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ABSTRACT

License Plate Recognition Systems (LPRS) can be separated into two subsystems, license
plate detection system and license plate recognition system. This thesis proposes license plate
detection system from recorded videos of moving vehicles using computer vision technology. Our
approach employs Sobel operators and variable thresholds for edge detection to make it robust for
changing in illumination. The license plate in the video frame is located by scanning a window
over the entire frame. For each window location, the edge pixel distribution is analyzed to
calculate the likelihood score of being a license plate then license plate window candidate can be
extracted. After that, we analyze temporal data combine with likelihood score ranking to confirm
the possibility of being license plate of the candidate to reduce false positive. In additions,
perspective correction is also performed to make the output image suitable for sending to license
plate recognition system. From the experiments on several video clips of 440 moving vehicles,
the system can detect license plate 98% correctly and false positive can be reduced from 887

plates to 74 plates or 8.3% from origin.
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G, =(z, &) (2.14)
G, =(z—2z) (2.15)
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=Y = o
- AR UTUMITUVUNI IAA (Prewitt Operators)

G, =(z,+2;, +2;) (2 +2,+2,) (2.16)
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- adutumsuu Tyua (Sobel Operators)
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False Positive Rate = i (2.24)
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fi1 False Negative Rate fiDoa51821521314 FN 1az FN 59070 TP ansodivia 1@
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False Negative Rate = & (2.25)

IP+EN
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A Car Plate Detector using Edge Information

Preemon Rattanathammawat and Thanarat H. Chalidabhongse’
Faculty of Information Technology
King Mongkut's Institute of Technology Ladkrabang, Bangkok, Thailand
Tel: +66-2-737-2551, Fax: +66-2-326-4332
E-mail: thanarat@it. kmitl.ac.th

Abstract— This paper describes a new edge-based car plate
detection technique to localize and extract car license plates in
complex scene. The system works for both moving and
stationary vehicles in compressed low resolution video streams
obtained from real working environments. To cope with the
varied illumination condition, which typically occurs in outdoor
environment, the method works on the edge information of the
image. We employs vertical Sobel edge detector with antomatic
variable thresholding. A moving window is then scanned
through the edge image. For each location of moving window,
we consider the distribution of edge pixels to determine whether
it is likely to be a license plate. In the last step, we employ the
temporal analysis to suppress false detections. In experiments,
we tested our method on several compressed video streams
containing 317 moving vehicles in varied illumination conditions
from morning to night time. The license plate localization has
94% precision rate.

L INTRODUCTION

Automatic license plate recognition (LPR) has a number of
applications such as vehicle access control, automatic toll
collection, traffic law enforcement, and parking area security
and management. A number of methods have been proposed
[1-10]. Sirthinaphong and Chamnongthai [2] proposed a
license plate recognition system for automatic parking using
four layer backpropagation neural networks. Naito et al. [3]
proposed a new sensing system with wide dynamic range by
using two CCDs and a prism to split an incident ray into two
lights with different intensities. Jianfeng. Shaofa, and Zhibin
[5] proposed a color analysis method for Chinese car license
plate recognition. The neural network is used as a classifier to
identify pixel color. Yoshimeori et al. [6] proposed a threshold
determination method in various backgrounds using the real
coded genetic algorithn. Chang et al. [7] proposed a system
that can locate license plates and identify the license numbers.
They employed soft computing techniques rooted in fuzzy
and neural disciplines to compensate for uncertainties caused
by noises and measurement errors. Duan, Duc, and Du [8]
proposed a LPR system for Vietnamese license plates using
Hough transform and contour algorithm. Lee, Chen, and
Wang [9] recently proposed a system that can extract and
recognize license plates of motorcycles and vehicles on
highways. They employ block different method for moving
object detection, and extract the license plate using a
projection-based method. The license recognition is done

using three statistical features: direction counts, crossing
counts, and peripheral background areas.

Many previous works tested on images captured under
restricted conditions, such as parking vehicles, fixed
illumination, fine resolution, designated environment, and
clean background. In this research, we propose a method that
works on video streams obtained from real working
environments with a few restrictions. The illumination
conditions can be varied which typically occurs in outdoor
environment. The vehicles might be moving or stationary,
and the background scene can be complex. Our method is
based on edge information that is robust to illumination
changes. It is also low complexity which is svitable for many
real-time applications. The method consists of three main
steps.  First, vertical Sobel edge detector with variable
thresholding is applied to the input image. Then, the edge
image is scanned by a predefined size window. For each
window location, the edge pixel distribution inside the
window is analyzed to determine whether it is likely to be a
license plate. In the last step, we employ the temporal
analysis to remove the false positives.

This paper is organized as follows, In Section II, the
proposed method is described step by step. Experimental
results are presented in Section I1I. Concluding remarks and
ideas for future work are given in Section IV.

II. THE PROPOSED ALGORITHM

As mentioned, our proposed method consists of three main
steps: a special edge detection, license plate localization based
on distribution of edge pixels, and false detection suppression
using temporal analysis

A.  Edge Detection

To cope with various illumination conditions and various
license plate colors, we work on edge domain. Vertical Sobel
edge detector is used in this work since we noticed that
license plate area is likely to contain more vertical edges than
other areas due to the high contrast between alphabets and
plate background color.

To make the system robust to illumination changes, we
employ variable thresholding for edge detection using
thresheld calculation method appeared in [4]. Fig. I shows
the result of the described edge detection.



Fig. 1. Vertical edge detection. (a) Original image, and (b) Edge imaze with
vanable threshold

B.  License plate localization

To determine location of license plates in the images, we
consider edge pixel distribution inside a moving window.
The window size is defined based on the aspect ratio of the
license plate, and approximate distance between camera and
the capture area. We notice that the license plate areas
usually contain dense edges and have a certain pattern of
distribution. Thus, we move the window over the image and,
at each location; we consider the number of edge pixels inside
and its distribution. Fig.2 illustrates how the scanning
window works. In the figure, the moving window size is
45x24 pixels, and it skips every 5 pixels horizontally and 3
pixel vertically. At each location, we count the number of
edge pixels inside the moving window and also consider its
distribution.

45 pixels
: T 24 pixels
; ! 1
_____
5 pixels 5 prxels
3 pixels
[——— (—— 3 pixels
Y

Fig. 2. Scanning image with window size 45x24, and skipping every 5
pixels horizontally and 3 pixels vertically.
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Fig.3a shows an image of a car with noisy background
scene. In its edge image shown in Fig.3b, there are many
dense edge areas. The first three maximum dense edge areas
are shown and ordered by its rank. The true license plate area,
which s in the bottom of the image, contains less number of
edges. Thus, using only the dense edges condition is not
enough, we also consider its distribution. As we can notice,
edges in license plate area are likely to cluster in the middle of
plate. Fig.4 shows the vertical histograms of the windows in
Fig.3b.

Fig. 3. (3) Original image, (b) Edge image with three maxinwm denze adge
windows (c) Candidate Ecense windows after conzidering the vertical
distibution of edge pixels.



A |
y

(d)

Fig. 4. (a}(b)(c) Nois edge window and its horizontal projection , (d) Edze of
fiue license plate area and its horizental projection

In considering the edge distribution, we divide the window
vertically into three parts shown in Fig.5. We then count the
number of edge pixels in the middle area (B) and subtract it
with the sum of numbers of edge pixels in the peripheral areas
(A and C). The result is used to specify the likelihood of
being a license plate area. Let define this likelihood as L and
it is given as

L=f-a-y &)

where o, 8, and y are numbers of edge pixels in areas A, B,
and C of the moving window respectively. Then, we rank the
locations of moving window based on this L values. Fig3c
shows the first three window locations with highest L. They
are selected as license plate candidates.

A 25%
50%
C 25%

Fig. 5. The moving window is divided into three parts and wsed in
computing the pattern of edge distibution.
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C.  False datection suppression using temporal analysis

To suppress false license plate detections from the previous
step, we utilize temporal information. Base on the assumption
that the car is moving. the detected license plate would move
accordingly. Then, the real license plate would have a certain
motion pattern. In this research, we use four consecutive
frames for analyzing the license plate. We employ steps
explained above for each frame to obtain candidate license
plate locations. Then, each candidate window between two
adjacent frames will be matched to find the corresponding
windows. All four frames are performed to obtain the motion
pattern of all candidates. The window matching score (5) is
defined as

il .§|H: _Hf| . (,'.('c_xp)! +(}"L. -y.v]z @)
(N=nY +(M-m)

mxn

where H, and H, are numbers of edge pixels in row i of

candidate windows in current and previous frames orderly, xe,
ye 1s coordinate of top-left comer of candidate window in
current frame, xp )p is coordinate of top-left comer position
of candidate window in previous frame, M and N are numbers
of row and column of image frame, m ond n are numbers of
row and column of candidate window. In our experiment,
M=240, N=320, m=24 and n=45.

As we can see from (2), the window matching score is
based on the similarity of horizontal projection of the
candidate windows, and the proximity between them. Fig.6
shows a sequence of four image frames and matching result.
Once matching is done, we then compute motion of each
candidate. The velocity and acceleration are given as

f ‘_‘(x_,'_-t.)]"'(,‘";_.}!n)l 3)
A (CAEE D ETC IS ) R (CESUD EIC ) N )

where i, j, and k are the frame number ordered from most
recent to former frames respectively, v; is velocity of motion
from frame j to frame i, az is acceleration of motion fom
frame k to frame i, (x)y) is position of top-left corner of the
window. We ignore square root to reduce calculation time.

We have assumption that the car move linearly and
constantly in short period of time (within four consecutive
frames). By using this temporal analysis we can discriminate
false alarms from the real license plates. Fig.7 shows
locations of cotresponding candidate windows laid out on the
most current frame image. As shown in the figure, the motion
of candidate “a” (see al-a4) is linearly consistent while the
motion of “b” (see bl-b4) is not. Thus “b” is false alarm.
For “c”, the motion is almost zero which is contradict to our
knowledge that the car is moving, thus it is classified as a
false alarm. Only “a” is detected as license plate for this
sample image sequence.
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Table 1 shows the detection results. There were 317
license plates in the tested videos. Our system detected 504
candidate areas for license plates. Among these 504 areas,
there were 298 true license plates, while the other 206 areas
were false alarms. We also missed 19 license plates. Fig.9
shows some of them.

Fig. 6. Conesponding window matching of candidate license plate windows
among fowr consecutive frames (a-d).

Fig. 7. Cand:idate windows and their motion paths

III. EXPERIMENTAL RESULTS

To evaluate the proposed method, we tested the system on
compressed video streams recorded from real working
environment of a shopping center in Bangkok. The shopping
center installed CCTV cameras near entrance areas. There are
no obstacles at the entrances, thus, the vehicles passing
entrance are moving,. The videos are compressed and recorded
into media for future uses such as use in investigation if there
is any incident occurs. The resolution of the video is 320x240
with 4 fps frame rate.

For this experiment, the streams contain 317 moving
vehicles in varied illumination conditions from moming to
night time. Fig.8 shows some sample images of the input and
detection results on edge images.

TABLE]
LICENSE PLATE DETECTION RESULTS
True Positive (Correctly detected) 2987317 (94%)
False Negative (Miss) 19/317 (6%)
False Posifive (False Alarm) 2067504 (41%) Fig, 8. Examples of comectly Jocateded icense plates.




Fig. 9. Examples of failure to find license plates.

IV. CONCLUSION AND FUTURE WORKS

We have proposed a method for license plate localization
of moving vehicles in complex scene using vertical edge
distributions and temporal analysis. The result was satisfied
with true detection rate 94% from 317 license plates.
However, there are still some missing results due to various
reasons such as motion blur, and license plate frame. For false
alarm  problem, we think moving toward license plate
recognition will then help to eliminate some false alarms.
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K C Chang, G E Sobelman
University of Minnesota, UNITED STATES

An enhancement to the MB-OFDM system,
known as Pulsed-OFDM, has been proposed to
reduce the complexity and power consumption
of the transceiver without sacrificing
performance. In this paper, we describe the
detailed FPGA implementation of a complete
Pulsed-OFDM  transceiver. The resource
requirements are given for each of the major
blocks for an implementation using a Xilinx
VirtexTM-4 device. The entire system can be
mapped onto a single FPGA chip.
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Edge Detection on the Bayer Pattern

CH Chen, S ] Chen, *P Y Hsiao
National Taiwan University, TAIWAN
*Chang Gung University, TAIWAN

This paper describes a novel investigation
of edge detection on Bayer-patterned images.
Inspired by the Color Filter Array (CFA)
interpolation method, we design kernels to
perform Gaussian-like smoothing and
Laplacian-like edge detection on a Bayer-
patterned image. Benefits of using our
proposed kernels to process such image source
include the computation saving during the
interpolation and/or the color space
transformation to a full color or grayscale
image, and also lower memory requirement on
the same time.
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Sessions and Abstracts

and the background scene is quite complex.
Our method consists of three main steps. First,
input images from video are passed through
Sobel edge detector with automatic variable
thresholding to cope with varied illuminations.
Then, a predefined size moving window is
passed through the image by skipping with a
certain number of pixels. For each location of
moving window, we consider the distribution of
edge pixels to determine whether it is likely to
be a license plate. The license plate likelihood
scores of each window are then ranked and
analyzed to suppress some false detection. The
experimental results showed our method
achieves up to 99% detection rate on
compressed video streams containing 317
moving  vehicles in  varied illumination
conditions from morning to night time.

D2-PM2-RM7.2

License Plate Localization of Moving
Vehicles in Complex Scene

T H Chalidabhongse, P Rattanathammawat
King Mongkut's Institute of Technology,
Ladkrabang, THAILAND

In this paper, a license plate detection
system is proposed to localize and extract
license plates of moving vehicles in complex
scene. The system works on compressed low
resolution video streams obtained from real
working  environments. The illumination
conditions are varied which typically occurs in
outdoor environment. The vehicles are moving
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D2-PM2-RM7.3

Study of Real-Time Detecting System for
Driver's Safety

Q Zhang, Z Zhou, D Yin, J Yang
Wuhan University of Technology, CHINA

This paper presents a real-time detecting
system based on the DSP processor. It uses
real-time operating system DSP/BIOS to build
tasks and interruptions, and will give out an
incurrence of phonetic warning when the driver
is tired. We use a comprehensive application of
the complexion detection and differential frame
arithmetic to make a correct orientation of the
driver's face, then introduce a simple but
credible method to judge the state of driver's
mouth and a combination of horizontal integral
projection and Hough transform to judge the
state of driver's eyes.

D2-PM2-RM7.4

Feature Point Tracking for Car Speed
Measurement

S Zhu, T Koga
Yamagata University, JAPAN

Moving car information in traffic video
signals  contains  plenty of  important
information on road safety. In this paper, we
propose an algorithrn that extracts and tracks
Feature Points of cars, The information is
indispensable for measuring moving car speed,
counting the number of cars, monitoring
distance between two cars, classifying running

directions, and monitoring congestion
situation, Utilizing Harris operator for detecting
edges and corners, Feature Points are

extracted, followed by block-matching to track
the Feature Points in successive video frames.
Many cars can be tracked at the same time
automatically since the information is obtained
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License Plate Localization of Moving Vehicles in
Complex Scene

Thanarat H. Chalidabhongs

Faculty of Information Technology
King Mongkut's Institute of Technology Ladkrabang
Bangkok, Thailand
thanarat@it kmitl.ac.th

Abstract—In this paper, a license plate detection system is
proposed to localize and extract license plates of moving vehicles
in complex scene. The system works on compressed low
resolution video streams obtained from real working
environments. The illumination conditions are varied which
typically occurs in outdoor environment. The vehicles are
moving and the background scene is quite complex. Qur method
consists of three main steps. First, input images from video are
passed through Sobel edge detector with automatic variable
thresholding to cope with varied illuminations. Then, a
predefined size moving window is passed through the image by
skipping with a certain number of pixels. For each location of
moving window, we consider the distribution of edge pixels to
determine whether it is likely to be a license plate. The license
plate likelihood scores of each window are then ranked and
analyzed to suppress some false detection. The experimental
results showed our method achieves up to 99% detection rate on
compressed video streams containing 317 moving vehicles in
varied illumination conditions from morning to night time,

I.  INTRODUCTION

Automatic license plate recognition, also known as LPR,
has been an interesting research topic for more than a decade
[1.2]. There are still many systems being developed to
improve performances and/or overcome the limitations. LPR
can be used in many vision-based applications such as
vehicles surveillance, automatic toll collection, car parking
control, and so on. There are many approaches have been
presented [3-14]. Hongliang Bai et al. [3] used edge density
map and feature extraction technique to extract license plate
from complex background. Lee, Chen, and Wang [6]
developed cars and motorcycles license plate extraction in
highways using projection-based method. Duan, Duc, and Du
[7] proposed a LPR system for Vietnamese license plates
using Hough transform and contour algorithm. Jianfeng,
Shaofa, and Zhibin [8] employed color analysis with two-layer
feed forward neural nefworks to extract car license plate.
Thanongsak and Kosin [9, 10] extract car license plate for
parking system using neural network and motor vehicle
regulation. Seiki Yoshimori et al [11] use real code genetic
algorithm to detect license in rainy days. Chang et al.[13]
developed LPR base on fussy and neural disciplines.

1-4244-0387-1/06/$20.00 ©2006 IEEE

Preemon Rattanathammawat

Faculty of Informaticn Technology
King Mongkut's Institute of Technology Ladkrabang
Bangkok, Thailand

Many previous works tested on images captured under
restricted conditions, such as parking vehicles, fixed
illumination, fine resolution, designated environment, and
clean background. In this research, we consider working on
video streams obtained from real working environments with a
few restrictions. The illumination conditions can be varied
which typically occurs in outdoor environment. The vehicles
might be moving and the background scene can be complex.
Our method consists of three steps. First, input images from
video are passed through Sobel edge detector with automatic
variable thresholding to cope with varied illuminations. Then,
a predefined size moving window is passed through the image
by skipping with a certain number of pixels. For each location
of moving window, we consider the distribution of edge pixels
to determine the license plate likelihood. To nominate the
candidate windows, the proximity of the candidates are also
considered to eliminate overlapped windows. Further, false
alarms are reduced by considering the relative likelihood
values of the candidates.

This paper is organized as follows. In Section II, the
proposed method 15 described step by step. Experimental
results are presented in Section III. Concluding remarks and
ideas for future work are given in Section IV.

II. LICENSE PLATE DETECTION

Our proposed method consists of three main steps:
horizontal edge detection, license plate localization based on
distribution of edge pixels, and false detection suppression
using likelihood score analysis.

A. Edge Detection

To cope with the varied illumination condition, which
typically occurs in outdoor environment, the method works on
the edge information of the image. We employs vertical Sobel
edge detector with automatic variable thresholding [5] since
we noticed that license plate area is likely to contain more
vertical edges than other areas due to the high contrast
between alphabets and plate background color. Fig. 1 show
the comparison results of the vertical Sobel edge detections
with fixed and variable thresholds.

APCCAS 2006



Fipwe 1.

Ventical edge detection. (a) Original inage (b) Edge image with
fixed threshold (c) Edge image with variable threshold

B. License plate localization

To determine location of license plates in the images, we
scan a predefined-size moving window through the eatire
image. For each location of moving window, we consider the
distribution of edge pixels to determine whether it is likely to
be a license plate. As described in [15], in considering the
edge distribution, we divide the window vertically into three
parts shown in Fig.2. We then count the number of edge pixels
in the middle area (B) and subtract it with the sum of numbers
of edge pixels in the peripheral areas (A and C). The result is
used to specify the likelihood of being a license plate area. Let
define this likelihood as L and it is given as

L=f-a-x M

where @ £ and ¥ are numbers of edge pixels in areas A, B,
and C of the moving window respectively.
25%
50%
5%

The moving window is divided into three parts and uzed in
computing the pattern of edge distnbution.

Figwe 2.

However, we found that this pixel counting is not a reliable
metric especially when facing the case as shown in Fig. 3. The
first three windows which have highest L are not license plate
areas (Fig. 3b). Although they have high edge density in top
and boftom areas, they also have very high edge density in
middle. This makes L value high. Fig.4 shows the vertical
histograms of the 1% and 3™ ranked windows as well as the
true license plate one. As we can notice, the count is not a
good metric in this case, we need to consider the relative edge
pixel density of the peripheral areas comparing to the middle
area, as shown in Eq. (2) and (3).
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Thus the license plate candidates will be the moving windows
that have R and Re within a threshold g and are the top three
windows with highest L values, as shown in Fig3c.

After selecting the top three windows with highest L values,
those windows are often overlapped (See Fig.5b). This dues
to our scanning step is small and edge distribution in
neighboring windows are alike. To overcome with the
overlapping candidates. we eliminate those overlapped
windows that have lower L scores. The improved result is
shown in Fig.5c.

Fizure 3. (a) Original inage (b) Candidate windows considering the top

three of L (¢) Candidate windows after considering both pixel
count L and relative density R, and Re.
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Figure 4. Horizontal projection of edge pixels for (a) and (b) Not license
plate window (c) True license plate window
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Fizure 5. (a) Original image (b) Overlapping of frst three highest L
windows () Candidate windows after elimating overlaps.



C. False alarm suppression(FAS) using likelihood score
analysis

To suppress false positive from the previous steps, we
analyze the likelihood scores, L, among the top three windows.
From our empirical analysis, we found that L value of true
license plate window 1s usually highest or nearly to the highest,
while L value of noise window is likely far from the highest.
Thus, we compute the ratic between L value of each candidate
windows and the highest L value as given in Eq.(4).

P =.L_' 4)
Lua
where P} is ratio of L value of the rank /® window and the
maximum L (Lyy). The candidate window /i will be
eliminated if its P is less than a threshold Py,

Fig.6 shows an example of a case that the true license plate
window is of the lowest rank among those three candidates in
term of L value, but its P value is relatively high. Thus, it
should be kept as a license plate candidate window. Fig.7
shows another example. In this case, the true license plate
window is of the 1% rank and noise windows are the 2™ and 3%
in term of L values. Considering the P values of those noise
windows, they are relatively low. Thus, they are eliminated
from the candidate list. With this technique, we reduce the
false alarm significantly.

Fipwe 6. (a) Oniginal inage (b) Edge image with ranking candidate
windows and its P value.

TR b FiN
Fipwe 7.  (a) Original image (b) Edze image with ranking candidate
windows and its P value.

III. EXPERIMENTAL RESULTS

To evaluate the proposed method, we tested the system on
compressed video streams recorded from real working
environment of a shopping center in Bangkok. The shopping
center installed CCTV cameras near entrance areas. There are
no obstacles at the entrances, thus the cars passing entrance
are moving. The videos were compressed and recorded into
media for future uses such as using in investigation if there is
any incident occurs. The resolution of the recorded video is
320x240 with 4 fps frame rate.
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For this research, we extracted 317 images of moving cars
in varied illumination conditions from morning to night time.
The detection results are shown in Table I. When setting Pimir
at 0.70, our proposed method achieved 99% detection rate.
while having about 25% of false alarm rate. These false
alarms can be easily reduced 1n recognition phase. However,
we can adjust the Py to suppress false alarms by paying a
small price of reducing detection rate as shown in Table I.
When setting Pjyy at 1.00, we can reduce the false alarm to
5.4%, while the detection rate 1s also reduced to 94.6%. Table
II shows the comparative results of the method proposed here
and the one proposed in [15]. In [15], we suppressed the false
alarms using temporal analysis. From the results. we found
the likelihood score analysis yields better result. Fig 8 shows
the results in another form that can be easily visualized.

Fig.9 and Fig.10 show some sample images of original
mput images and detection results for successful cases and
failure cases respectively.

TABLEL LiCENSE PLATE DETECTION RESULTS VARYING BY P,., VALUES

Pi True Positive Falze Positive False Negative
(Correctly detecte (False Alarm) (Miss)
0.70 314 (99.0%%) 104/418 (24.9%) 3 (1.0%)
075 313 (88.7%) 75/388 (19.3%) 4 (1.3%)
0.0 313 (98.7%) SL3TT (17.0%) 1 (13%)
0.85 310 (97.8%) 41/351 (11.7%) 7 (22%)
0.90 307 (96.8%%) 337340 (5.7%) 10 (3.2%)
095 302 (95.3%) 231325 (7.1%) 15 (4.7%)
1.00 300 (94.6%%9) 17317 (5.4%) 17 (5.4%)
TABLEIL COMPARATIVE RESULTS OF THE PROPOSED METHOD AND
PREVIOUS ORE [15]
Methods Pz:i-;:'e False Positive False Negative
No FAS 315(99.4%%) | 636/951 (66.9%) 2 (0.6%)

FAS using temporal — oo - "
amalysis [15] 298 (94.0%) | 206/504(40.9%) 19 (6.0%)

FAS using Ikelihood
scare analysis 314(99.0%) | 104418 (24.9%%) 3 (1.0%)
(i =07)

Yo
100 -
80 4 .. TP of Temporal Anilysis technique = 94 %
60 .. FPof Temporal Analysis technique =40.9 %
B T —
FN of Temporal Analysis technique =6 %
20
O B ELELE CEELE R, SEEE, e
070 0.75 0.80 0.85 090 0.95 1.00
P et
={=True Positive (TP) =={J=False Positive (FP)

s=fy=False Negative (FN)

Fizure 8. The results plotted at various Prne values




Figure 10, Exanples of failure to find license plates.
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IV. CONCLUSIONS AND FUTURE WORKS

We have proposed a new method for car plate detection that
localizes and extracts car license plates in complex scene
using vertical edge distributions and likelihood score analysis.
The result was satisfied with 99% detection rate. However,
there are still some missing results due to various reasens such
as motion blur, and license plate frame.
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