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Using Multi Layer Perceptron Network to Classify Road Cracks
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Abstract: In this paper a method for classifying cracks in asphalt road by using multi layer Perceptron (MLP)
neural network is proposed. Training data are road images which are taken from road surface in 30 degree. The
RGB images are first changed to gray scale and then binary images are produced by using proper threshold gray
level. The structure of network has three layers as input, hidden and output. The network is trained to perform
tasks such as pattern recognition. The training rule is categorized as back propagation method and learning
method is supervised. After training the network, it classifies each image to longitudinal, transverse, blocks,

Alligator and others.

Keywords: Road Crack, Multi Layer Percepetron, Pattern recognition

1 Introduction

Billion dollars are needed through the year to
maintain current road condition. Conventional
method for investigating road surface is
manual. The manual methods are very costly,
time consuming, dangerous, labor intensive and
subjective [1]. As the papers show many
researchers have been try to imply non
destructive methods for investigating the road
surface. Imaging method is widely used in
which a visual digital image from the surface is
analyzed to identify distress of road surface.

Based on the view of researchers and
responsible company in road maintenance the
designed system is different. Some of them
believed performance of the road depend on the
material used, density of traffic and the weather
condition. D. Kaur and D Tekkedil try to
predict the performance of road based by using
such data and fuzzy logic method {2].

K. Sarabandi and E.S. Li proposed a
method in which by using millimeter-wave
frequencies make active an alarm in detecting
fault on road surface. They used 95 GHz fully
polarmetric  radar system to  measure

backscatter waves. The system bandwidth is set
to 1 GHs to improve the range resolution of the
point target response for time domain gating
during post processing. The system only
identifies the distress on the asphalt which is
above a threshold [3].

A. C. Heath et al have build a system to
model longitudinal, corner and transverse
cracking in pavements. They used the
parameters such as geometry (length, width,
and thickness), material properties (slab elastic
modules, Poisson’s ratio, coefficient of thermal
expansion, sub-grade support), load transfer
between adjacent slabs (aggregate interlock and
dowel properties), environmental loading
(temperature and drying shrinkage distribution
though the slab depth) and traffic loading
(loads, axel configurations and position of
axles) to define a problem in their test system
[4].

As the brain can detect the distress on the
road easily by seeing them, many researchers
try to use artificial intelligence method such
neural networks and fuzzy logic to classify the
distress on the roads.



C. J. Chao and F. P. Cheng based on cause
and effect diagramming and fuzzy pattern
recognition have examined a diagnostic model.
They wused two levels of parameters
representing the causes of cracks to form fuzzy
set. The parameters are material used,
fabrication of structural elements, loading and
environmental conditions [5].

In our research classifying cracks based on
visual image is important. As we are going to
use the test system for on line testing, the
algorithm must be simple and fast with
reasonable ermror.  As the identifying and
classifying distress is subject of our research,
we consider the problem as pattern recognition.
MLP neural network is the best chose for this
situation.

2 System setup

The test system includes three sub-systems as
image acquisition, image preprocessing to make
them ready to feed to the MLP network as
classifying part of system. These parts are
explaining briefly as follow.

© @

Fig. 1 Original crack images (a) Alligator, (b)
Blocks, {c) longitudinal, (d) Transverse

2-1 Image Acquisition

A digital handy cam is used to take road image.
The degree of handy cam with horizontal axes
is 30 degree and it is 1.5 meter above the
surface. Four kind images are shown in fig. 1.
The original image has 640 by 480 pixels. Each
pixel in horizontal direction represented 0.3 cm
and in vertical 0.65 cm long. In other word each
original image covers an area with 416 by 144
cm of the road.

Our experience shows the best images are
taken in sunny weather two or three hours after
rain. As the gray level of the cracks is much
different from the background of surface such
images are much better than usual images.

(¢) (d)

Fig. 2 Scaled crack images (a) Alligator, (b) Blocks,
(c) Longitudinal, (d) Transverse

2-2 Preprocessing

All images are preprocessed as follow before
training the neural network. As the neural
network is MLP, the network inputs have to be
in binary format. First each mage is changed to



gray scale then by using proper threshold all
images changed to two level as zero and 255
gray scale. As the number of neuron in input
layer is limited by speed of processing time and
convergence of algorithm, each image is scaled.
The scaled image has 251 by 371 pixels. It
means each original image change to two new
images as shown in fig. 2.

2-3 Classifying by MLP

The scaled images are inputs to the MLP neural
network. The network has three layers, input
layer has 5859 nodes, hidden layer consists of
140 neurons and there are five outputs in last
layer. The back propagation (BP) algorithm is
used to train the network. In order to improve
the BP method a term called momentum is
added to each parameter of network. This term
filter out the high frequency variation.

N. A. Kasabov stated the number of hidden
layer neurons have to be close to the number of
training examples when the training data are
sparse and do not contain any common
features[6]. As our data meet this feature, the
number of hidden layer neurons is set 140. The
same reference propose optimal learning rate by

AT o

In which 7 is momentum or leaming rate
and p,;is the number of instances belong to

output of each class. In this work they have
chosen as table 1.

Table 1 Chosen p,

Alligator | Longitndinal | Block | Transverse | Others

p,| 43 35 12 25 25

It has been proven that when back propagation
neural network has single hidden layer and non-
linear transform functions, it is a universal

classificatory machine [7]. In this work
activation function in hidden layer and output
layer is Fermi which is a non linear activation
function. For 0.0005 error limit the number of
training images are 140, the number of epochs
are 1300 and the momentum based on table 1
data is 0.02244. Figure 3 shows the main page
of computer program in Delphi and training
form.

3 Experimental results

About 100 road images are tested with the
program. The program classifies with the error
shown in table 2.

The program classify 7 longitudinal as 4
others and 3 blocks, 3 transverse as others, 1
blocks as alligator and 4 alligators as others. It
is because of generality of others. As any cross
line in longitudinal cracks make them as block
cracks, the noise in longitudinal cracks cause
classifying them as blocks wrongly.

Table 2 test result, A=alligator, L=longitudinal,
B=blocks, T=transverse

Type A L B | T | Others

No. of test 20 20 12 20 20

Correct 16 13 11 17 20
Recognition

Error %20 | %35 | %8.3 | %l15 0

4 Conclusions

This program is simple and faster than other
methods. Because of high speed of classifying
it can be used on line. The device for setting up
the test system is cheap and easy to use. As
future work, the program can be improved to
label each group of distress as high, middle and
low intensity. The other problem have to be
solved is classifying dirty part of the road (for
example because of car leakage oil) as crack.
Labeling the crack in the road by using GIS
system is next step of improving the program.
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Abstract: In this paper different classifier are used to identifying different type of cracks on road surface.
As our experience shows Region Growing Classifier (RGC) method can be used to divide all surface road
images in two main groups. First group covers alligator and block cracks. Longitudinal, transverse
cracks and other kind of distress are put in second group. In first group, wavelet Statistic Feature Classifier
(WSFC), vertical and horizontal histogram and proximity are used for classification. They help to judge
about the kind of crack based on digital image from road surface. Histogram, RGC and proximity are
classifiers which are used in second group. Multi layer Perceptron neural network is used to judge about

the cracks.

Keywords: Road Crack, Region Growing Classifier (RGC), Statistic Feature Classifier (WSEC), Mult

Layer Perceptron, Pattern recognition

1 Introduction

Highways and roads are a major public asset in
all countries. To efficiently manage these assets
road authorities need accurate, up-to-date
information on the condition of their highway
and road networks. For example the maintenance
and rehabilitation of highway pavements in the
united state requires over 17 billion dollars a
year. Conventional visual and manual pavement
cracking analysis methods are very costly, time
consumning, dangerous, labor intensive and
subjective. Automatic monitoring of some
aspects of road condition, for example roughness
and skid resistance, has been carried out for a
number of years. However, one of the most
important road quality indicators, the extent and
type of cracking, has up until now been
measured only by visual inspection. The result is
that only very sparse sampling has been carried
out, at a very high cost per kilometer, and very

little information has therefore been available in
this important aspect of road condition. The
main idea of digital image processing methods is
based on the fact that the crack pixels in
pavement images are darker than the
surroundings and continuous [1], [2].

Based on researchers work the distress on
pavement can be categorized as follow [3-5]:

e A longitudinal crack which is appears
along the highway.

e Transverses crack is a  crack
perpendicular to the pavement centerline.

e Alligator crack which is a series of
interconnected cracks with many sides
and sharp angled pieces.

e Block crack as a pattern of rectangular
pieces of road surface from transverse
cracks.
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e Other distress, such as man-holes,
construction plates, etc.

This work itself can be categorized as digital
image pattern recognition. There is a wide range
of pattern recognition approaches. They are
categorized in two main groups as statistical and
structural methods. In statistical methods, the
image is processed as a whole and classified
based on the distributed of the black pixels. In
structural method, the image is expressed as
compositions of structural units. The pattern is
recognized by matching its  structural
representation with that of a references pattern
(6]. In the first step the crack is classified as
whole and in the second step judge is based on
structural method.

In the following sections and subsections the
theory of our method and experimental results
are discussed.

2 Method flowcharts

Fig. 1 shows the flowchart of proposed method.
Each block is explained briefly.

2.1 Image Acquisition

A digital handy cam is used to take road image.
The degree of handy cam with horizontal axes is
30 degree and it is 1.5 meter above the surface.
The film is fed to the lap-top via i-link. A
computer program divided the film in separate
images.

Four kind cracks images are shown in fig 2.
The original image has 640 by 480 pixels. Each
pixel in horizontal direction represented 0.3 cm
and in vertical 0.65 cm long. In other word each
original image covers an area with 416 by 144
cm of the road.

QOur experience shows the best images are
taken in sunny weather two or three hours after
rain. As the gray level of the cracks is much
different from the background of surface, such
images are much better than usual images.

Fig. 1 Flowchart of proposed method

© (d)

Fig.2 Scaled crack images (a) Alligator, (b)
Blocks, (c) Longitudinal, (d) Transverse

2.2 Preprocessing

We are interested to put all pixels in the images
in two groups, background and cracks pixels. It
means the background and noisy pixels have to
be shown in one group. To achieve this goal, a
computer program first changed each image to
gray scale then by using proper threshold all
images changed to two level as zero and 255
gray scale (binary image). The produced binary
image is fed to next block.



Proceedings of the 5th WSEAS Int. Conf. on SIGNAL, SPEECH and IMAGE PROCESSING, Corfu, Greece, August 17-19, 2005 (pp220-228)

2.3 Region Growing Classifier (RGC)

In our approach, RGC plays an important and
critical role. The pre-processed image 1is
classified as class A and class B. The advantage
of such a procedure is breaking the problem into
a number of simpler ones.

The basic idea behind the RGC method is to
segment underlying image into some disjoint
regions and count the number of regions which
are produced as the desirable output.

The process of forming a region-based image
description (or approximation) is referred to as
segmentation. Image segmentation can be
described as the partitioning of an image into a
number of disjoint segments or regions based on
pixel grey level characteristics. These regions
may be small neighborhoods or even single
pixels.

There are three main classes of image
segmentation techniques: statistical classification,
edge detection and region growing. The
segmentation to be used here is of region
growing type. A region is defined as an area in
the image whose pixels share common properties
such as similar grey level values which enclosed
in a closed contour. In other word Region
growing is the process of joining neighboring
pixels into larger regions based on these
properties [7].

2.4 Wavelet Statistic Feature (WSF) Classifier
Wavelet transform is a powerful and famous
multi-resolution analysis which has received a
lot of attention at recent years.

It offers an extra advantage, which in some
cases can be beneficially exploited. Its multi-
resolution properties conform to the way
perception is achieved by humans, through their
hearing and visual systems. By wusing this
transform at discrete case we can analysis and
interpret the input image at multi scales and
directions and exploit the advantages of its
multi-resolution properties [§].

In our proposed method, wavelet transform
plays the key role in class A. It is responsible for

putting the input image into one of the
longitudinal or transverse crack type. For
attempting to this goal, we are used one of the
most popular statistical features of the wavelet
transform namely, energy of each decomposed
image which is described latter.

Let I(x,y) indicate the gray level of input

image. One level of wavelet decomposition
on I(x,y) results in four sub images: first
smooth sub images /,, (x,y) which represents
the coarse approximation of the input image, and
three detail sub images 7,,,(x,») ,/,, (x,y) and
I,,(x,y) which represent the horizontal,
vertical, and diagonal directions of the image,
respectively. Further, let I}, (x,y) represents the
smooth sub image at resolution level J and
]Z’L (x,y)=1(x,y) which is the original image.
Then the decomposition of I, (x,y) results in
four sub images I, (x,), 1} (x,¥), I} (%, )

and I} (x,y) at resolution level J+1 each of

2.f+] 2./+1

size n/2”" xmf27*' . Fig. 3 shows a three level
decomposition of a sample longitudinal crack.

Fig. 3 Three decomposition levels with discrete
wavelet transform

Now, we introduce the Energy Statistic Feature
(ESF) of wavelet transform and use it in our
WSF method. The energy of each decomposed
sub image is calculated as follows:
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1N .
L, —;ZVHU) (11

1% .
“, =;ZHH ) (12)

Where p, and g, are the mean or dc value of

vertical histograms and horizontal histograms,
respectively. One advantage of using the mean
values of histogram is that it gives a position
invariant measure of the input image because if
the crack is shifted across the horizontal or
vertical direction then g, and g, are not

changed.

2.6 Proximity

The mean values of horizontal histogram for
longitudinal and transverse cracks are very close
to each other and so the segregation between
these two cracks is poor. To remedy this problem
we define a proximity measure as an alternative
as Vertical Proximity and Horizontal Proximity
by equation 13 and 14, respectively.

m=1

I OAR B AC) BNCEY

J=1

Q, =ZIHH (i+1)~ H, ()| (14)

From the above equations it can be seen that
proximity is computed by accumulating the
differences between adjacent histogram values.
The low value of proximity indicates that there is
little difference between any of the columns or
rows for the input image.

It is clear that the vertical proximity for a
longitudinal is bigger than vertical proximity in a
transverse crack and vice versa.

2.7 Judge
Now, we are ready to produce a suitable feature
vector for each described class. A Multi Layer

Perceptron (MLP) is used to classify each image.
The feature vector in class A is

F, :{CD(”,CD(Z),CDG),,U‘,,,U,,,QV,Qh} (15)

and in Class B is

Fy=10,,9,.u,.1,.T} (16)

3 Experimental results

As explained in section 1 an alligator crack is a
series of interconnected cracks, which has many
sided and sharp-angled pieces whereas a block
crack is a pattern of rectangular pieces of asphalt
surface. So we expect that the complexity and
the number of regions in an alligator crack are
bigger than a block crack. It is clear that the
output of the RGC or I" for alligator and block
cracks is more than three other kinds. To show
our claim, table 1 represents the average output
of RGC for about 45 kinds of alligator cracks, 45
kinds of block cracks, 35 kinds of longitudinal
cracks, 30 kinds of transverse cracks and 60
kinds of crack free cases. Also figure 4 shows
some examples of RGC operation.

Alligator Cracks 15.1
Block Cracks 9.2
Longitudinal 2

Transverse 2.3
Crack Free 1.1

In our experiments as shown in table I, it is
found that the output of RGC for class A
(longitudinal, transverse and others) is almost
smaller than 4 and it is bigger than 4 for class
Bl(alligator and block crack). This criterion at the
first node of hierarchical algorithm which is
shown in fig.1 is used.

In our proposed method the RGC is used
twice. Once at the first node to assign the input
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image into one of the class A or class B and once
for determining that the image which has been
assigned to class B is an alligator crack or a
block crack.

Fig. 4 RGC of three kinds of cracks a)
alligator, b) block and ¢} longitudinal

In this paper, for WSF Daubechies mother
wavelet D4 is adopted for image decomposition.
Among all kinds of mother wavelets, Daubechies
wavelets are proven to be good for image
analysis and synthesis because of their compact
support, more continuous derivatives, and zero
integral of mother wavelets [8].

Therefore, Daubechies wavelets are chosen
in our approach and then we are applied different
orders of Daubechies family and we

experimentally found that the 4® order is the best
choice for our classification problem which leads
to high classification accuracy.

The question arises here is that how to
determine the number of decomposition level.
To answer this question it is important to
mention that too large the number of multi
resolution levels lead to loss of information and
increase the processing time, whereas too small
the number of multi resolution levels cannot
sufficiently effective and cause to decreased the
accuracy of classification. For these reasons in
our proposed method the maximum
decomposition level is three and sub band 3 is
found to give the best results because at this
level undesired small pieces, which are probably
be noise, are eliminated. Naturally, we benefit by
giving a higher weight to this sub band. To
demonstrate the discrimination power of WSFC
at sub band 3, firstly, we fed a longitudinal crack
which to the WSFC which used only one
decomposition level. Unfortunately it
misclassified as a transverse crack. Now to
remedy this problem, we are also used the 3™
decomposition level and look at the result.
Fortunately, the classification is successful. It is
the preference of the WSFC rather than the
Histogram method.

Table 1 shows the corresponding mean
values g, and g, for crack free types are very

small (less than 1). In class A vertical and
horizontal histogram have no significant
differences, but vertical and horizontal proximity
can be used for recognition. For class B the table
shows, all parameters for alligator cracks are
bigger than corresponding parameters of block
cracks. It is obvious there is a significant
difference between vertical proximity for
alligator and block cracks.
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2.5058
0.2532

10.1518
5.6969

Transverse
Crack Free
Alligator
Block

Table T Different parameters for various cracks

4 Conclusions

The proposed method classified crack free
images with 100% accuracy. The crack images
are classified to transverse, longitudinal, block
and alligators with 98%, 90%, 89% and 88%
accuracy, respectively. This method is fast, in

0.324 seconds the program classifies each image.
As the algorithm is easy, Hardware
implementation is easy with low cost.
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Abstract: In this paper three different methods for crack identification and clasification are compared and
discused. The first method is using fuzzy theory, the second is based on neural network and the third
approach is Region Growing Classifier (RGC) method. In our work we divided all cracks in asphalt
pavement into five groups as longitudinal, transverse, block, alligator and other kind of distress. In Fuzzy
method the direction of cracks are used to classify asphat image. In neural network method different image
of each kind are used to train Perceptron neural network. I third method wavelet Statistic Feature
Classifier (WSFC), vertical and horizontal histogram and proximity are used for c1a551ﬁcat10n As the
results show each method has some advantage and disadvantage over other methods.

Keywords: Road Crack, Fuzzy Theory, Multi Layer Perceptron, Region Growing Classifier (RGC),
Statistic Feature Classifier (WSFC), Pattern recognition

1 Introduction As the papers show many researchers have been
try .to imply non destructive methods for
investigating the road surface. Imaging method
is widely used in which a visual digital image
from the surface is analyzed to identify distress
of road surface.

Based on the view of researchers and
responsible company in road maintenance the
designed system is different. Some of them
believed performance of the road depend on the
material used, density of traffic and the weather
condition. D. Kaur and D Tekkedil try to predict
the performance of road based by using such

Roads and highways are a major public asset in
all countries. To efficiently manage these assets
road authorities need accurate, up-to-date
information on the condition of their highway
and road networks. Billion dollars are needed
through the year to maintain current road
condition. ©  Conventional method for
investigating road surface is manual. The manual
methods are very costly, time consuming,
dangerous, labor intensive and subjective [1].
Automatic monitoring of some aspects of road
condition, for example roughness and skid -
resistance, has been carried out for a number of data and fuzzy lgglc method _[2]'
years. However, one of the most important road K Sarabandi and E.S. Li proposed a method
quality indicators, the extent and type of = ' whlch'by using mll_hmeter—\fvave frequencies
cracking, has up until now been measured only make active an alarm in detecting fault on roa_d
by visual inspection. The result is that only very surface. They used 95 GHz fully polarmetric
 sparse sampling has been carried out, at a very radar system t.o measure backscatter waves. The
high cost pef kilometer, and very little system bgndw1dth is set to.l GHs to improve the
information has therefore been available in this range resolution of the point target response for
important aspect of road condition. -———- time domain gating during post processing. The




system only identifies the distress on the asphalt
which is above a threshold [3].

A. C. Heath et al have build a system to
model longitudinal, corner and fransverse
cracking in pavements. They used the parameters
such as geometry (length, width, and thickness),

material properties (slab elastic modules, -

Poisson’s ratio, coefficient of thermal expansion,
sub-grade support), load transfer between
adjacent slabs (aggregate interlock and dowel
properties), environmental loading (temperature
and drying shrinkage distribution though the slab
depth) and traffic loading (loads, axel
configurations and position of axles) to define a
problem in their test system [4].

As the brain can detect the distress on the
road easily by seeing them, many researchers try
to use artificial intelligence method such neural
networks and fuzzy logic to classify the distress
on the roads.

C. J. Chao and F. P. Cheng based on cause
and effect diagramming and fuzzy pattemn
recognition have examined a diagnostic model.
They used two levels of parameters representing
the causes of cracks to form fuzzy set. The
parameters are material used, fabrication of
structural elements, loading and environmental
conditions [5].

In our research classifying cracks based on
visual image is important. As we are going to
use the test system for on line testing, the
algorithm must be simple and fast with
reasonable error.

Based on researchers work the distress on-

pavement can be categorized as follow [6-7]:

0O A longitudinal crack which is appears
along the highway. :

O Transverses crack is a  crack
perpendicular to the pavement centerline.

D Alligator crack which is a series of -

interconnected cracks with many sides
“and sharp angled pieces.

pieces of road surface from transverse
cracks.

D Block crack as a pattern of rectangularr
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O Other distress, such as man-holes,
construction plates, etc.

In this work three different methods in road
crack identification and clasification are discused
and compared, as fuzzy theory, Perceptron neural
network and Region Growing Classifier (RGC)
method [8-9).

A digital handy cam is used to take road image.
The degree of handy cam with horizontal axes is
30 degree and it is 1.5 meter above the surface.
The original image has 640 by 480 pixels. Each

. pixel in horizontal direction represented 0.3 cm

and in vertical 0.65 cm long. In other word each
original image covers an area with 416 by 144
cm of the road.

Our experience shows the best images are
taken in sunny weather two or three hours after
rain. As the gray level of the cracks is much
different from the background of surface such
images are much better than usual images.

2 Fuzzy Method

The diferent kinds of crack are developed as shown
in Fig. 1. The longitudinal cracks are in direction 1,
the fransverse cracks in direction 2, The block cracks
are in direction 1 and 2 and alligator cracks develop
in 3 and 4 directions.

4 2 3
\é; "%

1 - N
3 2 4

Fig. 1 Development of cracks in main direction

The development of cracks in each direction is

- clasified - as- low, relatively low, medium, relatively

high and high. In each binary image the pixels with
gray level one are count in four directions. The
percent of element in each direction shows the kind
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of crack. Based our exprements the membership
functions are shown as fig. 2.

A
T
"T\' .
~ 2 .
TN ) Percent of
T T T T T T > new
elements
20 40 60 80 100
()
A
3,4
TN,
~N 1
2 \\_ Percent of
T T 1 T T T T T T > new
elements
20 40 60 20 100
()
A
3,4
. 1,2
'\ Percent of
T T T T T T T mew
elements
20 40 60 80 100
(c)
A
— 1, 2/\
,° ~ 3,4
. '\
. ‘2 '~ . Percent of
T T T T T T T T T new
elements
20 40 60 80 100
()

Fig 2 Crack membership function (a) longitudinal,
(b) transverses, (c) block and (d) alligator

Based on Belman and Zadeh law the minimum
of membership is chosen as intersection [10].

2.1 Experimental Results

The black and white road images are change to-

binary images. As the gray level of each pixels
of image are in 8 bits register, the gray level vary
from 0 as black to 255 as white. The chosen
thershold is 100, it means any gray level under

100, which are belong to Erack, change to | and

- above 100 (background pixels) become 0. In this

section four images are analysed. The analsyed
results are shown in a table under each image. In
each table L, T, B, A, present longitudinal,
transvers, block and alligator crack respectively.

4 h
el

-

Fig. 3 Longitudinal crack A

Table 1 Analysis restilt of fig. 3

Membership Degree S
A B T : -Percent | Direction
0.35 0 0 0.76 % 7 1

0 0.4 0 1 % 68 2
0.3 1 1 1 % 9 3
0.53 0.8 0.8 0.8 % 16 4
0 0 0 Intersection
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Table 2 Analysis result of fig. 4

Table 4 Analysis result of fig. 6

Membership Degree

A B | Percent | Direction
0.16 1 0.75 0 % 45 1
0.9 0 0.4 0 % 18 2
0.66 0.66 0.66 | 0.66 % 20 3
0.57 0.76 076} % 17 4
0.16 0 0 Intersection

Fig. 5 Block crack -

Table 3 Analysis result of fig. 5

Membership Degree Percent | Direction
B T L
0.8 0.6 0 0.13 % 26 ]
0.6 1 0 0.1 $ 32 2
1 0.03 0.03 | 0.03 % 39 3
0.9 0.9 0.9 $ 13 4
0.03 0 0.03 Intersection

Mcmbership Degzee Percent { Direction
A T L
0.33 1 0.5 0 % 39 1
0.66 1 0 0 % 31 2
0.6 0.73 0.73 | 0.73 % 18 3
0.4 0.93 0.93 .1 0.93 % 12 4
0.33 ) 0 0 Intersection

Fig. 6 Alligator crack

3 Neural Network Method

The scaled images are inputs to the MLP neural

network. The network has three layers, input

layer has 5859 nodes, hidden layer consists of
140 neurons and there are five outputs in last

layer. The back propagation (BP) algorithm is

used to train the network. In order to improve the

BP method a term called momentum is added to
each parameter of network. This term filter out -
the high frequency variation.

N. A. Kasabov stated the number of hidden
layer neurons have to be close to the number of
training examples when the training data are
sparse and do not contain any common
features{11]. As our data meet this feature, the
number of hidden layer neurons is set 140. The
same reference propose optimal learning rate by .

o N

In which 7 is momentum or learning rate
and p, is the number of instances belong to

output of each class. In this work they have
chosen as table 1.

Table 5 Chosen p,

A=alligator, L=longitudinal, B=blocks, T=transverse

: A L B T Others
D; 43 35 12 25 25

It has been f);évé;;ﬁz_i?&hen back propagation
neural network has single hidden layer and non-
linear transform functions, it is a universal
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classificatory machine [12]. In this work
activation function in hidden layer and output
layer is Fermi which is a non linear activation

- function: For 0.0005 error limit the number of

training images are 140, the number of epochs
are 1300 and the momentum based on table 1
data is 0.02244. ' '

3.1 Experimental results

About 100 road images are tested with the
program. The program classifies with the error
shown in table 2. _

The program classify 7 longitudinal as 4
others and 3 blocks, 3 transverse as others, |
blocks as alligator and 4 alligators as others. It is
because of generality of others. As any cross line
in longitudinal cracks make them as block cracks,
the noise in longitudinal cracks cause classifying
them as blocks wrongly.

Table 6 Test result, A=alligator, L=longitudinal,
B=blocks, T=transverse

Type A L B T Others

No. of test 20 20 12 20 20

Correct 16 13 11 17 20
Recognition

Error %20 | %35 | %8.3 | %15 0

4 RGC Method

This method itself can be categorized as digital
image pattern recognition. There is a wide range
of pattern recognition approaches. They are
categorized in two main groups as statistical and
structural methods. In statistical methods, the
image is processed as a whole and classified
based on the distributed of the black pixels. In
structural method, the image is expressed as
compositions of structural units. The pattern is
recognized by matching its  structural
representation with that of a references pattern
[13]. In the first step the crack is classified as
whole and in the second step judge is based on
structural method.

Fig. 7 shows the flowchart of proposed method.
Each block is explained briefly.

Fig. 7 Flowchart of proposed method

4.1 Preprocessing

We are interested to put all pixels in the images
in two groups, background and cracks pixels. It
means the background and noisy pixels have to
be shown in one group. To achieve this goal, a
computer program first changed each image to
gray scale then by using proper threshold all
images changed to two level as zero and 255
gray scale (binary image). The produced binary
image is fed to next block.

4.2 Region Growing Classifier (RGC)

In our approach, RGC plays an important and
critical role. The pre-processed image is
classified as class A and class B. The advantage
of such a procedure is breaking the problem into
a number of simpler ones.

" The basic idea behind the RGC method is to
segment underlying image into some disjoint
regions and count the number of regions which
are produced as the desirable output.

The process of forming a region-based image
description (or approximation) is referred to as
segmentation. Image segmentation can be
described as the partitioning of an image into a
number of disjoint segments or regions based on
pixel grey level characteristics. These regions
may be small neighborhoods or even single
pixels.

There are three main classes ~of image: -

segmentation techniques: statistical classification,
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edge detection and region growing. The
segmentation to be used here is of region
growing type. A region is defined as an area in
the image whose pixels share common properties
such as similar grey level values which enclosed
in a closed contour. In other word Region
growing is the process of joining neighboring
pixels into larger regions based on these
properties [14].

4.3 Wavelet Statistic Feature (WSF) Classifier
Wavelet transform is a powerful and famous
multi-resolution analysis which has received a
lot of attention at recent years.

It offers an extra advantage, which in some
cases can be beneficially exploited. Its multi-
resolution properties conform to the way
perception is achieved by humans, through their
hearing and visual systems. By using this
transform at discrete case we can analysis and
interpret the input image at multi scales and
directions and exploit the advantages of its
multi-resolution properties [15].

In our proposed method, wavelet transform
plays the key role in class A. It is responsible for
putting the - input image into one of the

longitudinal or transverse crack type. For’
attempting to this goal, we are used one of the

most popular-statistical features of the wavelet
transform namely, energy of each decomposed
image which is described latter.

Let I(x,y) indicate the gray level of input

image. One level of wavelet decomposition
on I(x;y) results in four sub images: first
smooth sub images /,, (x,y) which represents
the coarse approximation of the input image, and
three detail sub images I,,(x,y) ,I,;(x,y) and
I,y (x,y) which represent the horizontal,
vertical, and diagonal directions of the image,
respectively. Further, let 7, (x,») represents the
smooth sub image at resolution level J and
I, (x,y)=I(x,y) which is the original image.
Then the decomposition of I}, (x,y) results in

four sub images 7}, (x,¥), I3 (%, ), I3 (%, )

and 777 (x,y) at resolution level J+1 each of

size n/27*' . m[27*" . Fig. 8 shows a three level
decomposition of a sample longitudinal crack.

Fig. 8 Three decomposition levels with discrete
wavelet transform

Now, we introduce the Energy Statistic Feature
(ESF) of wavelet transform and use it in our
WSF method. The energy of each decomposed
sub image is calculated as follows:

The energy of the smooth sub image which is in
fact a coarse approximation to its original image
at level J is given by:

E! =Y 31, @)

The energy of the horizontal detail sub image at
level J is:

Ei:zzuw“’(x,ynz J=123  ©®

The energy of the vertical detail sub image at
level Jis: ‘

By = ZZU?{L_%"?_@

X

2 y-123 @
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The energy of the diagonal detail sub image at
level J 1is: ~

E; =ZZ[1HH“’(x,y)]2 =123 O

And the normalized energy of each decomposed
sub image is defined as:

E'=E’+E’+E’+E/ - ©®
J .
E, = E; 7
E J
Ey'=—5 (8)

Now we define ®7 as the ratio of normalized
vertical energy E; to the normalized horizontal

energy E;, at sub band J as follows:
Ey

o7 ==X 9
E;’; ()

It is obvious that for a longitudinal crack, E,” is

. J J
bigger than £,,” and for a transverse crack £,

is bigger than £} . So if @7 is bigger than 1,

then WSF suggests that the input image is a

longitudinal crack and if it is less than 1, the
WSF suggests that the input image is a
transverse crack.

4.4 Histogram

From the pre-processed input image two kinds of
histograms are calculated, a vertical histogram
and a horizontal histogram. The vertical
histogram of a binary image is defined as the
number of non-zero values in each column and
the horizontal histogram of a binary image is
defined as the number of non-zero values in each
row. Based on these definitions for a given
n- m image formula (10) and (11) are
introduced as vertical histogram and horizontal
histogram, respectively.

: VH(]')=ZI(1',J') j=L....m (10)

HH(i)=ZI(i,j) i=1...n an

Histograms show a clear pattern of a crack. If a
crack is developed in a longitudinal direction, -
there is a clear peak in the vertical histogram and
has a smooth or constant variation in the
horizontal histogram. Instead, if a crack is
developed in a transverse direction, there is a
clear peak in the horizonta] histogram and has a
constant variation in the vertical histogram. If a
crack is an alligator crack, the peaks can be
found in both vertical and horizontal directions.
For a block crack, peaks can be also found in
both histograms but with a magnitude lower than
those of an alligator crack. -

To find a way for using the abilities of
histogram method we proposed using the mean
value of each vertical histogram and horizontal
histogram as'follows:

1 m
o, =—H;ZVH(J‘) (12)
AN -
== H,() (%

Where o and o are the mean or dc value of

vertical histograms and horizontal histograms,
respectively. One advantage of using the mean
values of histogram is that it gives a position
invariant measure of the input image because if
the crack is-shifted across the horizontal or
vertical direction then o and o are not

changed.

4.5 Proximity
The mean values of horizontal histogram for
longitudinal and transverse cracks are very close

to each other and so the segregation between --—-

these two cracks is poor. To remedy this problem




1400 WSEAS TRANS. ON INFORMATION SCIENCE & APPLICATIONSﬁssue 9. Volume 2. September 2003 1SSN: 1790-0832

we define a proximity measure as an alternative
as Vertical Proximity and Horizontal Proximity
by equation 14 and 15, respectively.

m—1

Q,= Y W (G+D-V, () (14)

J=

Q, =Z|HH(1'+1)—HH(1')[ (15)

From the above equations it can be seen that
proximity is computed by accumulating the
differences between adjacent histogram values.

The low value of proximity indicates that there is

little difference between any of the columns or
rows for the input image.

It is clear that the vertical proximity for a -

longitudinal is bigger than vertical proximity in a
transverse crack and vice versa.

4.6 Judge

Now, we are ready to produce a suitable feature
vector for each described class. A Multi Layer
Perceptron (MLP) is used to classify each image.
The feature vector in class A is-

FA ={CD(”=(D(2)=(D(3)=xw“:h:Qth} (16)

and in Class B is

F,={0,.0, «,x,T} 17

vk

4.7 Experimental results

As explained in section 1 an alligator crack is a
series of interconnected cracks, which has many
sided and sharp-angled pieces whereas a block
crack is a pattern of rectangular pieces of asphalt
surface. So we expect that the complexity and
the number of regions in an alligator crack are
bigger than a block crack. It is clear that the

outpuit of the RGC or I' for alligator and block

- cracks is more than three other kinds. To show

our claim, table 7 represents the average output

Table 7 RGC output for alligator cracks

of RGC for about 45 kinds of alligator cracks, 45
kinds of block cracks, 35 kinds of longitudinal
cracks, 30 kinds of transverse cracks and 60
kinds of crack free cases. Also figure 9 shows
some examples of RGC operation. '

Alligator Cracks 15.1
Block Cracks 9.2
Longitudinal 2

Transverse .
Crack Free 1.1

In our experiments as shown in table 7, it is
found that the output of RGC for class A
(longitudinal, transverse and others) is almost
smaller than 4 and it is bigger than 4 for class
B(alligator and block crack). This criterion at the
first node of hierarchical algorithm which is
shown in fig.7 is used.

In our proposed method the RGC is used
twice. Once at the first node to assign the input
image into one of the class A or class B and once

for determining that the image which has been

assigned to class B is an alligator crack or a
block crack.
In this paper, for WSF Daubechies mother

wavelet D4 is adopted for image decomposition.

Among all kinds of mother wavelets, Daubechies
wavelets are proven to be good for image
analysis and synthesis because of their compact
support, more continuous ‘derivatives, and zero
integral of mother wavelets [15].

Therefore, Daubechies wavelets are chiosen
in our approach and then we are applied different
orders of Daubechies family and- we
experimentally found that the 4™ order is the best
choice for our classification problem which leads
to high classification accuracy.

The guestion arises here is that how to
determine the number of decomposition level.
To answer this question it is—important to.
mention that too large the number of multi
resolution levels lead to loss of information and




WSEAS TRANS. ON INFORMATION SCIENCE & APPLICATIONS Issue 9. Volume 2. September 2005 ISSN: 1790-0832 1401

increase the processing time, whereas too small
the number of multi resolution levels cannot
sufficiently effective and cause to decreased the
accuracy of classification. For these reasons in
our proposed method the maximum
decomposition level is three and sub band 3 is
found to give the best results because at this
level undesired small pieces, which are probably
be noise, are eliminated. Naturally, we benefit by
giving a higher weight to this sub band. To
demonstrate the discrimination power of WSFC
at sub band 3, firstly, we fed a longitudinal crack
which to the WSFC which used only one
decomposition level.

T ATAD
3 16.3578

136.¥4°7L
125 A4 37

41.5660
155280
164, 6674
9N GIRS

6. ¥4/1
3 RS92

2607
0.1715

Table 8 Different parameter for various cracks

BREE 2
oy "50’
&) o
| o = e
_L\U "
SE ol
T
gm (-
|0

Unfortunately it misclassified as a transverse
crack. Now to remedy this problem, we are also
used the 3™ decomposition level and look at the
result. Fortunately, the classification is
successful. It is the preference of the WSFC
rather"than the Histogram method.

Table 8 shows the corresponding mean
values « and « for crack free types are very

small (less than 1). In class A vertical and
horizontal histogram have no significant
differences, but vertical and horizontal proximity

can be used for recognition. For class B thetable
shows, all parameters for alligator cracks are ‘
bigger than corresponding parameters of block

)

Fig. 9 RGC of three kinds of cracks ()
alligator, (b} block and (c) longitudinal

£
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cracks. It is obvious there is a significant
difference between vertical proximity for
alligator and block cracks.

5 Conclusions

As the experimental results show the three
methods can clasify different cracks reasonably
correct. The Fuzzy method is very simple for
clasifying cracks in four groups, but it can not
recognize other distresses. If the severity of
cracks is the objective of investigation, this
method doesn’t work properly. The MLP
method is not as simple as fuzzy method, but it
can use for identifying any kind of distress and
severity of them. The problem with MLP method
is the size of image. If the size of image is big

the number of neurons is high and the network

become diverges. The third method classified
crack free images with 100% accuracy. The
crack images are classified to transverse,
longitudinal, block and alligators with 98%, 90%,
89% and 88% accuracy, respectively. This
method is fast, in 0.324 seconds the program
classifies each image. As the algorithm is easy,
Hardware implementation is easy with low cost.
This method is free from the disadvantage of two
other methods.
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Calculating Histogram
%Horizontal
clc
clear
mean_val=0;
for k=2:2
icn=num2str(k);
filename={"c:\Neural_Ram\NotSeen\Stamp\t' icn];
im=imread(filename, bmp");
im=rgb2gray(im);
im=double(im);
[m,n]=size(im);
for i=1:m
sm=0;
for j=1:n
sm=sm-+(1-im(i,j)/255);
end
HH(i)=sm,
end
mn=0;
for h=1:m
mn=mn+HH(h);
end
men=mry/m;
mean_val=mean_val+men,
mns=num?2str(men);
tit=['dc=" mns]J;
sumhp=0;
for j=1:(m-1)
sumhp=sumhp-+abs(HH(G+1)-HH(j)),
end
HP(k)=sumhp;
xaxis=[1:m)];
Y%figure
axis off
%subplot(7,5,k),plot(xaxis,HH), title(tit),hold on;,plot(xaxis,men,'r")
end
mean_value Horiz=mean_val/l
%
%Vertical
figure
mean_val=0;
for k=2:2
icn=pum?2str(k);
filename={'c:\Neural Ram\NotSeen\Stamp\t' icn];
im=imread(filename,'bmp"),
im=rgb2gray(im);
im=double(im);
[m,n]=size(im);
forj=1:n
sm=0;
fori=1:m
sm=sm+(1-im(i,j)/255);
end
VH(j)=sm;




1Y R 313 Sl ealinal boly b (slgS 5 (gduails 5 glaliar tagh o b 5,18

end
mn=0;
for h=1:n
mn=mn+VH(h);
end
men=mn/n;
mean_val=mean_val+men;
mns=num2str(men);
tit=['dc=" mns];
Yoproximity
svp=0;
for j=1:(n-1)
svp=svp+abs(VH(+1)-VH());
end
VP(k)=svp;
xaxis=[1:n];
%figure
axis off
%subplot(7,5,k),plot(xaxis, VH), title(tit),hold on;,plot(xaxis,men,'r")
end
mean value_Vert=mean val/l
%
Yoxaxis=[1:35];
%figure,plot(xaxis,HP)
%figure,plot(xaxis, VP)
mean_HP=mean(HP)
mean_VP=mean(VP)
max_HP=max(P);
max_VP=max(VP);
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Calculating Wavelet Parameter
clc

clear

%load tol3_bin
a=imread('c:\mlp\fr25.bmp');
b=rgb2gray(a);

k=double(b);

[cal,chl,cvl,cdl] = dwt2(k,'dbl");

[x,y]=size(cal);
ena=0;

env=0,

enh=0;

endig=0;

for i=1:x
for =1y

ena=ena+(cal(i,j))"2;
enh=enh+(ch1(i,j))"2;

env=env+(cv1{ij)"2;
endig = endig+(cd1(i,j))"2;
end

end
energy_app=ena/(x*y)
energy_horiz=enh/(x*y)
energy_vert=env/(x*y)
energy_dig=endig/(x*y)

sm=energy_horiz+energy verttenergy dig;
eng={energy_horiz/sm,energy_vert/sm,energy dig/sm,energy horiz/energy vert]
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Delphi Program
object mlpDemoForm: TmlpDemoForm
Left =32
Top =120
Width = 942
Height = 591
Caption = 'RAM'
Color = ciBtnFace
Font.Charset = DEFAULT CHARSET
Font. Color = clWindowText
Font Height = -11
Font.Name = 'MS Sans Serif
Font.Style = [}
OldCreateOrder = False
OnCreate = FormCreate
PixelsPerInch = 96
TextHeight = 13
object Label2: TLabel
Left=38
Top=28
Width = 895
Height = 19
Caption =
'MLP Neural Network for clasifying road cracks ' +
‘cracks,By:Hadi Hadizadeh, Dr. Heydar toosian Shandiz and Hosein Ghasemzadeh Tehrani'
Font.Charset = ARABIC CHARSET
Font.Color = clWindowText
Font.Height = -16
Font.Name = '"Tahoma'
Font.Style = [fsBold]
ParentFont = False
end
object InitialisingGroupBox: TGroupBox
Left=8
Top =40
Width = 297
Height = 505
Caption = 'Initialising’
TabOrder = 0
object numberOfInputsLabel: TLabel
Left =48
Top =48
Width =116
Height = 13
Caption = 'Number of input neurons'
end
object NumberOfHiddensLabel: TLabel
Left =48
Top = 96
Width = 180
Height = 13
Caption = "Number of neurons in first hidden layer
end
object numberOfHiddens2Label: TLabel
Left =48

f
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Top = 144
Width = 199
Height = 13
Caption = 'Number of neurons in second hidden layer'
end
object numberOfOutputsLabel: TLabel
Left =48
Top =192
Width = 159
Height = 13
Caption = '"Number of neurons in output layer'
end
object TopologyLabel: TLabel
Left =438
Top =24
Width = 53
Height = 13
Caption = 'Topology'
Font.Charset = DEFAULT CHARSET
Font.Color = ciWindowText
Font Height = -11
Font.Name = 'MS Sans Serif’
Font.Style = [fsBold]
ParentFont = False
end
object TransferFunctionsLabel: TLabel
Left = 48
Top =256
Width = 104
Height = 13
Caption = 'Transfer functions'
Font.Charset = DEFAULT_CHARSET
Font.Color = cIlWindowText
Font Height = -11
Font.Name = 'MS Sans Serif'
Font.Style = [fsBold]
ParentFont = False
end
object TransFuncHiddLayerLabel: TLabel
Left = 48
Top = 280
Width = 87
Height = 13
Caption = "in first hidden layer'
end
object TransFuncHiddLayer2Label: TLabel
Left = 48
Top =328
Width = 106
Height = 13
Caption = 'in second hidden layer'
end
object transFuncOutputLayerLabel: TLabel
Left = 48
Top =376
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Width = 66
Height = 13
Caption = 'in output layer'
end
object trainingButton: TButton
Left = 40
Top =432
Width = 209
Height = 25
Caption = 'Choose trainingdata and initialise net'
TabOrder = 0
Visible = False
OnClick = trainingButtonClick
end
object numbOfInputsEdit: TEdit
Left =48
Top = 64
Width = 121
Height = 21
TabOrder = 1
Text = 'numbOfInputsEdit'
OnExit = numbOfInputsEditExit
end
object numbOfHiddensEdit: TEdit
Lefi = 48
Top=112
Width = 121
Height = 21
TabOrder = 2
Text = 'numbOfHiddensEdit'
OnExit = numbOfHiddensEditExit
end
object numbOfHiddens2Edit: TEdit
Left = 48
Top = 160
Width = 121
Height =21
TabOrder = 3
Text = 'numbOfHiddens2Edit’
OnExit = numbOfHiddens2EditExit
end
object numbOfOutputsEdit: TEdit
Left =438
Top = 208
Width = 121
Height =21
TabOrder = 4
Text = 'numbOfOutputsEdit’
OnExit = numbGfOutputsEditExit
end
object Hiddenlayer2 ActivatedCheckBox: TCheckBox
Left = 184
Top = 160
Width = 73
Height =17
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Caption = 'Activated'
TabOrder = 5
OnClick = HiddenLayer2 ActivatedCheckBoxClick
end
object TransFuncHiddLayerComboBox: TComboBox
Left =48
Top = 296
Width = 145
Height =21
ItemHeight = 13
TabOrder = 6
Text = ‘fermi'
OnChange = TransFuncHiddlL.ayerComboBoxChange
Items. Strings = (
Ita_[]lll
‘fermi’
id")
end
object TransFuncHidd2LayerComboBox: TComboBox
Left =48
Top = 344
Width = 145
Height =21
ItemHeight = 13
TabOrder = 7
Text = 'id'
OnChange = TransFuncHidd2LayerComboBoxChange
Items.Strings = (
'taIlh‘
‘fermi'
id")
end
object TransFuncOutputLayerComboBox: TComboBox
Left =48
Top =392
Width = 145
Height = 21
ItemHeight = 13
TabOrder = 8
Text ="id'
OnChange = TransFuncOutputLayerComboBoxChange
Items. Strings = (
'taIlh‘
‘fermi’
Il'dl)
end
object Buttonl: TButton
Left =40
Top = 432
Width = 201
Height = 25
Caption = 'Choose Training Data and Initializing
TabOrder = 9
OnClick = Button1Click
end
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end
object LearningGroupBox: TGroupBox
Left =320
Top =40
Width = 297
Height = 505
Caption = 'Learning'
TabOrder = 1
object numbOfCyclesLabel: TLabel
Left =40
Top=112
Width = 146
Height = 13
Caption = ‘Max. number of learning cycles'
end
object ErrorBoundLabel: TLabel
Left = 40
Top = 208
Width = 55
Height = 13
Caption = "Error bound'
end
object MomentumLabel: TLabel
Left =40
Top = 280
Width = 102
Height = 13
Caption = 'Momentum parameter
end
object Labell: TLabel
Left =24
Top = 440
Width = 85
Height = 13
Caption = Process Progress:'
end
object Label3: TLabel
Left=176
Top = 440
Width =3
Height = 13
end
object LearningButton: TButton
Left = 40
Top =48
Width = 209
Height = 25
Caption = 'Start learning process’
TabOrder = 0
OnClick = LearningButtonClick
end
object numbOfCyclesEdit: TEdit
Teft=40
Top =128
Width = 121

i



114 R3S G315 5l eslizal boly mlaw (SUgS5 skl 5 olulis D a s b S551E

Height = 21
TabOrder = 1
OnExit = numbOfCyclesEditExit
end
object errorCheckBox: TCheckBox
Left = 40
Top =184
Width = 97
Height = 17
Caption = Error bound set'
TabOrder = 2
end
object ErrorBoundEdit: TEdit
Left = 40
Top =224
Width = 121
Height = 21
TabOrder = 3
OnExit = ErrorBoundEditExit
end
object MomentumEdit: TEdit
Left = 40
Top = 296
Width = 121
Height = 21
TabOrder = 4
OnExit = MomentumEditExit
end
object DivergeCheckBox: TCheckBox
Left = 168
Top =184
Width = 97
Height = 17
Caption = Divergence Flag'
TabOrder = 5
end
object ProgressBarl: TProgressBar
Left =24
Top = 464
Width = 249
Height = 17
Min =0
Max = 100
TabOrder = 6
end
end
object VerifyingGroupBox: TGroupBox
Left =632
Top =40
Width = 297
Height = 505
Caption = "Verifying'
TabOrder =2
object trainingOutputButton: TButton
Left =24
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Top =48
Width = 257
Height = 25
Caption = ‘Outputs of the net with training inputs’
TabOrder = 0
OnClick = trainingOutputButtonClick
end
object testButton: TButton
Left =24
Top =176
Width = 257
Height = 25
Caption = 'Choose testdata and show outputs of the net'
TabOrder = 1
OnClick = testButtonClick
end
object Button3: TButton
Left =96
Top =216
Width = 89
Height = 25
Caption = 'Save Weights'
TabOrder = 2
OnClick = Button3Click
end
object Button4: TButton
Left = 96
Top = 248
Width = 89
Height = 25
Caption = 'Load Weights'
TabOrder = 3
OnClick = Button4Click
end
end
object OpenDialog: TOpenDialog
InitialDir = 'c:\users\hadamschek\eigeneKomponenten\mlpnet1.0'

Left = 848
Top =40
end
object MLPNet: TTedMLPNet
WeightMin = -1
WeightMax = 1

SeedWeights = -1
TransFuncHiddLayer = fermi
TransFuncHiddLayer2 = id
TransFuncOutputLayer = id
LearningRateHiddenLayer = 0.05
LearningRateHiddenLayer2 = 0.05
LearningRateOutputLayer = 0.05
TrainingPattern. TrainingValues=( 3 2 ( 0 ) 4 ¢ 1 1 1 n 2
2) 4 3 1 1 2 ( -1 2) 4 | -1 1 1 1)
Left = 888
Top=16
end
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object SaveDialogl: TSaveDialog
Left = 160
Top =392

end

object OpenDialogw: TOpenDialog
Left =152
Top =368

end

object Timerl: TTimer
Enabled = False
OnTimer = Timerl Timer
Left = 304
Top =32

end

object Timer2: TTimer
Enabled = False
OnTimer = Timer2Timer
Left = 256
Top =32

end

object Timer3: TTimer
Enabled = False
OnTimer = Timer3Timer
Left =624
Top = 368

end

End
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object TrainingPatternForm: TTrainingPatternForm
Left =522
Top =317
Width = 384
Height = 242
Caption = 'Training Pattern'
Color = cIBtnFace
Font.Charset = DEFAULT_CHARSET
Font.Color = clWindowText
Font.Height = -11
Font.Name = 'MS Sans Serif’
Font.Style =]
OldCreateOrder = False
OnCreate = FormCreate
OnDestroy = FormDestroy
PixelsPerInch = 96
TextHeight = 13
object numberOfTrainValuesLabel: TLabel
Left = 131
Top = 40
Width =3
Height = 13
end
object CloseButton: TButton
Left =232
Top = 96
Width = 75
Height = 25
Caption = 'close’
TabOrder = 0
OnClick = CloseButtonClick
end
object loadDataButton: TButton
Left =72
Top = 96
Width = 105
Height = 25
Caption = 'choose training data’
TabOrder = 1
OnClick = loadDataButtonClick
end
object TrainingDataOpenDialog: TOpenDialog
Left = 48
Top =24
end
end



