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Pose detection of connectors based on improved RANSAC algorithm

Zhang Shuo Jin Xin
(School of Mechanical Engineering, Beijing Institute of Technology,Beijing 100081, China)

Shi Lingling Wang Weiwei Li Zhongxin

Abstract: During the multi-pin docking and assembly process of connectors, if the precise position and orientation of
parts cannot be accurately detected, it is very likely to lead to the failure of the connector docking task, and even cause
pin bending or damage to the part structure. However. due to the interference of factors such as image noise.
machining marks inside holes, defocus caused by hole depth, and hole wall shadows, it is difficult to accurately obtain
a complete and precise circular contour when detecting holes, which has a relatively significant negative impact on the
accuracy of connector pose detection. In response to the above problems.this paper proposes an improved circle fitting
algorithm based on RANSAC. Firstly, coarse positioning is carried out through the Hough gradient method. and then
the inlier set of the circle to be fitted is obtained through RANSAC. Finally, the WLS method, which determines
weights according to the relative number of inliers in the neighborhood, is proposed to refit the circle for the inlier set,
and then the precise pose of the connector is calculated. This paper also conducts a precision test experiment. The
measured average attitude error is 0.051°, and the average position error is 0.567 pixels. Compared with other
common algorithms, it is finally verified that the algorithm in this paper has high accuracy and stability, and the
detection effect is better than that of other algorithms.

Keywords: connector;circle fitting; random sample consensus;least squares method

0 = I SE A3 AT A 5 T 2 405 1) 8 2

T RS F A FRL T i e A 2 A [R) SR P S e )

il

i,

o Mo, FLAYSE DR BE 2
LR R E 0 A6 DK JE L OF dir 20 3 IE RS R T AR

SKERETRE A H R 2 BE A AR AR D — R AE ALK
TR0 GBS 2 AT 2 0 B T A B Ay B
AL . TEEHEAS F e Bl AR b L TR A AL AR ST Xt
AR HEAT RIAGCOR A A B X % e % v AL 5 R A AL A RS

W H 9 .2024-12-24

TE S PRAS I A v o R T BRI A L TR | fL
WP BUR L ALEE BT % R /Y T 40 78 LB AR I AR
HhOME LR IS B ELURS i B0 B9 A . E T L RS E 04 JEE
PR AT R 2 BT R W o 3 AR A A A RS

« 137 -



948 & 2 F o

T # K

TR T AR T B0 B AR T B A 5 O, B O A il o
FREE PR

YRR [ 32 (fF F A S A O I8 A B B SR A — 3K
P (random sample consensus, RANSAC) , fx /N — 3 45 JL
He vk M E T, Wang™ $2 1 — P e T ok EBE ML
B RS A 1 VAR FR (B T B kL S T AL A O AR R
S5Z80as (A L 7E BRI A B RIS, 38 T 45 00 AT S
MSEOREE . Jiang™™ B2 5 — F ok 3k 1) B ML 22 O 25 46 [R]
o BE  E LA T A I B | 8 R TR Y SR L 4R
TR BRI o BE A ME R M . Zhao IR T — AT
552 M i A1 Hough A8 19 B0 40 & AR 46 7 5 . 85 & T A
FaREAP G R, BERS T F.OMWEE R E; Kiddee
ST PR — ol 5 RANSAC 559 506 i 5 181 1 6 4% B g o
NGRS LB TV . AR EAAGE A T B A S SR
T, Ma 55 T — B T RANSAC 513 (1 25 [i]
DAE TS 2T B T B A R MR R B A A R
T30 6 0 80 S RATS SR AN 4 5 Seitovski 251 7 1 T — B
DBSCAN 53k 2 1) RANSAC 5%k . 45 51158E 1 T i o
22 64 K T 1) 50, - 2 A e R U I 5 T U A R
Xt e /N 3 A Ak B3k AR B0 2 1 25 R A ) A AT L
A R BS540 36 UE T PR R ARk B S R R AR M L O B
BT R Oy % 1 35 VU s Michalowska 45 #2245 &
SRR R W R RS A fre /N e ik I TR UL T R S R EIDORS B Y
BT . X T H bR 224 00 ) 8, kT AT R T
— T 5 T X [l SO ER AR B AR B0 B bR o R O
TEPRIERS BE (14 [R] B Wl /D B () 5 A S i, e 7 4
T I 2 BE 5 v R R A R SR T 0k 19 PROSAC B
P ST RV AT R AL, A AU AR T A B & A iR 2T
P XA s 5 A B T — R B  ORB-FLANN
SERF A R R 5 o P R = BUE e 5 i, 48 i T IR Ry
UE R R 0 R i A AR R R4 UG T PR R R

B 1R 25 S B A7 AE — 8 19 JR B P 5 7 S B 7 R v e
A [ B Sife Jovi e Bt 1 48 1 5 v o A M /D — B e 4 HE R 1
T S0 T B2 K B 50 0 B4 (80 R U A 55 19 H A ke
M5

KBTI A T —F 3T RANSAC By ik 5%,
FESF UL 32558 1 453 b R Ik AT R A,
Yo 57 BT LA GG 7= AR ) Kt B B AU T 90 58 2 P
it RANSAC 5N L4856 MR LG A5 B b i 5
BAE AR RELG BB N SR 56 3 B A SCIR T — AR R
L35 PN URE R B8 it 7 AT 1IN A R /D 3 5 (weighted
least squares, WLS) , 715 N #5442 HoAth 9 A5 5 2 B 0
Bt 2 2 30— A B AT S5 B2 08 T A SO B AL
0 O P S AR AT A /s ek B L A5 B [ 1 o
7B AT, IR 7 vk nT R ME T B A 3 3 4 B A
AT AE Ay 25 E 2ok 7 v A RS A 67 2, Sl B ) 38 A7 328 42 2% 38
1 Z2 5t T 4 e L .

+ 138 -

1 BNz

AR SCH bR 2 108 52 06T 2 s LR fE AL B0 A L 7
B PFR AL AT S O T 2 e 2 W AR 0 2 BT X AR . i
HEAR A A AR Jo BT SR pg LA e TR 3 o 4
Bt 4 A 4 S PR B TP 1) R DS A S A L 4
TEHE 0 T bk 5 T RE R X A RGN AR ROR MR A
ELHE HYGETER R R . SEE A RS A AT 1 R

I

B 1 SRR AR

Fig. 1 Schematic diagram of the connector sample structure
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Fig. 2 Image detection flow chart
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Fig. 3 Comparison of image enhancement effects
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Fig.5 Comparison of edge extraction results of characteristic holes
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Fig. 6 Two-hole rough positioning results
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Fig. 12 Schematic diagram of pose experiment system structure
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Fig. 14 Schematic diagram of position experiment system structure
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Table 3 Position accuracy of different algorithms
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fEhr  XTERAL 1 XJREA 2 XL 3 X R4 4 AR SCHE

TR 1,583 3.898  0.635  0.580  0.567

PR 1.327  2.535  0.372  0.368  0.380
AIRZE 4.560 8.571  1.464  1.381  1.497
Fo/MRZE 0.103 0 0.327  0.112  0.055  0.071

A Ao X EE 73 M A B AR ST AR Y AR Bk 4 07 R 2E A
PRIEZE PR 22 DL R d KRR 22 1 s b, AU TOU AL 1,
2.3, G HRAL 4 25RO IR PO TR AR SCA I A
AR AL AT LA R o fL AL A E L A T LR BN AL
B B T 2 AF 0 2 B R AEAL L oo FLAFAE ] 2 L 32 B
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X R 4 FERAS T B AR ROR T LIS IR
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Table 4 Position test error data of the algorithm in this paper

FEER  S1FS S2F5 IEIRE/ pixel
S 0 5 0. 812
BN 1 6 0. 087
iR 2 7 0.431
I 3 8 0. 840
I F B 4 9 0. 992
I H 5 10 0. 641
T 6 11 0.071
S 7 12 0.126
M 8 13 0.319
R 9 14 0. 687
KR 0 1 0.316
b 1 2 0.564
KR 2 3 0.536
K- 3 4 1.085
IR 5 6 0.723
KR 6 7 0.174
KV 7 8 0. 700
KR 8 9 0.372
K 10 11 1. 065
K B 11 12 0. 088
IR 12 13 0. 354
KR 13 14 1. 497
4 % ®
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