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Farsi Nastaalich Handwritten Word Recognition
Using Upper Contour Based Segmentation
and Hidden Markov Model

R. Safabakhsh P. Adibi
Associate Professor Graduate Student

Computer Engineering Department,
Amirkabir University of Technology

Abstract
. Automatic recognition of handwritten text has been an active research field for many pears.
! Recognition of Farsi handwritten scripts is a very difficult task because Farsi scripts are cursive. |
\ This paper introduces the design, implementation, and evaluation of a system for recognition of !
i Farsi Nastaaligh handwritten words. First, several preprocessing operations are applied to the .
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ptcture of the word, including binarization, noise reduction, connected-component specification, E
. secondary stroke elimination, and ascender/descender elimination. In the second stage, a modified |
segmentation algorithm based on upper contour local minima is applied to the preprocessed image.

The result of this stage is sub-character images which are input into a loop of feature extraction,
recognifion , and adjacent-segment combination operations to yield several of the best recognition .
results. In the feature extraction stage, eight features, including three Fourier descriptors and five |
structural features, are computed. This is a new feature vector with high discrimination power and
invariance fo scale and shift. A continuous-density variable-duration hidden Markov model is |
applied in the recognition stage. This is a path-discriminant HMM method in which the states are 5
considered as pure characters (without secondary strokes) in addition to some compound forms of !

characters in Nastaaligh handwriting style. In the training stage, some parameters of the model are |
obtained from the training image set and the others from the dictionary. A modified version of
Viterbi algorithm yields the final results of recognition. This algorithm considers different positions
and forms of lefters in Farsi words as sub-states and alse supports variable duration states to |
compensate for the over-segmentation problem in the segmentation stage. Experiments on
handwritten samples and a 50-word dictionary shiow very good performance of the system. ;
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t : time index
c : iteration index

W,(i,0), 1<t<TI1<i<NI<I<L :suvivor (i ,I",d") terminating in i,
0,(,0), 1<t<TI1<i<NI<ZI<L :survivorscorein i,
count(i,t), 1<i<N]IZLt<T : count of passes allowed at node i,
{(Initialization) aJsl 2o Jlade )
k= argmax(p, (0,)

6, @) =mb, (0,)P(d=1lg,) forl<i<N

0,(,0)=0 for1<i<N,2<I<L
Y, (i,1) =(0,0,1) for1<i<N,I1</<L
count(i,t) =1 forl<i<N,1<¢t<T
c=1

(Pre-recursion) ciS5b i -V
for2<t<T,I<j<N |
k = argmax{b; (o, )}

5= max |6, GDa,P{d|q,)b, (Ol ..)"]

1<i<N,1€d<D
R . d
¥, =arg max |6, ,(Da,P(d 4,8, (0L’
} /lend of for
{(Backtracking) cée 4 &5 ,> - ¥
P =(c—th)y max [6,G]Dy,]

1<i<N 1gI<count (1,T)
Gt =argle=a), max [5:0)
count(iy,T) = count(i,T) +1
s a3 sl € Sy (¢ — th)max[] o
* d WK *
dy < R AN
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t=T
while (t—d, >1) do: {
!

*

i i
t=t-d;
d; <—¥,G.1))
if (d; <0)
break; //go to after the while loop

count(i, ,t) = count(i, ,t) +1

®

; B gk
ted ("lll'—kpr (Zz ’lt )

} /lend of while
522 35 30 1 5 5,90 bl (17 = (BT, oo }) St sl yor o el € gy DYl i el 0,51
e aels) O ygaig) € 0wl anils o> Ly (o e olulils
(Forward-tracking) ol> a4 o5 > .. ¥
while(t <T) {
J=i
I = count(j,1)
k= argmaxfb,. (o,,,)}

8. ,D=(01-th max S, .(i,ma.P{d|q.)b.(O 4
(D =( ) lsisN,lsdSD,ISmSCount(z’,t—-d)[ -a (1) i ] qfk) J (Or-a)]
L% . _ . t d
Y1) =argl th)1sisN,1sds£3rr)1(scoun:(i,t~d)[5"‘1 (l’m)aff‘ P(d| 9;; )bf; (Or-g)"]

} //end of while

Lo g 3)
1-Hidden Markov Model 10-Over-segmentation
2-Subword 11-Bounding Rectangules
3-Doubly Stochastic Process 12-Regularities
4-Continuous Density Variable Duration HMM 13-Singularities
5-Viterbi Algorithm 14-Islands
6-Reestimation 15-Bridges
7-Baum-Welch 16- Discrimination
8-Model Discriminant HMM 17- Portability
9-Path Discriminant HMM
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