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A Novel Noise-Robust Texture Classification Method
Using Joint Multiscale LBP
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Abstract
In this paper we describe a novel noise-robust texture classification method using joint multiscale local
binary pattern. The first step in texture classification is to describe the texture by extracting different
features. So far, several methods have been developed for this topic, one of the most popular ones is
Local Binary Pattern (LBP) method and its variants such as Completed Local Binary Pattern, Extended
Local Binary Pattern, Local Temporary Pattern, Local Contrast Pattern, etc. In order to extract the
features of a texture in different scales, the LBP method can be implemented in a multi-scale
framework. For this purpose, the extracted feature vectors at different scales are usually concatenated
together to produce the final feature vector with a longer length. But such a scheme has two main

* Corresponding author Ol yloougs 3»‘-‘--«4..5-?’.f

O 2by ¥ ol VFee JLlu gy tanillio £ i@ VEe NV Lal g 6@ VE /N NVA by g ,B@ VYAV AN tallie Jl,l Gu,G@



shortcomings. First, the LBP method is very sensitive to noise, hence by adding noise to a texture image,
its feature vectors may change significantly. Second, by increasing the number of the scales, the length of
the final feature vector is increased accordingly. This action increases the classification process time,
and it may reduce the classification accuracy. To mitigate these shortcomings, this paper presents a
method based on multiscale LBP, which has a better resistance against white Gaussian noise, while the
length of its final feature vector is equal to the length of the final feature vector produced by the original
LBP method. To implement the proposed method, we used 17 circular binary masks that contain 8
directed first-order masks, 8 directed second-order masks and 1 undirected mask. These masks have
positive and negative weightes and each group of these masks have different radius which after
convolution with input image extract features in different scales. Experiments were performed on four
test groups of Outex database. Experimental results show that the proposed method is superior to the
existing state-of-the-art methods. The complexity of proposed method is also analyzed. The results show
that in this method, despite obtaining excellent classification accuracy, the complexity of the method has
not changed much and even its complexity is less than some of the existing state-of-the-art methods.

Keywords: feature extraction, Local Binary Pattern, texture, texture classification, white gaussian noise
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(Figure-1): The circular (8, 1), (12, 2.5) and (16, 4)
neighborhoods for LBP.
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(Figure-3): The conceptual model of the methods described
in this paper
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(Figure-2): An example illustrating the operation of the
basic LBP operator
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(Figure-4): An illustration of the directed and undirected difference masks used in the proposed method. Top row: directed first-
order difference masks. Bottom row: directed second-order difference masks, right mask: undirected difference mask.

z. j,d = .o & . 1

Sole F® 1 agd o0 gl ol b Sy (wlidie o] o
slad ,o (@=1,2) phd as,e (j=1,...,8) aH Suls
waliee sloobde ;o Jsl 4,0 slocSuls 5l ool

g on iy 5 Oygots (V) aba,

j,1 1,1 21 8,1
Fl = {Fe Fls o Fr) ()

o (339 sl (i Caand Lo Siulo (pl jo 1a5gd oo
alol )0 o o Cade (39 1o s Ced
LoVl bSule cpl 5l plaST e b (6399 g
slogld glils bSuls 3l dadbs ;o 050 oo (Liommp)

1 Convolution

[Ap] VO S PUWR ) SR |V



o (529393 STl plelgs Amliio iy iwogs Hl 0 SLiiuwl by (Bl yi9los Adgs &y pglie (s Jisdiub )3 (yi9s 9)

i

2045 b e aid S a5 o Jglite slasil il pgo
LS8 mele ] g a4 asll

:Jol 4 o slaSwlo(I

Uiy Ol G eals )18 byl LS jo 56 1) sawleawsa
Bl padles a0 tighaid 5 iy 1S gal

ar () = a4, (. y), —aj, (x,9)] OA)

ol oz LBP alayl, YU Sloasloxo 51 g

Sy gl cer Gl glaglie Jols oS
1l oo Cowsts (V) alal ) & g0y w9 o

NEW_LBP;k (x,y)

'4
ZS(qu ) v

oled Sl (09) dal) el cadle @6 S T j0 a8

30 deadie 40 4S (SlgSh oSl 8,5 Ll b cps
GlaShy Cond (npete 3 b Cummo lagl o)

09l o0 Jos p) Oyt s 5l
NEW _LBR " (x, y)

Z S, () UG, () <6

8 otherwise

S cl Sy arule JLae U YL alal, o
S P S RJT =L
u(a}, ) Zw(qu(x,y))

SR )

QRD)

Sed oo odnlie (V+) akl,
3 eolazwl M

5 &S sboles

48 ol pl S gnn oS Job Coledy

s2999% S by by oy el Sss Jsb
(obde S o o sl o

1099 4 po L Swlo (o
alie oo iysbay Slale pgo adpe Sule ol
sl l) eSS b Js ol Jgl as e Sl
Dgdse ol (TV) alal) 5 o o5 (o0 a5 )0 50 020

O 2le ¥ okl VFee JLu

P90 Ay sl )'1 oolaiwl Cup JRIST NS
25 Dygets i (10) abl, wilize glagulde o

1395 o0 (sl
Fi? = (Fy? FE2, . FR? %)

Dyped B Cw Ogn Sl Salede
TS )5 (695,9 pga Ly D95 o0 a3 FRMT

9l (e y) = F2®I(x,y) (0)

Soblas 1Y) 5 cul 39,5 <l pgai 151 ;0 a5
FIO el 1y (y) olatke 0 sgzge JuSy
FoSy 535 2 Ol S oS
s Ry 5 o yuliie olowd casmo sl Koo jls i3 (xY)

Sl a0 )00 wlie o Suile
FIO Sle b 1 68555 poas aS5T 51

)-“6‘)-‘ Rk Wmt.wl K-S VPRV SR

:b\ilsn Cawddy ) A.Ia.ﬂ) 5!

: 1
= > gkt ()

(x.y)€l

IR Y) pyas oSy sl M (18) abl,
(sl GEA(,Y) pges Lamsgie Qm PRI O
o o.uic,wocu T o J‘,[} : ) alou] o
qu(xy) Wl g 00,5 oS e sla wlie
D90 5135 pl

K
%, (6.y) = Z 9, y)
k=1 av)

ST (VW) bty s Lol sleen] 5l SO

I 699)9 road S 5l Jol> slaezy > 09d o0
e glagulis o (D S 3,50 slasuls
56 Tt bl (sl Wigdion gor ;S0aSy b g dnslns
s SIS it laulide o Jes (e
e g0 (50,5 wS
oLl 5 b ©gon bsbis ples 5 1) ba Sy

OlFer 500 5l sdeliamsa

S e,lsy Cengn a4 g3kl 4 j0 0,5 sl
O ot Ao O jgods alize gla wlide o
S oldn by e glgll 4 cug
Jsl 4y sloSule sl a5 asy oo polal goiail



e E
e “‘"*"“’-’""
Loy !
- :
bl ool
e LW
1.8 s [ | e O
}, S 39 Ty o

gl plasy 65 b e s Jla!
A blag] temanay g0y e

b dik dlk  d&¥ 4

PETITE JEN + PR L
bl e

il gla wleida 51 gices g
oleper Zppo 4

Riu 5s30 L L T g5
(fal)))

&)yl ol Sl (o0 Ghalo3T 5 Gb3g0T ik (A1 Jgl af po soSslo (sl (53l 95 JIS 50,5 sl gei :(B-JSC)
(&) o oolaswl 8590 Sivg

(Figure-5): The flowchart of the proposed method for the first-order masks. A) Training and testing parts. B) Details of the
feature extraction block used in (A)
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(Figure-6): Examples of 24 different textures from
the Outex database
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(Figure-7): Examples of OutexTC10 database
images. First row shows examples of no-noise images. The
second and third rows show example images with Gaussian
noise with SNRs of 30 and 10 dB
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(Table-1): Classification accuracy of various methods (%) on the OutexTC10 database

OutexTC10
33 2 OsN 30 15 10 5

LBP"*2(R=1,p=8) 84.81 32.65 21.95 14.42 9.53
LBP"#2(R=2,p=16) 89.40 65.00 40.74 31.28 14.84
LBP"*2(R=3,p=24) 95.08 74.28 52.24 35.63 16.33

LTP"#2(R=1,p=8) 94.14 41.04 25.65 18.05 9.53
LTP"#2(R=2,p=16) 96.95 71.09 49.14 34.90 18.70
LTP"2(R=3,p=24) 98.20 81.15 59.19 43.15 20.26
CLBP™*2(R=1,p=8) 96.56 73.93 50.44 35.31 15.78
CLBP™2(R=2,p=16) 98.72 84.79 62.53 45.55 22.63
CLBP™2(R=3,p=24) 98.93 87.94 66.95 47.50 20.57
LCP™(R=4) 95.65 94.48 90.05 83.93 64.51
LCP"¢(R=5) 96.93 95.29 92.08 88.91 71.30
LCP™#2(R=4) 97.63 95.60 91.54 86.56 69.56
LCP"*2(R=5) 98.65 96.90 94.30 91.64 80.10
NEW_LBP (R,=5.8,R,=6) 98.741 96.406 93.854 90.105 79.948

OutexTC11 o515 oSy (59 » oo 0ls plail Gbd v bojT zuLs (Y- Jguz)

(Table-2): Classification accuracy of various methods (%) on the OutexTC11 database

o (529393 STl plelgs Amliio iy iwogs Hl 0 SLiiuwl by (Bl yi9los Adgs &y pglie (s Jisdiub )3 (yi9s 9)

OutexTC11

i) BT 30 15 10 5
LBPT#¥2(R=1,p=8) 29.38 29.38 17.92 13.33 7.62
LBP"2(R=2,p=16) 47.92 47.92 35.42 28.33 14.17
LBP"2(R=3,p=24) 55.83 55.83 42.71 27.92 16.25
LTP"#2(R=1,p=8) 87.29 33.54 20.63 13.75 9.58
LTP"#2(R=2,p=16) 86.88 58.54 38.33 29.58 18.75
LTP"2(R=3,p=24) 90.00 61.46 48.54 32.50 15.21
CLBPT*2(R=1,p=8) 93.96 65.83 45.42 32.92 16.88
CLBP"®2(R=2,p=16) 94.79 80.00 62.50 4458 22.92
CLBP"®?(R=3 p=24) 97.50 77.92 57.92 39.38 17.50
LCP™¢(R=4) 83.90 82.21 80.00 72.92 55.42
LCP"¢(R=5) 87.71 84.38 79.79 71.88 56.67
LCP™#2(R=4) 93.75 87.71 80.42 76.04 61.46
LCP™#2(R=5) 92.29 87.71 84.58 81.46 65.21
NEW_LBP (R,=5.8R,=6) 94.58 89.17 85.63 82.29 69.17

"OutexTCI12-"t184 051 s (595 y o0 031 plxil ‘slladlg.l.oﬂ =L (Y-Jeuz)
(Table-3): Classification accuracy of various methods (%) on the Outex TC12-""t184" database

OutexTC12-"1184"
9 R¥ OyN 30 15 10 5
LBP™"(R=1,p=8) 6546 | 2801 | 1986 | 1546 958
LBP™™ (R=2,p=16) 8227 | 5949 | 4042 | 2986 | 1308
LBP™% (R=3,p=24) 8505 | 69.28 | 47.87 | 3405 | 1625
LTP™(R=1,p=8) 7588 | 8475 | 2246 | 1616 | 1002
LTP™(R=2,p=16) 90.16 | 6563 | 4674 | 3326 | 1745
LTP"™:(R=3,p=24) 9359 | 7572 | 5361 | 3803 | 2005
CLBP™?(R=1p=8) 9030 | 6553 | 4438 | 3252 | 1447
CLBP"™(R=2,p=16) 9354 | 7847 | 5979 | 4424 | 2146
CLBP"™(R=3,p=24) 9532 | 8259 | 6340 | 4576 | 2139
LCP™* (R=4) 8891 | 8921 | 8544 | 7919 | 5847
LCP™ (R=5) 9164 | 9067 | 8690 | 8266 | 6958
LCP™%2(R=4) 9412 | 9049 | 8669 | 8041 | 6548
LCP™%2(R=5) 9618 | 9259 | 8921 | 8465 | 7400
NEW_LBP_(R,=5.8,R,=6) 9.3 9322 | 8922 | 85185 | 73.333
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(Table-4): Classification accuracy of various methods (%) on the Outex TC12-" horizon " database

OutexTC12-"horizon"

o9 R O9N 30 15 10 5
LBP™*2(R=1,p=8) 63.68 31.41 21.09 16.02 9.24
LBP"#2(R=2,p=16) 75.21 56.46 38.63 26.24 14.19
LBP"*2(R=3,p=24) 80.79 67.64 47.06 34,51 17.18
LTP"2(R=1,p=8) 73.96 37.52 24.17 17.18 10.69
LTP"#2(R=2,p=16) 86.94 66.55 44.88 33.17 17.94
LTP™™2(R=3,p=24) 89.42 76.39 55.02 39.54 19.24
CLBP™*2(R=1,p=8) 92.29 71.44 49.49 36.09 17.20

CLBP"2(R=2,p=16) 93.91 81.16 63.96 46.99 23.15
CLBP™2(R=3,p=24) 94.54 84.38 64.51 45.00 20.67
LCP™(R=4) 92.31 91.06 86.48 82.06 60.37
LCP"¢(R=5) 94.62 92.62 88.47 84.35 70.56
LCP™2(R=4) 94.77 91.62 87.26 81.74 67.13
LCP™*2(R=5) 97.34 93.49 90.07 86.57 75.07
NEW_LBP (R,=5.8,R,=6) 97.85 93.91 90.39 87.48 75.023
OutexTC13 o815 ol by (59, p ousbosls plxil sla s bojT zu s :(A-Jgu)
(Table-5): Classification accuracy of various methods (%) on the OutexTC13 database
OutexTC13

09 R O9N 30 15 10 5
LBP"*2(R=1,p=8) 68.38 18.53 11.76 10.59 6.32
LBP™*2(R=2,p=16) 75.88 39.26 29.85 22.35 15.59
LBP™*2(R=3,p=24) 75.00 46.32 36.18 28.24 16.91
LTP™™2(R=1,p=8) 81.18 35.00 24.41 18.52 13.24
LTP™*2(R=2,p=16) 82.94 47.94 36.03 27.50 17.79
LTP™™2(R=3,p=24) 82.94 56.03 41.18 33.24 20.00

LDDTP(R=1) 80.32 59.23 48.35 37.44 29.58
CLBP"#2(R=1,p=8) 84.62 50.88 40.29 31.47 19.71
CLBP"®2(R=2,p=16) 85.29 54.12 44.56 37.65 21.62
CLBP"#2(R=3,p=24) 85.59 56.91 44.26 37.06 20.59

LCP™¢(R=4) 75.59 67.21 60.00 53.97 43.97
LCP™¢(R=5) 71.32 65.44 57.21 53.53 46.47

LCP™®#2(R=4) 80.29 70.00 61.76 58.82 49.26

LCP"#2(R=5) 78.68 71.03 64.12 58.09 48.97

BM3DELBP 82.82 70.31 63.84 4211 38.22

NEW_LBP (R,=5.8,R,=6) 78.68 73.82 66.62 62.76 52.21
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