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0 if f(x,y)<T
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2.5 ainganulszdnniia (Artificial Neural Network) [2]
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BACKPROPAGATION (training_examples, 77 , I’)m ,l’lout ,l’lhl.dden

Each training example is a pair of the form {X,t} ,where X is the vector of

network input values, and t is the vector of target network output values.

7]is the learning rate (e.g., .05), N_is the number of network inputs, N__ the

hidden

number of units in the hidden lay umber of output units.

The input from unit / into unit we|ght from unit / to unit J is
—

_M | \ hidden units, and N
n out

® |nitialize all netw small ranc rs (e.g., between -.05 and

denoted W// )

® (Create a feed

output units.

Eopagate the errors backward through the network:

GTEale) (k[ i e S
R a%ﬁ@ﬁgﬁrﬁﬁﬁﬁmﬁﬂ

k€Eoutputs

4. Update each network weight W//
w, < w, + Awﬂ (2.12)
where

Aw, =10 x, (2.13)
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where . is a column of scanned pixels with the width of k. ~ binary image was 140 pixels, the number of features was
! then of 140 values. In the horizontal direction, white pixels

Scanning of S, is stopped when there existed a black pixel.  were counted every row. Since the height of the binary
image was 320 pixels, the number of features was then of

Frlxy ) is a function that depends on the black pixel 320 values. These features were the input to the ncural

whether it is found in the fixed-size square and network classifier for the learning of the training samples.
The classificr identified whether a motoreycle existed or not.
1 if m(x,y)=255 2) This method was named ‘the vertical and horizontal
P _ ) ino
5 (%, ) {0 i mixy) <255 ) scanning

For cach converted binary image, the feature X, and
where m(x, ) is the mean value of the }(_a i ¥, can be written as follows:
fixed-size square at coordinates (x. 3) and wid

height y+k, i=0k, 2k 3k, ... y 3.7;"; Results X *EF i) 3)
i sb\'o
=

projecting are Sy S, v Sy s Sapmncs gp imag?vill bei S
candidate if values of SM high to lowh Y = ;F;b (%)) (4)
the left side and low to high ide s shown in

Figure 3 (b). 1

e,

Fixed-size squarc

Sis Tfigon geanned cvery row on y, 3 particular image
S 15iin widih and 7 in height, (=0, 1, 2, W1,
=E_l; 1 M -1 F, (2, v} i5 2 function tha indicates a
itc R black pixel

[V o flayr=255 (8)

0 ¥ Sxp=0

lx, )=

(¢) non-motoreycles are scanned by the fixed-size W x,y) is a gray level of a pixel at coordinate (x, y)
Ll 0-255 [11]. How inary i
The fixed-size vertical projeBtion n be [11]. However, a binary image as used

as-used here | I
it could reduce computing effort when compared with pixel I#here ad the value /(x, y) of 0 or 255.

by pixel proj cgthn Morcover, thc rc.su-lvt-tgg—_sfglrfhk IV, LICENSE PLATE DETECIION
from the projection can be distimgished 2asil
abject was a motoreyvele. 1F the p;qﬁé{o’ﬁ.aﬁs a'hu: proposed work used license plates of motorcyeles in
pixel, the resulting : would be hard o identify and could i 5 for experiments. Some license plates are
result in more ¢ L

B Learning of ClesSilier Uun |
The neural netwd % L b | 11

motorcycle and non

e 4. Some license plates 1s used in our work
Images were 140 x 3 ing samples P

were extracted from known images to give features for the After a motorcycle was detected and confirmed as
neural network (the featuresextraction method is described 1 described in Section 3, its position would then be used in this
the next section). The mul 1-1% feed-forward network tep. The gray scale image was cropped at the location
used in backsp 1 a ohtaining le using the position information
used for in, © ingclva top, or bove. Sin ¢ license plate usually located at the lower
dropped t desi c a motorcycle,“the cropped part would be 140x160
-\ % ) which was the lower part of 140x320 portion. This cropped
C. [Feature Extraction

i ) ) pait would then be scannediusing a 50x40 pixels window to

age was, processed by edge detection of this ch ossible license.plat ¢ scanning window was

ork. utpul i nAary at. The'bi ippe e ¢ pixels. in 'the vertical and horizontal

image, 'this t S cd bygea le spixel ¢ | direction. Fot cach s ndow, the multi-part mean

rtical ‘and horizontal dircction. ¢ vertical dircetion,  analysis (described in the next section) would be applied to
ite pixels were counted every column. Since the width of

decide whether the cropped portion was a license plate. In

45
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addition, if a license plate was detected by two or more
windows, the position of the window would be the average
of the twao.

A Multi-Part Mean Analysis

The multi-part mean analysis was used only when a
motorcyele was confirmed. Two types of filter were created
and named ‘rough filter’ and ‘thorough filter’. The mean
value of gray level was used throughout the analysis. Let m
denotes mean, r denotes grayscale level [0, L - 1] and
p(7) denotes the probability of occurrence of gray level
the mean of gray level can be defined az [11]

2
m=3"np0y) (8]
=

B, Rough Filter

& rough filter was used to apprasitriate the logation of a
license plate within a croppedimage’ It was based on a
heuristic that the mean ef gray lewel of aldicenze plate area
was always higher than the girrounding pixels argund the
license plate. & 50 x 40 pixels seanning wandow was split
into five parts as shown'tn Figuge 5 JThe part no: 2, 3, 4 and
5 are five pixels in width, thefemaiing patt 45 the patt fg. 1.

M,
M e M

-

(4. I
Mizal
NEEE -

Mbwer

4

Figire 5. Rough Filter

An image will possibly be a license-plate’sf 4g o =70 10

e =

gray level and

Mawer: M.bwwr’ Mriyerand M.Eqﬁ'

M e = M +10 where M represents

& Thorough Filtar

After a rough filter'roughly 1dentify a license plate, a
thorough filter would be used to strongly confirm the license
plate. In Figure 5, the part ngtluis split into three partsiand
labeled 6, Fulandi8 as shown anFigurens smhererpant noieis
twice the width of partngd and 3 (Cnly the part no. 7 iz
selected for uge insthis process.

A matrig of 1:3 pixels in size is used to scan all area of
part no.7. For each scanning position, the matwix 15 calculated
to find its mean of gray level and these means are used to
analyze and confirm licenseplated Thisds shawn in the graph
of Figure & where the variance of the character row in a
license plate 15 higher than other area

Authorized licensed use limited to:

orn University. O
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The experiment used 547 color images for the test, each
with 1600z 1200 resolution.  Motorcycles used white or
vellow background license plate. Images were taken from
real ife traffice and illumination. & camera was positioned
on pedestrian overpasses about S meters above road surface
and aimed about 30° angle of depression. Motorcycles on
inages were betwesn 200 and 380 pizels in height The
experitnent was run on a computer with AND Turion™ 64x2,
1.9 GHz and DDRZ BRAM 2 GB

These tested images contain 662 motorcycles and other
types af vehicles. There were 52 motorcycles without license
plates and 610 motoreycles with license plates.

In the expenment, 617 from 662 motorcycles were
successtully detected with 41 false positives. For the 617
detected motorcycles, 570 motorcycles had license plate and
47 motorcycles didn’t have license plates. The program
could detect 53% correct motorcycles with license plates and
41 correct motorcycles without license plates.  Causes of
errors include poor illumination, sun light reflection of

EXPERIMENT AND EXFERIMENTAL RESULTS

motorcyele hody, shadow. Figure 7 showed some
experimental results.
VI  CONCLUSION
Thiz paper proposed the methods for  detecting

motorcycles and license plates that was suitable for but not
limited to. Thai license plates. The proposed method
identifies motorcycles without licenze plates. The fized-size
vertical projection was presented to find candidates and the
neural network clagsifier was used to decide whether
candh dates were motoreycles. Later, multi-part mean analysis
wag used ta detect license plates. The expenment was done
in realdife traffics and illumination. Accuracy was 9320 %
the motorcycle detection. The accuracy for motorcycles with
liense plates was $3.33 Yo@nd the accuracy for motorcycles
wathoublieen se platesvvaz 87 2%
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