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Abstract: Considering features of vehicle license plate location method which commonly used, in order to
search a consistent location for reference images with license plates feature in multidimensional parameter
space, a new algorithm of geometric location is proposed. Geometric location algorithm main include model
training and real time search. Which not only adapt the gray-scale linearity and the gray non-linear changes, but
also support changes of scale and angle. Compared with the mainstream locating software, numerical results
shows under the same test conditions that the position deviation of geometric positioning algorithm is less than
0.5 pixel. Without taking into account the multidimensional parameter space, Geometric positioning algorithm
position deviation is less than 1.0 pixel and angle deviation is less than 1.0 degree taking into account the
multidimensional parameter space. This algorithm is robust, simple, practical and is better than the traditional
method. Copyright © 2014 IFSA Publishing, S L.
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1. Introduction

License plate location is the key step in the
license plate recognition. With the rapid devel opment
of intelligent transportation, the locating speed and
precision is demanded higher and higher. Visua
identification and localization algorithm is the key
technology of license plate recognition. Adopt
advanced technology for vision detection and
location to identify license plate which can achieve
fast intelligent identification [1].

In recent years, some researchers investigated the
positioning method of license plate mainly including
some traditional algorithms [2-4]. The localization
algorithms are mainly the template matching method
[5-7] and least square algorithm etc [8, 9]. Those are
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sensitive to the scale, rotation and signal strength of
the target region of interest. There are a'so some new
unconventional methods. Fractal is applied to the
license plate image positioning [10]. Neura network
is applied to redlize license plate image positioning.
Most of the literature takes the license plate image
positioning method and the image matching
processing into consideration [5, 11]. The studies and
reports are not many for how to analyze location
problem on shape characteristics of the license
plate image.

In this article, a new geometric location algorithm
of the license plate was developed. The method can
not only adapt to the gray linear change and gray
nonlinear variation, and support the scale and angle
change. The location agorithm is simple, practical

171


http://www.sensorsportal.com

Sensors & Transducers, Vol. 170, Issue 5, May 2014, pp. 171-176

and strong robust, which is better than the traditional
regional location and edge positioning methods.

2. Localization Algorithm

The overall frame of geometric positioning for
license plate is shown in Fig. 1. Geometric location is
made up of model training and real-time search.

2.1. Model Training

Model training includes the following steps:
1) Granularity choice; User Set or automatic select
granularity parameters. 2) License plate boundary
point detection; Detect license plate point image edge
information, the input is training images, the output is
boundary point list. 3) Boundary point connection;

Connect the adjacent boundary point in the same
direction. 4) Chain objects generation; According to
the boundary point connection properties to create a
chain. 5) Line object generation; Segment the chain
objects into the multiple low curvature line object.
6) Detection point spacing and quantity calculation;
According to the total length of line to segment the
detection point spacing and quantity. 7) Probe points
list generation; depending on amount and spacing of
the probe points to create probe point list. 8) Pattern
contrast calculation; Calculate the contrast of license
plate point mode image. AS shown in Fig. 2, the task
of the geometric positioning model training part is:
extracted edge information from the training image
mode, select a number of boundary points to
congtitute geometric description of the model.
Training images shown in Fig. 2(a), The geometric
description of the training mode shown in Fig. 2(b).
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2.2. Real-time Search

Geometric positioning real-time search is mainly
composed of the search space and real-time
positioning strategy. The basic idea of real-time
positioning strategy is. gradually reduce the step
length, orientate many times to get the fina
localization resullts.

The search space is more parameters, including
two trandational and four non-trandationa
parameters. Two trandational parameters is X
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Fig. 2. Geometric positioning mode training.

direction and Y direction trandation parameters X
and Y, Four non- trandational parameters is zoom
parameters LogX and LogY, scaling and rotation
parameter LogS. Multidimensional parameter
transformation is to obtain the corresponding
coordinates in the real-time image of the model probe
points by multi-dimensional transformation. Probe
point list of multidimensional  parameter
transformation is organized in the form of an array.
Offset is offset position of the probe points converted
into real-time image. The gradient direction
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is gradient direction converted into rea-time
image later.

Assuming that matrix C is the transformation
matrix of non-trandational parameters. Vector t
denotes the trandational parameters. Vector L
indicates probe point position in training mode.
Vector L indicates probe point offset in the rea-time
image. F, isthe column address deviation and F, is

the row address deviation in real-time image. Probe
point offset of multidimensional parameter space
transformation F calculation such as formula (1):

L =CL+t, x=round(L,).

y=round(L,). F = xF, + yF, D

Assumes that the gradient direction of probe
points in the training mode is «, the gradient
direction of multidimensional parameter space

transformation ¢ is shown in formula (2):
o= arctan(det(C)( 0 1}({0 —1J[cgs(a)jj
det(C) (-1 0) (1 0 \sin(e)
Cy, -Cy)cos(a)
arctan([_ C, C, j(sin(a) Dmdet(C) <0 2
arctan((_ €2 Ca ]( cosa) D ..det(C) > 0
C, —Cylsn(a)

Direction scores used to evauate the difference
degree between detection point direction after space
transform and the corresponding gradient direction in
real-time image. Amplitude scores used to evaluate
edge strength of real-time image. Locaization
algorithm evaluation matching scores are defined
as follows: F, — probe point i address offset of

transformation in the license plate image. di — probe
point i gradient direction of transformation in the
license plate image. ﬂi — probe point i weight of
transformation in the license plate image. M(a) —
gradient amplitude of offset address a in license
plate real-time image. D(a) — gradient direction of
offset address a in license plate real-time image.
f4 () — gradient direction evaluation function. ¢ )
— gradient amplitude evaluation function. M(a+F,))
— gradient amplitude of probe point i in
corresponding real-time image. D(a+F,) — gradient
direction of probe point i in corresponding rea-time
image. D(a+ F)—d, — gradient direction difference
of probe pointi.

Takes into account the gradient amplitude of the
probe point, the difference and weight of gradient
direction, the normalized matching scores and noise

suppression, license plate matching scores is defined
asinformula (3):

Z;Li fn‘lag(M (a+ Fi ))fdirqD(a"' Fi)_diD
S=_i

1 (©)
;J.O fdirmﬁzi:ﬂ’i
3. Real-time Positioning
License plate real-time positioning include:

determine the name scaling factor of dimensional
parameters, the tag particle degree of the rea-time
image, calculate gradient amplitude and gradient
direction, determine the change of parameters scope
and step length, reduce the step length, locate many
times, output positioning results.

In order to determine the change of
multidimensional parameters and step length,
definition is shown as following:

p, — Thei™ probe point. (x.,y,) — Theith probe point
coordinates. ¢, — The ith probe point gradient
direction. V. — The ith probe point corresponding

unit vector of gradient direction. 4, — The weight of

the ith probe point. N — non-fixed multidimensional

parameter number. C — The multidimensional
parameters matrix corresponding to the step length.

S; —The multidimensional parameters length factor
corresponding step.
Define the projection node C(vaCy)- That it is

minimum distance sguare sum point to probe point
tangent contour. Through the outline of the ith probe

point  tangent can be  expressed as.
Xcose, =ysine, —r,=0.  Projection  center
clc,.c,) meet the formula

F(c,.c,)=> (c,cose, +c,sin; —1,)? - min, aso
i

can be expressed as the formula (4):

ai:Zzsinai(cxcosai +c,8ng, —ri)=0
Jdc, 4 “
gTF:Zzsinai(cXcosai +c,sne, —1,)=0

y i

Formula (5) can be obtained from formula (4):
>rcose, Y sin* e, - Y 1 sing; Y_sing; cose;

> cos’ o, Y sin ¢ —(Zsino:i cosg; j
>rsing; Y cos’ o — Y 1, coser Y sing; cos, ©)

>cosa Y sin*g —[Zsi ne; coso, ]

C

X

¢

Define the parameter S as formula (6),
Dimensional parameters of the step length is defined
astheformula (7).
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In license plate real-time search phase, geometric
positioning algorithm is different from the regional
location and edge localization algorithm only in
trandlation parameter space to search, but in the
multidimensional parameter space to search. Evaluate
the similarity between the evaluation results and
training mode to output the highest similarity scores
for the final positioning result. As shown in Fig. 3,
the overall strategy for license plate geometry
localization algorithm in real-time search stage is:
search in real-time image once, and then based on the
results of positioning reduce the search step length,
locate and search twice again, get the fina accurate
positioning results.

S, emin

MSS=

4. Experimental Results and Discussion

Use license plate image as shown in Fig. 4 to test
the relative accuracy of geometric positioning.
Geometric positioning range is from minus 15
degrees to 15 degrees, the particle size is 2.2. The
experimental results are shown in Table 1. Deviation
is less than 0.5 pixel and the angular deviation less
than 0.5 degrees. Low signal to noise ratio image,
low contrast image, partial bright image, darker
images, fuzzy degraded image, part of the cover
image of Fig. 4 are used to test the robustness. The

Pattern 4

Pattern 5

experimental results are shown in Table 2. Data
shows that the robustness is better.

Evaluate the efficiency of this position used
license plate image shown in Fig. 4. The granularity
is 2.5, rotational degree of freedom for -15~15
degrees, accept the score is 0.70; Experimental
platform is PIV17 CPU, 1G memory, VC6
development environment, the results as shown
in Table 3.

License plate real-time image

Calculate the initial search
step length

Initial location search

y

Halve the search step length

A
Real-time location search for
the first time

Halve the search step length

A
Real-time location search for

the second time

Location results

Fig. 3. License plate positioning flowchart.

Pattern 3

Fig. 4. Test images and resullts.
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Table 1. Accuracy test data sheet.

License Plate Geometric Positioning Standard Value Relative Error

Image Test Coordinates Angle Coordinates Angle Coordinates Angle
1 (181.82,137.54) 3.89 (181.53,137.04) 3.65 (0.29,0.50) 0.24
2 (369.00,170.31) 4.05 (369.05,169.76) 3.79 (-0.05,0.55) 0.26
3 (543.96,177.75) 4.36 (543.59,177.49) 4.75 (0.37,0.24) -0.39
4 (165.47,330.95) 4.22 (165.78,330.56) 3.88 (-0.03,0.39) 0.34
5 (353.43,337.13) 4.04 (353.50,336.53) 3.72 (-0.07,0.60) 0.32
6 (501.74,378.87) 3.9 (500.92,378.58) 3.44 (0.18,0.29) 0.40

Table 2. Robustness experimental data sheet.

License Plate Geometric Positioning Standard Value Relative Error
Image Test Coordinates Angle Coordinates Angle Coordinates Angle
Training image (269.96,190.19) 0.02 (269.99,189.99) 0.46 (-0.03,0.20) -0.44
Low SNR image (269.99,190.32) 0.11 (270.02,190.07) 041 (-0.03,0.25) -0.30
Low contrast image (269.96,190.23) 0.06 (269.98,189.97) 0.43 (-0.02,0.26) -0.37
Partial bright image (269.96,190.19) 0.10 (270.00,189.99) 0.38 (-0.04,0.20) -0.28
Darker image (50.04,50.07) 0.19 (50.17,49.76) 0.62 (-0.13,0.31) -0.43
rm“;édegraded (269.89,190.01) 1.17 (269.96,190.18) 090 | (-0.07,0.17) 0.27
Some shade image (269.94,190.18) 0.38 (269.99,190.00) 0.15 (-0.05,0.18) 0.23
Table 3. Efficiency test data sheet. province domestic senior visiting scholar program
funded projects (2013).
Geometric Positioning Algorithm
Trainin 1.56
: Filter 8.53 References
Preprocessing Interpolatio_n 2.24 [1]. Huang Janling, Zou Hui, Study of edge detection
Edge detection | 5.25 operators in the detection of automobile license plate,
Real-time Total 14.02 Control and Automation, Vol. 36, 2007, pp. 309-311.
positioning Initial position 12.92 [2]. Wang Wei, Chen Jirong, Xu Jingye, Fast license
Positioning  |Second position | 3.22 plate location based on color characteristics,
Third position 4.89 Computer Engineering and Applications, No. 1,
Tow, ms 35.49 2006, pp. 226-229.

5. Conclusion

Geometric positioning algorithm of license plate
is proposed in this paper. The accuracy, robustness
and efficiency of the algorithm have been verified by
the experiment. The results of numerical experiments
showed that this method can effectively complete
the recognition of license plate, satisfy the
requirement of intelligent transportation visual
real-time positioning.
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