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School of Mathematics, Statistics and Computer Sciences, College of Science, University of
Tehran, Tehran, Iran

Abstract

In order to facilitate the entry of data into the computer and its digitalization, automatic recognition of
printed texts and manuscripts is one of the considerable aid to many applications. Research on automatic
document recognition started decades ago with the recognition of isolated digits and letters, and today, due
to advancements in machine learning methods, efforts are being made to identify a sequence of handwritten
words. Generally, based on the type of text, document recognition is divided into two main categories:
printed and handwritten. Due to the limited number of fonts relative to the diversity of handwriting of
different writers, it is much easier to recognize printed texts than handwritten text; thus, the technology of
recognizing printed texts has matured and has been marketed in the form of a product. Handwritting
recognition task is usually done in two ways: online and offline; offline handwriting recognition involves the
automated translation of text in image format to letters that can be used in computer and text-processing
applications. Most of the research in the field of handwriting recognition has been conducted on Latin
script, and a variety of tools and resources have been gathered for this script. This article focuses on the
application of the latest methods in the field of speech recognition for the recognition of Arabic handwriting.
The task of handwritten text modeling and recognizing is very similar to the task of speech modeling and
recognition. For this reason, it is possible to apply the approaches used for the speech recognition with a
slight change for the handwriting recognition. With the expansion of HMM-DNN hybrid approaches and
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the use of sequential objective functions such as MMI, significant improvements have been made in the
accuracy of speech recognition system. This paper presents a pipeline for the offline Arabic handwritten
text recognition using the open source KALDI toolkit, which is very well-known in the community of speech
recognition, as well as the use of the latest hybrid models presented in it and data augmentation techniques.
This research has been conducted on the Arabic KHATT database, which achieved 7.32% absolute

reduction in word recognition error (WER) rate.

Keywords: Arabic Handwritten Recognition, Deep Neural Networks, Hidden Markov Model, Kaldi Toolkit
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(Figure-1): Offline and online handwritten recognition
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recognition systems

Sz p Soa PEIW)lgns sslwdae 5
SN Jobo o allis S LT Jsb oy (g cslo o allio
585 o N Jparagboss o ol 535 L boaalis
@Yl oy s (ol Jdoar B55 Lo it Jow ol T
o dslaze 5 (S ls ' Jlste slasSll (ile a0 oS
ey ol 2 edioe waerme Jlshs siluse slats,
Giledoe Gln TwsS bole Joo 5l Jsenesboa
e Joe DY o Shs slejloy sasline Jlosl
HMM- 5,55, oMlasls a5 spd oo sslital (355 Lo
Sgi oo 035eb GMM
3505y 3 esliiwl L oS glagregy (o Seee )
0,5 0Ll [16] & g3 o wamsl 00y ol HMM-GMM
@ T Suisle e i b ke SlalS bl Ghaghy n) o
ol CoBSlaesaze nlply tigh go anSs ToldS 5
o ol a5 Conl GladS 5 s GledS 1 oS 5 ailele
OB Slsasgezme ;0 d9250 SlalS 5 oS L B ogh e
Joe Sl pagn onl 055 plelid | dladls o plgn
odd oold hjsel oaliay iz e (g9, » 45 n-gram gl
5hoeslainl L[2] 0 uizmes S oo eolatul

! Sequential Patterns

2 Gaussian Mixture Model

3 Morphological Decomposition
4 Sub-word

5 Lexicon


http://dx.doi.org/10.29252/jsdp.17.4.155
http://jsdp.rcisp.ac.ir/article-1-975-fa.html

[ Downloaded from jsdp.rcisp.ac.ir on 2026-05-26 ]

[ DOI: 10.29252/jsdp.17.4.155 ]

B ooms Sl &S (g S  (Blsasseme ez
2925 g (oo a5 L3 BadaaS o Sus, g0 0 b
P liSiey pliin o g L witun (llgas 0
Crzed g Sl oad 3gae BSlgacsene SlalS 4
$Lad pogams sl GlaShe, e (Sbs Jow Sl eolinul
e (olidil S8 Sgap 4 Caled)d 45 S9d e g
ey

ksl 0 ,Sag, 5 [1] Ghagl YV Jlo o
Obj 58 g Ol (oulidil slp CTC () SeS'ay
pLsl KHATT (Bsls 55, 52 ieoh crl o o (20
ol lp ostioe plnl anlid mlaw jo (liliil 5 ot
Ttz LSTM iS5l peae oSl Gl j5hate
Al YA Jloys o5 [17] Lidgl sl o osliza
Joe sz oSy gl Gl DY o) 0 b sl ca
O BLSTM-CTC iS5l come sloaSed pr ine
ol g 0 Wl 1 e e Sy bsad iy B S e
T 5 Sbe g (oml ga 4w o s oS58
gl oS5 s Ol @l &5 ogdiee (o) VL
il ol jands Uas #3550 1) ogue o yiin by Jowe YL
oo vz a5 cul Doge cnl 4 VL glae oo 5 Cul
o 5 ools iisel Ve &ygeas BLSTM-CTC
Kgboo oS 5 o0 b il den HlaS 5a,

oo s Gl Juad ol gll o a5 jsblen
4 oL sl Colid adgioes (owbidil g sileae
B3 e 90 0 )l ,bis cwlisil 5 gslwdoe alliws
iS5 dass Ll slis b 5wt (glallos
28 gl s gy 00 JUanl e fren 4y iZewl (6399
s o wilazdls mslin 0 Slae S olidjly allece
el ails Job b o Slee 5 andgicens owliish
e Olied (oS5 0%, e slagty, o)l
odes o Wigh oo axslid Ja¥ wlidil oje o il
2 Ayl Gl il ee o a (Kwly T insalais
S glade wlsaig ol iysel W, gsps
PN lonts Bl (oS 5 0,505, Sl Flglimen o
oS Sy o 3y adsl 5l ol A Kily b los S
s oSk @ gl b Slesy 3850 s g0k w> b
S e g (oS5 5 0,509, p e sladde (il
e ool gy ool 5o el (Aigel VL anuia,
olos s Sl g3l Jas gl 1, o Jos

S5 ol plp oSl (2953 Slaggss Shaai el ey
LS‘):’ oJ..‘Z.dC._é)f )ISA.B J9S)Le e 6LQJJ.A oY
ogys rl 3l S o (29,5 a5 Coul laanlids (o5lu Joe
Ol 69955 S sl il & absye o oy oz
wlocw e Jll o 5l a5 bl (P(s]x) el
O o, Jlai] gy o o ey Jlain ] sl SV
Casdas N glal gl gen muy Nl SaSa g Shjsel
e B vas gbaSll (oS 0 S, 50 ...\g_'lu_a
el 5o 9gd s oolil LSTM 5 TDNN MLP L
Silien S o7y 4l (el wnlpd gs 8 sl 0,5,
2,09y 2 e wble Kl Jgemaysbay jolaie
aS 423 )5 0,00 adgl g3l a2 o) o) (51 HMM-GMM
I dgdoe Dgarme 8,505, (nl b (95 4 (Shly o
[38) 31 olsiows consS 5 55285 1 cabioe ) slonsy
S5kt S35 2 O kel S8 &S heshy onl o b
Al sbaghs) owop oezed 5 peal il
e o5 5 Joe silwesky sl KALDL jLoie lile 5
SR
Jde a5 0 ) Tlezilalet o,Ses, Y VF Jlo o
S Sy 3 5 ondh ALBAS S LIS ooty (855 e i
ol LSTM g4 5 Jgorajoboay a5 B35 a5l oac
Spse oy Siledas lp [13] CTCY Las, ol ponas
ol iS5 Sl Sy sl @Sl o)
olass cplply alol anlis o emas ol leanlis
splea by 5 e sloanlis slass (29,3 Slays e
53 Cmliee 85 00 Sy, (nl o o5 Ll ol S
Rl nlply @25 ol wo clena [ Sby 5 Jlois Joe
Bl o S5 Ljeel Bols g ol S S 85kl
2 RS 0,80 ol 65,00 bl e e il azils
sty Sby (Shieel esls 45 0gdi o0 aogi g
5Sasy ol e J el S s s lebone
aS Gl E5lgacgezme 4 jls pas g o) Sl (Solw
polp 1, T lstesaze 5l g, SlalS bl oISl

5 Decoding
¢ Multi-Dircctional Long-Short-Tcrm-Memory

! Force Alignment

2 End-to-End
3 Connectionist Temporal Classification
* Out Of Vocabulary

7 2la Fold 1Al Jlo



http://dx.doi.org/10.29252/jsdp.17.4.155
http://jsdp.rcisp.ac.ir/article-1-975-fa.html

[ Downloaded from jsdp.rcisp.ac.ir on 2026-05-26 ]

[ DOI: 10.29252/jsdp.17.4.155 ]

5, onas rasub 9 BgS Hle (SiRe Jde I 33n Siadli O )Ss9) S Slae p (e baAyg p2 Ak g S el jly

Lohs psla 8 15 ol ] camsay b IS 50l 5
S e !,

i A e bl St

* ‘5&@3

sttabl] | _yst| oA oA | i 3L
*ﬁ,umu;-

gl ik e (o} w i) _JLs

igo e el 3 (andS Jolpo (P JSC2)
(Figurc-4): Steps of bascline cstimation and correction
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(Figure-3): Upper and lower baseline estimation
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(Table-6): Results of various language model types and
smoothing techniques
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3-gram MaxEnt 24.60 23.18
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(Table-5): Results of model training using augmented
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(%) o3ly sl &

Jue -

drwgl | g
LE-MMI (without augmentation) 26.21 25.32
LE-MMI (with augmentation) 25.34 24.14
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