O A a3 e slle 2023 e 11 2mll 45 alaal) Gl draly dlya

d.I.lg.l.na." ;ilé.yii." “\.I.ﬂ Aloic UL, ‘o“&.i (O-toxai
dyynoll dasiall oLd Ul gl] 4 jyasll 44 soall
salllad
Caad) tdaala - dagd) Al ue elle sLdad) clufyall Gl
e iyl 5l

oadlall
Capall gy eCayaill il Al dplaall Ll (e aEY) I Capail] 2y
o OB (8 gl cilianil) e 3 Jad 3y el (xigll) Lapall HEY) )
Ll ddgplaall Glapdall (i paall GISA g Bladl O laay Gl
Copall A pe Anylaally al Jady 5y mdll QY1 N Capetl) A< il
AU daaiy CaaY) alaaly JET 6 COBAY) Gy e gadl Y1 )
aldal apeal Caad) 134 & 3 AgLa) L@l ) kel ) s e
ABN D ol e 5ald cAiand) Aguanll K Aladiul aaa Cael
& WS Pycharm =aling sl dsapll 43 aladiuly ) iy 4 0<4l)
(s 4%l MADbase igleall Gllal) de gana aladiunly o)lidly 4y)x
o) Aanie AUl saclE (Gadd 700 S de HBY 355a 70000
1000005 48 HUiA) de sanag 3ysa 60.000 (po 4Sa ()i e gana
Aiguanll Gl Sl lall aladiuly Gl Bl pe ailie G LS

AU Y bl e )i s dgaliiall

alaill (Aiguaall Gl (ol QBN ) Capanll tdalidal) cilalsy)

.E‘)}.\a :\;ﬂaﬁ 6&@\

121




) Jady 3 jaal) Agaigd) A8 YY) L) G jail! ABseal) 45 greand) clud) o slaie Yl aUSS asaal

Design a system based on deep neural
networks to recognize handwritten
Indian numbers

Abstract
Recognizing numbers is one of the standard issues for
recognition algorithms. Recognizing handwritten Arabic
(Indian) numbers is one of the important challenges in many
applications and areas of life, including banking, commercial
applications, ...etc. The problem of recognizing handwritten
numbers is exacerbated compared to the problem of
recognizing printed numbers, due to the difference in the
shapes and sizes of letters and writing style from one person to
another. Considering the previous points, in this research a
new recognition system was designed using deep neural
networks, capable of recognizing handwritten numbers using
the programming language Python and Pycharm program, and
it was trained and tested using the MADDbase standard data set
consisting of 70,000 images of Arabic numerals written by 700
people. the database is divided into a training set of 60,000
images and a test set of 10,000. It has also been compared with
methods known using algorithms, similar neural networks, and
classic machine learning algorithms.

Keywords: Recognize numbers, classification, neural
networks, deep learning, image processing.
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Introduction 4aia .1
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Classification Model Design cijiaill zigal araa’ 8.2
AGE e S gl AN ol alai el Gl 13 8 Gl £ 5)
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il U gl JUind = sial) plaill (o Cuny
Ay Y1 Gidal) cclish DG e (S A giall Apenl] dsamnll A
Sy oAl dih ed 5pAY) 2N Aakl L (suac 100 Ao Legia JS (gias
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Cun L) anings Lalada pmy (S D8 Aagiiall Lll ) paall iy e
el DA e (S Al Akl e Conv2D 4k Pla e Jaal) 4k oLy 2
1Adanl) A4 guiaal) AS0EY
model.add(Conv2D(32, (3 3), activation="relu’,
kernel_initializer="he_uniform’, input_shape=(img_rows, img_cols,

D))
Al il 3shadyy Aaad) sypall o (3%3) aaay mlixe 32 Gl &y 4l
gl axe of gl ol V) gl sl IS5 ¢ valid aljdl siags (1c1)
1 laal oay 'relu’ Lpasl) Al 5 o ,all sl 8 elid 2y jsall Al
Ol (e 05ST5 Aeddiinall Japiiill Jlsa el (e o (Rectified Linear Unit)
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{0 ifz <0
x ifx >0
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aaa aaadl 1yals Che_uniform' sa mijell digi Led s ) A5l gy
o ke Yl alia 4y Akl o383 L(32¢3261) a5 leand gl ) ) saall
il Y alal)

new_col=(col-2*p+f)/strides + 1

new_row=(row-2*p+f)/strides + 1

new_col=new_row=32-3+1=30
e JIpaY aadns s MaxPooling 4k I Conv2D dih z A )y}
s Akl o3 Aol JW) cundls ((15%15) (130 * 30) oo b siadl)
'Reducing xhll Laall g8 B Casdly o bl sl Capasy 58 Ll
LS e S A PR e el Janall (e 2adl 8 2elid 68 overfitting'
Al ddlal Al o8 Jally ded ) CDLSY dalam; ded V)
t (2¢2) o028l aany MaxPooling2D

model.add(MaxPooling2D((2, 2)))

Al 35hadag (3%3) anso ALl AGkll 2 A e =ie 64 Gadal 2 & ey
gl axe o gl V) 8y seall aladf ISy ¢ valid ol siays (161)
) Al ey relu’ Lpanll Al oAl sl 3 lia Sy seall Al
o AVl aglua S Akl s3a A Lhe_uniform’ ga el s b st
ol LS sl )5S0l i aladl)

new_col=new_row=15-3+1=13
t SUIS Aadaill (5<55 004 ) (glns sl dae praay Ciladall 23e
model.add(Conv2D(64, (3, 3), activation="relu’,

kernel_initializer="he_uniform'))
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aaxyy MaxPooling2D ik Zélial (6%6) N ddsiadl alad) JIFa) &b o5 e
fl WS (262) 238l
model.add(MaxPooling2D((2, 2)))
Dense dah N ctbdl Jlay(64 6 6) » MaxPooling2D dadall ~ A
b flatten el 4k dili) U zliss A sl 2800 bl 58 o g
daliiie Cilaag (e A Ak 3)3e & Ally Dense dida ddlal & ey )
Sl AL DAY pes 0o DAt pmae IS il L lisuanl) e
Lgle 4kl z & (45, 'Densely Connected’ i "4, ilaid \gie Jsis

it AGE ) Ads clid Ziley iy @Skl 8 clisaasl) s

23l lalatl
model.add(Flatten())
model.add(Dense(100, activation="relu',
kernel_initializer="ne_uniform'))
model.add(Dense(100, activation="relu’,

kernel_initializer="he_uniform'))
Qi smac JS Cua Gliguac 10 (0 4358 Dense dih oo 5l z)all dak
Zamly Ay ag softmax  Lawiall b ¢saae JSI ¢ [0-9] Jlaall (o )
anie Jisaty o (ol cdpllaia¥) aiill (e g lad Leasis calaed) e gl Ledlans
I il bl g A JS VWil kit G Jlaia) 4aia ) alaeY)
Caieaill algal aadiidy Lasiall 8 dad
exp(x;) :L“;l;'d\ JED Ly 2axial)
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2, exp (x;)
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model.add(Dense(lO, activation='softmax'))
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danaall 40,40 by (2) Jsis
Layer (type) Output Shape Param #
:::\/:;d (Conv2D) - (None, 3(=),==3(), 32) N 3:)
max_pooling2d (MaxPooling2D)  (None, 15, 15, 32) 0
conv2d_1 (Conv2D) (None, 13, 13, 64) 18496
max_pooling2d_1 (MaxPooling2) (None, 6, 6, 64) 0
flatten (Flatten) (None, 2304) 0
dense (Dense) (None, 100) 230500
dense_1 (Dense) (None, 100) 10100
dense_2 (Dense) (None, 10) 1010

Total params: 260,426
Trainable params: 260,426

Non-trainable params: (
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Model Training g igaill cayyai .8.3
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— loss
val_loss
2.0 1
1.5 4
1.0 4
0.5 g
T T T T T T T T
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Gl e 5luall Jas (6) JSa

Implementation Results 14l zilii .8.4

dcgane Al 4 Jil 8y U< 3j0m 6000 ) dendie il Glue )
Oo JERY) e sene Gl LS ¢ gyl A6 5y5m 60000 (o 23584l il
y5a 10000 (e 23Sl LAY Ae gana JS oy U< 3)5m 1000

O dy IS zasalll s 3By (e Byl ALY Asiias (7) JSA) maas
Ge 232 JS1 ALlAl)s damall Capeil) Cilpe 230 e LY Adghias i ald,Y]
oy JS) zasadll Bin3 48y e spmall LGNV ddsiias (8) JSE maasy LolaeY)

BV e
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0 1 2 3 4 5 6 7 8 9 Acc
05976 |13 |0 0 0 9 2 0 0 0 99.6%
1]6 5979 | 0 0 0 0 5 0 0 10 99.65%
2|8 7 5964 | 0 0 5 8 2 0 0 99.4%
310 12 0 5981 | 0 0 7 0 0 0 99.68%
418 0 14 0 5974 | 0 4 0 0 0 99.56%
5113 9 0 0 0 5976 | 2 0 0 0 99.6%
61 9 2 3 2 0 5982 | 0 0 1 99.7%
710 5 0 0 3 0 2 5986 | 4 0 99.76%
810 6 0 0 0 0 6 4 5981 | 3 99.68%
9|7 7 0 0 0 3 7 0 0 5976 | 99-6%
ol A8l LY ddsiuas (7) S
0 1 2 3 4 5 6 7 8 9 Acc

0995 |3 0 0 0 1 1 0 0 0 99.5 %
1 (3 993 | 0 0 0 0 2 0 0 2 99.3%
2 |1 2 994 | 0 0 2 1 0 0 0 99.4%
310 3 0 996 | 0 0 1 0 0 0 99.6%
4 11 0 3 0 995 | 0 0 0 1 0 99.5%
5 (2 3 0 0 0 992 |1 0 1 1 99.2%
6 |0 2 0 0 1 0 996 | 0 0 1 99.6%
710 1 1 0 1 0 1 993 | 2 1 99.3%
8 |1 2 0 0 1 0 2 1 991 |2 99.1

9 |1 3 0 0 0 1 1 0 0 994 | 99-4%

Gl 483 g Y) 4 ghaae (8) JSa
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Compare Results zilill) 43)lia .8.5
s52cl8 of Luyy « MADBase il sacls o o)lidly 4yt 2 & fidall &3l
z gl 8% il A3)ee sde Sl MNIST 320 G s | MADBase

-(9) Jadly
zal) 7 dgalll pa ciluall Cipedl) 4Bs A5a (3) Jaa
aa) Ay bkl 3ac 18 (%) ayxill 43
ACGAN 98.78
HRNN 98.92
ResNet 99.21
Hybrid—-HOG 99.22
VGG16 99.29
LeNet MNIST | 99.31
VGG19 99.31
InceptionV2 99.32
Densenet 99.39
EvilNet 99.49
EdgeNet 99.55
DBN ADBase | 85.26
CNN 88
EdgeNet MADBase | 99.56
Za 7 3sail 99.63
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