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0O Summary Higher order local autocorrelation (HLAC) features are basic features which are
used in various applications. They have been restricted up to the second order and are repre-
sented by 25 mask patterns. We increase their orders up to eight and extract the extended HLAC
features using 223 mask patterns. Furthermore, we create large mask patterns to support large
displacement regions. We use masks of different sizes together and construct multi-resolution
features. In texture classification, the proposed method outperformed other methods such as
Gaussian Markov random fields, Gabor features, and local binary pattern operator. For ex-
ample, in the classification of small 32 X 32 texture images, the proposed method achieved a
97.5% recognition rate compared to 93.4% using Gabor features. Good performance was also
shown for classification of scaled images and 90-degree rotated images, and for classification of
numerous classes, over 300, using only a few training samples. The proposed method performed
well in face recognition as well. It achieved a 98.4% recognition rate, as opposed to 96.0% using
Gabor features. This result indicates its applicability to objects with shape.
Key words: Higher order local autocorrelation features, Mask pattern, Texture classification,

Face recognition

1. 0000

“Extension of Higher Order Local Autocorrelation Fea-
tures” by Takahiro TOYODA, (Interdisciplinary Graduate
School of Science and Engineering, Tokyo Institute of Tech-
nology), and Osamu HASEGAWA, (Member) (Imaging Sci-
ence and Engineering Laboratory, Tokyo Institute of Tech-
nology,) (PRESTO, Japan Science and Technology Agency
(JST)).

000ooooooooooooooooooood
gooooooooooooooOoOOOOOOOOOo
gooooooooooooooooOOOoOOOOoOo
gooooooOooOoOoOooOooOooOoooooooo
gooooooooooooooooboooOoooooo

1



ooooooo 0340 0O 10020050

goooooooooooooooooooooooo
goooooooooooooooOo0oOooooOoogoon
gdooooooooooooooooooooooo
go0ooooooooooooooooooooooo
gdoooooooooooOoooooooooooo
0000o0ooooooooooooooooooogo
ooo
gooooooooooooooooopboobooboo
000ooooooooooooooooooooogo
gd0ooooooooooooooooooooooo
gooooooooooooooooOooOODOOono
000000000WO0D0000000000000
000ooooooo®»90ooWooooooo®o0n
0o00oooooooooooooooooooooo
goooooooooooooooooooooooo
0000000000000 00®ooooooo30
0o000o0ooooooooooooooooooogo
0¥®»03000000000000000000000
0000o0o0o0ooooooooooogno
gooooooooooooooooopooooo 2
goooOO0o0oooo200000000000000O0
goooooboooooooooobooooobooson
gboodoo223000000000000000000
goooooooooooOOoOOOOOOOODOODOO
0o00oooooooooooooooooooooo
00d0o0o0ooooooooooooooooooogo
gdooooooooooooooooooooooo
goooooooooooooooooooooooo
gdoooooooooooOoooooooooooo
0000o0ooooooooooooooooooooo
goooooooooooooooooooOooooO
ooooooooo
gooooooooooooooooooooooo
goooooooooooooooooooooooo
goooooooooooooooogs3eooooon
0o00ooooooooooooooooooooooo
0bd0ooooooooooooooooooooooo
go0ooooooooooooooooooooooo
goooooooooooooooooooooooo
0d00o0ooooooooooooooooooogono
0000o0ooooooooooooooooooogo
0d0ooooooooooooooooooooooo
0000o0ooooooooooooooooooogno
0o000o0ooooooooooooooooooogo
0d0oo0ooooooooooooooooooooo
goooooooooooooooooooooooo

2

000000000 (GMRF)20 Gabor 0 00 Local
Binary Patten(LBP) 000000000000

2. 0D0oO0oOoooooo

21 0000

goooooooooboooo NOOOoOoooobooo
000 00000000000 f(r)00O0000D0O
00 NOOOO a1,a2,-++,ay 00000
[rotra) s sana
000000000000000 (higher order local
autocorrelation: HLAC) 0000000000000
000000000000 20000 (30000)00
00003x30000000000000WO0000
goooooooooooooooooogno 3x30
000 2000000000000000000 (01
00000000000 2s0) 0000000000
oooo0doooo0oooboooooooooooooo
ooooooooooooooooooooooooon
goboooooooooooboooobooooooo
oooooooooooooooooooboooooo
goboooooooooooboooobooooooo
goboooooboooobooooboooooooobogoo
oooooooboooooooooooooooooo
gbobobooooooooooboooooz2000000
oooooooooo0ooooooooooooooo

3 x3000000000000000000000
goboooooooooooboooooooooobooo
oooooooooo0oooo0ooooooooooo
gobooooboooooooooobooobooooo
000000090 0000000000000000
oooooooooo0ooooooooooooooo
gobooooooooooooboooooooooa
000®00000000000000000000®0
ooooooooooooooooooooooooon
gooooo 2000000000000

ooo0oooo0oooo0oooo0oooooooon
gobooooooooooooboooooooobogoo
0000000000000™®00000000000
0000 9x90boooO0o00en00nooOoooOn
000000000000000»o0D00000o0oa
oooooooooooooo3x300000000
ooooooooooooooooooooooooon
goboooooooooooboooobooooooo
oooo0ooooooboooooooooobooooo
goboooooooboooooboooooooobogoo

w(al,a27"'7aN):



gooooooooooooogoo

i FEEFETEE FEEE %

P

T e
i

01 o000 8O00D0O0OOOOOOOOOOOOOOO 223000000000

(3 x300)

Fig.1 223 mask patterns of the Oth-order to 8th-order HLAC features (3 x 3

pixels)

Ix3 5x5 7x7

Eﬁ ses

02 DO00O0000000000

Fig.2 Larger mask patterns obtained through dila-

tion

0oooooooooooooooooooooonoo
00000ooooooooooooooooooooo
gd0ooooooooooooooooooooooo
goooo0O0000000000000000 200
0o00ooooooooooo

22 00O0OO

oooooooooooobo 20000000000
go0ooo2so000o0o0oooooooooooooo
00d00o0ooooooooooooooooooogo
go0ooooooooooooooooooooooo
00000ooooooooooooooooooogo
goooooooooooobooobooobooboobooosogo
gooo0O01000 22300000000000000
goooOo0obo0o0oobo 2000000 3x30000
gdooooooooooooooooooooooo
0oo00ooooooooo

ooo0oooooooOoooooooOooooon 203
goooooboooooooooobooosx 300

0000000000000000000000000
0000000000000000000000000
00000000000000000000003 x 3
00000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
00000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
00000000000000000000000000
00000000000000000000000000
0000000000000000000000000
0oo

0000000000 D0000 (1) 000
a1,a2,---,ay 0000000000000 000
00 (000 a;=0, a1 =ap)0000000 3000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000

3



ooooooo 0340 0O 10020050

Repetition reference
2nd order

Oth-order =l =
mask pattern
P LLL11st order 3rd order

standard [] (@ xE
1st-ord HEE
,,ia;’L ;ﬁem 1o07] - | x B x O ExExExE
L1 2 x ([0 < ) (& > <[ < B
Standard [ x [ S x EI X B
2nd-order ;E; X A x &
mask pattern H1 o XX m
standard [6] x [ x 2 ExOXEIxE

03 00000 (standard) D000 0O0O000O (repe-
tition reference) 0 00O

Fig.3 Standard feature and “repetition reference

features” calculated using multiplication of

the same pixels

gooooobooooooooooboooobooooon
goooooooooooooooobooooooooo
gboooooodoo 200000000 1000000
goooooboooooooboooobooooooo
g0 s3boboooooooo sooooboooOoOoOn
gbooooobs30ob0100o000boo00ooos500
0GB x40000 =200200000000000
03000 3x200000 =60)0000 8000
gboooooooooooobooooboooooboooo
gooooooooOoooooboOoooossoonoo
gooooooooo
goooooooooboboOobobooooooooboooo
gooooOoOooo0oooOoooOoooOoooooooo
goooOoOoooOooooobOOoboOoOoooOooDoobo
0d0oo0ooooooooooooooooooogon
gooooOoOooo0oooOoooOoooOoooooooo
gooooobooooooooooobooooooo
gooooooooooooooooOoOoooooonoo

3. 0000O0oooo

goboooooooooooooboooooboooooo
goooboboboobobobooooooooooo
goooDooOooObo0o0oOooooDO webOOOODODO
J0000000O0O000oooooooon “Outex”?
0000O00®000000000000000000
000 1000000000 TestOOODOOOODO
gooobooboboboobooboooooooboobo
gooooooooo

goboooooooobooooooboooboooon
goboooobooboobobooooboo (GMRF)Z)D
Gabor 0 0®0 Local Binary Patten(LBP) 0000
goooboobobobooboooooboobobooo

4

01 00000 (OutexOODOODODO)
Table 1 Experimental data (Outex database)

Cla- | Image Training

Test Outex ID sses | sizes samples
00 Outex_-T'C_00000 24 128128 10
01 Outex_-TC_00001 24 64 x 64 44
02 Outex_-TC_00002 24 32x32 184

03 Outex_-TC_00016 319 128x128 | 10, 15, 19

04 Contrib_TC_00004 32 64x64 32 (8x4)
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0 2 Test 00,01,02 (24000 OutexOOOOOODO)

Table 2 Test 00, 01 and 02 (24 Outex texture clas-

sification)

Test 00 Test 01 Test 02
Extended HLAC (Resolutions, Orders) || 99.8% (3, 5) 99.3% (3,3) 97.5% (4, 6)
2nd-order HLAC (Resolutions, Orders) 99.6% (3, 2) 97.6% (3, 2) 91.9% (4, 2)
GMRF (Orders) 99.7% (1-7) 98.6% (1-14) 89.8% (1-18)
Gabor (Scales, Orientations) 99.6% (3, 7) 98.0% (3, 10) 93.4% (7, 12)
LBP (Radii) 99.8% (1,2, 3) 98.4% (1) 93.1% (1, 2)

04 0DOO0D0OO0ODOOODO (Test 00)
Fig.4 Examples of texture images (Test 00)
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03 Test 03 (319000 OutexODOOOOOO) Test
4 (32000 Brodatz 0ODOODOOO)

Table 3 Test 03 (319 Outex texture classification)
and Test 04 (32 Brodatz texture classifica-

tion)

10 samples

Test 03 Test 04

15 samples 19 samples

Extended HLAC (Resolutions, Orders)

79.1% (3,2) 82.0% (3,2) 83.0% (3,2) | 95.7% (2, 3)

2nd-order HLAC (Resolutions, Orders) 75.0% (3,2) 76.6% (3,2) 76.8% (3,2) |89.7% (3, 2)
GMRF (Orders) 77.4% (1-11) 77.0% (1-11) 77.1% (1-14) | 85.3% (1-11)
Gabor (Scales, Orientations) 73.9% (6, 3) 75.9% (6,4) 76.4% (6, 6) | 87.9% (5, 8)
LBP (Radii) 77.9% (1,2)  80.8% (1,2) 82.2% (1,2) |91.1% (1, 2)

06 OD0OO0DO0ODOOODO (Test 03)
Fig.6 Examples of texture images (Test 03)
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07 32000 Brodatz 00000 (Test 04)
Fig.7 32 Brodatz textures (Test 04)
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04 400000 (AT&TODOOODOO)

Table 4 40 Face recognition rates (AT&T
database)

Extended HLAC (Resolutions, Orders) || 98.4% (7, 7)

2nd-order HLAC (Resolutions, Orders) 96.7% (4, 2)

GMRF (Orders) 76.6% (1-7)

Gabor (Scales, Orientations) 96.0% (3, 9)

LBP (Radii) 90.3% (1, 2, 3)
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Fig.9 Face image examples of AT&T database
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Table 5 40 Face recognition rates by the proposed

method and other reported methods”)

Extended Reported results”) (%)
HLAC PCA | KPCA | ICA | KICA | FDA | KFDA
98.4 92.2 90.1 88.2 89.0 89.1 95.3
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