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Description of rotation invariant texture image
with local Walsh spectrum

SUN Hui-xian, ZHANG Yu-hua, LUO Fei-lu

(College of Mechatronics Engineering and Automation, National University of

De fense Technology » Changsha 410073,China)

Abstract ; In order to analyze the image texture effectively, the new rotation invariant and multiresolution tex-
ture descriptors are proposed based on Local Walsh Spectrum (LWS). Firstly, the Local Binary Sequence
(LLBS) of each pixel is obtained by comparing its gray-scale with neighboring points and the power spectrum of
Discrete Walsh Transform (DWT) of the LBS is calculated. Then, the spectrum’s value in the power spec-
trum is expressed in characteristic histogram to describe the texture feature. Finally, based on the sequency
characteristic of LBS, the Two-family Sequency LWS (TSLWS) is proposed to reveal the relationship be-
tween LWS and Local Binary Pattern (LBP). Because of the circular-shift-invariant of DWT power spectrum,
the proposed texture descriptors show prior rotation invariance. Experimental results indicate that the texture
classification precisions of LWS are better than those of the Gray Level Co-occurrence Matrix (GLLCM) meth-
od and Gabor filter bank method. Furthermore,as compared with the LLBP, the texture classification precision
of the LWS is 3% higher than that of LBP in the same local neighborhood and the segmentation in inaccura-

cies of the LWS are 11% and 23% respectively less than those of LBP for two rotated mosaic texture images.,
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which proves that the proposed method has better abilities of texture discrimination and rotation invariance.

Key words: texture analysis; Local Walsh Spectrum(LWS); sequency; rotation invariantce
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Tab.1 Classification precisions of Brodatz texture

images with different methods

GLCM Gabor LBP#'% LWSp.r LWSER

P.R —  — 8,1 16,2 8,1 16,2 8,1 16,2
BINS 16 48 10 18 24 53 14 26

D1 42.6 100 100 96.2 98.1 100 90.7 100
D3 79.6 72.2 75.9 81.4 90.7 74.1 75.9 79.6
D4 72,2 85.2 57.4 55.5 75.9 81.5 79.6 92.6
D6 98.1 100 100 100 100 100 100 100
D9  83.3 87.0 50.0 50.0 50 66.7 55.6 87.0
D16 64.8 100 100 100 100 100 100 100
D17 85.2 100 87.0 85.1 96.3 94.4 98.1 94.4

D18 &81.5 64.8 74.0 88.8 98.1 92.6 98.1 94.4
D21 100 100 100 98.1 100 100 100 100

D22 25.9 88.9 92.5 98.1 88.9 88.9 72.2 90.7
D24 87.0 92.6 94.4 98.1 94.4 98.1 92.6 94.4
D29 94.4 96.3 96.2 100 88.9 94.4 94.4 88.8
D38 94.4 98.1 90.7 94.4 92.6 81.5 90.7 70.3
D56 100 87.0 96.2 90.7 96.3 100 96.3 94.4
D57 98.1 88.9 100 88.8 96.3 87 100 92.6
D65 98.1 100 90.7 98.1 96.3 100 94.4 100
D66 92.6 77.8 98.1 100 98.1 100 98.1 100
D77 100 100 83.3 90.7 90.7 100 94.4 100
D80 57.4 87.0 92.5 66.6 94.4 88.9 90.7 88.9
D84 88.9 98.1 94.4 100 96.3 100 92.6 100
Total 82.2 91.2 88.7 89 92.1 92.4 92.6 93.4
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Tab. 2 Classification precisions of rotation texture images with LBP and LWS

Training angle

Operator P,R . - - - . . - Average
0 15 30 45 60 75 90

8,1 95.3 93.5 89.0 79.0 74.0 72.0 69.5 81.8
LBP?% 16,2 91.3 94.0 94.5 90.0 90.0 87.5 86.0 90.5
8,14+16,2 96. 0 97.0 95.3 95.5 91.5 88.5 87.5 93.0
8,1 91.3 91.0 89.5 78.5 75.5 74.0 72.0 81.7
LWSEx 16,2 92.0 96.0 95.0 93.5 92.5 87.0 88.5 92.1
8,14+16,2 96.7 96.0 96.5 97.0 96.0 94.0 92.5 95.5
8,1 83.3 86.0 84.5 84.0 86.0 82.5 80.5 83.8
LWSp & 16,2 96. 5 99.5 96. 5 97.0 95.5 94.5 92.5 96.0
8,1+16,2 96.0 99.5 97.5 98.0 97.0 94.5 93.0 96.5

4.2 QEHEXR

20 H 43 1) S5 50 2 8 03 SCH R A R 1
e R T 5 U LWS 820 # iR 68  fn
Tt R 75 o 3 % E 5% R A8 Uniform # X 5 7
LBP3 MR Ry Walsh 1% LWSE % #4780 34
BIGor BS2 55, W b = F Mk Rg. LBP 5+ fil
LWS 58 F 8¢ FURFAE AR L1 B 5 R ) Chi-square
et oy, PR EIS R H 02 A W 50k
M SO B RE 1 o 78 FLR () 0B 4y F0 0y i % —
VR T R BN C 9 BRI

®3 gEERGIEBRELE

Tab. 3 Segmentation error ratios with LBP and LWS

LBP?®G LWSEk
Mosaic_1 18.21% 6.32%
Mosaic_2 27.36% 3.51%

Pl 4 FIIEL S 4300 25t T i e e 2 S B RS
H % K% Mosaic_1 Hil Mosaic_2, LA M X I 19
B VRS RN P b 7 i oy B 45 R . Hoh, Mosaic_
1 fy Brodatz ZC¥AE H i) D1,D53 Fi1 D4 21 i . D1
1 D53 43 Bl % 45° 1 75° 8 ik A, Mosaic_2
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(a) JiL () Ji [
(a)Original image (a)Original image

() 7 U A A (b) 7 HEAS AT
(b)Standard template (b)Standard template

i

(o) LBP3"% (c)LBP}'%

() LWSFER () LWSE
Bl 4 el sOR AR 5 B 45 2R T 8 (Mosaic_1) &5 e SO NG 43 B 45 R L 3 (Mosaic_2)
Fig. 4 Segmentation results of Mosaic_1 with differ- Fig.5 Segmentation results of Mosaic_2 with differ-

ent methods ent methods
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iy Brodatz £y FE4E vh i) D84, D17 F1 D9 4H i . D1
F1 D53 43 BIE S 60°F1 120 i b . %) Mosaic
2 He LBPR R B F IR E(P,R=16,2),
R I 22 A1 75 X6 DA 19 i VA5 3 0 o 88 o B 1Y)
R ELE(P,R=8.1), I HE T LBPi: %]
(P,R=8,DJLF T4 # i Mosaic_2 H1 iy =
g3, M A FE S hal LUF . LWSER 195
FORW AR T LBP % . WP J5 3 %5 I Ay 50 34 4y
ENES R 0% 3 B W AT LLE . LWSER
Xt V9 e 2 80 B AR 1 ) 15 %6 40 30l R 6. 32 %%
M 3. 51%. I LBPy R 4 i 45 3% 2 40 5l hy
18.210F0 27.36 % . DL, 5 1 114 W 2% 43 1) 45 1
FE R o0 B R R AR R W] . 5 LBPy & Al
Lo LWSE e HA 54T 1) 803 % 50 B8 1 R e i AN A8
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