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NPT LBP JiiE AT 0 A RS SR T LBP A et Ty AR SO A AR R R R RIS, 9 S
45 T — TR A SR P Lk B A B 2 IR B R i, BESR N LBP Jrik it — AP W R JETT 1] . £5ik LBP U7
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Survey of Local Binary Pattern method

Liu Li, Xie Yuxiang, Wei Yingmei, Lao Songyang
School of Information System and Management, National University of Defense Technology, Changsha 410073, China

Abstract: Objective Local Binary Pattern (LBP) is a theoretically simple yet highly efficient texture descriptor. LBP has
recently attracted increasing attention and has been successfully applied in image analysis, computer vision, and pattern
recognition because of its discriminative power and computational simplicity. LBP has been developed for the traditional
pattern recognition problems of texture classification and face recognition. Considering the theoretical and practical values of
LBP, this study comprehensively reviews the suitability of various LBP variants in texture classification and face recogni-
tion. Method The fundamentals of the traditional LBP and various LBP variants are reviewed, and the advantages and dis-
advantages of various LBP variants are discussed by dividing them into categories under a novel systematic framework. Im-
plicit directions for future LBP studies are also presented. Result First, the fundamentals of the traditional LBP method and
various LBP variants are reviewed in detail and the pros and cons of various LBP variants are discussed by dividing them in-
to different categories under a novel systematic framework. Second, as two typical and most successful applications of the
LBP approach, LBP-based texture classification and LBP-based face recognition are reviewed. Finally, the implicit direc-
tions for future LBP research are presented. Conclusion LBP method continues to be a hot research topic in the field of

computer vision and pattern recognition, which is evidenced by the fact that new low storage and fast local binary descriptors
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and new applications of LBP are still emerging.

Key words: local binary pattern; texture classification; face recognition; rotation invariance; multiresolution; local feature
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Fig. 1 Example of the original LBP operator
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Fig. 2 Central pixel x, and its circularly and evenly spaced

p neighbors with radius r

i
i

K3 BEDEARIAEH: (1,8),(2,16) F1(2,8) , AN T
8 F 0 B ABICRAE AR BOM R M 2208 7 X345
Fig.3  The circular (1,8), (2,16) and (2,8) neighborhoods.

The pixel values are bilinearly interpolated whenever the

sampling point is not in the exact center of a pixel
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— MR XL SE LBP #55X LBP, | EATH T R 2L L

PATKE N IR LBP B2 ORIEM TAEA
Hamming LBP J5 3 disLBP J5 3", DLBP'* |
Zhou™ S5y 7 W A LBC 57, Liu 45 AT 424
{) SLBP #I Lahdenoja Z& A" #& 1§ symLBP J5
%%

Yang 1 Wang 42 1} /) Hamming LBP e
% H Hamming 2§ 5 5 %F 4 $45) LBP A 478
B, SR T ARG LBPY itk 1 RN T A AR 15
R Sy — 2 A A5 B 2% Il i, 7% 07 %
W R AR A LBP B B B — A 1y A
A Z W] Hamming Ff 25, M2 45 f 5 48 J5 ks 3L 15
I R DR R S W L T B (TR [ RS 5y
10001110 ¥ 558 10001111 49—,
R EANTZE ) Hamming FE 2§ &/ B 1, W23
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PR B /N o

R2 EHRF LBP M A RFIRRESE

Table 2 Summary of existing LBP variants, divided into different categories based on their motivations and functions

B I 2551 J7 24 FR 45 ERXTR N IR RERAE Uk
Local Binary Pattern LBP (LBP, )  Zr#isrss 1996 [6]
. Rotation Invariant Local Binary Pattern LBP?‘ , SR 2000 [3,9]
f&4% LBP Jrik ) _ - s \
Uniform Local Binary Pattern LBP;, LA AR 2002 [3]
Rotation Invariant Uniform Local Binary Pattern LBP?;Z PR AR 2002 [3]
Novel Local Binary Pattern by Zhou et al. NLBP @i 2008 [45]
Hamming Local Binary Pattern HLBP PN 2007 [38]
Dominant Local Binary Pattern DLBP PR 2009 [76]
Discriminative Local Binary Pattern disLLBP LUPAYR 2012 [13]
Hl ?@f{f, 2T Sorted Local Binary Pattern SLBP QLIS 2012 [46]
B LBP L3 1 | .
ok S Local Binary Count LBC LT 2012 [47]
Symmetric Uniform Local Binary Pattern symLBP PNt 2005 (48]
Volume Local Binary Pattern VLBP AL, NGRS 2007 [11]
Local Binary Pattern-Three Orthogonal Planes LBP-TOP L, A FRE 2007 [11]
Local Binary Pattern Variance LBPV SIS 2010 [49]
Neighborhood Intensity-Local Binary Pattern NI-LBP (G LIS 2012 [34,43]
B2 2RIk MR Improved Local Binary Pattern ILBP N5 2004 [16]
&4t LBP J5 ik 1
AR SN 55 5k B Median Binary Pattern MBP A ELIEIES 2007 [35]
ELongated Local Binary Pattern ELLBP PN 2007 [42]
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Continued to Table 1
eS| iRe AN HE XM RS RFRE SOk
Texture Spectrum TS LS 1991 [29-30]
i;%i@g%]md%mwwMH LTP INGET 2007 [50-51]
ﬁ%iéégé& Tmproved Local Ternary Pattern ILTP SOk 2010 [14]
Local Quinary Pattern LQP LGN 2010  [15]
Radial Difference-Local Binary Pattern RD-LBP (8L s 2012 [34,43]
Angular Difference-Local Binary Pattern AD-LBP (8L s 2012 [34,43]
Center Symmetric-Local Binary Pattern CS-LBP ESREAIN 2009  [52]
Binary Gradient Contour BGC LU 2011 [53]
Extended Local Binary Pattern ELBP N RG] 2006  [54-55]
40 4 KR UE Completed Local Binary Pattern_Magnitude CLBP_M S 2010 [37]
;S;E%iié%%ip & Transition Local Binary Pattern tLBP NER 5 2010  [58]
Computing a local binary descriptor very fast BRIEF EEEUN LT 2012 [59]
Three Patch Local Binary Pattern TPLBP NER 5 2011 [60]
Four Patch Local Binary Pattern FPLBP N3G 2011 [60]
Discriminant Face Descriptor DFD N 2013 [61]
Patterns of Oriented Edge Magnitudes POEM N ERE 2012 [62]
Fuzzy Local Binary Pattern FLBP eI S 2008 [63]
Noise Tolerant Local Binary Pattern NTLBP SrR4YK 2012 [64]
%55 5 vk, #  Optimized Local Ternary Pattern OLTP EVg L e 2013 [65]
XA HIREMEYE Binary Rotation Invariant and Noise Tolerant BRINT LA 2013 [66]
Noise Resistant Local Binary Pattern NRLBP LUHE, NGRS 2013 [67]
Robust Local Binary Pattern RLBP SrRpsyk 2013 [68]
LBP and VAR LBP/VAR Beiibnes 2002 [3]
CLBP_C, LBP and CLBP_M CLBP_CSM SUHisy 2010 [37]
%6%ﬁwhb£CmmﬂmmmNHEMMRDmP CI/NI/RD A ELIG S 2012 [34,43]
LBP Jyiksi H e LBP and Fourier Features LBP-HF LU 2009 [69]
IS HABAFAER  LBP and Gabor Filters LBP/Gabor SRS, NIRRT 2009 [36]
BT LBP and Dominant Neighborhood Structure LBP and DNS  Zr3i/p2& 2011 [39]
LBP and SIFT LBP and SIFT A &M 2012 [70-71]
LBP and Local Phase Quantization LBP and LPQ A& iH4 2012 [72-73]
Multi-Block Local Binary Pattern MB-LBP N 2007 [74)]
Local Phase Quantization LPQ Srapsyk 2008 [75]
% LBP M 48 j 4% Local Quantized Pattern LQP INica 2012 [76]
1 oA 7 vk CENsus TRansform hISTogram CENTRIST WAy 2011 [77]
Binary Robust Invariant Scalable Keypoints BRISK DL S AR 2011 [78]
Fast REtinA Keypoint FREAK pus g ol 2012 [79]
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Fig. 6 The 9 classes of SLBP, regrouping the traditional

36 unique rotation invariant binary patterns that can occur

in the circularly symmetric neighbor set of (r,p) =(r,8)
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Fig. 7 Procedure for the computation of VLBP, |, g
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Fig. 8 The neighborhood system for LBP-TOP
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Fig. 9 Examples for the computation of three different

LBP variants from the second category
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Fig. 11  Examples for the computation of TS, LTP and LQP
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Fig. 18 The procedure of MB-LBP
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Table 3 Summary of the state-of-the-art classification accuracies reported on four benchmark texture databases

/%
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Lppret! PSR LU B 5 il 4R o 2 2% 96. 1 88.8 87.3 —
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disLBP L1 B 0 B 5 AR 4 e e — 97.0 9.5 98.3
CLBC*"! AR SRS h Sl e 98.8 9.0 93.2 95.3
LBPV™® 5 BB S Bl AR 43 e 97.8 95.4 95. 6 96. 0
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CI/NI/RD™ FOrBEES 5 B 48454 99.7 98.7 98. 1 97.3
LBP + Gabor ™’ RBF 5 SVM /3228 99. 1 93.2 90. 4 —
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O BT IX 382 (8] i 25 (] 4544 5 20 AR
A RHEIE . 25 BRI, T A0SR PRI B ]

BRI INEEBIR T ANRE B 544
SR> Z TS [ AR 5 AR T 1 R R
LR

NS

@ (a) (b)
BI19 A R PSR G

Fig. 19 Examples for contrasting a face and a texture image
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