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Developing a system to predict handwriting numbers using ANN and CNN
techniques

Samia Musa Althemen® Mohammed Saad Saleh?
Abstract

The problem of recognizing handwritten numbers has become one of the most important
problems in machine learning and computer vision applications. Many machine learning
techniques have been used to solve the problem of recognizing handwritten numbers. In this
paper, a system was developed that distinguishes handwritten numbers using two machine
learning algorithms, which are Artificial Neural networks (ANN) and Convolutional Neural
networks (CNN). A special database for handwritten numbers, the Modified National
Institute of Standards and Technology, was used. Database (MNIST). The results were
compared based on accuracy and performance with the Batch Normalization and Dropout
layers. The results were good. The CNN obtained a score of 99% with the use of BN+PO
compared to the ANN in distinguishing handwritten numbers.
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° #import libraries
import keras
from keras.models import Sequential,Model
from keras.layers import Dense, Flatten, Dropout, BatchNormalization
from keras.datasets import mnist
from keras.utils.np_utils import to_categorical
from keras.utils.vis_utils import model_to_dot
import matplotlib.pyplot as plt
import numpy as np

ANNI 0l ezt (12) 12

£ ° #import libraries
import keras
from keras.models import Sequential
from keras.layers import Conv2D , MaxPool2D
from keras.layers import Dense, Flatten ,Dropout ,BatchNormalization
from keras.datasets import mnist
from keras.utils.np utils import to_categorical
from keras.utils.vis_utils import model_to_dot
import matplotlib.pyplot as plt
import numpy as np

CNNJ b cleanal(13) [Sad
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. Conv layer Max-pool Layer . otb slli g2 3 ANN e Gl CNN
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(X_test) letl dsgezy (Y_train), (X_train) ool desed mosed Lo aus LoV 35
:(14) e 3 L (Y _test)

v ° (x_train,y_train), (x_test,y_test)=mnist.load_data()

Downloading data from https://storage.googleapis.com/tensorflow/tf-keras-datasets/mnist.npz
11493376/11490434 [= ] - @s ous/step
11501568/11490434 [ ] - @s eus/step

MNIST Loz:(14) 1S
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x_train= x _train.reshape(x train.shape[©],28,28,1)
x_test= x test.reshape(x test.shape[2],28,28,1)

Reshape ~z4:(15) e
bl JKay (60000,28,28,1) (opdl ol JKo mrar dom s Vly oyl g0 UL ) da 6L
3l Lede Can a3l 5 b3 gl OF mogie(1) (3015((10000,28,28, 1) L1
Normalize ol auks o

255 Jo JoS e JS aend o555 ¢ Float Ji Integer o o bl g5 bomn o5
x_train =x_train.astype('float32")
X_test=x_test.astype('float32")

x_train/= 255.0@

x_test/= 255.0
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° n_class 1@

y_train = to categorical(y_train,n_class)
y_test = to categorical(y_ test,n_class)
print(y_train[e])

[e. . 6. ©. ©. 1. ©. ©. ©. 0.]

Ll e 3(18) 1Sl
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model = Seque;tial() i -
model . add(Flatten(input shape=(28,28)))

model . add(Dense(256,activation="relu’))
model . add(BatchnNormalization())
model . add(Dropout(a.5))

model . add(Dense(29e, activation="relu”))
model . add(Batchmnormalization())
model . add(Dropout(e.s))

model . add(Dense(128 ,activation = “relu’))
model . add(BatchNormalization())
model . add (Dropout(e.s))

model . add(Dense(d1@,activation="softmax"))
ANN zz (19) e

okl 4 8leyu Flatten()aib oo et dwlol Glib i n Lol 2350l 055 2L moge g8 LS
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model.add(Conv2D(64, kernel size=2,padding = 'same',strides=1,activation ="relu’, input_shape = (28, 28, 1)))
model,add(MaxPool2D(pool size=(2, 2),strides=2))

model.add(BatchnNormalization())

model . add(Dropout(0.5))

model.add(Conv2D(32, kernel size=2,strides=1,padding ='same', activation="relu"))
model.add(MaxPool2D(pool_size=(2, 2), strides=2))
model.add(BatchNormalization())

model . add(Dropout(9.5))

model.add(Conv2D(128,kernel_size=2, padding='same',activation="relu'))
model.add(MaxPooling2D(pool size=(2,2),strides=2))
model,add(BatchNormalization())

model.add(Dropout(e.5))

model.add(Flatten())

model.add(Dense(256, activation='relu'))
model.add(BatchNormalization())

model.add(Dropout(@.5))

model..add(bense(n_class, activations'softax’))
CNN 24(22) el

Same g5 sad) 1 8loYL.3x3 stl Filter wsp. 64, Ol aib o 5,5 Js) 2zl LY ankll ja
2y oY el 2X2 slal o mad b Lexy  Relu gy 0 Leis dsy Gasly dskn
T3yl Bl e U bl e sl Input_Shape=(28,28,1)

ailll 3 .3XBslal i 128 pluscaat ¢ W) 2kallg. 3x3 stal Filter w0 32 plascaat ¢ a5 2kl 3
sie 256, LU Jlail 2l Ladsiaal desld) 2kl 3y amie I Bgiae p UL fismd s 22 Gal)
ke 2l SLM B i n_class il sue by Y1 aab g Y 2kl WL RElu boss Wl a
. POy BN 0,0 CNN 2/ 724(23) K2d . Softmax Lets dis xe 10 s

Maxpool2D
2 3

o Fapooingae Convas, Faxpoginga
(25936%0a) fEeRTRIR) 5204352y RS T T
(7xIx128) Gxax128) Flatte
G
-
) el ) Al "
Features Extration Classifaction

PO, BN 050, CNN 2/, (23) 2
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E,.
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PO, BN . CNN 24424 L2
Model Compile z350d1 225 3.1.5
JaVl 28l 820 Ly e (Ses 5 pised) 385 o) Bad a L 2 Al oyl ades J3 G0 AU ods
Tl dsd oS miy
model.compile(loss="categorical_crossentropy', optimizer='adam', metrics=['accuracy'])
et D ) e BY categorical_crossentropy  als badscal A 42l 3 moge s LS
Bl w5 ks 1y adam el 2 s Ledserad LS multiclass saal)
.(Fit Model) 3501 <oy 4.1.5
35 = ay abl e Wi @ ey ((X_train,y_train) sy leke S o)l Of g bl Lad
JaeVU 18 5 asdl L adl 30ty Gmall e Emd) SULy sady ails I basl ey cpyd) Ol el
T3 ) e 5 S o9
‘hist =model.fit(x_train,y_train, validation_split=e.3,epochs=100, batch_size=35,verbose=1)
Test Model 73501 )Lz 2.5
el o U3 o o gt g e Sl gy s S g ot il 0dn
sdr 2By e Bt 1.2.5
e ol cledinl 29 U ook Bshas Jab clldy alsall jpall il A W moy (25) S8
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from keras.preprocessing.image import load_img
from keras.preprocessing.image import img_to_array
from keras.models import load model

def load image((filename) :
load img{filename, grayscale=True, target_ size=(28,28))

|img =
img = img_to_array({(img)
img = img.reshape(l1,28,238)
img = img.astype( ' flocatz2")
img = img /S 255

return img
syl iblan m25(25) S8l

Slrtzal 5 wikdl 6

25 U BLEYL <3y sVl B e ol Lesyliey CNING ANN o |87 w05 om0 o s 3
BN+PO il slascal 05y BNH+PO wlib aliscal s e 1)l SIS opdll sus
(BN+PO) o5 gitdt 1.2.6
BN+PO Lz} pie Jls 3 <y dll s 2l Jglakl OV

(Epochs=5,10,25) wizil sas @

(Batch size = 64 ) aodi n @

ANN &l (1)J gk

(Epochs)ct il sus

RO
25 10 5
%24 — 6 %37 — 4 %66 — 5
%61 — 8 %54 — 1 %49 — 5
%92 — 2 %42 — 2 %21 -8
%42 -1 %58 — 1 %37 -1
%79 — 4 %88 — 4 %72 -4
%99 — 5 %61 — 4 %60 — 5
%50 — 5 %57 — 4 %56 — 5
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%61 —7 %93 — 1 %44 — 1
%54 — 4 %68 — 4 %45 — 4
%42 -7 %72 -1 %44 — 4
%94 %92 %89
& 44 1 &4351 & 33

CNN s (2)J st

(Epochs)wt i sus

25 10 5
%98 — 1 %38 — 1 %39 — 1
%99 — 1 %99 — 1 %99 — 1
%49 -1 %60 — 3 %49 — 1
%42 -1 %85 — 3 %96 — 1
%79 — 4 %71 -1 %63 — 4
%99 — 5 %93 -5 %54 — 5
%50 — 5 %34 -5 %53 =24
%61 —7 %96 — 3 %65 —7
%54 — 4 %58 — 5 %53 -1
%42 —7 %28 — 1 %82 —9

%96 %94 %91

524 & 22512 2357
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%73 — 8 %81 — 5 %35 - 5
%53 — 1 %53 — 3 %53 - 7
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25 10 5
%35 -0 %45 -3 %51 -3
%56 — 1 %98 — 1 %77 -1
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%47 -7 %91 — 4 %72 -4
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%99 %98 %97

522 2259 55
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%98 %98 %96

52 223 551 & 2153




ke dealy

University of Benghazi

Faculty of Education Almarj asall — gpxill 142
7 ISSN 2518-5845
Global Libyan Journal gallell dggglll lyall
2023 | spanyn [ ezpall wuxll
CNN gz (8)J s
(Epochs)wt =il sus
RO
25 10 5
%70 =7 %43 -7 %43 =3
%69 — 1 %62 —1 %84 —1
%79 -3 %48 — 7 %55 -3
%83 -3 %46 — 2 %68 — 1
%72 —4 %98 — 4 %66 — 4
%89 — 9 %59 =5 %50 -3
%55 — 1 %33 -3 %26 - 5
%55 -3 %89 —7 %82 -3
%64 -9 %63 -9 %52 —5
%737 %78 — 9 %34 -1
% 99 %98 %97
21525 =19 4,510 &2255

¢ bl iy o) SO sl oy S B Ay Y Batch Size 35 1) ah) e 5 e LSl
- BN+PO plaszt ¢ bt Loguas g ANN o il fast CNN 2 0f o>l

Ol 7

35 s as w0 %099 U1 oy e B @ iVl 2 CNN s v

Ly 251 10 Lol o a5V Ll e Gpas Of casllazad CNIN OF 05 o3l aoe st Jgladl o 1 6NV

AEY e s e e OF stz ANN



VAl i,

University of Benghazi ol dxaly
Faculty of Education Almarj 3 asall — &gyl &412
Global Libyan Journa) ISSN 2518-5845

Global Libyan Journal dgallell &gy il dlsall

2023 | spangs [ gozpall suzll
CNN e g0l ANN ez oyl cdg) 2y il v/
L aoe JiT CNN G a)lis st byid aoye STANN v @ dedi pae v/
vt o ctlbzal LS i e gl b Lid Of collzal BNH+PO reodl i of SIS s v

(..L‘:.U EHCORA|

@3 -8

sl s e Jpadl @y L llaoV) JST e @ AV e il e B o Lol plss cLis) & Ogm £
bz 28U B 8 ceellonad CNIN 25 0 W o Lo 621 e 28 IS 58 Loy 2 IS olol il oo
b e Sy i) ol pnd 3 bl & BN+PO wlib slol ws ol ANN a0 Lasl 1l
Jas¥h o ANN 285 06 gl

il Ol -9

TV eas izl (3 T edy Al oda gk
sl el 0SS g ST s JU2 palpd) Jaws ) oag 58T bl 8uels plasral @
(clabll sas) oIl e ol s e Slib plisua) @

gl e doly g a3 S all 38T by by @



VA Bl t,

University of Benghazi olisg dzaly
Faculty of Education Almarj L asall — dgyill igl2
Global Libyan Journs! ISSN 2518-5845

Global Libyan Journal dgallell dgglll Alsall

2023 | spangs [ gozgall snusxll

10.

11.

12.

e

Jagtap, V. N., & Mishra, S. K. (2014). Fast efficient artificial neural network for
handwritten digit recognition. International Journal of Computer Science and
Information Technologies, 5(2), 2302-2306.

Saeed, A. M. (2015). Intelligent handwritten digit recognition using artificial neural
network. Int. Journal of Engineering Research and Applications, 5(5), 46-51.

Sakshica, D., & Gupta, K. (2015). Handwritten digit recognition using various neural
network approaches. Int. J. Adv. Res. Comput. Commun. Eng, 4(2).

Roshni Musaddi.2018 . Handwritten Digit Recognition using Neural Network. Journal of
Network Communications and Emerging Technologies (JNCET)

Volume 8, Issue 10. ISSN: 2395-5317
Hamid, N. A., & Sjarif, N. N. A. (2017). Handwritten recognition using SVM, KNN and

neural network. arXiv preprint arXiv:1702.00723.

Abdulrazzaq, M. B., & Saeed, J. N. (2019, April). A comparison of three classification
algorithms for handwritten digit recognition. In 2019 International Conference on
Advanced Science and Engineering (ICOASE) (pp. 58-63). IEEE.

Tabik, S., Peralta, D., Herrera-Poyatos, A., & Herrera Triguero, F. (2017). A snapshot of
image pre-processing for convolutional neural networks: case study of MNIST.

Ghosh, M. M. A., & Maghari, A. Y. (2017, October). A comparative study on
handwriting digit recognition using neural networks. In 2017 international conference on
promising electronic technologies (ICPET) (pp. 77-81). IEEE.

Ahlawat, S., Choudhary, A., Nayyar, A., Singh, S., & Yoon, B. (2020). Improved
handwritten digit recognition using convolutional neural networks
(CNN). Sensors, 20(12), 3344.
Vinjit, B. M., Bhojak, M. K., Kumar, S., & Nikam, G. Implementation of Handwritten
Digit Recognizer using CNN.

Pashine, S., Dixit, R., & Kushwah, R. (2021). Handwritten Digit Recognition using
Machine and Deep Learning Algorithms. arXiv preprint arXiv:2106.12614.

Ghazal, T. M. (2022). Convolutional neural network based intelligent handwritten
document recognition. Computers, Materials & Continua, 70(3), 4563-4581.



o

University of Benghazi ol dxaly
Faculty of Education Almarj ‘ 4 asall — Egysill 4,02
Global Libyan Journa’ ISSN 2518-5845

Global Libyan Journal dgallell &gy il dlsall

2023 | spangs [ gozpall suzll

13. Walter, B. (2023). Analysis of convolutional neural network image classifiers in a
hierarchical max-pooling model with additional local pooling. Journal of Statistical
Planning and Inference, 224, 109-126.



