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ABSTRACT

Data mining is one of classical technique to find the useful insights from large dataset nowadays. This
technique is also used in Water Quality Management worldwide. Artificial Neural Network is one of
powerful computational analysis technique of data mining or data science. Water quality is one of the
major concerns for many countries. The Water quality of River Narmada, known as lifeline of Madhya
Pradesh, India getting poor with time. Many factors or causes may be involved into this. The analysis of
quality of water for these factors can be useful to make better policy to improve the quality of this river.
With this objective, author, in this experimental study has collect large dataset about various water
quality parameters of river Narmada at Harda district and generate the classification and prediction
model using Artificial Neural Network technique. This supervised learning classifies and predict some
water quality variables with respect to defined target variable i.e. water pollutant class. The generated
model extracted various hidden and useful insights about water quality parameters.
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INTRODUCTION that they can use these useful insights to make

Many Data mining techniques like Classification better decisi(_)n policy about their productiqns. or
and Prediction using Artificial Neural Network implementations [2]. Centre Water Commission

and Decision Tree, Fuzzy and GIS modelling have of India also uses data science techniques .to
been successfully implemented in the Water analyses vast dataset about water quality

Quality domain [1]. These techniques have par_ameters of Rivers an.d found interestipg
generated various analysis model to classify, insight to make better policy for Water Quality

predict and associations of different water Management..This exp(_erimental study also uses
quality parameters. The quality of water one (_)f machl_ne learmn_g or we can say deep
nowadays is main concern of policy maker of learryng algorithm to build t.he classification apd
government of a developing country as the prediction model_ for various water ql:lallty
quality of river water get decreasing due to pzflrar.neters of River Narmada of _Handla c_’f
various factors like industrial waste, sewage DIStrl_Ct Harda, Madhya Pradesh, India. For this
system of city and many other human and natural ex.pgrlment author has used most commonly
actions. The Rivers are main source of drinking mining tool called WEKA.

and irrigation so it is urgent need to discover and
extract the factors and causes due to quality of
river water get decreased. Today there are many

TECHNIQUE USED FOR STUDY

machine learning algorithms are used by both
private and government organizations to
analyses their big data generated every day to
find the hidden information and knowledge so

Artificial Neural Network (ANN) is most effective
data mining technique for transformation of raw
data to useful information as it process the data
as similar as the human brain does. The ability of
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ANN to find relationship between large numbers
of data objects is one of main reason to adopt this
technique by many business organisations today
[3,4].Basically ANN 1is used for non-linear
statistical application but it may rarely used for
predictive modelling also.

ANN can be act as a weighted directed graph
which receives the input from the external world
in the form of vector and patterns. ANN designed
with multiple nodes like a biological neurons of a
human brain. All nodes are connected together by
some links called weights and these links
communicate each other by some operations
called activation functions. Each link learned
from previous one by changing weights
associated with it .In this way, at each stage we
get some output at each node that can be an input
for next node or neuron. This artificial learning
process is continues till we get the desired
output. If we did not get the desired output then
we have to change the weights using some
activation function to improve the result at that
stage. In this study , authors used to this
techniques for supervising learning method [5] to
classify and predict the water quality parameter
with respect to predefined target pollutant class.

EXPERIMENTAL DATASETS USED FOR STUDY

Many parameters can influence the surface water
quality. Nine parameters are selected for the

investigations after data pre-processing.In this
study authors have used Water Quality Data of
Handia (Harda District) M.P from the analysis
period 1997 to 2010 of Narmada River. The
selected water quality attributes are shown in
Table -1. The Dataset after pre-processing are
shown in table-2.

Table 1-List of Water Quality Attributes.

S.NO. | ATTRIBUTE | ABBREVIATION
1 PH PH value
2 DO Dissolve oxygen
3 Biochemical Oxygen
BOD
Demand
4 No3_N Nitrate Nitrogen
5 NH3_N Ammonia Nitrogen
6 TEMP Temperature
7 COD Chemicaloxygen
demand
8 PO4 phosphate
9 Class
(Polluted LILIILIV or A,B,C,D
class)

Table2. Data sets for implementation after pre-processing

Felation: datarainyseassionothardadis

Mo. | 1: year | 2: pH_GEM_pH_units | 3: Temp _C | 4: BOD3 | 5: COD _mg_L &: DO F:Mo3_M | 8: O_PO4| 9: NH3_MN | 10: pollution_Class
Mumeric Numeric Mumeric Numeric Mumeric Mumeric | Mumeric Mumseric Mumeric MNominal
1 1990.0 8.2 256.5 0.6 21.6 7.1 0.54 0.043 0,03 A
2 1991.0 8.0 27.1 0.9 0.86 7.4 0.16 0.021 0.01|B
N E 1992.0 8.2 27.1 0.5 0.87 8.1 0.49 0.01 0.02|A
e 1993.0 8.0 27.3 1.6 39.1 5.3 0.61 0.027 0,03 A
5 1994.0 8.3 28.2 1.5 24.3 5.35 0.28 0.012 0.02|A
=] 1995.0 8.3 25.3 1.6 27.6 7.5 0.58 0.021 0.01|B
7 1995.0 8.3 29.4 0.9 28.3 7.4 0.47 0.048 0.015|B
=] 1997.0 8.1 27.3 1.0 15.7 7.4 0.16 0.01 0.15|C
9 1995.0 8.3 27.3 0.7 22.6 5.9 0.71 0.039 0.03|B
10 1999.0 8.1 25.9 1.6 18.0 7.9 0. 3 0.025 0.05|C
11 2000.0 8.1 25.7 1.2 27.9 7.1 0.58 0.019 0.02|A
12 2001.0 8.2 27.3 1.1 30.0 5.9 0.31 0.023 0.02|A
13 2002.0 8.3 27.5 1.4 25.3 5.8 0.51 0.017 0.05|B
14 2003.0 8.3 28.0 1.3 25.9 5.2 1.04 0.148 0.052|B
15 2004.0 8.2 27.7 1.4 35. 4 5.1 0.28 0.0886 0.05|B
15 2005.0 8.1 27.8 1.4 44, 4 5.1 2.41 0.138 0.0738 B
17 20015.0 8.2 27.1 1.2 29, 2] 6.1 1.89 0.085 0.065|C
13 2007.0 8.1 28.5 1.3 33.8 5.1 2.29 0.095 0.35|C
19 2003.0 8.1 27.9 1.8 39.5 7.1 1.81 0.405 0.05|C
20 2005.0 8.2 28.2 1.2 39.2 5.1 0.52 0.151 0.38|C
21 2010.0 8.2 27.32 1.2 25, 4 6.1 1.04 0.03 0.8354|D
22 2011.0 8.3 29.5 0.6 25,2 5.1 1.49 0.152 0.458 (D
R = 2012.0 8.3 28.2 0.6 22,2 5.1 2.57 0,254 0,045 (C
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TARGET CLASS ATTRIBUTE

In our trained dataset of water quality, authors
have categorized the surface water quality as
pollution class from the standard pollution index
issued by Centre Water Commission of India.

Generally, the quality of surface water can be
divided into four classes;

Class I or (A) - Extra clean fresh surface water
resources use for conservation.

Class II or (B) -Very clean fresh surface water
resources use for consumption that require
ordinary water treatment

Class III or (C) - Medium clean fresh surface
water resources use for consumption, but are
passed through an ordinary treatment process
before use;

Class IV or (D) - Fairly clean fresh surface water
resources use for consumption, but require
special water treatment processes before use.

2

EXPERIMENTAL SETUP FOR STUDY

WEKA is an open source collection of machine
learning algorithms for data mining tasks, and it
includes neural network capabilities [6]. First,
authors explore WEKA features and function by
importingdataset samples, and trying to open the
datasets with the software. Then authors try to
build ANN based on a particular dataset. The
scope that covered by WEKA is wider than only
ANN. Authors focus only on the ANN building
functionality. Their experiment is limited to a
pre-given dataset: (Water Quality Data of Handia
(Harda District) M.P from the analysis period
1997 to 2010 of Narmada River).

The trained preprocessed data has uploaded into
WEKA explorer. The attribute view for selected
water quality parameters are showing in figure-
1. Authors have used Multilayer Perceptron
(MLP) classifier to generate the classification and
prediction model. For this implementation

authors have set the various parameters using
object editor panel of WEKA. The screenshot of
that editor is showing in figure-2.
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Figurel -Attribute View in Weka
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3] wekka.g i GenericOB,

weka.dassifiers. functions. MultilayerPerceptron

About

GUI | True

autoBuild | True
debug _False
decay _False
hiddenLayers |a
learningRate (0.3
momentum (0.2
nominalToBinar yFilter [True
normalizeAttributes | True
| normalizeMumericClass True
reset |False
seed |0
trainingTime | 500

wvalidationSetSize |0

walidationThreshold |20

A Classifier that uses backpropagation to classify instances.

More
Capabilities

-

-

-

l QOpen... I l Save...

J [

oK ]

Cancel

)

Figure 2- Parameters setting during experiments with Weka

EXPERIMENTAL RESULT OF STUDY

Multilayer Perceptron function has applied on
the trained dataset containing 23 instances of 8
water quality parameters. The generated Neural
Network (figure-3) can be consider as a
Classification model and the prediction table for
the target pollution class shown in table-3 can be
treated as a Prediction model. These two
generated model were interpreted as results of
the study in the ‘result and discussion section’.
The following segment displaying the result
window generated after executing the MLP
function in WEKA.

=== Run information ===

Scheme:
weka.classifiers.functions.MultilayerPerceptron -
L0.3-M0.2-N500-V0-S0-E20-H3-G-R

Relation: datarainyseassionofhardadis-
weka.filters.unsupervised.attribute.Remove-R1

Instances: 23
Attributes: 9
pH_GEN_pH_units

Temp _C
BOD3

COD _mg L

DO
No3_N
0_P0O4
NH3_N
pollution_Class

Test mode:

evaluate on training data

Time taken to build model: 6.24 seconds

=== Predictions on training set ===

Table 3-prediction of each instance

Inst# | Actual | Predicted | Error
prediction
1 1:A 1:A 0.903
2 2:B 3:C +0.642
3 1:A 1:A 0.903
4 1:A 1:A 0.923
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5 1:A 1:A 0.759 15 2:B 2:B 0.817
6 2:B 2:B 0.984 16 2:B 2:B 0.789
7 2:B 2:B 091 17 3:C 1T:A + 0.414
8 3:C 1:A +0.887 18 3:C 3:C 0.851
9 2:B 2:B 0.836 19 3:C 3:C 0.933
10 3:C 3:C 0.986 20 3:C 3:C 0.834
11 1:A 1:A 0.925 21 4:D 4:D 0.796
12 1:A 1:A 0.763 22 4:D 4:D 0.754
13 2:B 2:B 0.787 23 3:C 3:C 0.762
14 2:B 2:B 0.923
PH_GEM_pH_units
Tamp_‘ e ﬂ
BOD3 ‘\‘
%) : :
COD_m
.
[le] '
q e :
No3_M l,“
O_PO4 . ] d

Controls

Epoch 500

Mum Of Epochs | 500

Error per Epach = 0.0523344

Learning Rate = 2.2

Momentum = 2.2

Figure 3- Neural network generated by Weka for Experiment

All the training records were fed into the network
to make it learn the potential relationships
between water quality indices and their
corresponding categories 4. Accordingly, the
input layer nodes represent 8 water quality
indices, while the output layer nodes represent
the 4 different class categories. The trained
neural networks can provide an output
representing the specific class for each of water
quality indices. The testing samples are used to
verify  its  classification  ability. = Many
experimental investigations are conducted. The
number of hidden nodes that provided the
optimal result is 3 hidden nodes. The target error
per epoch is 0.523344 in out of 100. It can be seen

that the network correctly classified 111 records
from a total of 115 records. The accuracy
percentage is 95.42 %.0ptimal result is 3 hidden
nodes. The target mean square error (MSE) is
0.001 after 500 iterations.

PERFORMANCE
EXPERIMENT

Table 4 and Table 5 show the performance
criteria values for MLP classifier. In this case, a
confusion matrix is used as a basis for
performance evaluation. The fields of the
confusion matrix shown in Table 5 contain the

EVALUATION OF

3079

elSSN 1303-5150

@

Wwww.nheuroguantology.com


http://www.neuroquantology.com/

Neuro Quantology | Jul 2022 | Volume 20 | Issue 7 | Page 3075-3081 | doi: 10.14704/nq.2022.20.7.NQ33386
Sanjeev Gour/Generating a Classification and Prediction Model for Water Quality of River Narmada using Artificial Neural Network

numbers of examples of the following four
subsets, Confusion matrix for classified sample
data, representing a measure of accuracy in each
class. While the training data for four classes
show user accuracy of 100% and 87.5% and
71.42 % respectively.

Explanation of confusion matrix which has
obtained for this experiment.

» Vertically reading from Target Class A, there
are 6 records classified correctly. The
accuracypercentage is 100%

» Vertically reading from Target Class B, there
are 7 records classified correctly. The
accuracypercentage is 87.50%

» Vertically reading from Target Class C, there
are 5 records classified correctly. The
accuracy percentage is 71.47%

» Vertically reading from Target Class D, there
are 2 records classified correctly. The
accuracy percentage is 100%

= Detailed Accuracy by Class ===

Table 4- MLP classifier performance criterion values

TP FP Rate | Precision | Recall | F- MCC ROC PRC Area Class
Rate Measure Area
1.000 | 0.118 0.750 1.000 0.857 0.813 | 0.980 0.948 A
0.875 0.000 1.000 0.875 0.933 0.906 | 0.900 0.925 B
0.714 0.063 0.833 0.714 0.769 0.683 | 0.911 0.877 C
1.000 0.000 1.000 1.000 1.000 1.000 | 1.000 1.000 D
Table 5- Confusion Matrix for experiment
Target Class
A
2
=] B
<
3
|®]
= C
[«}]
|
-9
D

INTEPRETETION OF RESULT OF MODEL

From the generated output model of MLP
classifier (Neural Network -figure-3) and
Prediction Table (Table-3), Authors have seen
that parameters NH3_N and NO3_N have great
influence on water quality in different time and
space. At Handia Narmada basin ,parameter
NH3_N highly positive correlated with pollutant

class I and class IV while parameter NO_3N is
highly negative correlated with the pollutant
class I and class IV .with respect to time (yearly)
the parameters like BOD and DO has near zero
weight means that variable has little or no effect
on the class value .

From neural network, it showing that at Handia
station the influence of BOD and DO with these
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nitrate composition causes the quality of water
also improved at one level of class, so the results
of MLP classifier indicated that the nitrate-
nitrogen (NO3_N) of river water increased as the
river traversed through the municipalities and
industrial towns where effluents of deteriorated
quality were added into the river.

At the Handia Narmada basin it is found from
classification model that as increase the value in
NO3-N and DO in surface water, the quality of
water also improved at one level of class. While in
Hoshangabad water quality parameter NO3_N
has very high negative correlation with the class
IV and DO has approximately equal or nearby
equal weights with the output class IV. This result
show a new relationship which causes water
quality get poor as we reach from Hoshangabad
to Harda district.

Another interesting correlation found from the
MLP classifier in between BOD ,DO and pH value
Authors have found that the weight of attribute
pH in every output class(node 4..8) for class I is
differ very largely from the threshold weight
with respect to time (yearly) while DO and BOD
have nearly similar weights it means there is no
effect of these variable on the output class and
the weight of attribute pH in every output
class(node 4..8) for class IV is nearly similar from
the threshold weight with respect to time
(vearly) while DO and BOD have different
weights.

DO and BOD seem to have different weights and
sign in all the neurons. So these are two highly
opposite correlated variables.

CONCLUSION

ANN is one of best machine learning technique to
find the useful information from the large
dataset. In this experimental study, this
technique is used to find the various hidden
relationships between various water quality
attributes. The generated predictive model also
predict the target class by analysing past dataset
of water quality.

Apart from this, many other such useful insights
and correlations between various water quality
parameters have discovered from the generated
model. This classification and prediction model
can be of course very useful for policy maker for
management of water quality at Handia Narmada
Basin.
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