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Abstract: Fuzzy decision support system was developed using MATLAB software for classification of aqua sites for evaluating
suitability for aquaculture development. Twenty seven input variables identified to the system were categorized into five broad
heads of key variables namely: water (9 sub variables), soil (7 sub variables), support @ sub variables), infrastructure ¢ sub
variables) and risk factor 2 sub variables). Gaussian and triangular membership functions were used for defining the unsuitable
(U), moderate (M), and suitable (S) linguistic variables for both input variables and output variable such as Aquaculture Site
Classification. Totally 243 fuzzy rules with logical AND operator, truncation implication and centriod method for defuzzfication
were employed to develop the fuzzy system for decision making about classification of aqua sites. The system classifies site into one
of the three classes such as suitable, moderate or unsuitable. Case study was conducted to validate the performance of the
developed fuzzy decision support system for evaluating the land suitability for aquaculture development in Krishna district,
Andhra Pradesh, India. After collecting the required information from the study area, first aqua sites were classified by the fuzzy
system developed for this purpose and then the same sites were classified by the existing fuzzy logic based classification model
developed by Mahalakshmi and Ganesan using the same variables under the six broad heads of main variables and 729 fuzzy rules.
Classification results obtained from the developed fuzzy system showed 86% agreement with the results from the fuzzy logic based
dassification model. Developed system appeared to be confident and robust in proof-of-concept application for aquaculture
farming development in Krishna district, Andhra Pradesh, India.
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I. INTRODUCTION

Modern computer technologies such as database
management system, decision support system, Geographical
Information System (GIS), Remote Sensing (RS), and fuzzy
logic etc. have promoted their application in a multitude of
disciplines. In aquaculture the need for computer
applications is immense. Nowadays, aquaculture
development is considered as a vita source for augmenting
protein supply in the devel oping countries where shortage of
protein supply exists. However, the success of aquaculture
projects without adverse environmenta effects largely
depends upon the qudity of the site selected for the projects
[1]. In addition, successful and sustainable aquaculture
development depends on both the identification and
dassification of aquaculture sites based on the multiple
variables [2]. GIS and RS technology have been applied
successfully for identification of potentid areas for
aquaculture under different categories. However, earlier
research showed that a number of environmentd factors soil
and water qudity are difficult to handle by conventiond
Boolean (Crisp) logic as commonly used in the GIS and RS
technology [3].

Among the new technologies, fuzzy logic can be a
powerful technique capable for handling conventiond crisp
approaches related to environmenta factors [3]. Fuzzy
logic, first introduced by Zadeh [4], is a sdf-learning
technique that provides a mathematica tool to convert
linguistic evauation variables based on expert knowledge
into an automatic evauation srategy. Following the
introduction of the fuzzy set, Zadeh [5-8] contributed in
developing the necessary inferencing mechanisms and
modeling techniques to bring this concept to fruition.

Recent development of fuzzy logic techniques offer
dternative ways of deding with the disadvantages of crisp
approaches associated with the complexity of red world [3].
Fuzzy systems have been successfully applied to problems
in classfication, modeing control and in a considerable
number of applications [9]. Further, fuzzy logic can improve
such dassifications and decision support models by using
fuzzy sets to define over-lapping dass. The application of
fuzzy if-then rules aso improves the interpretability of the
results and provides more insight into the dlassifier structure
and decision making process [10]. In view of al the above
aspects, Fuzzy Decison Support System (FDSS) was
developed for classification of sites for evaluating suitability
of sites for aquaculture farming devel opment.
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II. MATERIAL ANDMETHODS
The developed fuzzy decision support system
consists of input variables, base information in the form of
data sets, fuzzy membership functions and fuzzy rule base,

and fuzzy operationa mechanisms (Fig. 1).

Fig. 1. BI fuzzysyst

A. Input variables, study areas and data sefs

Twenty seven variables were selected by reviewing
the literature [11, 12, 13, 14] and then dassified into five
categories of main variables namely: water (9 sub-
variables), soil (7 sub-variables), support (4 sub-variables),
infrastructure (5 sub-variables) and risk factor (2 sub-
variables) were used for the development of fuzzy system
(Table 1).
Table 1. Main variable and their corresponding sub
variables

Main
variables

Sub variables

Water Salinity, pH, Dissolved Oxygen,
TSS, Free Ammonia, Nitrate - N,
H,S, Temperature and
Transparency
pH, Calcium carbonate, Organic
carbon, Available phosphorous,
Available nitrogen, Textural class
and Electricd conductivity
Distanceto NGO, Distanceto
fisheries department, Distance to
Research station and Distance to
university/coll
Infrastructure | Distance to hatchery/naturd fry,
Distance to processing plant,
Distance to river, Distance to road
and Distance to local market
Flood and cydone and Nearby
pollution area

The study areas were Bhimavaram and Narsapuram
from West Godavai distrit and Peddapdem,
Peddakammavaripaem, _ Edurumondi,
Chinnakammavaripdem and Nagayalanka from Krishna
district in the state of Andhra Pradesh, India. These areas
were chosen purposefully in view of the concentration of

Sail

Support

Risk factor

aquaculture, and dso as coastal aquaculture is a maor
economic activity in these areas [15]. The West Godavari
district lies between the northern latitudes of 16° 15 to 17°
30 and the eastern longitudes of 80° 55 to 81° 55. The
globa location of Krishna district is between 15° 43
northern latitudes and 17° 10’ eastern longitudes.

The water, soil, support, infrastructure and risk
factor related data used in this study were obtained from 54
randomly selected aquasites in the study areas such as
Bhimavaram (A-30 aqua sites) and Narsapuram (B-10 aqua
sites) from West Godavari district, Andhra Pradesh, and 14
aqua sites from Krishna district (C), Andhra Pradesh. Data
gathered from A and B was used to develop the fuzzy
system, C for vaidating the system. Combination of rank
sum, TOPSIS and pair-wise comparison methods [16] were
used to process the field data and produce the required
dataset in the form of main variables, which are necessary to
develop and vdidate the fuzzy system.

B. Membership function and fuzzy rule base

Fuzzy logic is a process of mapping an input space
into an output space using membership functions (MF) and
linguisticaly specified rules [17]. In this study, five inputs
such as water (W), soil (So), support (Su), infrastructure (1)
and risk factor (R) and one output, Aquaculture Site
Classification (ASC), were split into three linguistic
variables named a unsuitable (U), moderate (M) and
suitable (S). After splitting the variables, a membership
function (MF) was defined for each linguistic variable. A
MF isa curve that defines how each point in the input space
is mapped to a membership vaue between 0 and 1. In this
study, based on the training set and the experts’ experience
and knowledge [18,19], Gaussian and triangular MFs and
their ranges were selected for input and output variables
respectively as they could represent the linguistic variables
more effectively. Gaussian and triangular MFs were defined
by Guney and Sarikaya[20]

1( x-my \?
&

2
Hy(x) = Gaussmf (x; my; o) =€
for(i=1t05/j =1,2,3);x=(W, So, Sy, I, R)
Where 4~ represent the j MF of the i™ input; 7 is the
i
mean of the j™ MF of the i" input variable; 5 is the
]

standard deviation of the j™ MF of thei® input variable. The
parameters 1 and o, for the input variables were defined
i

by Xuetal. [17]
= _’&_.g_y_:_l =123...,5j =123

!
oy = _"Ef_gﬁz =123...5j=123

Where [2;;, Y, ]is the range of linguistic value of ™ MF of
thei™ input variable.
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1,(2) =Trilz;a

0j?

For(o=1;j=1,23);

b,

i*Coj
z=(ASC)

Where 4, represent the " output MF; a,,, b,,, c,;arethe

parameters that represent the shapes of the output MF.

Many reseerchers have investigated techniques for
determining rules such as fuzzy classifier [21], neurd
network [22] and genetic dgorithm [23]. Expert knowledge
is mostly used technique for determining rules [24]. In this
study, the rules have been derived using indirect approach in
which the order of importance of the variables, and its cause
and effect relationship has been discussed intensively with
the expert [25]. Fromthese3 X 3X 3X 3X 3 =243 rules
based on the MF considered for inputs are formulated with
logica AND operator.

C. Fuzy system operdtions

Fuzzy system consists of five operating
mechanisms named as fuzzification, caculation of weight
factor, implication, aggregation and defuzzification (Fig. 1).
Step 1: Fuzzdfication

In this step, crisp inputs are transformed into the
fuzzy inputs by the input MFs. Table 2 shows the details of
membership functions and its parameters for each of the
input and output variables. In this system, fuzzy MF of each
dassin theinput variables was overlapped with neighboring
classes because decisions are distributed over more than one
input dass. Furthermore, to meke the output clear and
unbiased, the symmetrica, non-overlapping equa-size
membership functions [17] were used for the output
varigble.

Table 2. Membership functions and its parameters for

input and output variables
Input variables [, 4;] m,, o, Output
Linguistic V(i'sage
variables :
; Infrastructu| Risk :
Water | Soil |Support i tator Qy;
b.,;' Coj
[00.15) |[0,02
Unsiitald 0075, | 0.1, |19%9 ([,%°§11 6%0-(?11 [0051]
0025 | ooas [9201f 03.0.1 1050
[0.1,05[0.30.8] [0.308]
Moderate[ 2 >0 03, | 055, 0[%383183 055, [[1152]
2,005 0067 | 0.083 |0-55:0.083| 5083
sutilo | 0208 [5309 [%, to7, 10 1Mo
0501 | 995 | 085, | 085005 985 [2253
0083 | 02> 005
[%, 9,1 m,: o,  Fange, mean, and standard deviation of

the membership functions of input varisbles and 4 , b,

W parameters that represent the shapes of the output

membership function
Step 2: Calculation of weight factor
In this step, weighting factor of each rule (w, ) was

determined by eva uating the membership expressionsin the
antecedent of the rule. This was computed by first
oconverting the input values to fuzzy membership values by
using the input MFs in the step1 and then applying the
“and” operator to these membership values. The “and”
operator corresponds to the minimum of input membership
values. The weighting factor was represented as

w, = min(u; (W), 14,(0), 4, (S}, 1, (1), 14 (R)) k=

1, 205,243
Step 3: Implication

Implication is defined as the shaping of the output
fuzzy set, based on the antecedent in a way of either
truncation or scding [17, 26]. Truncation is done by
chopping off the output MF, while scding is done by
compressing the function. In this system, truncation
implication was used which is one of the most widely used
implication in applications of fuzzy logic [27]. This was
computed by

Hpe = MIN(w, (rules), ) k=1.2,....., 243

Step 4: Aggregation

Since decisions are based on the testing of al of the
rules in the system, rules must be combined in some manner
in order to make decision. Aggregation is the process by
which the truncated output functions that represent the
outputs of each rule are combined into a single fuzzy set that
represents the output variable. In this system, the
aggregation was performed by using union (maximum)
operator, which was represented by

Ho () = M (t4,,,)  K=1.2,.....243

Step §: Defuzzification

Among the different defuzzification methods,
center of gravity (COG) method was used for
defuzzification to convert the fuzzy output set to a crisp
number becauseit is known to have a less mean square error
and better steady-state performance [27]. The centroid of the
aggregated area was defined by

ASC =S (ta)c, | (ta),

i=1 i=1

whereta, ta,,....... ,ia,be the areas of the truncated
triangular areas under the aggregated function and
C1Capenmsase ,C, be the coordinates of their center on the x-

axis, nis the number of areas and ASC isthe location of the
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centriod of the totd areas. The location of COG determines
the dassification of aqua sites.
D. Implementation

MATLAB software was used to develop the fuzzy
decision support system. The software has many in-built
functions, such as construction of membership functions and
fuzzy rule base, and formation of mathematica equations,
which will be useful for the study.

E. Vdlidation of the fuzzy decision suppoart system

Cae study was conducted to vdidate the
performance of the developed fuzzy decision support system
for evauating the land suitability for aquaculture
development in Krishna district, Andhra Pradesh, India.
After collecting the required information from the study area
(c), first aqua sites were dassified by the fuzzy decision
support system developed for this purpose and then the
same stes were dassified by the fuzzy logic based
classification model developed by mahdakshmi and
ganesan [28] using the same variables under the six broad
heads of main variables and 729 fuzzy rules. The fdss output
and existing fuzzy logic based dassification model output
were expressed in terms of numbers and the accuracy of
dassification was calculated by (lorestani et a., 2006) [26]

Accuracy = % x100

where n is number of sites correctly dassified by FDSS and
N istotal number of sites considered for validation.

III. RESULTS AND DISCUSSION

The fuzzy membership functions of water, soil,
support, infrastructure and risk factor and construction of
fuzzy rule base were implemented in MATLAB with the
following properties: Type = mamdani’; Decision method
for fuzzy logic operators AND: MIN; Decision method for
fuzzy logic operators OR: MAX; Implication method: MIN;
Aggregation method: MAX; and Defuzification:
CENTROID (centre of gravity).

Based on the operating mechanisms (discussed in
the section fuzzy system operations), the fuzzy system
dassified the vaidation dataset (C) collected from the
Krishna district, Andhra Pradesh. Table 3 depicted the
results of the fuzzy system obtained for vdidation dataset.
Fromtable 3, it was seen that the aqua sites 1, 2, 5, 9and 13
were dassified as suitable. It dso reveded that in site 1,
water variable was in suitable range of linguistic vaue; soil
varigble was in both suitable and moderate range of
linguistic value; support, infrastructure and risk factor were
in moderate range of linguistic values. The combination of
these linguistic variebles activates the fuzzy rules and
produces the output fuzzy value for site 1 as 2.26, which
belongs to suitable dassification. Similarly, in site 2, water,
soil, support, infrastructure variables were in the suitable
range of linguistic value and risk factor was in moderate
range of linguistic value. This combination produces fuzzy
vaue 2.48 and dassifies the site into suitable category. In

site 5 and 9, water and soil variables were in both suitable
and moderate range of linguistic vaue combinations;
support was in suitable range of linguistic vaue; and
infrastructure and risk factor were in moderate range. This
combination dassifies both the sites as suitable with fuzzy
vaue as 2.03 and 2.11 respectively. Similarity site 13 was
dso dassified as suitable with fuzzy vaue as 2.12. From
table 3, it could be observed that in sites 7 and 8, water, soil
and support were in both moderate and unsuitable range of
linguistic valug; and infrastructure and risk factor variable
was in unsuitable and moderate range of linguistic values
respectively. Based on the combination of these linguistic
vaues fuzzy rules were activated and produces fuzzy value
0.689 (site 7) and 0.682 (site 12) which belongs to
unsuitable dassification. As shown in the table 3 the sites 3,
4, 8, 10, 11, and 14 were dassified as moderate with the
output fuzzy vaues 1.09, 1.47, 1.64, 1.62, 1.46 and 1.63
respectively. For example, in site 8, water and soil variables
were in both suitable and moderate range of linguistic value;
and support, infrastructure and risk factor were in moderate
range of linguistic vaue. This combination produces fuzzy
vaueas 1.64.

The vdidity of the output of fuzzy system was
evauated by comparing the results of the existing fuzzy
logic based dassification model considering validation set
(Table 4). Basad on the results in table 4, out of 14 aqua
sites 12 sites were dassified correctly by the developed
fuzzy decison support sysem. This shows that
classification results obtained from the developed fuzzy
system showed 86% agreement with the results from the
existing fuzzy logic based dassification model. The level of
agreement between the fuzzy decision support system and
fuzzy logic based dassification mode is not usualy 100%
because fuzzy logic gives ‘class’ membership degrees to
sites [24].

IV. CONCLUSIONS

A simple-to-use fuzzy decision support system has been
developed for dassification of aqua sites for evaluating their
suitability for aquaculture development. The system has
developed based on 27 input variables under five broad
heads of main variable such as water (9 sub-criteria), soil (7
sub-criteria), support (5 sub-criteria), infrastructure (3 sub-
criterig), and risk factor (3 sub-criteria). Other
environmental/socio and economic criteria, e.g. extension
media contact and awareness of culture practices in
aquaculture etc, have not been considered. The presence and
absence of these environmenta/socio and economic criteria,
may aso impact on the success or otherwise of the
aquaculture facility. Identification of suitable aqua sites in
aquaculture could aso be further improved with
incorporation of criteria currently not considered.

The case study results suggest that developed fuzzy
system has sufficdent predictive power to help al the
stakeholders who may be unfamiliar with the specific
requirements of aquaculture to dassify the aqua sites for
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farming development. This system will enhance the decision
making capecity of anyone engaged in the design and
construction of new / existing aquaculture farming system.
The flexible and modular fashion of fuzzy module in
MATLAB can be easily adapted to other dosdly related
industries such as agriculture and other activities located on
the same source water in the study area. FDSSis dso useful
in educationd and research ingtitutions for demonstration
and training purposes.

Table 3. Outputs of the fuzzy decision support system for

validation dataset

Sites Input (vaidation dataset) Fuzzy
' vdue
e S e | | e | i
t = factor on)

1] 0426 | 0480 | 0350 | 04%0 | o5 z(é)e
2 | 0417 | 0784 | 0764 | 0880 | 05 2(;)8
3 ]0121 [ 0191 | 0681 | 04% | 05 2'35)9
4 | 0241 | o191 | 0350 | 0670 | 05 zl\‘g
5 | 0207 | 0382 | 0764 | 0670 [ 05 2(;))3
6 | 0241 | 0341 | 035 | o149 | 05 0(3‘;6
7 [ 0178 | 0191 | 035 | o149 | 05 °(-f};9
8 | 0241 | 0365 | o691 | 0485 [ 05 23')"
9 [0 | 0257 | o784 | 06 | 05 |
10 [ 0241 | 0341 | 0681 | 04%0 | 05 m
11]02% | 0193 | 035 | 0670 | 05 M‘)‘
2| 0121 |01 | 030 | oue | o5 | OF2
13| 0241 | 0268 | 0691 | 0880 | 05 2(31)2
14 | 0444 | 0341 | 035 | 0670 | 05 2,&"?

TABLE 4. COMPARISON OF DEVELOPED FDSS
AND EXISTING FUZZY LOGIC BASED

CLASSIFICATION MODEL
Devdloped FDSS Totd %
predi
Cla | S M U cted
4 ssifi
Eixn': cati
fuzz <
y 4 4
e S 0 0 100
d
M 1 6 1 8 75
U 0 0 2 2 100
Totd 6 5 6 3 1214
observed
% 100 | 80 100 67 86

S-Suitable; M-Moderate; U-Unsuitable; * Number of aqua sites correctly
classified by fuzzy system
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