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Abstract: For the problems of needing pre-training and poor robustness to rotation and illumination changes of
various improved algorithms based on local binary pattern (LBP), this paper presents a new texture classification
algorithm by integrating the completed local binary pattern (CLBP) and the local geometric invariant features of the
image surface. In our algorithm, the local geometric invariant features are first computed. Then the computed results
are further quantified and encoded to make combination with the CLBP histogram. The proposed algorithm can ex-
tract image macroscopic and microscopic features simultaneously, and it has the properties of not significantly in-
creasing feature dimension, without pre-training, and invariance to the rotation and illumination changes. Experi-
mental verifications are conducted on two standard texture databases, and the results demonstrate that the pro-
posed algorithm outperforms the comparative classification algorithms in classification accuracy and robustness.
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Fig. 2 Flowchart of feature extraction algorithm combining CLBP and local geometric features

180604-3

xy

I(x

}, ©)



DOI: 10.12086/0ee.2019.180604

207
o
o
[16] Hessian
2 2
= Do+ DW _ \/(D"x B Dyy) + (2ny)
min 2 2
2 2
_Du.+D, \/(Dxx -D, ) +(2D,)
/"min Amax HeSSian
’1 = Amax - Amin
CLBP_G(  Gapr )
P-1
(Geupp(P,R)) = zt(l’]p,k)ZP,
p=0
k) 1, x>k
HE= 0, x<k ’
k n
CLBP_G CLBP_S/M/C

>

>

GCLBP
@ 3 BHEMESSHR
5) GCLBP LTP
LBP/VAR DLBP"”! CLBP CLBC
Outex  CURet
(6)
@) DUV =X U, -V (U, +V ) (12)
N bins u v
i bin
(8)
©) .
3.1 Outex ¥iEE LHISLINLER
Outex_TC_00010  Outex_TC_00012 Outex
Outex_TC_00010
24
“inca” 9 (0° 5° 10° 15°
30° 45° 60° 75° 90°)
20 128%x128 Outex_TC_00010
4320 Outex_TC_00010
0°
480(24%20) 3840(24x8%20)
3
Outex_TC_00012 9120
(10) Outex_TC_00010
“inca” 0°
480 Outex_TC_00012
9 (0° 5° 10° 15° 30°
45° 60° 75° 90°) “t184” “horizon”
(11) 4320
4320x2

Outex_TC_00012

Outex_TC_00010

180604-4



DOl:

10.12086/0ee.2019.180604

B 3 Outex_TC_00010 * #)— 4 KB 14
Fig. 3 Several sample images in Outex_TC_00010

B 4 Outex_TC_00012 ¥ #)— A KB 1%
Fig. 4 Several sample images in Outex_TC_00012

1 18+18%x18%2=666 CLBP
TC10 Outex_TC_00010 TC12 Outex
Outex_TC_00012 ““t*” ““h”~ “t184”
“horizon” (P R) 8 1) (16 2)
(24 3) I 2
TC10 TCL 3.2 CURet #iEE ERIKILER
CURet 61
TC10 205
TCI12 TC12
Outex CURet
CLBP (P R) 5
(16 2) CLBP_S/M/C CLBP
18x18x2=648 GCLBP
&1 RE Fikf TC10 A2 TC12 Loy
Table 1 Classification rate (%) of different algorithms on TC10 and TC12
(P.R)=(8,1) (PR)=(16,2) (PR)=(24,3)
TC12 TC12 TC12
TC10 TC10 TC10
“t" “h” t “h” “t" “h”
LTP® 76.06 6256 6342 67.34 96.11 8520 8587 89.06 9864 9259 91.52 94.25
VAR 90.00 6293 64.35 7242 86.71 63.47 6726 7248 8166 5898 6518 68.60
LBP/VAR®! 96.56  79.31 78.08 8465 97.84 8576 84.54 89.38 9815 87.13 87.08 90.79
DLBP! - - - - 977 921 887 9283 981 916 874 9237
CLBP_S/M®! 9466  82.75 83.14 86.85 97.89 9055 91.11 93.18  90.32 9358 93.35 9541
CLBP_S/M/C®! 96556  90.30 9229 93.05 9872 9354 9391 9539 9893 9532 9453 96.26
CLBC_S/M/C'™ 9716  89.79 9292 93.29 98.54 9326 94.07 9529  98.78 94.00 93.24 9567
GCLBP 97.94 9110 9317 94.07 98.98 94.06 9425 9576  99.16 95.55 95.44 96.72
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Table 2 Classification rate (%) of different algorithms on CURet database
N (BR)=(8,1) (PR)=(16,2) (PR)=(24,3)
46 23 12 6 46 23 12 6 46 23 12 6
LTP® 8577 7849 70.77 6048 9021 8474 7624 66.75 91.04 8515 77.88 68.64
LBP/VAR®! 6155 5533 4928 41.96 5549 50.76 4514 39.07 5560 51.33 4450 3882
CLBP_S® 80.03  73.07 6760 5868 84.05 79.05 7201 6273 8606 8163 7551 67.00
CcLBP_M¥ 7478  67.86 59.95 57.52 8271 7593 6832 5755 8659 79.76 7212 62.81
CLBP_S_M® 93.24 8819 8043 7145 9320 89.01 8193 7254 9394 89.88 83.95 73.23
CLBC_S/M/CP! 95.19 912 8381 7344 9535 9124 8466 7541 9538 9177 8501 76.16
CLBC_S/M/C'™ 9478 9012 8292 7285 9539 9130 8591 7517 9526 90.55 84.07 73.18
GCLBP 9522 9126 8395 73.68 9542 91.36 84.84 7565 9536 91.82 85.16 76.31
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Concatenation

Overview: As an important approach for describing and identifying targets, texture plays an important role in image
processing, pattern recognition and machine vision. Textures vary in rotation, illumination, and slight viewpoint varia-
tions as imaging conditions change, classification algorithm using local binary pattern (LBP) can achieve prominent
effectiveness. However, the selected rotation invariant structural patterns in LBP and many LBP variants are discrete
and have poor robustness to rotation changes. Furthermore, the feature information extracted from many algorithms is
complex and redundant, resulting in a high computational cost and feature dimensionality. A preeminent texture fea-
ture not only requires superior identification ability and robustness, but also has the characteristics of low computation-
al complexity and feature dimension. Local geometric invariant feature can keep invariance under the condition of
changing the impact factors such as rotation, scaling, viewpoint transformation and illumination. Furthermore, texture
classification algorithm using local geometric invariant feature can achieve remarkable effectiveness in the condition of
non-rigid deformation, shelter, noise and other influencing factors. Therefore, local geometric invariant feature has
been used in many fields of computer vision, such as wide baseline image matching, panorama splicing, target recogni-
tion, image retrieval and scene reconstruction. To make the texture classification algorithm robust, local geometric in-
variant feature of target is usually extracted as its characteristic descriptor. For the problems of needing pre-training and
poor robustness to rotation and illumination changes of various improved algorithms based on local binary pattern
(LBP), this paper presents a new texture classification algorithm by integrating the completed local binary pattern
(CLBP) and the local geometric invariant features of the image surface. In our algorithm, the local geometric invariant
features are first computed and quantified. Then the quantified results are coded to keep consistent with the coding
scheme of CLBP. Finally, the local geometric invariant feature histogram is made concatenation with the histogram of
CLBP. Since we use the principal curvatures of a point on an image surface as the local geometric invariant feature, both
micro- and macro-structure texture information can also be captured simultaneously. Moreover, the principal curvature
has the property of continuous rotation invariance. Therefore, the proposed algorithm can extract the macroscopic and
microscopic features of the image at the same time, and it has the properties of moderate feature dimension, without
pre-training, and invariance to the rotation and illumination changes. Experimental verifications are conducted on two
standard texture databases, and the results demonstrates that the proposed algorithm outperforms the comparative clas-
sification algorithms in classification accuracy and robustness.

Citation: Kou Q Q, Cheng D Q, Yu W J, et al. Texture target classification with CLBP and local geometric features[J].
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