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Abstract
The telecenter, popularly known as the rural kiosk or common service center, is an important
building block for the improvement of e-governance in developing nations as they help in
better citizen engagement. Setting up of these centers at appropriate locations is a challenging
task; inappropriate locations can lead to a huge loss to the government and allied stakeholders.
This study proposes the use of various meta-heuristic algorithms (particle swarm optimization,
bat algorithm, and ant colony optimization) for the improvement of traditional clustering
approaches (K-means and fuzzy C-means) used in the facility location allocation problem
and maps them for the betterment of telecenter location allocation. A dataset from the Indian
region was considered for the purpose of this experiment. The performance of the algorithms
when applied to traditional facility location allocation problems such as set-cover, P-median,
and the P-center problem was investigated, and it was found that their efficiency improved by
20%–25% over that of existing algorithms.
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Introduction

E-governance refers to the use of technology for government operations that has been adopted
all over the world. In e-governance, the services offered by the government are made available
to the citizens of the country in an efficient and transparent manner. The challenge for the
government originates from the changes in information flow and governance models facilitated by the information society [1]. Information and communication technology (ICT) can
reduce corruption by promoting good governance, strengthening reform-oriented initiatives,
reducing potential for corrupt behaviors, and enhancing relationships between the government,
employees, and citizens [2–5]. E-governance is viewed as a positive channel that employs ICT
to enhance trust in governments; it is considered to represent the public will in the information
age [6].
Each country must develop a different strategy for the adoption of e-governance based on
its resources and the level of e-readiness of its citizens. One of the important components in
enhancing e-governance is the setup of telecenters that consist of basic ICT components. The
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centers are used for the communication between the government
and citizens from remote/far-off areas. Developing nations
require such telecenters in abundance as their infrastructure is
in a growth stage and e-governance adoption is not prevalent yet.
A developing nation such as India is one of the most significant
nations in the modern world. India plans to spend billions of
its currency on the setup of telecenters under its national egovernance plan. Therefore experimenting on data from the
Indian region becomes important. Telecenters face various
challenges that act as hindrances in the effective adoption of
e-governance amongst the citizens of any nation. One such
challenge is the precise detection of the most optimal location
for the setup of the telecenters [7–11].
The telecenter location allocation problem is a considerably
new research area in the field of location science. The main
objective of telecenters is to locate these service points in such a
manner that it is easily reachable, and the maximum population
can avail its services. The telecenter location problem falls
under the multi-facility location problem; furthermore, various
associated problems have been defined w.r.t the telecenter. To
begin with, the number of telecenters necessary to provide services to all the population nodes in an area must be determined.
Next, each telecenter must be established at a point where its
services are available within easy reach to customers to minimize travel cost. Moreover, the telecenter location must be
close to densely populated nodes. This ensures that the maximum number of people from the cluster of population nodes
can take advantage of it. Finally, the telecenter should be able
to serve an optimal number of consumers within the densely
populated area to minimize their waiting time. The scope of
this study remains confined to discussing the location allocation
of the telecenter.

2.

Literature Review

There have been various attempts made to solve the problem of
location allocation of telecenters in the past. However, there is
room for modern techniques of analysis to be employed, and
the scope for optimization still exists in this area of research.
A few research studies using the schemes mentioned in the
earlier paragraph have been noted and analyzed for the solution
of the location allocation problem. One of the location allocation models for telecenters was studied and implemented in
Turkey [12]. Turkey undertook an initiative to develop telecenters to reduce the digital divide and introduced public Internet
access points. Telecenters were established with three main
291 | Rajan Gupta, Sunil Kumar Muttoo, and Saibal K. Pal

objectives—Internet connection for the settlement, nearness of
the locations, and electronic services on the Internet. Asik [13]
defined various issues with the establishment of telecenters, and
one of them was the selection of the hub for the settlement.
Kitrinou et al. [14] presented a set cover-based model for the
location choice of telecenters in the Aegean islands. Zolfani
et al. [15] presented another case study based out of Iran for
the performance evaluation of telecenters with the help of the
following algorithms—the fuzzy analytical hierarchy process,
the technique for order preference by similarity to ideal solution
or TOPSIS-Grey method (a method based on the multi-criteria
decision-making method), and the saw-G method (simple adaptive weighting with Grey relations). The study supplied an
evaluation framework for the development of rural telecenters
in Iran that can also be used for other countries. Another model
of the common service center or the telecenter was studied by
Marianov and Serra [16]. This model was based on minimizing
consumer congestion and travel cost. The p-median constraint
was used for the formulation of the problem solution. Apart
from the telecenter location allocation, other facility location
allocation applications were studied [17–27].
The meta-heuristic algorithms are trusted in various other
fields too, particularly for their efficiency. Thus, they are used
extensively in various research applications. Harmony search
was used with fuzzy C-means (FCM) to determine the aquifer
parameters [28] and hybrid color image quantization [29]. Furthermore, it was used with K-means (KM) for document clustering [30] and the classification of polyester composites [31].
Harmony search was also used for the selection of features [32]
and in wireless sensor networks [33]. Global harmony search
was used for electric load forecasting [34] and in the detection of
concealed weapons [35]. Even fuzzy logic has been recently applied in diverse application areas [36-39], which is a testament
to its efficiency as well as its potential in the solution of other
research problems. The relative importance of meta-heuristics
has emerged in the solution of location allocation problems after
an investigation into many of the algorithmic approaches used
in its solution. Therefore, from the perspective of efficiency
and applicability, these techniques appear to be stable enough
to be used in the solution of the location allocation problem of
telecenters. The vast number of articles do not deal with the optimization of telecenter location allocation problem. Therefore,
there is a need for a telecenter location optimization problem
solution that can help in solving a realistic telecenter model.
Implementation of various meta-heuristic algorithms have been
used in different applications of the location allocation problem.
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However, thus far they have not been employed in the solution
of the telecenter location problem. There are three objectives
of the current research work. They are as follows: to map the
problem of telecenter location allocation in a developing nation;
to determine the location of the telecenter in a given space of
demand points; and to optimize the location of the telecenter in
a given set of demand points using meta-heuristic algorithms.

3.

Methodology

The approach to solve the existing problem has been divided
into three phases. The first phase consists of problem mapping,
the second phase consists of clustering the data points to find
the cluster center, and the third phase consists of the application
of meta-heuristic algorithms on the cluster center in order to
optimize the location of the telecenter. The facility location
allocation problem has been used to allocate the telecenter at an
appropriate place such that the maximum number of people can
use the services with minimum travel and cost. Mathematically,
facility location allocation can be defined as follows:
Minimize

m X
X
n
p=1

q=1

distp,q weightq

such that,
m
X
p=1
n
X

Capacity p <= M aximum Capacity;
Demandq <= Allocated M aximum Demand;

q=1

where m is the number of facilities; n is the number of demand
points; distp,q is the distance between two points p and q;
weightq is the weight at demand point q.
3.1

Phase 1

Figure 1. Overall conceptualization of the optimization of the telecenter in the search space.
3.2

Phase 2

Based on the objective function formulated, the demand points
were clustered using the KM and the FCM algorithms. Among
the different types of clustering schemes, the partition-based
clustering method is widely used by researchers. The partitionbased clustering method includes two types of clustering schemes
viz. FCM and KM clustering. A comparative analysis was carried out between both the algorithms and it was found that
the execution time of FCM is lesser than that of the KM algorithm [40]. The fuzzy nature of the FCM algorithm makes it
more computationally efficient [41]. In phase 2, the demand
points were clustered into various groups using KM and FCM
algorithms based on the distance between the points and the
various cluster centers were obtained. For every region, three
cluster centers were considered for experimental purposes while
considering the latitudinal and longitudinal position of each demand point in the regions.

3.3

Phase 3

The problem has been mapped as per the functionality of the
telecenter and its working in a region. The basic concept is
shown in Figure 1 with following objective function.

Once the demand points were clustered, the location of the
telecenter was identified in different ways. The first choice was
selecting a random location (R). The second option was to select
M inimizing COST (Demand point, T elecenter Location) the center of the cluster as the location for the telecenter (C).
The third option was the optimization of the cluster center using
= P opulation(Demand P oint)
meta-heuristic algorithms such as particle swarm optimization
∗ T ravelling Cost(Demand point, T elecenter Location) (PSO), the bat algorithm (BA), and ant colony optimization
∗ Distance(Demand point, T elecenter Location).
(ACO) [42–44]. Moreover, the telecenter location was obtained
from traditional models such as those using P-center and P-
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median. Therefore, in phase 3, the cluster centers were selected
and optimized using different optimization algorithms.
3.4

Description of Existing Schemes

The various schemes used in this study are KM clustering
and FCM. Clustering is performed with three optimization
schemes—PSO, ACO, and the BA. KM is one of the simplest
forms of clustering that creates k-clusters from the given set
of points based on their proximity to the cluster center, calculated via obtaining a mean of the points. At the end of various
iterations, each point is allocated to only one cluster. For this
reason, it is also known as a hard clustering technique. On the
other hand, FCM is a soft clustering technique, which allows
one point to be a part of more than one cluster. Fuzzy logic is
applied while creating the clusters and while allocating points
to various clusters. PSO, ACO, and BA are nature-inspired
algorithms based on the behavior of different creatures on this
earth. PSO is based on the food-search behavior of bees that
work at different speeds in different positions to find food. BA
is based on the behavior of bats that find their prey at night
using supersonic waves. ACO is based on the behavior of a
colony of ants moving in search of food in a particular direction.
All these techniques optimize group behavior based on specific
features and yield the most optimal location out of the given set
of options where food may be found.

is adopting the e-governance implementation rapidly, and is
climbing the United Nation’s e-governance development index
swiftly, it is a good candidate to consider for telecenter allocation. Moreover, a huge budget has been allocated by India under
the National E-Governance Plan for allocation of telecenters in
the rural areas of the country. The code has been implemented
using MATLAB & LINGO software on a Dell Inspiron 15R
Machine with an Intel Core i5 processor, and a 64-bit operating
system with 500 GB HDD and 4 GB of RAM.
3.6

There were different parameters used for the different algorithms investigated in the current study. In KM, the value of
k was set to be 12, because three clusters were formed from
four different regions and a 100 iterations were employed. In
FCM, the fuzziness coefficient was set to 2 and the number of
iterations was maintained at 100. In PSO, the initial swarm size
was set to be 100, the number of iterations was 100 and the
accelerations coefficients were initialized to 0.5 each. In BA,
the population size was 100, number of iterations was 100, and
the rates for loudness and the pulse rate were set to be 0.1 each.
In ACO, the initial colony size was assigned a value of 100, the
number of iterations was 100, and the alpha-beta parameters
were each assigned a value of 3.

4.
3.5

Experimental Setup

For experimental purposes, the data set has been taken from
the villages of four different regions of India. Because India

Parameters for the Optimization Algorithms

Results

The cost comparison, derived from the objective function via
the use of different techniques is shown in Table 1. Overall 72
demand points were considered which were grouped into 12

Table 1. Cost comparison for various techniques implemented standalone and in combination for different regions
Algorithm

R1

R2

R3

R4

Total

KM-R

33825

45835

39990

20109

139759

KM-C

23465

24957

30234

16784

95440

FCM-R

32788

44830

38997

20023

136639

FCM-C

22996

23981

29092

15971

92042

FCM-PSO

21870

22317

28454

13189

85832

FCM-Bat

20727

19665

26627

12816

79837

FCM-ACO

21124

20785

27632

12980

82521

P-center

68470

45120

39018

14065

166673

P-median

22770

25010

38990

14580

101350
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clusters across four regions—R1, R2, R3, and R4. It is obvious
that clustering schemes that have been optimized using various
meta-heuristic techniques yield better results because their cost
functions have lower values. The location allocation solution
using traditional models such as P-center and P-median are far
too expensive. Even the KM clustering algorithm was expensive
as compared to the FCM clustering algorithms, therefore, metaheuristic schemes were only used to optimize the center of FCM
based clusters.
R1-R4 are four different regions under the study: KM-R,
K-means clustering with random allocation; KM-C, K-means
clustering with centroid; FCM-R, fuzzy C-means clustering
with random allocation; FCM-C, fuzzy C-means clustering
with centroid; FCM-PSO, fuzzy C-means clustering with particle swarm optimization for optimization of center; FCM-ACO,
fuzzy C-means clustering with ant colony optimization for optimization of center; note that values are approximate and are
calculated for 100 iterations.
The experiment was conducted over 100-15, 000 iterations.
The statistical properties of the values for the objective function
were observed over the different iterations. The objective function value was optimized in less than 1, 000 iterations and very
few variations were exhibited over 15, 000 iterations. Therefore, a convergence of the results was observed over a certain
number of iterations. Table 2 shows the statistical properties of
the meta-heuristic based techniques used for the optimization.
Even the worst value of the three schemes from Table 2 were
found to be better than the best values achieved for normal
FCM and KM techniques and traditional P-center and P-median
based models. Of the three meta-heuristic schemes, the BA
was found to be better than PSO and ACO. The validity of
the new techniques can be attributed to the fact that a better
objective function has been obtained as compared to that in
previously used traditional techniques. Moreover, the clusters

Table 2. Statistical measures of techniques for total cost of four
regions over repeated experimentation (approx. values)
FCMPSO

FCMBat

FCMACO

21458

20047

21004

6205

6104

6139

Minimum

20100

19649

200455

Maximum

24623

22432

23985

4523

2783

3940

Mean
Standard deviation

Range
www.ijfis.org

formed had low variability and appropriate cumulative intracluster distance. The results were improved over those of the
existing schemes of P-median and P-center, while exclusive
usage of clustering schemes proved to be more expensive for
the objective function. Similar improved results were observed
in the case of a combination of fuzzy-logic based clustering
and an application of meta-heuristic algorithms in different
areas [28–35]. This validates the findings of the current study.
The use of optimization algorithms reduced the cost of the
objective function over that resulting from the employment of
standalone clustering techniques. Such an improvement has
been noted in other areas as well [45].

5.

Conclusion

The problem of allocating telecenters under the e-governance
infrastructure was solved in this study. Various clustering and
meta-heuristic schemes were used to find the optimized location of the telecenter. It is concluded that a combination of
clustering and evolutionary schemes such as PSO, Bat, and
ACO enhances the performance of the location allocation algorithm of the telecenter. Various researchers in the past have
used P-center and P-median approaches to solve telecenter location allocation; however, they are costly techniques and the
optimizations are more efficiently carried out using different
strategies as suggested in this study. The cost of infrastructure
can be reduced using the proposed techniques and citizens can
be better engaged via the telecenters setup by the governments
of developing nations. Because the developing nations have
limited resources and revenues, a solution to the problem of allocating the infrastructure in the most efficient manner possible
is helpful.
This work makes a few specific research contributions to
the literature in its field of study. Although location optimization has attracted a lot of attention from researchers, the telecenter location allocation optimization model is considerably
novel in this research area and demands a thorough investigation. To the best of our knowledge, there has not yet been a
widespread application of meta-heuristic algorithms in combination with clustering to determine the optimal location of
telecenters. Therefore, the addition of this work to the literature
of e-governance and evolutionary computing will be helpful
for the various stakeholders. Specifically, the application of
ACO and Bat has not been reported upon in the literature with
respect to telecenter location allocation. Moreover, the inherent
property of the optimization scheme to focus on the most appro-
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priate point has been used for the allocation strategy; to date,
this property has not been exploited in the field of telecenter
location allocation. Mapping of the problem of locating a telecenter in a developing nation such as India has not been carried
out effectively in the past. Thus, this study contributes to the literature from a problem mapping perspective in a relatively new
application area. There is scope for future research based upon
this study. Such research should include the implementation of
various other meta-heuristic schemes such as harmony search,
honeybee search etc., and the comparison of the results from
these novel schemes against those of traditional approaches and
already available meta-heuristic schemes.
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