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Abstract: Water treatment plants provide an integral service to both households and industries by supplying an 
essential component for day to day living as well as for commercial processes. In order to maintain an efficient 
and sustainable water supply, the various components implicit in the processes in WTPs need to be aligned in 
an optimal configuration of settings that balances various input parameters. In order to identify these optimal 
allocations, this study aims to propose an indicator that represents the suitability of the instruments in surface 
water treatment plants. It utilizes a new adaptation of multi-criteria decision making techniques, the Standard 
Deviation Method alongside the well adapted Analytical Hierarchy Process for this purpose. In total six criteria, 
four sub-criteria and twelve alternatives were considered for the study with the global priorities being computed 
with the help of the AHP and STD methods. 

The GMDH modelling framework was also used to evaluate the relation between various input parameters and 
the indicator. These methods in effect work to identify priority quality parameters of inputs with respect to the 
overall performance of the instruments. To refine and improve the MCDM methods used, this study developed 
twelve different models by adapting the number of inputs as well as the types of training algorithms to increase 
representative accuracy. Results suggest that daily changes in turbidity were the most significant parameter followed 
by pH affecting the efficiency of the WTP’s key processes.

 Key words: MCDM, AHP, standard deviation method.

Introduction

In water treatment plants, that collects and process 
surface water sources, there are four to five stages of 
operation before the pure water is produced for supply. 
The performance of the entire system relies heavily on 
the working of the four individual components namely, 
the aerator, clari-flocculator, filter bed and chlorination 
units which work to process the water. The efficiency 
of the systems also depends on rated lifetime, time 
in use, quality of the water, climatic impacts, energy 
requirements etc. (Kumar et al., 2010). Each of the 

instruments either removes or reduces the concentration 
of pollutants. Table 1 in the appendix depicts the 
equipment and the quality parameters it affects.

Table 1: The machines utilized in a surface water 
treatment plant and the quality parameters it can affect

Sl No. Name of the instrument Quality parameter 
it effects

1 Aerator DO
2 Clariflocculator TDS, Turbidity
3 Filtration Turbidity
4 Chlorination pH

*Corresponding Author
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Methodology

The methodology of the present investigation includes 
the application of a newly developed MCDM method, 
known as the Standard Deviation Method alongside 
the more traditional Analytical Hierarchy Process. The 
application of these methods aims to identify the most 
significant priority parameters in attaining systems 
efficiency. The importance value derived from the 
MCDM methods will be used to calculate the weight 
of the input parameters (Velasquez and Hester, 2013). 

In addition to the AHP and the Standard Deviation 
Method, a neural network based algorithm in the form 
of the Group Method of Data Handling, was also used 
to estimate the value of the indicator (Anastasakis and 
Mort, 2001).

The study utilized these methods to analyze the 
various quality parameters of the water intake at 
one, two and three day intervals. Specifically the 
concentration of pH, Dissolved Oxygen, Turbidity and 
Total Solids parameters were addressed. The priority 
value of all these parameters were calculated with 
respect to Lifetime, Time in Use, Efficiency, the Cost 
of Procurement, Quality of Water, Climatic Impact and 
Energy Requirement of or on the instruments. These 
considerations were used as criteria to evaluate the 
importance of the parameters in terms of their impact 
on the performance efficiency of the Aerator, Clari-
flocculator, Filtration and Chlorination units within the 
WTP.

The goal of decision making is to identify and 
represent the impact of the input parameter on the 
decision making. The influence of all the parameters 
is not equal in any decision making problem. The 
method which can substantially display the difference 
of importance for the parameter with respect to the 
decision objective is preferred compared to another 
process which provides nearly differentiable values to 
represent importance of the parameters. The existing 
method of AHP, the geometric mean of the ratio of 
importance between the parameter being compared 
with the parameter with which it is being compared 
is calculated to depict the overall significance of the 
parameter being compared with respect to all the 
parameters with which it is being compared. But the 
difference of geometric means between the parameters 
are not significant and may not be differentiable if 
actuated after two or lesser decimal spaces. That is why 
there is an urgent need of calculation of significance 
which will be sufficiently distinct and differentiable 
from the same of the other parameters. The deviation 

of two unique set of numbers is completely distinct 
from each other.

Thus the determination of standard deviation of 
the two sets of significance ratios, as derived from 
comparing the parameters with each other, will yield a 
distinct magnitude compared to that of geometric mean 
and hence the deviation instead of geometric mean was 
used to estimate row priority of each parameter.

The reason for not using variance of the significance 
ratios is the set of the importance ratios will always 
be univariate and squaring the standard deviation will 
estimate variance of the set. But to avoid one extra step 
for calculation of variance, deviation was used.

Analytical Hierarchy Process
Developed by Saaty (1980, 1996) in the year of 1978, 
the AHP method was developed to represent the 
priority of various competing parameters in order to 
provide the optimal allocation recommendations for 
decision makers. It functions by categorizing various 
relevant parameters into a hierarchy based on their 
importance to obtaining a specified set of criteria. 
Pairwise comparisons both within and between 
hierarchies are then carried out in order to represent 
the interrelationships between criteria and identify 
priority more closely (Saaty, 2005). The strength of 
the AHP method includes its ease of use, flexibility 
and consideration of both qualitative and quantitative 
parameters in the decision making processes. In the past 
it has been used in a range of scenarios. For instance 
recent uses include the assessment of suppliers in order 
to meet environmental goals in commercial purchasing 
decisions (Robert, 2002), as well as the criteria 
evaluated for the allocation of public sector contracts 
in Hong Kong. It has also been used to study the best 
response strategies to natural disasters, for instance 
the susceptability of landslides in perialpine Slovenia 
in 2006 helped to provide recommendations for road 
building and population distribution to minimize 
repercussions of landslides. 

However, the weakness of the method includes 
some overlapping errors, whilst the scale of importance 
often mis-represents the priority of those comparison 
of parameters where difference of importance is at a 
minimum, owing to the scale of the parameters.

Standard Deviation Method (STD)
One of the major challenges to methods like AHP 
and Analytical Network Process is that the pairwise 
comparison rating is often hazy, indeterminate and 
non-specific especially for those comparisons where 
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importance is nearly the same. Many studies have 
applied Fuzzy Logic Decision Making to solve this 
problem but due to the non-uniformity in the fuzzy 
scale the representation of the importance between the 
parameters become erroneous.

The present investigation attempted to utilize the 
standard deviation between the parameters to depict 
the comparison of importance. This standard deviation 
is also multiplied with the importance rank of the row 
parameter. Thus the parameter with highest importance 
deviation remains unchanged whereas for other 
parameters deviation is multiplied by the importance 
rank of the row parameter. Equation (1), as shown 
below, represents the governing equation to find the 
pair-wise comparison of importance between the row 
and column parameter with the help of STD method.

	 Prij =	Ri × STDEV(Ri, Rj)	 (1)

where Prij is the output of the comparison between 
ith row and jth column parameter, Ri is the rank of 
importance of the ith parameter, STDEV is the standard 
deviation function of Ri and Rj and Ri and Rj are the 
rank of importance of the between ith row and jth column 
parameter respectively. Prij is a member of set of real 
positive integer number and real positive numbers 
respectively.

Another difference with the AHP method seems to be 
the way in which the ratings of the row are aggregated. 
In the STD method, the average of the pairwise 
comparisons was taken as the overall importance or 
Priority Value (PV) of the row parameters as opposed 
to using the geometric mean which is used in the 
AHP. As the pair-wise rating is already multiplied, 
geometric mean is avoided. Another difference is that 
the Saaty scale of importance is replaced with the rank 
of importance of the parameter which is calculated 
from the citation frequency of the parameter in various 
experts’ literature, reports and books. All the other steps 
of AHP were followed to find the final preference degree 
for each of the parameter.

Methodology

The objective of the present investigation was achieved 
by applying MCDM and GMDH methods. In total, two 
different MCDM methods were used namely AHP and 
STD. The pre-processing procedures of the method 
included the selection of criteria and alternatives. Both 
of which were adopted following a comprehensive 
literature survey. Figures 1 and 2 (in the Appendix) 
respectively depict the schematics of the methodology 

adopted to estimate S-value and the hierarchy structure 
of the selected criteria and alternatives for the decision 
making model utilized in this investigation.

The main advantage of the new method was it can 
estimate the difference of importance for the decision 
variables in a more distinct manner compared to that 
derived from AHP or MACBETH method. Another 
benefit of using this method is less time of convergence 
as less number of steps has to be followed. The benefit 
also lies in the fact that due to the deviation method 
the uncertainty of the normalization output also gets 
reduced due to the prominence of the generated row 
priority value for the row parameter. The automated 
decision making as imbibed by the application of PNN 
method have also reduced the time of decision making.

Multi Criteria Decision Making
The ranking of the alternatives were performed with 
the help of the information collected from various 
reports, papers, monographs etc. related to the study 
objective. These were then used to estimate the degree 
of preference of each of the parameter using the help 
of AHP and STD processes.

The four criteria, eight sub-criteria and twelve 
alternatives in the hierarchy are shown in Figure 1. 

Using these data inputs the Normalized Priority Value 
(NPV) (Equation 2) was estimated by the AHP and STD 
method respectively. This is a measure that is directly 
proportional to the importance of the parameters with 
respect to the study objective.
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Development of Group Method of Data 
Handling Model
In total 12 different models were developed by 
changing the MCDM methods within the STD and 
AHP processes, with the number of inputs and training 
algorithm between GMDH and Quick Combinatorial 
(QC) being kept the same. Table 2 in the Appendix 
depicts the configuration of all the developed models 
where output of the frameworks is the weight function 
of the alternatives (Equation 3).
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Figure 1: Schematics of the methodology adopted to achieve the study objective.

Figure 2: Decision hierarchy of the MCDM utilized in the present study.
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Table 2: The characteristics of the models developed to 
predict S-value

Sl 
No. Model No. No. of 

I/P
No. of 
O/P MCDM Training 

Algorithm
1 121STDGMDH 12 1 STD GMDH
2 81STDGMDH 8 1 STD GMDH
3 41STDGMDH 4 1 STD GMDH
4 121AHPGMDH 12 1 AHP GMDH
5 81AHPGMDH 8 1 AHP GMDH
6 41AHPGMDH 4 1 AHP GMDH
7 121STDQC 12 1 STD QC
8 81STDQC 8 1 STD QC
9 41STDQC 4 1 STD QC
10 121AHPQC 12 1 AHP QC
11 81AHPQC 8 1 AHP QC
12 41AHPQC     4    1 AHP QC

Here, s-value is the suitability of water to be treated 
by the machines, l is the number of days, m is the 
number of parameters and W and V are the priority 
values of the beneficiary and non-beneficiary parameters 
respectively.

This weight function was developed with the help 
of the twelve alternatives. According to this model the 
parameters which increase the suitability of the water to 
be treated by the machines are placed in the numerator 
and the rest of the parameters which are found to be 
non-beneficiary with respect to the study objective are 
kept in the denominator.

In this investigation the change in concentration of 
Dissolved Oxygenate one, two and three days intervals 
was found to be beneficiary whereas the changes in the 
concentration of all the other considered parameters 
such as Total Dissolved Solids (TDS), Turbidity and 
pH within one, two and three days were taken as 
non-beneficiary parameters. As the priority of all the 
parameters were not same, the NPV as determined by 
the MCDM methods were used as the weightage of the 
parameters in the weight function.

The ANN is commonly used to estimate the inter 
relationship between highly non-linear and nearly 
un-mappable variables from a given set of data. The 
trial and error method utilized for development of the 
network topology and magnitude of the weight of the 
connections between the input, hidden and output layers 
imbibes uncertainty in the accuracy of the predictions. 
Sometimes various nature based search algorithms or 
conventional gradient or propagation algorithms were 

used to estimate the topology as well as the weight 
magnitude. But as many algorithms were required to be 
utilized, the requirement of computational infrastructure 
also gets increased aggravating the cost involved in the 
development of the model.

PNN on the other hand have the capability to self-
estimate the topology and weight magnitude for optimal 
result. That is why the space and time required for 
learning a problem for a PNN model is less compared 
to that of the ANN model. That is why the PNN model 
instead of ANN was utilized to develop the modelling 
framework.

The model was trained with 600 randomly generated 
situations where the division of training and testing data 
was 60 and 40% respectively. Key to note, all these 
inputs featured non-linear reference functions, with the 
model output being compared with the actual output to 
find the performance efficiency of the frameworks. The 
performance metrics used to identify the better model 
among the various selected models were estimated by 
Mean Absolute Error (MAE), Root Mean Square Error 
(RMSE), Covariance (Cover) and differences in peak 
(DP) of the actual and predicted maximum. The models 
were selected based on the 60% of testing metrics and 
40% of training metrics and as per PI (Equation 4) 
which is directly proportional to model suitability.

PI = {0.6 × (MAEkT + RMSEkT + CovarkT + DPkT)

	   + 0.4 × (MAEkT + RMSEkT + CovarkT + DPkT)}–1	(4)

where PI is the Performance Index and MAE, RMSE, 
Cover and DP are the Mean Absolute Error, Root 
Mean Square Error, Covariance and Difference of Peak 
between the actual and predicted training (T) and testing 
(t) data of the kth model.

Case Study
The model was used for the Bardowali WTP situated in 
semi-urban city of Agartala, Tripura located in North-
Eastern part of India.

The indicator was calculated for the water at the 
intake of the Surface Water Treatment Plant (SWTP) 
and nineteen numbers of points previous to this point 
in the river channel was estimated to represent the 
suitability of the water to be treated by the available 
machines.

The indicator was developed in such a way that 
more the value of the indicator more will be suitability 
of the water to be treated by the machines available in 
the SWTP.

The segmented function was used to include the 
impact and abstraction of all the input variables on 
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the output indicator variable because the indicator is 
used to depict the performance efficiency of the WTP 
in terms of all the correlated variables that control the 
performance of WTP.

The urban surface runoff is fed to the SWTP. The 
catchment is mostly pervious and has high density 
of population. Although in the higher altitude runoff 
from agriculture basins have sufficient contribution in 
deciding the quality of water in the downstream. As 
a result the BOD is high in the upstream compared 
to downstream whereas the COD is higher in case of 
latter as compared to the former location. The pH lies 
in the acidic region in the upstream and alkaline in the 
downstream due to the presence of fertilizers used for 
cultivation. The faecal and total coliform of the intake 
water is high in the city area compared to that in the 
rural areas. The presence of heavy metals is rare but 
fluoride hazards are commonly observed in the region.

Results and Discussion

The results from the STD and AHP methods regarding 
the Priority Value (PV) of the sub-criteria and alternatives 
are shown in Tables 3, 4, 5 and 6 respectively in the 
appendix, whereas results of the performance metrics 
from the 12 models developed to predict S-value is 
depicted in Table 7. The value of the indicator for 
the intake and the eighteen different locations before 
the intake point are shown in Table 8. The sensitivity 
analysis of the selected model has been depicted in 
Table 9 which shows the result of the case study.

The results depicted suggest that the temporal 
variation over a single day is the most important factors 

among all the parameters and with respect to both STD 
and AHP methods followed by pH and DO.

The results from the comparison of the sub-criteria 
suggest that the cost of operation and maintenance of 
the instruments followed by their efficiency are the two 
most important parameters with respect to the results 
from both the STD and AHP methods. The NPV from 
the STD and AHP was also compared, and it was 
found that for alternatives the NPV from AHP is more 
pronounced than STD whereas in case of the NPV of 
sub-criteria, the STD is a more specialized measure 
compared to AHP.

However in case of the pairwise comparison ratings 
of the parameters, the values of the STD appear to be 
greater than the same from AHP method. This suggests 
that the ability of the former to clearly and specifically 
represent comparison ratings of two parameters may 
make it better adapted to create clearer and specific 
decision recommendations. The better model among 
all the frameworks in the testing phase was found to 
have a STD GMDH value with an MAE and RMSE 
equal to 0.000259 and 0.011000 respectively along 
with a covariance of 0.015. These values are 0.16, 0.84 
and 0.74 times less than the AHP GMDH model. The 
PI metrics of the former model was found to be better 
than 1.37 times compared to the latter model. For this 
reason the STD GMDH model was used to predict the 
S-value of the intake point as well as the other eighteen 
points before the intake.

The results from the sensitivity analysis showed that 
the sensitivity of all the parameters are not same as 
the PV of the alternatives but the relationship between 
the parameters and the output was maintained in each 

Table 3: Priority values of the sub-criteria as estimated by STD method

Wt of crit 0.200 0.400 0.240 0.160    

SC Aerator Clariflocculator Filtration Chlorination PV NPV

Lifetime 0.096 0.083 0.180 0.076 0.027 0.108

Time in use 0.077 0.092 0.180 0.099 0.028 0.111

Efficiency 0.240 0.210 0.097 0.218 0.048 0.190

Cost 0.240 0.210 0.243 0.218 0.056 0.225

Water quality 0.135 0.210 0.097 0.218 0.042 0.169

Climatic 0.135 0.105 0.102 0.074 0.026 0.105

Energy reqnt 0.077 0.092 0.102 0.097 0.023 0.092

Note: Wt of crit = Weight or Priority value of the criterion, SC = Name of the sub-criterion, PV = Priority 
value and NPV = Normalized priority value.
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Table 4: Priority values of the alternatives as estimated by STD method

Wt of crit 0.108 0.111 0.190 0.225 0.169 0.105 0.092    
ALT Lifetime Time in Use Efficiency Cost Water Quality Climatic Energy reqnt PV NPV
DO1 0.087 0.100 0.154 0.052 0.144 0.160 0.087 0.016 0.111
pH1 0.144 0.100 0.133 0.147 0.144 0.136 0.144 0.020 0.137
Turbidity1 0.144 0.138 0.114 0.147 0.144 0.136 0.144 0.020 0.138
TDS1 0.144 0.138 0.096 0.078 0.087 0.056 0.144 0.014 0.101
DO2 0.048 0.054 0.081 0.060 0.070 0.095 0.048 0.009 0.066
pH2 0.070 0.054 0.068 0.109 0.070 0.077 0.070 0.011 0.078
Turbidity2 0.070 0.100 0.058 0.109 0.070 0.077 0.070 0.012 0.081
TDS2 0.070 0.100 0.052 0.065 0.048 0.056 0.070 0.009 0.064
DO3 0.045 0.061 0.051 0.074 0.045 0.055 0.086 0.008 0.059
pH3 0.045 0.061 0.054 0.055 0.045 0.048 0.045 0.007 0.051
Turbidity3 0.045 0.047 0.062 0.055 0.045 0.048 0.045 0.007 0.051
TDS3 0.086 0.047 0.077 0.050 0.086 0.056 0.045 0.009 0.065

Note: Wt of crit = Weight or Priority value of the Criterion, ALT = Name of the alternatives, PV = Priority value and NPV 
= Normalized priority value.

Table 5: Priority values of the sub-criteria as estimated by AHP method

Wt of crit 0.120 0.480 0.240 0.160    
SC Aerator Clariflocculator Filtration Chlorination PV NPV
Lifetime 0.080 0.044 0.176 0.053 0.020 0.081
Time in use 0.064 0.066 0.176 0.066 0.023 0.092
Efficiency 0.320 0.263 0.088 0.266 0.057 0.228
Cost 0.320 0.263 0.353 0.266 0.073 0.292
Water quality 0.107 0.263 0.088 0.266 0.051 0.203
Climatic 0.046 0.038 0.059 0.044 0.011 0.045
Energy reqnt 0.064 0.066 0.059 0.038 0.015 0.059

Note: Wt of crit = Weight or Priority value of the criterion, SC = Name of the sub-criterion, PV = Priority value and NPV 
= Normalized priority value.

aspect except the change in concentration of pH within 
two days.

The sensitivity analysis of the input parameters with 
respect to the output parameter was carried out with the 
help of One at a Time or OT sensitivity analysis method.

In addition, the NPV of Turbidity was shown to be 
at a maximum followed by the pH. However, in the 
case of sensitivity, the DO is followed by the TDS, 
Turbidity and pH were found to be the most sensitive in 
the model with respect to the changes in concentration 
within a day. But this can be attributed to the fact that 
DO is taken as the only beneficiary parameter of the 
weight function. This may also be the reason why DO 
becomes the most sensitive parameter not only in terms 
of one day temporal changes but be for two and three 

days temporal measures also. On the other hand, the 
sensitivity of the non-beneficiary parameters depends on 
the pH, Turbidity and TDS. The results suggest that the 
TDS was found to be most sensitive compared to the 
other two factors whereas NPV of Turbidity is shown 
to be the highest followed by pH. 

The reason for this result can be that the minor 
difference that exists between the three parameters 
arises due to daily variations. It was found that the NPV 
of Turbidity is 1.003 and 1.370 times greater than pH 
and TDS respectively which may be the reason why the 
model fails to understand the difference of importance 
between the turbidity, pH and TDS. The case study 
results also depicted the need for adjustment in the 
instruments installed in the WTP based on the indicator 
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Table 6: Priority values of the alternatives as estimated by AHP method

Wt of crit 0.081 0.092 0.228 0.292 0.203 0.045 0.059    
ALT Lifetime Time in use Efficiency Cost Water Quality Climatic Energy reqnt PV NPV
DO1 0.057 0.083 0.322 0.027 0.228 0.299 0.057 0.022 0.157
pH1 0.228 0.083 0.161 0.270 0.228 0.150 0.228 0.030 0.208
Turbidity1 0.228 0.249 0.107 0.270 0.228 0.150 0.228 0.030 0.211
TDS1 0.228 0.249 0.081 0.054 0.057 0.030 0.228 0.015 0.102
DO2 0.028 0.036 0.064 0.025 0.046 0.075 0.028 0.006 0.042
pH2 0.046 0.036 0.054 0.090 0.046 0.060 0.046 0.009 0.060
Turbidity2 0.046 0.083 0.046 0.090 0.046 0.060 0.046 0.009 0.063
TDS2 0.046 0.083 0.040 0.045 0.028 0.030 0.046 0.006 0.043
DO3 0.025 0.023 0.036 0.022 0.025 0.043 0.019 0.004 0.027
pH3 0.025 0.023 0.032 0.039 0.025 0.037 0.025 0.004 0.031
Turbidity3 0.025 0.028 0.029 0.039 0.025 0.037 0.025 0.004 0.031
TDS3 0.019 0.028 0.027 0.030 0.019 0.030 0.025 0.004 0.026

Note: Wt of crit = Weight or Priority value of the criterion, ALT = Name of the alternatives, PV = Priority value and NPV 
= Normalized priority value.

value of all the points considered. This is because as 
the normalized suitability value of the water at intake 
point was found to be only 5.58%, it appears to be the 
eighth most suitable point compared to the 19 points 
in total that are considered in the study. Among these it 
was found that the water at the fourth point was most 
suitable and at the seventh point before the intake was 
least suitable and required to be treated more by the 
existing instruments available at the plant.

Scientific Benefit
The indicator was developed with respect to the impact 
of water quality parameters on the operational procedure 
of the four units installed in most of the WTP. The 
system was made adaptive as well as non-preferential 
as described in the methodology. For this reason the 
output from the indicator can be treated as reliable 
and as such appears to be a true representation of the 
situation. It suggests that so long as uncertainty can be 
identified, expenditure can be reduced by making the 
systems proactively responsive to the input parameters 
thereby making them more efficient.

Limitation
The inclusion of six top level criteria followed by 
the sub-criteria and alternatives contributed to the 
indicator value increasing it by 72 units. The procedure 
also required multiple data entries in order to get the 
complete ranking from the MCDM and in order to give 
a verification of its accuracy. The situation can be more 

optimized if the intake point of the internal treatment 
cycle was used but it was not generally possible due to 
financial constraints of the plant.

Conclusion

The present investigation has attempted to produce an 
indicator which can alert the user about the possible 
impact on the equipments installed in the WTPs. In 
total six criteria, four sub-criteria and twelve alternatives 
were considered for the study with the global priorities 
being computed with the help of the AHP and STD 
methods. The GMDH modelling framework was also 
utilized with training algorithms being generated using 
the PV of the STD method as weights for the output 
to establish the interrelationship between the input 
parameters and the indicator under observation. The 
methodology involved monitoring the performance of 
input variables over three days with six input factors 
being observed which included pH, Dissolved Oxygen 
levels, Turbidity and Total Solids; the priority values 
being calculated were generated keeping in mind 
the Lifetime, Time in Use, Efficiency and Cost of 
Procurement in establishing and maintain the standards 
of the Quality of Water, Climatic Impact and Energy 
Requirements. In order to improve accuracy, twelve 
different models were developed for this study by 
changing the MCDM methods applied as well as the 
number of inputs and the types of training algorithms 
used. Performance metrics like MAE, RMSE, Cover 
and DP were also used for this end. 



	 An Optimization Model Using the SDM and Multiple Decision Making Statistics in WTPs	 35

Ta
bl

e 
7:

 P
er

fo
rm

an
ce

 m
et

ri
cs

 o
f t

he
 m

od
el

s 
de

ve
lo

pe
d 

to
 p

re
di

ct
 S

-v
al

ue

Sl
 

N
o.

M
od

el
 n

am
e

N
o 

of
 

I/P
N

o 
of

 
O

/P
M

C
D

M
Tr

ai
ni

ng
 

al
go

rit
hm

   
   

   
   

   
 T

ra
in

in
g 

m
et

ri
cs

   
   

   
   

   
   

   
Te

st
in

g 
M

et
ri

cs
 

 

 
 

 
 

 
 

RM
SE

M
AE

C
ov

ar
D

P
RM

SE
M

AE
C

ov
ar

D
P

PM
RA

N
K

1
12

1S
TD

G
M

D
H

12
1

ST
D

G
M

D
H

0.
01

00
45

2.
19

E-
16

0.
01

90
60

0.
02

74
83

0.
01

11
76

0.
00

02
59

0.
01

54
21

-0
.0

24
20

4
41

.2
77

29
8

1

2
81

ST
D

G
M

D
H

8
1

ST
D

G
M

D
H

0.
05

41
69

3.
63

E-
16

0.
01

62
27

0.
07

55
01

0.
06

53
91

0.
00

31
01

0.
01

24
47

-0
.0

48
83

3
12

.8
82

86
0

4

3
41

ST
D

G
M

D
H

4
1

ST
D

G
M

D
H

0.
09

09
95

5.
14

E-
16

0.
01

08
81

0.
49

03
51

0.
07

73
59

0.
00

39
37

0.
00

96
69

0.
14

19
60

2.
65

50
17

9

4
12

1A
H

PG
M

D
H

12
1

A
H

P
G

M
D

H
0.

00
95

92
3.

12
E-

18
0.

02
68

84
0.

00
28

19
0.

01
31

72
0.

00
16

54
0.

02
06

09
-0

.0
06

41
7

30
.1

84
96

1
2

5
81

A
H

PG
M

D
H

8
1

A
H

P
G

M
D

H
0.

02
52

03
1.

25
E-

16
0.

02
63

41
-0

.0
09

99
0

0.
03

48
95

0.
00

11
58

0.
01

94
61

0.
00

40
77

19
.0

92
71

0
3

6
41

A
H

PG
M

D
H

4
1

A
H

P
G

M
D

H
0.

04
91

99
5.

98
E-

17
0.

02
45

55
-0

.0
00

27
9

0.
07

92
04

0.
00

37
56

0.
01

99
60

-0
.8

84
88

8
2.

27
38

12
11

7
12

1S
TD

Q
C

12
1

ST
D

Q
C

0.
04

35
20

3.
95

E-
15

0.
01

72
67

0.
48

22
57

0.
02

98
63

0.
00

16
36

0.
01

54
42

0.
05

88
23

3.
56

28
31

5

8
81

ST
D

Q
C

8
1

ST
D

Q
C

0.
06

79
57

3.
95

E-
15

0.
01

45
43

0.
54

13
72

0.
06

37
44

0.
00

50
13

0.
01

29
46

0.
08

41
26

2.
86

49
47

8

9
41

ST
D

Q
C

4
1

ST
D

Q
C

0.
09

44
78

3
.6

E
-

15
0.

01
02

35
0.

57
96

43
0.

07
82

86
0.

00
49

81
0.

00
94

32
0.

21
45

75
2.

18
28

97
12

10
12

1A
H

PQ
C

12
1

A
H

P
Q

C
0.

06
06

41
3.

79
E-

15
0.

02
32

99
0.

57
37

26
0.

03
87

44
0.

00
44

45
0.

02
08

14
0.

06
21

33
2.

95
20

49
6

11
81

A
H

PQ
C

8
1

A
H

P
Q

C
0.

06
56

92
3.

66
E-

15
0.

02
26

61
0.

59
22

46
0.

04
58

80
0.

00
58

99
0.

02
04

77
0.

05
37

96
2.

87
46

29
7

12
41

A
H

PQ
C

4
1

A
H

P
Q

C
0.

07
97

48
3.

3E
-

15
0.

02
06

16
0.

59
35

11
0.

05
26

51
0.

00
66

18
0.

01
86

72
0.

11
39

00
2.

54
67

66
10



36	 Sudipa Choudhury et al.

Ta
bl

e 
8:

 S
-v

al
ue

 o
f t

he
 in

ta
ke

 a
nd

 o
th

er
 1

8 
po

in
ts

 b
ef

or
e 

th
e 

in
ta

ke

Sl
 N

o.
D

is
ta

nc
e 

fro
m

 in
ta

ke
 

(k
m

)

D
O

1
pH

1
Tu

rb
id

ity
1

TD
S 1

D
O

2
pH

2
Tu

rb
id

ity
2

TD
S 2

D
O

3
pH

3
Tu

rb
id

ity
3

TD
S3

SV
N

SV
Re

la
tiv

e 
Ra

nk

In
ta

ke
0

0.
82

7
0.

39
5

0.
92

7
0.

27
3

0.
34

3
0.

83
9

0.
14

1
0.

30
3

0.
68

6
0.

76
4

0.
63

0
0.

43
8

0.
36

1
0.

05
57

5
8

2
1

0.
31

0
0.

40
4

0.
29

6
0.

49
4

0.
39

3
0.

28
9

0.
54

7
0.

53
2

0.
20

5
0.

00
2

0.
64

4
0.

63
6

0.
23

4
0.

03
60

74
13

3
2

0.
48

1
0.

88
7

0.
57

3
0.

24
2

0.
66

3
0.

06
2

0.
10

3
0.

62
8

0.
16

2
0.

32
6

0.
85

1
0.

17
5

0.
24

8
0.

03
83

43
12

4
3

0.
69

2
0.

21
3

0.
63

1
0.

13
7

0.
53

0
0.

37
6

0.
65

2
0.

26
0

0.
43

1
0.

72
6

0.
59

0
0.

84
0

0.
43

5
0.

06
70

59
6

5
4

0.
52

0
0.

53
2

0.
18

9
0.

14
2

0.
69

8
0.

11
5

0.
33

9
0.

37
7

0.
68

7
0.

25
5

0.
91

5
0.

45
6

0.
58

2
0.

08
98

46
1

6
5

0.
19

5
0.

23
1

0.
14

1
0.

02
7

0.
41

3
0.

94
5

0.
06

7
0.

74
6

0.
79

9
0.

55
4

0.
36

6
0.

20
0

0.
30

5
0.

04
70

92
10

7
6

0.
47

4
0.

48
1

0.
15

1
0.

37
1

0.
34

6
0.

48
2

0.
36

7
0.

60
2

0.
95

1
0.

63
7

0.
36

5
0.

69
9

0.
40

5
0.

06
24

38
7

8
7

0.
32

0
0.

50
1

0.
93

5
0.

68
5

0.
39

9
0.

93
3

0.
48

7
0.

73
8

0.
85

9
0.

88
6

0.
49

2
0.

85
8

0.
17

9
0.

02
76

85
19

9
8

0.
71

0
0.

33
8

0.
38

9
0.

11
7

0.
80

3
0.

21
4

0.
55

1
0.

65
8

0.
46

8
0.

99
0

0.
54

0
0.

41
0

0.
53

3
0.

08
21

77
3

10
9

0.
82

9
0.

27
0

0.
24

3
0.

76
8

0.
94

6
0.

60
5

0.
90

3
0.

54
6

0.
34

3
0.

47
1

0.
04

6
0.

70
9

0.
54

3
0.

08
37

91
2

11
10

0.
58

9
0.

14
7

0.
54

7
0.

17
4

0.
58

6
0.

80
6

0.
75

6
0.

26
4

0.
83

2
0.

15
1

0.
21

9
0.

11
3

0.
46

4
0.

07
15

3
5

12
11

0.
32

0
0.

26
5

0.
05

1
0.

81
4

0.
03

0
0.

01
7

0.
96

0
0.

24
1

0.
24

6
0.

62
2

0.
28

9
0.

68
5

0.
21

1
0.

03
25

66
15

13
12

0.
56

8
0.

58
1

0.
51

6
0.

07
5

0.
85

6
0.

46
5

0.
27

2
0.

86
2

0.
08

7
0.

12
4

0.
23

4
0.

07
2

0.
35

9
0.

05
53

36
9

14
13

0.
50

7
0.

67
1

0.
84

2
0.

75
3

0.
11

6
0.

21
7

0.
54

0
0.

69
7

0.
88

0
0.

50
1

0.
07

8
0.

59
6

0.
22

3
0.

03
43

74
14

15
14

0.
39

7
0.

86
5

0.
17

6
0.

93
7

0.
49

7
0.

97
1

0.
72

3
0.

75
2

0.
49

8
0.

77
2

0.
73

9
0.

15
8

0.
19

2
0.

02
96

38
17

16
15

0.
77

0
0.

72
9

0.
34

2
0.

61
1

0.
03

4
0.

72
5

0.
72

4
0.

61
6

0.
20

0
0.

90
0

0.
62

0
0.

73
0

0.
28

7
0.

04
42

21
11

17
16

0.
79

5
0.

05
7

0.
75

6
0.

29
8

0.
80

9
0.

52
9

0.
53

3
0.

20
7

0.
52

8
0.

21
9

0.
62

8
0.

86
3

0.
52

5
0.

08
10

55
4

18
17

0.
18

7
0.

65
1

0.
81

4
0.

99
9

0.
99

9
0.

61
6

0.
69

0
0.

70
0

0.
91

6
0.

83
3

0.
15

3
0.

35
1

0.
18

6
0.

02
86

54
18

19
18

0.
33

5
0.

78
4

0.
56

8
0.

73
6

0.
86

2
0.

97
6

0.
65

1
0.

29
7

0.
38

9
0.

01
0

0.
91

6
0.

43
9

0.
21

0
0.

03
23

71
16

N
ot

e:
 S

V
 is

 th
e 

S-
va

lu
e 

an
d 

N
SV

 is
 th

e 
no

rm
al

iz
ed

 S
-V

al
ue

. R
el

at
iv

e 
ra

nk
 is

 th
e 

ra
nk

 a
cc

or
di

ng
 to

 th
e 

S-
va

lu
e 

of
 th

e 
po

in
ts

. T
he

 fi
rs

t r
an

k 
is

 f
or

 th
e 

po
in

t w
ith

 
m

ax
im

um
 S

-v
al

ue
.



	 An Optimization Model Using the SDM and Multiple Decision Making Statistics in WTPs	 37

The standard deviation method utilizes the following 
assumptions:
	1.	 The rating of the parameter importance will 

be given by the complement of rank of the 
alternative when all the parameters are arranged 
in a descending manner with respect to respective 
citation frequency. It is assumed that the rank 
achieved by the parameter with respect to its 
citation frequency is the representative of parameter 
significance.

	2.	 The standard deviation of upto two digits after 
the decimal was considered while comparing the 
parameters with respect to the standard deviation 
of the ratio of importance for a parameter.

The PNN phase of the model assumed that:
	1.	 The normalized value of the parameters will be 

entered to the model as the input. The normalization 
with respect to the values of the same parameter for 
the other options will only be considered.
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Table 9: Sensitivity analysis of the selected model

Name of I/P Sensitivity Beneficiary(B)/Non-
Beneficiary(NB)

DO1 0.881591 B
pH1 -0.015901 NB
Turbidity1 -0.018564 NB
TDS1 -0.020549 NB
DO2 0.129491 B
pH2 0.003803 NB
Turbidity2 -0.002935 NB
TDS2 -0.005691 NB
DO3 0.067815 B
pH3 -0.000001 NB
Turbidity3 -0.004427 NB
TDS3 -0.014633 NB

The number in the subscript indicates the number of days 
within which the change in concentration of the parameter 
has occurred.

According to the results of the model developed 
which featured 12 inputs, the GMDH training 
algorithms was found to be the better model. In addition, 
among the input parameters change in turbidity within 
a day was considered to be the most important factor 
followed by pH. A similar result was also shown when 
the AHP was applied. 

The framework developed here can also be 
implemented in other treatment plants. The strength of 
the tool lies in the fact that WTPs frequently require 
automation and so if data is fed into the indicators 
by sensors then the optimal functioning of the WTP 
can be possibly based on feedback from the indicator. 
In addition, inexpensive sensors are now available to 
facilitate the establishment of feedback mechanisms.

In the present version, the method can only be 
applied to SWTP but in the future more modification 
and development will be made to provide an efficient 
and cheap framework of decision making for monitoring 
SWTP as well as WWTP.

The parameters selected for finding the decision is 
identified in such a manner that the condition of any 
urban or rural SWTP can be represented.

The study proposed a new method for estimation of 
performance status of a SWTP. In this aspect AHP was 
used after modification of the priority of each parameter 
by the adaptation of the way such values are estimated. 
The complete automation of the process will reduce time 
as well as space required to store the priority values.
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