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Image matching algorithm based on energy constraints and
ratio consistency constraints
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Abstract:In view of the current many image matching algorithms that mainly rely on threshold adjustment to complete feature
matching, resulting in low matching accuracy and poor robustness of the algorithm. In this paper, an image matching method using
ratio consistency constraints is designed on the basis of matrix. The box filter is used to approximate the Gauss partial derivative
function, and the determinant is obtained by convolution of the box filter and the image on the basis of the matrix. The image features
are extracted by the determinant. Hu invariant moments are computed in the neighborhood of feature points and their eigenvectors are
obtained. Based on the vectors of feature points, the region energy of the neighborhood of feature points is introduced to obtain the
matching results. Using the distance relationship between matching points in space, the ratio consistency constraint method is
established. The Euclidean metric ratio of matching points is used to search for wrong matching and optimize the result of feature
matching. Through experimental analysis, it is found that the matching results of the proposed method have better matching accuracy
and robustness than those of the current methods.

Keywords: image matching; Hessian matrix; Hu invariant moment; Euclidean distance measure; energy constraints; ratio

consistency constraints

Wk I 1:2019-08-27  Received Date: 2019-08-27
# G F R HZ R AR TS (KIQN201905404) S7 M SO 2 B2 FEAUPT U S ML T 5T H (1507D790044 ) % Bl



- 10 - SRR R O

%34 %

0 3

[l

= EHOR B R AR B AR B R A AR
W POR AT S B — R B AL R LR R
L R R , A B PR I b B S T ), AT T 1A
BT MR B AR B R A T b B, v P 4%
DC B At 2 — s SRy AT B T R A B R
V2 TR BB A I RIARRR R B L R A
TR,

PEBE PG T BCREARAE AN AR T o e ofe ™
2, NATTRF PR DG 0B A BB 72 o ke i A AR 4k
WFFEH T8 2 M ERIC L J7 12 . Dou 2 4 SURF 44
VE ARG HH PR A30 0F 5, S50t R 5 4 o I 1
SRAF I FH R LGB B 5t 0 B R E DE O 2 3, 45 36 4 7
B35 )7 A Delaunay = [0 )7 4 K 45 45, 2 HUUC I &1
15 o AELR RS T 2 0 S A A A5 R P B 5 T
180 8 52 G LU 8 AR AT G T, 5 3850 UG o 1 5 0 v
TERIPERTR . Saleem % FiI ] SIFT 4630 P4 B 41T 5.,
55 T 3 U — Pl 8 97 1 D 1 T BRI AR A 2 T
o L e i 5 i MR B DS 12 . fl T G SR B STFT Jr
VAR PG RAIE v 3 A 5 22 B DR R AIE 5, T LI 7 v
X (I 958 S MR T, B R B 2 IR DT . Gao
2 SE A X AE A A R T AT RS, SR T T
STHEBRAY eI RR 7 v, K% 07 T IR R B VT e
S 7 1 BE A A0 I WA AR IR A 119 52 A B 418 o 13
A (ELR , T R A A LA R S 0 B R e, S8
HEEMEALE, Yang 25" S T 56T il 2 % 7 1) B 40F
£ 1 28 D DR S 0 TR0 0 0 , 2 36 1o P th 4R K 3 A 3
VAR HURRAE R A , PR TR S BV TE . (HUE: | BCRh 7 1 TE 1 Y
W A E B DT IBE ol G D JC VA A 4 155

T B RE A UG A B S S, AR SRR I T
— T R 29RO LAl — S SR A MR T G . )
FH AUk I B A TR 5 R B, T3 SIFT 4751 5L,
PRIBURIGARAE . 33 45 AF S5 A T A3k P 9 Hu RS
S SRR 55 B0 R AIE 1) 4k HS R AIE 5 B0 R AE 1) 3 A

AR XS BE R 29, 30 A R A R TR] Y /N IR PG
SERURFAEVERC o SR FHVE TC A5 14 9 TR T B 28 LU A, 57 L
{H—EUE LTk, W VR BERAIE SO HEA T BRSO 1L , 2E T
ARMCECEE R o fie i, Xob FIr $ B30 326 A R i e % % o 12
GBI I

1 ARMPrRLESXEIT

AEHE i 29 R85 LU — Bk 2R 0 R DU RE 3300 i

FRUNE 1 B, wH I A3 SR PR RRAE A T L SR BRURRAIE 119
i RHEVCAC DC RGOS 4 b fR . b UG R AE A
B, T 2R A IR D 28 5 EUR B BUT S 45 31, SR
Hessian J [5:47 51 2, 38 i B M A il H 3, DL
BRI PR A R AIE o SR IBCRRAE ) 22t 1), 308 0 35 AR AIE
FEIEABIR A (1 Hu AR, DL IO 5 3R AR T e A 4y 1)
FRIE )6 o FERRIE DT FCAT , 75 ) F TG B g B pR 2K
FIARRAE A IR T A S, I LR R R A A5 405 3 A X 3 il
2R (EAE I A4 FER VT S AT 2, DAGRERUE N
IEHRFAEVC A 25 5 . 7E AL VT B4R AR ), 75 22 DADC e
SO FR R EG R 2 LU A A AR, 7 LU — B 20l 1%
DG s X 48 22 A R DT, DA 10— 2 8 5 VG e R FiE
FIERAE .

Hessian 4B FE1T 512

T8 Haar /)N B2

PHE HUARARSE

RHER B

RFE 5 4B 4%
Xk A&

R KB 5

| mE—messoE |

1 A SO BT R 3 A i
Fig.1 The process of the proposed matching algorithm

1.1 BG4S

Hessian 5.1 RE A5 X EVGAFE E 1758 HERR A
Hessian 5 F7EA I G AFAE a3 72 o, 75 2 A A & ok
W 5 FG BRI A 25 5, SR B Hessian B 17 515X,
FEM ST BRI o X F— A0 Gl el %R f(x,y) , HXF R
) Hessian 4[4 H nf 28 K" .

0of  of 0O
Do’ oxayD

w=-0" *p ()
@af af@

Dhxay  oy* O



53 1)

AE ) 2R U — B 29 R R VT L 57 <1

H X} )i 1) Hessian 55 [EA751 5 det(H) K.
azf 82f ) azf) 2

det(H) = — — 2
=150 (axay (2)

ST MR TR AsbR AR B8 (x,y) 5 a %%
SRR EE R S R G 5 T T BT, SR
HRLRL, (xv,y,0) L, (x,y,0) BEL (x,y,a), W%
14 ST ) Hessian AT 348K
L.(x,y,a) L,(x,y,a)

_[Lxxx,y,co L (x,5,a)

I 2 BB B A R 0 s S0 K G, 15 T AT
L SREGFE 4 U, U, LR U, W (3) % I
Hessian FifE47513K det(H,) IRk H .

det(H,) =U,U, - (BU,)* (4)

o B MR ML T e R T

1L, (L2) | 109 |

IL (L2 | U1
E L O 07 S 8

AR S det(H,) > 0 B, 75 LLZAREE 20 b
ffg 3x3x3 [XIR J oh, TR0 A, 2% KT T P 26
AR KB AR, DR U A A A
1.2 REUSERE

RO S PR FF R I I B 1 (1 R SR £ 4
A1 B3, I RHERAE S5 0T 5 1 T 5 F DG IR B £
T, Hu S B 05 B 1f 1 33 07 W A 00 570 0, RE S
ot EHMGAS AT B B FEAE . AE I, K538 2 1155 Haar /)
W5 sRE Hu A% 17 6 3R B A 1 6t

KA A p Jgrhu  DUHERE o 19 6 A5 b2k, 2
SEARIRIE W, SRR A 4o 11 Haar /N 76 W 2y i
[ 1318 Haar NJEWREAE™ . FIHIfAE J 60°, 15 W 3t
S R A W e — BB SR BB 3ot 2 7 26 10
Haar /N I 7 AR RT3 77 1) 0 BV R4 05K 24 i %
i

Wi 0 L4 20« x 200 A RH  F E p B 4R35, -4
M 4 X 4 T, FERA T, SREBCH R 1 4
Y Hu R2EHE £,(i = 1,2,3,4) . AT TR0 Hu RASHELE
Lk, AT E]— A 64 4ERG I B V05 V I —fk b F4E AT
13— ARG S A R AE [ B V. Hrh 4 4 Hu
RAEHE £,(i = 1,2,3,4) fREGHRIT

X RSF S MXN BRI f(x,y) , Ho(p + q) Broim,,
Kbt i, At

MW
m, =Y > &yf(x,y) (6)
=1 y=1
Mo N

LPEDIDICEESICESONIERY (7)
Hop, (60, M f(x,y) BIREEEL, x' = my/my

(3)

I

0.9 (5)

¥y =my/my o
it g, RS (x,y) BE—fOsE 9/,
0 = M0/ Moo
e=(p+tq+2)2,p+q=2,3,- (8)
1Em',, WEEAl b SRICHu AAERE £,(i=1,2,3,4)
Ei=mn'y vty
&=y —m'p) +dn,
E=(n' =31+ (n'y = 315)°
E=(n'tn' )+ (0 +tn'y)’
1.3 4FEPLE
) FRK EG B8 S PR, W RRAIE A5 IR R G B B 61 7 i
DA Z VT BCRRAE A5 2 — A 1 B B RR AR DT E 75 7%, i
T
KHE A B HOSSAE [ V, Vi, B B B
dis(A,B) R,

(9)

dis(A,B) = 2 (V, (i) = V(i) ? (10)

AT SR I — AN REAE VT C AN RRAE A, (A5 T
BCZs AR AR o AR SOKE I FHARRAE 25 20 380 DX I A
e LS UN WA T & R (T U R 3 a3 (1

o, Wt (10) TFEARIE A A 5 HAD BT A R AE A
B dis(A,B) 18, 368/ dis(A,B) {HXTR A5 B /E N
HEVCHD A o

SRIG ST ARAE S5 M x N RSFRYARIE U, P H B RRE
SA SHA A RRAE S Xk AR 2 (H AE

A p(x,y) e U, MIZA R XSGR E 5

L_M-1._N-1
i=——j=

pe sy Pty )
M x N

T TN
L)

FIAHE L) TR RRRIE 55 A 5 B X R Y DX Ik e 1
E(A) 5E(B), WA5BMXIGEEZMEAE(A,B) 7

AE(A,B) = |E(A) - E(B) | (12)

&, BT A KSR i 22 (6 AE, #7R¢1E 5 B 5%F
TERL A WRER 226 AE(A,B) S/, WIHEFAE S A 5%
fiE 55 B A VCECARAE 5 o
1.4 R4k CEL4FAE

R A VT BEAFAE s A9 45 1 1T 6, 4 XoF D . 8 ) 1) IR G
BB 2 L HA ARSEE R, Z SOR I T — 45
PHRRIE SR LB E 2, T DA SR B DT I A, DAL
JUNIGESZ1

LB TR IRHIE R e, SEUR T HIFHIES e, h—
XFUCHL S, HIEMGR T 5 EG 1 g Ue e s B850k k, 43
HETERE = {e,e,,e5, 0,0, ) FIERE =le ¢,
6'3’...’3'” :po

B, e, 5 E A S IKICHEES, ', 5 E' h

(11)



S 12 SRR e 1

%34 %

B s BR TGS, OF 45 45 R 3 i & TR dis(E) =
{dy,dy,dy,dy, MAER dis(E') = fd'y,d'y,d'
e d'y b SRR K dy 5 dis(E) IHABRR RBE B fif 1L
(EFRAE K d', 5 dis(E") Fp AU R R 8 50 LU (B4R A
BRSO OAEZE R IEAT HOAE, A FUA 25 SR ARAH 45, U 41 ke
FRERT e, SHFIERT o) IERVCHC AT, S A PAUCHE A3 .
d, d'yd, d, dy d'y

d13 d’lS’dM _d,14’ ’dlk _d’lk

(13)

2 ZXBER5LMW

R T G A SRR L B SCER [ 16-19 [ /R
IR, LA IntellSCPU,500 GB fifi 4, () PC 4F g 5256 F
B, 7 MATLAB7. 10 {5 FLAR A o, X6 A [R]85 32 1 D TR
R Tt
2.1 [MCERs R

B 2~5 FT 7R 43 500 S AN [R) J7 5 6 JE A8 4 o R A
e el A8 4 LA K i i s e IRTR ) VE R 45 5 . WL [ 2
ARV VE O 25 SR n] DU IE , 068 B2 174 DG E 45 SR i
B ARSI IC R 2 S, B 2 R DT SR HL
UM RN SR O E SN K R7R Uy & ST Ak 2y
KL, E 3 (c) IEEL EHR R s VC Fe s £, 6 3 (d) PERC R
TS IRICHCAL Z 18] 3 (e) DLRC B4 bt BAT 8 2 1) iR
VERC , &l 3 () DG HE EIG H A7 AE — 2 B 15 DG JC i s DT
Bic, & 3(g) VCHC 4 b e VC C 5 B R D BB . R
4 AN [R) B3 3 o e A PRI %) DG T 245 SR a0k A7 %o B & B, SC
BRL16-19 ] (DL FC G b AAAE R 52 DT I LA KOs DG FE 47
PTG VEBC EMR 2 o INIET 5 s AN [ 3030 % 4 ik
P& 5 1 VT IC 245 L T DL, T R 5R 9 D  RTAR AB SC
MR 16-19 LR DL BC BIE, BA f /b iR DL BC I 4
DIl S i £, R, TR AR HA BT Y DT
BoPERE, BESC BRI A MR UL B R . TR R i B R
FH Hessian JE 45475 2B T % SRR B vERAAG N , 32
fe TR DT A A R () B T 8 Bk 3 A 3 o T A
SR TRCAF AR VP B9 1 Hu A AR 3R SR T REAE ) 4
PR T ITRRARE X 4 A B 7 e A 3 R M AT e A
T BB A VG C 3R 5 38 P R AT

R T 1 — 25 X T R 1 DG BB AT 0, A
Mikolajezyk [£1{54H1 , YEHL boat T 41— 4L &% ™ . If
A — e 55 AN T e 7 A B, R AN ) 3303 XoF
T Je RAR A TV E AR 40 DTG T o B2, o Ak 40 B
VCRCHERE

& 6 Frn A DS HC I BE e it SR, i iE 6 &8, BF
PR DT C PR T B2 S5 e, Wi 50° R UL FL i
TS VT IE E A B SR 90. 94% ., 154 FH BT $ 55 1 DT /i
PERBBLAT o PR Ay T 41 B3 0 7 G I B 2 3 i Y il 1=, 5

 oEigs
(b) Image B

(a) FIBA
(a) Image A

(c) SCHR[ 16155
(c) Reference [16] algorithm

(d) SCRR[1T)$E%
(d) Reference [17] algorithm

(e) SCHR[18]5%%
(e) Reference [18] algorithm

() SORR[19 83
(f) Reference [19] algorithm

(0 ASCH
(g) This algorithm
2 RV 0 TOAR e PR ) DC e 25 2R
Fig.2 Matching results of different algorithms

for non- transformed images

AT EUR R X RBE AR 2, H T 20 i VT B, A iR DT
BCE B . 53 A1 T S B33 M) I WE T 5 1 Y B ER R 22



RELE T 200 A LU — Bk QR i R R DL RE 5 1%

FC R A AR R ST T O — B A R 25 R
S TRVCHE AL, DU AL PEFESE S, T4 i 1 i 12330 3 g DL

(a) EBA

(b) E&B
(b) Image B

(c)3CHR[16] 5%

(c) Reference [16] algorithm

(d) SCHR[ 17154
(d) Reference [17] algorithm

() STHR[19] 5%
(f) Reference [19] algorithm

() AR
(g) This algorithm

P 3 ARV ik X G e A 48 [T 45 ) DC e 4

Fig.3 Image matching results of illumination

transformation by different algorithms

Fig.4

(a) BIRA
(a) Image A

(b) E&B
(b) Image B

(c) SCHR[16]8 %

(c) Reference [16] algorithm

(d) CHR[17) 543
(d) Reference [17] algorithm

(e) SCHR[18] 5k

(e) Reference [18] algorithm

() SCER[191 5%
(f) Reference [19] algorithm

(9) ALK
(g) This algorithm
B4 IR [R)BE X Tied As  PER DE R 5 2R

Image matching results of rotation transformation

by different algorithms

BEMERE , (S VEBCIE A% B AR o SCRR( 16 ] 3 ad 27 ~) U8 I
i B R S MR PR MR R 3] 723 ) _E DUHAREHS AL,

.13 -



.14 .

SRR e 1 %34 %

(a) BRA (bEEB

(c)ﬁ‘cﬁx[m]ﬁ&
) (c) Reference [16] algorithm

(d). SCHR[17) 54
(d) Reference [17] algorithm

(e) SCHR[ 18] 5%

(e) Reference [18] algorithm

(f) SCHRI19]803%
(f) Reference [19] algorithm

(g) A3CH
(g) This algorithm

S AN]SR AR ) DE FE 25 2R

Fig.5 The matching results of different algorithms

for scaling transformed images

i R LBP A& AR (o e A 5 AR TR It 38 1, 22 1A
AL AL 45 51 AR D R T L B o I B AR E L . #h T
XFHTTE AT LBP AOA T i 0y e b g s, B
FEIE AL PR B ELSE BT I , 55 th BLERVERE , M T S EHL DT
BCPEREAEE, SCHRL 17 ] R AT SIFT Jr vk BURHIE T B 1L
Sk ¥, A I AR B THRAR LU RE SC T —Fh 7 S5 A AL A
PRE IFAEZ AR R T SEBEHRICAC . i T SIFT J5 k4%
IBCRR R I A 2 B AN g, B AR T i AR R D IC PR B S
FRT 18 TR T /0 e A2 f8te 36 7 F) $ JBC T 480 10 i, 3
i SURFJF U Bt id -, IR K 3 {E2R S A S Al 1 5
BUUCHEE /N AR e i) 22 75 1 PR , HEXT B AL
AR5 B EUGAR R, fH A5 S B PRUSRS AIE 52 B AN
FRAR, TS BOR L B VE RCBCR K e SCHRL 19 1 7E R
JEE 72 ) (4 St B EBCREAE 853, P40 Bl DU ) 85 5 AL I
{ELR: 320535 FH DU B 28 58 U VE RC N, 75 28 1
{H, 5 FEVCECHT IR, NIRRT %5505 A VE BC ERs 1
100 -

95

IEHUCEL /(%)

75F 0 T ARXEE
< SCHR[17)8:
70 - SCHR[18] 5435
— - -~ SCHR[19] 553
65  — — SCER[16)5 Bk
60

10 15 20 25 30 35 40 45 50
TR AR/ (°)
6 ANIR) B Y DL e IE A EE I A A

Fig.6  Matching accuracy test results of different algorithms

2.2 AXHEEERESH

MRYEA ST B v A, AT 2% i A v AR AR
BRI Hu AR TR BT X IR BE & i IC AL, DL &
VERCRALSE 4 Dl . 2 RIREHR R ST MxN, SR A
Hessian i [ 4 & I AR SR A S B9 B 24 o [ (M X
N)?To XFFARE A5 A Hu AAEFE AT B Z R o at
log(MxN) ], A o KRR S B0, 35T Xk pE &
HIVCEC IR 2N o (a®) o FEMEAL DL L g FE v, H A 2
BEN (k) Horr kR RRAE £ DS AC A X B, 28 T BT
PERILMZE R o (MXN)*+ a+log( MXN) + a’+k],
AL AR SCHR [ 17-18 110 5, PR i ik i &2 2 BE IR,
TN L2 . (R B T OCHk[ 16,19 ]

F T Bk AL TR A R B U FLRE R, X 2~ 5 Ay IL
BeES A AT e, 45 SR anFe 1 fis . X T R A4 L 1T
T OCHR[ 16 ] 5 2% B e IR, HL0R e, Bl an T T LS
M, HAER R 3. 17 s T $ 58 vt A5 4 v B DC i



53 1)

AE ) 2R U — B 29 R R VT L 57 <15 -

RO HAE 5 SCHR 19 8O0 H2in . F34h, SCHk[ 17-18 ]
PARPHA Y 52 4 B iy, DR FCAE I I o
*1 FAEEZFEHTEA B
Table 1 Matching time test of different algorithms (s)

ik & 2 [ 3 & 4 &5
AR 3.02 3.37 2.89 3.68
Sk 16] 2.69 2.84 2.54 3.17
SCHk[17] 4.96 5.12 3.73 5.52
SCHk[ 18] 4.68 4.85 3.62 5.22
SCEk[19] 2.87 3.12 2.67 3.43
3 & &

ARICKg SIFT Fi 45 AR I BC 72, A1 TR B
T8 AU BRSO RRAE . R RRAE S SBIRY Hu AN
ARREL ARIPURFAE ) HE o R IR PRI 85 8 5 o 500 AS [
UE s AR o i A R, R PR B9 DX £ S
FZEMEAE AR, S B AEVE BC o 1 P VS PO AIE 19 1 2
P, EESL HOE — SR 905 5, IR A DR DR IRE ., ARG f DT
FCAh R o SEURA R R, TR AL BAT B B IE IO R BE
REAS 15 YR FY) S B R T I

S 3k
1) R, A, TG LT A REOY B S LT

ZEHI AN AR VE RO SRR [T ] I 5 A 2
i, 2018, 32(4) . 87-94.

YU ZH, HE L J, WANG ZH F. Image maiching
algorithm based on point-line projection model and
geometric error restriction rule [ J]. Journal of Electronic
Measurement and Instrumentation, 2018, 32(4) . 87-94.
MR B 2 RUEE Retinex il 32 £ 24 52 14 [K14R DT
MeEw[J]. a2 TR, 2018, 39(23) :191-199.

LIN N. An improved multi-scale retinex coupling angle

(2]

constraint image matching algorithm [ J ]. Packaging
Engineering, 2018, 39(23) :191-199.
DOU J F, QIN Q, TU Z M. Robust image matching with
cascaded outliers removal [ J]. Pattern Recognition and
Image Analysis,2017,27(3) :480-493.
SALEEN S, BAIS A, SABLATNIG R. Towards feature

points based image matching between satellite imagery

(3]

[4]

and aerial photographs of agriculture land[J]. Computers
and Electronics in Agriculture,2016,126(8) :12-20.
GAO'Y Q, HUANG W L, QIAO Y. Learning multiple

local binary descriptors for

[5]
matching [ J ].
Neurocomputing, 2017,266( 1) :239-246.

YANG J F, SHI Y H, JIA G M. Finger-vein image
matching based on adaptive curve transformation [ J ].
Pattern Recognition, 2017, 66(1) . 34-43.

CHAZA C, CORINNE V L, YASMINA C. Information

image

[6]

(7]

[8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

(17]

(18]

fusion for unsupervised image segmentation using
stochastic watershed and Hessian matrix[ J]. IET Image
Processing, 2018, 12(4) . 525-531.

ZHU S Z, LIU L Z, CHEN S. Image feature detection
algorithm based on the spread of Hessian source [ J ].
Multimedia Systems, 2017, 23(1) . 105-117.

kAR, RS, B 3¢ BT SURF BIE RS /EY)
FHIESE IS RV RO 7 vk [T ] A0 TR A4, 2015,
14(31) . 172-178.

ZHANG ZH B, ZHAO SH L, LUO X W. Matching method
of green crops based on SURF feature extraction [ ] ].
Transactions of the Chinese Society of Agricultural
Engineering, 2015, 31(14) ;172-178.

SUN X B, CHEN X D, XU Y. Fast CU partition strategy
for HEVC based on Haar wavelet [ J ]. IET Image
Processing, 2017, 11(9) . 717-723.

HU M K. Visual pattern recognition by moment invariants[ J ].
Transactions on Information Theory Ire, 1962, 8(2):
179-187.

FILEE, [/ 1R 1. SURF Hl RANSAC 45 K11R
PERC [T ). WA R B TR % 2k 4, 2018, 23 (1)
117-121.

WANG W B, BAI X L, XU Q. Feature image matching
of SURF and RANSAC [J]. Journal of Harbin University
of Science and Technology, 2018, 23 (1) 117-121.
ZHANG Q, MALDAGUE X. An adaptive fusion approach
for infrared and visible images based on NSCT and
compressed sensing[ J ]. Infraed Physics & Technology,
2016, 74(1) :11-20.

LIU J F. Feature matching of fuzzy multimedia image
based on improved SIFT matching[ J]. Recent Advances
in Electrical & Electronic Engineering, 2016, 9 (1)
34-38.

KIM S, HAM B, KIM B. Mahalanobis distance cross-
correlation for illumination-invariant stereo matching [ J].
IEEE Transactions on Circuits and Systems for Video
Technology, 2014, 24(11) ;1844-1859.

ARASHIOO S. Multiscale binarised statistical image
features for symmetric face matching using multiple
descriptor fusion based on class-specific LDA[ J]. Pattern
Analysis and Applications,2017,20(1) ;113-126.
LIJY, HUQ W, Al M Y. Robust feature matching for
geospatial images
system[ J ]. Photogrammetric Record, 2017, 159(32):
317-331.

ZHANG X Q, LIU Y Y, CAO Y C. A fabric image

matching algorithm based on improved SURF and K-

via an affine-invariant coordinate

means clustering[ J]. Journal of East China University of



- 16 - SRR e 1

%34 %

Science and Technology ( Natural Science Edition ),
2017,43(1) :105-112.

[19] LIN T, LOU X P, LIU F. Improved feature points
matching algorithm on sequence image [ J]. Computer
Engineering and Applications,2017,53(9) ;141-145.

[20]  FEXE, Je i, XU, BET 000 55 20 5 5 SR 12 7 1]
QR AE g DCC [T ] o [ B 2 4 B 4 2% G 2016,
33(4) :423-426.

WANG SH L, LONG CH ZH, LIU H. Medical image

feature point matching based on two-way asynchronous

voting strategy [ J]. Chinese Journal of Medical Physics,
2016, 33(4) .423-426.

EE &I

3K 3 i, 2007 AF T L BT S AR R
A2 0, 2018 AF F i TR K2R
bt b2, B8 T AR IO 2 Be U
BT 1) g B AGAR PR R R
AR FKAHE BIRSS
E- mail: Zhangsbo1984bjdz@ 163.com
Zhang Shubo received B. Sc. from Beijing University of

Aeronautics and Astronautics in 2007, M.Sc. from University of
Electronic Science and Technology in 2018. Now he is a lecturer
at Chongqing Vocational College of Science and Technology. His
main research interests include image processing, computer

application technology and software information service virtual

reality technology.

SHEE B, 40 ) 76 2006 4F, 2009 4 A
2013 4R T AR AL IE R 7 AR AG 7 Ao A oL, A
LA A, SO DR TR R I L
&, FEMFETT ) AL G R S
A
E-mail ; zyyong1984cqgd@ sina.com

Zhong Tingyong received B.Sc.,M.Sc. and Ph.D. al from
Northeast Normal University in 2006, 2009 and 2013,
respectvely. Now he is an associate professor at Chongqing
University of Commerce and Industry. His main research interests
include computer image, big data and decision.

HFM, 1982 4 T AR HL IR LR 27 B
AG 22, 2010 AR F L FRHE K24 3K
Ffi b2 o, SR T RO A 3, 1 H
WHFET7 0] A5 DAL e b e AR5
Bl TR
E-mail; JiaY1957ele@ 126.com

Jia Yuming received B. Sc. from Chengdu Institute of
Telecommunication Engineering in 1982, M.Sc. from University
of Electronic Science and Technology of China in 2010. Now he is
a professor at University of Electronic Science and Technology of
China. His main research interests include information

processing, Internet of things, embedded system, software

engineering and testing.



