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A Study on the Vehicle Plate Extraction Using Multiresolution
Wavelet Decomposition and Edge Properties of Wavelet Subband
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ABSTRACT

License plate region extraction which affects recognition rate of whole system significantly is the most
important part in automatic vehicle license plate recognition system. In this paper, we propose a method to
extract the license plate region using multiresolution wavelet decomposition and edge properties of wavelet
subband. The High Frequency Subband(HFS) of an image, which

information for horizontal, vertical and diagonal direction. Edge information is concentrated in each direction of

is decomposed by wavelet, has edge

the Headlight-Radiator-Headlight(H-R-H) and the license plate region compared to other regions in the vehicle

image. This paper shows a license plate region extraction method using these edge properties and our

experimental results with various vehicle images. In our experiments, we tested the proposed method against

existing methods and we achieved high accurate results in comparison.

consists of 5 major parts. They are, vehicle

I. Introduction

detection, image acquisition, license plate region

Computer vision based Automatic Vehicle Iden- extraction, individual character extraction and

tification System(AVIS) can be applied to identify
speeding vehicles, stolen cars, used in automatic
toll payment on highways, bridges or tunnels, and

(1]

automatic parking systems etc. . Vehicle license

plate automatic recognition technology for AVIS

recognition, and data transmission. Among them,
license plate region extraction is most important
in that it affects the overall successful recognition
rate more than any other part. But, it is not easy

to extract the license plate region from a vehicle
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image for many reasons. The quality of vehicle
image, varying surroundings, different vehicle
structure and types, and the color of the license
plate after it is acquired by image acquisition,
varies according to weather conditions'”.

The major conventional methods for the plate
region extraction can be divided into 3 classes,
which are Feature Based, Gray-level Intensity
Based and Color Based. The Feature Based
method extracts the edge of the image and detects
horizontal and vertical edge of a license plate
border using the Hough Transform(HT). This
method is based on the facts that the license plate
of a vehicle is rectangular, the width to height
ratio is 2 to 1, and is robust to noise. This
method, however, is very sensitive to plate border
deformation and it can fail to recognize the plate.
The HT also needs much processing time. The
Gray-level Intensity Based method extracts the
plate region using the regular difference of
gray-level intensity. It is hard to extract plate
region with this method, because gray-level
intensity is sensitive to environmental variation and
there are many gray-level intensity parts similar to
the plate region on a vehicle. The Color Based
method uses the color information of the plate
region. However, if the vehicle body color is
similar to the plate color, plate extraction is
difficule™"™!,

In this paper, we propose a method of the plate
region extraction using the edge properties of
wavelet subband. First, we decompose the vehicle
image by wavelet and calculate the average of
HFS coefficients in each subband. We then
calculate the correlation coefficient between the
average of coefficients and coefficients of each
HFS. From the result we can extract a region that
has the maximum correlation coefficient value as a
plate region. An overview of the plate region
extraction is shown in Fig. 1.

This paper is organized as follows. In Section
2, we describe the wavelet decomposition for a
plate region extraction. In Section 3, we present
the plate region extraction method. Section 4 is to
show experimental results. The conclusion and

future works are described in Section 5.
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Fig. 1 Overview of the plate region extraction

II. Wavelet Decomposition for Plate
Region Extraction

2.1 Wavelet Decomposition

Wavelet Transform (WT) based approaches are
becoming increasingly popular in texture analysis,
pattern recognition and character recognition'sl‘ The
basic functions of WT are obtained by dilating and
translating a mother wavelet @ (z) with variable a
and b in time axis. The Continuous Wavelet
Transform of a 1-D signal f{z) is defined as

Wia.t)= [ g, (DR Dt )

where the wavelet @ ., is computed from the
mother wavelet ¢ by translation and dilation.

¢,,_b(t)=71;¢(t;ab) where acR™,beR, a+0 (2)

R" and R are positive real numbers and real
number respectively. In case of Discrete Wavelet
Transform (DWT), the parameters a, b of Eq. 2
have discrete integer values.

a=aj', b= nbya; With (m,n)Z,and a¢>1,5,>0

3

In Eq. 3, m and n are integer parameters related
to scale and time-shift, respectively. Therefore,
mother wavelet ¢ is

G (D= ag " Y ag "t— nby) 4)
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In Eq. 4, in the case of ap=2 and byo=1, there is
a very special choice for @, such as @ m, which
constitutes an orthogonal basis (dyadic decompo-
sition). In this case, the DWT can be performed
efficiently using Quadrature Mirror Filters (QMF)
[6]. Each QMF pair consists of low-pass (H) and
high-pass filters (G), which splits a signals’ band-
width in half. 2-D DWT is computed by applying
separable filter bank as following:

L(b)=[Hx[HxL, 15,118
Dy(0)=[H*[G*L,\]21]1.2(b)
Dp(B)=[G*[Hx*L,_],2,]1b)

Dy(B)=[G*[G*L, 1] 211 ,12b) ,with be R’
(&)

where R° denotes two dimensional Euclidean
space, * is the convolution operator, and |2,1( ]
1,2) denotes subsampling along rows(columns). H
and G are low-pass and high-pass filter respect-
ively. L, is obtained by LPF and is referred to as
low resolution image at scale n. Dni is referred to
as detail images at scale n and contains detailed
information of horizontal(D,;), vertical(D,;) and
diagonal(D,s) directions; which is obtained from
the HPF. Therefore, the original image(/) is
represented by a set of subband at several scales
and it is a multi-scale representation of the

original image I at a depth of d.
{LsDyi |l n=1...d, i=1,2,3} 6)

This decomposition is called discrete wavelet
decomposition or pyramid wavelet decomposition.
Every decomposed subband contains information of
specific scale and direction, and spatial information
is retained in the subband®!""

2.2 Wavelet Decomposition for Plate
Region Extraction

DWT block diagram for plate region extraction

is shown in Fig. 2. The vehicle image is decom-

posed by DWT at each step and decomposed

subband is used selectively. We use the energy

distribution of HFS for the plate region extraction.

Energy magnitude of HFS varies depending on
wavelet filters, which are used for DWT. The
energy of each HFS is given by

E,;= [(D, ( b)*db @)

Wavelet energy {En)n-14 i-1,23 represents the
energy distribution of each HFS. Table 1 shows
energy distribution of a vehicle plate region
according to the wavelet filter type. If the energy
of HFS is too high, it is difficult to separate the
plate region because other regions can also have
high energy. This can lead to falsely extracting a
region that has a similar energy distribution as the
plate region. On the contrary, if the energy of
HFS is too low, it is difficult to get high
frequency component from the plate region and
can easily fail to extract the plate region. Table 2
shows energy magnitude of the H-R-H region and
the plate region in a vehicle image. From Table 2,
we know that more than about 80% of energy of
a vehicle image is converged to the H-R-H region
and the plate region. Therefore, if we select an
appropriate  wavelet filter and use energy
concentration property of the H-R-H region and
the plate region, we may extract the plate region
more easily. In this paper, we used biorthogonal
spline 3.7 wavelet for the plate region restriction
and used Haar wavelet for region extraction

empirically.

Table 1. HFS energy according to wavelet filter types

haar db8 db16 | spline2.2 | spline3.7
Ell 39,697 20,108 19,118 14,994 11,657
E12 | 25401 13,106 12,450 12,007 9,126
E13 2,414 1,207| 1,275 827 449

Table 2. The energy distribution property of H-R-H and

plate region
haar db8 dbl6 | spline2.2 | spline3.7
Horiz. | 31,858] 16,566| 15,492 12,132 945
Vert. | 16,178 9,154 8,667 8,742 700
Diag. 1,994 960 980 68 35
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Fig. 2 DWT block diagram for the plate region extraction

. Plate Region Extraction

3.1 Image Acquisition and Property

of the Plate Region

A Vehicle Image Acquisition System (VIAS) is
being installed on a highway, which is shown in
Fig. 3(a), for traffic control and speeding vehicles
regulation etc., and consists of Loop Detect
System, CCD Camera and Control Box. The image
acquisition occurs while the vehicle is passing
through the Loop Detector. The vehicle’s speed is
inputted by the Loop Detector and measured by
the Control Box. A CCD Camera mounted on the
framework acquires the image.

The acquired vehicle plate region by VIAS has
the following peculiar characteristics: (1) Continuous
characters of regular size exist and color difference
between character and plate background cause
variation of intensity; (2) Edge information is
concentrated in each direction of the H-R-H region
and the license plate region than any other region
in a vehicle image; (3) Generally, the plate region
is located on the bottom of the H-R-H region that

has most of the edge information for each

: High-pass subband with horizontal detail infomation

: High-pass subband with diagonal detail infomation

DWT L2

T

1))
III III| m
@ Analysis for
- plate region

extraction

direction. Fig. 3 shows the acquired vehicle image
by VIAS.

focooren 5
@ ®)

Fig. 3 (a) Vehicle Image Acquisition System (VIAS),
and (b) the acquired vehicle image by VIAS.

3.2 Plate Region Extraction

By decomposing an image using DWT, the
energy that each pixel has in its spatial domain is
decomposed into each frequency component in
transform domain. First, we need to decompose the
vehicle image showed in Fig. 3(b) using spline
wavelet. Then, the extraction region is restricted
under the H-R-H region for exact region extraction
using horizontal projection. The horizontal projec-
tion of HFS is given by

Pi(x)= ZDn Lx, ) (8)
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where x, y are coefficient coordinates of HFS. The
HFS for horizontal projection uses D;; subband
that effectively represents the edge of the H-R-H

region in a vehicle image. Fig. 4 shows the results.
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Fig. 4 The results of horizontal projection: (a) represents
the distribution of DI3 coefficients and Ph3(y),
and (b) is result of mapping Ph3(y) into DI3
LFS. The dotted line in figure (b) is represents
y" information for region restriction.

As shown in Fig. 4, Pi(y) has a maximum
peak in the H-R-H region of a vehicle image.
Therefore, we can use y that has a maximum
value of {Pi(y)}max from P;,](y) to restrict the

extraction region under the H-R-H region. y in

{Pi’(¥)}ma, however, varies according to the
vehicle type within the H-R-H region. Therefore,
as shown in Fig. 4(b), we can determine position
y’' =y - j which is moving position y downward
by j as region restriction information. By doing
this, we can extract the plate region more
accurately by excluding the high frequency
component from the H-R-H region. We determined
J as 20 empirically.

For the plate region extraction, we performed
wavelet decomposition over L; subband that is
restricted under the H-R-H region by y’. L,
subband is decomposed into L, Dj;, Dz, Das
subbands. D2;, D2

22,

D»; subbands can have similar
edges to the plate region according to a vehicles’
structure. Therefore, we need to exclude horizontal
D>; subbands, and

extract diagonal direction edges that represents the

22y

and vertical edges in Dz, D2

plate region properly. For this, as shown in Fig. 2,

we need to decompose D;, D>

22,

D»; subbands using
the Haar wavelet, and select Dy of D3, Dy of
Dz, and Dji, of Dz; HFS as the subbands for
region extraction. We need to calculate the average
value Ay=(Dzja+D2a+D:23,)/3 of each subband to
make the plate region prominent. Fig. 5 shows the
three subbands and the average value A

As shown in Fig. 5(d), the average value Ay of
the plate region for each subband is represented in
peak shape with certain magnitude. However, Ay
region can include a whole plate region perfectly
or just part of the plate region. Therefore, it is
necessary to expand the region of A, to a certain
size, so that A, can include the whole plate region.
As shown in (a) of Fig. 6, to expand the region
of As, we need to get the correlation coefficients
of As, Do, D2g and Diz, and add the most

(a) ()

(c) )

Fig. 5 Each subband and average for region extraction: (a), (b), (c) are D21, D22, D23 subband respectively, and (d)

average value Ad of D21, D22, D23 subband.
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Fig. 6 (a) represents plate region Sz which is expanded by A and correlation coefficient of subband Djjs, Dz, D::, and
(b) contrast enhanced CE of Sg. (c) result of reference value and cardinal points search. (d) represents the result of

mapping coordinates of plate region determined in (c) into vehicle image

significant correlation coefficients to A; as weight
value. The correlation coefficient R., of two
2-dimensional spaces is given by

o Zg(e”_ie)(u”-Z)
T (Ee9) (B w)

C)]

where e=Ay, u=Dzja, Da, D3z, and &, @ are
average of e, u. x, y the coordinates of e, u. The
contrast of the plate region and the other region
can be enhanced by Eq. (10) for the expanded
plate region Sg=(As+{Reu}ma)/2. {Sr}maxs {Sk}min in
Eq. (10) denotes the maximum and minimum values
in the expanded plate region Sk, and x, y are
coordinates. z is a scale constant for enhancement.

2(Se(x, ) — { Sk} min)
{SR} max (SI\’} min

CE(x,y) = (10)

The contrast enhanced plate region is disting-
uished from the other region such as in Fig. 6(b).

Lastly, the average of CE is determined as the
reference value Tcg, and the coordinate of the
plate region is determined by selecting the
inflection point or the point which has a smaller
value than T¢z among the cardinal points(N, S, E,
W) at the coordinate that has maximum CE value.
Therefore, the coordinates CRysew of the plate
region satisfy following two conditions.

CRy.s.g,(x,¥) = CE(x, W< T¢cp or

CR)(x,v)= CE(x,y+ 1)< CE(x, )< CE(x,y—1),
CRs(x, y)= CE(x,y—1)< CE(x, y){ CE(x, y+1),(11)
CRy(x,v)=CE(x—1,v){CE(x,y){CE(x+1, ),
CRy(x,v)= CE(x+1, y)<CE(x, y){CE(x—1, )

where the initial value of x, y are {CE(x,y)}nar

The result from Eq. (11) is represented in Fig.
6(c), and the result of mapping coordinates into a
vehicle image is represented in Fig. 6(d). As
shown in Fig. 6(d), the coordinate CRysgw of the
extracted plate region is somewhat bigger than the
actual plate region, but it includes the plate region
without exception. The procedure for the plate

region extraction can be summarized as following.

Procedure: Plate region extraction using wavelet
decomposition

[Step 1] Perform wavelet decomposition for vehicle
image.

[Step 2] Project HFS horizontally and restrict region
to under H-R-H by moving position y of
{Pr’(¥)}max to downward by - j.

[Step 3] Perform  wavelet  decomposition  for
subband L,

[Step 4] Perform  wavelet  decomposition  for
subband D:;, D2, Das.

[Step 5] Use decomposed D.;, D1, D,; subband for
region extraction, average subband and get
Aa.

[Step 6] To get the expanded region Sz of Ay,
calculate correlation coefficient among Ay,
D214, D224, D33a.

[Step 7] Enhance contrast of region S, search the
cardinal points, choose plate region
coordinate between inflection point and the
point which has a smaller value than T¢g

IV. Experimental Results

To evaluate the performance of the proposed
method, the experiment was performed on a
Pentium Pro PC using MATLAB software. Vehicle

921
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Fig. 7 Vehicle image acquisition and plate region extraction: (a) is the result of horizontal projection to restrict extraction
region to bottom of H-R-H, (b) shows distribution of D13, (c) is the contrast enhanced and subband averaged image
for plate region extraction, (d) is shows the plate which was extracted by cardinal points search.

image is 1024x1024 resolution gray level image
and was acquired on the highway, as shown in
Fig. 3(a). Down-sampled image to 512x512 was
used instead of using the original image. Fig. 7
shows the results of the plate region extraction for
various types of vehicle.

As shown in Fig. 7 and Fig. 8, the plate region
extraction was successful for vehicles of normal
condition. Although we succeeded restricting the
extraction region to the bottom of the H-R-H, the

extracted plate region of the last car is bigger than

the others due to the deformation of the plate.
For the performance comparison, we also
experimented with 80 vehicle images using Feature
Based, Gray-level Based and Color Based methods.
As shown in Table 3, the proposed method
performed better than existing methods and could
solve the problems of those methods which has
performance variation and low accuracy depending
on the vehicle structure, surrounding and color of

the vehicle.

92?2
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Fig. 8 Represents the result of mapping coordinates of plate region determined in (d) of Fig. 7 into vehicle image

Table 3. Comparison results: Proposed method shows
highest accuracy

Feature Intensity Color ‘ Proposed
| [

Based Based Based | Method |
Extraction 63/80 66/80 71/80 78/80

Rate (%) 78.7 82.5 88.7 97.5

V. Conclusions

In this paper, we propose a new method of
plate region extraction. We applied the edge
property of a vehicle plate region to HFS of
wavelet-decomposed  image. We  verified the
proposed method with various vehicle images and
compared the performance to existing methods. In
the result, we could avoid the problems of other
methods, and showed a 97.5% accuracy. Our
proposed method can be applied to the Automatic
Plate Number Recognition System and assist in the
extraction of the region of interest.

We will continue our experimentation with more
test images and the accuracy of the character

recognition for the extracted plate region.
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