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Automatic vehicle number plate recognition system

Abstract

In simple terms, Automatic Vehicle Number Plate Recognition System (AVNPRS) can be
described as a computer vision image processing technology. This technology captures
images of vehicles and recognizes their number plates. As the world is becoming more
sophisticated on each new day, security as well as management of transportation system
have become a vital aspect in controlled places. Such places include modern campuses,
shopping malls and other institutions. With today’s rate at which motor vehicles are
increasing in numbers, there is need for an effective, affordable and efficient AVNPRS.
Thus, this project proposes, outlines and discusses an efficient AVNPRS. The system under
consideration in this project can be installed at main entrances of modern institutions.
This is because the AVNPRS ensures that only authorized vehicles can automatically have
access to such institutions.

The AVNPRS ensures that it captures the image of the number plate once the input sensor
detects the vehicle. The Sobel edge detection and Laplacian edge detection techniques are
used at this critical stage. Thereafter, the Bounding box technique is used to find the number
plate leading to character segmentation. After capturing, an image undergoes extraction
and character investigation via the Optical Character Recognition (OCR). In addition, in
achieving character recognition, matching between the computer template and segmented
image is done via the OCR method. It is vital to mention that this system is sustainable as
it successfully detects, recognizes and processes vehicle number plates on real images. The
AVNPRS can be used for both traffic control and security. Therefore, the main aim of this
piece of writing is to develop from a theoretical perspective an AVNPR system that can
detect and capture vehicle number plate images.
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Introduction

Automatic Vehicle Number Plate Recognition System (AVNPRS)
is a world recognized way that utilizes the technology of Optical
Character Recognition (OCR) on images. This technology helps to
read vehicle registration number plates resulting in a creation of a
vehicle location data base. This data base can be used to store images
captures by cameras including the writing on the number plates. In
addition to this, in our day to day lives, some of such systems are
configured to store photographs of motor vehicle drivers. This
AVNPRS technology is now used by several state agencies especially
in the security wings like the police. This system is used for various
reasons which include laws enforcement purposes, motor vehicle
registration and license verification. The system uses infrared lighting
that allows the cameras to take pictures at any time while taking into
account number plate variations of different motor vehicles.!

An AVNPRS has and is still an area of interest in research under
image monitoring and processing systems.> With its sophisticated
high-tech cameras, an AVNPRS has a variety of applications
varying from parking lots to traffic management and border crossing
security.>® Other applications include automated parking attendant,
stolen vehicles identification and many more.*” Despite differences
in appearance of these systems today, most of their basic algorithms
remain similar.® In general, an AVNPRS comprises of three major
components which include vehicle number plate detection, a number
plate character segmentation section and an OCR.>!" There are a
number of processes that take place within these three components.
These include localization of vehicle number plates, orientation
calibration, segmentation of characters and an OCR.'>13

Detection and image capturing

Detection and image capturing are crucial techniques used to
process images before extraction takes its course.”® Detection is a
crucial aspect of an AVNPRS. It is at this point that all processes are
kicked into action. This is one of the most difficulty tasks when it
comes to computer vision and processing of images.!* Prior to the
processing of images, the input image is converted to grayscale and
best suited with adaptive banalization methods such as the Niblack’s
method.

On one hand, during the process of detecting and capturing
images, it is vital to use acquisition techniques where images that are
retrieved have sufficient light from the cameras in order to obtain clear
images of vehicle number plates. On the other hand, environmental
conditions may to a larger extent affect the quality of captured images
due to open-air environment." During detection and image capturing,
it is vital to consider factors like the edge of the motor vehicle
number plate, pixel intensity texture distribution as well as colour of
characters. This helps well in vehicle number plates that may be tilted
or deformed.

Hardware configuration

An AVNPRS generally consists of two segments. These include
the hardware and software configurations. The hardware component
comprises of the single board computer (SBC). In this paper, the
hardware configuration is done on a Raspberry Pi 2 B+ board. The
system is using the camera to capture images just when an infrared
sensor (IR) recognises the presence of a motor vehicle within range.
Furthermore, detection of the presence of a motor vehicle is done by
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Automatic vehicle number plate recognition system

using an IR sensor which in turn switches on the camera. At this stage,
the inputs to the system are the IR and the camera while the output is
the extraction and recognition processes of the motor vehicle number
plate characters as shown in the Figure 1.

n n

lafrared Semser

Figure | lllustration of the AVNPRS.

As part of the inputs, cameras play a vital role in an AVNPRS.
Thus, their installation is a crucial step and it comes with different
environmental challenges. For this reason, unavoidable challenges
like the position of the sun during the day or some night when it is
too dark must be taken into consideration. There are several ways in
which cameras can be positioned in an AVNPRS. This paper suggests
the one illustrated in the Figure 2 as one of the best fit as it gives
minimized environmental challenges. The boost to this would be to
put the infrastructure under a shelter of good standard for an improved
performance. On one hand, just like any other system, the hardware
configuration has a flowchart of processes as shown in Figure 3. The
IR detects the motor vehicle and automatically the camera switches
on and captures an image. The image is then saved and processed for
recognition. On the other hand, Figure 4 illustrates the layout of the
hardware circuit diagram. As per usual practice, green and red lights
are connected to the layout in order to indicate authorization or denied
entry respectively.

Figure 2 Camera positioning in an AVNPRS.

Software configuration

Processes involved under software configuration include motor
vehicle identification and number plate detection. To achieve these
vital processes of the AVNPRS, a simulation is carried out in order
to identify each step of a configuration using MATLAB. There are
processes that take place prior to the actual processing of images.
Image capturing kick starts image processing leading to the edge
detection phase. At this point, grayscale computations from RGB are
done before contrast and intensity adjustments processes take course.
This is done in order to eliminate huge data and saturation of images.
Equation 1 shows how to convert RGB to grayscale where RGB
images comprise of 30% red, 60% green and 11% blue. Furthermore,
intensity and contrast adjustments are done primarily to reduce image
noise. This vital task is achieved via histogram equalization technique.
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Figure 3 Flowchart of processes.

Figure 4 Layout of hardware circuit diagram.
Grayscale = 0.209 * R + 0.5870 %« G + 0.1140 * B (1

The process of detecting the vehicle number plates consists of two
components. The first one is the detection of the rectangular images
in line with the size of the number plates. The second aspect is to
compare the size of the number plate if it matches the image of the
number plates stored in the system. The dimensions and objects in
the image are identified by the drastic change in color and texture of
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an edge of an image. In this work, we use the Sobel edge operator
which is a first order differential operator within the frame work of
edge extraction techniques. The Sobel operator is used to distinguish
object boundaries due to its quicker speed resulting in thick edge
operations which include horizontal, diagonal and straight directions.
The Sobel operator gives and advantage for brightness resulting in
good boundaries and background of images. Figure 5 shows the
convolution masks for the Sobel operator where G, illustrates the
image of G that is rotated by 90°.

Gy

Gx

Figure 5 Sobel operator convolution masks.

From Figure 5, we can combine both G_and G, to obtain the
magnitude of each point by using the relation in Equation 2.

|6l = \|G2+G} 6)

In order to approximate the magnitude, we sum the individual
magnitudes of G, and G, as shown in Equation 3.

161 =[Gx| +[Gy)| 3

The fact that the camera cannot be entirely placed vertically straight
with the position of the number plate for each motor vehicle entails
that there is always an angle of orientation that can be determined
using Equation 4.

0 = arctan (Gx / Gy) 4)

Besides the Sobel operator, this paper also explores the Canny
edge operator which evolves under multi-stage processes. Under
this operator, the image is first made smooth using the Gaussian
convolution. This is followed by highlighting critical regions in the
images and then determine the edge gradient and direction using the
same Sobel operator in Equation 2. Thereafter, in order to completely
remove false responses, the non-maximum suppression is applied and
finally we use hysteresis to track the edges of images and characters.
In addition, in order to address image noise issues as well as edge
detection, the second order derivative of the Laplacian of Gaussian
(LoG) is used. In the process, the two-dimension operator produces
the scalar function as per Equation 5.

o2r f
Af (x.y) = P (5)

In order to determine zero crossing, pixels on the images with
locally maximum gradient are examined. Mathematically, this is done
by using the LoG function with a Gaussian standard deviation as per

Equation 6.
1 (x2+y2) (x2+y2) 202
LoG(x,y) = ——5|1~——"|e (6)
ot 202

Unlike the Sobel operator, the Laplacian edge detector is able to
compute second order derivative mask by using only one mask called
the two-dimensional convolution kernel. After image conversion to
grayscale, a combination technique is introduced through an operation
that combines both edge detection techniques in order to create the
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final detected image. Here the combination are Canny and Laplacian
edge detectors and the Sobel operator and the Laplacian edge detector.

Character segmentation and recognition

Inan AVNPRS, the process of isolating each character on the motor
vehicle number plate is called segmentation. To achieve this, the image
is divided into different sub-parts using a technique called Bounding
box illustrated in Figure 6. The Bounding box technique comprises
of the process of labelling enclosed regions with rectangular boxes
which is followed by the determination of the corner coordinates, the
height as well as the width. After each character has been identified,
they are cropped and sent further to undergo segmentation. From
segmentation, character recognition follows. The main goal at this
stage is to convert image texts into characters. This is achieved by
using the OCR algorithm by inverting the cropped image as illustrated
in Figure 7. At this stage, the OCR is used to compare each character
to the alphanumerical data base and the results are stored in a string
format using correlation method.

VKY 1

Figure 6 Bounding box technique.

VKY 1

Figure 7 OCR using eigenvectors.

System flowchart

The flowchart for the entire AVNPRS is illustrated in Figure
8. Once the vehicle is in the vicinity, it is detected and the camera
switches on automatically to capture the image. The pre-processing
stage is carried out once the image is captured followed by the
detection of the motor vehicle number plate. After detection, character
segmentation takes place followed by the recognition of characters. At
this stage, the motor vehicle number plate is stored and compared with
the template in the database to trigger entry authorization or denied
access.

Character
Recogaition

Figure 8 Flowchart for the entire system.
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Conclusion

Onone hand, an AVNPRS plays a vital role in security as a deterrent.
The fact that criminals are aware that they are being recorded stops the
behaviour in advance. This system is also very useful for the police as
they can go through databases and check suspicious motor vehicles.
On the other hand, it being an automated system plays a vital role in
parking solutions in very congested areas. Finally, there are a number
of real-time benefits that this system provides us with. For example,
would be violators of traffic laws are cornered and charged within two
days or so due to its fast nature of the cameras information processing.
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