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Image Matching Algorithm Combining SURF Feature Point and DAISY Descriptor

LLUO Nan SUN Quan-sen CHEN Qiang JI Ze-xuan XIA De-shen
(School of Computer Science and Engineering, Nanjing University of Science and Technology, Nanjing 210094, China)

Abstract Tmage matching is a basic technique in the research of computer vision, and local feature based image ma-
tching methods are becoming increasingly popular in this field. To solve the classical SURF algorithm’s poor perform-
ance on the rotation invariance, this paper proposed a new matching algorithm combining the SURF feature point and
DAISY descriptor. We proposed a main orientation distribution method which is more suitable for DAISY descriptor, so
that a new descriptor can be obtained via rotating by the main orientation, Our algorithm effectively improves the matc-
hing ability of the classical SURF algorithm on the rotation invariance,only employing a little more computational bur-

den. The experimental results demonstrate that our algorithm is more robust than classical methods when the image

Vol. 41 No. 11

blurs, illumination, JPEG compression ratio or the viewpoint changes.
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1 5]

PR DG g B AR R B LA B8 U 4 25 F 5 1) B 614 R
FIanERACHE . BAR RS SHRER =R EE, K T8
BGERE ATERSES A . ERICE N LEE TR
HMEGERGSHLRERZEEJUTER LR, TEFET
TREERIVCRC T - 5 2 TARE M LA sk RS . B TR
DUAC T B B T EL TR T BGRKERE  EEG AT
FXI@AERDE R EUR, T EREERR . & TEBIFE
77 B RTK IH BB R R REZ P RN E AR
iE B B2 B TG A, 4 % UG J5C A O B A T AR A58y G L IE A 3R
BT

MG R IR R AT R B (R R B 5 DL s R Y A
O ERAY  ERL Z AR, RS X MR R BB R SR A
AT T REHPTT HhETERARBALR MR NIIR
KRERES T HE 3 R AR R AR R
P RBEBARF R B2 RO IE R R B ICA. A

il

SR AR, 2013-12-10 &4 H #:2014-01-25

AR, A PR RERER R Lowe #2149 SIFT &
B AR SIFT #RFFITEE %, B R KK, Bk Bay
% \7E SIFT K3ak H 5 TR E I E AL HE4 SURF &
B0, EBFEAE, B SURF HLERE Rk SIFT &
BRET 3H 45, HEEXEEERBREWMEE FHGELL
BMEMCEFEE . SURF BEEREATHE LW ERAR
FERY, R, BT A JR R AR AE 1 3 4 3 T AR X — B P X
THRIGGESWEEURHXEETHEREREXRTENR
L8

2010 %2 Engin Tola # # i DAISY R 4F1Y B—#
AT UL F 88 85 7 Ak T it 4 J5 BR AR AE 8  , DL A REFLE )
BEERLEMTE . BR DAISY #ARMFAFHFABRFREAR
A, (BB T g-JE) T RREE B, B R R A A B R T
B EENRER HTRE B RGNtk HEREW
R TIEBFE M AL Stefan Leutenegger FALEE T
DAISY #i#4 5 BRIEF #7804 , 48 1 T —F 7 4 BRISK
R SR ER T RERE. SRS Al

AXZERERBEESTE (61273251) , + R AMIR B A TSI B (D040201) % 8.

B 1986 ), B WA, REBF R A N E G B E B R4, E-mail: luonan. njust@gmail. com; BLFR(1963—), B, HE, W LAET
I, BRSO EAERIAS BRE R R B BA979), B, AR LA RN, FEME T AEGLES S LM (1984, 5,
PO, B A S VA, EERFSE Oy AR BB AL IR (1941 ), B 8 M L4 B0, B R Ay B Gt B TR B

+ 286 -



exandre Alahi % A $8 48 A 2S00 W BE A9 45 53 55 DAISY #id
RGEE R T —FhE A AW R % B 43 76 1) FREAK 6
WAL ZHAR R — M AR AR, R RA TR R
AR, Yin Guo % AR T —Ftit i DAISY #R%F
U1, o DAISY #iR 5 4B T 2 H M, 3F AR T PCA
R R R YE , 458 Harris f 540 I (45 T BC S TRE . &
FEEEGTEMXTHET A AENER . HREEAEHER
KEE A EE AT T SIFT &k, B W IZEE XX
2 AP T R T DAISY $5R 75 FIsk s BAC S % 7R
FSLARIC AR AT T AR T DAISY $5 iR RF 454 137 B
HRBIRAR S, RARRHIREEE. 82,DAISY #iid
Z7E ER IT R A AR P L A R LA R g &
& & FER A ICEL THE.

N T e SURF BiLTE e At ERIAA R R,
ASCIR T —Fhgh& SURF $H-E S5 DAISY R FF 0 KB
VLA %5 . 7F SURF BIERRE s A il (9 Bl b, 2 17—
FrE A DAISY HRAF 05 15 89 77 8  H4% B 3 0 1) Be %
PAGH ) DAISY #RAF . AU EBERFE T Rk SURF &
BB R A A, AR T TR B AN AR IR IE

2 SURF &&E®&i

2.1 SURF %54 5 MR B

5 SIFT B2/, SURF Bk MR IE SRR R E TR
FEEEEE. BS52ZARKNE,SIFT BRERE 2 RE
23 18] (Difference of Gaussians, DOG) 3 #1745 4F & fY 8 B,
T SURF %18 B T % Hessian 48 [f 1751 =X 44 18 46 058 Ok
RPUFIES . SHTEB T B X= (0, o) SARER o H—
BE A, B R Hessian 48 H(X, o) T YA FERH: HX,0)=
L, (X,

]:L_,_,(X;o’)
Lyy (X?U)

L ] ot L, (Xoo) RFTE W i S8

g 7E X FUL SR T B, Ly (Xo0 Bl Ly (X o) B
BEMHE L.

7E SURF By, o0 T I i+ 8, F1 & g i 28 3 3
REBEYrE s a8, Aot SURF B i TR mitE, R
B & RIS E S BT HHE TP AT i F A kA,

det( Huppror ) =D, Dy, — (0, 912D, ) (D
B, Do Dy LK Dy, ¥ AR G BT ERZENE
£,

BT T RS MRS BR, B L FE SURF B
I RO 225 1) o 8 U5 28 A9 KON E AR ALY, BRI R SHR R AR
), T AR SIFT B9 30 2 3T I8 3 5 00 R 4k S vE AT 8 U
SURF BEBEHIRESHS R Y, EHaEE T2, BhiE
BWRREN 4 B, B—H+PE 4 BORERR . 5—NFHRIE
BREG N EMER, B—REBA ISR F Kk 3X
CNXM+1), Ht N A ZEBREFER M X B K862
B, BINEE 1 B i B R 4 B Xt R E0 B A8 R ~F R 9,15, 21,
27,7658 1 B4R B MR T By 6, R m b A
ZRKKBIFE R 12,24,48, MEREGITGEHRENR o=

FilterSizeXl'T)2 LB FilterSize 9% B R XT B 48 I 25 1Y

HK. FEIKEE )R E S Hessian 4 5 175 2 49 ¥ BUE L
J& 78 3X3X 3 H4R IR 8 AT IR B KM # (non-maximum sup-
pression) , FA 24§ A #4018 LB T 26 > s (B AR R sl 8 0
B/NGT S BEROE B W ISIE A, T SURF Bk FI A
FEBRB B T g U, F B A T R EGOR I AR o i
B, FAREEEAEEEEEN B TR EAEERE
.

2.2 SURF $${EiR#F

T SURF # R EA BTN, B EFERER
TES R ESE, BiE— RIS K RIERDA o 7 LRHE
EAHL RN 6o IRBA S ITERSEBRE My I
M Haar /N op R (g, B Haar /NER TR 46X 40, BT
NG B SEBRAF B, o i3 e B (B T R A R 4L
AR A5 30 B4R 7 (B AR B K R AR B FRR AR K 5 B RRAIE I
B R O (EA R /N, A RL BTt/ . SRIFLL 60T R BALEK
HEEGA X T S 0 Haar /N R AE 2 M, LLEA B X
A3 R L B A BEAE N M ET R I ETT M .

e BB 25 - LURRE A& 0 o0 A b B e
SBNZRHE S B 71 b I XA 307 6 7R RRAE AR i
BUK/NK 200 X 200 BISETE K B R . iz
43I 4 X4 A KINK 50X 5o BT X3, B —ANTF R, N
18 Haar /MR RA{E R E M X F R HEAKE ZEEHHF
# Haar /NE R 3508 d. d, . 5287 M AR AR, it
N B 45 O ) AR LB B, MR A AT R 2 d, . 2d, .
2Zld AR 2 | d, |, JRRT R T AR E B, B LSRR
ARCHEH AR RRR TR EmyE, TFE—-1FK
BB Rl A 4 EREHR R R R v=(2d., 2Xd,, 2|
d. 1,2 0d, ), FILE R E KSR TA 16 4~ X ik n 4
AR [ T DL SR i A — A 64 HERUASAE R B SR AE A L
BIRHE , i TIH— b 38, B 57185 SURF #5877 .

3 454 DAISY #iR %789 SURF B{KILE & %

3.1 DAISY #:iR %

DAISY FHERGRAF R Tola 25 A2 H AY— Fh g U Y I
B BRI AR, L R T — s R R 15 0
TAT7 18 B 5 5000 ROBE S — W o8 BT I R B AT B B
2, B T AR AR A T S, R BB E N
W, SEPAT I ARENFATLERSRES,

DAISY #3752 th 28014 45 iy v S -J& B 0 AR T 45
AR L, I 1 BiR . — MBSO SR 3 BEARR %2
IR, BERLCEE 8 A REE A, AL O AFRR, B4
LA 457K AR A3 AR AL RLL B3 L, B 2R L BRI R e S A
7 AE [ 0 7 0 FRUBE (B 0 0T LB (L 452 R A R 1) DU ) 5 8 A
KEFMHES] , XFEHES DAISY #R % T ERGE &
BB ERRERTNSBEET, Fat, KA T
SIFT f¥&#1 SURF B %4 FI 46 40 35, DAISY R % % H
B (R 4B, 33 B B 0 BB 4RI L R TR AR B B B B
DAY, BONEEMR, DAISY R /7 RE45 L3 (B HE LA

o 287 »



BIREF e B i, LA SCR A DAISY #5R 55 SHFE S 317
®, BB
B, REA R b A — MR R (ws o) 9 8 AT 1 BB

i G Gy = (LU b g Sop o R MR BBE AT,

0=1,2,,8,( + )" FR(&)" =max(a,0), BEH,ZKKHNE
AR LIRS FEL R L& BRSNS SEE, &1

FIAR GE () =G » (2 s om mprsi R pr i

R BT Ge MBERE G, (w, » #ITE T STUE WE, S
—MEE R BB — MK BN 8 i1 Bk FR R
EHEEN B, L hs (u,0) =[GF (1, 0),GF (uyv),
GF (u, ) ]", LT AT 5] DAISY #RAF i A L

r BE, (uro)

hTzl 4 (u,"u,Rl)),'",h{*l Un(usv,R1))

D(u,v)= h%z(ll(qusz))y"'vhgjz(ZN(u!'UvRZ))

A%, (U Gty oy Rud) oo hE, U (o, Ran) |

(2)
He, M FREMEEELN o B— R HII716 L (uy o0,
R)FARUBE A (w0 AP LRER P § AR R S
i DRFESIVAAR RS (b (s 0, R MIFRIR EIRRAE A S
MEETmETE. B 1FRRSHERETZRERE T
BB AIRUR 5 e LU B O S5 40T, DRI AR St R FH %
REEMBTHE, PRI E—HEE@X3+D X
8=200 %, FRAEHE AR AF 2 W] 5y A ph P fi) 2 22 (6] 69 PR
IR R,

B 1 DAISY #RFFLEH

3.2 DAISY XA ma@AiE

JEHRE) DAISY #AfF 3 AN B fefe A, RE i,
DAISY #iR7F o 5t FR B A 2 My KR A B KIS e A%
PO i FFETHE DAISY R R 2 iR B R RA R KRR
VST R A B T e (Y S 4 R T R RS TE STFT ik
HR A R, B SCRR (18 D4R I E 7 [ A B B E 3
XL (o> v B R E EH B G2 (u, o) AT
BB PR RHMER T MR RF £ . X AR Y
F L A5 R BRI T ], FE T R R, (B R S PEKIT
FekE A, ASCIRE T —#r 9 DAISY #5585 £ 5 17 40 B

o 288

BT IR BEA T ILALER .

i 2 BroR W& — R A (wsv) s RATLLE 5° B4
7E DAISY #R FF B SNZ RO R F ik BURBESRES S
=Ly sv3) s (s vf) s, Cup ) ], Horp 0 RSB FO
TR R MR, HOX R EFERER KN @B G2
TEE BRI R MBEF M E SR G EInEREE.

Hg=[h22 Cup b )—l—hz2 (i ,v5)+--'+h22 g )] (3)

W Hy VR348 32 Ty 1a) 114 340 BT o6 40, 78 B 468 o O R AIE
HWEZ—BUE, &85 72 4 H, W B H PR EN
e DAISY #ARFFHY T 07 1, X PR B B7E F AT LA
RATREZ MBI &4~ | LB (5 B, tk SURF BEA £
Jri A E TR A BB 18 I ik A A . ks
DAISY E 4 A LG . ¥ DAISY BRI & £ 07 3t Fr st . &
B A BT EREAR 89 24 SO B b SRAE L HEIR R
AN IR T R B R F B T 1) LR BT Rk L TR A T AR
B3R EA B RAR ) DAISY #5384 .

S at

W2 AXEFESTEITE®

3.3 AXHEERE

R E BB RERA

DEABRSRESR, B RGBS EGR, LA D
THEFR S B8 B Hessian 58 4 , 305 F 3E B A A i) 21 ¢
fES

20 E FIR AR 8 J7 (B I, 3 %0 Bk B B AT =
TEIK

DRI (3) R —AHFIE S 5B E [, Ik DAISY
R PR 1 B8 T MBER BB R (2) BB ERIR ST .

4) PURCASIE R R R o 4 P 05 J 4R L B VT AL 38 1 (nearest
neighbor ratio matching strategy) i+ 8 5 B B R 5 - YRR
AR TR R SRR E RS A RR TR M
BHRKFCIE RS, QR BIARAE S R BE B B, 3T HLEE RS/ TR
SEPERAY 0. 7 4%, WA B HRRAE &0 A X R A PE L 2 0. 75 U
IWHIZAFIE B A ITE A

5) BEIF DT AR S X A< 3C R B AR O B 4K A8 e R S5 FR T
FC R 2 () R B St AR B dE B T, , — Fh 2SR ] RANSAC &
P EARIN, B —FR A B R 5 ML R U R
FEPLEHAE N AL TREF RN, EREBTRER T, Z
B IR — XS SR (P P B A P/ =T, P, e B
BOTHEP' 5P, REA BEHTEMRERER, FH
FERERLEEE . Nk, ASCE AR HREB IR 2 (symmet-
ric transfer error) 34T EIWT, BMEIRE N 0. 002, 24 —XF T









BEHLI 250 SRR E T 25 SkER, BKERFERE P
FMBEZERR 0K 153,

®1 RERUELSHT

F5 P R FE P R
01 0. 9347 0.9213 14 0. 9348 0.9279
02 0. 8987 0. 8874 15 0.9103 0. 9442
03 0.9127 0. 9334 16 0. 9705 0.9628
04 0. 9650 0. 9421 17 0. 8826 0.7918
05 0. 8145 0. 7923 18 0.9128 0.9213
06 0. 9067 0. 9241 19 0. 9008 0. 8825
07 0. 8642 0. 8809 20 0. 8049 0. 8526
08 0. 8239 0. 8525 21 0.9121 0. 9332
09 0. 9621 0. 9543 22 0. 9350 0. 9217
10 0. 8974 0. 9007 23 0. 8814 0. 8561
11 0.9152 0. 9803 24 0. 8273 0. 8768
12 0.8827 0. 9030 25 0. 8907 0. 9041
13 0. 9592 0. 9738 Ave 0. 5001 0. 9048

F R (OB IR WA 2 i) ER PR & LR RS,
RAESAR/N R 2 B S8 b & A KB A, P E2 B
/N F 1 RTLUE ), A SCHR Y 0 B 1R BB ORAIE RS AG B B9 45
BB FIRFHEE] 902 L b, B RS s i s B b
HIREE,

BRIE ASCERM TR AY 5 KSR 8 B
BRGERME :, ZEERRBR TOLRAY B A A%
e P k) ARG T T R IRV, R AR T RAEMT SRR, e
KUBRET  ERANNLE. CHRERERY, ZEREWREEL
HENERE AR SAEHRE, RERENEEE. T—
BRI HEE PR WS EOET BEMBTIS .

2 % x
(1] EFik. SR BETEAR. 5T I (R 40 e A 00 B 1 A3

#a g0 B A A5 TRER,2012,31(5).991-999

[27 Abdel-Qader 1, Abudayyeh O, Kelly M E. Analysis of edge-de-
tection techniques for crack identification in bridges[J]. Journal
of Computing in Civil Engineering,2003,17(4):255-263

[3] Fujita Y, Hamamoto Y. A robust automatic crack detection
method from noisy concrete surfaces[J]. Machine Vision and
Applications, 2011,22(2) . 245-254

[4] Rathod V R,Anand R S. A comparative study of different seg-
mentation techniques for detection of flaws in NDE weld images
[J7. Journal of Nondestructive Evaluation,2012,31(1):1-16

[5] Gunkel C,Stepper A, Miiller A C, et al. Micro crack detection
with Dijkstra’s shortest path algorithm{J]. Machine Vision and
Applications, 2012,23(3) :589-601

[6] Yamaguchi T, Hashimoto S. Fast crack detection method for
large-size concrete surface images using percolation-based image
processing[ ] ]. Machine Vision and Applications, 2010,21(5) .
797-809

[7] Landstrom A, Thurley M J. Morphology-based crack detection
for steel slabs[J]. IEEE Journal of Selected Topics in Signal
Processing,2012,6(7) :866-875

[8] Jahanshahi M R, Masri S F. Adaptive vision-based crack detec-
tion using 3D scene reconstruction for condition assessment of
structures J ]. Automation in Construction,2012,22.:567-576

(9] &R¥W,. R ETEHERNOFRBERNERINEI] TE
HLRYE . 2011,31(12); 3382-3384

[10] #iF. EHBEHERNEGLEREMNBRITSEHAID]L R
W PR RE, 2011

(11] B, X B ETHGRNNEESLAsiNERE ] &
REBT RH4R: ARBI2EAR,2013,27(2) . 89-92

(E4% 290 1)

[10] Juan L,Gwun O. A comparison of sift, pca-sift and surf[J]. In-
ternational Journal of Image Processing (1JIP),2009,3(4):143-
152

[11] Tola E, Lepetit V, Fua P. Daisy: An efficient dense descriptor
applied to wide-baseline stereo[ ] ]. JEEE Transactions on Pat-
tern Analysis and Machine Intelligence,2010,32(5);815-830

[12] Calonder M, Lepetit V, Strecha C, et al. BRIEF: binary robust
independent elementary features{ M} // Computer Vision-ECCV
2010. Springer Berlin Heidelberg, 2010:778-792

[13] Leutenegger S,Chli M, Siegwart R Y. BRISK: Binary robust in-
variant scalable keypoints[C] /2011 IEEE International Con-
ference on Computer Vision (ICCV), IEEE, 2011;2548-2555

(147 Alahi A,Ortiz R, Vandergheynst P. Freak:Fast retina keypoint
[C]// 2012 IEEE Conference on Computer Vision and Pattern
Recognition (CVPR). IEEE, 2012.:510-517

[15] Guo Y,Mu Z C,Zeng H, et al. Fast Rotation-Invariant DAISY
Descriptor for Image Keypoint Matching[ CJ//2010 IEEE Inter-
national Symposium on Multimedia (ISM). IEEE, 2010, 183-190

[16] XK%E.BEE RER. % £T DAISY #ATF MY AL E
MR RS R RS AR DC BT [T, B st MR R 24 B ARV IR,
2012,32(4):70-76

+ 300 -

[17] Winder S,Hua G,Brown M. Picking the best daisy[ C] / IEEE
Conference on Computer Vision and Pattern Recognition, 2009
(CVPR 2009). IEEE,2009.178-185

[18] Fischer J, Ruppel A, Weisshardt F, et al. A rotation invariant
feature descriptor O -DAISY and its FPGA implementation[ C] //
2011 IEEE/RSJ International Conference on Intelligent Robots
and Systems (IROS). IEEE,2011,2365-2370

[197] Mikolajczyk K,Schmid C. A performance evaluation of local de-
scriptors[ ] ]. IEEE Transactions on Pattern Analysis and Ma-
chine Intelligence, 2005,27(10):1615-1630

[20] Ke Y,Sukthankar R. PCA-SIFT: A more distinctive representa-
tion for local image descriptors[ CJ // Proceedings of the 2004
IEEE Computer Society Conference on Computer Vision and
Pattern Recognition, 2004(CVPR 2004). IEEE, 2004,2.:506-513

[21] Fischler M A, Bolles R C. Random sample consensus;a paradigm
for model fitting with applications to image analysis and automa-
ted cartography[]]. Communications of the ACM, 1981,24(6) .
381-395

[22] Visual Geometryy Group[OL]. http://www. robots. ox. ac. uk/
~vgg/data/data-aff, html

(23] £&.BH%. FTF. % —f ICP B %] ERE T K%¥%
. BARBLIERR,2011,25(10).71-76



