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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.
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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 (C1), 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 



	

	

	

x	

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.  

 
 
 
 
 
 
 
 

 



	

	

	

1	

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 


