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Abstract - For a city to be termed as a Smart City, it must
have many factors which makes it productive. The factors
might include a smarter parking system, measures to
control the traffic, to monitor the congestion, to manage the
safety and have surveillance for the drivers. Nowadays we
have seen an enormous increase in the population of the
vehicles in the city, because of which it has become difficult
for people to monitor it. Now we definitely needs a solution
to this. Hence here is where Automatic Number Plate
Recognition using SVM comes into the picture which helps in
vital working of the Smart Cities and this system can very
well be used to monitor traffic, tracking stolen cars,
enforcing red light violations, managing parking toll, border
and custom checkpoints. As we know there is a demanding
problem because of the diversity of plate formats in different
countries, different scales, irregular illuminations and
rotations during image capture, our objective is to provide a
novel algorithm for recognition of license plates in complex
scenarios. We have achieved this using various
mathematical morphology and Support Vector Machine.
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1. INTRODUCTION

Number Plate Recognition (NPR) has turned out to be
an essential tool in our day to day life since there has been
a rapid growth of vehicles, which is definitely not a cup of
tea to be managed by humans single handedly. There has
arised a need in the cities for a smarter way, hence NPR
has become something which is preferred and desperately
needed. Mumbai Traffic Police’s implementation of NPR as
Road Traffic Control is the best example of it's application.
Yet, it’s a very challenging problem, due to the diversity of
plate formats, different scales, rotations and non-uniform
illumination conditions during image acquisition.

With the aim of developing a novel algorithm to combat
these issues for license plate recognition in complex
scenes, particularly for the all-day traffic surveillance
environment. This is achieved using mathematical
morphology and SVM. A pre-processing step is applied to
improve the performance of license plate localization in
case of severe imaging conditions. The first and second
stages utilize edge detection and mathematical
morphology followed by connected component analysis.

SVM is employed in the last stage to construct a classifier
to categorize the input numbers of the license plate.

In metropolitan cities, all we can see are vehicles more
than the human population. Vehicles play an essential part
in transportation. In India, the number of vehicles had a
sudden increase in the last decade because of many factors
like more affordable, availability of easy-n-quick loan
services, etc. Along with that, congestion, traffic rules
violation and parking related issues are still a conundrum.
In order to combat this problem, a specialized image
processing technology can be used to identify vehicles by
using the number plate as the only parameter.

Since we all know that the number plates are a unique
identification provided by Government authorities, this
data could be sufficient to obtain all the details related to
the car and the owner of the car. This technology is
Number Plate Recognition (NPR), which can be the
ultimate solution to these problems by providing traffic
and security control, parking control, speed control,
parking entrance admissions etc.

Basically making the drivers maintain decorum and the
authorities to identify any violations of traffic laws in the
city.

Extraction of pattern, image processing and artificial
intelligence are the three fundamental elements used in
NPR system. Number Plate Recognition is a computer
vision and is amongst the most important aspects of smart
transportation systems in our society. Number Plate
Recognition processes as follows:

- Image Preprocessing
- Pattern Extraction
- Character Recognition

NPR detects the number plate and captures the pattern via
a camera and stores this image as well as details in text
form in its configurable memory. As number plates details
vary and are allotted according to regions, state wise to be
more specific. Thus NPR technology aims to locates
number plate and other segment characters only by using
the image captured by the camera implemented for this
purpose.
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Different factors like angle and distance light variations
and illumination, scales, resolution etc are to be
considered.

1.1 Project Objective

1. To successfully acquire car image.

2. To extract number plate from the image acquired

3. To successfully recognise the characters recognised by
matching with the pre requisite information.

1.2 Workflow

A typical NPR system extracts a number plate from a
captured image working of NPR comprises of three stages.
Firstly, an image is acquired from the camera so
parameters related camera for example the type,
orientation resolution, illumination etc are considered. In
the next stage the exact license plate is extracted from the
image captured by the camera based on some specific
details like the colour of number plate or the characters
allotted etc. In the final stage, the licence plate details are
matched using template matching or by using ANN, SVMs
and similar classifiers.

User

Character

Recognition MNumber Plate Result

Train the Dataset

Train S¥M

Fig -1: Flowchart of a typical NPR
1.3 Applications of the system

NPR system recognises characters optically and read
vehicle number plate after successful detection. Closed-
circuit television (CCTV) or road-law enforcement
cameras, or specially designed cameras specifically for
NPR can be used. For law enforcement purposes, NPR is
used by police and government authorities to check
whether licensed vehicles are used or to determining
details of any driver who fails to follow road rules. It can
be very essential for toll collections and as a method to
catalogue the traffic movements by highways agency.

NPR can be used to store the images and the text details
extracted from the license plate in a memory that is
configured to store a photograph of the driver as well. This
System commonly uses IR lighting, as illumination and
night-day period doesn't affect the quality of images
acquired.

Only concern are the misidentification, failure to detect
number plate because of different modifications and font
patterns used by the driver on his number plate, privacy
policy as confidential information are tracked by
government, high error rates etc.

2. SUPPORT VECTOR MACHINE

In the literature review many Number Plate Recognition
methods were studied. Where the number plate
recognition is the hotspot area of research now a days due
to rapid development of transportation systems and the
literature review that we studied various existing
techniques take place for number plate recognition,
amongst them Support Vector Machine (SVM) suits our
requirements. [1]

2.1 SVM Description

The fundamental issue in number recognition is shape
analysis. Many methods on shape analysis have been seen
in the past ten years such as methods using Morphological
Functions, methods based on gradient propagation and
methods by comparing weighted shape graphs. Many
other techniques such as Fourier description, template
matching, invariant moments and neural network are also
used for shape analysis. This technique uses a Support
Vector Machine (SVM) to train character samples and
obtain the rules that are used to recognize the numbers on
number plates. SVM is forcefully competing with many
methods for pattern classification. An SVM is a supervised
learning technique first discussed by Vapnik.

SVM takes Statistical Learning Theory (SLT) as its
theoretical foundation, and the structural risk
minimization as its optimal object to realize the best
generalization. They are based on some simple ideas and
provide a clear intuition of what learning from examples is
all about. More importantly, they possess the feature of
high performance in practical applications. From 1960s to
present, SVMs become more and more important in the
field of pattern recognition.

2.1 Principles of SVM

A Support Vector Machine (SVM) is a pattern recognizer
that classifies data without making any assumptions about
the underlying process by which the observations were
granted. The SVMs use hyperplanes to separate the
different classes. Many hyperplanes are fitted to separate
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the classes, but there is only one optimal separating
hyperplane.

The optimal one is expected to generalize well in
comparison to the others. The optimal hyperplane is
determined only by support vectors which are ideally
distributed in class boundaries. The hyperplane is
constructed so as to maximize a measure of the “margin”
between classes. An SVM corresponds to a linear method
in a very high dimensional feature space. The feature
space is nonlinearly related to the input space.
Classification is achieved by realizing a linear or nonlinear
separation surface in this space.

2.2 Multi-class Model of SVMs

Among many classification methods, SVM has
demonstrated superior performance. It has been
successfully utilized in handwritten numeral recognition.
SVM was originally designed for binary classification but
its extension to solve multi-class problems is not
straightforward. The popular methods for applying SVM to
multi-class problems decompose a multi-class problem
into many binary-class problems and incorporate many
binary-class SVMs.

Two main approaches have been suggested for applying
SVMs for multi-class classification. In each approach, the
underlying basis has been to reduce the multi-class
problem to a set of binary problems, and to enable the use
of basic SVM. The first approach, called “one against all”,
uses a set of binary classifiers, each trained to separate
one class from the rest. The second approach is called “one
against one”. In this approach, a series of classifiers are
applied to each pair of classes, and only the label of the
most commonly computed class is kept for each case.

3 SYSTEM ARCHITECTURE
The proposed NPR has four parts:

(i) Pre-processing.

(ii) License Plate Extraction from image.

(iii) Feature Extraction

(iv) Recognition of those characters by SVM Classification.

3.1 Proposed Algorithm NPR system using SVM

We summarize the SVM based algorithm for number
recognition in this paper as follows. In order to recognize a
number plate, we go through the following steps.

Step.1: Pre-process the image of number plate.

Step.2: Find contours on the image.

Step.3: Extract the digits from the contours found.

Step.4: Extract the feature vector of each candidate

Step.5: Recognizes the single character (a digit or a letter)
by the SVM trained in advance.

Step.6: If there are no more unclassified samples, then
STOP; otherwise, go to Step 5.

Step.7: Add these test samples into their corresponding
database for further training.

Step.8: Recognize number plate by bringing all characters
used together.

When a number plate region is extracted, the individual
characters’ contours are found. The number plate contour
is found and the images containing individual characters
(digits and letters) forming the number plate are obtained.
Each image of a character is normalized into size of 40x40.
Then the support vectors are calculated directly from the
normalized sub-images. The high dimensional feature
vectors are stored into a database. The above feature
vectors are used to train SVM. High dimensional feature
vectors are input into SVM which have been trained
successfully. Then, which character a given candidate
should be can be obtained in according to the outputs of
SVMs. When all digits and letters on a number plate are
recognized (or classified), the recognition of the number
plate is complete.

3.2 Solution to Above Problem

The Image of a license plate is first processed to find the
license plate region. After the license plate region has been
recognized the characters are extracted from the plate.
The characters that have been extracted are then
processed to find the feature vectors in them. The feature
vectors extracted are then given to the classifier as input
An order to check against the database what the particular
character is and thus we get the Number Plate as output.

4. PROJECT DESCRIPTION

4.1 Overview of the project

Support Vector Machines are classification methods that
are based on the concept of decision planes that can define
the decision boundaries. Support Vector Machines (SVMs)
are a set of supervised learning methods used for
classification and regression. In short, each selected
belongs to either of the two categories, an SVM training
algorithm builds a model in such a manner that it shall
predicts if a new set of illustrations belong to one category
or the other. In other words, it is model is an illustration of
the set of points in dimensional area, mapped so that the
set of the separate categories are divided by a clear gap
that is as far as possible from each other. New sets are
then mapped into that same dimensional area and
predicted to belong to a category based on the criteria and
then will set to which part of the gap they belong to. Here
we are using the concept of SVM in NPR systems. Then a
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number plate recognition algorithm is proposed for
character recognition. [3]

This algorithm employs an SVM to recognize numbers.
Each character is recognized by an SVM, which is trained
by some known samples in advance. The algorithm starts
from a collection of samples of numbers from number
plates. In order to recognize a number plate correctly, all
numbers are tested one by one using the trained model.
The results are achieved by finding the max value between
the outputs.

4.2 Module Description
Modules are listed as follows:-
4.2.1 Pre-processing

The license plate normally has a rectangular shape with
a known aspect ratio, it can be extracted by finding all
possible rectangles in the image. There are a number of
different methods to extract the number plate from the
image:

- Gray Scale Conversion
The image is converted to a grayscale image.

- Convert to Binary
The gray scale image is then converted to binary using
adaptive Gaussian thresholding.

4.2.2 Converting to binary
- Morphological Processing

The binary image is further processed using structural
operations like erosion and dilation. Structural techniques
examine an image with a small shape called a structuring
element.

The structuring element is arranged at all possible
locations in the image and it is compared with the
corresponding neighborhood of pixels.

4.2.3 Dilation using 3x3 element

In the structuring element, each with a value of zero or
one. The matrix dimensions specify the size of the element.
The pattern of ones and zeros specifies the shape of the
element. An origin of the structuring element is usually
one of its pixels, although generally, the origin can be
outside the structuring element.

4.2.4 After applying morphological operations
Contours are often obtained from edges, but they are

aimed at being object contours. Thus, they need to be
closed curves.

Contour tracing is a preprocessing technique performed
on digital images in order to get the info about their
general shapes. Once the contour of a given pattern is
received, it’s different attributes will be studied and used
as features which will later on be used in pattern
classification. Hence, correct extraction of the contour will
produce better and perfect features which will increase
the probability of correctly classifying a given pattern.

We get all of the contours and arrange them in a double
leveled hierarchy. At the top-most level, there are external
boundaries of the components. At the second level, there
are boundaries of the holes. If there is another contour
inside a hole of a connected component, it is still put at the
top level.

4.2.5 License Plate Extraction
Tracing all possible Contours:-

We have defined a filter to just contours which might be
the size of the number plate. After that again contours are
found which are of the size of the individual characters
using a filter defined.

4.2.6 Feature Extraction

Feature extraction is a technique that extracts some
features from the character. After applying Specific Filters.
It reduces the processing time for template matching
because not all pixels are involved. The extracted features
form a feature vector which is compared with the pre-
stored feature vectors to measure the similarity.[2]

The individual images of the characters are taken and
resized to find the feature vectors.

We find 32 feature vectors from the image and store it.
This is repeated for all characters and stored. The feature
vectors are stored as a matrix. [3]

4.2.7. Classification

Classification is the problem of identifying to which of a
set of categories (sub- populations) a new observation
belongs, on the basis of a training set of data containing
observations (or instances). Classification is an example of
pattern recognition. An algorithm that implements
classification, especially in a concrete implementation,
This is known as a classifier.

Support Vector Machine (SVM) is a supervised machine
learning algorithm which can be used for both
classification and regression challenges. However, it is
mostly used in classification problems. In this algorithm,
we plot each data item as a point in n-dimensional space
(where n is number of features you have) with the value of
each feature being the value of a particular coordinate.
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Then, we perform classification by finding the hyperplane
that differentiate the two classes very well.

4.2.8 Hyperplane separating feature vectors

Support Vectors are simply the coordinates of individual
observation. Support Vector Machine is a frontier which
best segregates the two classes (hyperplane/ line).

An SVM model is a representation of the examples as
points in space, mapped so that the examples of the
separate categories are divided by a clear gap that is as
wide as possible. New examples are then mapped into that
same space and predicted to belong to a category based on
which side of the gap they fall on.

Finding the right hyperplane is very important in order get
the best accuracy.

We choose the hyperplane so that the distance from it to
the nearest data point on each side is maximized.

In addition to performing linear classification, SVMs can
efficiently perform a non- linear classification using what
is called the kernel trick, implicitly mapping their inputs
into high-dimensional feature spaces. [4]

6. IMPLEMENTATION

6.1 Database and Dataset

The database is made of license plates from various
countries taken from various angles and distances.

The lighting and brightness also varies from image to
image and also the images are of varying resolutions.

i. Database

The dataset contains all the images of the characters
extracted from the license plates. The images are
segregated into different folders. Each folder contains one
specific character only. Figure 3 shows the image of
character stored in the folder.

ii. Training Dataset

This shows characters after their extraction from the
image of the vehicle.

SRANIDLNRL AT I
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Fig -2: An image of the car from the database
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Fig -3: Collection of the trained dataset of alphabet M

These images are stored in the Debug folder from where
they are moved to the dataset folder according to the
character extracted.

5.2 Training SVM

After the dataset is ready the SVM needs to be trained.
Inside the GUI "Machine Learning" is clicked and the
dataset folder.

Fig -4: Trained dataset of all the individual alphabets and
numbers
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The SVM storage location is selected and it is stored. The
SVM gets trained and finally a "Training completed” dialog
box pops up.

Fig -5: SVM Training

The GUI is designed to do all the functions needed for
Number Plate Recognition.
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Fig -6: GUI
5.3 GUI of the System

e The image is loaded onto the GUI as shown in figure 5.10.
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Fig -7: An image loaded in the GUI

5.4 Loading the image on the GUI

The Number Plate Recognition is done by clicking the
"Processing” button. The output is in text format and can
be copied somewhere else.

Fig -6: Individual character obtained from the number
plate of the car in the image

6. CONCLUSION AND FUTURE SCOPE

Number Plate Recognition is a developing area of
research and development in the field of Transportation
Systems. Different researchers have provided different
methods and techniques for this system. However, every
technique has its own advantages and disadvantages.

The presented is a detailed explanation of the proposed
Number Plate Recognition system by categorizing it
according to the features used in each stage. We used
image processing and morphological operations for
extracting the License Plate from the image and get the
characters from the image. The feature vectors extracted
will be used to train the SVM Classifiers and make the
database. This method has suggested a new approach for
high accurate and real time recognition of poor quality
number plates. Furthermore, it can be used for toll charge
supervision of highway and in other applications. The
accuracy is high for images taken from the rear side of the
vehicle.

Today in the fields of management of traffic light, video
recording and analysis for security and more are
embracing Number Plate Recognition solutions. NPR can
be seen implemented on police patrol cars, which is
currently an example of NPR's impressive and demanding
applications. Access to NPR's is an integral part of traffic
safety cameras having the capability to detect vehicles and
fine vehicles jumping red lights, crossing speed limits or
entering in some restricted location or parking areas.
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This is a budget-friendly technology hence the
implementation of NPR would help any city for law
enforcement without the need for large human power.
Hence there is a subsequent demand in developing and
implementing such technologies in both large and small
cities.
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