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Abstract

With the rapid development of modern technology and industry, high precision and miniaturiza-
tion process has become an important development trend. However, for high-precision measure-
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ment, the traditional measurement technology is faced with the problems of less measurement
data, insufficient accuracy and artificial error. Therefore, it is of great significance to design a
complete computer-aided measurement system. The micro-aperture measurement system pro-
posed in this paper includes three parts: image acquisition, image processing and aperture mea-
surement. Among them, image processing is a key step, and the effect of image processing is
closely related to the measurement results. The image processing part first uses the total variation
model to denoise the blind hole image, and then uses the SURF-based algorithm for image regis-
tration. For image fusion, this paper proposes a multi-focus image fusion algorithm based on im-
proved edge-preserving filtering and pulse-coupled neural network. The Canny-Zernike moment
sub-pixel edge detection method is used to perform edge detection on the blind hole image, and
then obtained edge image is further subjected to morphological filtering. Finally, the least squares
fitting method is used to fit the edge of the blind hole to obtain the diameter of the blind hole. The
experimental results show that the measurement error obtained by the measurement system de-
signed in this paper is small, and the measurement result is relatively stable.
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1. 518

BB RHEROR B R R, AR BB & A, (EX TAE SRR INTTATT &, RS
TR A — B A% G0 R AT I 3= 2R EE N T, AN DUE B, i 1 A 7 7, i FLAS:
MEREHZ BN TRZR T[] SEGENRNTZAML, HRENSORRA S, FEME MR
LR, AREIE S TIAELEGN R RS FR, €T AR SCHL B ECREMEHE 2, A S5,
KRGO B BB RS, SEOLEMGRRE BRI, X T BRI, THENLEAR T L
WAL G AL E, TRAEAEM I B (2] BRI, THENLEOR T DL PR . AER A I &, 356
ARKRHEE . SR mRE R A EDR 3], T, DLEMR A B R AR LE TR LA I i 43
B TIRNKBE AR .

ALBE T A RN T MG A NMNMUENE RS, OFEEERE. HEAEMANE=
ANy, e, BURAC R BRI — A, EMRAL R R R R 2 I A R R . R BB A
MAET, EEREESXOERNEER P, BT APURIRIIRG], R BRI I8 A BERG A  R AN
AR, SRER 0 IR BB AL T T A SR 1T A 0 1 B A5 R A 11, X AN P B2 A DA 55
PRIk, xRS E FL B B2 R A R RS2 IRAT 4 2

ZREMGME RN FE R THNZIKE s RERGHITME, REREHPES. HWEEE
ZHEB[4]. BB S FIEZ R G 2 ORI 2 NE RS FHERNAT S SR =M [5]. BRLME
FER BN MA RGN ER TR S, RIS R BB IE AT e BUs AR AT AL ], 75 SR
%A KA — 5 ORI T R AR RS AL AR BB AT PR ZR S RSB R R . R YR a FOEM LT
HEmi ik, B DR R IR A E R, e s ik s [6].
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H TN LR EARRBN, EEGREG ISR R 455 B IR A B s 2, R A SR T —
TR R I FE T B3k I TD AR E VR 5 kb RE A 4 22 2% (Pulse Coupled Neural Network, PCNN)¥) &4
RA L. AE BRI SEIUE AR o N =20, R A G AR FRIE AR IR G o R st H A DA B A
AP, Horp il G AR RR BE U AR B BT Y IR AN v W 8 2 AT s AR P KR A o 22 D 28 56
AT I SN S AR 4y T AT R, AT TG U R FH e s b S RIS SE B s i e i 5 s 1D PR A
I, AN Sk PR R I 7 48 B ) 43 3 e 22 ) R PR

BB AL BB S 2 Tl & R gk, v LMRRAREE RIS RE B2, /NI E R 7, oK
TEE T T FELRAT I P R FI T . DRI, RS0 T G AR B AR R I 2 R ekt Tl E 2 A i 2L A 5 22
(s FANME -
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SR FE T 1 R B 7 2K, R AT BRI/ B LGB S B i e, S8 A M OR BE LR I RE R A B s TEARMLI IS L,
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Figure 1. Working flow chart of micro-aperture measurement
system based on image processing
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FIRABAEH B EH . KADEE KA RN, TR RE 2 8 7 ZEHE B AT I8 .
AR FH AR 4y (Total Variation, TV) ISR Ju ik, A8 0 B g B 7 REDE BR G e 75, I8 REAR &7
IR B EUR L 245 R [7] . 47840 B 20 (1) 7732 H1 Rudin, Osher 1 Fatemi T+ 1992 442 Hi1I[8], %
SR A AR R AE R B R m] R BB AT T, TIAE BUB A G R T Re AN L8 4E . 5 DR8I 7
AR, AR R e — P UG R R BV, B Y R e B A, B A MR T PRE
AT FRAR R TG AR, DT T e B AR M e 7 P8 52 D ke
AR LA N 1)  LEUE S 25 2) #ArRewz iR R AR E; 3) SRAERK
Pi - PiAg WIH 7R 4) SRIELIH ST B w7 77 R (A o
B heR ok, BRI ARy J itk ANQ)ME@) 75 3R x,y 77 B E: AXNE)N
A WBCERIE N, NS 3 B AT SR D UG R R R E
ou
u =M

X 6X (1)
U, = Zy—“ @)

J (u)=”|Vu|dxdy:H,/uf+u§dxdy (3)

N Tk IR R A AR S A () 7V 15 T AR B S A ) 5 MR, AR SO HL S T U L IR I

JIEHAT 1 HCE HEAnsAE BRI B BRI v 0 i ik DL A R JR 5148 08 8 (Noon-local Mean Filtering, NLM).
TS [EE 7 T R R 22 e 25 R an ] 2 Fos

JR a6 1B HIEDEP R RIER3))

e TG NLM JEJ ARG F

Figure 2. Comparison of blind hole image denoising under different filtering methods

2. NEIEKFAZETHEFLEGREBEITEE

M 2 T VR, AR o AR ) L R B, DR MR R B DR S AR SRR T, I LI
G R IFARIE T, TR A B IER . PE D . mE A NLM S8 77 1543 B 45 AE /LI
oA LR LR, R W] T IX DU R 5y AE M A R T IR MR A 245 B

B 7 AL BB LR LA, AT A S X R i, XX RO VEIEAT T A
febr BRI, K IE{H (51 b (Peak Signal to Noise Ratio, PSNR) 1475 1% % (Mean Square Error, MSE) %}
X FLRRE I T VE B MR BT, PP S R 1 k. PSNR HMEERK, R BIZ A LM RUR
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FHiY %

;s MSE WA, MSE RUfER/D, B ZIRMAGMEF. W 1l A, PSNR 1 MSE (I {E
PPRE T BB L, JFHEZNTH M.

Table 1. Comparison of different filtering methods
= 1. NEIEETT A

PRI IRAR I E e B IR 1 T NLM JEJ ARG
PSNR 25.35 25.74 25.43 26.81 26.98
MSE 172.30 165.31 168.97 155.11 149.62

3.2. #F SURF & EIRELE

BEG a2 CRHERE, il BG RS 2 ar o AN a1 — D 2 M EUR G HE . EURECHE 2T
W [) — 22 () rh LA B8 DX R PR R B 22 T R AT o 7, R R R ) Al

X & B R AAZFAEAR e (Scale Invariant Feature Transform, SIFT)EVETH B . FEN KA S, &
3k T s 48 R K51 (Speeded Up Robust Features, SURF) [ B4 Bt #E 5092 [9]. SURF By [ 32 B S
mE 3 fis. &4, A Bay 25 A[10]42 11K SURF J7 4R BURHE 5, AR5 A il A1 75 S I L A A5,
5 A BE L3 AE — 2k (Random Sample Consensus, RANSAC) 1% Al /s — Fevd it 1 B4R 2 1a) (3%
MRS B, A I 7 PR 5 0 R AR 4 e A e B v 453 BB v T
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Figure 3. Flow chart of
the image registration
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FIY %

igp DA% 48 5 1 Py R (R 7 A AU MR 7S AL G5 VR IX — Al L. PCNN 530 G R KR IR 3345 & m] LU 4F
M R B VR PR b L G N2 (S

B ARFFUE P2 A S UE IS i g B BT AL R . 2 RUBET A5 276 38 S mT DL SR I PR O
FEER, 220082/ RN INBCT 08 BEs, T LMER BRI 4055 S F=,
iRyl il GRFFIE RS Z UGS LS IR BB N 3 2, RIDEIL AR, &
PREZAE R EAGMATEE, PHE 7RG RSN, B2 RGN SRED.

ik ORR A R 45 (PCNIN) LA K b (R D VA 4 SRRl 1k, e SE A AL IR RLSE AP R G, i) iz
FIT B R 5 55 U5 11] . Eckhorn & A[1214R 48 /N U0 LA Kb 28 7o P i) (7] 28 Bk e B G 3 Y 7 ik
AP 22 P25 (PCNN) AL . PCNIN 52— LR 4R 28 0 2%, 72 R Rl o i 72 o AN ZEL AR AT I 25,
AN WA AR R B R B4R (5 5 . PCNN - BYHE—Hhe J Al RS eIt 20« I i 38 20 ATk A 4
= EB R, P2 R BRSO AR B TR R BB R RS X BI[18]. BT PCNN A7 EL A
2ok, WESHRZ, FESLhRN A IEE 0 AT, PCNN BRI a5/ il 4 pros.

Wi
Y;d[l’l—l] - <
’d_/ Li <
|1
. » 1 ij[n]
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Figure 4. Simplified model of PCNN
[E 4. PCNN f&j{L 58]
Fy(n)=1, )
L; (n)=exp(-a, )L (n-1) +VL%“Wijk,Yk, (n-1) (5)
Uij(n):Ej(n)(l+ﬂLij(n)) (6)
6, (n)=exp(-a,)6; (n-1)+V,Y, (n-1) ©)
Yi(n)= Step[uij (n)-6 (”)] ®)

fEIALI) PCNN BB RIA R A @)~@) i, H, (i, ) RBBERAEEBIEFEFIIAE, n
FIEAUHEL, By RGN, 1y RSN B, Ly A6 s R BERAR AR ZN AR BIE, Uy Ay 55
R TCH N ARG 5 AN, o Mo, NSRS AL VAV, 2 BN BESS AN B R (E
BCRAEH g ORISR BB B, Wy RN BERI A VB FE 0K . Hn=0 1, 1 csht
THICRE, B L (0)=Y,(0)=6;(0)=U; (0)=0

3.4. BT RUHDGRIFIEHES PCNN EIGR&H %

AR R B R SRR R E R AR R 1) 5 I G AR R R 2 AR A A
TRAT; 2) A5 FH Pk iR A 2 DX 2% 56 v AR P A A 43 Tl A T Rk B, P o R 25 0 0 Ko AR A0 el A i3 4 ke
fr; 3) A IS G, 0L SRR DY AR A B R AR A R . U RS BRI
WKl 5 BR.
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Figure 5. Flow chart of the image fusion algorithm
E 5. BgmtEsELRIEE
3.4.1. BgH &
EPNELE
I
v v _
—— WRYAER
+ —
O
I I,
A4 ) n . + A,
\/i}J’D~‘
IR GE i]ﬂ’fy\\;‘M']Fl)‘ﬁtEZ
+
r H?
— . + 1\?
: 2 U A
R GF ML E S
AT
1
- O+
L
Figure 6. Diagram of image decomposition
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BB 70 i 1 R IA G DR FFIE D AR R SEILRY A S DR FFIEIE 35 DB By P B AN i B g B . R 2
fEd AL 6 o

b, 1 1, R RIS BT OB R B S I R R . HY L MU L
PR AR BN o RS RIS, A AT R

Hi — L, =1, i=1 o

B L O X ©

M =1, -1 (10)

L=1] (11)

y :{GF(Ii-n,yg,O'g), i=1 W)
GF (13" t,0,), 1=2,3

|in:§:(H‘+Mi)+L (13)

IR I S AR HEE N uy Moy, Hoh, uy =2, o, =20 EEIE |, 2 5 R EI H),
Hiv My ML LT L.

342 BgmME
BRI 540 5 15 5tfs B E S ERAE B2, Bk, AR & R SR KRR G R G iR &
B RE B . SR BT BUE BE & Rl A FUNHEA EUE AT Rk A [14] . ReERbA BUNZ B84 P IR T -
1) THEAGEE 1P, AP, o K (14)FI(A5) T 1) py 5 pg 70 MR RIS ER B ME, Me, 5 Me, 73 7 5R

ARSI AR B P A
IP, = u, + Me, (14
IP, = 1 + Me, (15)
2) iHEEEEERE. RA6)MAT)FH o, A RE
Ea(Xy)=exp(ay Ly (x,y)-1P]) (16)
Eq (X,Y) =exp(ay |Ls (%, )~ 1Py]) a7
a, NHIR R

3) MM . mlGas BT LLE (3.18) 1% 2
En(%Y) La(xy)+Eg (. ¥) Lg (x.¥)
Ea(Xxy)+Ez(xYy)

VR RSCE D55 SRS E Bl H A e mals i . SR PCNN J7VEX mrl o7y
AT RS, N EUE RN RS E B RS R R . IREB A 2 REREIZH LS EE/E N PCNN
AR RIE .

S R R Rl A SRR RN

‘ Hy(%y), Toa>To s
HL(x,y>={ ) T 2T
Hg (X, y), otherwise

Le(x,y)= (18)

(19)
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TyazT

i ;IA( ) xy,B

M, 20
(% ¥)= { M;(x,y), otherwise 20)

-1
{ ()20, (n-1) on

T, (n—1), otherwise

i, R = = R R E B AR BT a4 2 A R, TR AR n(22).

F,:i(H‘F+|\/|‘F)+LF (22)

4. BRESH

AR S MR T R S R T A G BT I G B AT TR . e M AR — R OE B VT A R
VRO LG BRI B 7, PPN T E R SR R B, (R AUE I ML VP A R L e B PEAN
B RE R &, AT — L@ B HT 12 S [15] .

LT PUFP 3230 0 B2 A DA AR R DPAN AR b o DU B9 3 ) 22 128 ORI 6 i 1 G
43 (Image Fusion Based on Cross Bilateral Filter, CBF). & T35 FH i % 7 (1) I 4 it & 59%: (Image Fusion
Based on Convolutional Sparse Representation, CSR)~ & -5 i) JiE I8 1 I {5 il & 5592 (Image Fusion Based on
Guided Filter, GFF)FI%:T- PCNN IRl & 5%, XEFLE AN SH B A ME . TUA RS fabn
I3 2 AR S 2 F(The Sum of the Correlations of Differences, SCD). £ #4114 (Structural Similarity
Index Measure, SSIM). ##iF HAZ K. (Feature Mutual Information, FMI)FIJE T4 2 ¥ Bl &P B QABF, 3 U fil
T BB K 158 I A R T

ASEE N K% B

CBF CSR GFF

PCNN ARSI

Figure 7. Visual comparison of results of different fusion algorithms
7. NEIREEIEGE R TEITEL
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7 N[ Rl A S A A AR A OR E Rt . AP 7 HRET DA R E Y, B CBF. CSR Al GFF
BRI RN Z LA, PCNN 85 A By, (ERERGIAG A B4R, M T X IR
15, FIFA SO A5 H A EASE R b RO B 4T

Table 2. Indicators comparison of different fusion algorithms
= 2. NERh& B ARt

Rl BE SCcD SSIM FMI QeF FEI (s)
CBF 1.3896 0.5996 0.4396 0.2631 16.531
CSR 1.4188 0.6679 0.6052 0.1740 17.120
GFF 1.3164 0.6006 0.4325 0.1375 12.130

PCNN 1.5662 0.7030 0.2123 0.2460 14.105

AE: 1.7874 0.7822 0.4898 0.2957 11572

% 2 ARG FEAE DU RN PN T AR _E B0 EE DLAREIN B4 i3 2 AT DA Y, AT S AE SCD.
SSIM 1 Q*®F L HARIFMERI, 6 FMI FMET CSR Hik. MEILFER I RAE, ASCHIHILFER
B GakKE, ASCRMEVAEZ RET LRGN & BRI R .

fFEIEE B LLE, SR Canny-Zernike FVAR 28 Zeta il 771500 5 FLIEMBMBEL ZAa i, P 15380 Y
WG R G — B IEE AR, HRH, WELNBEEBRHTZ RS MisHE, DEREGT 2R
e e, AR, &E, RAE/D RGN E LGNS SR ELER. A0k
710 MEAEB DN ENHTELERNE, SAHEN 0.1 mm, EHHEINE 3 . Hi,
754 0.00066 mm, %1% 2 i A 0.00010 mm~0.00053 mm, W& iRz, Hill &g R e .

Table 3. Diameter data of blind hole
#=3 HILERNERE
K15 % 5 FLAZ I & AE (mm)
1 0.09979
0.09988
0.09969

0.10010
0.09979

0.10013
0.09947
0.09977
10 0.10011

2
3
4
5
6 0.09967
7
8
9

5. &g

A SCH A USRS SN LR, A G N T I 7 3 A A 3ot ML 1 2 i 4 R
B E LG, HHIEERE R N EILER. N T ASEREM S L% SR, BEENEL
B 1t — 5 PG A B, A3 PR e . TR IR R PR i 5, o g T LA o LI 0 Sk
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MERCRE L, AR EERNE LA G, RS ERHERLEIE SR . A SOR 428 7 B A 20
AFET SURF ISE S I AT IR MR L AIRCHE, JFR 1 — i T S0t 32 25 (R R DB 5 ko 5
2 M 2% (PCNN) 1 2 AR KGR G 5%, I RE LRGBS MATER . saRsnEG R
GRS ARG, IR T ALRE. SRR, ASCRR T A5 T BB A B A RN LA I
RGUEATI, IF BAARINEIRERD, MRS REE.
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