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Abstract: The image texture feature reflects some characteristics of the degree of gray distribution, contrast, spatial distribution and
changes in the intrinsic properties of image. Under the premise of lower computational complexity, it is a difficult problem for effective
feature extraction of deep level image texture. Aiming to solve this problem, this paper, from the analysis of statistical characteristics of
adjacent regions, proposes an image texture features extraction method, which is based on Haar local binary pattern (HLBP). In view of
simple and quick operating of Haar-like features, effective and reliable to local features statistic, Haar is inducted into LBP. This method
first shows eight groups of Haar feature encoding models, which calculate the local texture features of image in accordance with local
binary pattern (LBP). Through this method, it can reduce the noise impact effectively. Then, in order to further enhance the effective

representations of the image texture features, the method combines with Gabor wavelet filters in different directions and different scales
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of gray-level image feature extraction, which intends to enhance the effective performance of the texture feature extraction. Finally,
through four comparing experiments, this method has proven to be a feasible tool for analyzing image texture features.

Key words: image texture; feature extraction; Haar local binary pattern (HLBP); Gabor filter; histogram
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Fig.1 Initial image and texture images with different method representations
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Fig.2 The same gray histogram of different texture images
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Fig.3 Distinct histograms of different texture images by LBP transform
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Table 1 7 statistical results of different algorithms for the probe images

R AFRFZNAE G BRI EER

Method ° statistical result Time (s)
LBP 2032.54 0.051
LBP (RIU2, P=8, R=1) 733.63 0.112
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LBP (U2, P=16, R=2) 4471.86 0.524
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Fig.4 Haar features
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Fig.5 Eight coding models of HLBP
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Fig.6 Example to obtain HLBP micropatterns
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Fig.7 Texture images with different method representations
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Fig.8 Histogram of sub blocks of image after HLBP
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A (10) 1, G,y 2 S BB 1(e,p) 5 AR T4 2 ROEE 5 J5 45 &L & ¥ Gabor /N IR 45 SR A K (11 #E
— T I RO R i) AN Rk AR A

FIH Gabor ?Jﬁ?ﬂz%%n@jzﬁﬁ,@%‘(lﬁ“ﬁ A LA AT Rt SR R GBI Gabor 3189k 2% 1 5% Bl fit 16 42
T 145 v J 30 4 480 T 300 5 i P 503 7 1) 2545 JEL . Gabor /NI T 5 2 3 B KA 207 160 TR SR 1K 5 N BE 7,24
Gabor dv‘dﬁi@éﬂiﬂ%h‘,ﬁli%ﬁﬂﬁ%ﬂﬁiﬁ%%ﬁE’J%ﬁﬂiﬁﬁa@,ﬁﬁfﬂhfﬂfﬁz V18339 e K T, ) 2 ) e v LA AT
S G SO (W R AR SCHR[44 148 T —Fh R AR Y Gabor /M (simplified Gabor wavelet, [ #% SGW), LA 42
e RE I S I T T AN v SRR

FEHE R SOERRFAIE I, Gabor /N [ RURE N7 1] 2 50000308 4 3 A7 AN ), T BB I LA R 35) J ek 4 R
FE 4 J5 13t 16 A~ Gabor /N 15 UG RS B ¥ 1A B 2 05, 15 R FH G 488 05 32 0 Dl A1 280 B B A R R AIE,
AN & B K 5 B rh R B S SRR AIE

A TR KA S B AT AE sk > T AR DU R S A Gabor/)ﬁ&%‘% HLBP >k % ik K14 £ . HLBP 57
T RERS AR ST 2 A1 A5 B T BRI 4R ARAE B R e, AR HLBP SR £23d Gabor JE3% 2 5 1A B AT 04
RFAEA B, N T 45 38 800 58 B SO R
3.2 & Gabor SHLBPLUIE S H /&

W G, y) 2R BB 1) Gabor FEAE, H oy g, vR IR AL I 7 1) FIRUEE, B ve {0,1}, 1€ {0,1,2,3 )1 0% 3 0°,45°,
90°,135°1X 4 /N7 I, 5 Gabor JE 5 () HLBP %%y HLBP G, L EH I B4 IER 7" HHLBP G, /8]
9 FIIEL 10 Ffidk T ANF & K/ 2 JRUBE 4 77 ) (¥ Gabor /M.

HLBP_G,,={HLBP(imag(G,, (x.»))),v=0.1,1=0,1,2,3} (12)
HHLBP_G,,,={hist(HLBP(imag(G (x,y)))),=0.1,1=0,1,2,3} (13)

IS
il

Fig.9 Gabor wavelets of two different scales and four different orientations (size of window: 4x4)

B9 2 AR R 4 AR T Gabor /N (7 H K /N :4x4)
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Fig.10 Gabor wavelets of two different scales and four different orientations (size of window: 16x16)

Bl 10 2 ANANIF RUEAT 4 AR T 1] 1) Gabor /N (% 11K/ :16x16)

£ % Brodatz FRUESCHLE ¥ D30 G, SEBEAT A R /ANI DI, 2808 9 B FEA TR T 2 R M1E
IS EAR D30_01 EHE, B ZE 74T Gabor JE#E 3K IO S E 1) 45 4,48 J5 1l it HLBP 15 2 g0 RRAE K4,
B e L By BRRAE, 45 R W 11 FioR.

(a) D30 (b) D30_01, D30_02,..., D30_09
Fig.11 D30 image of Brodatz standard textures dataset is divided into nine equal-size blocks

Kl 11 Brodatz bRt SCH 1) D30 EG A 43 31 0 AH I R/ 9 Bk

K% D30_01 £23d Gabor /MBI 2 5 (N1 12 F7R), i 4 HLBP $2HURRRE SR B (w13 Frow), KR
D30_01 )5 FIFFE(HHLBP_G) BV & H11X 8 W 5 1) 1 Pl B 42 T Je (At 6 14 JI 7 ) ARLTE 552 B B ] I, 38 75 B2 3k
ATRFAE H— AL AL FE.

Fig.12 Results on the imaginary part of D30 01 image feature transformation by Gabor filter

with two different scales and four different orientations

Kl 12 D30 01 EME4 2 U 4 77 1 Gabor JEJ 5 1M 3 45 R
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Fig.13 Texture image of HLBP features
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Fig.14 Concatenated feature histogram
14 FRAEE T H

3.3 4FE)A—1L

21 Gabor, 4 /NEIES 2 S5 IR 0 8 A K T, B2 U HLBP FfAESCHT (¥ B 7 B, il 43 81 8 AN 7 BRI 4E.
BEAT H 4 2 A ACR AR Y A AL BELAE S 8 20 5 56 P UE B R 08 A R v UL 23 SR U0 R T R AR K P R
(FVRFE AR L35 T I A s 1t 7 2245 R %) O LR AAE K T Rl £ 8 A 800 A0 DR 2 140 A DG e i 7 2 PR RS iE T 4%,
DAL, B AT TR PR R A 71 Rl 5 RSOOSR AT (1 8 AN L5 IR AR 2 AT AR I SR A (1) B AR R AR Al
TR ACERAT X7 105 AR S s K300 £ 350 (A b 22 R AT H0 00 PO A AL

fed! St 08 (14)
O;
Jeal =TT 1o g (15)
o +e

Herp fea; L5 i ANFEGEHE AR AE 1 B, g R oy 20 L 58 & ANREAE 1) 2 (R0 S8 (R RUBRUE 22, fea) S 58 7 AMEAE 1) #0
AL R PRFAE ) i AR AE 1) ) G T S AL BT AE W A S (16) T s A T BT B R R AE, A K (15)
N AN B e=1e-T.
fea,,, =|fea, fea,...fea]], i=1,2,...,8 (16)
T fedyen PIHERORIE T feas, AT 00 BEXT fed o, HEATIE 4 1) W6 2, LA AR V5952 3 JEE R0 4% ] 52 73 21,
T LUK PCA I fea, e, (1T B AE, I A R (17 TR
Seapc, =11 forees ], m<n 17)
Horbon O FREAESE R m A 8IS PCA BRYEZ S RFE4E R, FLI AL m<n; £ PCA BE4EJS IF) E Loy 43 &
3.4 FHES %
UE — P 1 AT A S0 88 T AR P 5 T 40 9 288 B AT 43 28171, I 488 512 60 SR Y K G B 25 v 1) B 30 808 4
FeEE AW BR G BE B S A R R
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Eu( fea,, fea;) = ’Z(feaik —feajk)2 (18)
k

P feay TR 5 | NMRFIESE VR RIS kAN B
FYAN A JE G sE I R R T SVM BEAT 0 2588 6 EL 5286 ,SVM £ 1] OSU SVM 3.0 T EL.4, % #% RBF 1% &4
OSU_SVM {5 T H#:A SVM,n-SVM Fl—2& SVM 73 254% AT LU 22038, 2220 25 LA M [m] ) 48 fi i 1481,

4 ZHERRSN

KT B UFAS SR P fE, I ATTAE Brodatz brUELHEFE . Brodatz J n) )N EAS 4 PR EE . Brodatz Jig k4 H
FEFN Yale B 4 & A E b4 I HEAT T 43 285250 K S8 43 4 N8558 4.1 15 K LBP 5741 HLBP $10 7%
Brodatz FryESUHE - F SRR IE SR EUS B0 2RO 5 4.2 A LBP A yAM HLBP H.7A4E Brodatz J7 [ ]
B A SRR R L PR SOARFAE SR IR 1943 200 56 4.3 1T 7E Brodatz JiE s S0P R IR S0k 1) e i AN AR P e 4)
BT;58 4.4 F57E Yale B 4R AMGEE B EAT 20 2800, R M T AN R 1 3 SR BE MO B LAUR S5 & A E R 4
Microsoft Windows 7 Home,Pentium(R) Dual-Core CPU E6500 2.93GHz, N 17 4GB, iR # 4 % H Matlab 7.0.7E
B BB IS 0 R CHLBP A I {E T=0,KNN 732 7R A 1 Sl 404 2888 ,SVM 43 2K 7 vk o 8 Al ik A
RBF,SVM 2% Nu-SVC.

4.1 BrodatzFr/ELIREE 74

SEIe 1 ¥EHU T Brodatz SCHLEE ) 111 MFEA, BAREA T R SF KN K 640x640 1525, 1K B 1513 H 255.
W EEAAE AL TR 213x213 R R KRN N 9 A FRERG ILRRES B 1 182), 445847 J5 5140 5,01 5 A FREAH
TR, )G 4 A TR T I NI ZRBEA — 36 555 AN, IABEAR — L 444 A4~

Fig.15 Training samples of Brodatz textures dataset

P 15 Brodatz ZUHFE H I ZRkEA

K LBP Sy M SRR AE 30 ok B 77 B ) IE B 4 28 45 SR 89.64% ;% il HLBP 5742 I SUHRRE , 4 H
J7 BIERTS T 91.67% M IEA U 255k HI SCHR[20]/) LDP J77%:(4 77 1,3rd order LDP){U3k43 T 83.33%MH IE
ik 2,k LBP A1 HLBP FERFH BT ;24 R A Gabor, ,#HLBP J5¥E i, & IE A HAI A 93.694%, #E i
185.675s. V1 — b 2 5 IR 45 SRA g v, iE A 00 %6 94.144%, FERS 189.576s; 1M1 K I LBRY'Y J7 IR %
BAR A 79.28%. 556 &5 5 L3 2.

Table 2 Comparison of different methods for Brodatz textures dataset

%z 2 k%) Brodatz SUEEFEAN [H] 7 L IR e

Method Correct rate (%) Time (s)
LBP 89.64 36.63
LBP (RIU, P=16, R=2) 79.28 62.81
LDPPY (44~ J5 1], 3rd order LDP) 83.33 101.06
HLBP 91.67 38.44
Gabor, ++HLBP 93.69 185.68
Norm+Gabor, 4+HLBP 94.14 189.58
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4.2 Brodatz/7[a) RETHUIBESH L

SeI 2 i P S0 5 236 1 Brodatz SCBE A P g g I T R 32 TR IE AN N 256x256

1825, K TS 28 0138 g 255 AR B 320 20 g ANFHAS IR 16 K /N Ry 64x64 1535 16 BI4G ixX e Rg #2105 K34

WA 25 T SRR 0 22 5 50 A0 RHREANREAS IR 53 A0 i 3 AN B INAE AR, 40 510 A e e 9003 A L K IR UA A AS v Ca SR I

1) 45x45 18 ZHOK B 64x64 15 2 MIFEA L BEBE BE R SRR T RIFEA (a0 18 16 T/, 452 bark_00,beachsand_00,
beans_00,burlap_00 SEFEA), St 2 048 MFEAAEAN AL 32 TR IZRE, 55 32 TR 4.

ST " LS O AT e

Y By i

=
-

1

>

i\
gy
o

Fig.16 Training samples of 32 Brodatz transform textures dataset

16 32 Fi' Brodatz 8 #e SUBH 4 Il ZRFEAS

LA RN 3 RA HLBP HCRA LBP fEASZI A Fridm, 8 1 024 Il B 5 2 b BT FE R )
BT 4 1s, PR EEG L4380 1ms, R LBRYY MR F] T 86.43%. R LDP Jjik(4 /~J71,2nd
order LDP){I 1A Z 2y 85.74%. 1 HLBP 454 Gabor, 4 2 J&, WU 8 s dE— 2043 238 1,18 5] 92.87%; 2K 1M 4 45 &
F— AL B )5 RN AR R BT 0 91.70%.3% i B UA — 4 A B AN S o T A 3030 30 2 a0 200 1) 34 2 2% 1R )
TR BE A 1B — B T A RRAE 43 5 5 I SRR A 1 B — B 0 A R o R S 6 AR R S E R fE 2 2
Vi) 1) 22 SR 15 S b IR AR SE A Tkt — 5 T, VA — o A B 75 S A B A A ) A T X B 7 4 ) LA AR 46
1R 5y — T, e 808 5 2 7 4 B ) LA A 46 4 v S8 AR =X 1 DX 4 68 ) LA, 1 45 5 Gabory 4 i I, /N AR
e (1285 R B 32 3805

Table 3 Comparison of different methods for Brodatz transform textures dataset

%= 3 &%) Brodatz A8 #e 8 FEAN[E] T vk H X EE

Algorithm Correct rate (%) Time (s)
LBP 82.91 36.63
LBP (RIU, P=16, R=2) 86.43 18.35
LDP" (44~ J7 1, 2nd order LDP) 85.74 155.86
HLBP 87.89 37.69
Gabor, 4+LBP (RIU, P=16, R=2) 91.11 574.21
Norm+Gabor;, 4+LBP (RIU, P=16, R=2) 90.72 576.42
Gabor, 4 +HLBP 92.87 285.20
Norm+Gabor, 4+HLBP 91.70 289.49

4.3 BrodatzhEiE 8B E K

SEEG 3 1% H Brodatz H IR i 4 SO FECAn ] 17 B )it AT R, 1% SO ZE T 91 IR SO /N g 512512
152, T G SO e e AN AR I PE RE IR R Sl B R AL 13 NEIBAER, RSy R 6 NFIFEA,
Joe 2 (1) AR 43 ) 2R 30°,60°,90°,120°,150°,200° 35X FF, i%FE A FEHA AR AR 91 M, IUHCH FErR (MR 3 TR A Il R4
(0°,30°,60°), /5 4 T o A K 4E(90°,120°,150°,200°).

S 45 R AR 4% I HLBP AHAS T LBP 8 IR, 2 T=47 1, YU %5 1) 78.85%.{H /& LBRYY 11X —
B PSR, 2 T 94.23% M IE AN A 0 — 2 R U R R IA B T 96.15%.3% 5 LBRYY Be it Tk
PRI R SCHARFAIE 1) Jed BRAT DG, IR 0T T 00T % 114 S0 3 UG AT 80 e 11 R0 80K B LBRGS A B 2 e %
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K. RH LDP J5ik(4 75 1,2nd order LDP)HJIRIZ A 57.69%.7E 44 HLBP WMI{H T I (T=47), 1] L3k
78.85%I1 I % 45 & Gabor, 4 J7VEJG,BR T LBRY 2 Ak 3Ath 75 2 IR ) s R B e v

Fig.17 Samples of Brodatz rotate textures dataset

K 17 Brodatz JiE s SUHLE A IFE A

Table 4 Comparison of different methods for Brodatz rotate textures dataset

3= 4 %) Brodatz e GUH PEAN [E) J7 k5 e

Algorithm Correct rate (%) Time (s)
LBP 38.46 9.51
Norm+LBP 38.46 9.56
LBP (RIU, P=16, R=2) 9423 50.26
Norm+LBP (RIU, P=16, R=2) 96.15 52.20
LDP (4475 [f], 2nd order LDP) 57.69 27.22
HLBP 42.31 13.97
Norm+HLBP 42.31 14.02
HLBP (7=47) 78.85 13.43
Gabor, 4+LBP 4231 67.75
Norm+Gabor, 4+LBP 38.46 67.71
Gabor, 4+LBP (RIU, P=16, R=2) 88.46 463.31
Norm+Gabor, 4+LBP (RIU, P=16, R=2) 86.54 470.75
Gabor, 4+HLBP (7=2) 80.77 88.51
Norm-+Gabor, 4 +HLBP (7=2) 71.15 96.22

4.4 Yale B¥ B ABEE S22 5

S 4 3 Yale B ¥ A Yale B AMCHUR EW S T 10 M AEALE 9 FHEE. 64 BOLIAAET
KA 576 TR NG, S0t 5 760 MR NG 512 NG 2 v (%) P A5 B 2 70 7™ s 428 TS S RO FR AR A B 44 TR &R
). Yale B 9™ & A P8 T 38 AL P4 T Yale B A EE 20 i 10 A RIREM 2 BE A 9 FEeAs . 64 Ff
eI T R A G, S 21 888 i A K [ 450 A 2 36 i DG s JRUAR AW R 1R 45 R 1 5 i B9 DA LB —
ol I T 2828, 0 AN TR 6 B AR K 1 T G Eol 3ok = T s 58 3BT 168x192 153 K/ 4% 18
SR R 7 100 (I A A A AN AR R]LGX 64 FiG IS A 19 BHR B4 N 5 A TFEELS AN TR : T4
1(0°~ 12°,263 1) T4 2(13°~25°,456 F). T4 3(26°~50°,525 F). 75 4(51°~77°,456 IF). T-5 5(78°LL 1,714
M) A 18 Jim, N B2 R AT T4 1~F4E 5 IR AR, FAERR 25 T HR I B 18 M. L7425 1 1E
HINGREE, T4 4 AT R IR4E. LU R R A KNN 5 SVM W Rl 43 288 %) LBP 55 HLBP 553817 X LE S 46,
SEIGE YRR Yale B A ELE 24 T IR LBP 5 HLBP Sk AL & RO B 40 4 4R (1 LA ol 2L ik
{05 455 Gabor /NJIER K775

19(2)h 7R 7oK LBP 5 HLBP H7L45 A KNN 15256 45 RCR A — 10 1E), 5 LBRLY (53.73%),
LBP(56.14%)#H Lt HLBP(62.94%) 15 It $& &1, 24 454 Gabor /N IE D )5k LU IR 3R A5 3 — 25 (148 7, Gabor+
LBP(64.47%),Gabor+HLBP(69.96%), WAl K 3t — D42 1. & 19(b)H 278 TR A LBP 5 HLBP $7%k45 4 SVM 1)
S 4 B CR A AL ), Gabor +HLBP+S VM(82.02%) 41 % T Gabor+HLBP+KNN(69.96%) % B i (f1 12 5.
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Fig.18
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with different algorithm
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Fig.19 Comparative recognition accuracies of LBP and HLBP on the Yale B extended database
19 LBP Y HLBP H.V:7E Yale B 4 #0411ty iR %) L

20 278 T SVM YIZEH Gamma {HF1 Nu {5 (1) £ 72, 128 H B0 R4 0 48 22K Gabor+HLBP 77
LIRS SRR E 2 7 BAGRNE — 2 5, T T8 S80S 500 Mt £ B 20(2)H, ) Gamma=0.0251 I},
) 20 B B K (82.02%),7E B 20(b)H, 24 Nu=0.0014 I, R 51 2% $1) 5 K (82.02%).
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Fig.20 Comparative recognition rate of SVM with different Gamma and Nu value on the subset 2

20 AN[E Gamma Al Nu {1 SVM 78 T4 2 LR BI XS Lt

&

SCHG 4 Yo WA AR W] B B HLBP J7 VA R RE B A B I SO R IE RO 45 5 Gabor /M
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F Gabor+HLBP+SVM [ /7 H,SVM 1 () Gamma ({4 0.025 1, H Nu BUE A 0.0014 B R 510200 R F i
5 % 8

ASCEEH T — Bl Haar B4R — o8 X 1) SO AESE I 77 V2 (HLBP), il i vl 8 41 Haar BUREAE & i A5 7Y,
FHYE LBP (505 20, B84 2% 28 v B 5 P R ar AR Ak A5 8. 2% R 31 Gabor /N AE GUBLSAN 7 10 MOR -
M BRI, 455 Gabor /N5 HLBP (ISR AE BRI 7 72080 — 203K A3 1 1k 8 77 1 11 398 5 56 L i 36 45 IR 3R W,
10 BIAGROR . TE s B R 4% 1 o A8 2545 4R 1A% 100 L HLBP AHXT T LBP 347 84T (1 2 TR, B W] 2% 7 ¥ 6) AR 4C
PRI T B 20k 8 0 RTINS A AEAE VA — A6 5 45 & Gabor /N 455 A S0 2y 2K R rh U & T 07 52 B0 T &1
SUBLFEAE 16 AR B LA B i 1) 55 B B FH AN

N0 TR A T T U0 A AR HLBP BOFRAE 43 JE R R 2 R B UL N A9 HLBP SRS (7] 4.
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