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ABSTRACT

In this paper the text found on the vehicle plates is detected from the input image and this requires the
localization of number plate area in order to identify the characters present on it. In this work, simple color
conversion edge detection and connector measurement technique with the application of median filter as
one of the operators is attempted. This paper presents an approach using simple but efficient
morphological operations, filtering and finding connected components for localization of Indian number
plates. The algorithm has been tested on 100 samples and is found to extract both alphabets and numbers
from vehicle license plates images with an accuracy of 93% for both two and four wheeler license plates of
Chennai region.
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1. INTRODUCTION

Every country uses their own way of designing and allocating number plates to their country
vehicles. This license number plate is then used by various government offices for their respective
regular administrative task like- traffic police tracking the people who are violating the traffic
rules, to identify the theft cars, in toll collection and parking allocation management etc. In India
all motorized vehicle are assigned unique numbers. These numbers are assigned to the vehicles by
district-level Regional Transport Office (RTO). In India the license plates must be kept in both
front and back of the vehicle. These plates in general are easily readable by human due to their
high level of intelligence on the contrary; it becomes an extremely difficult task for the computers
to do the same. Many attributes like illumination, blur, background color, foreground color etc.
will pose a problem. Also, the License Plate Recognition (LPR) in India is difficult because the
traffic rules are hardly obeyed and the number plate standards are not strictly practiced. Each one
is adopting a different style leading to obtaining variation in parameters like, size of number plate
and characters, location of number plate, type of font used, background (white background with
black letters for non commercial vehicles and white background with yellow letters for
commercial vehicles), different unwanted pictures etc. which makes the task of number plate
localization very difficult. The main aim of this article is to implement an efficient method to
recognize license plates and extract text from them under Indian conditions.
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This work is carried over for on car number plates as well as on two wheeler number plates. But
this can be applied to any type of motor vehicle. A typical example of an Indian license plate (for
car) is shown in the figure 1 with the significance of each character (1. State Code, 2. District
Code, 3.Type of Vehicle (car, two wheeler, commercial etc.) 4. Actual Registration Number ) [1].
In this we can observe that the license plate is represented with various font size for the state
code, district code, type of vehicle and registration number. A sample two wheeler license plate is
given in figure 2. Even many two wheeler license plates are arranged in row wise like in figure 1.
Thus in India there is no defined alienation followed for writing the license number plates.
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Figure 1 Format of Indian Car License plate
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Figure 2 A Two wheeler Valid License Plate format

2. RELATED WORK

In literature we can find many methods for number plate detection and recognition system. The
major drawback is that how long it will take to compute and recognize the particular license
plates. This is critical and most needed when it is applied to real time applications. However,
there is always a trade-off between computational time and performance rate. In order to achieve
an accurate result and increase the performance of the system more computational time is
required. For number plate detection or localization, techniques based on edge statistic and
mathematical morphology gives a very good result as reported in Bai and Liu [2] work that uses
vertical edge information to calculate the edge density of the image followed by morphology
methods such as dilation to extract the region of interest. This technique works well due to the
fact that number plates always have high density of vertical edges. But in this method as
unwanted edges in the background are also detected which leads to confusion, it is difficult to
apply this method for number plates with complex background.

Color based techniques are proposed by Paolo et. al. [3] and Dai et. al. [4]. The draw
back with their method is that it performs well when the lighting condition is constant but when
there is various illumination condition its performance reduces. But in real-time application
normally the images can be obtained with various lighting illumination. Furthermore, the
proposed technique is country specific because each country will have different color code for
vehicle number plate. In the work of Oz and Ercal [5], Connected Component Analysis (CCA)
method is used to detect the number plate region. CCA is useful for simplifying the detection task
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since it labels binary image into several components based on their connectivity. Based on the
problem one can decide on the selection of finding the connected components using 4-adjacency
or 8-adjacency of pixels connectivity. Spatial measurement is a measure of spatial characteristics
of a connected component such as area, orientation, aspect ratio etc. and filtering is done to
eliminate unrelated or unwanted components. When Connected Component Analysis is combined
with spatial measurement and filtering produces better result in number plate detection.

A simple horizontal scanning of the image looking for the most repeating brightness changes is
the method applied by Kong er. al. [6]. A number plate always has significant number of
brightness changes due to the transition from the character to background and vice versa. Several
image transformation techniques have been used in number plate detection. Among the
techniques, Hough transform implemented by Duan etz. al. [7] yields a satisfactory result. But
their method has high computational power and so it is not suitable for real time applications.
Vladimir Shaprio et al, [8] in their approach deals with stages of preprocessing which involves
vertical edge detection and rank filtering. With this preprocessing they obtained a vertical
projection of the number plates and detected the horizontal strip loosely locked on the plate and
clipped them from the image. The skewed portion are detected and are deskewed. The characters
are then segmented and recognized.

Gabor filter is implemented by Kahraman et. al. [9]. As Gabor filter posses the optimal
localization properties in both spatial and frequency domain they are well suited for analyzing
texture segmentation problem. But it is computationally a time consuming method. Wavelets
transform which is implemented by Hsieh et. al. [10] locate multiple plates with different
orientations in one image. Their method excel with differently illuminated and oriented license
plates with an accuracy of 92.4% . Apart from the above mentioned methods Artificial Neural
Network (ANN) , Genetic Algorithm (GA), Principal Component Analysis, Fuzzy systems,
Hidden Morkov models etc can also be employed. ANN is experimented by Parisi et. al. [11] and
Chang et. al.[12]. Cui and Huang [13], applied GA to locate the number plate from video
sequence. AdaBoost algorithm which select a small number of weak classifiers from a very large
set of weak classifiers and construct a strong classifier to classify number plate region in the input
image under various illumination conditions was designed by Dlagnekov [14] and has obtained
93.5% of detection rate. Additionally, Haar-like features were used in AdaBoost training in Sun
et. al. [15]. And they proved that the performance of Gentle Adaboost is better in detection and
false positive rate than the discrete AdaBoost and real AdaBoost. (Choo Kar Soon et al, [16])
presents a number plate detector based on combination of AdaBoost and connected component
analysis (CCA) algorithms. They used KNN classifier to recognize the characters extracted from
the above said method. (Kaushik Deb et al, [17]) adopted a method which segment the images,
then applied recursive connected component labeling and filtering for candidate region detection.
They used HIS color model for color verification of candidate region and decompose the
candidate region using histogram to detect vehicle license plate region.

Anish Lazrus et al [18] presented a robust method of license plate location using segmentation
and reorganization of the characters present in the located plate. Wiener2 filter was used to
remove noise and Sobel filter for finding and smoothing edges and then the connected
components were found. Sandeep Singh et al [19] used several heuristics methods that
successfully allow the detection and extraction of alphanumeric regions from correctly identified
license plate followed by recognition of characters using Optical Character Recognition (OCR).
Pablo Negri et al [20] addressed the license plate detection and recognition (LPR) task on still
images of trucks. They hybridized different segmentation algorithms to improve the license plate
detection. P.Anishiya et al [21] proposed an algorithm based on a combination of morphological
operation, segmentation and Canny edge detector. F.Martin et al [22] adopted an algorithm in
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which plate location is based on mathematical morphology and character recognition is
implemented using Hausdorff distance.

3. RELATED DEFINITIONS

A detection algorithm that employs mathematical morphology, structuring element, median
filtering, edge detection and connected components to detect the license plate is detailed below.

3.1 Mathematical Morphology

Mathematical Morphology is set-theoretic method for analyzing the image and extracting image
components that are useful in the shape representation and extraction of geometrical structure.
They are used to detect boundaries of objects, their skeletons, and their convex hulls. These are
the basic operations that has to be carried over for any image pre- and post-processing techniques,
that include edge thinning, thickening, region filling ,pruning etc.,. The following operations form
the basis of mathematical morphology.

Suppose F(x,y) is a grayscale image and B(x,y) is the structuring element, The morphological
operations which can be applied on this image is given by

Dilation :

Dilation will cause objects to grow in size as it will exchange every pixel value with the
maximum value within a 3x3 window size around the pixel. i.e it adds pixels to the boundaries of
objects in an image. The process may be repeated to create larger effects. The size and shape of
the structuring element decides the number of elements to be added to the image under
processing. It can be represented mathematically as:

(F® B)(x,y) = maxF(x — s,y — t) + B(s,t) (1)

Erosion :

Erosion works the same way except that it will cause objects to decrease because each pixel value
is exchanged with the minimum value within a 3x3 window size around the pixel. i.e it removes
pixels from the boundaries of objects in an image. The size and shape of the structuring element
decides the number of elements to be removed from the image under processing.. It can be
represented mathematically as:

(F&B)(x,y) = minF(x+ s,y +t) — B(s, t) )

Opening :

Opening is an important morphological operator. It is defined as erosion, followed by dilation.
Erosion tries to eliminate some of the foreground (bright) pixels from the edges of regions of
foreground pixels. The disadvantage is that it will remove all regions of foreground pixels
indiscriminately. Opening gets around this by performing both erosion and dilation on the image.

FoB=(F&©B)®B 3)
Closing :

Closing is similar in some ways to dilation in that it tends to enlarge the boundaries of foreground
(bright) regions in an image (and shrink background color holes in such regions), but is less
destructive of the original boundary shape. Closing is defined as dilation, followed by erosion.
The effect of the operator is to preserve background regions that have a similar shape to this
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structuring element, or that can completely contain the structuring element, while eliminating all
other regions of background pixels.

F-B=(F®B)SB “4)
3.2 Structuring Elements

In order to carry over the dilation and erosion operations on images the structuring element are
used. A structuring element is a matrix with m X n size. The values in this matrix are of binary
value i.e either a 1 or 0. The pixels with values of 1 next to each other are called the
neighborhood pixels.

In a morphological operation, the origin of the structuring element is compared with every pixel
along with its neighbors in the input image and translated to each pixel position in the
corresponding output image. The outcome of this comparison depends upon the type of
morphological operator and size of structural element used.

Sample structuring elements are given in figure 3.

1 1 1 11 0 01 0 0 0O 0 1 0 0O
1 1 1 11 01 1 10 0O 01 0 0O
11 @ 11 11 11 1 1 011
1 1 1 11 01 110 o 01 0 0
1 1 1 11 0 01 0 0 0O 0 1 0 0
square 5 x 5 element Diamond-shaped 5 x 5 Cross-shaped 5x5 element
element

2x5 structuring element

Figure 3. Examples of simple structuring elements

The red color in each matrix represents the origin. This paper uses a (2,4) structuring element.

3.3 Median Filter

The median filter is a non-linear filtering technique used to remove noise from image under
consideration. While it helps in removing the impulse noise it preserves the edges. As the
impulse noise spikes are much brighter than their neighboring pixels, they are generally placed in
the extreme top or bottom end of the brightness ranking while analyzing the neighborhood of
input pixels. As a consequence, these extremes values with noise which lie far away from the
median value are removed by the filter which leads to dramatic reduction of noises from the
image. Repeated application of median filter make the image with uniform regions that are very
effective when classified for segmentation. Because of its nonlinearity it is unsuitable for
common optimization techniques. A list of pixel is generated in the filter kernel and by sorting
them gives median which is situated in the middle of the list is found. In the general case, this
algorithm’s per pixel complexity is O(r2 log r), where r is the kernel radius. As a matter of fact,
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median filter is a statistical non-linear filter that is often described in the spatial domain. A
median filter also smoothens the image by utilizing the median of neighborhood. In this
experiment, a 2x4 median filter is used mainly because, this filter is more effective than
convolution when the goal is to simultaneously reduce noise and preserve edges. It behaves like
low-pass filtering in smoothening and reducing the noise in the image while preserving
discontinuities and smooths the pixels whose values differ significantly from their surroundings
without affecting the other pixels which is lacking in low-pass filters.

3.4 Edge Detection Method

We may use edges to measure the size of the objects in an image to isolate particular objects from
their background, and to recognize or classify objects. There are many algorithms like Sobel,
Roberts, Canny, Laplacian, Hoor classify etc. In this paper, we have adopted Laplacian Of
Gaussian (LOG) edge detection method.

4 METHODOLOGY ADOPTED

Generally the text in number plates are written with contrast background and foreground like
black letters on white background and black letters on yellow background and based on this
property of text a localization technique has been proposed in this paper. The work is divided into
three major parts namely preprocessing, text localization and extraction and text/non-text
classification.

4.1 Preprocessing

In the preprocessing step, the colored input image is converted to gray scale image. The image is
then binarized. A binarized image is a must for doing all morphological operations like opening,
closing, thinning, skeletonization , region filling etc. To this binarized image median filtering is
applied to remove any noise if presents. LOG edge detection algorithm is applied on the resultant
image to extract the edges. LOG edge detector detects the edge points through searching for spots
which two-order differential coefficient is zero so that it finds the correct places of edges and tests
a wider area around the pixel.

4.2 Text localization and Extraction

In this phase, the morphological dilation operation is performed on the edge image obtained from
the previous step. Since texts are normally aligned in the horizontal direction a 2x4 rectangular
structuring element is used. All Connected Components are then extracted.

4.3 Text/non-text classification

The extracted components from the above step contains both text and non-text components. They
are separated and eliminated by a two way process. First, the initial bounding boxes are drawn for
all objects (figure 4). The required texts in the connected components are extracted and placed in
a jpeg file.

Figure 4. Connected Components
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The flowchart explaining the algorithm is given in figure 5.
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Figure 5: The proposed algorithm for extraction of number plates

The figure 6(a,b,c,d) shows the various stages of the above mentioned steps with a sample of 2
cars and 2 two wheeler. The figure clearly shows how the unwanted regions are eliminated by the

algorithm and only the license plate region gets extracted.
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5. EXPERIMENTAL RESULTS AND COMPARATIVE RESULTS

The tests were conducted on 100 images taken with the help of Sony Cybershot DSC-
W530/W550 14.1 mega pixels digital camera and MATLAB 7 software was used for the
experiment. About 95% of the number plates were localized correctly and 5% images resulted in
the localization of number plates along with unwanted non candidate regions, because of the
damage in the number plates. Except for the unwanted regions, the algorithm works robust under
different illumination and brightness. An example for recognizing unwanted non-candidate region
is given in figure 7.

Table 1 shows the recognition accuracy rates on real scene samples implemented using different
algorithms.

Table 1: Recognition Accuracy Rate on Real Scene Sample

S.No | Research papers Real | Images Results
Time | correctly | accuracy
Data | detected
1. Bai Hongliang , Liu Changping | 9825 | 9786 99.6%
(2]
2 Vladimir Shapiro et al [8] 150 135 90%
3 Kaushik Deb et al [17] 40 33 82.5%
4 Anish Lazrus et al [18] 50 46 98%
5 Sandeep Singh et al[19] 250 | 220 88%
6 Pablo Negri et al [20] 623 589 94.6%
7 P.Anishiya et al [21] 288 276 96%
8 F. Martin et al [22] 105 84 80.39%
9 Proposed Algorithm 100 |93 93%
6. CONCLUSION

This article proposes a text localization and extraction technique from vehicle number plates. The
suggested method is tested with various types of vehicles like two wheeler, four wheelers etc. and
with different background. The number plates with yellow background and black foreground as
well as number plates with white background and foreground with black images were extracted
with almost 100% accuracy. The algorithm identifies the connected components of most of the
number plates except for the damaged ones. In figure 7, one can note that the maximum unwanted
objects are removed but the unwanted candidate region like border of the number plate is also
extracted. This leads to the false positive detection. In this work, main emphasis is in eliminating
false positives The future work will involve in recognizing the individual characters from the
above extracted text.
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Edge detection Connected components Final extracted output

Figure 6a: The stages of the algorithm- applied on a car (Example 1)

Edge detection ' Connected components Final extracted output

Figure 6b: The stages of the algorithm -applied on a car (Example 2)
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Figure 6¢: The stages of the algorithm — applied on a two wheeler(Example 3)

Binary image Removal of Noise

Edge detection Connected components Final extracted output

Figure 6d: The stages of the algorithm - applied on a two wheeler (Example 4)
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Figure 7: Recognition of unwanted non-candidate regions
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