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Abstract ; In this paper, a set of visual inspection system is designed based on three coordinate measuring ma-
chine(CMM) , and the new visual system can extract the actual spatial feature information of the parts. For
the parts with corner which is on the platform of CMM, the Harris operator is used to extract corners in the im-
ages obtained from three different orientation of the CMM. For the corner points extracted by the Harris opera-
tor, this paper proposes a method of eliminating the false corners, which combines eight-chain-code false cor-
ner search method and SUSAN method. Finally, based on the principle of stereo vision, the “Distance spatial
map” matching algorithm is put forward, and then the three images are matched one by one. Although the po-
sition and orientation of parts are changed for many times in the experiment, the experiment results show that
there are 1 —2 pixels difference between extracted corners and the real corner points, and the position error of
parts is 1 =3 mm. Through the experiment, the accuracy and stability of corner matching and positioning can
meet the requirements, and with anti-interference and practicability as well as.

Key words: CMM ; Harris operator ; corner matching; stereo vision ;distance spatial map

Y7 H #3:2016-04-05; f£1T H #3:2016-04-26
BEEWE KA A AR AT A B H (No. 13JCZDJC34500)
Supported by Key Project of Natural Science Foundation of Tianjin City( No. 13JCZDJC34500)



398 o E A

9%

1 7]

e

TERT R R GE " rp  FE A SR A S L A
J2 EAT R B AR ML R R [ SlAG: I G I R
Al T T A AR A, B A S B
PSR i L E R U A s 4R BT D i
(R e e Y A NI R

A — R TE G b B AR AR B R R
oA G Bk (A AR B AR R ARIR = 1R R
ML ERBET EHR B R R IE . A A I R
AL B R — A S AL BRAE B 5 T IRMG DT
B S IARER BE DL K H RIS 5 B
FRAE S 2 IO 1 T 43 A 2 AR 1) AR A1 s Aer
FET 1 S (A RFAE AR NI 2 B AR AR PR AT A
R o TSR A AR a5 ARG B R R T A 4%
AR , oF T 2 2 PRGNS T 5 2 T 4 FR R AE 5
ARG T B33 R 00 % A 00 P AR P AR 5 T T
AR B RRIE SR T ik © R WF Y A S, Harrds |
SUSAN il SIFT 454540 )@ Tz Bk .

SCHR LS ] A3 1 RO 2R 7 7 A A AR
il 75 R R O A, AR I BB T AR R — RO A
SCHRL 7 1 H R 4 )5 A0 R 20 2% 1 il S5 R PR R R
A R SR I B R AR . SR8 T Al 2
RUEE Harris ByE T B A Z A R BRI A 05, H
AR IR R AR . B T EI& T
FiEF) 77 v A PR — LT IK MR
VCHE 5 3207 e X 2 g G 0 K BE AR AL 3 E
TSl T, R L TR B VS EC R R, (H
ANIEA TR 2 8] Je f AR K 0 224> A HILTE] 1) DL
Bie, HatB sk, o — P 38 T BURFRRE Y 5 ik,
271k T VLS LR VTSR DC R, i 4R
TE R —YEFRFAE , TR S —HEFRAE , DRk 2
ZIRBEI T RN ESF N R | R
MK o T sVRFAE A 5 R h 2 A B, L4
PO PRI ALAILSE P H R A H 2 L R
4N Harris 53 ) SUSAN 53k, M8 e w I HE
FRFFIEZ — , EATH T AR RE TS 19 Sk
W, AHRZSZFRH R Harris $2EEI M S TR ZE
ZeBLICTE HA S TS B fa i, X 2Ol £ o5

FERHOLIME BRI BRI ER . X TR
ARA A A A, AR BEAT I DT B0 D0k B 4%
HESLIEHER R o

BERSLAE IS, AR SCER T /B A 48 R 75
SUSAN X Ik 45 & 1 D M s B bR 7 ik . %07
LRI\ B 28 1 T o PR g e B O A a5
FHFI T SUSAN DX Ik M R 102 T 48 B _L i D A A
e BT AR U, £ B g s ] R A DT
BCSE , X B T B A AR AT DR R 7 3 o 5
BRI ARSI D 1 a5 50 B D7 3 FDC JE R A2 53005
AR RSB, HA —RE IS

2 A BRI AR R

S vf O S G AR ER 8 1 TR, SE 0 T
CMM" ™3 AT ] 7 57 (9 AR L3 301 356 ke 2% 47 iy
(7 5 G, ARG SR U R E I kB 15, 75
EIEARE 19 8 KBRS s e R ES . X TFHHE
W ) PRI, 25 P P SR ) Harris 250341 3R
BEIGFFE & o 1207 A0 FH BRI — B 22 40 R 115
RMRRW I B A RE M, (1),
SRR AT, ansX (2) L 45t A . i
RBRfR B e AN T, SE A AT
RN o SR VA o = B 1 L B = B 9 L
B BRI SR BIAR 2t . X T
FIF 3A5 B #7114 WC A0 TG 1 P A
SEVCHESE R o R, 7 D BE AR 122 HE 3 Rl B A A
TS, I E T AT AN A5 Bk I B £ A5

(e (AL
ox ax dy
M = 1
(Lo «ﬂVW>’<>
ax oy’ "’

R =det(tM) —kxu*(M), k =0.04 , (2)
(D) JEE MR BAME R 3457 05 16
FFE T FRoRT mi (x,y) IR R ZE, + 2B ]
9, W2 —4~ 3 x 3 S IE g a8, 50(2)
H, det (M) N HERE M AT 510, o (M) AR
W,k O — ARG (E, 38 H ke 0.04, R N
SR N BRER A, B E — A B B (E 1
threshold , 24 R B{E K T I BRI A i, G P45 i D
RIS AE £ o



%4 4

ALY, 45 - A0 A e HR RO DE e R 7 399

2.1 RNEMERA RS

JNBER IR & 1 B, Xt T i Harris 5
TEARIUR A A, S NBERS 1 O 7 ] 4 3R 3% 2k
PSR TR BUE A 18 3R L, 1% B {EL PT LAIBGZ A R
BEMEM—F . WRAEIL L L& FRIRR
MRS IR AR \GERS (Y 1 07 1043, B2\ B A%
(¥ 8 A~TJ7 1) AR REAL 28 26 12 25 AR A 5 IR 40X
A RUE TR R B ARA — A7 A
AL RN AR A5 AR TT 18] (R R, A%
AR —EANE TN A R

BT \BERD Iy ] &
Fig.1  Eight-chain-code direction
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Fig.2 Orientation diagram of camera and CMM
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Fig.4 Multiple views to determine the point
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Tab.1 Camera internal parameters

Mo/ Mm v,/ mm f/mm k,
Cameral 658. 884 533.363 16. 193 040 0.000 289
Camera2 647.305 498.355 6.042 961 0.006 233
Camera3 647.598 498.715 16.235 531 0.000 288
R2 ARESNERHGRRLER
Tab.2 Pixel coordinates of corners in each view image
Cameral (2 %) Camera2 (2 %) Camera3 (2 &)
1 (544,957) - (758,840)
2 (533,805) (763,591) -
3 - (783,560) (791,690)
4 (815,723) (546,310) (526,631)

&3 1AHE CMM Z BRI LIRHIRX R

Tab.3 Relation of coordinate transformation between camera and CMM

a/rad B/rad v/ rad ¢,/ mm ¢,/ mm t,/mm
Cameral-CMM ~ —1.503 283 0.064 378 -0.046 754  227.974 026 -1 050.507 167 —400.084 751
Camera2-CMM 0.044 251  -0.248 223 -1.523 188  308.677 97 870.639 171 30. 065 223
Camera3-CMM  -1.543 118  -0.080 176 —-1.524 048 -1529.503 317 624.449 218 —522.936 725
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Tab.4 Positioning accuracy detection
AL FR/ mm CMM i & AL bR/ mm BRZE/mm
x ¥ z x' y' z' Ax Ay Az
1 229.98 607.47 -752.80 228.26 608. 13 -753.52 1.72 -0.79 0.72
2 229.13 607. 06 -667.91 229.84 608.94 -668.76 -0.71 -1.88 0.85
3 232.87 602.95 -667.16 233.64 604. 06 -668.52 -0.77 -1.11 1.36
4 402.91 777.03 -658.04 401.29 778.21 -658.92 1.62 -1.18 0.88
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