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Thesis Title License Plate Location using Subtract Morphology Technique

Name - Surname Mr. Teerapon Yodrot
Program Electrical Engineering
Thesis Advisor Assistant Professor Jakkree Srinonchat, Ph.D.
Academic Year 2013
ABSTRACT

The research of license plate identification in the complex background is more difficult
and error to identify the location of license plate in order to the unbalance light source and
background noise. This is a consequently effect to the license plate recognition system. Therefore,
this thesis presents the single and multiple license plates identification using subtract morphology
technique to solve the above problem.

In the experiment, the license plates images with different background and color of car
were used which those images converted to be the gray scale image. The subtract morphology
technique which based on the subtraction of closing Top-hat and Top-hat was then used for solving
the unbalance light source and reducing noise. The canny technique was then used for edge
detection and license plates identification process.

The results show that this technique provides the efficiency of the single license plate
identification as 97%. However, the efficiency of this technique decreases when it applies to
multiple license plates. It provides the accuracy only 14% of multiple license plates detection, 36%
of single license plate in the multiple license plates image and the least 50% is failed to detect the
multi license plates. The logic processing and subtraction matrix are added for increasing the
efficient of multiple license plates identification. This technique can decrease more noise and
directly effect to the efficiency of the multiple license plates identification which it provides the

accuracy as 82%.

Keywords: license plate location, morphology, edge detection
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Abstract

The license plate identification is recently interested in many research
works in order to it can apply to the license plate recognition system for
traffic management applications. This article presents an adjustment
rectangular structuring element in closing technique for license plate
identification. Tt is exploited in Morphology technique which used the
subtraction between Closing-Top-hat and Top-hat for image filter. An
adjustment rectangular structuring element directly affects to for license
plate identification efficiency accuracy. Moreover, the advantage of
Morphology technique is that it makes a balance contrast and reduces
gamma noise from background. The 100 image of real license plates

which took photo within obstruction environment and different car

color, are used in this experiment. Each image pixel is 300x400 pixels.
The experiment results show that an adjustment rectangular structuring
element with 2x12 pixel provides the maximum efficiency accuracy as

97 % for license plate identification.

Keywords: License Plate Location, Morphology, Edge detection
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Abstract— License plate recognition system (LPR) is wildly
interested in image processing research area. This paper
proposes the enhancement of multi license plate location
technique using subtract morphology technique. The Top-hat
operation and closing operation are used to reduce the
background noise. The edge detection process is then operated
using canny operator. The logical AND operation and
subtraction technique are then used to reduce further noise. The
results show that the propose technique provide 0% failed to
detect the license plates and also it can detect one and multi
license plates as 18 % and 82 % respectively. It can increase the
performance 68% when compared to [2].
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License plate recognition system (LPR) is wildly interested
in image processing research area. It has many practical
applications, such as non-stop automatic payment of tolls on
highways, security in the parking, and traffic law enforcement.

INTRODUCTION

A LPR system is mainly composed of three processing
modules [1]: license plate location, character segmentation and
character recognition. The license plate location is considered
as the most crucial stage in LPR and it will directly affect to the
qualities of character segmentation and character recognition.
Therefore, if the vehicle license plate location detection
technique performs very well, it will be the key to achieve of
license plate recognition system.

Various approaches have been proposed to single license
plate research area, such as in [2]. It used the Subtract
Morphology. The filter produced the grayscale image by using
the Top-hat operation and closing operation. This is followed
by subtracting the Top-hat image. Then it converted the image
into binary images to detect the edge by using canny operator
and fill in the holes of the edge detected image. The result
shows that it can successfully detect 97%. In [3] used the
Mathematical morphology and edge detection. It changed the
color image into the grayscale image by using the filter as
erosion operation. Also it used the subtraction operation in
order to obtain the prominent license plate region. Then it
detected the edge by using the sobel operator. Using the
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erosion operation and the close operation are provides the
better performance in the condition of the license plate
candidate region is obtained. The result is able to detect
successfully is 96%. In [4] used the Compound Mathematical
Morphology. The filter produced the grayscale image by using
the opening and closing operation. Then the edge is detected by
using the opening and dilation operator. Then, the filter
technique is introduced to detect license plate by subtraction
between the opening operator and dilation operator in order to
obtain the prominent license plate region. The result shows that
it can successfully detect 97.5%. In [5] used the color and edge
information. It changed the color image into the negative
values indicate blue and the positive values indicate yellow. It
detected the vertical edge by using image horizontal
differences algorithm for detect license plate The result shows
that it can successfully detect The result shows that it can
successfully detect 98.51%.

Moreover there are many research have been proposed in
multi license plate, such as [6]. It used the Mathematical
morphology and component filtering. It detected the vertical
edge by using roughly locate the horizontal position for the
candidate of license plate from the gradient value. The filter is
produced the vertical edge image by using the closing and
opening operation. Also the subtraction operation is the used in
order to obtain the prominent license plate region. The result
shows that it can successfully detect 98%. In [7] used the
vertical edges of image between a license plate and its
backgrounds. It used the Haar scaling function in wavelet
transform to find the reference line of horizontal variation. The
result shows that it can successfully detect 92.4 %.

According to the related research work above, there is
many of an advantage and disadvantage. Therefore this paper
proposed the development of the license plate location
detection using subtract morphology technique for multi plate.
This paper focuses to development in [2] which the license
plate has a complex backgroundand different colors of the car.
Details of design and experiment based for license plate
location are described in Section IIL. Then, the experiment and
analysis of result are presents in Section IV. Finally, a
conclusion will be summarized in Section V.
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II.  LICENSE PLATE IMAGE ALGORITHM

A.  Grayscale conversion [3]

Every pixel of the color image has three different color
components RGB but the grayscale image contains only
brightness information. There is no color information in the
relatively fast speed. Therefore, it is essential for the color
image to be turned into the grayscale image. In general, the
gray level of the gray image is 256. (0 — 255) Let G denote the
gray value. In this paper, the calculation formula of the gray
value G is:

G, =02989*R_ +0.5870%G, +0.1140%B_ (1)

G

.y

is Grayscale value at point (x,y)

R,G,B are the color component of color image

B.  Morphology operations

Top-hat [8] transformation is a kind of morphological
transform based on opening and closing operations. If f is
gray scale original image. b is structure elements, then the
opening operation ( f, ) is defined as the following: first
eroding f* by b, then using b to expand results as shown in
().

f,=(fon®b @
Where f is Grayscale image
b is Structure elements

Also, the closing operation ( f; ) is defined as the following:
first expand f by b, then using b to erode results as shown
in (3).

Jo =(f ©b)6b 3)

Top-hat operator bases on (2) and (3). It can be divided into
opening Top-Hat operator as shown in (4) and closing Top-Hat

operator as shown in (5) which are adjusted from (2) and (3)
respectively.

Vo ' (O]

Jan=5h=f (6]

This paper adjusts an opening Top-hat operator (4) by
apply a closing Top-hat function to the (4) as shown in (6).

CTH =(f,,, ®b)®b ©)
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Then (6) is subtracted with (4) as shown in (7).

SCT =CTH(x,y)— [, (x, ) 7

C. Logic operator (AND)

The pixel of the output image in the noise removal as show
in Fig. 1 is set to “17, if all input pixel contain a nonzero pixel.
Otherwise, the pixel is set to “0”

Y,=f(4,.B,)=4,9B

, £87

(®)

Where Y islogical AND resultat point(x,y)

AoiB

..»» B, areoriginal image at point (x.y)

II1.

In this experiment, there are 100 digital images with size
300x400 pixels which contain of the multi license plate with
the different background. However, in the area of license plate
is used only the white background. Figure.1 shows the license
plate detection diagram.

Color image (RGB)

DESIGN AND EXPERIMENT

Gray scale Translormation

Figure 1. The license plate detection diagram

A.  Gray scale Transformation
The original color image is converted into grayscale images

which usually contains only brightness information. Figure.2
shows color and gray scale image.

(a) (b)
Figure 2. Color image (a) and gray scale image (b)
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B. Mathematical Morphology

| ‘Top-hat |—>| |—>| Closing - 'T'op-hat
vertical edge
detected

|—D| l—bl Closing (Disk, r=5) |

Figure 3. Mathematical Morphology diagram

Closing
(Rectangle,[2 12])

y
Closing

(Rectungle.]$ 81)

Open
(Rectungle 8 81)

Firstly, the grayscale image is filtered by using the Top-hat
operation. The result shows that this stage can eliminate the
luminosity of the background light which does not balance as
show in Figure 4(a). The result is then passes through the
closing operation and then takes it to subtract technique
between the output of this process and Figure 4 (a). The result
shows that it can reduce the noise as shown in Figure 4. (b).
The license plate region mainly consists of vertical edges.
Therefore the vertical edge detection technique is applied to
Figure 4(b) to eliminate horizontal edge. The result shows in
Figure 4(c). Finally, at this stage, Figure 4 (c) is pass through
the closing operation, opening operation and closing operation
respectively to is notice and determine the license plates area.
The result shows in Figure 4(d).

() (@

Figure 4. Mathematical Morphology image

C. Edge detection

The result of the mathematical morphology image as
shown in Figure 4 (d) is then converted into binary image as
shown in Figure 5 (a). The next step is edge detection which
normally consists of many techniques such as the Roberts
operator, Sobel operator, Prewitt operator and Canny operator
etc. In this experiment, the canny edge detection is used
because it provides the good efficiency to show the
continuously edge line as shown in Figure. 5 (b).
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Figure 5. Edge detection

D. Noise removal

logical AND operation

To At the stage. Figure 5(b) is then filled the hole in
the close loop of edge detected image. The result
shows in Figure. 6(a). The next step is to eliminate the
noise by using logical AND operation between Figure.
6(a) and 5(a). The result shows in Figure 6.(b).

(b)
Figure 6. Fill holes AND Binary

Subtraction operation

To reduce further noise, the Figure 4(a) is reversed the
components using the complement technique. The
complement technique will reverse a binary image as
zeros become ones and ones become zeros. Then the
reverse image is subtracted with Figure 6(b). The result
is shown in Figure 7 (a). Finally the closing operation
technique (3) is applied to the Figure 7(a) for
fulfillment the internal gap of license plate image as
shown in Figure 7 (b).

(a)

Figure 7. Noise removal image

E. License plate location

From Figure 7(b) is then located the two maximum of
white area which noticed to be the license plates location.
Finally, the two maximum of white area are located, the
centroid of each area is determined and then expand the
centroid point to be rectangle area as size 20 x 40 pixels. The
result is shown in Figure 8.
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Figure 8. License plate images

[V. EXPERIMENT AND ANALYSIS OF RESULT

The method proposed in this paper is able to detect multi
license plates. The 100 data image size 300x400 pixels, which
are captured by digital camera within sunny and different
colors of the car, are used as input data set. The license plate
location results are shown in Table I.

TABLE L. COMPARISON OF PROPOSED METHOD
Result Proposed Method Method zg;pascd in
2 Plate Success 82 % 14 %
1 Plate Success 18 % 36 %
Fail 0% 50 %

The Table 1 shows the comparison of the proposed
technique with the method in [2]. The algorithm in [2] 50%
failed to detect the multi license plates and also it can detect
one and multi license plates as 36 % and 14 % respectively.
Compare to the propose technique, it shows 0% failed to detect
the license plates and also it can detect one and multi license
plates as 18 % and 82 % respectively. Moreover, the license
plate character regions, which are black/blue/green color, can
also detect.

However, some failures are occurred in some areas that
have the similar features with the license plate such as a
shadow of sticker. Also the blur license plate is one of the fail
reasons as well.

V.  CONCLUSIONS

This paper proposes the Enhancement of multi license Plate
location technique using subtract morphology technique license
plate. The original color image has converted into grayscale
images. The grayscale image is then filtered using Top-hat
operation and closing operation to reduce the background
noise. Then the edge detection process is operated using canny
operator and also the fill holes technique is used to fulfillment
the close loop area. The logical AND operation and subtraction
technique are then used to reduce further noise. The result of
this experiment shows that it can be improve the performance
of license plate location specially multi plate license when
compare to the [2]. The result is able to detect multi plates
successfully that it is more increasing 68%.
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