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Pair-wise feature points based matching algorithm for
repetitive patterns images

Luo Nan, Sun Quansen, Chen Qiang, Ji Zexuan, Xia Deshen

The School of Computer Science and Engineering , Nanjing University of Science and Technology, Nanjing 210094, China

Abstract: Objective In many computer vision tasks, one of the core steps is to set up reliable correspondences of points
between two images. Although image matching methods based on local descriptors have been well studied, they are usually
unable to find the correct corresponding points of the images containing repetitive patterns even if the viewpoint changes are
very small. Due to the local information ambiguities of the images containing repetitive patterns, false matches can be easily
produced by the local feature based image matching algorithms. Meanwhile, the matching algorithms combining with the
global feature still depend on the main orientation which is obtained by calculating the local information. Therefore, these
algorithms also usually lead to mismatching for the images with repetitive patterns. Thus, it is meaningful to cope with the
challenging matching task since such repetitive patterns widely exist in the real world images of artificial objects or scenes.
Method To solve this problem, a novel image matching algorithm based on pair-wise feature points is proposed in this pa-

per. First, FAST detector is adopted to estimate the locations of the feature points. It is an effective and efficient method for
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feature detection. Then, the direction vector between the pair-wise points is utilized to be the main orientation, which pro-
vides the right direction for both the local and global feature description. In addition, local DAISY descriptor and the im-
proved global context descriptor are used in the proposed algorithm to improve the matching ability. Result We evaluate the
proposed method on both the simulative and real images against several state-of-the-art algorithms. For the simulative ima-
ges experiments, the proposed method outperforms than other ones on the mean and the standard deviation of the matching
accuracy. For the real images experiments, the test datasets contain the stereo matching images and the remote sense ima-
ges. On the average matching correct rate, the proposed algorithm can reach more than 88% and increase at least 26%
more than the other classical matching methods. Conclusion Experiments on images of both simulative and real as well as

comparisons with the state-of-the-art methods have demonstrated the effectiveness and robustness of the proposed method.

Moreover, the proposed algorithm is an effective approach to solve the repetitive patterns images matching problem.

Key words: image matching; repetitive patterns; pair-wise feature points; local feature; global feature
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B MR 0. 50 18R AFHRAE 17008 A 1 25
IR (R d DL, 30 4% fie 3 400 B 2 BE 25 DL JC 55 s
(NNDR) = 2758 B8 d5c 30T 14 R A i X -5 Y e A1k
SRR Z B, XA /N T E5E T 0.7 B
PRI (RO ESE S $ Ik o (=W 19357
o BT ANRRAE SN AL PSR AE A, 2 —
X RFALE S X6 DE P S 7, DU A 4 50 A a5 DE FC B8 o
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BLS— X 27 B OO I 0 45 B 00 A A /N 1R A
YRR DEHE A

2 XWHERSSH

AT REAS SCEEAE A F A 1 R T D
r R BT T ML UG e DE B S R, )
AISoFSCHiR [ 14 ] 354 fty 9 4L 5 A 72 46 6 I 1 52 s P
1RFAT T80 . SEgn b T R USRS

1)SIFT Bkt o 1 2 P o 397 22 43 KL% 23 [l
(DOG) HEFFHHE S A4 B, 98 5 AR5 115 s o 3
7 [0 AR RE S5 18], TR AT 3 T Ja) 0 A0 Jak 1y
BT EWE N A RA AT o

2)SURF #3£2 . R T B4 AL HES-
STAN [ 1 AR AR URRAE A5, , FF 355 5 4540
B Haar /N0 W AEAE D RAE R AT o 253510
L HE STFT Bpkb 3 ~ 4 £ (HIC P VERENS 25 .

3)3CHk[24 158k Aol ] Harris 5740 I 4%
fIE 55, FRRIF DAISY 53R AF 86 BEJ7 10 70 A1 SR IS RRAE
ST 1, FE U D i 15 2 45 &R T T R Y
DAISY 3845, 10/ DAISY 424,

4)SCHER[ 15 T3k R WIS 4, o as

1 58735 SIFT L AHIE , 26 2 J8 B BUB R R
X (shape context) FEAE, 15 3] 60 4E (1) 4 7y b T 3C
AL SR AT , F T bl 3 45 RE AT R AR DR I, 3C A
SIFT + GC &%,

5)3CHR[17 J3E . 5 3CHRL 1S Rk, F ik
PERY AR R SCHORFF 9 T 75 5| SURF 3k DL K
MSER FAEH, 48 Th 17 D 58 325 10 VE J6C 1 A 2%, 124
MSER + GC &,

6) SCHR[ 14 ] R B 10455 DAISY k45 5 2k
PR AR R SO T o 1207 MRS IR LU Y
PERCRCR , iCAE DAISY + GC 5k,

FRR SR SR VLA SR A DERCIERA 3, 100

DCPCTE 8 % = TE A Y UEC A/ DL FE 15 B AR

AL BRI BRAE R G2 N Windows7, CPU
Inter Xeon 3.2 GHz, 3254744 & Matlab ( R2012a) , fif
ARG Matlab AU, FEAELE mex SUHF, BTG 5
LSRR B R SO AR I SR
2.1 #EHEGER

SRS 18] 3 (a) FRRLLLAY 2 0L [ B R AL AL
BER, LR L (e, ye,) NHERE 0(0° <0<
180°) £ , FFid e — R MEAR(E 5 1 — (B ALAL B A
PR E B IS, I A A R

cos § —sinf ¢, —c.cos +csinf

sin @ cos 6

0 0 1

L ¢, —c.sin @ - c cos 0
(4)
TR R 5 28 s i R E A Bk e Oy
FATRAE SUVCIC , 2 DEE i 2 B S T ot
A J ) AR TS 38 A DC T i A B B S TE 3
AMEEE AN, AR 3K — X6 DG e &R F IE AR DL T A
GEvh 1A I WA A U@ G ) DL C I 32, O DL
SRAFA RN IT 1L 1 25 DEBCIE W 28 5 b v 22, IR AR
4 R ok, Hoh S FDIR B D7 AR T AR R
N UL ECIERR R £ bRiE2E . M 4 ] DI 3.
A SCEBAE VI VE I E R A S bR 2E BB R
TP, LA SO A PR RE O S HARE el i 5
Oh 8 G T AR BN SCRFIE SR AT 49 77 7 A VT I 1E
T A5 LU SR ol P D i AR A5 O i A P 4 v, IX U
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B, AMYER, PRE, LN, EER / SN ESEXEIRII RIS = TE

PRl DT e 1) 3o R P ads 2 22 32 1 2077 1] 1R 22 1 52
Wi, XL A T I T AT AE— R U I R VL L, [F]
P UC JE TE A 5B 22 0K, S I R B AR AR AR
TE o XTI, th TR BT FE T O R AE A5

VER M KRB T 5 A R 0% S5 T
SRR I S 5 SR 4419 JLAT 245,
PR TESE 00 A S AR R B
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0.4 1 0.183 6+
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ik
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Fig. 4  Average matching accuracy rates and standard deviations in simulation experiments

2.2 KEREGEKEER

FESEPREMS VCEL S g6 e T Sk [ 14 ] 4243t
R 2 A0 B A A ) TR RO R A T b A S e, v
514U iR E G B 5 (a) —(d) Bios, 26
2 4102 3 iR EG T, anlEl 5 (e) —(h) fifRs X
TR ENS , >R F BN 1 (homography ) 24 5k
FIRTUC B IERAPE . 27 RRAE AR FR 20 B I A i
J& B AR BRAE -5 X PEIE 5 2 R EE B /NF 3 A%
LR RHAE 28 T IERRUC LS . X 3 4
PIRIEME R XS A JLAAT (epipolar geometry ) 24 ik
BIE VT 1) 1E A P, SR DR SR T SR A B ( funda-
mental matrix) , X} FRERE 5 A UC AL S0, Y4845
(1) AR B 5 0T 1 PR A 2k B B /N 3 MR BT K
T FRAE )8 T IE AR DT L A5

Bl 6 ME T o, Bl s T W S5 A — X
B A DT BC S ST be ], S A B 45 DG E A5 % 22 1)
CIE T ZERE , IERRULHC 0 = [ Sk R %1%
21 5R2 BN T WALLE 4 Fh 5Bk e DL
BC IE A %8 (F 3 1E 6 DC JC 5 850 R DE B s 50 B
GoitEE o BRG] LIS H LU R 458 1) X% F i

Wi A7 e TR S P11, 1 5 0 T o B 4% 6
SRR I DS TR T VR AR A IR, D PR , R
ARSI 4 U R MITT LGS 5 52) SIFT S5 K I 245
2V PR SR TR A 5035 , (L SIFT 45
VAR 252 29 50 0 A 9 PR (S (a) () (o) —
(h) ) UG LRI 15 2 T LA A 543 71 o 2
PR (P S (D) () BB T 7ERFAE 25450
A TR S P15 5 G 7 5 o B
WK T VSRR IE ;3 31 A 4 R A A 4R 4 (1 DE
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HEHA R0 B 1 S5 7 T A PR U i e )
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1% 5 E B AE 54804 91 8 171, 58] DAISY Hif
SRAE 5 4 JRy B AIE 45 4 I A JBU1S 11 1 i
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FAXRS B, 2 RO X 4L R AT AR A B BRSO 4R, e B 5 L 3 0 % 408 S 5 L4
SR AR PE [ 2 AP AN REME X LIRS BARA S T — 2B .

() +F¢’Jﬁ§1

' ‘.; l", !
B | 'y

(e) 34EMiA1 () 3142 () 34 ik3 (h) 34Ed k4

K5 SehrlE B s i
Fig. 5 Actual image pairs

(a) SIFTH 1% (b) SURFH.7Z: (c) DAISY#4.32: (d) SIFT+GCH.32:

(e) MSER+GC i (f) DAISY+GCH ik (g) ASCEE
Bl 6 i i B 5 DL Fi 25 5 s il

Fig. 6 Example matching results for flat object image pair
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B, AMYER, PRE, LN, EER / SN ESEXEIRII RIS = TE

(a) SIFTHLiZ: |

(e) MSER+GCﬁ

®1 TEHOEEGIELRS RS LEERE(EMRLEY/ SLEY)

(b) SURFH%:

i

() DAISY+GCL%:‘7
3 YW IR EHR UL B4

Fig. 7 Example matching results for three-dimensional object image pair

(©) DAISY%‘?%

(g) AL
il

(d) SIFT+GCﬁ

Table 1 Matching results for flat objects image pairs matching accuracy rate ( correct number / matched number)

ik

Kl5(a)

K5(b)

K5(c)

Kl5(d)

SIFT

SURF
DAISY

SIFT + GC
MSER + GC
DAISY + GC

ARSI

56. 16% (205/365)
42.02% (29/69)
51.16% (22/43)

69. 14% (121/175)
59.15% (42/71)
68. 13% (62/91)

88.89% (200/225)

75. 11% (489/651)
51.75% (59/114)
46.15% (60/130)
78.43% (211/269)
55.14% (75/136)
69. 41% (177/255)
96. 47% (274/284)

56.36% (257/456)
53.78% (135/251)
56.39% (119/211)
68.75% (297/432)
63.60% (166/261)
70.5% (170/241)
91.61% (273/298)

80. 66% (413/512)
52.08% (75/144)
54.45% (55/101)
85.56% (166/194)
68.61% (130/216)
68. 62% (140/204)
87.25% (130/149)

R2 3EMEEGIRERERS T LREEME (EMTREY S TREL)

Table 2 Matching results for three-dimensional objects image pairs: matching accuracy rate

( correct number / matched number )

ik

Kl 5(e)

K5 ()

F5(g)

Bl 5(h)

SIFT

SURF
DAISY

SIFT + GC
MSER + GC
DAISY + GC

ARSI

55.40% (169/305)
48.14% (65/135)
42.85% (15/35)

68.32% (151/221)
62.50% (85/136)
70. 63% (89/126)

90. 47% (171/189)

49.39% (204/413)
52.41% (65/124)
40. 00% (14/35)

60. 19% (121/201)
65.92% (89/135)

78.53% (161/205)

91.25% (292/320)

53.43% (101/189)
38.949% (37/95)
32.00% (16/50)

73.50% (147,/200)
56.57% (43/76)
37.83% (42/111)

79.34% (169/213)

60.97% (275/451)
67.19% (127/189)
66.21% (49/74)
77.32% (341/441)
78.09% (164/210)
81.09% (223/275)
92.23% (475/515)
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2.3 EREGIBER

N T G MR R AR ORI B e A
HA A A 1 AR AT T 9k, Al 8 B
7N R T 4 AR R B R BN T Y i ST R A
AN TR B B B A 3% B9[] — 3 ), G v iy 2 s TR
Or AT RIER 5 WAL R T s o PR A K S
B9 B T v — 4 s J BT 5% 1) DL 5 245 2R X L

Blo 33 BN T 45 PR IEAE DL IR 3 % b iy Gt

2 Nl

Ll
(e) MSER+GCH.32:

fRE e WIS R hn] LI B, 75 A8 7] 23 B A 1Y
FIG b AR SO A VEC IE A R E R B 5= B
SEo JiAh, L SIFT + GC SA I R B IR R W] 42
JEYRHIEA IR AT 72 A B R REAB 4 o S i B0k
MPCECIERR R, K 9 HidfEA 2, S5k M IE
B TR PR T B R, A 5 T SRS
A FE ] LD 2> T A SO0 B AR e A 5

(c) TE K3
K8 IE A RS B

Fig. 8 Remote sensing image pairs

s

K9 i IE R L BC4s SRn i

Fig. 9 Example matching results for remote sensing image pair
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BhE, IR, MR, LN, EER / SINESEXNERI IS S ItE

*3 ERBEGIBUEERESLRSH: CARERE(EMLEY S TR

Table 3 Matching results for remote sensing image pairs: matching accuracy rate ( correct number / matched number)

ER7S &l 8(a) Kl 8(b) & 8(c) & 8(d)
SIFT 29.70% (30/101) 34.65% (44/127) 16.28% (14/86) 71.43% (75/105)
SURF 44.68% (21/47) 57.78% (26/45) 57.69% (15/26) 73.80% (31/42)
DAISY 30.35% (17/56) 40. 00% (30/75) 17.50% (7/40) 10.00% (1/10)
SIFT + GC 62.99% (80/127) 77.02% (171/222) 42.85% (33/77) 84. 14% (138/164)
MSER + GC 52.11% (37/71) 62. 50% (50/80) 51.51% (17/33) 68.75% (44/64)
DAISY + GC 31.75% (20/63) 52.78% (38/72) 34.48% (10/29) 57.14% (20/35)
AT 77.32% (75/97) 93.19% (219/235) 83.58% (56/67) 86.62% (149/172)

2.4 HESITHEXLER
TG TR AL A DT Ok , 2Rk
EFAAAT 5 | A Db 2 Az 5t ] AR , IR AE
Hris SIS R, ASCRE R 55T T 2R E R A
MBARIEAEAT IR, R4 PRRT 2.2 WAI2.3
TSR 4 A B — D RHIE S R AT 2
Hey i ], AR AR SO S0 4 BRI B B
AL BN BORITFI(E IR 4 BT LA
R LABANRRIE SR U, ARSI A i A 19 S
I fre 22 1, I R DA AR SO R A R RFALE
A, B R R A T BETE IR AN RRAIE X, 38

T ia% s AR MRHIE R Y B TR AR SCRRA
TR R A FADAR AT I FERS [R) tL 2 A 22 19, (EAE R
{H_E3%3 SIFT + GC U5k 2 SIFT Sk A Ly e
PR o RN AS SO A JRy TR R M A IR AT P 4 2
iR /0F DAISY 553k 2 N DAISY 53k iy &
DT P BRAE R TR Lt A T
TARAIE AT AR B R AE R O 125 , 2 R AE A0S
SRR R Z TR FU ], LEARRAE A0 ) N RO Ak
ABCRER 3 ~ 4 A5 FEPAT R DT B 45 R 1Y [ i, 42
il 128 55 I R T 42 52 B L =2 PN, SR T A i 42 g
T BRCR IR L JE A SO — 22 T AR

R4 AXZE PR THIIERE

Table 4 Average construction time for the descriptors in experiments /s
(ER7S SRR 1 A & JR FRAE R A ¥l

SIFT + GC 0.0119 0.007 4 0.0193
MSER + GC 0.0029 0. 008 4 0.0113
DAISY + GC 0.004 1 0.0117 0.0158
AL (RAHAE ) 0.0135 0. 080 4 0.093 9
A SR CRAE ST 0.003 4 0.0199 0.0233

TS 2 AR ERGA R I PE RO . o, IO R A

3 4 REAT AT F 07 161 4 IR VST, R R GE R A3 T

A H AR R S R TS S —
MRS, DR A A AR 2 o PR R A B ™ AR L
DR PR R SRR MR A IR AT A2 B2 IR R A LA AR
GRS X3 T o TEFI A2 R R AL A T Y 2k
BT, B TG A FE 7 43 B 5 IS T
SRR RFIEAR BT 5 6, & A AR R R R AR 22
XF AR B HE R MR, T 2 7 1) e iR 22,
HURFIEA AT RSV TR, SEMI T FEIE R R . it
EEXTIX PR EREG , $2 HH— PP T O R 92 5 R

TERRTT Tl S, 45 G R AR 5 A i 1) 4 Ry R AR
(977 15 RESE SR AL R AT (9 0 4, 42 iR DR PERE T o
TERAU S SEPR TR b i) HURR S B i, AR SCER.
AEA R PR 5 A B A S MR DR S IR, S
FPEE T LAY IERGAR, HA —E S
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