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Abstract: Aiming at the script similarity due to small differences in visual structures, a discriminant and robust co-occurrence of
adjacent local ternary patterns ( DRCoALTP) was proposed to overcome the limitation of the co-occurrence of adjacent local ternary
patterns (CoALTP) and obtain the image texture. The adjacent sparse local ternary patterns ( ASLTP) of the document image were
computed with eight sampling points in order to obtain the detailed texture, and a semi-adaptive threshold method based on the idea
of adaptive median filtering was used to extract the coded values of the pixels in the diagonal neighborhood around the central pixel
of the grayscale image. The ASLTP stored the neighborhood pixel positions with the values of sparse local ternary patterns ( LTP)
and extracted the gray-level co-occurrence matrix (GLCM) to count the frequency relationship between pixels of the grayscale image
used ASLTP in four directions. The algorithm was verified in the self-built data sets of printed document images from eleven
languages, including Arabic, Russian, Chinese, Kazakh, Tibetan, Mongolian, Turkish, Uygur, English, Kyrgyz and Tajik.
Compared with the baseline and advanced texture methods, experimental results showed that the improved method was more

discriminant, with an average recognition accuracy of 99.14%. To improve the inefficient classification features extracted by the
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CoALTP method, the proposed semi-adaptive threshold method effectively improved the accuracy rate and suppressed noise. Besides, a

feature selection method based on mean square error was adopted for the high-dimensional features, improving the recognition speed by

284% through the support vector machine (SVM) classifier, and the average recognition accuracy of eleven languages reached 99.44%.

Keywords : sparse local ternary patterns; GLCM; script identification; semi-adaptive threshold; feature selection
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TR A, RiES M — R H 7R Ras
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7, 5UA 1Y R IE A LBP LA, 1A B 4F 1Y
IrIEPERE,
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SCRYREAG I B, e ik R P R 25 DGR AR A
BHBAT BRI A MG M 75 | ZER B B A FRE R 22 B A
RAFA S, SCHRT 8 ]38 i #E 7 — A~ — s
A AH AR 3L 4 5 % ( co-occurrence of adjacent local
ternary patterns, CoALTP) Flfigi 6 4 fb 557k 45 5 19
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HA—Fh 35 TR B JRy B — (A% 2K ( gradient local binary
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25, — R R A IR B A P e S e 1 BHSOR BE G T
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EIVRI AR SCRYS PR 1 5 it 2 SO IX R 7 5% IX
SYEETR A R AR TE 5t HOSCF 25, 7E KB
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PEESIE N 1, W /B R B 4 X A 2 eP g
2R ASLTP, W& 1 Fiss .,

ASLTP, 31447411000

B WSO REIGIHR AR R ASLTP
Fig.1 Calculate the ASLTP for a given pixel from
the document image

TE13%5] ASLTP 4ufih)m it iieg 1 5 4 A
7 I ik — 25 3R AT SRS MG AR 4 I 1) e AR
GLCM & —Fl % Eos e R gtk it
SREE T I IR ZRREE (R FEACT ) i 5IREWR
A BUR BETKOE B 2E A 36 B Ge Tt — iR 58 4 K ]
G (IREENERI[0,255]) () GLCM J& & 2411, — et
TR B 5 1Y K BE K SF i M 256 FEfR ] 8 =5 16,
GLCM R FI N 2 i, GLCM 1Y K K-
8, G A DR B 1 KTy [ B S5 3, B o
F(i, )i SRR 1) K PERA I
WHCIAS R, & 2 FA5 il GLCM(2,2) i & 1)
JCRMEN 1, ZE N AEMIKEAKT-H 8 ik A BE
BT 2 M2 (K2 ] B T —Ik,

8 X S e

2

K2 GLCM 53R M
Fig.2 GLCM calculation example

Wit FAR T R R (| ASLTP B
T ASLTP &) (WK EEJE I K[ 0,15] , 5831 4 A~ 07
] 1Y) GLCM , S5 248 A1E ) 2 1 4K BE Sl 16X 16 X2 %
4, AHIRGE 5 SRR G e 50— AR 2 A i o &
3 Jifi7n ,, CoALTP F#1iF R %k

M N
COoALTP(Ax,Ay)= Y, D [ASLTP/(u+Ax,v+Ay)

u=1v=1

ASLTP, (u+Ax,v+Ay) ], (3)
A . ASLTP,, . ASLTP, 435 0BG 8 L R R =
E PREWL ST 5 Ax Ay MR AT AEBR (u, v) 7E x FAT y
oy BRI RAS R A 4 MR Ty a, Hid (o, 1)
XERE 0%, (=1,1) %R 45°, (=1,0) ¥R 90°, (-1,
—1) XN 135°, SRR R TE 4 407 1) L3R
) CoALTP ZH4 .

Y —

(a) T F 4RIRASLTP (b) ASLTPZitt 5453t

AANT5 i R A R

K3 1155 CoALTP /R
Fig.3 An example of calculating CoALTP
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7 T 7ESfiS ASLTP i, LA ASLTP [RIF: (1) [RJE 418 3k
F IRt E A E MR R C SRR B K FE
(B 1, AR Z R M o5 7R AR Bk LA 1, 78 B KK BE
1T /INREE T 2Z 1), S RS8BT =
Lo, SV C 275 R AEME R 5, AT MR
I, WA R GBI A0 ) 7 1 A7 AR W s 5 5, 55 1k
R MBI T=7/255, FF 238 N B {E 1k 1 52
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Fig.4 Flow chart of semi-adaptive threshold method for ASLTP

s(z) JEfE CoALTP M4t , EUSAES p A
RIS F 5 TP R FR LEE B 114 25 (8] 1) [0 Gt A% 5 {1
I Gt R IS 8 P R A — R o (PR S (E M b gk &2
WY R OR R B A i 0 T3 R e E
1) 3 07 P (A DG D A3 AR 25 [ ASLTP B A
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CoALTP R 4 /X #4831 T 54 6 19 LTP,
BRI 24 B H 5 ¢ () R HE 500 PR 4R B A
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F oo =2dN i cvers» (4)

K, Nyprea. N GLCM 1 JK BE 9% 531, d b 2 B
GLCM my&at . KBS0 16 B H2 B4 D7
[ 1) 08 $ak Jrg 5 = A 455 2 I A R PR R AR B i O 2
048, W TAHESY Jr ik G B LTP il 5 (1) K48
R O v R R A R S AN Tl R 7 A TU AR YRR AR
] i, U R AR B SO MR, bR b M T
SRRSO R ) CoALTP H5H1F 48 vh A 8 2R 3L 1)
FRAEF 4, BRAb, FR At A2 SCRY P15 R 4 B i)
VB AR B U5 A o i A DR 2, R UL, SRR AR
PRl A A S a B, SCRik [ 23 ] 3 a4 — 4 e 4
ANAETY) LBP Al LTP 3% 58 43 28 4% M B, 2% T 0k 8
B ARG B R H 3E T 377 2% (based on mean
square error, BMS) [9 i 1iF BE £ 51k oE— 25 i ik
CoALTP HRE T4, M\ 2 048 N HRAE v i 2k H 499
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8, HATRE T HES
(3) A 1516, #5515, BT

K= Z 81 o
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2 000 FKCRGEMG , AHEFE LA 121 H B BEHL A SC
PR EE s BRI 2R A4, 0 1 e HE
2 0484~ CoALTP FRfEE 1715, 499 1~ CoALTP
FRHEFAE AT N ZR A ; U5 2 K IR iR CoALTP
FIAHE 5T ik LTP 4t 77 5 9 CoALTP J ik
7 A 5 1 3 %4 HH 142 38 51 o 4501 o e
PESEAT I, 7 A 3 56 2R S R 1) & ML ( support
vector machine, SVM) 43284% , Nl S5, ZE VI
SRl 5 Prac K TEI I R MR . 2RI
b o AR IE M IR S R, KTt r ik s
LBP JH:%—#i3C (U_LBP) B A A8 20 (RI_
LBP) .4 — ik A5 (RIU_LBP) \LTP GLCM
TS R OB A 4y 9k Y B e i BB AR A B R A T
Fbds,

2.1 BEFAESR AR IKE
BE 4 40 HR S R ah B a5 fios, Hidk
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CoALTP N5 )51, CoOALTP_BMS Jy CoALTP 47
BMS 5 1iF 3% £ 1 J7 %, DRCoALTP & Bt itk 7 ¥,
DRCoALTP_BMS & DRCoALTP #£417 BMS 41iF i
BEOTIE . MRS FTLLE Y B0 i SO AR 7 1
DRCoALTP X EJ il {4 SCAYS RS E A 46 1) 11 A~ SCFp
A ORI X 438808 S Y HER 285K 99.14% , 1M
CoALTP J5 I Y RFAE S - 25 MR 2Ry 88.11% , el ik
Jei B 4 ME R R T2 11 H 43 45 ; DRCOALTP _
BMS FHIEEEF- Y HERf RN 99.44% , 4 Lt CoALTP_
BMS FRIEAEE I ERG Rt 11.33 H 4y, 734,

K H] BMS FRIEIE AU /D 8 3/4 BRI, I8 42
T TR AERG R . CoALTP L% 7 /R 7 Wr it 30
SCIBUMN e R R 1%, iR i SC ok 73.5% , 85+
SISO 78% B B BR T 3 S SCRR Y v
B3R5 5K 93% . 100% F1 93.5% , (M B2 5 3 5
Y IR SCI TR 3 B S RIS, vT B S BMS € T
FRE SCAh A 30 590 R E | S SRR AE T 8 TR B 4
SCRPETERE T B, 2, 43 Bt DRCoALTP_BMS
5 DRCoALTP A%k vl LLE ] BMS HRAE 1 £ 5
DA R

|0 CoALTP 4 CoALTP BMS -/ DRCoALTP DRCoALTPiBMsl
100 pe= \ /— — —
80 | \/
® 60 f
=
& 40 f
20 t
g . . . . . . . . : .
. A
& & ® X POl
%
PA

|5 CoALTP,CoALTP_BMS DRCoALTP #l DRCoALTP_BMS J5 i it 4a 45 5 th 44
Fig.5 Comparison of experimental results between CoALTP, CoALTP_BMS, DRCoALTP and DRCoALTP_BMS methods

TRV P W B 2 ST AT 45 W — R ot 5 =X,
TFHT A I8 5 Bk 1E B R 0 5 4 DR 0 S B
DRCoALTP_BMS J7 &I g0 25 A TR VB JE B an & 1
BN o TRVE E B T I R 42 3RS B S P I
WG BV B R A S R, R 1 AT LLE .
WA % o SO R 75 0T 3 2H S 2 ) A iR ) A X A
Z ¥R ER2.5% X AW F 2 A SCR I SCFESS
P LA AR AR 5 2 B R SC 9% SC AN B 5 SC b A
1% ) SCHS G B B DR A R 3 5 s B3 S0 + FF
HSCHEA I 1% 1Y SO RIS B i o3 25 R o
SC BT TR SO AT 2 1% 1 SRS AR A R R
SR S B o SO R A I T S0, OE O 2
B A SCRb B SR BB 5 IR0 Dy 3228 SRR Y
O L, B HER 2R 99.0% LA I, 35 45 14
TR 5 SC T AR W T S0 5 3 O T SO
D REHLERIRYE , 5 AT IX 3 AN SCRh 1 0 6 Jak 27
FRARL
2.2 KAy CoALTP 5H At /5 ixa93TLE

ARSI RTT 2 B A H IR EERE, O T

Y UEASBIFGE ik 0y Je itV FE [l — 5 s 4 b At
GET A 7 AT S A R A LU 8, Nk 2
Bl B 2 AT AL %k ARG AT R i A e
(discrete curvelet transform, DCT) #75 & 4040 (%
J&, PR 82 AEAY BB LRI, TEERIE AR LT
AE R 97.00%; 5 DCT A [, 47 B Ik 75 6t
(finite ridgelet transform, FRIT) t1J& £ R & £ 43 #¢
I BRI 22 5000 B bR o 22 B R TT R AR, TE 4K
PEAR L34 4 Ry 89.30% 5 B JEE 5 In] B )y [l
(‘histogram of oriented gradient, HOG) ) ¥ ou £ 4
KN E N 36,128 R E X128 B R M U EEH
16 HLIG, 4 A B0 — N 5 Il 9 DX ) B0
9 A, I AFIEGERE Sl 36, FERHR AR L T34 A il
1K90.13% ; LBP FF1E7E AR 5 007 2 i 52 oh
85.65% ; LTP J& 4T LBP MMttt Jy i, 3 A i
15 90.80% ; A B FE X FE )R 9 GLCM i — 20 42 Bt
20 NGETHRAAE, QN LE R A SCE | R B RN (W] o 1
G PR MERRIR 78.33% s AW ST T TR AR 4R |
- A HERRTR 99.44% , G5 HRFU  ABXS T HAL T
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N = S I A= R B R R N
FH JRr# =B X ) e A= 46 4 ( co-occurrence of local
ternary patterns, COLTP) X} LTP Zut B $ A= 40

PG 80 B 5 3, RS BF 58 etk LTP 4 1 5 X5 )
CoALTP J7 76 A1 [R] B 4 AiF 4 B | (H S 247485 o R
HAE AH 81.53% .,

%1 DRCOALTP_BMS J7 iR 5645 SR A IR VEJE I

Table 1 Confusion matrix of experimental results of DRCoALTP_BMS method
O THOI SCRPE R IR R %
T kn TIERA IR ] BB . .. T @E L., FRES P ik
R mE Rl gy s g g Gt R

[TIETN(SD'S >99 <1 <1
(e 100
(NGBS 100
WA B 5 3C 97 2 1
L SC 100
DS 100
+HHC >99 <1
#He B IR >99 <1
BESL >99 <1
R i S <1 3 <1 97
P& ST IH ST <1 <1 >98
NERIES >99 100 100 97 100 100 >99  >99 >99 97 >98

K2 AFHGRRT P2 A R T
Table 2 Comparison of average precision in
different descriptors

L TR AR S22 ER %
DCT 82 97.00
HOG 36 90.13
LBP 256 85.65
RIU_LBP 10 84.30
RI_LBP 36 86.40
U_LBP 59 87.70
LTP 512 90.80
GLCM 20 78.33
COLTP 2 048 81.53
FRIT 128 89.30
AT T 499 99 44

2.3 ¥ HIENHRESERESER

R T IR I I 1 A PR TR R AR A
78 B AE TR BEHL R 23 U1 25 45 T A | 453011 45
SEANAE | TE DR B w43 0 o s 30T e R A e
7, ¥ J5 DRCoALTP J7 ik i 56 45 SR an 3% 3
TR o SCRY PG AR G5 1) S MER R 99.44%
38 T v SR R RTRRCER MR 7R S, 11 AN SCR AR D 4
I AERR AR N 97.81% F1 98.12% , -1
1243 511K 99.42% F1 99.17% , 1iij CoALTP J5 7
g JE RN HE R R AT 50% , JLAF- e 28 T SC
FiA 0, PRI, 2 38 N7 1 5 3 X ABUER gt 7
HAT RAFE e, ik — 25 Ul B X W) 5
AR AEURRE | AR 6 7 M 3R P X B IL 300 5K S0
PGS AT B 2SR s Ik 4 iR 3 1%

R x3 BERRY BB, SO R A B (E 1 =
TR AR SR D B R R R HP R
ER MR 5 HR 54.21% , [RIH R ME H e fR R
BRI B Ay (L ) I C AR 2D R S A W 75 1 P
PSR,
%3 JNMEJE DRCoALTP J7 ik Hyik gt
Table 3 Experimental results of DRCoALTP method

after adding noise AN %
A HiHTIES A |l %
TR RS SRR BRI

(TETRIED'e 100.00 100.00 100.00 99.33
(in'e 100.00 99.01 100.00 99.33
féf A sC 100.00 98.04 100.00 98.67
W B 53 79.00 100.00 96.00  100.00
B 100.00 100.00 100.00  100.00
ELD'E 100.00 100.00 100.00  100.00
T HHC 99.33 100.00 99.53 100.00
HEIR X 100.00 100.00 100.00 100.00
£33 100.00 100.00 100.00  100.00
FREWHEIC 100.00 84.27 100.00 95.00
P s T3S 97.53 98.00 98.13 98.50

4 AIEN BT A 2R B E R
Table 4 The number of threshold types in the semi-adaptive

threshold method PN . %
B (25 0 {45 5 L
[N fen SO IR P
i {E 45.75 77.16
R R 0.04 3.71
i 54.21 19.13
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DRCoALTP H1 DRCoALTP_BMS J7 1 7 15 % )I| 24;
FI_EAE 2 I E] 25 2R sk 5 ok, Wk 5 Al
1. 253 5 9 DRCOALTP_BMS 5 B #H X% T Ji 4
CoALTP J7 i Y 2k it 6] 98 /b 184% , ) 3k st (1] 2 155
137% ¥t T RSS2 Y,

F5  ARIRDT I R ] X

Table 5 Different methods comparison of training

time and test time PAf s
RIS Y Zrit ] W ]
CoALTP 75.804 8 0.013 9
DRCoALTP 77.444 8 0.021 4
DRCoALTP_BMS 26.655 3 0.005 8

3 #Zi
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