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Abstract

In this paper, genetic algorithm is proposed that performs
plate detection by randomly scanning an input image using a
fixed detection window repeatedly, until a region with the
highest evaluation score is obtained. The performance of the
genetic algorithm is evaluated based on the area coverage of
pixels in an input image. It was found that the GA can cover
up to 90% of the input image in just less than an average of
50 iterations using 30x130 detection window size, with 20
population members per iteration. Furthermore, the
algorithm was tested on a database that contains 1537 car
images. Out of these images, more than 98% of the plates
were successfully detected.

1. Introduction

Plate detection is automatic and efficient localisation of a
license plate region in a given image. It is the first step in
performing automatic license plate recognition systems.
Researches in plate detection can be categorised into two main
approaches; the region-based approaches and the pixel-to-pixel
approach. In the region based approach, the input image is
divided into regions based on some specified properties of the
plate. All the regions are then evaluated and a region is selected
from the generated regions as a candidate plate region. In a
typical region based approach, morphological operations are the
commonly used methods. Mathematical morphology coupled
with edge statistics methods have proven to be effective in
performing plate detection [1] [2] [3] [4]. In the pixel-to-pixel
approach, every pixel in a given image is evaluated by selecting
its neighbouring pixels to form a rectangular region with the
pixel being the upper most left pixel in the rectangle. The pixel
to pixel operation involves scanning the whole input image
using a detection window. Learning based methods for plate
detection perfectly fit into this category [5-8]. In the learning
based approach, plate detection process is performed by
scanning the input image from pixel to pixel, by placing a
detection window at every pixel. The region within the detection
window is evaluated using a trained classifier and the region
with the best classification score is chosen as the candidate plate
region. In this approach, the whole image space is scanned
sequentially to cover all possible candidate regions. Louka
Dlagnekov (2004) finds the vertical and horizontal derivatives
of the plate image as features and uses a classifier trained with
Adaboost to classify parts of an image at a given pixel within a
detection window as either license plate or non-license plate [5].
Ho, W. T. et al. (2009) proposed a two stage learning based
license plate detection method by using Adaboost classifier in
the first stage, followed by SVM classifier with SIFT features in
the second stage [6]. Assis da Silva, et al. (2013) proposed SIFT

features with template matching for detecting the plate region in
a particular image [7]. Ashtari, A. H. et. al. (2014) proposed
template matching, based on colour features of an Iranian
license plate to detect the plate in the image [8]. Wang, R. el. al.
(2014) utilises a classifier trained by Gentle AdaBoost based on
the HOG features to detect a plate region [9]. Anagnostopoulos
et al. (2006) proposed a pixel-to-pixel scanning of input image
with 2 sliding concentric windows in segmenting the plate
region of an image [10].

Another variation of the pixel-to-pixel approach is the use of
optimization based algorithms which does not sequentially scan
an input image. Instead, randomly selected pixel locations are
considered as potential solutions domain and an optimal solution
is then found by optimizing a cost function in the form of a pixel
location which in turn serves as the detected plate region. One of
the optimization approaches is to use Genetic Algorithm (GA) to
repeatedly select pixel locations randomly, and then evaluate
rectangular regions at the locations [11-12]. The pixel location,
which minimizes the defined cost function and its associated
region, is selected as the plate region. Avci, G.et. al. (2008)
proposes the use of GA to detect plate region by randomly
sampling pixel location [11]. They first extracts the statistical
features at the selected location of input image and then
identifies the region with statistical features that is closely
similar to the plate as the detected plate region. Similarly, Peker,
M. et. Al (2008) used the same approach in order to evaluate the
effect of GA parameters on the quality of the solution [12].

A comprehensive survey on the various methods and
techniques for plate detection proposed by researchers is
presented in [13-14].

In this work, GA method had been employed that perform
plate detection by repeatedly selecting points within the image
randomly, evaluating regions at these points and selecting
regions that gives the best similarity score. Unlike in [11], that
employs feature extraction based on edge statics, histogram of
oriented gradient based features are used in this work.

In the next section, the detail of the algorithm is explained.
Implementation and Results follows in subsequent sections.

2. Proposed Algorithm
The proposed algorithm comprises of two parts:
e  Generation of candidates regions
e Evaluation and selection of the best candidate as

detected plate

2.1. Candidate regions generation



Candidate regions are generated by random selection of
regions in a given input image. The selection process is guided
by a candidate evaluation algorithm which is based on the
similarity score of the regions, explained in the next section.
Genetic Algorithm (GA) is employed for this task. With GA, the
input image is scanned repeatedly. Points within the input image
are randomly selected. A detection window is then placed at
each of the selected points and the pixels covered by the window
are considered to be within one region. The regions generated
from all the points make up the list of the candidate regions. The
candidate regions are then evaluated and similarity score is
assigned by the evaluation function discussed in the next
section. The pseudo code of Genetic Algorithm is shown in
Table 1. From the pseudo-code, candidate region comprises of
two parts (the row and column number of its top left corner
pixel). Fig. 1 describes the composition of a candidate region
and some sample candidate regions.
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Fig. 1. Candidate region member composition

Fig. 2 depicts the GA in action at a particular iteration with
rectangles representing generated candidate regions. In each
iteration, the maximum number of candidate regions generated
are limited to a certain fixed value termed in Table 1 as p. Also,
the size of the detection window is fixed at all

iterations.
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Fig. 2. GA in action showing generated candidate
regions

2.2. Evaluation and selection of the candidates

The evaluation function assigns similarity scores to each of the
generated candidate members. As it is highly difficult to devise
an analytical function, which measures the degree of similarity
of the candidate region as a plate, a neural network is used,
which generates a similarity score. The evaluation involves
extracting the features of each candidate member. The features
are based on Histogram of Gradient (HOG) obtained by
exploiting the structural information of the plate region. A plate
is assumed to be structured into sections in form of groups
separated by a space. HOG is computed for each section and the
HOG vectors for all the sections are concatenated to form the
feature vector. Each feature vector extracted, is assigned
similarity score using a trained neural network.

Table 1: Pseudo-Code Of The Ga Used For The Prposed Algorithm

GA(Fitness, Fitness_threshold, p, r, m)

m: The mutation rate.
e Evaluate: For each h in P, compute Fitness(ci)'
e While [max, Fitness(c)] < Fitness_threshold do

Create a new generation, Ps:

from P is given by

Add all offspring to Ps.

representation.
4. Update: P<P;.
5. Evaluate: for each h in P, compute Fitness(ct)

Pr(ci) =

Return the candidate region from P that has the highest fitness

Fitness: Evaluation function that assigns an evaluation score, given a candidate region.
Fitness_threshold: A threshold specifying the termination criterion.

p: Number of generated candidate regions at each iteration.

r: The fraction of the population to be replaced by Crossover at each step.

o [Initialize population: P— Generate p candidate regions at random

1. Select: Probabilistically select (1 — r)p members of P to add to P;. The probability Pr(hi) of selecting chromosome ci

Fitness(ci)
Z?:l Fitness(cj)

2. Crossover: Probabilistically select % pairs of candidate regions from P, according to P(ci) given above. For each pair,
(¢1 — ¢3), produce two offspring by applying the Crossover operator.

3. Mutate: Choose m percent of the members of P; with uniform probability. For each, invert one randomly selected bit in its




The neural network is trained by a manually cropped license
plate described in [15]. At the end of iteration during the GA
execution, the evaluation function is called and all the GA
candidate members are evaluated and similarity scores assigned.
The value is between 0 and 1 corresponding to probability or
likelihood of a region being a plate region or not. Candidate
with values close to 1 are more likely to be plate regions. And
those with values close to 0 are more like to be non-plate
regions. The member with the highest similarity score is
selected and stored as potential detected plate region. If the
similarity score of this selected member is greater than or equal
to 0.999 or the maximum iteration is reached, this selected
member is returned as the final detected plate. Fig. 3 shows the
result at the end of the GA operation where the member with the
highest similarity score is marked in green with a similarity
score of over 0.999. During evaluation, any candidate member
not fully contained within the image will not be evaluated.
Hence, all candidate members at the borders of the image are
automatically assigned a negative similarity score making them
the least favourite to be selected as a plate.

Fig. 3. Final result after the GA execution

3. Implementation Results

The proposed algorithm is implemented on a computer with
64 bit Windows 7 enterprise operating system; 4 GB of RAM;
Intel® Core™ i5 -2400 CPU at 3.10GHz 3.10 GHz Processor.
The database used for testing is a collection of car images
containing mainly Turkish license plates described in [15]. The
database contains a total of 1537 images with only one license
plate in each of them.

Values of parameters used for the implementation of the
proposed algorithm are as shown in Table 3

Table 3. Values of parameters used

Fitness_threshold | Maximum_Iteration | p r m

0.999 70 20 [ 0.6 | 0.6

The proposed algorithm is evaluated based on the average
coverage of image pixels over 20 runs. The result is depicted in
Fig. 4. It can be observed that the algorithm covered almost
more than 80 % of the image pixels in less than 20 iterations.

Also the detection of plate is successfully completed on an
average of 18 iterations. This is more efficient that performing a
sequential scan of the image whereby all the pixels have to be
covered.
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Fig. 4. Average area of image pixels on one image covered
by the proposed GA over 20 runs at a maximum iterations
of 70, 20 candidate members and 30 x 130 detection
window size

The proposed algorithm is tested with the database that
contains 1537 images. The results are obtained by running the
proposed algorithm 5 times and taking the average of the 5
results, which is shown on the Table 2. It can be observed that
overall success rate of the algorithm is over 98%.

Table 2. Detection Rates of running our proposed algorithm 5

times
No. of Detection Rate (%) for 5 runs
Average
Images| | ryn |2.run |3.run| 4run | S.run
1537 | 98.50 | 98.76 | 98.83 | 98.83 | 98.83 98.75

4. Conclusion

In this paper, we present an approach of using GA to
effectively detect license plate with over 98% accuracy. We
evaluate the GA performance in scanning the input image and it
covers over 90% of the image in less than 50 iterations using 20
candidate members and 30 x 130 detection window sizes
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