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great influence on the recognition performance by
preprocessing the license plate character recognition.
Current vehicle license plate detection has been studied using
a combination of edge component[3] of a license plate or
neural network[4] and fuzzy[5]. Character recognition is a
process of extracting characters from the detected license
plate area. To recognize each character, characters are
segmented[6,7] and machine learning and template
matching[8,9] are used to recognize the character. In this
study, we propose a method to detect car license plate area
based on contour detection and to recognize characters in
detected license plate area. DoG and morphology operations
in the vehicle image remove noise and emphasize the
character part of the license plate. The extracted contour
lines are connected in the horizontal direction, and the
longest selected contour line is recognized as the plate plate
area, and the plate area is detected.Noise removal and
normalization process were performed to increase the
recognition rate in the detected plate area. Then, the
characters were segmented using a vertical histogram, and
characters were recognized through template matching.

Abstract In this paper, we have tried to detect the area of the
license plate in the environment of the vehicle and recognize the
characters in the detected license plate area. We propose a
method to detect the license plate based on contour extraction
that adapts to the surrounding environment and a method of
recognizing characters by template matching in detected license
plate area. The proposed method is divided into the detection of
license plate area and the character recognition in the license
plate area. DoG(Difference of Gaussian) and Morphology
operation were used to emphasize the character part outline, and
the license plate was detected by determining the aspect ratio of
the characters. And the character recognition process was
performed with the detected license plate area. Through noise
remove and normalization, characters were segmented by
vertical histogram. The template was matched with the divided
characters to recognize the characters. In this study, we used 130
different vehicle image data such as vehicle license plates, which
are inclined in front of the vehicle, and license plates with
changes in the environment around the vehicle. In the detection
plate area, the character recognition rate was 96% in the case of
the slanted plate, 93% in the various background environment,
and 97% in the plate image of the front face.
Keywords: License plate detection, Character recognition,
Normalization, Vertical histogram, Template matching

II. RELATED WORK

I. INTRODUCTION
Modern society has become an integral part of automobile
transportation and logistics. However, as the number of
vehicles increases, license plate identification technology,
which is a vehicle identification number, is indispensable for
the management of violation of traffic regulations, parking
management, and toll collection. The surveillance camera
installed on the traffic light is progressing gradually as a
measure against signal violation and overspeed, and is now
entering the stage of automatically recognizing the vehicle.
In addition, the parking management system and the
intermittent system, which are currently being
commercialized, are performing vehicle detection and
vehicle recognition by applying image processing techniques.
Vehicle recognition systems are classified into two categories:
vehicle license plate area detection[1] and character
recognition[2]. The detection of the license plate area has a
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2.1. Features and specifications of domestic license plate
It is important to know the characteristics of license plate
and utilize it properly. The license plates of domestic vehicles
generally have the characteristics shown in figure 1.
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shapes, and colors have been replaced. The European version
(520 x 110 mm), which is 20 cm wider than the previous
version, is 5 cm shorter than the previous one. Actual license
plates vary in color depending on the vehicle application, but
in contrast, black and white images have contrast values that
are contrasted with dark letters on a light background or
bright letters on a dark background. With this contrasting
contrast value, binarization[10] can be used to distinguish
the license plate part and character part, and the license plate
area can be extracted using the distinguished character part.

2.5 Template Matching
A template is a sample image of a character to be
recognized. The characters of the license plate are designated
as template images, and the template image and the input
data are compared to define the number of pixels matched
with each other as a score, and then consideration thereof is
made. There is also a method of normalizing by adding the
number of matched pixels and the number of matched pixels.
This method is a method of normalizing considering a case
in which a white pixel corresponding to a background is
matched and a case in which it is not, rather than considering
a case in which a black pixel is matched with a case in which
a template and a character image are not matched.

2.2 Edge Detection
Edge Detection is widely used in image processing
because it reduces the size of data and minimizes
meaningless information. In the image, the vertical
component and the horizontal component are separated and
the candidate region of the plate is detected using the
coordinate information of the connected edge [11, 12]. If the
threshold value processing is performed on the edge image, it
can be confirmed that the accumulation value of the
projection data is concentrated in the license plate area.

III. PROPOSED METHOD
The proposed method is divided into a plate detection
process and a character recognition process in the detected
license plate area. First, in the license plate detection process,
noise-removed outlines are extracted through DoG and
binary images are obtained. Then, the preprocessing process
was performed to emphasize the character part while
removing the noise of the binary image by using the erosion
and expansion operations, which are morphological
operations. In the image with the contour emphasized, the
contours which are judged as the character area are extracted
through the ratio of the width and the width. Then, an image
including the contours of the character part was acquired,
and an area including many of the contours was judged to be
the plate area and detected. Next, the process of recognizing
the characters in the license plate area detected was
proceeded. Normalization process was performed to remove
noise in the detected plate region and to increase template
matching probability. Then, the characters were divided by
vertical histogram and labeling, and the divided characters
were recognized using template matching. In figure 2 is a
flowchart of the license plate detection and character
recognition method of the proposed method.

2.3 Detection of license plate area using color information
The car license plate is divided into white letters on a
green background and black letters on a white background.
In order to set the plate candidate region, the RGB image is
converted into the YCbCr color coordinate system in which
the contrast and color difference are separated, and only the
Cr component for green is used. The green part of the car
license plate can be classified into binary images according to
the threshold value of Cr component.
2.4 Global Binarization
It is a simple and fast binary method applied to real-time
character recognition. This method uses the same value for
the entire image as the threshold value. Assuming that the
brightness distribution of the image is usually divided into
background pixels and letter pixels in the preprocessing
process, the middle part is used as a threshold value.
Therefore, global binarization is the simplest way of
recognizing characters using the minimum brightness and
average brightness of the image.

Figure 2. The algorithm of the proposed method
Difference of Gaussian is
first applied to the gray
3.1 Detection of license plate area
image to remove the noise of
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the image and extract only the necessary contours.

containing a distinct outline by morphological operation and
then capturing the outline of each character. Each individual
outline is accessed by an array and a rectangle is placed on
each outline. The number of the license plate is judged
through the process of exclusion of unnecessary contours
through the upper and lower limit of the size and the aspect
ratio of the found outline.

By using the DoG of Eq.(1), which is often used for edge
extraction, it is possible to convert a vehicle image with low
contrast or lighting effects into a binary image with a contour
emphasis.

(a)

(a)
(b)
Figure 5. License plate-like contour extraction image
(a) Original image (b) Outline extraction image
After excluding unnecessary contour lines, outline of the
license plate area and the surrounding background are
distinguished from those of the remaining license plate line
outline. The outline, which is supposed to be a license plate,
appears in a straight line from a minimum of four to a
maximum of seven. Therefore, the search is performed from
the position of the left edge OC(i) to the right direction to
judge whether or not the outline exists and estimate the
longest outlines as the plate region. In order to discriminate
the characters of the license plate, the aspect ratio of the
contour line was analyzed using Eq.(4), and valid characters
were selected to primarily select the characters existing on
the license plate.

(b)

(c)
(d)
Figure 3. An example of obtaining a binary image
using DoG filtered results for a vehicle image
(a) Original image, (b) Expanded area of interest
(c) DoG filter applied image (d) Binary image
The edge image obtained by DoG filtering the vehicle
image is shown in Figure 3(c). When scanning from left to
right of the image and connecting the points where the sign
changes as an end point, we could obtain a binary image
emphasizing character strokes as shown in Figure 3(d).
Through the equations (3) and (4), images were obtained in
which the character strokes were emphasized in the
binarized image of the license plate, which is a white
character on the license plates and the black license plate, on
each white license plate. Figure 4 shows an image with
erosion and expansion applied to the binarized image.

(a)

In this paper, the aspect ratios of letter size in the general
plate area were determined and the experiment was
conducted with rmin set to 0.5 and rmax set to 2.5. We took the
upper left corner of the distinct outline as a reference point
and detected it in the right direction. In the detection process,
the distances and slopes between the contours existing on the
same line are judged and unnecessary contours are excluded.
The longest connected outline was determined as the license
plate area. Figure 6 shows how to detect the license plate area

(b)

(c)
(d)
Figure 4. Examples of application of erosion and
expansion to binary images
(a) Binary image with black character (b) Image
applied with erosion operation (c) Binary image with
white character (d) Image applied with expansion
operation

.Figure 6. Plate area detection method
If the slope between the outlines is too large, it is difficult
to judge the area of the plate. Also, if the difference of the X
coordinate is too long, it is difficult to judge this outline as a
license plate. Based on the equation (5) and (6), the slope (G)
of the next outline is
calculated based on the left
top (tl) of the outline of the
rectangle. If the slope is less

Figure 5 shows the process of acquiring a character part
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than 0.45, We also excluded contours with a size of d of 200
or more because it is difficult to judge the contours that are
too far away from the characters of the license plate.
The separated characters were recognized as one object
through labeling. Fig. 9 (b) shows the image of the license
plate area using the vertical cumulative histogram. Each
histogram is labeled and characters are separated as shown in
(c).

(5)
(6)
Using the crying and distance, the set of contours
estimated to be the plate area is displayed as shown in
Figure7(a). Finally, the plate area is extracted as shown in
(b).

(a)

(b)

(c)
Figure 9.Character segmentation process image
(a) Binarized image (b) Vertical histogram image
(c) Character labeling image
Finally, character recognition was performed using
template matching. Through the comparison of the image
used as the template sample and the character to be
recognized through the equation (9), it was recognized as the
corresponding character when the matching rate of 50% or
more was shown. Fig. 10 shows sample images used for
template matching and

Figure 7. Final license plate area detection image
(a) Final license plate candidate area
(b) License plate detection image
3.2 License plate recognition
Character recognition was performed with the detected
license plate area. The recognition process is divided into
noise elimination, normalization, character segmentation,
and template matching. First, the noise was removed using a
median filter. The median filter is a filter that aligns the
values of neighboring pixels in the input image in ascending
or descending order, and replaces the pixel value with the
value in the center. The Median filter has the advantage of
effectively removing salt and pepper noise, thus facilitating
character recognition. And normalized the plates detected
using Huffman transforms to recognize slanted characters.
Figure 8 is the license plate normalization process.

Figure 10. Template sample image

(a)

(b)
Figure8. Normalization process
(a) Input image (b) Normalized image
After the normalization process, character segmentation
was performed using a vertical histogram to match the
template. N in equation (7) represents the number of
observations and represents a histogram. H_kin equation (8)
represents the cumulative histogram. The vertical histogram
is a method of accumulating and accumulating all the
observations existing in the region in the vertical direction.
Vertical histograms allow you to easily separate characters in
a license plate.
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Figure 11. Template matching method
IV. EXPERIMENTS AND CONSIDERATIONS
In this paper, we experimented with images provided by
Google Images and vehicle images parked at a distance. Each
image was experimented with an image in which the license
plate was in front, an image in which the license plate area
was inclined, and an image in which the background or
vehicle was complex. It was possible to detect not only the
image of a general license plate in front but also the license
plate in an image with a slanted license plate and images of
various backgrounds. Then,
normalization process and
template matching were
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performed with the detected plates, and character recognition
was performed. The experiment was carried out with 30
images with 60 oblique images on the front of the license
plate, and 30 images with complex images on the

surrounding environment. Figure 12 shows some of the
various vehicle images used in the experiment.

Figure 12. Experimental image
outline on the left side, the presence or absence of the outline
is judged in the right direction. The longest continuing
contours are estimated as plates, and the plate area is detected
as shown in (c). In Figure 14, the experiment was carried out
with an image with a stone floor or a somewhat complicated
background. In the image with this complicated background,
the license plate area is detected because DoG removes the
noise and excludes the meaningless outlines and extracts the
(c)
license plate outline.

(a)
(b)
Figure 13. Front image of the vehicle
(a) Original image(b) Outline extraction image
(c) License plate area estimation result image

(a)
(b)
(c)
Fig.15
Vehicle
images
where
there
are
differentcharacters from images with slanted plates
(a) Original image (b) Outline extraction image
(c) License plate area estimation result image

(a)
(b)
(c)
Figure 14.Vehicle image with complex background
(a) Original image (b) Outline extraction image
(c) License plate area estimation result image
Figure 13 is an image of the front of the vehicle, which is
generally not complicated. As shown in the image of (b),
there is not much noise around the vehicle and the characters
in the license plate area are well detected. Based on the
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Cann
y edge

HSI
color

LPD
rate

Proposed
method
(LPR
rate)
97%
93%
96%

Front image
83%
86%
98%
Tilted image 76%
70%
93%
Various
73%
70%
90%
background
Table 1 shows the method of detecting the license plate
area using the method of detecting license plate area using
Canny edge [14] and the HSI color information [15] using
the limiting algorithm as the front image, the slanted image,
And the result of the recognition on the detected license
plate. Canny edge and HSI color were detected in 83% and
86% of the images, respectively, and the proposed method
showed a high detection rate of 98%. In addition to the
frontal image, the proposed method also showed a higher
detection rate than the other methods. Also, the recognition
rate of the detected license plates is 95%, which is high.

(a)
(b)
(c)
Fig.16icense plate detection failure image
(a) Original image (b) Outline extraction image
(c) License plate area estimation result image
The images in Figure 15 are images in which the license
plate is not a front but an image that is tilted and acharacter
exists outside the license plate.Although the plate contours
are not straight lines, we can extract the plates through tilt
correction. Even if there are other characters, the plate area is
detected by determining the distance between the characters
and the aspect ratio.Figure 16 shows the failed plate
detection image. Because of the similar pattern of repetition
on the front part where the plate exists, the other area is
recognized as alicense plate, so that the failed image and
surrounding noise are too severe to recognize the license
plate area character, but the license plate area is not detected.

V. CONCLUSION
In this paper, we have studied the recognition of characters
in license plate area and detecting the characters in the area
of the license plate in the environment of vehicle
environment. We used DoG and morphology operations to
emphasize noise elimination and character outline and
extract the character part of the license plate through contour
extraction to detect license plate area. Normalization process
was performed on the detected plate area and characters were
segmented by vertical histogram. The final character
recognition was performed by template matching with the
sample image having the divided characters. In this paper,
we show not only the frontal image of license plate, but also
the sloped license plate and the high license plate area
detection rate and license plate character recognition rate in
various background situations.In future research, it is
necessary to study the detection of plate area in a plate image
with a high slope or an image with noises and to improve the
recognition rate of the plate on the plate.

(a)

(b)

(c)
Fig.17 Hangeul labeling Course
(a) Korean with consonant and vowel position vertical
(b),(c) Korean consonant and vowel position are
horizontal
Figure 17 shows the characters with vertical consonants
and vowels as in Hangul '조', and the character divisions that
exist horizontally like '가' and '마'. In case of '조', there is no
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Figure 18 shows the template matching result image. Each
character was divided and labeled, and the sample image and
license plate letters were compared and analyzed through
template matching. Because it has undergone the
normalization process, both numbers and letters were easy to
recognize even in sloping license plates.
Table.1 Comparison table of other algorithms

Retrieval Number: H10150688S219/19©BEIESP

82

Published By:
Blue Eyes Intelligence Engineering
& Sciences Publication

International Journal of Innovative Technology and Exploring Engineering (IJITEE)
ISSN: 2278-3075, Volume-8 Issue-8S2, June 2019

10.1109/ACCESS.2018.2795104
7. Jing-Ming Guo& Yun-Fu Liu. License Plate Localization and Character
Segmentation With Feedback Self-Learning and Hybrid Binarization
Techniques, IEEE Transactions on Vehicular Technology, 2008
May;57(3):1417-1424. DOI: 10.1109/TVT.2007.909284
8. Albert Mayan, Kumar Akash Deep &Mukesh Kumar. Number Plate
Recognition using Template Comparison for various fonts in MATLAB,
2016 IEEE International Conference on Computational Intelligence and
Computing Research (ICCIC), Chennai : India.2017Dec.
9. Xi Yang, Yong Zhao &JinFang.A LICENSE PLATE SEGMENTATION
ALGORITHM BASED ON MSER AND TEMPLATE MATCHING.
2014 12th International Conference on Signal Processing
(ICSP).Hangzhou : China. 2014Oct:1195-1199
10. Yi Wang, Bin Fang & Li-Jun Lan. Adaptive binarization: A new approach
to license plate characters segmentation. 2012 International Conference on
Wavelet Analysis and Pattern Recognition. Xian : China2012 Sept:91-99
11. Abbas M. Al-Ghaili, SyamsiahMashohor& Abdul Rahman
Ramli.Vertical-Edge-Based Car-License-Plate Detection Method, IEEE
Transactions on Vehicular Technology,2013 Jan;62(1):26-38. DOI:
10.1109/TVT.2012.2222454
12. Ashwathy Dev. A Novel Approach for Car License Plate Detection Based
on Vertical Edges.2015 Firth International Conference on Advances in
Computing
and
Communications
(ICACC).
Kochi
:India.2015Sept:391-394
13. Amir Hossein Ashtari, Md. Jan Nordin& Mahmood Fathy. An Iranian
License Plate Recognition System Based on Color Features. IEEE
Transactions
on
Intelligent
Transportation
Systems.2014
Aug;15(4):1690-1705. DOI: 10.1109/TITS.2014.2304515
14. Li Xuan & Zhang Hong. An Improved Canny Edge Detection Algorithm,
2017 8th IEEE International Conference on Software Engineering and
Service Science (ICSESS),Beijing:China. 2017 Nov: 275-278
15. Kaushik Deb, Muhammad Kamal Hossen& Muhammad Ibrahim Khan.
Bangladeshi Vehicle License Plate Detection Method Based on HSI Color
Model and Geometrical Properties. 2012 7th International Forum on
Strategic Technology (IFOST).Tomsk : Russia. 2012Sept: 1-5

Retrieval Number: H10150688S219/19©BEIESP

83

Published By:
Blue Eyes Intelligence Engineering
& Sciences Publication

