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Fig. 1. Unconstrained handwriting samples of (a) Bangla, (b) English and
(c) Arabic words. Expected segmentation points are shown by small squares.
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Algorithm 1 DCEseg Segmentation Algorithm

Input: W = {Pi,...,P,} where P; = (24,¥:,0:), 0; €
{pen-down, pen-up}

Output: Segmented word sample W’

1: Copy W to W'

2: Obtain C = {Q1,...,Qmnm}, the set of critical points of
W produced by the DCE algorithm [13].

3: Let U C C be the set of all Qi € C such that if Q; = P;,
then y; < y;—1 and y; < y;+1 and y; < 50. Thus, U
consists of the critical points which are also local minima
lying in the upper half of the core region of W.

4. if U # ¢, i.e., U contains at least one point of W then

5:  Reset 0 = pen-up in W’ corresponding to each

Qr € U, (ie., W is segmented at each point of U)

6: end if

7: retarn W’
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Algorithm 2 MINseg Segmentation Algorithm

Input: W = {Py,...,P,} where P, = (;,y;0:), 0; €
{pen-down, pen-up}

Output: Segmented word sample W'

1: Copy W to W'

2: Set Ly = 130 1, = 100 15 = 100

3: Obtain U = {Q1,...,Qm|Qk is a local minimum and

Q. € core region of W or above it}.

4: for each point Qi € U do

5:  Compute dg, = distance of Q) from the top of core
region of W.

6: Obtain hg, 1 and hg, o which are respectively the
vertical distances between the top-most and the bottom-
most points of the two parts of its stroke on both sides
of Qk

7: end for

8: Let V C U be the set of all Qx = (g, Yk, k) € U such

that min(hq, 1, hq,,2) = L3 and if Qy lies above the core

region, then the distance dg, < L or if Qi lies inside
the core region, then the distance dg, < Lo.

9: if V # ¢, i.e.,, V contains at least one point of W then

10:  Reset 6y = pen-up in W' for each Qi € V, ie., W is

segmented at each point of V'

11: end if
12: return W’
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Algorithm 3 ANGseg Segmentation Algorithm
Imput: W = {P,..., P,} where P; = (%;,Y;,0:), 0; €

{pen-down, pen-up}
Output: Segmented word sample W’
1: Copy W to W'
2 Seti=1;j=2k=0;K =20
fort=1,..., n do
4:  Compute 6 = angle(F;, P;)
5. while J; # pen-up and ¢t < n do
6: Compute a; = angle(P;, P;), §; = angle(Pj_1, P;)
7 if (min{|0 — o;],360° — |0 = a;|} < 90° and
min{\ﬁj,l — 51“1,3600 = |6j—1 *5_7"} <5 900) then

8: j=j+landt=t+1

9: else

10: Set d;_1 = pen-up in W’

11: Seti=g;j=d+1;t=1t+1
12: break

13 end if

14:  end while

15 k=k+1

16: end for

17: while £ > K do

18:  Compute curve length of each of k sub-strokes

19:  Identify a pair of consecutive sub-strokes and their
segmentation point P, for which the sum of lengths
is maximum among (k — 1) such sub-stroke pairs

20:  Set §, = pen-up

21 k=k-1

22: end while

23: return W’

V. $HES 7325

AT AT HRAE R 25 MR, R
JE MR FREN 26 FIRFE(E . X SRR AL TG
(i) 24 PPt (xt, yt) FF—A s Pt+l
Bahf A=A+ x #iEmm, (1) T
I SE T=sum (1t), t=1"24, Ho 1t & Pt 3
Pt+1 Z [AIIBRPIEE RS, (iii) FHMIHO
I y ALy IXEEHRFE AL W) A Samanta (I
C1] D, 1 24 MEFAEH BIREANRRE 2 RS
fiEIF) & JF HA# M Von Mises 734 [15] , 1
HFRMA B8 Gauss 70 AT T LRI

6] 1 31 3 ) SR RE IR A, 40T R R
51T 2L RS (P AR A ) AR R

ERE L, BATCEM A 1] H ) HM
FELEAE R oy 2af . s st th, x4
HWM & — B RAEF B, AT2Egh A
A (A B A R 2B 0 H 5805, BT
T HMM (8K R R g4, At I 25 75 22
KEFINFEAS] . IXA 1) @8] i H K &=
P 2% VISR B 2H D) T R I T H B 2 i e o
HMM FPRES AT AN ) F-Ee R 3Rk A . — AN
I ZRRE 1 159 21 (1 BB AT BTk 2 /b — A bl
V5%t N HMM FRPIR 2 o AR 4 5 55t AN 5] ) HUM,
RSHIBE WS AR R — M A
SR RV AR — BT B R TR AN T BT
7Y

AR T HM, AL F1 A2, XfT-8f
W R LSRN, AL IR H RS
JFALERAI 75, A2 FAH I H1) AL B0
B XA HE T — A AR IR X 77
AT 0 (BLESRT) , O (BUAHR
NP A 1 IREL

¢ = arg 1r<nra<xRmin{P'rob(O|A1), Prob(O|As)}, (1)

V. ER51118

Xof V3K = ol 43 B 7 VA1 HMML 3 S 38 (1R
5l 8 R Ik = AN [ ) 2 P B A AR SR
XK RAET (i) unipen—ICROW-2003
) 211 ST s 22, (1) 4 200
BRI RN R TCAR2009 il 741 5 iR 51l 3%
FEMK) ADAB B3, (iii) FITE [1] Rf
100 AR H o ndr gk Bl AR . X sy
PR UL T TAE M7 20X 4 Al 45,
B AEATINASE . BUEREI B F R v — N
RN FHCE 3R TR
NG E AN A E I R RR TR L .



TABLE L. STATISTICS OF THREE DATASETS
Bangla English Arabic
Training | Test Training ] Test Training l Test

No. of samples
17624 | 8856 I 6130 I 1899 | 2679 I 1227
No. of substrokes by DCEseg
242590 I 118914 I 76676 I 22977 I 38497 l 17737
No. of substrokes by MINseg
15656 | 28926 | 13081

154542 | 76197 | 54428
No. of substrokes by ANGseg
352480 I 177120 [ 122600 I 37980 [ 53580 ] 24540
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Fig. 2. (a) An original English sample and its segmentation points produced

by (b) DCEseg, (c¢) MINseg and (d) ANGseg methods.
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TABLE II. RECOGNITION ACCURACIES ON TEST SAMPLES OF
DIFFERENT SCRIPTS PRODUCED BY THE HMM-BASED CLASSIFIER
CORRESPONDING TO DIFFERENT SEGMENTATION APPROACHES

Segmentation Scheme Recognition Accuracy (in %)

Bangla | English | Arabic
DCEseg 84.67 82.31 82.72
MINseg 85.69 83.31 84.35
ANGseg 84.85 81.67 82.31
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TABLE III. TWO-TAILED z-TEST (SIGNIFICANCE LEVEL @ = 0.05)
FOR THE EQUALITY OF RECOGNITION ACCURACIES CORRESPONDING TO
DIFFERENT SEGMENTATION ALGORITHMS. NULL HYPOTHESIS Hy IS
REJECTED IF p-VALUE(ay) < a.

p-value (o)
Bangla | English | Arabic
ACCumin = ACCpcr | 00561 | 0.1836 | 0.2763
ACCanc = ACCpcr | 07389 | 04141 | 0.7892
ACCpiN = ACCanc | 02148 | 0.0608 | 0.1752
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