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Starter Clutch’s Star Wheel Assembly Oriented Visual Detection and Location
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Abstract; This paper designs an industrial robot automatic assembly system which solves the problem of traditional star wheel manual

(Zhejiang University of Technology, Hangzhou

assembly inefficiencies, after analyzing the assembly processing of the star wheel. Firstly, the star wheel surface profile image was captured
by using CCD camera. Then, camera calibration was achieved with the help of Open CV visual library. Afterwards, the Noncontact visual in-
spection is implemented with the help of vision technology such as noise removal, Hough circle detection, contour extraction. At last, in the

case of a star wheel, the experiment verifies the effectiveness of the detection method and the industrial robot realizes the automatic assembly

processing based on the information obtained by the visual detection system.

Keywords: automatic assembly; visual detection; image processing; angle recognition

0 3]

P e DN AR e A 4 B AR e b o HLA R R T
HARZ —. BHEAEBEM TR GmEN . EGLAe i E
MR, T MR I R g B AR el . 7EZRSCHT I &= . 2K
R MY KRS AL, T2 R TALAE LR . R
. BRAGEESE Y, i, fME VMT A& RN 3T 0
B AR B wh R 1R R R s O B AN R R R PL AR A s R &
MR R B AR TR . AR RS (Au-
tomated Assembly Systems) J& 8§ 7E — Sk 2% fid 26 b ol & 7 — 14~
ECHOCHL, LML A A B & R AT & R 2 AT 50
FEE MW AR LR, BRI AR B3 pad#d,
R ARGN — AR R T, X RORH 3 & 1 3 B 2= M
AT R

B R RS R F B, AR R R AR T
PUEE S B i 28 o R e S L VR 0 R TR 1 R I Y
—IE R T, B FEERAE & T LM, e T
KRB, BORARTS o A SCE L A By iy BIL A S B ) 2 2
R B SR B B . H T RO A 4 Al R R S e
M, RSB,
1 RKERZMHIIELRE

ERLESBRNT, §RHETERGENRE, DRBEREN

il

KT EHI: 2014 -08-12; f&EAH:2014 -10-10,

E£WB :ERARFEIEE BN A (51175473) Wi iL 4 BT
CRI B BO %I H (2012R10002—11)

YEEBIA AT (1990 -, 5 IR BRI B A E B
BLAR A FE i AR Ak 207 1] (9 WF 5T

5HLE A Z M0 E 2D SBIAT G . @ ad e R4
F) CCD AR AL I, FHR R & R4 CCD BAZ LY A5 5 5 4 nl
RS, gl 0 RS R S b B R s 2 BAL,
L ER A KA OpenCV X445 12K 15 19 B 5 M5 B #E 17 &
BB, FRIEIREG, B SIS, Bl AR RN
MG RS PR B LS PSR A S BB B . TR fE
PR AE IS 3 [ 2 W IR . AR I AR AR N A& 357 3B B I
ER = A | W OB A R T VAN R ) I 7 N = Do o A R
FR2Z 5 A AT NI, TRAR 8 B2 48 09 S A8 b AT 1ol 3 3k 149
T, ol R R 2 P A L R R B X 5, B B SR
Ja LA N T 2 T G 1) R A R B AR . BV TR R I
E 1R
2 BHRIRE

S ML A AR IR L5815 8 58 i B AR S e, A0 58 AR K Ak
FRZ (Osusv) , HRBIRR (O, XY, Z,) ZE K, ff
PR A% v Y a5 BRSSP T AR A % R Sk, ik kB R AT AR R AL
HIbRE, LB REM R R A PG, BB AXR
W 2 fiw.

R IR R (O, Xo Yo Zo) FMEZEH AR R O..X, .
Y . Z) BT LR,

X, X
Y. R T Y.
= ) (D
Z. 0 1 L.
1 1

Horp: Ry B, Too WEBINE.
TEEH LB ML B A AR A2 45 R (O, X0, Y. . Z0) %
BB R (O, X, .Y, H. AT B R AR R



%5 1 fa] V. SE. T BRI RS R A F 210 2 T A AR I s 7 . 1461 -
FanzX (5, s B—MERRELH CH B 275 50 8 E X
Fx RE B .
[ wwke | .
L u f/Ax 0 . ¢
slo|=1] 0 flar o |[Res Toaq|”"|  ®
UL B RS RR 1 0 0 ) Zw
S 1

EARRG R AL

W

DIE YN %3 L

ZI(Y/N)

YES

I W (R

R BERR
Oy Zy
AR RR R [ Yy
Xy
P(Xw’ Yy, Zy)
_
ﬁ@mﬁéﬁ??\ - (Xd’ Y
0, 0 u
04 z,
X4 v
Ya BRAFR
Xc
Ye

K2 AR RZEII KRR
X,
ok
(2)
Y.
A

Hob: f R BB LI FREE .
A S F T I A 1 AR bR (O, - XY, 5 S BR Y R Ak
b (Ous Xy u Y HIF KRN D,
J[r[,]: (At b2 +k2r2)|:1“ }+ [21)11;3]“ +2,Dg(r2 + 213)}
2| Ya Yu L1+ 2y F2prxuy.
1 r=a,+y.
3
K bk BBER BRI REG pspe WEAR AT
SE R R AG S T AR AR (O, X5 Y 538 HL AR A 4R B
(Osusv) MEMEZBICRIT .
u= fe+x;/Ac+c,
v= fa,/Ac +c,
Hrbe (epoe) RAENER . —BRIETHEHLEG T G
Ar Ay 43 KR EE B 5 10 EAE ARG R Z R IR (mm/
pixeD) ., Zg FAFEIUF (9 BR A2 b5 R FL A N = 4k A6 b5 R 19 7%

4

3 BEGiE

TEEGRAE R B, PR A R0 S T 3B 6 3 o2 % i T4
A 4R 2 DL RO R AR B g R L TR, TR R I T R A 7
EYEWRE L BBBE. T ik 0 7 PR 14 Ak LA % A G EE (1
S RO A R RS ) R IGE 2 (1
VL TO1 Ah B 420 3 L MR 75 AT AL 3. B 5. 7 CCD AR HLAE
SRRTINIE S H . B9 Tl T IR R . Hok . SR
AU Iy TR R AT M A B L B B B I A R AT
BEW DI 7 L S K AR AT A AL T S TR 14T T
BT, DU R ER P i RS R A 3. s e 4 AL B
HIL 0 T4 TR (69 Hough I8 52 ORI B SR BOME ok 46 AR 1Y

lﬁaf&}_4:ﬁmkﬂmﬁﬁm}{@@wm

B3 AL T B
4 FERBEMEITHE

4.1 Hough E#&im

R T ERECE R RO A bR, FRATR A Hough B4 46 i 47
[ A A . Hough 728 i X6 W 25 A 65 42 Pk 5 P i ok oy 8 9 46 86
o 0 B4 9

HEA B, ARG A, XFRER r BLH
(aysaz) W, A FEH

(xi —a))*+ (y; —a))? =71 (6)

BEBF S ECas [ dE RS I 2] T =4k, e EG as E) R
R EMEE D Gy MR TFSEEN (a0 TH—
A=, i 4,

r
(a;, ag, 1)
0
/ ay

By
B4 RS0 RN
Xt A% s ) v g TR R A T R DU B s ST AR TR g i R ) A
FEELS, SRS Y MER LN, BIHESHE g8
BRIEEN r WITHE S (@) .ah) » FIEEXFRE (@ .ab.r) 3L
WONTTRE R EmARn 1, R E r WEES LRI, &%
%% w378 M 58 WS X = AE RS 0 BT A R 0 s TR g, B
UEE 1 /NA% %) A s gl X 1 2 18 A4 5 Tl oy SO i 5 0 U0 BB AR

(aysaz sr)



» 1462 -

PP A 5 45

% 23 &

4.2 ERFALSEERN

FIH OpenCV 58 i X B AG i 4k 285 15 3] /9 5 B i 17
WP, BRI SE 24, o R RS
BE. AR T RZHEN G, AR BAKRKIRBCL R, SR Ak
BAGRF AL bR R TP RS B A A SR AR FR(E (2t e yf) , MRIEA R
(7) 545 s 5 8L Y BE B 1 T

D= (x;i—x)*+ (y; — y)° (D

TR W D W5 /AME Do A1 A RE 8 A8 FR  (2in s Yinin)

G == o (e G T D2 (1 /NS o =

u
Lmin

(8)

Lo
Y = arctan "
Yo 7 Ymin

2o Fn RE LR RO ML FREIELWEE h, NE
{Ev MR EE T ELRN (2 y¥oshs0,0,7) & i (xo s Yo s hs
0,0, WA (5) AR BATRAEMALIRR T WA%E,

5 I
501 MREGHER

BB EASKERSE. EETHTHAEN. @5
GRB4016— 06 Tk #L#F A, K1 DH— GV400UM/UC 4 #f
L. KfE DH—VTI121 B R4 . Kid PFB2—20SW—F—
JT—MO JEJR. fEiknw . TRk HFHM. WE s,

EETN

B 5 Bt Al R S

5.2 XA

K gn R AEIRGHLT Bt R AR AR R PR R (Ous2usyus
zo) s AEFE N _EIE T AL T ok JE B A I X3 P A Al A A B AL
W, [ RRTESE Z BER M s y RRALN . E 6,
By BIE7H LAOLC . BREEREHT N SO (BEEHN
(xosy0 5200 ) WIELR 5 /K J7 1) Z 8] 9 9 ffy . R It 222 52 B L
AT S A BB B 58 S e, 0 200 B IR 50 7 e 7 A
T AT L R BB (20 sy0 sz 008, 7) » B EE R b 00
B 20,y FHEFATH . Bt o, BHEN 0, HLAS AN 0] RIR
K (o s 30520505057 o T LA T 4500 56 A6 00 28 2 % 1k B 4%
RS R0 %, SERINIEIET .

W AT RS AL BT, R LR R B R R
B TR LM, BRI, fE RSP, T AT AR,

W TAEMr 2 )5 . #EAT5000 . g bne e e, KA
BBV TERAR LT . EEAR WK 4 B B S AL 0 45 1T 5 0L
FIH OpenCV BLSE E HF 4T IS TUAL B4, 26 SR FH 8 J0r U e 326 %
PG AT IE DAL BE 25 B IR {5 e

Xof £ B i 0T 0B O 7 Ak B S 9 TER 3 4T Hough (B 725 e #2 B
g 1 DA I 1 e 2 NS PN o -y e SR
FF Cusv) o FREHA AN (5) 18375 = 46 1 iy th 5 A 4%
ZTFELAFR N (102.8, 41.0). 7E Open CV 1 [& .0 Ak b7 I

1 —\\\\\
Oy
¢ & (o ¥ o:[Zo) X
|

B 6 RiphiigRE
VAR AT A AP, O TEF L, RO M
[ % B iR R AERAE hy 255,

T W A 0 B S R AT B A A B B AT A S 5
BOR, BT ORHBIE S 80, 85, 90, 95, 100, #EAT [l
B AL, FE B ITIE A, SRR, ARIR RN 5
B ZMRFRE . IR B A 90 B BE 15 3 5 I i 2L %8 9 )
LIy

BB RN EERHEEFTALARX (D, ), KEM
BEy=28.8", MR R 30 mm, MRS ERALE
g (102. 8,41.0,30,0,0,8. 8°) , F 15 H 7E 1l 5 Ak 4R & T 5
FRAsAT Hy (103.5,41.4,30,0,0,8.0°) , THE iR BEHE 100
LR b S B0 AR

P LS8 R G5 B0 09002 5 S BRI A Ar 2 AT A 43 5
AR L &S A E R E OB LRZE O =

() — )%+ Cyy — v I 15 HEci a5 1, L
£ 1 MWHERGRINR2E

[ HLBE 72 e T s 1 SRR Y Bt | TR

o 1(7% (x1,y1521 T\L/% (x25y2523, ﬁl}é% BE R 2

7 aisfis71) azsfs72) ®/mm (6"
(102. 8,41. 0, (103.5,41. 4,

1 . .
30,0,0,8.8) 30,0,0,8.0) 0-8 0-8
(105. 8,44. 2, (105. 3,44. 5,

: 30,0,0,14.3) 30,0,0,13.4) 06 0-9
(100.2,43. 3, (100. 7,43.6,

S 30,0,0,50. 2) 30,0,0,50.9) 0-6 0-7

1 (99.3.45.5, (99.7,45.8, 0.5 1.1

30,0,0,45.2) 30,0,0,46.3)

(107. 3,48. 2,
30,0,0,33.6)

(108.0,48. 6,
30,0,0,32.8)

(109.1,50. 1,
30,0,0,61. 1)

(108.7,50. 6,
30,0,0,62.6)

(106.0,46. 3,
30,0,0,52.2)

(106.4,47. 1,
30,0,0,53.4)

(108.1,43.6,
30,0,0,16.3)

(108.6,43. 1,
30,0,0,16.9)

(103. 2,49. 2,
30,0,0,28.3) 30,0,0,29.7)

(103.3.49.6,

(106. 2,43. 2, (106.7,42. 7,
. .7
10 30,0,0,32.6) 30,0,0,30.9) 0-7 !

(110.2,43.6 (109. 8,43.9,

1 30,0,0,28.8) 30,0,0,27. 2) 0- 1.6
(95.6,51. 6, (95.9,52. 1,

12 30,0,0,30.2) 30,0,0,29. 1) 0-6 11

13 (115.7,55. 3, (116.1,55. 6, 0.5 L3

30,0,0,5.6) 30,0,0,4.3)

(96.5,55.9, (95.8,55. 3,
14 0.9 1.1
30,0,0,16.8) 30,0,0,17.9)

(106.6,44.7, (106.1,44. 3,
1 . 1.7
° 30,0,0,23. 4 30,0,025. 1) 0-6




i e, SE. TE [ PR AR R AR A Sl 10 2 T A L A I R (o

- 1463 -

FHREOIRE <l mm, IFERE=y —7 <2, HAE
BEHBZA/NT 45 mm, BAFIREEZHNNERLT, d=

45 mm, o = 2° FFE R A FEiREA — % <1 mm, %
AR SR L T AU 1% D 26 5 B 5 i R I B

6 #RiF

ASCHRM T — P 88 258 A LRI % BT 2T
TR E 2 A A AT . R Open CV M3 AT 2278
BRI RRI, SEBOSE . MR R . I SRR T O S
ARG T FEE

&k

(1] FrHuk, KA . HLES L3I 2R 40 i T 2 oo s i &2
HA [J] . HLEE A, 2013, 6 (2): 736 —743.

(2] BGH, SiEA . BCHLE A K AL %0 e/ S5 il (7] .
FREPLIN G S50, 2013, 21 (7). 1740 —1742.

(3] ") 4. AR AL LILNH [J]. H @A, 2012,

3 (3): 49 —54.

(4] fHRE, 7 F . RmdEERmSEAmERA T . kIS
k. 2005, 12 (2): 159 —161.

(5] /NP, A& T, W 5. BeRRHLES AT IR bR 2 ik arsel)] .
LY K F R, 2012, 7 (3): 1521 —1526.

L6 58 k. % &b, $oKF, . —Fh AN T 30 GO i E L T5 1k
O . BV S MM, 2012, 10 (2): 238 - 241.

L7 XS, & M, A8 L . B &% B0 58 B AR 78 L0 43 5 b i i
LI . &ML 5% 4, 2012, 11 (3): 87 -91.

[8] Chen Y J, Zhang ZH J. Correction of CCD pixel nonuniformity [ ] ]
Opt. Precision Eng, 2004, 12 (2). 216 —220.

[9] Li ZH, Ding ZH L, Yuan F. Global calibration method for multi —
vision measurement system with coplanar targets [J] . Opt. Preci-
sion Eng. , 2008, 16 (3). 467 —472.

[10] Ming J Tsai, Lee H W, Ann N J. Machine vision based path plan-
ning for a robotic golf club head welding system [J] . Robotics and
Computer— Integrated Manufacturing, 2011, 27 (2). 843 —849.

239,299,292,299,099,099,299,299,299,299,299,039,039,299, 939, 203,293,999,039,039,239, 999, 203,293,993,299,239,239,993,293,293,993,299,239,239,999,993,293,293,299,239,239,099,993,993,293,290,239,239,099,993,293

L5 1459 30
1.0

0.8+

0.6 i

0.4 kK i

B ) / /s
B 3 LDA B EE R~

FIERAT R AR PR AF I A

SE k-

(1] &, EMR. F W, % = WS 15k M 45 5 I8 3 45 o) Bl At
T BN, 2011, 34 (12): 2305 -2318.

[2] Sun D, Chang G, Miao C, et al. Modelling and Evaluating a High
Serviceability Fault Tolerance Strategy in Cloud Computing Envi-
ronments [J]. Int. J. Secur. Netw., 2012, 7 (2);: 196 —210.

[3] Nguyén T A N, Désidéri J, Resilience for Collaborative Applications
on Clouds: Fault — tolerance for Distributed HPC Applications
[A]. in ICCSA12 [C]. Berlin, Heidelberg, 2012; 418 —433.

[4] Yilmaz C. Using Hardware Performance Counters for Fault Locali-
zation [A]. in VALID10 [C]. Washington, DC, USA, 2010. 87
-92.

[5] Yadav S K, Kalra P K, Automatic Fault Diagnosis of Internal Com-
bustion Engine Based on Spectrogram and Artificial Neural Network
[A]. in ROCOM10 [C]. Stevens Point, Wisconsin, USA, 2010:
101 -107.

(6] Thoeyl, wmm, 5¢ B, 4. HT SVM M X ZRpRA %

FEAB 2 Brh R LT #5906, 2003, 18 (3): 272
-276
[7

Ligeza A, Koscielny J. A New Approach to Multiple Fault Diagno-
sis; A Combination of Diagnostic Matrices, Graphs, Algebraic and
Rule— Based Models. The Case of Two— Layer Models [J]. Int.
J. Appl. Math. Comput. Sci., 2008, 18 (3): 465 —476

[8] Tan SC, Lim C P, Rao M V C. A Hybrid Neural Network Model
for Rule Generation and Its Application to Process Fault Detection
and Diagnosis [J]. Eng. Appl. Artif. Intell. , 2007, 20 (3): 203 —
213.

[9] Wang M, Hu N, Qin G. A Method for Rule Extraction Based on
Granular Computing: Application in the Fault Diagnosis of a Heli-
copter Transmission System [J]. J. Intell. Robotics Syst. , 2013,
71 (4): 445 —455.

[10] Wang B, Cao W, Ma L, et al, Fault Diagnosis Approach Based on
Qualitative Model of Signed Directed Graph and Reasoning Rules
[A]. in FSKDO05 [C]. Berlin, Heidelberg, 2005: 339 —343.

[11] Cohen I, Goldszmidt M, Kelly T, et al. Correlating Instrumenta-
tion Data to System States: A Building Block for Automated Diag-
nosis and Control [AJ. in OSDI'04 [C]. Berkeley, CA, USA,
2004 16 —16.

[12] Yin G, Zhang Y. Li Z, et al, Online Fault Diagnosis Method Based
on Incremental Support Vector Data Description and Extreme
Learning Machine with Incremental Output Structure [J]. Neuro-
comput, 2014, 12 (8): 224 - 231.

[13] Patan K, Witczak M, Korbicz ] O Z, Towards Robustness in Neu-
ral Network Based Fault Diagnosis [J]. Int. J. Appl. Math.
Comput. Sci. ,» 2008, 18 (6): 443 —454.

[14] Sune V, Carrasco J] A, A failure — distance based method to bound

the reliability of nonrepairable fault— tolerant systems without the

knowledge of minimal cuts [J]. Reliability IEEE Transactions on,

2001, 50 (1): 60 —74.



