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Abstract—Water quality is the major issue of today’s world needs to be monitored on regular basis. The water quality evaluation can 

be solved by the machine learning technique where preprocessing is done by clustering methodology and further according to the 

users’ requirement. Clustering is an art of producing natural groups to identify homogeneous data. Clustering helps in labeling 

(without any prior knowledge of labels) the new data. It extracts the values from unstructured data and converts to valuable data. 

Consumable water needs to be clean and pure. The main idea of this work is to detect the water quality of supplied water by the 

Municipal Corporation. And also detect the outliers for a critical decision-making process to enhance the quality of supply water by 

taking corrective measures. The key parameters which are used to measure the quality of water are water temperature, pH (pouvoir 

hydrogène), tds (total dissolved solids). The model proposed in this study is structured using K-Means technique with Davies Bouldin 

Index applied on the data samples being collected from different sources and at different instances and places. This resulted in 6 

different clusters and their centroids. Our simulation results also establish that the proposed work is outperformed over the existing 

similar algorithm. 

 
Index Terms—Clustering, Davies Bouldin Index, machine learning and water quality.  

 

I. INTRODUCTION 

  “Pure water is the world’s first and foremost medicine” 

stated by Slovakian Proverb. But nowadays pure water has 

become one of the major problems for all of us. Water is one 
of the basic necessities for all living beings. We all depend 

on water for one or another use to carry out our daily 

routines. One of the necessary ways of usage of water is by 

drinking water and using it for cooking meals for survival. 

Clean and safe water is a must for better health. Even dirty 

water pollutes the environment causing hazards which have 

great impact on living being and nature. The main purpose 

of this paper is to detect the water quality so as to make 

people aware about the water they are consuming as well as 

using it for different purposes and try to make environment 

free from polluted consumable water [1]. In this work it is 

concerned with the water that is been supplied by the 
municipal government to homes and workplaces for 

different purposes. The quality of water which is been 

supplied by the municipal government is to be set according 

to the standards set by municipal corporation of water 

supply and WHO. We have seen that the water quality of 

supplied water by municipal is not up to the mark. There 

may be lot many factors affecting the water quality. Due to 

pollution, water quality is being degraded day by day which 

makes it unfit for drinking and other purposes. Leakage of 

pipes, untreated water supply, and no proper water storage 

facility at the start point will also lead to impaired water 
quality. Water quality being the major issue of today’s 

world needed to be monitored on regular basis to avoid any 

problem causing harm to environment as well as health of 

living beings. There are different water quality parameters to 

detect the quality of water. The different water quality 

parameters are flow rate, temperature, dissolved oxygen, tds, 

pH, nitrate, total zinc, total lead, dissolved iron, turbidity, 

etc. [2]. These water quality parameters need to be in 

adequate quantity which helps aquatic life as well as 

terrestrial life survival. Aquatic animals can survive only 

when the conditions are less than maximum value of water 
quality parameters needed for their survival. Some of the 

parameters of water quality detection which are used in this 

work are pH, temperature and tds. Temperature is amount of 

hotness in water, pH value is the level of alkaline or acidic 

nature and tds is the amount of different salts dissolved in 

the water. Based on these parameters of water quality, 

samples of water are clustered. First and the foremost thing 

is to check the quality of water and then take actions 

accordingly. Mostly water quality evaluation is a problem of 

machine learning. Most commonly used technique of 

machine learning [3] for evaluating water quality is first 

clustering and then classifying the clusters accordingly in 
different categories. The clustering methodologies which are 

being used commonly are k-means clustering, hierarchical 

clustering, dbscan clustering, etc... Classification of the 

resulted clusters is done according to the need of the user or 

the application for which the clusters has been implemented 

using different clustering algorithms. Nowadays different 

methods like artificial intelligence, neural networks and 

their modifications are also been used for the purpose of 

clustering and classification. In this work, the technique 

used is k-means clustering method with Davies-Bouldin 

Index to obtain optimum results. The K-means clustering [4] 
is used to cluster the data samples according to different k 

points which are mean of respective cluster. Davies-Bouldin 

Index helps to determine the number of clusters 

corresponding to the optimal output. 

In the next section, a brief literature survey was done to 

acquire the knowledge of the pre-existing methodology used 

for clustering the water data samples. This study also helps 

to differentiate our work from the pre-existing works by 

others. After the survey, proposed work methodology has 

been explained and implemented. The results of proposed 

method is been depicted with the help of figures and the 

related values have been stored in different tables. A 
comparative study is done to display the novelty of this 

work.  

II. LITERATURE SURVEY 

Gonçalves et al. [5] classified the monitoring sites into 

spatial homogeneous groups using cluster analysis. Then 

linear models were adjusted on the basis of the quality 

variables linked with the clusters. Hierarchical 

agglomerative CA was used by multivariate statistical 

analyses methods implemented after the normalizing the 
data set. The algorithm adopted by Zou et al. [6] was 

MIWAS-K-means which used K-means clustering algorithm 

with varying weights which analyze data used for tracking 

water. Bertholdo et al. [7] classified ecotoxicity of water 

with the help of predictive model, identified water quality 
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parameters by associativity and regionalization by clustering 

was done. It resulted in quickly analyzing the ecotoxicity to 

be predicted, extracting the hidden correlations between the 
parameters used for quality, etc.. Laspidou et al. identifies 

classification potential using the Kohonen Self-Organizing 

Maps (SOMs) method.  The SOM Matlab Toolbox 

determines the cluster number [8]. 

The samples collected by Cheifetz et al. [9] were integrated 

with smart grid meter. To categorise the extricated seasonal 

patterns of water two functional clustering methods used 

are: the functional K-means, and the Fourier Regression 

Mixture (FReMix) model based EM algorithm. The Kofinas 

et al. [10] used SDG algorithm for the generation of the data 

and Gaussian, exponential, gamma and beta distributions 

were used for result calculation. Thereafter clustering was 
applied. He used binomial distribution for modeling the 

variable and a reverse-square distance-based subroutine 

helps in reproducing the results at time steps. The 

methodology used by Mandel et al. [11] was k-mean 

clustering algorithm and hydraulic simulations on Water 

Distribution Networks (WDNs) systems. The depth-first 

search algorithm was used by Gereben et al. [12] for 

identifying the different clusters. Examination of the cluster 

formation and percolation, determined by four different 

hydrogen bond definitions, was done by the simulated 

systems. 
According to Hajigholizadeh et al. [13], the agglomerative 

hierarchical cluster analysis assesses water pollution status 

and discriminant analysis does data reduction. The similarity 

measure method used was Simple Euclidean distance 

method without square root. The procedure used by Li, Tao, 

et al. [14] was K-mean cluster analysis with combination of 

SOM which resulted in 3 water type clusters, that is, low 

salinity to high salinity. The work by Li et al. [15] uses 

clustering, discriminant analysis, factoring and PCA 

methodologies. The cluster analysis used was hierarchical 

agglomerative clustering analysis and EM algorithm was 

used as dissimilarity calculator. Discriminant analysis was 
done to classify categorical dependent values. Salomons et 

al. [16] calculates water age values for each data point. Then 

the two clusters are searched with minimum difference in 

water age and combined into one cluster. The value of water 

age is updated and assigned as weighted mean of two 

clusters. The first step used by them was bottom up 

approach of clustering and then cluster according to user 

requirements. 

The approach used by Wong et al. [17] is grey clustering 

and interval valued fuzzy sets. The grey clustering approach 

is special case of interval clustering approach where 
attribute values defined in interval can be degenerated to 

points so that no negative values in correlated degree are 

present. Research work Brentan et al. [18] uses SOM 

coupled with k-means clustering which helps in reducing the 

cluster numbers. It also identifies the leakage pattern and 

pressure points. The main drawback of this comes when 

large database is there which is complicated to implement. 

Wang et al. [19] uses Ward method, in which clustering 

with square sum deviation. Inverse distance weighted 

interpolation acts as influencing factor for all of the data 

points and geographical conditions. The research paper by 

Peng et al. [20] deals with comprehensive hierarchical 
cluster analysis for clustering 9 different water quality 

parameters. The Euclidean distance algorithm was used as 

similarity and dissimilarity factor. 

In the work of Qiu-mei et al. [21] synchronous clustering 

algorithm is used and fuzzy partition of input and output 

data is done. The Euclidean clustering was done based on 

offline cluster centre and new sample distance. In 

synchronous clustering algorithm new sample points and 

existing cluster centre distance is measured. According to 

Yongqian et al. paper [22] hierarchical cluster analysis was 

used to cluster the data points. There were 3 principal 
components for principal component analysis and 

classification was used for data reduction. The researchers 

Chen, Junfei, Shihao Zhao, and Yuan Weng [23] uses 

cluster analysis as grey clustering algorithm which identifies 

the water pollution control, water environmental protection, 

water quality category, etc.. In the work of Chen et al. [24] 

hierarchical cluster analysis and principal factor analysis 

was the methodology being used. The amount of the 

comprehension of water quality pollution is calculated on 

the basis of factors’ scores (which affect the water quality), 

and surface water quality pollution condition. 

Simeonov, V., et al. [25] did a survey for 3 years for 
assessing the surface water quality using cluster analysis by 

scaling the data by z-transformation and then applied 

Ward’s  linkage method with the help of squared Euclidean 

distance. Next principal component analysis was done 

which is impactful technique of pattern recognition. PCA 

helped in examining water system and factoring affecting 

one another. The journal given by Chang, Ni-Bin, Ho-Wen 

Chen, and Shu-Kuang Ning [26] is based on fuzzy synthetic 

quality of water evaluation which contrasts to fuzzy 

clustering analysis. Fuzzy synthetic evaluation deals with 

already known boundaries of group before implementation 
which is just opposite in fuzzy clustering analysis where 

there is no indication of water quality criteria to form 

groups. Ouyang, Y., et al. [27] analysed the principal 

component analysis (PCA) and principal factor analysis 

(PFA) on the parameters used for quality of water like water 

temperature, pH, colour, turbidity, alkalinity, salinity, etc.. 

To identify the principal components in PCA, Eigenvalues 

were used. The results from PCA technique was the 

relations between these water quality parameters during 

different seasons of the calendar year. And the result from 

PFA technique was that the water quality factor which is 

significant in one season need not be significant in other 
seasons too. Zeng, Xiaoqing, and Todd C. Rasmussen [28] 

used clustering and factor analysis as multivariate statistical 

methodology. Factoring was done to obtain a view of the 

correlated data instances while clustering was implemented 

for finding complex behaviour of multivariate data instance 

relation. Their main intention was to reduce the monitoring 

data and still produce optimal results which could save time 

and money. 

III. PROPOSED METHOD  

Water is being monitored that was supplied to houses for 

drinking and other household works by the government of 

Municipal Corporation for detecting the water quality that 

has been supplied by them. Water quality is measured by the 

water quality parameters which are temperature, total 

dissolved salts and pouvoir hydrogene. These three water 

quality parameters were calculated on different water 

samples being collected from the homes and nearby 

workplaces of the water being supplied by Municipal 

Corporation. Total of 3621 instances of water samples were 

collected for which these three water quality parameters 

were calculated. Then, we visualize these water data by 
simulating in MATLAB R2016a with K MEANS Clustering 

(Algorithm 1) to observe that how many different types of 

water quality measurements are present in the data samples. 

The K Means clustering algorithm requires the cluster 

number that is to be formed before starting of the clustering 

algorithm. This means the value of ‘k’ should be determined 

before calculation of different data points corresponding to 

different clusters. This tedious task of finding the value of k 

http://www.jetir.org/


© 2019 JETIR May 2019, Volume 6, Issue 5                                                       www.jetir.org (ISSN-2349-5162) 

JETIRCN06072 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org 380 
 

has been made simpler and easier to get optimal result. In 

our work the value of ‘k’ was determined by Davies–

Bouldin index (DBI) [32] to observe the most appropriate 
cluster number. We have found that the optimal value for 

the cluster number using DBI is 6.  

A. Implementation of K-Means 

           Initially we have a collection of 3621 instances of water 

quality data from different water sources by our water 
quality data acquisition system consisting of two industrial 

type water quality measurement sensors pH (pouvoir 

hydrogene), TDS (Total Dissolved Solids) and temperature. 

Then, we visualize these water data by simulating in 

MATLAB R2016a with K-MEANS Clustering (Algorithm 

1) to observe how many different types of water quality 

measurements present in the obtained data. The clustering 

result as a 3D plot of 6 clusters and the centroids of the 6 

clusters are given in Figure 5.1 and Table 5.1 respectively.  

The K-MEANS Clustering Algorithm [29] with the help of 

Davies–Bouldin index [31] have separated the total 3621 

water data instances into 6 clusters as, 360, 212, 1263, 361, 

1062  and 363 instances in cluster 1 to 6 respectively. 

The 3621 instances of water quality data is fed to the K-

Means clustering algorithm [30] which results into k 
different clusters, where k needed to be feed prior with data 

samples. This K-Means clustering algorithm is applied to 

the input data set using Euclidean distance function for 

calculating the distance function between mean and other 

points. Randomly k different points will be selected to 

assume it as centroid. Recursively the algorithm runs to 

calculate the distance and find the correct centroid until the 

result of two simultaneous iterations are not same This will 

result into k centroids each belonging to one cluster i.e. k 

different clusters will be formed. The Algorithm (Algorithm 

1) given below illustrates the K-Means clustering using 

distance measure parameter as Euclidean distance. 

Algorithm 1: K MEANS CLUSTERING ALGORITHM 

Input: Collected dataset D and total number of clusters K. 

Output: K different clusters. 

1. Randomly divide the dataset into k different 
groups. 

2. Choose any k points one from each group 

randomly as centers of cluster. 

3. Allot data instances to their nearest cluster centre 

using the Euclidean distance function. 

4. Find the mean for all data points of each cluster. 

5. Repeat 2, 3 and 4 until each cluster consists same 

data points in consecutive rounds. 

 

B. Evaluation of the K MEANS Clustering 
Algorithm 

The K-Means clustering algorithm operates on data 

instances and the cluster number. The value of ‘k’ for the k 

different clusters formation is to be fed before the algorithm 

starts. To find the appropriate value of ‘k’, we have used 

Davies–Bouldin index (DBI) [31].We have found the 

optimum value for the quantity of cluster should be 6. The 

output to the k-means is 6 different clusters having different 

instances in each cluster. Each instance belongs to one 

cluster only. 

 

Davies–Bouldin index: Let n dimensional points are 

given, where Ci is the data points of the ith cluster. Let Xj be 

an n-dimensional feature vector allotted to cluster number 
Ci. Now we need to measure scatter Si within the cluster as 

in equation (1) where Ai is the centre point of Ci and Ti is 

the capacity of the ith cluster. The degree of separation is Mi, 

j defined between cluster Ci and Cj is calculated as in 

Equation (2) where ak, i is the kth position element of Ai, and 

there exist ‘n’ similar elements in A since it is an n-

dimensional centroid. 
 

      (1) 

 

              (2) 
The above equation (2) describes the Euclidean distance 
between the centers of two different clusters i and j when the 

value of p is taken 2. 

The above condition limits the definition of index. It 

should be symmetric and non-negative. The index ratio of 
intra-cluster separation to the inter-cluster separation, a less 

value obtained indicates the process of cluster formation 

being performed is better. There is an existence of average 

similarity among each cluster and it resembles, where 

average is taken for all the clusters, and Si  in Equation (E1) 

indicates the similarity  . By this it can be stated that there 

are no two clusters similar to each other, and thereby 

reduces the Davies–Bouldin index. The value of index 

defines the mean of all the ith clusters, and hence results in 

deciding the number of clusters should actually exist for the 

data set so as to plot a graph against the calculated number 

of clusters. The value of i for which the criterion value is 
least indicates a good measure of optimally classifying the 

quantity of clusters for the given data. We have shown the 

Davies–Bouldin index values of cluster size 1 to 10 in Table 

2 and also plotted them in Figure 2. 

 

IV. EXPERIMENTAL RESULTS 

The different 3621 instances of water being collected to 

monitor its quality using water quality parameters after 

being passed from k-means algorithm for clustering resulted 
in six different clusters. Depending on different values 

obtained of water quality parameters i.e. pH, temperature, 

TDS these different clusters are being formed as shown in 

figure below (figure 1).  

The red dot being marked in each cluster in the figure 

(Figure 1) below represents the centroid of the 

corresponding cluster. The value of each centroid is been 

listed below in the table (Table 1). The value of centroid is 

obtained by k-means clustering algorithm. The center point 

of each cluster is obtained after successive calculation of 

mean of data points of the corresponding cluster. The cluster 

data points showed in the figure uses different colours so as 
to differentiate each cluster from the other. Some clusters 

are highly dense and some are scattered. Cluster 3 and 

Cluster 4 cover the majority of points while other clusters 

are have approximately equal number of points. Cluster 3 is 

highly dense then Cluster 5, Cluster 4 and rest are less 

dense. Cluster 1 and Cluster 3 are close enough and may 

share common space for their data points. Rests of the 

clusters are prominent enough. 

The next table (Table 2) shows the results after applying 

DBI for different number of clusters taken into 
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consideration. The value of k varies from 1 to 10 obtaining 

the criterion values. Among all the values we need to find 

the optimal value for k so that it gives us optimal results. 
This optimal value turns out to be 6 providing the optimal 

value as 0.3419. The values of k and their corresponding 

criterion values are being depicted in the form of graph in 

figure 2. 

 

Fig 1: Simulation results of K MEANS Clustering Algorithm on our water data. 

 

Table 1: Centroids of the Clusters 

 pH TDS Temperature 

Cluster 1 
7.118521 11.48599 26.11268 

Cluster 2 
7.127455 633.6454 25.69805 

Cluster 3 
7.162387 131.9866 25.22605 

Cluster 4 
7.121762 387.2822 26.12339 

Cluster 5 
7.212815 819.2447 26.57877 

Cluster 6 
7.154896 47.01017 26.24385 

 
 

Table 2: The Davies–Bouldin Index values of cluster size 1 to 10 

 

     Number of Observations: 3621 

Inspected K 1 2 3 4 5 6 7 8 9 10 

 Criterion    Values NaN 0.3507 0.4213 0.3455 0.490 0.3419 0.3600 0.3834 0.3707 0.3916 

   Optimal K value: 6 
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Fig. 2: The Davies–Bouldin Index graph for optimal number of clusters 

 

CONCLUSION  

Water quality was monitored using three different water 

quality parameters which are temperature, pH and TDS. 

These water quality parameters were calculated from 3621 

instances of water samples being collected time to time. 

Water quality is degrading due to various reasons and 

effective measures need to be taken. This work helps to find 

the quality of water. In this work, the samples collected 

were passed through well-known clustering algorithm i.e. K-

Means clustering to form clusters using DBI to optimize 

value of k. Therefore, the algorithm been used for clustering 
resulted in 6 different clusters after finding the optimal value 

for the number of clusters to be formed with the help of  

DBI. Cluster 1 and Cluster 4 are sparsely populated while 

Cluster 2, Cluster 3, Cluster 5and Cluster 6 is densely 

populated. Cluster 4 and Cluster 5 cover major number of 

data instances while Cluster 2 has least number of data 

instances. Most of the points of each cluster are close to 

centroid. Some points which are depicted far away from 

centroid will be of some other nature than close ones. In this 

work initial step has been taken. Clustering was the 

preprocessing step for our water quality data. Next step is, 
we need to classify the unlabeled groups of data. This 

labeling will be indicating the water quality. After acquiring 

the knowledge about the different water quality, it would be 

easier to find the spots of unhealthy water drinking supplies. 

Effective measures can be taken on these spots and 

Municipal Corporation can also be informed about their 

supplies. People can also be made aware about the quality of 

water which they are consuming.  
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