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Abstract

Extraction Algorithm of Circular Targets Used for Mobile
Three-Dimensional Measurement

Gao Xiang Cui Jian
(Engineering College , Ocean University of China, Qingdao, Shandong 266100, China)

Circular targets used for mobile three-dimensional (3D) vision measurement system have apparent

disadvantages such as low and uneven imaging brightness. An approach based on gray difference weighted centroid
algorithm is proposed for the targets’ recognition and extraction. Approximate imaging centers and imaging areas of

indicate that with the proposed algorithm. the elapsed time is about 3 ms, the maximum error of ellipse fitting is less
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the circular targets are acquired, and then the pixel edge points are detected by scanning the imaging areas in four
than 0.08 pixel and the average error is less than 0.03 pixel. Compared with other traditional extraction algorithms,

targets used for mobile 3D vision measurement system.
localization

directions. Sub-pixel edge is located by using gray difference weighted centroid algorithm. And sub-pixel edge points
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are fitted with ellipse and thus the imaging center positions of the circular targets are acquired. Experimental results
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it makes great improvement in speed and localization precision. and is more appropriate for the extraction of circular
.
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Fig. 1 Algorithm flow chart
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Fig. 4 Scheme of pixel edge detection. (a) Upper and

lower edge detection; (b) left and right edge detection
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Fig. 5 Imaging effect analysis of circular targets. (a) Circular targets imaging effect diagram;

(b) gray and gray difference trends scheme of pixel edge neighborhood points

ARV AR IE RS R S AT S BAE Y B BR
W12 R BERERY T HL 3 2% A8 UK BE 22 8 A AN
P oA o DRI e P A9 S 53R 7 07 33k il 2%
A4S Zernike 1E S TR I IF A TE T 75 BAR
PEARIC B AR R SR — BRI R E LRk
2.3.2 RATRAEZESH R FE LT ®

Pl 5 19 320 % B Ay T 150K 38 A A2 Ak o Sl 20 )
B AR R E AR BRI R R RN %

S48 38 P SR R AR A S5 K R A L B IER B

BT ERAH AR T T RKEZEE LK
WAR R BN L B R BN E 6 s, & P,
V) B RGN G S AB.C.D Ry Py E
T (4B 8 A% 2 A ) B od SR G (2) 2SR K I 22
fili=—2,—1,,2) ,FR EHLNEN B H f K
FIKBE 25 i O FRIR .

1208002-3



-2 -1 60 1 2

& 6 K BE 25 B R ALK
Fig. 6 Scheme of gray difference weighted
centroid algorithm

X FABRR I N G SR UL AR R EM AN
s =2t
fetfatfotfitfe

=49

Vo=

T3 A=A T ) i 5 AL SRR R g B R . P

3" B SR A4 AR 36 e ih 4 1

, 3

3 SEEESIE

SR G E i H ) 25 b T R AT 1 S S A Rk
AR LR O0 3 AR 10 38 IO 25 A 2R 1T Sy R AT 1 5
BB AR VC+HHIET. LR RAMHILN
N K Point Grey /A4 72y FL3-FW-03S3M #{
ML, 3 HERR 640 pixel X480 pixel,
3.1 #rid RIR A HiE UK & 0 E LK

W — R A5 Z PRl S R B AL, R
PRGOS 7R AR A0 s AT U T AR G
FENL o S 5E UG K I AL R G b0 A P v R
i 2 T2 B N SIS TS TR N 51| ESB g V5 L ST
FENL LI 25 B oA L7 () S R 7 () Ky SR B

(@) y ® y © .

B 7 i s U5 AT ARG O ST B A R
() JRE; (b R kR

Fig. 7 Experimental results of circular targets

identification and approximate imaging center
localization. (a) Original image; (b) partial

enlarged image
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Fig. 8 Contrast experimental results of pixel edge detection. (a) Image to be detected; (b) algorithm proposed;

(¢) Roberts algorithm; (d) Sobel algorithm; (e) Prewitt algorithm; (f) Canny algorithm
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Table 1 Contrast experimental results of pixel edge detection elapsed time (unit: ms)
Algorithms for Algorithm Roberts Sobel Prewitt Canny
comparison proposed algorithm algorithm algorithm algorithm
Test 1 3.13 42.25 71.78 75.31 450. 18
Test 2 2.57 42. 36 72.48 72.15 457.52
Test 3 2.78 42. 54 73.19 70.56 456. 45
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Table 2 Contrast experimental results of sub-pixel localization

R 2 LI 9 FiR.

Circular Gray difference weighted Curve fitting Zernike
targets centroid algorithm algorithm algorithm
number Maximum Average Maximum Average Maximum Average
1 0.0468 0.0193 0. 0699 0.0352 0.0637 0.0257
2 0.0523 0. 0207 0.0740 0.0282 0.1035 0.0451
3 0.0742 0.0268 0.0709 0. 0387 0.0994 0.0334
4 0.0598 0.0273 0.0703 0.0346 0.0788 0.0329
5 0.0672 0.0258 0.1023 0.0403 0.0994 0.0297
6 0.0478 0.0201 0.1224 0.0538 0.0841 0.0251
7 0. 0687 0.0267 0.0994 0.0453 0.0995 0. 0407
8 0.0543 0.0179 0.0751 0.0346 0.0621 0.0260
9 0.0653 0. 0260 0.1081 0.0484 0. 0902 0.0335
Average 0. 0596 0.0234 0. 0880 0.0399 0. 0867 0.0325
Variance 8.56X10°° 1.25X10°° 3.58X107" 5.68X10° 2.20X107" 4,21X10°°
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Fig. 9 Contrast experimental results of sub-pixel localization. (a) Maximum value; (b) average value
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