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Solution of duality in pose estimation of single circle
using Euclidean angular constraint

WEI Zhen-zhong, ZHAO Zheng,ZHANG Guang-jun

(Key Laboratory of Precision Opto-mechatronics

Technology, Ministry of Education, Bethang University , Beijing 100191, China)

Abstract: In order to solve the duality problem in pose estimation of a single circle in machine vision,
an approach based on Euclidean angular constraint is presented to identify the unique pose result. The
accuracy of pose estimation is analyzed, which provides constructive suggestions on achieving accurate
pose estimation of circles based on experimental results. The pose of single circle is recovered from its
projection in an image with a calibrated camera, though the result is ambiguous, only two possible re-
sults exist. Then, the unique pose is identified based on the Euclidean angular invariant. Finally, the
accuracy of pose estimation is analyzed based on the theory of error propagation. Experimental results
indicate that the absolute error of pose angle of the circle plane and the relative error of position deter-
mination are within 0. 2°and 0. 5% m respectively,and the absolute error of reconstructed distance be-
tween the two lines is within 0. 8%. These results show that the approach can identify correctively po-

ses and positions of circle planes and can offer a high measuring accuracy and reliable results by a sim-
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ple computing process.
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Fig. 1 Projections of coplanar lines and circle
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Fig. 2 Definition of pose angle
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Fig. 3 Amplification of ellipse parameter noise with

respect to pitch angle
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respect to azimuth angle

B 5T 4 TR 6.0 1075 . M 9
3 B T MY ME M Bt 156
152 2% 2 4 OB 7 2 B K O L
WA TR EEE . WA 6 R
00% MY 1725 W JE K 5 24 40 1 5 /N 4 A
10 07 X 5 A5 4 S A L 4R 4 £
ek FLBEIE T 00° B . (i f8 19 12 2 4 2 0 o 6
PR R, 5L

(L 2 ] I T4 2 A 048 1 9 ol
(RS ME I B L A B0 50 M L 5 8

Xt EES AR R 5

(2) [ Y- 16T ) A Ay /D8 I o B2 52 4 B 45 2
TR R 22 TR AR B34 /N » B I 9 25 25 A T H RO
JIE A5 e U W B TR T R ) A e v 5 B DR £
R TH IR IR 22 0 R SRE I AR R R AT

4 LB RFRESH

41 fHEXRER

AT FL Y B TE A R S LR LT
AN AT E SRR . BT AL A
SN 8 mm, CCD il 18 K/NH 768 X 576, [A 42N
50 mm, S H N £ R M 181 3 2k 5 A 3 5 22
Ohy B e U M R A — 2 SE G Y A 200 1 DA
I M 7 L 1 X 45 2R A

LY AE R TS E S HSR I RMS 3R 22,

Z (pose_cal — pose_set)?
RMS= |

n

Hrr:pose_cal 43 f#5% M &it 515 21
BARZH pose_set JEBE M EBZHL.

B 5. &6 B TR AL T [F] S A )L T
AP L X R 25 B R o Bl AT A AR AR
Bl R0 /2], y Bl 75 O f 22 AE 1 2 [0, 2 ]
B iR g e N U DO (= e = NS U 1 R R ]
FEAREAT Ff 422300 90T, S8 25 A 1 108 2 MR Sl 3 o » 7
AREATR 71 285 /I B9 B /N T 60°) o 8 25 FR 10 KGR
FRTE 0. 2° LA & [BIF- 180 J7 7 £ 722 Ak X 25 2R 5% i A
K BT B 555 3 4 P AR 22 40 B 5 1 AR
Fr—80, BUF 05 B E i &5 AL T IR T Y
P F VT SRORG BE 1 5 i s e, T 3R SR B R AL

ADI(°)
5

300 >

200 — 50 o0
10

o) 00 o)

K5 A AR A o RF A A 1 48 X i 22
Fig. 5 Absolute error of calculated pitch angle with

varying pose angles
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with varying pose angles
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Tab.1 Pose results from single circle
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a; =90. 102

t,=(—84.907,—284.711,3 213.912)




690 e K TR %18 %
K2 MELEREN=ELER
Tab. 2 Poses from calibration and measurement
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Tab. 3 Distances of reconstructed lines
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R 15 45 S T AR AT 14 8] SF- T 1 3 1) 45 0[5
O ARARE SR AF EE B B @07 ey 4 A,
IHEEIEAET R, RS a Rk N
600 pixel, J3J sRAGALE 1.2 Ak X nz 23 i) B 2k 2
BIRBEE . a3 s KA =S W AR KR A
B HOR BE IESE T SCPRIHBR T ik VI SE Al AT

FAN LRI EEIRT AT AT (D
FRARHLN TR S B bR E 1R 225 (2) [EIECF T B A 1R
SR IA R 2E . A SCHYSE 5 P R TR AR 58 #EAR
S TR BILA ISR 20 AR R X b 0 A A w
FETF - (1) AT LR Y A A% AR R FRAE QA 4%
SR TBFLAE AT A A AR U TR BRI Y
AR S AN SR A 1L T R AT 5 (2) kSR T
LR BE AR B A TR . BB U R AR Y
FRE R INRS BEAS & 7 4 19 23 B R A B [N
WA 7 i A R PR AR A PR A T ol
AU LA #E b 0005 2 o LR 3 8 3 ol 22
FUAR Y I 12 FT LA TS DB B SR AT 5 1 B0 A v
TE o PRI X0 G R A o ORI 4 R T g
R JEE (AR LASR v 0 PR L

ASCHE T — TR 2 BRI E S B 1
DU ALK I 5% vp— A [ A G T A B2 X B T
DR R 2 i) ) 2 A 7 i I — 1 = (] [B T A
- THT PR 2SRV B 2 80 HLxE 5 - T A 3 T
HAXBALM AR T k. L TEERNET A
Xt IO AL 2 Xt B AT 25 25 T AV 1 T ik » ik T I
A7 28 8 AL AE PRI S FFAE VE TRE - 7T 288 45 25 T 1 AT
A 8 P 0 A AN 2 BRI R D HOAN T 2
SRS (L LTI A R T IR R
AV B30 0 L 019 481 3 A e KL TR o B i T
TRFFAE i 19 52 IO B2 9 5K & #0219
AT TARERAEZNE L, KRR
FEMT T SCME T BR SR 1 RE A8 o B M B E LKA
BERCES AL RETL 0. 2°LLN L 7O E L
RN 0. 500, A A A3 ) B AR B B IR 2N
0.8, SR A ROHUE 52 T 51 (9 Afl 1k . 3
BT S0E AT R RS E PR ARG JEE



53 B L 55 s 0] (B 22 2 TR SOV Y A BE 2 TR B 691

15¢h IEEE International Con ference on Image Pro-

éﬁiﬁﬁ : cessing » 2008.:861-864.

(1] %, 2. s [ ML LE B2 B 2005, [7] CLAUS B M. A comparative study of the robust-
ZHANG G J. Machine Vision [M]. Beijing: Sci- ness of two pose estimation techniques [J]. Ma-
ence Press, 2005. (in Chinese) chine Vision and Applications, Special Issue on

[2] HORACE H S, CHEN Y S. Planar rectification by Per formance Characterization, 1997,5/6(9):291-
solving the intersection of two circles under 2D ho- 303.
mography [J]. Pattern Recognition, 2005,38(7): [8] R ER®&.48%5%, HF A, F. CCD HAQHLPL B bR
1117-1120. EH A &% #% T4.2000,8(1):96-100.

(3] WANG G H. WU J. JIZ Q. Pose estimation from ZHOUF Q, ZHU J G, YANG X Y, eral... A
circle or parallel lines in a single image[ C]. ACCV high speed CCD camera calibration technique [J].
2007 - 8th Asian Conference on Computer Vision » Opt. Precision Eng. ., 2000,8(1):96-100. (in Chi-
2007:363-372. nese)

[4] WU Y H, L1 X J. WU F C,et al.. Coplanar cir- [9] CANNY JF. A computational approach to edge de-
cles, quasi-affine invariance and calibration [ J]. tection[J . IEEE Trans. Pattern Analysis and
Image and Vision Computing , 2006, 24 (4);319- Machine Intelligence ,1986,8(6) :679-698.

326. [10] #Ew E2FF, #4848 EEERTHEERY

[5] SAFAEERAD R.TCHOUKANOV 1. Three di- FARRGIIr A B FE L] A 5 4 % 1 42,2006, 14
mensional location estimation of circular features for (3):509-514.
machine vision [ J]. IEEE Transaction on Robotics LIN Y CH, CUL'Y P, HUANG Y G. Study on
and Automation, 1992,8(5) :624-640. edge detection and target recognition in complex

[6] ZHENG Y Q. MA W ], LIU Y C. Another way of background [J]. Opt. Precision Eng., 2006, 14
looking at monocular circle pose estimation [ C]. (3):509-514. (in Chinese)

EEE

BIRE(972—), B, IWARE SN A#H
B4, 1997 4F F b s A Ak LA
[&?%’%ﬁ%%i%ﬁ,ww 4£.,2003 4E L
S IR NN o i 11 B 7= 8 o L o
AL B K 2 L — IR AL H R B F
AR R R AT EEAEIT T RN AL
AL BE I % . E-mail:

hongwei(@ buaa. edu. cn.

zhenz-

B AECL981—) B PO ST
A2, 2004 AR T b 5T 25 AL R R 2 4R 15
F AL, FEBEE T M AL
B, R b B4 . E-mail :
buaa@163. com

zhaozheng _

WITE965—) . H L KRHEA H A

A ST, 1986 4F L1989 4, 1991 4E T
f ORBEREAS IR B+
A7, B R A6 BTG 28 A R K 2 AR K
ML — AL R B S
B R EEOIT O HLEE G Ok
AL AE % W & 4%, E-mail.

buaa. edu. cn

gjzhang @





