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Summary:

Arabic character recognition is an important process that can be used in
many applications. However, little attention is given to Arabic domain. The
previous proposed techniques for isolated characters depend on either template
matching technique or hand-crafted features. These techniques are not suitable
for complex domains and can not generalize well to different datasets with
different characteristics. Therefore, we introduce two deep neural network
models: stacked auto-encoder and convolution neural network. The models
are tested on recognizing characters of Egyptian license plates. We proposed
another siamese neural network model. This model is used as a generic
feature extractor module for one-shot classification task. The model is trained
using certain classes and can be used in classifying new classes without
retraining the model. Our proposed one-shot system aims at overcoming the
challenges that face Arabic character recognition using the power of deep
neural networks.






Acknowledgements

I am ever grateful to God for providing me this opportunity and granting me the
capability to proceed successfully.

I want to express my gratitude to Dr.Elsayed Hemayed and Dr.Mohamed Rehan. I
greatly appreciate their excellent assistance, guidance, and support.

I would like to thank Avidbeam technologies for providing me with the dataset used in
this thesis.






Dedication

I dedicate this thesis to my family for their endless support during my work.

ii






Table of Contents

Acknowledgements

Dedication

List of Tables

List of Figures

List of Symbols and Abbreviations
Abstract

1 Introduction
L1 Overview . . . . . .. . e
1.2 License Plate Recognition Systems . . . . . . .. ... ... .......
1.2.1 Egyptian licenseplates . . . . . . . ... .. ... .. ......
1.3 Challenges . . . . . . . . .. .
1.4 Thesis Objective . . . . . . . . . . .. e
1.5 Organizationof thethesis . . . . . . .. .. ... .. ... ... ...

2 Background
2.1 Neural Networks . . . . . . . . . .. . . . ...
2.2 Learning Procedure of Neural Networks . . . ... ... ... .. ....
2.3 Deep Neural Networks . . . .. .. ... ... ... .. .......
2.4 Convolution Neural Networks . . . . . . ... . ... ... .......
2.5 Siamese Neural Network . . . . .. ... ... .. ... .........

3 Literature Review
3.1 Arabic License Plate Recognition . . . . . . .. ... ... ........
3.1.1 RelatedWork . . . . .. ... . . ... ..
32 ArabicOCR . . . . . . . . . e
321 RelatedWork . . .. .. ... ... ... ... .. ..

4 Arabic OCR Using Deep Neural Nets
4.1 System OVerview . . . . . . . . . ..o e
4.2 Pre-processingPhase . . ... .. ... ... .. ... ... . ...
4.2.1 TImage Analysis . . . . . . . . ..
422 Image Enhancement . ... ... .................
4.2.3 Conversion to Binary Images . . . . . . .. .. ... ... ....
4.2.4 Image Enhancement and Validation . . ... ... ... .....
4.2.5 Image Normalization . . . . ... ... ... ... ........
426 Summary . . . . ... e
43 RecognitionPhase . . . . . .. ... ... o
4.4 Character Recognition Using Stacked AutoEncoder . . . . . ... .. ..

iii

ii

vi

viii

ix






441 Pre-trainingPhase. . . . .. ... ... oL 32

442 Fine-tuningPhase . . . . . . .. . ... ... L. 34
443 Learning Procedure . . . . . ... ... ... .. L. 35
4.4.4 Classification . . . . . . . . . . . .. e 37
4.5 Character Recognition Using Convolution Neural Network . . . . . . . . 38
4.5.1 Network Architecture . . . . . . . . .. ... ... ... ..., 38
452 Learningprocedure . . . . . . . .. ... ... 38
4.6 Character Recognition Using One-Shot Classification Model . . . . . . . 40
4.6.1 Building Feature Extractor Module Using Deep Convolution Siamese

NN e 41
4.6.2 One-Shot Classification . . . . . . . . . ... ... ........ 43
4.6.3 Generalization to Different Domains . . . . . . . .. .. ... .. 45
5 Experimental Results 47
5.1 LPDataSet . . . . . . . . . . e 47
5.1.1 Dataset Construction . . . . . . . . . . .. .. 47
5.2 Performance Evaluation of Deep NN Models . . . ... ... ...... 50
5.3 Performance Evaluation of One-Shot Classification Model . . . . . . .. 54
5.3.1 One-Shot Classification Results of Egyptian License Plates . . . . 54
5.3.2 One-Shot Classification Results of Handwritten Datasets . . . . . 55

5.3.2.1 One-Shot Classification Results of Eastern-Arabic Hand-
written Digits . . . . . .. ... L L 56
5.3.2.2  One-Shot Classification of Farsi Handwritten Digits . . 58

5.3.2.3  One Shot Classification of Hindu-Arabic Handwritten
Digits . . . . . .. . 60
6 Conclusion and Future Work 63
6.1 Conclusion . . . . . . . . . . . e 63
6.2 Future Work . . . . . . . . . 64
References 66
Appendix A AppendixA 72
A.1 Derivative of the cross-entropy cost function for the softmax function. . . 72

v



