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1. INTRODUCTION

Obiject recognition is one of the most interesting fields among the computer vision researcher since
it's applicable in many sectors of our everyday life. One of the classical problem that still relevant even today
was license plate recognition, because of the many challenges that must be tackled such as variations of the
license plate characteristics in each country around the world, noise in the image, environmental factors, etc.
Many researchers around the world have developed many algorithms for license plate recognition. Still, due
to the limited sample, most of them are crafted only for a specific country with specific license plate
characteristics (background colour, format, font type, etc.). They might not work for other countries with
different license plate characteristics.

License plate in Indonesia has its unique characteristics. It has a black coloured background with a
white border and text. The usage of unique alphabet code to differentiate license plates across the regions in
Indonesia, also the license plate is structured based on a standardised format. The details are described within
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the Figure 1. License plate recognition usually consists of three major phases: pre-processing, license plate
localisation, and optical character recognition (OCR). Pre-processing is a phase where the input image will
be prepared, enhanced, and optimised for further processing [1, 2]. According to [3-5], license plate
localisation is a phase in which the vehicle license plate area is to be determined, localised, and segmented
out of the original picture to isolate the license plate from the other objects which considered as noise. After
the license plate has been segmented and isolated, the next phase will be character recognition, where all of
the characters within the license plate will be extracted and processed by some sort of algorithm, usually
template matching.

Unique Number Unique

Area Code Code Character Code

Expiration Month

Figure 1. Indonesian license plate standardised format

The study [3, 4] modified the algorithm to adapt to Indonesian license plate characteristics, and it
approves to be effective. Those papers have reviewed and summarised techniques for license plate
recognition in Indonesia throughout recent years. The papers consist of a short description of the reviewed
algorithms and also the comparison between each algorithm. Despite being effective, the algorithm still
struggles when it faced with specular reflection or object with high saturation intensities. Hidayatullah, et al.,
[3] introduce an algorithm that is heavily influenced by [5] but with a better approach to adapt to the
Indonesian license plate. It shows that the algorithm is pretty useful in detecting Indonesian license plate with
63 detected license plate out of 80 sample images. The researcher also stated that one of the key problems
which cause the detection to be a failure is specular reflection. Devapriya et al., [5] proposed a license plate
recognition algorithm for the Indian license plate that rely heavily on the morphological operation. Another
approach of license plate recognition is presented by Gohil [6]. Research [6] proposed a simple yet effective
algorithm to be used for Californian license plate recognition. The algorithm works by detecting the area of
vehicle license plate based on the horizontal edge and vertical edge projection. It is the most straightforward
yet very useful algorithm for license plate recognition. However, this is not very simple to implement this
algorithm for the Indonesian license plate. It is hard to expose such rectangular object because Indonesian
license plate has a black background, and sometimes the white border is not visible due to the lighting
condition or get obstructed by another object. Therefore, it will be very prone to misdetection. We believe
something could be done to improve the performance of the algorithm.

2. RELATED WORKS

Various research for license plate recognition has been introduced using many algorithms.
According to the paper, it seems like many researchers have been utilising morphology operation and edge
detection technique to construct their license plate recognition algorithm. Moreover, some researcher even
combined it with Machine Learning to help improve recognition accuracy [7, 8].
We could not ignore the fact that morphology operation is one of the most popular techniques to be used in
object recognition [9, 10]. The reason for such popularity is that morphology operation while being not very
complicated and costly; it could expose the whole structure of an object to ease the recognition of the desired
object or to detect an undesired object to be removed from the image. Another essential technique is edge
detection. Edge detection aims at finding the changes in brightness in an image to be used for capturing the
critical event [11, 12]. The two of them are usually combined [13]. Although, some researchers have
developed an object recognition algorithm using an edge detection and comparable using morphology
operation [14, 15]. This algorithm only works effectively when the border of the "object to be recognised" is
strongly defined.

Another simplified approach to be used for object recognition is by using SIFT (scale-invariant
feature transform), which proved to be robust against the change of scale and orientation [16]. It is known as
the algorithm for object recognition. The algorithm works by utilising features in an image, known as critical
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points, to determine whether an object is similar or not. However, the algorithm may not be going to be very
useful because of the lack of textures and features in the Indonesian license plate.
Following the research, [17] conducted a study to implement the algorithm for the Indonesian license plate.
The algorithm still works effectively with some modification, especially in the pre-processing phase against
various Indonesian license plate. Further research has been conducted by [18, 19]. Research [18] resulted that
the implemented algorithm can recognise the characters on the police plate number in the average percentage
79,43%. K-Nearest Neighbors algorithm reads all these characters. The test results show that this vehicle
plate recognition system provides 83,33% success rate from 30 test data.

On the other hand, Damayanti et al. [19] using different approaches for the recognition of the license
plate. The research utilises feature area and K-Nearest Neighbor (KNN) as a classification method. In
summary, these results show that accuracy of 99.44%.

3. PROPOSED METHOD

In this research, we proposed an improved Horizontal-Vertical Edge Projection algorithm. The pre-
processing method proposed in this study has an unusual behaviour because it could reduce the intensity of
specular reflection by a significant amount while highlighting the interest point, which is the vehicle license
plate. Thus it could be very useful to settle the problems. The complete flow of the proposed algorithm could
be seen in Figure 2.
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Figure 2. Flowchart of the proposed algorithm

3.1. Pre-processing

Pre-Processing is the phase to enhance the input image and remove unwanted data, noises, and
distortion from the input image. The purpose of image preprocessing is to eliminate irrelevant information in
the image, restore real useful information, enhance the detectability of the relevant information, and simplify
the data to the maximum, thereby improving the reliability of image feature extraction and recognition.
Common methods are: (1) grayscale; (2) geometric transformation; (3) image enhancement. The goal of this
phase is to emphasise useful image information while reducing unwanted data. Furthermore, the data
collected have many error or noise, so that it needs to perform the data preprocessing operation [20, 21].

3.1.1. RGB to grayscale conversion

The first step in the pre-processing phase is to convert the input image into the grayscale format.
The reason behind this conversion is to simplify the computation process in the next stage. The most
common technique to convert the RGB image into grayscale is to use the Luminosity method represented in
(1) below. The result of this operation can be seen in Figure 3.

Lum(x_y) = 0299R(x‘y) + 0587G(x‘y) + 0114B(x‘y) (1)
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(b)

Figure 3. Comparison between, (a) original image and (b) grayscaled image

3.1.2. Opening morphology operation

The next step is to perform opening morphology operation to the image. Opening morphology could
be achieved by implementing the erosion operation first, followed by the dilation operation using the same
structuring element for both operations [22]. The information retrieved after this step is useful to detect
problematic regions caused by having too much contrast/intensity or regions with specular reflection, which
could confuse the license plate localisation algorithm. Opening operation is described by (2).

AoB=(AOB)®B @)

where © represents erosion operation while @ represents dilation operation. The outcome of this operation
is visualised by Figure .

Figure 4. The result of opening morphology

3.1.3. Top-hat transform

Top-hat transform is one of the most used operations for image enhancement [22, 23]. In this case,
the input image will be the grayscaled image, and the opening counterpart is the outcome of the previous
step, which holds information about problematic regions as described before. The problematic regions will no
longer dominate the image, and its intensity will be reduced to a significant amount. The region of interest
(around the vehicle license plate) will be enhanced. This enhancement is what we needed to increase the
accuracy of Horizontal-Vertical Edge Projection method in detecting the vehicle license plate. Figure 5
visualises the pre-processing phase proposed by Devapriya [5] and the proposed algorithm.

(b)

Figure 5. Comparison of pre-processing phase, (a) pre-processing as proposed by [3],
(b) the proposed algorithm
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3.2. License plate localisation

After the enhanced image has been retrieved from the pre-processing phase, it is now the time to
detect and localise the vehicle license plate. It means that the vehicle license plate should be identified
precisely and isolated from other objects in the image.

3.2.1. Vertical edge projection

The enhanced image will be scanned vertically, and the sum of all magnitude differences will be
calculated column-wise for every row of the image. All of the obtained value after the calculation will then
be projected into a histogram representation for the analysis process. Figure 6 visualised the sample image
and the histogram projection along the vertical edge.

The histogram should be smoothed using the low pass filter in order to normalise such drastic
changes. The resulting values will be averaged to get a threshold level. The elimination process will yield to
segmentation of the image to several rows based on the projection peaks. Figure 7 shows the comparison
between each histogram projection for each operation.
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Figure 1. Vertical edge processing visualisation, (a) rough histogram projection, (b) low pass filter,
(c) histogram projection thresholding
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3.2.2. Region of interest extraction based on the vertical projection

In this step, all the remaining peaks in the projection histogram will be analysed to find the region of
interest. Since Indonesian license plate has a black coloured background with white coloured text and border,
it must yield a significant amount of magnitude in the projection histogram. Therefore, the region of interest
should be the peaks which contains a global maxima across the projection, and any other peaks should be
eliminated from the image to localise the region of interest see Figure 8.

A

Figure 2. ROI based on the vertical edge

3.2.3. Horizontal edge projection

After the region of interest has been localised along the vertical edge, analysis along the horizontal
edge is executed to precisely detect the vehicle license plate. The procedure to calculate the horizontal edge
projection is identically the same as before, except the sum of all magnitude differences will be calculated
between every neighbouring pixel in the vertical axis within such column. The outcome for each process is
visualised by Figure 9.
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Figure 9. Horizontal edge processing visualisation, (a) rough histogram projection, (b) low pass filter,
(c) histogram projection thresholding

3.2.4. Region of interest extraction based on horizontal projection

Different than before, the region of interest is analysed through the width of each peak in the
projection histogram. We define a threshold value to filter out the peaks based on its width. For every peak
having a width less than the threshold value will be considered as noise and must be eliminated, while those
above the threshold value will be kept. In this research, we define the threshold value as 25 units see Figure
10.
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Figure 3. Final ROI

3.2.5. License plate segmentation

After the license plate has been precisely located and noises are successfully removed, the
grayscaled image in the first phase will be cropped based on the region of interest defined from all of the
previous steps see Figure 11. This cropped image will then be passed for the character recognition phase.
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Figure 4. Cropped license plate

3.3. Character recognition
For character recognition phase, we modify the font template as recommended by Hidayatullah [4].
Instead, we use our own modified font template. This difference may affect the character recognition process.

3.3.1. Thresholding (Otsu’s method)

The first step in character recognition phase is to convert the input image into a binary image by
thresholding. The most commonly used method for thresholding is Otsu's method since it provides a dynamic
threshold level which calculated from the image pixels [24, 25]. This conversion means that for every pixel
value below the threshold level will be converted into O (the darkest colour). In contrast, every pixel value
above the threshold level will be converted into 1 (the brightest colour). The outcome of this conversion
usually called binary image since it contains only 0s and 1s value in the pixel magnitude, as shown in Figure 12.
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Figure 12. Comparison between, (a) grayscaled image and (b) binary image

3.3.2. Character candidate extraction

After the image has been converted into a binary image, we could quickly identify and extract all of
the objects within the image through Connected Component Analysis. All of the detected objects are
considered as character candidate as shown in Figure 13, however, some of them are better considered as
noise. Therefore, further noise removal should be executed. Fortunately, Connected Component Analysis not
only detect objects within an image but also assign some properties to the object such as centroids, and
bounding box [26]. Enhancing the quality of binary image for plate image can be done based on preprocessed
to remove the noise and compensate poor illumination [27]. Then, we can identify the position and the size of
an object which could be useful for the noise removal process.

Noise removal process consists of several stages. The first stage is applying a median filter to
remove salt and pepper noise. The second stage is eliminating objects whose size is below the defined
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threshold acquired from the equation proposed by [4]. The third stage is to eliminate objects which length
exceed 1/8 length of the image. Furthermore, the last step is to check whether an object is parallel to the other
object or not since the characters on a license plate are usually nearly parallel. After all of the license plate
character candidates has been truly determined, they will be cropped out as an individual character. After
that, they will be normalised by resizing them into 42x24 pixels to match the size of the font template. This
cropping and normalisation process is required to perform template matching.

D 811 CJ

0317

Figure 5. The visualisation of character candidate detection

3.3.3. Template matching

In this step, every individual character will be matched against sets of character template through
such calculation to find similarity between them. In this research, we used the normalised cross-correlation
method. Every calculation results obtained from the operation will be mapped inside an array for the voting
process. The character is recognised as such string through the voting process by finding in which template
the operation achieved maximum correlation value.

4. EXPERIMENTAL RESULTS
4.1. License plate localisation

To conduct a fair comparison between [3] and the proposed algorithm, we perform the research
using the same sample images as used by them with their permission. The sample consists of 80 images,
captured using various camera configurations such as the camera distance (between 1m, 1.5m, or 2m), and
height (between 55cm, 1m, or 2m). Our proposed algorithm has successfully detected the vehicle license
plate in 71 samples out of 80 samples, while [3] detect 63 samples out of 80 samples. Below is the table of
comparison between [3] and the proposed algorithm.

Figure 14 presents the visualisation of the successful detection process for some samples, where the
condition is not very optimal. Even though the proposed algorithm shows an improvement to the detection
accuracy, it still finds struggles to detect the vehicle license plate in some samples. Some failed detection are
shown in Figure 15. Figure 15 (a,b) shows an extreme case where the detected license plate area exceeded the
actual vehicle license plate due to the failure of the pre-processing phase to reduce the overly saturated car.
This condition caused high projection value in the histogram and confused the analysis process. Figure 15 (c)
shows the failure of the detection due to the usage of non-standardised license plate. The thinner font will not
produce significant peaks in the projection histogram. Therefore, parts of the license plate did not exceed the
threshold value in the horizontal projection analysis and get eliminated from the region of interest.

Sample Image Pre-Processing Segmentation Result
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Figure 14. (a) Camera a little higher than license plate, (b) case with specular reflection

Sample Image Pre-Processing Segmentation Result

|

Figure 15. (a, b) license plate area exceeded, (c) license plate area cut

4.2. Character recognition

All of the 71 successfully detected license plates were then used for further processing which is the
character recognition phase. Jaccard Similarity Index is used to calculate the similarity between the
recognised text and the actual license plate. From the experiment, as shown in Table 1, we achieved an
average of 77.97% similarity, while [3] obtained an average of 85.87% similarity. This gap might be caused
by the presence of noise which falsely recognised as one of the license plate characters or the distortion
among the license plate characters, which implies to false recognition. Table 2 shows the results of the
character recognition stage.

Table 1. The comparison results in detection accuracy

Algorithm Detected sample (Out of 80 sample) %
Modified Horizontal-Vertical Projection 63 78.75%
Proposed Agorithm 71 88.75%

Table 2. The results of character recognition

Detection Result Actual License Plate  Recognised  Similarity (%)

D 811 CJ| D811CJ D811CJ 100

D 403-LL D403LL D403LL 100

09 -18

0 1732 WG| D1732WG D173G 7143
NSO | ) s
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5. CONCLUSION

The performance of Horizontal-Vertical Edge Projection could be improved by modifying the pre-
processing phase to enhance the input image. Horizontal-Vertical Edge Projection is the simplest yet
effective algorithm for license plate detection. Still, it suffers from the specular reflection problem because it
analyses the region of interest-based on the magnitude value projection. Therefore, any object with high
saturation intensity or specular reflection from the vehicle itself could confuse the analysis process, which
often results in misdetection. Our research proposed an algorithm with the implementation to reduce such
problems by doing an image enhancement in the pre-processing phase, which in result reducing the effect of
specular reflection and object with high saturation intensity while preserving and enhancing the region of
interest information. Our proposed algorithm has proven to be effective and improved the performance by a
significant amount, from 63 (78.75%) detected samples into 71 (88.75%). The pre-processing phase
sometimes still failed to reduce the specular reflection effect. For enhancement, sample image quality should
also be taken care, blurry image and a dirty car could fail the localisation and recognition process. Another
concern is that this algorithm is not very robust against orientation changes, and due to the limited sample we
could not test the algorithm against the case when the camera is not perpendicular to the license plate.
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