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Summary:

This thesis presents a proposed biologically inspired deep learning system
and performance on two tasks: first task is detection of Egyptian Car license
plates. The second task is general object detection task in which we used the
System to detect different objects in the Graz-02 object detection Dataset. the
system consists of two main parts or stages: the first stage role is finding
candidate object areas in the image. The second stage is mainly responsible for
detecting precisely the objects among the candidate areas which are output from
the previous stage. The system achieved detection percentage of 95% in
detection of car plates task.

In addition to this task we applied our proposed system to general object
detection from the Graz-02 data set. It has different types of categories (Car,
Bike and people). We achieved average percent of 75% on all those categories.



Disclaimer

I hereby declare that this thesis is my own original work and that no part of it has
been submitted for a degree qualification at any other university or institute.
I further declare that I have appropriately acknowledged all sources used and have

cited them in the references section.

Name: Date:

Signature:



Dedication

In the Name of the Unique God “Allah”, the Beneficent, the Merciful, dedicates this
work for my parents and for the youth, who wants to bring back the community to the
real historical challenges.

ii



Acknowledgments

In the name of Allah, the Most Gracious and the Most Merciful, all praises to Him
for the strengths and His blessing in completing this thesis.

Foremost, I am pleased to express my sincere and heartful thanks to my parents for
providing me with unfailing support and continuous encouragement throughout my
years of study and through the process of researching and writing this thesis. This
accomplishment would not have been possible without them.

Special appreciation goes to my supervisor, Dr. Elsayed Hemayed for his constant
support, supervision and encouragement. I would like to express my profound gratitude
to him for his patience and his timely suggestions throughout the research; his door was
always open whenever I had a question about my research or writing.

This research was funded by ITIDA Egypt under ITAC program grant’s number
PDP2015.R17.1. The author would like to acknowledge the contributions and efforts of
Avidbeam practitioners who participated in the survey and helped to guide initial
structure of the research undertaken in this study: Dr Mohamed Rehan for collecting,
measuring, organizing and cataloging the license plates. Dina Helal for assisting with
the planning and execution of the field test with detection system deployment.

iii



Table of Contents

DiSCIAIMET ..t e i
DediCatiON ..o ———————————— ii
ACKNOWIEAZGMENLS ... s s s s s s s s snssssnsnsanss ii
Table of CONENLES ... —————————————————— iv
LiSt Of TabIeS ..o sssasasas vi
LiSt Of FiUIES....coicicitssssmssssssssnsssssssss s sss s sss s s s s ssssssssssssssssnsas vii
NOMENCIALUTE ....covriririrsssns s —————— viii
ADSETACE ..o R ix
Chapter 1 : INtroduCtiON. ... s 1
1.1. License Plate Recognition TasK.......usssssssssssssssssssssssssssssens 2
1.2. Problem Statement......m—————————————— 3
1.3. Purpose of the ReSearch ... 3

0 T O 1 F= 1 1 =5 7 3
1.5. Organization of The Thesis ... ————————— 3
Chapter 2 : Literature SUIVEeY ......sssssssssssssssssssssssssssssssssssssssssssns 5
/2% WP - Vol €3 {011 04 U L 5
2.2. Visual Recognition System in HUMANS.....ccssssssssssssssssssssssssns 6
2.2.1. Y] 00 4V ) o o LTS 6
2.2.2. Two-Streams HYPOTNESIS ...t sssesessesessessessssssessssssssssssees 7

2.3.  Related WOrK...... s 8
2.3.1 The Standard Model of ViSUal COTLEX....ouurmmmmiereeneeseessessesssessesssssssesssesssssssesssssssssees 9
Chapter 3 : MethodolOogy ... ssssssssssssssssnsas 11
3.1. Egyptian License Plates.......sisssssssssssssssssssssssssssssssssns 11
3.2. Convolutional Neural NetWOrKS.......ccummmmmsmsssmsmsmssmsmssssssssssssssssssssssssssssssssssssssens 13
3.3. The Base Model ... s 17
3.4. Proposed Biologically Inspired Deep Learning System ........cccoummnssssnsesnnns 18
3.4.1. First Stage: Sliding Window and First Classifier ... 19
3.4.2.  Second Stage: Grouping Regions and Second Classifier .......nmenneennes 19
3.4.2.1. ReZIONS COIECTOT .oueureerienerereenreieeeseessecssenssesssessse s s ss e ss s sss s b bsesaes 19

3.4.2.2. SECONA ClaSSITIET ..coreureeriererreereieee et seessees s s bbb ss s bbbt 20

3.4.3. Base Model ClassSifier [AEa ....oeeneeereireeseisseeseisesssiesssssssesssesssessssssssssssssssssssnes 20
Chapter 4 : Experimental Results........cuissssssssssssns 25
4.1. License Plates TasK......umssssssssssssssssss 25
4.1.1. Training Process and DataSet.......eenenersesnesnesssensessessessessesssssessessessssssessssssssessees 25
4.1.2. Performance Analysis of Plates Task ... ssessessesssssseees 26
4.1.3. Impacting Parameters ... ssessessssssss s sssssessessens 30

4.2. Graz-02 Object Detection (One Object Versus Background) .........cccoususcinnens 30

iv



4.2.1. Data Preparation. ... ses s ss s sessessessessssssssssessensenses 30

4.2.2. Performance Analysis of Car Detection TasK .......cneneeneeseeneeseeseesseennes 31
4.2.3. Performance Analysis of Bike Detection TasK .....ceneneesseensenseeseesseennes 33
4.2.4. Performance Analysis of People Detection TasK ......oneneeneeseensenseesssenseennes 34

4.3. Graz-02 Object Detection (Multiple Categories Detection TaskK)..........eceuuene 36
4.3.1. Data Preparation. ... e ses s sss s sssssssessessenses 36
4.3.2. EXperiment and RESULES. ... isssssissessssssss s sssesssssasessssssssanes 37
Chapter 5 : Conclusion and Future Work ... 40
References ... ——————— 43



List of Tables

Table 3.1: Types of standard egyptian license plate...........cccceevveeciienieniiienieiieeieens 13
Table 4.1: Number of training and testing plates............ccceeeveerieriiiinieeiiienieeie e 26
Table 4.2: Performance results of plate detection task ..........cccceeevievieriiieniiniieeniieeins 26
Table 4.3: Confusion matrix of plate detection task...........cccoevieeiiiiniiniiiiniiiiiciees 27
Table 4.4: Performance results of car detection ( object vs non-object ) .........cccecu..... 32
Table 4.5: Performance results of car detection ( fully vs partial )........ccccceeevieninnnns 32
Table 4.6: Performance results of bike detection ( object vs non-object ) .................... 33
Table 4.7: Performance results of bike detection ( fully vs partially ) .......ccccceeeienines 33
Table 4.8: Performance results of person detection ( object vs non-object )................. 34
Table 4.9: Performance results of person detection ( fully vs partially )..........ccceeee.. 35
Table 4.10: Performance results of graz-02 multi category detection.............c.cccueeunee.n. 38
Table 4.11: Details of non-detected images with their categories..........cceeeeeveeniiennnnnns 38
Table 4.12: Confusion matrix of graz-02 multi category detection............cceecveeruvennnnnns 38

vi



Figure 2.1:
Figure 2.2:
Figure 3.1:
Figure 3.2:
Figure 3.3:
Figure 3.4:
Figure 3.5:
Figure 3.6:
Figure 3.7:
Figure 3.8:
Figure 3.9:
Figure 4.1:
Figure 4.2:
Figure 4.3:
Figure 4.4:
Figure 4.5:
Figure 4.6:
Figure 4.7:
Figure 4.8:
Figure 4.9:

List of Figures

The different areas of the ventral stream in the human’s brain...................... 6
The dorsal stream (green) and ventral stream (purple) are shown. ....... 7
Different styles of egyptian license plates..........ccoceeveevierienennienieneenienenn 12
Block diagram of conventional learning and deep learning model.............. 14
Network layers architecture : fully-connected networks..........cccceceeveenenne. 15
Network layers architecture : Convolutional neural networks..................... 15
: Local receptive WINAOW .......ccueeviiiiiieiieeiieiie ettt 16
Hubel & wiesel model of simple and complex cells. ..........cooevvenieeiienennne. 17
Overview of the system with its different stages .........cccoocevvenieniniennne 18
lustration of the region collector............cooeviiriiriiniiiinieeeeeeeee 20
Feature computation in the base model.............ccooceeiiiiiiiniiiiiiee 23
License plate detection of different license plate styles..........cccceveeeeennennne. 28
Sample results of using our approach to locate egyptian license plates....... 29
Steps of license plate detection ............ccceeveeriierieiiienieee e 30
Examples from three categories of graz-02 dataset..........cccceeveevvenieeiennnnne 31
Fully detected car (a) versus partially detected car (b) ........ccccvverveeieennnnnne. 33
Fully detected bike (a) versus partially detected bike (b) ......cceevvveevrennnnne. 34
Fully detected person (a) Versus partially detected person (b).................... 35
Results of applying system on the graz-02 single category detection.......... 36
Sample objects used in multiple object detection experiment .................... 37

vii



Nomenclature

ALPR Automatic License Plate Recognition
ANPR Automatic Number Plate Recognition
AVI Automatic Vehicle Identification
C1 Locale Invariance Layer

CPR Car Plate Reader/ Recognition
DM Dorsomedial Area

DP Dorsal Prelate

FN False Negative

FP False Positive

HOV High-Occupancy Vehicle

IP Inferior Temporal

IT Infratemporal

LBP Local Binary Pattern

LP License Plate

LPD License Plate Detection

LPR License Plate Recognition

OCR Optical Character Recognition
PFC Prefrontal Cortex

ROI Region of Interest

S1 Gabor Filters Layer

S2 Intermediate Layer

TN True Negative

TP True Positive

Vi Primary Visual Cortex

viii



Abstract

This research proposes a biologically inspired deep learning system for
object detection. We applied the proposed algorithm to the detection of Egyptian
car license plates and to the general object detection task from Graz-02 object
detection dataset. The motivation for using biologically inspired approaches was
that, those approaches usually gives good results even if a scarce amount of
training data. When we tried to make a system to detect the Egyptian car license
plates we faced the problem of low number of training images. So, we decided to
go to the biologically inspired approaches. We proposed an end-to-end
biologically inspired license plate (LB) detection system, and it could be used for
general object detection task too. This proposed detection system consists of two
main stages; candidate detection stage and classification stage.

The first stage role is to highlight the candidate regions (regions which are
more likely to be the target object), and it consists of two parts. The first one is a
sliding window which scans all the images and gets parts of it to send it to the
next stage which is a biologically inspired deep learning classifier. The classifier
is trained to classify the object from non-object/background parts of the image
for candidate regions. The classification is performed in two steps using the
same classifier but with more features. The first classifier uses 1500 features
while the second one uses 4096 features. The first classifier is a weak classifier
that takes less time than the second one but applied to all candidate plates. The
second classifier has more features so it takes longer time but applied to a subset
of the candidates. The first classifier groups small plate regions to form a bigger
region that could be a plate candidate that is classified as plate or background
using the second classifier.

There are two main parameters that affect the system. The first parameter is
the window size of the sliding window. We test our system with different
window sizes; 100x50, 200x100 and 300x200. Plate size of 200x100 achieved
the best results. Another parameter is the number of features of the classifiers.
We tried three numbers 1500 features, 4096 features, and 10000 features. Best
performance is achieved using 4096 features. The performance of 4096 features
is slightly higher than the performance of 1500 features despite the huge
difference in computation cost. Using 10000 features did not improve the system
accuracy. Thus we used the 1500 features classifier in the first stage and the
4096 features classifier in the second stage.

The biologically inspired classifier emulates the vision system in the human
brain. It consists of five layers; image layer, Gabor filters layer (S1), locale
invariance layer (Cl), intermediate layer (S2), global invariance layer, and
finally the SVM classifier. Generally, and based on Hubel and Wiesel there are
two basic types of neurons in the human brain simple layers which apply local
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filters, complex layers which increase invariance by pooling units of the same
orientation but differ slightly in scale and size. The classifier transforms the
image to grayscale first. It uses Gabor filter features to extract features from the
input image, and then iterations of pooling and template matching are used to get
the final bag of features. We differentiate one class from other classes through
training a SVM linear classifier by such bag of features captured from the
training images. Using this bag of features and through training a SVM classifier
candidate plates are classified.

We tested our system on the detection of the Egyptian license plates. The
Egyptian plates can be classified into two main plate categories; standard and
non-standard or customs plates. The standard plates are the new plates adopted
in Egypt late 2008. It constitutes the majority of the Egyptian plates. Non-
standard Egyptian license plates have different combination such as straight and
curved lines style, different font types, and different colors, two-line license
plates, two-language license plates (Arabic and English characters), curved-text
license plates. In this work, we considered only non-standard styles; two-line,
two-language, and curved-text license plates. In this task, we reached 95%
detection rate.

In addition to this task, we applied our proposed system to general object
detection from the Graz-02 data set. It has three categories (car, bike, and
people). We applied our system to detect individual object vs background. In this
task, we achieved an average of 83% detection rate. In simultaneous object
detection, we achieved 75% detection rate.



Chapter 1 : Introduction

The license plate detection system is a tool that reads license plates on
vehicles using a system of algorithms. Despite it is being mainly regarded as a
solved problem, most of the proposed techniques have been mainly developed
for a specific country or special formats which can strictly limit their
applicability. However, there have been extensive studies of license plate
detection since the 70s, the suggested approaches have difficulties in processing
high-resolution imagery in real-time. This thesis presents a novel algorithm for
automatic multi-style license plate detection in high-resolution videos. License
plate detection consists of two parts: software and hardware. This thesis focuses
on the software part. The software parts of each license plate recognition system
are composed of three stages, namely, license plate detection (LPD) or
localization, character segmentation and character recognition.

The deployment of an ALPR system for identifying, reading and comparing
to relevant vehicles offers promising efficiencies and effectiveness for law
enforcement and also outside law enforcement applications. The development of
image processing tools and algorithms for recognizing and reading license plates
has been critical for the improvement of ALPR systems. In broad terms, there
are three essential steps in the process of identifying a specific license plate
sequence: 1) Identifying the license plate (as opposed to other parts of the
vehicle or road signs), 2) Identifying and separating license plate characters, and
3) Recognizing each character.

There are three key factors of an ALPR’s ability to accurately read a license
plate; capture-distance, ambient light, and feature extraction. Data were collected
using videos of moving vehicles with various viewing angles and lighting. A
variety of uses of ALPR system data exist outside of law enforcement
applications, license plate identification through automated means can provide
transportation agencies and highway users with valuable information about
travel times along a route. Matched license plate data can also supply necessary
information for transportation planning processes, including origin-destination
studies. Many methods have been proposed for license plate detection, some
give the most accurate results in critical situations like lighting distance effects
etc. Some methods work for fixed images, some for videos and some for
sequence images, etc.

License plate detection systems utilize algorithms in order to identify a
license plate, take a clear image and identify its state. It is used primarily in
traffic monitoring in parking lots and gated security entrances, this allows the
camera to capture a license plate number. License plate detection works when
the camera captures video of a vehicle's license plate and then runs the image
through video analytics algorithm to read its content. Many researches have been



