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Fuzzy modeling by Active Learning Method
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Civil Engineering Department, Faculty of Engineering, Tarbiat Modares University
Tehran, Iran

1. Introduction

The constructions of different modeling methods are similar. The models are consisted of
the following major stages:

1- Recognizing the true or most effective inputs.

2- Finding the numerical relationship between inputs and output.

3- Explaining the numerical relationship mathematically.

4- Utilizing the mathematical expressions to calculate the output using different inputs.

5- Comparing the calculated and actual outputs and calculating the error.

6- Modifying the mathematical expressions based on the calculated error.

These stages seem to be complicated. This complexity seems to be due to the quantitative
and exact definitions of the mentioned stages (Bagheri Shouraki and Honda, 1998). There
are some demonstrations that the mentioned stages are performed qualitative with non-
exact concepts in the human brain (Schmidt, 1985), therefore any effort toward of expressing
them using exact expressions (such as mathematics) are expected to have some differences
with human thinking or modeling method. In the other words, the utilizing of exact
mathematics in modeling has contradiction with human abilities (Bagheri Shouraki and
Honda, 1999).

Fuzzy concepts (e.g. Zadeh 1965) and related inferences (e.g. Mamdani 1974) proposed a
new approach to human modeling and calculation methods. Although, different powerful
fuzzy modeling methods have been developed up to now, but some of these methods are
different with real human modeling method, because of utilized mathematics and exact
calculations in their constructions (Bagheri Shouraki and Honda, 1999). The construction of
human modeling is similar to the above stages, but avoids of mathematical complexities.
Active Learning Method (ALM) is one of the fuzzy modeling methods Which uses basic
level of mathematics. ALM was innovated by Bagheri Shouraki and Honda (1997). ALM has
very simple algorithm that avoids of mathematical complexity and its accuracy and
exactness increase unlimitedly by increasing the number of iterations of its algorithm.

It is very difficult for human to memorize the numerical data points but tries to memorize
the general behavior function of data points. In addition, for modeling, the human converts
a MIMO (Multi Inputs - Multi Outputs) system to some SISO (Single Input - Single Output)
systems and then human tries to find the general behavior function in each SISO system and
the effects of other inputs are considered as the deviation of data points around of the
general behavior function. In addition, human can save the data points on a continuous path
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196 New, Advanced Technologies

which means the general behavior function, but usually can not save the randomly
distributed data points in the space of variable. ALM algorithm uses all of these mentioned
constructions of human modeling method.

Taheri Shahraiyni (2007) developed new heuristic search, fuzzification and defuzzification
methods for ALM algorithm. In the next sections of this chapter, ALM algorithm with these
modifications is explained and the ALM abilities and applications are illustrated.

2. ALM algorithm
The ALM algorithm has been presented in figure 1.

4 N\
Step 1. Gathering input-output numerical data

(variables and function data)
we call the inputs “x” and the outputs ‘y’

L7

Step 2. Projecting the gathered data in x-y planes

v

Step 3. Applying the IDS method on the data in
each x-y plane and finding the continuous path
(general behavior or implicit nonlinear
function) in each x-y plane

- J

v

( )\
Step 4. Finding the deviation of data points in
each x-y plane around the continuous path

. + J

p
Step 5. Choosing the best continuous path and ]

saving it.

v

Step 6. Generating the fuzzy rules ]
\

Step 7. Calculating the output and measuring the ]

error
) v
Step 8. Comparing the modeling error with the ]

predefined threshold error.

Step 10. If error of modeling is less than Step 9. If error of modeling is more than
threshold, save the model and stop threshold, divide the data domains of variables
using an appropriate heuristic search method.

Fig. 1. Proposed algorithm for Active Learning Method.
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Fuzzy modeling by Active Learning Method 197

For the purpose of explaining the ALM algorithm, the Sugeno and Yasukawa (1993) dummy
non-linear static problem (equation (1)) with two input variables (x; and x;) and one output
(v) is solved by this method.

y=(1+xf+x;'5)2, 1<x,,x,<5 1)

First, some data are extracted from equation 1 and some random noises are added to data
(step 1). Then the data are projected on x-y plane (figures 2a and 2b) (step 2).

Step 3: The heart of calculation in ALM is a fuzzy interpolation and curve fitting method
which is entitled IDS (Ink Drop Spread). The IDS searches fuzzily for continuous possible
paths on data planes. Assume that each data point on each x-y plane is a light source with a
cone or pyramid shape illumination pattern. Therefore, with increase of distance of each
data point, the intensity of light source decreases and goes toward zero. Also the
illuminated patterns of different data points on each x-y plane are combined and new bright
areas are formed. The IDS is exerted to each data point (pixel) on the normalized and
discretized x-y planes. The radius of the base of cone or pyramid shape illumination pattern
in each x-y plane is related to the positions of data in it. The radius increases until the all of
the domain of variable in x-y plane be illuminated. Figures 2c and 2d show the created
illumination pattern (IL values) after the combination of the illumination patterns of
different points in x;-y and x;-y planes, respectively. Here, pyramid shape illumination
pattern has been used.

Now, the paths, general behaviour, or implicit nonlinear functions are determined by
applying the center of gravity on y direction. The center of gravity is calculated using this

i[%xm(xw%’)}

i=1
equation: y(x ; ) = , Where j:1...M, M is the resolution of y domain,

M
ZIL(xi, Y;)
j=1

y; is the output value in jth position, IL(x;y;) is the illumination value on x-y plane at the
(xi, y;) point or pixel ,and y(x;) is the corresponding function (path) value to x; .

Hence, by applying the centre of gravity method on figures 2c and 2d, continuous paths are
extracted (figures 2e and 2f).

Subsequently, the deviation of data points around each continuous path can be calculated
by various methods such as coefficient of determination (R2), Root Mean Square Error
(RMSE) or Percent of Absolute Error (PAE). The PAE values of continuous paths on x;-y
and x,-y planes (figures 2e and 2f) are 20.4 and 13.5%, respectively (Step 4).

The results show that the path of figure 2f is better than the path of figure2e. The selected
paths should be saved because these are implicit non-linear functions. The paths can be
saved as a look-up table, heteroassociative neural network memory (Fausset, 1994) or fuzzy
curve expressions such as Takagi and Sugeno method (TSM) (Takagi and Sugeno, 1985).
Look up tables are most convenient method and it is used for path saving in this example
(Step 5).

We have no rules in the first iteration of ALM algorithm, hence we go to step 7.

www.intechopen.com



198 New, Advanced Technologies

4 4
- 3 - 3
r
2t 2 ’
R
1 1 .
1 2 3 4 5 1 2 3 4 5
X1 X2

X A2

A
> =3
Al
1 2 3 4 5 = 2 3 4 5
X1 X2
(e) (

Fig. 2. (a) Projected data on x;-y plane, (b) projected data on x-y plane; (c) Results of
applying IDS method on the data points in x;-y plane, (d) results of applying IDS on the
data points in x2-y plane; (¢) Extracted continuous path by applying center of gravity
method on figure 2c, (f) extracted continuous path by applying center of gravity method on
figure 2d.
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The PAE of chosen path is more than a predefined threshold PAE value (5%). Hence, the
error is more than predefined error (Steps 7 & 8) and we divide each space in two by using
only one variable (Step 9) and go to the step 2 of figure 1. Dividing can be performed crisply
or fuzzily, but for simplicity, a crisp dividing method is used here and the fuzzy dividing
will be illustrated later. The results of ALM modeling after crisp division of space to four
subspaces using a heuristic search method has been presented in figure 3. According to
figure 3, the following rules are generated (Step6):

H

5.0 /

hx1) u(x2)
2.9
X2
2(xy)
H -
“1o 1 Lo Lo 10 o 10 X
£ 5] Xy

Fig. 3. Divided entire space to four subspaces using the heuristic search method and the best
continuous path (implicit non-linear function), extracted for each subspace (the data points
in each subspace have been shown by black circles).
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If (x,21.0 &x,<1.9) then y=f(x2)
If (x,21.9 &x,<2.9) then y=g(x1)
If (x,22.9 &x,<2.9) then y=h(x1)
If (x,229 &x,>29) then y=u(x,)

Whenever the PAE value of the above rules is less than the threshold of 5%, the procedure
of ALM modeling is stopped. Here, using four rules, a PAE of 3.8% is achieved.

2.1 The new heuristic search method

In this section, a new heuristic search method is introduced for dividing space in the ALM
algorithm.

Partitioning of multi-dimensional space is a combinatorial problem. There is no theoretical
approach for it; therefore, heuristic search methods are used (Takagi and Sugeno 1985).

The heuristic search is a guided search and it does not guarantee an optimal solution.
However, it can often find satisfactory solutions (Abbass et al. 2002).

Consider k inputs (x1, x2, ..., x), and a single output (y) system. The algorithm of the new
heuristic search method for this system is depicted in figure 4.

Step 1. The domain of x; is divided into two parts (small and big). Using the ALM
algorithm, the best continuous path is determined for each part of the x; domain. Assume
these paths are f11(xj) and fi2(x,,), which are the best paths for the first dividing step and for
the small and big parts of the divided variable that are the functions of the jth and mth
variables, respectively. Here, the rules for modeling are:

If (x1is small) then y=f11(x;)
If (x1 is big) then y=f12(x)

Then, the modeling error (e11)is calculated for the above rules Similarly, the domain of other
variables are divided and their modeling errors are calculated and a set of k errors (e1,
e1,....e1x) are generated. For example, e;x shows the minimum modeling error after dividing
the domain of kth variable in the first step of dividing. The variable corresponding to the
minimum error is the best one for dividing of space. Suppose ej; is the minimum error and it
is correspond to xs, then, the x; domain is divided into small and big values. If e;s is more
than the threshold error, the dividing algorithm should continue.

Step 2. Consider all possible combinations of xs-x; (j=1,2,...,k) for each part of xs and then
divide the domain of x; again into two parts. Thus, 2k combinations are generated (k
combinations of Xssma)—xj and k combinations of xswig—X;) where each combination has two
parts. For example, xspig—x; means that when x; has a big value, the domain of x; is divided
into small and big parts. Similarly, the ALM algorithm is applied to each part and the
minimum modeling error is calculated for each k-combinations. Suppose these are e, and
e'sn . They imply that the minimum modeling errors in the second step of dividing the space
of variables is related to dividing of mth and nth variables for the small and big parts of xs,
respectively. Based on minimum errors, x,, and x, are divided and the rules for modeling
after dividing are:
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If (xs is small & x;, is small) then ...
If (xsis small & x;, is big)  then ...
If (xsis big & x, is small)  then ...
If (xs is big & x;, is big) then ...

ez and €'y, are the local minimum errors. The appropriate global error (e2) can be calculated
using minimum local errors (e2,; and e'2,). Dividing continues until the global error is less
than the threshold error. In this heuristic search method, the global error decreases
simultaneously by decreasing the local errors.

Figure 4 depicts the next step of dividing algorithm which is step 3.

This heuristic search method uses an appropriate criterion to select a variable for dividing
and the median of data is used as the boundary for crisp dividing. Hence, the number of
data points in the subspaces are equal.

/x,, (small) x, (big) Xq (small)  x, (big) xr (small) xr (big) xt(small)  x: (big)

Step 3 <

.. (X s(small) =X;p(small) _xp) .. (Xs(small) =Xy (big) —x,,)
T T . _(xs(big) —;n(small) —xr) . .(xs(big) —in(big) —xt)
\f 1l i x,, (small) x, (big)
X, (small) X (big) n

e’
Step 2 < ?1 eTZk e'fl 2k
(Xs(small)=X1) . (Xs(small) =Xm)  (Xs(small) — X%) (xsmig) —X1) .. (xs(big) =Xn) (Xsoig) —xk)
y Xs (small) x5 (big)

Step 1 -< el ... e1k

efl “oe

- (x1) ... (xs) ... (xi) ...(xx)

Fig. 4. Algorithm of the new heuristic search method for dividing the space.
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2.2 Fuzzy dividing

Although, ALM implements crisp or fuzzy dividing methods, but fuzzy dividing and
modeling methods can improve the ALM performance by:

1- Satisfaction of continuity condition,

2- Better knowledge extraction of multi-variable non-linear systems,

3- Decrease of ALM sensitivity to noise.

Fuzzy dividing is similar to crisp dividing. In crisp dividing, the dividing point of a variable is
the median as shown in figure 5a. But in fuzzy dividing, the boundary of small values of a
variable is bigger than the median (figure 5b) and vice versa (figure 5c). Hence, the regions of
small and big values of a variable can overlap.

Median Median Median

V)

v ) H_J H_/

Y
Small Big Small Big

(a) () ()
Fig. 5. Schematic view of different dividing methods, (a) crisp dividing, (b) small part of
variable domain in fuzzy dividing, (c) big part of variable domain in fuzzy dividing.

The fuzzy systems are not too sensitive to the dividing points. Therefore, the appropriate
points for fuzzy dividing can be calculated by investigating various alternatives to select the
most appropriate one.

2.3 Fuzzy modeling in ALM

Since the presented new heuristic method (section 2.1) utilizes a complicated dividing method,
the typical fuzzification methods are not compatible with it. Here, a new simple fuzzy
modeling method is presented which is attuned to the heuristic search method. This fuzzy
modeling method has been developed by Taheri Shahraiyni (2007).

We denote the membership function of a fuzzy set as AZ;S (JCZ7 ) in which i is the dividing

step, j is the number of dividing in each i which has a value between 1 and 2. s is the
membership function that is related to small (s=1) and big parts (s=2) of a variable domain. k

denotes the divided variable number and x,’:’ is the mth member of the kth variable (Xj)

(x'eX,)andX, eX . X= {X1 o X, } is a set of n variables. ALM can be implemented by fuzzy

modeling with miscellaneous shapes of membership functions and the performance of ALM
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as a fuzzy modeling method is not sensitive to the shape of membership function. Trapezoidal
membership functions are one of the most used membership functions. In addition,
implementation of a fuzzy modeling method using trapezoidal membership functions is very
straightforward. Hence, trapezoidal membership functions are applied here.

The truth value of a proposition is calculated by a combination of membership degrees. For

example, the truth value of “ x] is Allll and xj is Azzf’ is expressed as:
1. 11 1. 22 11 ,..1 22 1 11 1 22 1
(x, is Au and X, is A21 )= (AH (xl) A A21 (xz))= (Au (xl) X A21 (xz)).
In this fuzzy method, the general fuzzy rules are defined as below:
Ry: If (x; is Af]?f] & x is A;‘;ZSZ &...) then v, =f(x))

Where p is the rule number and has a value between 1 and  (h is total number of fuzzy rules),
Ry is the pth rule and f, is the pth one-variable non-linear function for the pth subspace (pth
rule).

1/P(f,) is considered as the weight of the pth rule (W,,) where P(f,) is PAE of f, (continuous

path in the pth rule). Fire strength or membership degree of the pth rule, W' is equal to the

truth value of the proposition which is:
m o _ kqs m kys m
Wi = Aljlll(xkl) X Azfzz(xkz) X (2)
Obviously, the summation of truth values of all of the propositions should be equal to 1
h
Q. wp=1).
p=1

Finally, the corresponding output () to mth set of input dataset (x}" e x;” yoen xf ) is

calculated as:

M=

(yme;Z xI/\/rp)

p

3
<
1\

<
Il
=
—
&)
~

2, WixW,)

p=1

2.4 An example for fuzzy modeling in ALM
Now, we present a small example to show the simplicity of the described fuzzy modeling
method.
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Consider a system with two variables (X = {Xl, Xz}) and X ;n € Xl , X 21 eX , that its

fuzzy rules are:

R If (x ;" is small & X ;" is very small) then vy, =A(X ;" )
R2: If (x ;" is small & X ;n is moderate small) then Yy =fo(X r; )
R3: If (x| isbig& X issmall) then  yi =f(X})
R%: If (x| isbig& X isbig) then  yi =fi(X])
The above linguistic propositions are expressed by the following rules:

RI: If (x7is Al & x]' is Aj)) then  y!' =A(x]")
R2: If (xis All & x7" is Aj) then  y =f(X})
R3: If (x7"is A2 & x7) is A) then  yI =f(x7)
Ré: If (x7is A2 & x7 is Asy) then  y) =f(x])

Suppose the PAE of fi, f», fsand f; are 5, 10, 5 and 20. Then, W1, Wi, W;3 and W4 are equal to
0.2,0.1, 0.2 and 0.05, respectively.
Figure 6 shows the fuzzy dividing and the membership functions for this example

As seen in figure 6, the membership degrees for x1 ( X 11 X ; ) are:

Al (x;) =034, Al(x;) =066 AL(x]) =0, AZ(x]) =1, A% (x}) =01,
A% (x}) =09,

In accordance with the membership degrees of different membership functions, the truth
values of different rules (W) can be determined using the following calculations.

W= Ay, (x;)% Ay (x;) =034x0=0
Wo=Aj (x;)% A5 (x;) =034x1=034
Wg=Aj; (x;)x A3 (x;) =0.66x0.1=0.066
Wi =Aj (x;)% Ag; (x;) =0.66x0.9=0594

Assume the rule functions (y,’) values for point x! are:

Y7 =A(X))=20, Y =f(X5) =18, Y5 =f(xy) =22and Yy =fi(X,)=17.
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According to the equation 3, the output (y!) can be calculated as below:
4
( lxwl XW )
y1=;yp P (Y W XN )+ (g X IV XI, )+ (5 <L X )+ (y XV XA, )
i(wl xW ) (Wfljxl/vﬂ)-'_(wflzxmz)-'-(wféXVVrs)-'-(WflgngVrgp)
—~ fp P
-

_(2.0x0x0.2)+(1.8x 0.34x0.1)+(2.2x 0.066%0.2) + (1.7 x0.594 x0.05) _

1.83
(0x0.2)+(0.34x0.1)+(0.066x0.2) +(0.594x0.05)
It could be observed that the calculations in this fuzzy modeling method are simple and
straightforward.
=:.II
x|
Divide x,
00— , A5 L0
feredaredt 1,066
1% [, .
(.00 : - 0,00
N ¥ B
= =
Sl ~ Big
Xy Xi
Divide x, Divide 12
100 A AL e
s =t
0,00 i o0 s ==
"‘,l ;|
& &) =
E
£
Very small Modergtsmal . o
X

X X =

ol

Y|
Fig. 6. Fuzzy dividing, trapezoidal membership functions and membership degrees for point
X (X],X,).
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3. The specific abilities of ALM

3.1 Initial parameters for training

In spite of many other well-known modeling methods (e.g. Neural Networks), ALM does not
need initial parameters to start the training and thus it does not repeat the training, hence
ALM training is very easy and straightforward and it is not time consuming,.

3.2 Finding and ranking the effective variables

Although, the appropriate inputs to models are often determined before the beginning of
modeling by physical or empirical based methods, but ALM can determine and rank the
important input variables. Because it is very easy for ALM to find the important or divided
variables and one-variable function in each step of modeling. Then, the variables can be
ranked according to their roles in modeling easily. Suppose that the ranking criterion for used
variables in one-variable functions is the number of subspaces which have been estimated
using each variable. Similarly, suppose that the ranking criterion for the used variables for
dividing is dividing times of each variable. Hence, ALM similar to human can find and rank
the effective variables in a system.

3.3 Sensitivity to noise

In general, ALM has low sensitivity to noise. The main factor of robustness of ALM is IDS
operator and it is similar to adding a cone shaped distribution noise to the inputs and output
data using cone shaped illumination (distribution) pattern (solid line in figure 7). As shown in
figure 7, the cone shaped noise which is added automatically by IDS is very similar to a
normal distribution (solid line) noise.

04

03 r

o1lr

0.0

Fig. 7. Schematic view of normal distribution function ( f(x) = \/7 e_? ) (dotted line) and
2r

cone shape illumination (distribution) pattern of IDS (solid line).
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For the low sensitivity to noise (robust) modeling, it is necessary to add some noises to data
and then train the model with noisy data. In the crisp modeling methods (e.g. neural
networks), adding noise to data should be performed by repeating the dataset (for example
100 times) and adding noise (often normal distribution noise) to the repeated dataset. It is time
consuming to repeat the dataset, add random noise to data and train the model using the large
repeated dataset. Therefore robust modeling is time consuming. But ALM does not need to
repeat the dataset nor add noise to it. Because the cone shaped noise which is added
automatically by IDS operator is very similar to a normal distribution (dotted line) noise (see
figure 7). Thus, ALM is more rapid than any other crisp modeling method in training stage.

In the crisp modeling methods, because of lack of necessary knowledge about the noise level
in the system (e.g. noise level for different variables and functions), a constant level of noise is
added to the functions and variables. But ALM determines the appropriate noise level for
different variables by calculation of the optimum slopes of cone shaped illumination
(distribution) patterns in the IDS operator for variables. Also ALM is able to add different
levels of noise to the function and variables data by changing the resolution in x and y axes.

For more details about the ALM abilities and demonstration of the mentioned abilities, refer to
Taheri Shahraiyni (2007) and Taheri Shahraiyni et al. (2009).

4. An application of ALM modeling

Here, ALM is used for modeling of a very important problem (Algal bloom in marine
environment) and its abilities and performances are investigated.

Algal bloom is the result of interaction between physiological and ecological characteristics of
the species as well as physiochemical processes in the water column. Algal bloom detection in
the water bodies and the monitoring of its spatiotemporal changes is necessary for water
quality or marine ecosystem modeling and management. Chlorophyll-a is an indicator for the
phytoplanktonic biomass, hence the retrieved spatial distribution of chlorophyll concentration
in a water body can be used for the monitoring of spatiotemporal changes of algal bloom.
Remote sensing can provide a complementary tool for the chlorophyll retrieval in varying
water bodies. Due to the very high level inherent noises in satellite images, the low sensitivity
to noise method is needed for the extraction of chlorophyll concentration from satellite images.
ALM is promising to be low sensitive to noise, hence used for solving of this problem. The
reflected radiations of sea surface, measured in different wavelengths by satellite, are the input
variables to ALM and the output is the corresponding chlorophyll concentration.

We need to a dataset for training of ALM. The training dataset was generated by numerical
solution of radiative transfer equation. Radiative transfer equation simulates the radiative
transfer in atmosphere-ocean system.

ALM was trained by this dataset and tested by satellite images and concurrent in-situ
measurements of chlorophyll in Caspian Sea.

The Caspian Sea is a land-locked sea between Asia and Europe. It is the largest inland water
body in the world. It covers a surface area more than 370,000 km?, reaches a maximum depth
of about 1000 m. An algal bloom happened in the Caspian Sea on August 2005 in the southern
part of Caspian Sea and it disappeared in October 2005. The sampling and analysis of species
in the algal bloom showed that the bloom is related to toxic specie of the Cyanobacteria (Blue-
green algae) which is named Nodularia.
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The utilized satellite images in the study were MERIS images. MERIS has been located on
board of the ENVISAT satellite (European Space Agency). MERIS takes 15 images in different
wavelengths between 412 and 900 nm. For details about MERIS refer to Rast et al. (1999).

The results of test of trained ALM showed that it can derive the chlorophyll concentration with
appropriate accuracy (percent of absolute error = 44%). This shows that ALM is very robust to
noise. The developed ALM model had only 8 rules. The processing time of fuzzy models is
highly related to the number of rules and this number of rules (8 rules) is small enough to
allow for an appropriate processing time in operational applications. In addition, it could find
that {490, 510, 560, 685, and 885 nm} are important and necessary wavelengths for chlorophyll
modeling and remove the other ones. For details about this Chlorophyll estimation by ALM
modeling refer to Taheri Shahraiyni et al. (2007).

Finally, the satellite images were used as input to developed ALM model and the output
chlorophyll concentration maps in Caspian Sea were extracted. Figure 8 shows these results
from August to October.

As you see in figure 8 and explanations on the figure 8, ALM has been successful for the
appropriate monitoring of change of chlorophyll concentration in the Caspian Sea.

The results demonstrated that ALM model is an appropriate and useful method for modeling
of chlorophyll concentration and consequently, detection and monitoring of algal bloom in
marine environment.

5. Other applications

Although we focused on the ALM abilities for modeling, but according to the structure of
ALM, its application is not limited to modeling and it is applicable in different fields of
engineering. Here we hint to some of ALM applications.

5.1 Large scale optimization problems

The large scale optimization problems are important in different fields of science, engineering
and operation research. Unfortunately most of them are NP (Non-Polynomial) problems and
finding their optimum solution in reasonable time is almost impossible (Garey and Johnson,
1976). ALM can be used for solution of these problems and it presents satisfactory results.

An example: Bin-Packing problem is a NP problem (Garey and Johnson, 1976) and it has many

different applications such as loading trucks subject to weight limitations. Lotfi and Bagheri

Shouraki (2004) used ALM for solution of Bin-packing problem. They showed, in spite of very
simple construction of ALM, it can obtain very good results for solving Bin Packing problem.

5.2 Control problems

Human modeling method has low sensitivity to noise. ALM is similar to human modeling
methods and it is very robust to noise. Therefore it is very useful method for control
problems. Up to now, several researches has been performed on the application of ALM in
control problems. Some of these control researches are as below:

Bagheri Shouraki and Honda (1998) showed the ability of ALM for stable controlling of
dynamic systems such as invert pendulum.

Shahdi and Bagheri Shouraki (2002) used of ALM for design of controller for Beam and Ball
problem and showed the ability of ALM for control of this system.
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Shahdi and Bagheri Shouraki (2003) used of ALM for design of an intelligent control system
in an automated vehicle. The problem was the control of a truck which is moving at the back
of another truck in one line. The automated truck doesn’t contact to another truck. The ALM
has been used to extract driver’s behavior and control rules for control system. Also, the
effective parameters of controller were derived using ALM.

Chlorophyll-a (ug/l) 10aug2005 Chlorophyll-a (ug/l) 16aug2005 Chlorophyll-a (ug/l) 01sep2005

Growing and
Spreading of algal
bloom

Growing of algal

Appearance of bloom

algal bloom

(©)

Chlorophyll-a (ug/l) 250ct2005

Maximum growth and Removing of algal Complete
motion toward coastal bloom from water by disappearance of
zone transmission to algal bloom ..,
coastal zone besides
g 'of a very small part

\

(d) () (f)

Fig. 8. Chlorophyll concentration (pg/lit) maps in Caspian Sea, derived by developed ALM
model which shows the algal bloom appearance on August and its disappearance until
October, 2005

6. References

ABBASS, H.A., SARKER, R.A. and NEWTON, C.S., 2002, Data mining: A heuristic approach (Idea
Group Publishing).

BAGHERI SHOURAKI, S. and HONDA, N., 1997, A new method for establishing and saving
fuzzy membership functions. In 13t Fuzzy Symposium, 4-6 June 1997, Toyama,
Japan, pp. 91-94.

BAGHERI SHOURAKI, S. and HONDA, N., 1998, Fuzzy controller design by an active learning
method. In 31t Symposium of Intelligent Control, 26 August 1998, Japan, Tokyo, pp.
1-10.

www.intechopen.com



210 New, Advanced Technologies

BAGHERI SHOURAKI, S. and HONDA, N., 1999, Recursive fuzzy modeling based on fuzzy
interpolation. Journal of Advanced Computational Intelligence, 3, pp. 114-125.

FAUSSET, L., 1994, Fundamentals of neural networks: Architectures, algorithms and applications.,
Prentice Hall, 461 p.

GAREY, M. R. and JOHNSON, D.S., 1979, Computer and interactability: A guide to the theory of NP-
completeness., W. H. Freeman.

Lotrl, T. and BAGHERI SHOURAKI, S., 2004, Active learning method to solve Bin Packing
problem. In Proc. of Neural Networks and Computational Intelligence (NCI 2004), 23-25
February 2004, Grindelwald, Switzerland, Paper No. 413-009.

MAMDANI, E.A., 1976, Advances in the linguistic synthesis of fuzzy controllers. International
Journal of Man-Machine Studies, 8, pp.669-678.

RasT, M., BEZY, J.L. and BrUZzI S., 1999, The ESA medium resolution imaging spectrometer
(MERIS)-a review of the instrument and its mission. International Journal of Remote
Sensing, 20, pp. 1681-1702.

ScHMIDT, R.F., 1985, Fundamentals of Neurophysiology (Springer-Verlag).

SHAHDI, S.A. and BAGHERI SHOURAKI S., 2003, Use of active learning method to develop an
intelligent stop and go cruise control. In Proc. of Intelligent Control and Systems (ISC
2003), 25-27 June 2003, Salzburg, Austria, Paper No. 388-157.

SHAHDI, S.A. and BAGHERI SHOURAKI S., 2002, Supervised active learning method as an
intelligent linguistic controller and its hardware implementation. In Proc. of International
Conference on Artificial Intelligent and Applications, 9-12 Sep., Malaga, Spain.

SUGENO, M. and YASUKAWA, T., 1993, A fuzzy-logic based approach to qualitative modeling.
IEEE Transactions on Fuzzy Systems, 1, pp. 7-31.

TAHERI SHAHRAIYNI, H., 2007, Extraction of water quality parameters using the satellite data
and inverse modeling of radiative transfer equation by active learning method, Phd
Thesis, Civil. Eng. Dept., Sharif University of Technology, Tehran, Iran, 167 p. (In
Persian).

TAHERI SHAHRAIYNI, H., BAGHERI SHOURAK], S., FELL, F., SCHAALE, M., FISCHER, ]., TAVAKOLI,
A., PREUSKER, R., TAJRISHY, M., VATANDOUST, M. AND KHODAPARAST, H., 2009,
Application of Active Learning Method to retrieve pigment from spectral remote
sensing reflectance data. International Journal of Remote Sensing, 30, pp. 1045-1065.

TAHERI SHAHRAIYNI, H., SCHAALE, M., FELL, F., FISCHER, ]., PREUSKER, R., VATANDOUST, M.,
BAGHERI SHOURAKI, S., TAJRISHY, M., KHODAPARAST, H., AND TAVAKOLI, A., 2007,
Application of Active Learning Method for the estimation of geophysical variables
in the Caspian Sea from satellite ocean colour observations. International Journal of
Remote Sensing, 28, pp. 4677-4683.

TAkAGI, T. and SUGENO, M., 1985, Fuzzy identification of systems and its applications to
modeling and control. IEEE Transactions on Systems, Man, and Cybernetics, SMC-15,
pp- 116-132.

ZADEH, L. A., 1965, Fuzzy sets. Information and Control, 8, pp. 338-353.

www.intechopen.com



3 s TS ST New Advanced Technologies
i~ New, Mdvanced Technologies , -
s j Edited by Aleksandar Lazinica

ISBN 978-953-307-067-4

Hard cover, 350 pages

Publisher InTech

Published online 01, March, 2010
Published in print edition March, 2010

This book collects original and innovative research studies concerning advanced technologies in a very wide
range of applications. The book is compiled of 22 chapters written by researchers from different areas and
different parts of the world. The book will therefore have an international readership of a wide spectrum.

How to reference
In order to correctly reference this scholarly work, feel free to copy and paste the following:

Hamid Taheri Shahraiyni (2010). Fuzzy Modeling by Active Learning Method, New Advanced Technologies,
Aleksandar Lazinica (Ed.), ISBN: 978-953-307-067-4, InTech, Available from:
http://www.intechopen.com/books/new-advanced-technologies/fuzzy-modeling-by-active-learning-method

INTECH

open science | open minds

InTech Europe InTech China

University Campus STeP Ri Unit 405, Office Block, Hotel Equatorial Shanghai

Slavka Krautzeka 83/A No.65, Yan An Road (West), Shanghai, 200040, China

51000 Rijeka, Croatia FE EEmERFERKESS _EBEF SR ARIRIE M AK4I058TT
Phone: +385 (51) 770 447 Phone: +86-21-62489820

Fax: +385 (51) 686 166 Fax: +86-21-62489821

www.intechopen.com



© 2010 The Author(s). Licensee IntechOpen. This chapter is distributed
under the terms of the Creative Commons Attribution-NonCommercial-
ShareAlike-3.0 License, which permits use, distribution and reproduction for
non-commercial purposes, provided the original is properly cited and

derivative works building on this content are distributed under the same
license.




