F35EEEAM, 20224E7 H
Vol.35 No.4, July 2022

TR CH TR )
JOURNAL OF NINGBO UNIVERSITY ( NSEE )

l

SR BRVCC J7 12800 B AR S i B

IO, REME, R—B A
(ks HURCTRE S 22, WHT 599k 315211)

HE: AEADIETRERZ S RE BRI EEIK A8 T R R 2R, #
b — P T4 B 5 AR A B 2 A0 50 B IR BL it oy k. B e AT AT AR SEATIE R . AL TRAL P2
HOR PRI BRI+ A) 46 B Hu 4B 77 ik BHATA B IR B, ARG AR IBUFAL S, FFEVIAFAE S A P s |
F A2 A 16 BZ o R X3RN £ 4 MFAERG R FAE A L Besd 4E, F) A BRKIE B SEAT4F 4R & K At
RGBT KB M I B A R AR, R RE R, FRAEREN, B EAYFA
Ao RRTACH R T AL BRI T BLAL R, PR BAR LA | R A, A R A AERS I T

R A O
I AT RIS T

T HAL S T Bk BARKE A

KR ARSI SR DB HFAERRIR T ARAL B ITEC; A5 R

& 43S TH-39

BHE H BT & e, R BR
Sk, WA IR B RS RE FE R iR, g
JERC BC S AR AR SEAT I p g T2 B, e v
SCERVCHCAOAE B H A E R

X THEERVCECHE AR E N AMEE O TR E R
WEoe. B/AMESE PR T 3T J7 10 6 B 7 &
(Histogram of Oriented Gradient, HOG A {FHi )
FCERVCRCEE, ZE LR AT AR B brge
B8, HAZMER o sse/AN. B F A A M B )
A, /NSRRI T — BT U T TR RS R
r Ik, R T T R 2P A A R R
Korman %42 7 — PPt (7 S SAR DAL J7 1%,
T IRAMNOT LA ZE S5 S EC s a), g HAEAS [F] A9 %L
PEE PSR T ESFAY PR ZE SR, (HIX R 5T}
A I T R AR RS B A T
B A SR T R REA SRR A A [
ES IV 37N YRR A SN et AR U] S ESSS )
FUFAYPLEL. Chen %R H T —FhEETHL5E Sk )
B P2 S ARSI 7 7, 1% R R R
Behra A, FasU R A RS B TR
ik, R TAE S XIS KB R A B AR S B (5 1)

XEAFRRRD: A

MEHS: 1001-5132 (2022 ) 04-0034-06

A, AR T EURHRFAERD 7 s B SR B,
RWFFURI A T EUSAHE sV BC Y 7 1%, BERSAL
G LT BT L B2 W S ) [ 45, (ERE X AR BRI Bl R
RIMATHEE.

ARSCHCE T R S DT B AR A R - 60
R T7IE, B AE R JUTRHIE VR A8 BRARRAE £
HURRAESA FREA TR BRICS, 42 1 4SRRI
HOR. GITIERES A AR U 2 S5 TR
ARFEAFRER, BRI S VTR .

1 BEFR

JREENE R 2, A DR RIS, X (5
BEATUR DA AT, Do R ) A
T, WEGRETHE. BT LSRR, AT
ARRFAE LB SR IURE), R Hu BETE T EAE
A ERHARALIEE, T H bREE BEEATHLICHL, 4K
JE X3 HUHLPC Bie 4 B HRFIE 430 SR SR
Hu FEJ7{EAVCECREE, TR AR AE RS B X4
JERBEATHREICHL.

FEBRVCIC 7 IR0 AT 280 43 5 AN
QALERL | FEECHIDCRC | AR AR AERNA - | HFAERIDT

i BEE: 2021-06-03.
E2WH: ERHRREERS (51705263) .

T RFEAR (BT ) Wik http://journallg.nbu.edu.cn/

F—1EE: Bl (1997-) , B, RSN, FEEE LA, EEHR 5 YLBEBG=5IT%. E-mail: 958563063@qq.com
EEIES: WM (1966 - ) , 5B, WHLTHA, 232, FEOI7: YLREFESIFL . AErE i 5 %, E-mail: huyanhai@nbu.edu.cn



55 4 B Bk, £ 4B ERUCEC s s b A R e B 35
Bl . 55T ASRE DT, BRI 1 s, AH: ) Fll oo IIUREL Loraa(BO)F I6ra(Ba) 73514 2
ANERITERIT AR,
QI BB SRIUALE £ (x,y) T =UCHE S
5 Eg A . WA T IIZ ST, BRI F(x0)
- : PRIERSERAESEE (K] 2). 8 2 4 4 DA
E | GV TGRS AL BT i, 3 () TS
""""""""""""""" G Zih g Ak, B3R ERNNGRCR.
| HORE s T HLPC R | O
HLVC L% gi> Q
B SR

AR T
(A s2pe )
DAt

1 REILERTE

SRR VL

2 BEgaeE

TAEBLA IO 2 X G = A, A e
R AR [ G AT IR D Al B AL PLAL B, A2
BRME R B0 o0, B BUAZRINERE, BEmTEA T
B3,

WA WAGSRIBOTIHE 0 3 2% HHD7iE.
FEANEETE. TR E R R, BT LUS BT
fift, (HIZIT IR R PR, 5 5 2 MR P R B
FEEEREAR. LS oW p A A e i) B, (Hi% Ty
EITREE S FERECK. LREHIE, ASCRIUEE
A TAGARIY, R TR F AR 5
AR T R SRR BT, %77 12 T LA S IR M 75 Xk e
JEREREH e, SO LA R B R,
fre). BB

()X AE A PRAL S Y R EAT AR B, SR
TSR EEIE I F AT G AR A, AR I i
A f(x,y). B ERTERACR, T HRERA
2 Phate BB SR, HACR HIYZE 7T

E R
010 1 0 1
111}, B,=|0 -1 0}.
010 1 0 1

K BTSSR IR E
La(B) =1 a(B)) + ¢yl 6,4 (By) (D

B =

o)
0
o) OQO
O O
O
2 BEGEEFRE

3 #ERFHITAL
BRI EUE T EX R BT e AL, R
7154 HOG FFIERARPCECE: | Hu FE 71 E DT |
FEAR bR SCPClc %, BT Hu ZEEARE . jigst .
A, IR Hu 46 7772304 FPURL.
Hu 5 7 MAEEHM R, HAERI G
% . BEFEAEL A LA PRREANAS.
Dy =10y + s>
D, =(1,— 7702)2 + 477121 >
(153 = (7720 - 37712)2 + 3(7721 _7703)2,
(154 = (7730 +7712)2 + (7721 +7703)2’
D = (175 + 3m,,) (175 +7712)|:(7730 + 7712)2 -
3(1, + 7703)2] + 31y = 163) (1021 + 703) -
|:3(7730 +11,,)" = (1, +7703)2]’ 2)
D = (159 _7702)[(7730 +171,)" = (11 +7703)2]+
4y, (Mo + 1) (M1 + 73,
D, = (3111-13 )13 +7712)|:(7730 +11,,)" ~
3(my + 7703)2 ] + 311y = M30)(My, +1p3) -

|:3(7730 +7712)2 - (7721 +7703)2]-




36 TR (BT

2022

Xt HbRES BRI TR BRI B SEiT EAE AR g
J5% M B Hu B, ARGt BB e G A R
3R (my,m,,-,m) W) Hu %5, 3¢ H S5FAEBEE M 1)
Hu FEREATHOES, F53IDCHE 5 E0A:

¢,M,m)= D k" —k",n=12-n,  (3)

R kM@= 5" (=1 Dk ME
m, B HuH, FEERAHIEE RS, PCR A% o, (M, m,)
BN, SEERZE SR AT LG, YPCi R BN TS
LRI EBIERY, PSR Hbr5EER.

FEE Hu FETATENE R . H RSO LAY
FAFTICECR AR, PRI, 2R Vel fa i 4e Bk
TGP,

4  ERERFSILE

4.1 HAEEFRI

BE O3 B 8 BR R R SRR F(x,p) =
(x,,¥,), HHx il y, 535 AAEARRRIGNVAA PR, i=
0,1,2,3,---,n—1, Hrn G EEL AT B
T B RE HRAE s bR, ARSI 2R Harris A S Asrl]
SR G R AR IR BUT IR M AL D&
BRI B AR AR A A A, DI ER I

ST NEt/ I GuR Sy
(DI EE R & RAb A 2
__ |47
i (1+d,.'2)3/2 > (4)
Kb a/ fd" 535 0 GALRREIR—R- S0 —
M4

d = Yin =V , (5)
xi+l - xl
d.  —d.

di”: il TP (6)
X1 =X

QXFRAFHIHIR C; AT I BEA THERT,
HHh 2RI R 20 AN SVE ARG AEE (x,,, ),
O<m<i.

FIHZEBAY) Harris A1 sURSl 7L h 248 5
F(x,y) BEAT A R 5E I, SASEEAH AL (x,.p,), 0<
n<i.

HEAE(x,.,) FEE(x,,y,) NES A, JF
W HAEMRHE A 3).

B3 iREUSE
42 A BAFIEREE T
4 JES BRI R B, DURRIE A ]
O, AR R A 16 G FMBITEXIR, p(x,,»,) R
F—FESARRR, c(x,, y,) AEAFHEEREIBUOALER.
Gy EARFIERUE Ly Lo Ls. 0. 17 KATXHREE

fIERL, VOELL Ly b2, WnTEriess ki, i

B A IE. 4 MRHEELE R T E AR
L=, =% + (.= 5,)" (7)
L, =\JL>+R*-2LRcosa , (8)
Ly=+L>+R* 2L Rcosf , 9)
O=lal|+|B]. (10)

4 BERETEE

4.3 HFAEE EEL

DIRK FCHE S 4 R DC B A AL &, A
REITARHMESR 4 ANMFFEEIE (L, L,, L;,0) fE R
FFIESR T A = (w0 wisow,) . REIFEBPRFAE £
4 ANFFAERCAE (L, L,, L, 0) 1F A HFAE T & T
B = (W, Wy, Wyy,wy,), 2 NMEFIEELZH 2 [B) AL
BH:

|AB| :\/(Wn =W (W, —wy,) o (W, —wy,)

(11)




5 439

Ak, % FRERVCEL T RSO B AR B A 37

e DA FTES 2 MR ERPTAT
MESBLE BAE, R NORRE G, 1HE
L B/ ME S IR/MEZ T, i /N T 525
BAEL, B 2 AR TR, Oh 1R ERI,
PUARPCEL . 5 AU B /MBS IR /IME B
RFAERIBIE, WEREHIZICERT, AR, ISR
TLERBIE, WERIZICECRS. LIS, B2
A HRRFIE AR PC RS

BERFUCECSE R T O A, AR SOR G 5
{E 4 O 00 J7 2 SR DC IS X ) (5 A AR, I
THE TR VBT YRR PG 5.

5 KBS

ABAEASOT R AN, 4350 2 Tl w2
BT RS AR TICECATI. 2 PSR
UOEBUEEREGREE | WIRB RERE. AT %
5 Hu FEEBEATREG, DAPCECR R R 2 A (E
VEAVCECZ R FIMhRIE, /3R Hu 7k
ARSCTTIRH T RIRR GRS, SEe P BB & i 5
Fi7R.

S ) 5

[, i)

B5 ZRigEREE
SEE R 600 TG E REANL, 8 mm B3k, A
U/ JE [ PR G 52 e R H 5 YEE IR, EFE
368 mmx243 mm, FSLEEAE SRR A 310 mm.
FeH T UL AL, $REE BRI R Hu JE 7
TN EE AT HLICEL, X 43 E 5 % b B e B gk
1195 (% 6).

0~ 0L

(a) HEAHEER (b) FfF1

O O

S €

(c) M2 (d) EH3
Bo BEGHEZEHRE
GraEEAT 2 ORSESR: SR 1 AR AN A
TR HRME, 565 2 AR BT
THHEGANM R SFEAGE R I R L 1.

x1 MERH
SRR FE 1 T2 F3
SEE 1 0.298 1 0.6314 0.8746
SEE 2 0.2837 0.6217 0.8374

3 1 LA, ST RSN 0.4 BRPTES
FAHFEITEARAEE B, INAFAPCEC D). JRECRL)S
PISEERHYRFIE AL, FFEA TR RIDCES. SC3045 A
LU B/ IMEL 5 RIMELZ FER T 0.3 BOPCEC X 5k
(. A0, K 0.3 VESAITEC AR S (E.

Xb 2 Tl A AT S50, 43 AITESUEE
HRGREE, HRH SUAEINEE 2 P MR Hu A7
RS A AL G PC RS (1~ RR R . 1] 7
5K 8 435k 2 FhEARRINEIE, fAEsR I
4. Hu FEJ7IRMICECEIG . FHE AN 5L R
FHESR RIS, Jass 2 FhRIEICE I,
LR 60°5 120°0FHYSEIRER, FEILAE 2 AISE 3.

od. %

(a) BiARIEIG (b) Hu 7 LIRS (5%

(c) *HAE ARIIPEI R
E7 1 RUEEg

(d) HFIEFGR TR 15



38 TR (BT 2022

(a) BiARIEIG

(c) *HAE ARSI R (d) "FFAESE TR 1%
B8 F2HmEg

®2 T ARAEETHXEER

FRE/ ik KA G R P WK R
©) U REEE Hms RIEE FEH/ms
60 HuZEJii%k 3.7120 0247290 3.9620 0.237684

AXHFEE 07993 0.543074  0.7223  0.556736
120 Hu%E /71 4.0870 0231176 3.7460 0.234942

ATFE 0.5947 0.507576 0.7763  0.508994

%3 BH2FAAEBTHSRESR

FRE/ ik KA G R P WARE RENE
©) U EEEE Hms RE/8E FEH/ms
60 HufEJ7iE  4.5420 0.36320 3.9620 0.35746

AXHFEE 07563 052362 0.6986 0.52145
120 Hu%E7E  4.0870 035670 3.7460 0.32521
AXHEE 06737 051324 0.7342  0.52544

ICEFEE 1 5FM 2 & FEER R BRI R %,
B HER R AR AR T, ik 9 M 10 Prow.

5 -
L . * ¥
4 . : ° .
*
% 5L L] o MUk
& * Ak
e v BUASEIRE
w®2¢ A RIS REAE
1 b
* * * x X * *
0

0 30 60 90 120 150 180 210
FAEE/)
B9 =1 E&MREMICE

5,

[ o °
L [ ] *
4 * * .
] . ¢
& 5| o HuRiJik
@ * AR37k
4 A USRI
™ 2f v ORI RE A
] L
* x x * + x x
0

6 36 6‘0 9‘0 1&0 130 1é0 2i0
FREIC°)
B 10 42 miREXLICE

M 9 FIE 10 w] 50, TERCS SRR 5HE R
HREREROT, A7 ERERIERELE | M&
FUIN, B Hu AR A RS, T HusE
J7 i AR EE VO S R B R RRAR R, A
SCHT RN T FE AL Al E M TR DO RS, A
OFEFENEIR T Hu SEJ7ER0FER, {H P34
IENT 0.6, ATLLF RN HTREE. S35k, TRk
B, T EEVCRCAYRHIE sk, FEET LD,

6 it

(DA TR EFEERVCECREEE, 2 THRFAEsPT
PN, I FHREAE ] LR 3 A5 S A AR IS o
F, IR PR T RO, e PEECA A T
TR, SCHZE RN, %071 AR it
BLRERE.

()TE S50 A g T S %, el
ZE OB

BECHEk:

(1] Bb, sEita, BorkE. BT PLsle AR R M
KA FAFERCAI ] LHEPURSE B T AR,
2020(3):74-77; 82.

2] /MY, Jli, LU, % BT HOG FHEMRIE
JERUCEC B (7] AR RE R (B R FHFAR), 2020,
46(5):787-792.

[31 /e, BRAEE, BRBHG. ST ALt fe BR sl
FEMFE[T]. HLEL TAEROR, 2019, 48(1):21-23.

[4] Korman S, Reichman D, Tsur G, et al. Fast-match: Fast
affine template matching[J]. International Journal of
Computer Vision, 2017, 121(1):111-125.

(51 BHE, skrt. REAZSHEAS A 1 2RI R 5T
1. ESME IR, 2020, 39(2):53-58.

[6] Chen X N, Zhao J, Yang R F. Product appearance

detection based on visual keywords matching[J].



55 4 35 Ak, % FRERVCEL T RSO B AR B A 39

Microprocessors and Microsystems, 2020, 76:103062. 15(10):26654-26674.

(71 E3 TR IR — R SHRHE S S5 E R [12] VL3, TRy, SRR 4. #5 Hu AVERER) TARE
PCB S 0] T EALS HWESE, 2014, 31(10):3145- BUCE 5 D] HE PR S B3 TE R,
3147. 2020(9):104-107; 111.

[81 XI5, P, 7R, % BTRIR BT SOFEM 1CP [13] Sun H F, Yang J H, Fan R B, et al. Stepwise local
B R PSS BRI RV (0], AEm B TR 2E4R(B stitching ultrasound image algorithms based on adaptive
SRBFERR), 2018, 46(1):131-138; 144.

[9] Pallotta L, Giunta G, Clemente C. Subpixel SAR image
registration through parabolic interpolation of the 2-D

iterative threshold Harris corner features[J]. Medicine,
2020, 99(37):¢22189.

[14] JRSEHS, M. MfRRNEARZHERD]. HHEILRSE
RH, 2020, 29(1):22-28.

[15] Z57R, JTVihe, TEZE, %, B TR Z4ME Ao R

cross correlation[J]. IEEE Transactions on Geoscience
and Remote Sensing, 2020, 58(6):4132-4144.

[10] &40, 2538, sk, BT SR B —
Fh S SR ARSI J7 7 (0] THEANL S B TR, 2016,
44(4):596-600; 682.

[11] Sun X, Shang K, Ming D L, et al. A biologically-inspired
framework for contour detection using superpixel-based

candidates and hierarchical visual cues[J]. Sensors, 2015,

AAPANTTIED]. RERZFA2RE BB, 2018,
44(1):87-92.

[16] Khurana M, Singh H. Data computation and secure
encryption based on Gyrator transform using singular
value decomposition and randomization[J]. Procedia
Computer Science, 2018, 132:1636-1645.

Improvement of contour matching method and its application in rotors

WANG Zhuang, QI Jiahui, ZHAO Yiming, HU Yanhai'
( Faculty of Mechanical Engineering & Mechanics, Ningbo University, Ningbo 315211, China )

Abstract: Vehicle engine rotor assembly error is easy to cause parts friction and efficiency reduction. Aiming at
the assembly precision requirements of rotor parts, a improvement of contour matching method based on the
combination of contour and feature points was proposed. Firstly, the image is preprocessed by filtering and
binarization. Secondly, contour matching was carried out by contour Hu moment method. Then the feature points
were extracted, and four feature descriptors were generated in the circular region with the radius of 16 pixels and
the feature points were matched by Euclidean distance. Finally, the affine transformation matrix is generated by
finding the matching pair, and the precise matching result is obtained. The experimental results show that the
proposed method can match the contour accurately under the condition of complex background and light change,
and ensure the visual detection accuracy within one pixel. The more the number of feature descriptors generated,
the more accurate the matching result.

Key words: contour extraction; contour matching; feature descriptor; feature point matching; affine transformation
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