5 2T
S HESRHL A S AR AR bRE TR % IR RE B AR
Ao LA o ) b A K EE L (ELAS AR B3 A0 - TR AY
BT AR AL X AR T R E BAS T HL T
S THT =2 ) %o ' R %) A 3 e DA AR A i B Y
b % . SCHRES-12 52 A T Al B8 3 — ZEpr
LSRR E F AR S T8 HA AR 17 5 RS 42
o G A B A S LA O T H AT R R AR E
k. HREARERE AR TR B SR R AR
BT —HERR L B 25 AR I AL AR b R T 1 ik R
TR SR AL TE I A S PR AL

ARSCIR T — PP T A A2 Bl I HE 0 2R
B G LB A AR bR AE T 1 T TR AR T AN )
L [B] Z: BR Yy [R] 16 58 B ML ADE - A bR . F
AR P 35— [] O[5 A B aod 8900 10 T 2 3 B

2 A TR 37 5 2R 22 M A I TR AR T LA e A 48
BHLSEORC -1 7 R i R B AR e o %07 ks
1 b $ A 5y o 3 o A ARG R L T 5 5L 4R AR B R
EIT 1SS s E .

2 AEHMAEREGBRFHRY

B 1 2R S50 A A5 SR B # B, O, -
XY Zo HFARPLAAR R 5 o-uv 2 CCD AR - T A&
WER:O,— XY, AH— A R, 5EREIL
PR RIS AR 1, H 585008 O. 2, &
H. WA PRSOGB4 i 2 T AR 22l 2k
a5, " p" 4 R HAE CCD 4 T A S

coordinate Ye

BT ZREE A s 1) i A A

Fig. 1 Model of line structured light sensor
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Fig. 2 Model plane for camera calibration
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calibration
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Fig. 6 Figures of camera calibration
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Tab.1 Results of camera calibration
fu fo v U w
AT 1962.755 12 1 964.489 24 —4.477 50 364. 986 31 256. 637 46
[0S 1 960. 728 31 1 962.854 73 3.188 2810 * 356. 442 94 300. 621 37
K2 XTEHBREER
Tab. 2 Results of light plane calibration
w @ as N 197 MR 1R 22 (RMS) /mm
ATk —1.723 69 —0.024 39 1. 000 00 —197.538 36 0.062 99
SCHRC7] 7 —1.683 19 —0.027 16 1. 000 00 —196. 938 06 0.053 32
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Tab.3 Results of measurement
I R A A AR /mm AT/ mm 2 5% f 25 / mm A 22 / Y6
1 10. 005 82 10. 061 90 0.056 08 0. 560 47
2 10.013 48 10. 029 47 0.015 99 0.159 68
3 10.012 96 9.929 88 0.083 09 0. 829 82
4 10.011 44 10.015 61 0.004 17 0.041 65
5 10.013 30 9.977 52 0.035 77 0.003 57
6 10.010 70 10.092 66 0.081 95 0.818 62
7 10. 007 81 9.991 52 0.016 29 0.162 77
8 10.010 71 9.993 02 0.017 69 0.176 71
9 10.014 33 10.013 08 0.001 24 0.012 38
10 10.010 81 10. 066 76 0. 055 95 0. 005 59
¥ {E — — 0.036 82 0.277 13
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