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Research on sub-pixel registration of fine-pitch gear image based on SIFT

Zhu Weibin, Li Jizhe, Ye Shuliang

(Institute of Industry and Trade Measurement Technique, China University of Metrology, Hangzhou 310018, China)

Abstract: In order to solve the problem of mutual restriction between high spatial resolution and large field of view of industrial cameras
prominently protruded in the visual measurement of fine-pitch gear, this paper studies on the sub-pixel image registration method for fine-
pitch gear that has strong foreground-background contrast, insufficient local contrast and large area of the same color under rimming light
condition. Aiming at the problem of less feature points and low correct matching rate in the image registration process based on feature
points in fine-pitch gear image registration, the registration process suitable for fine-pitch gear image is described in this paper, the
global histogram equalization is introduced to improve image contrast, enrich grey level and enhance the feature information in dark part
of the image, so that the number of feature points and correct matching rate are improved. In order to overcome the deficiency of
incorrect threshold setting, parameter adjustment difficulty and model nonuniqueness of traditional matching pair purification algorithm,
combining with 2¢ criterion, the global self-adaptive parameter matching point pair purification algorithm is put forward, which not only
ensures the uniqueness of the purification result, but also adjust the judgment threshold adaptively to avoid artificial error and ensure the
repeatability of result. Experiment results show that the number of feature points and correct matching rate are greatly increased when the
image is preprocessing with the method described in this paper. Besides, the registration result measured by the average of translation
amount purified with the method described in this paper outperforms that of the traditional method in correctness and precision. Aiming at
the fine-pitch gear image under rimming light condition, the registration precision is better than 0. 083 pixel, which has great practical
application value for the visual measurement of fine-pitch gear.
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Fig. 1 Original image and its gray scale histogram
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(a) Feature point extraction result of the original image of the gear
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Fig.2 Feature point extraction and matching results

of the original image of the gear
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Fig.3 Fine-pitch gear image and its gray scale

histogram after global histogram equalization
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Table 1 The variances of the slope and translation
amount in the purification process of the
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e IR e RAKT
PEREAT A LR BRE PERE

BT % 3.3160 0.0001  0.000 1

KT 1wl S A% 5 2/ pixel 85056 91945  0.0182
A R T2 /pixel 41782 5.9850  0.012 8

2% 1AL AR SO 38 75 3 X R s DG e %o i
Frigal, Blnfe e bR B4R m . 28 BITIR A SCHe
F149 42 JRy L N2 B I 0 41 407 3%, T AR 5 B
il i DT FERS $ 40

4 LWHERSSH

S i FH /ISR FE AL e I AR GEANTAT 9 R

CAMEAHL
ANt LEDti

TLfBBE

B9 /BRI Fe LAE I i R 4t

Fig.9 The vision measurement system for fine-pitch gear
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Table 2 Comparison of the number of feature points
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Table 3 Comparison of the correct matching rates
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YRI5 BET R4S & SE PR Tt RO BCHERS HE, I P =0.99,0 =
0.1, WRMER ¢ 75 BRI ST B0 (B 25 & S I s DUH E
ZSRIIE, e =0.2 WACR . MR SR T SRR
BHNP=0.99,:=0.2,0=0.1,n=2, LG IEE
%20 RANSAC fl45 38 i) i R B0, insk 4 P
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Table 4 Data statistics of the number of RANSAC

model in the experiment ™
SEHeH AR SEHEH ALK
1 1 7 2
2 6 8 1
3 2 9 11
4 3 10 7
5 1 11 4
6 2 12 2

HIZR 4 R, X6 2 - B AL H A6 Y ) /NS 01T 48 14
PQAEAT TC HE I 2 R 78 43 1 B0 T DS C X A AR 2 A
RANSAC flii 5 5, A O b 52 Wi 1 TG v 45 218 1) T ek
AR SCHERIR 22 I /N B AAE S RANSAC S5c 0 A, ) FH o
KR ZE ) JT 1572 (mean squared error, MSE) H i H 54«
SCHCHESS FEAY IR BEFORS 5 8, G T4 SR AN 5.6 Fi o

£S5 AXATidFES RANSAC R EfRIREXTE

Table 5 Error comparison between the described

method and optimal solution of RANSAC  (pixel)

LIl AN HESS RANSAC eIt fift
1 -0.001 1 0.020 6
2 -0.0311 0.080 0
3 0.0139 0.066 6
4 -0.063 3 0.1199
5 0.004 6 0.014 6
6 0.042 3 0.048 6
7 -0.034 6 0.123 4
8 -0.062 5 0.1158
9 0.052 9 0.070 0
10 0.029 4 -0.050 1
11 0.001 1 -0.014 8
12 0.082 6 0.087 0

R6 FUELRERESHEZENLL
Table 6 Comparison of the correctness and

precision of registration result between the

described method and RANSAC (pixel)
Jrid KR E MSE
RANSAC Al fi# 0.123 4 0.006 0
AR 25 R 0.082 6 0.001 9

122 5.6 AL, M A SO IR 75 753 56k BRI F X TRk
AV BCRT PEATHRAL , S A B BCUESS SR () 1 1 B RORS 5 5
PIPET RANSAC e flififf , e RiRZEANHIE 0. 083 pixel,

5 & i

ARSCEE XA BROGTR 20F T /ISR 46 PR o Hh A
TEAFIE SRR /D | IR VE AR A TR, 5T A 2R B
T B Ay R P GOK BE (L S TG T S TR B LB |
PR KB AT, $ETHEEURAIE SR FLE A DS BC R, BT %
AR GERFAE R DT TC X i 4 5 12 A N SRy e 45 1 LA T
Z YR VR X S A R A M — g [ R, 2 HH A2 JR) O 2
DT IRE SR BT, M AR o 2 v UL D 0 S 44
B, 19 3L R 1 {5 B DC BC X B 4, T VA T B R, B
TP S A SRR A SO i J5 vk v S BT
0.083 pixel (144 BT , T HE 45 SR 16 B2 FORS % B2 X 10
TALSE RANSAC 3%, HATBGR A SEBR I A o
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