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Abstract-This research is initiated for analysis of 
effective utilization of existing mobile network 
infrastructure. Currently, the researchers are working 
towards the software which is used for scheduling, 
optimizing the collision and noise; irrespective of 
available infrastructure. This proposed research is to 
study the existing infrastructure utilization and to 
determine the expansion of infrastructure or share with 
other service providers with in the government policy 
based on mobile network utilization density according to 
clustering classification.Mobile users are classified based 
on their registration and mobile utilization area. As per 
their mobile utilization, data are fetched from on process 
server and updated to the corresponding tables. The 
segregated tables data are calculated according to the 
dialer, receiver, call duration, status and updated to the 
transaction table for analysis purpose.  
 

I. INTRODUCTION 
 

This research is initiated to determine the share ability 
and expansion of Mobile network infrastructure 
according to the usage of the mobile users in a region. In 
the current system this decision is considered based on 
the geographical analysis method instead of utilization 
method. This research work is an initiative to adopt the 
policy changes to share the infrastructure in mobile 
network. The mobile network service providers can 
expand their infrastructure to provide effective services. 
Various mobile service providers are there in India to 
provide mobile service. Every service provider have 
invested huge amount to create infrastructures from their 
earnings. Therefore the service cost is more to the mobile 
users. To reduce the mobile service cost and to provide 
the quality mobile service to the users, the Government 
of India has initiated infrastructure sharing policy in the 
mobile network. To determine the expandability or 
creation of infrastructure facilities is based on 
geographical and utilization services. 

 
Methodology 

 

In this research, the researcher adopts the scientific 
research methodology which contains the following 
steps: 

a. Describing the problem with its integrated 
factors. 

b. Analysing of the existing scientific technology 
which involves concepts, algorithms and derived 
solutions. 

c. Designing the density determination method 
using existing available scientific concepts and 
algorithms. 

d. Developing  the model according to the design. 
e. Observing the results and the critical evaluation 

of the same. 
f. Specifying its limitation and further 

enhancement. 
 

Mobile Communications Principles 
Each mobile uses a separate, temporary radio channel to 
talk to the cell site. The cell site talks to many mobiles at 
once, using one channel per mobile. Channels use a pair 
of frequencies for communication—one frequency (the 
forward link) for transmitting from the cell site and one 
frequency (the reverse link) for the cell site to receive 
calls from the users. Radio energy dissipates over 
distance, so mobiles must stay near the base station to 
maintain communications. The basic structure of mobile 
networks includes telephone systems and radio services. 
Where mobile radio service operates in a closed network 
and has no access to the telephone system, mobile 
telephone service allows interconnection to the telephone 
network (see the following Figure).  
 

II. CELLULAR SYSTEM ARCHITECTURE 
 
Increase in demand and the poor quality of existing 
service led the mobile service providers to research in 
different ways to improve the quality of service and to 
support more users in their systems. Because the amount 
of frequency spectrum available for mobile cellular use 
was limited, efficient use of the required frequencies was 
needed for mobile cellular coverage. In modern cellular 
telephony, rural and urban regions are divided into areas 
according to specific provisioning guidelines. 
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Deployment parameters, such as amount of cell-splitting 
and cell sizes, are determined by engineers experienced 
in cellular system architecture. Provisioning for each 
region is planned according to an engineering plan that 
includes cells, clusters, frequency reuse, and handovers.  

 

 
Figure Basic Mobile Telephone Service Network 

 
Decision Support System 
This is the tool to determine the shareability and 
expandability of mobile network infrastructure based on 
the mobile network utilization in a specific region using 
cluster based analysis which leads to provide effective 
quality data service from the mobile network service 
provider to mobile user services. To obtain this support 
system the density level is observed in a specific cluster 
over a period of time. The density ratio is calculated 
according to the observed and collected mobile network 
utilization data for a particular cluster. 

 
Density Determination 
It is a process to find out mobile infrastructure utilization 
level of a specific region. The density determination 
involves the registered user and the non-registered user. 
The users are classified as follows: 

a.  Home User: The user belongs to the same 
cluster. 

b. Visitor: The user belonging to other clusters but 
utilizing the specified clustered area. 

c. Registered: The users registered with the service 
provider and utilizing the same service providers 
network. 

d. Non registered: The users are utilizing service 
from other than their registered service provider. 

e. Others - Home: They are not the registered 
users of mobile network but getting the services from the 
specified clusters. 

f. Others – Visitors: They are not the registered 
users of mobile network but getting the service from the 
clusters other than the specified cluster. 

In this research work the mobile users are observed based 
on their call transformation via., base station . Whenever 
the call is routed from the same network or from other 
network and passed through this network; it is 
encountered as a network utilization system. The initiated 
call, on going call and passing calls are taken into the 
account for the density determination. 
 
Mobile Station 
The mobile station (MS) consists of the mobile 
equipment (the terminal) and a smart card called the 
Subscriber Identity Module (SIM). The SIM provides 
personal mobility, so that the user can have access to 
subscribed services irrespective of a specific terminal. By 
inserting the SIM card into another GSM terminal, the 
user is able to receive calls at that terminal, make calls 
from that terminal, and receive other subscribed services.  
 
Base Station Subsystem 
The Base Station Subsystem is composed of two parts, 
the Base Transceiver Station (BTS) and the Base 
Station Controller (BSC). These communicate across 
the standardized Abis interface, allowing (as in the rest of 
the system) operation between components made by 
different suppliers 
 
Network Subsystem 
The central component of the Network Subsystem is the 
Mobile services Switching Center (MSC). It acts like a 
normal switching node of the PSTN or ISDN, and 
additionally provides all the functionality needed to 
handle a mobile subscriber, such as registration, 
authentication, location updating, handovers, and call 
routing to a roaming subscriber. These services are 
provided in conjuction with several functional entities, 
which together form the Network Subsystem. The MSC 
provides the connection to the fixed networks (such as 
the PSTN or ISDN). Signalling between functional 
entities in the Network Subsystem uses Signalling 
System Number 7 (SS7), used for trunk signalling in 
ISDN and widely used in current public networks.  
 
The Home Location Register (HLR) and Visitor 
Location Register (VLR), together with the MSC, 
provide the call-routing and roaming capabilities of 
GSM. The HLR contains all the administrative 
information of each subscriber registered in the 
corresponding GSM network, along with the current 
location of the mobile. The location of the mobile is 
typically in the form of the signalling address of the VLR 
associated with the mobile station. The actual routing 
procedure will be described later. There is logically one 
HLR per GSM network, although it may be implemented 
as a distributed database.  
The Visitor Location Register (VLR) contains selected 
administrative information from the HLR, necessary for 
call control and provision of the subscribed services, for 
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each mobile currently located in the geographical area 
controlled by the VLR. Although each functional entity 
can be implemented as an independent unit, all 
manufacturers of switching equipment to date implement 
the VLR together with the MSC, so that the geographical 
area controlled by the MSC corresponds to that 
controlled by the VLR, thus simplifying the signalling 
required. Note that the MSC contains no information 
about particular mobile stations --- this information is 
stored in the location registers.  

 
The other two registers are used for authentication and 
security purposes. The Equipment Identity Register 
(EIR) is a database that contains a list of all valid mobile 
equipment on the network, where each mobile station is 
identified by its International Mobile Equipment 
Identity (IMEI). An IMEI is marked as invalid if it has 
been reported stolen or is not type approved. The 
Authentication Center (AuC) is a protected database that 
stores a copy of the secret key stored in each subscriber's 
SIM card, which is used for authentication and 
encryption over the radio channel. 
  
Single-Linkage Clustering: The Algorithm 
Let’s now take a deeper look at how Johnson’s algorithm 
works in the case of single-linkage clustering. 
The algorithm is an agglomerative scheme that erases 
rows and columns in the proximity matrix as old clusters 
are merged into new ones.The N*N proximity matrix is 
D = [d(i,j)]. The clusterings are assigned sequence 
numbers 0,1,......, (n-1) and L(k) is the level of the kth 
clustering. A cluster with sequence number m is denoted 
(m) and the proximity between clusters (r) and (s) is 
denoted d [(r),(s)].  
The algorithm is composed of the following steps: 

1. Begin with the disjoint clustering having level 
L(0) = 0 and sequence number m = 0. 

2. Find the least dissimilar pair of clusters in the 
current clustering, say pair (r), (s), according to 

  d[(r),(s)] = min d[(i),(j)] 
3. where the minimum is over all pairs of clusters 

in the current clustering.  
4. Increment the sequence number : m = m +1. 

Merge clusters (r) and (s) into a single cluster to form the 
next clustering m. Set the level of this clustering to L(m) 
= d[(r),(s)]  

5. Update the proximity matrix, D, by deleting 
the rows and columns corresponding to clusters (r) and 
(s) and adding a row and column corresponding to the 
newly formed cluster. The proximity between the new 
cluster, denoted (r,s) and old cluster (k) is defined in this 
way: 

         d[(k), (r,s)] = min d[(k),(r)], d[(k),(s)]  
6. If all objects are in one cluster, stop. Else, go to 

step 2. 
 

III. K-MEANS CLUSTERING 
K-means (MacQueen, 1967) is one of the simplest 
unsupervised learning algorithms that solve the well 
known clustering problem. The procedure follows a 
simple and easy way to classify a given data set through 
a certain number of clusters (assume k clusters) fixed a 
priori. The main idea is to define k centroids, one for 
each cluster. These centroids shoud be placed in a 
cunning way because of different location causes 
different result. So, the better choice is to place them as 
much as possible far away from each other. The next step 
is to take each point belonging to a given data set and 
associate it to the nearest centroid. When no point is 
pending, the first step is completed and an early groupage 
is done. At this point we need to re-calculate k new 
centroids as barycenters of the clusters resulting from the 
previous step. After we have these k new centroids, a 
new binding has to be done between the same data set 
points and the nearest new centroid. A loop has been 
generated. As a result of this loop we may notice that the 
k centroids change their location step by step until no 
more changes are done. In other words centroids do not 
move any more.Finally, this algorithm aims at 
minimizing an objective function, in this case a squared 
error function. The objective function 

 

, 

where is a chosen distance measure between 

a data point and the cluster centre , is an indicator 
of the distance of the n data points from their respective 
cluster centres. 

 
The algorithm is composed of the following steps: 
1.Place K points into the space represented by the objects 
that are being clustered. These points represent initial 
group centroids. 
2.Assign each object to the group that has the closest 
centroid. 
3.When all objects have been assigned, recalculate the 
positions of the K centroids. 
4.Repeat Steps 2 and 3 until the centroids no longer 
move. This produces a separation of the objects into 
groups from which the metric to be minimized can be 
calculated. 

 
   Although it can be proved that the procedure will always 

terminate, the k-means algorithm does not necessarily 
find the most optimal configuration, corresponding to the 
global objective function minimum. The algorithm is also 
significantly sensitive to the initial randomly selected 
cluster centres. The k-means algorithm can be run 
multiple times to reduce this effect.K-means is a simple 
algorithm that has been adapted to many problem 
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domains. As we are going to see, it is a good candidate 
for extension to work with fuzzy feature vectors.  

 
IV. CONCEPTS FOR DENSITY 

DETERMINATION 
 
The density level is calculated according to mobile users 
for a particular instance. A instance refers to a time 
factor. At particular instance how many mobile users are 
accessing their prescribed and assigned infrastructure, at 
the same time how many unassigned users are accessing 
the same infrastructure. The number of  accessible  users 
are treated as the total number of users in a particular 
infrastructure. For that particular instance if the total 
accessor is greater than predefined infrastructure user 
capacity then the expansion is required. To provide the 
effective service the specified infrastructure can be 
isolated from other service providers. If the total number 

of  accessor is less in comparison with the predefined 
infrastructure capacity then the specified infrastructure is 
open for share ability of other service providers user. The 
accessible user includes non-registered, visitor and other 
data transferring devices using this infrastructure for 
communication. 
 
Data capturing module 

 
Objective : Capture the specified data from the server and 
classify into corresponding table for the analysis purpose  
Functionality : Data Capturing and classification  
Users: Administrator, Data reviewer  
Input : The dialer id, receiver id, call duration, type , 
scheme, call cost, status  
Output : Classified data to be updated in the 
corresponding table using JDBC and SQL processing . 

Classification of Mobile users  
 

Objective : Determine the mobile users utilization   
Functionality : from the classified tables calculate the 
region, registered, non registered users summary   
Users: Administrator, Data classifier  

Input : The dialer id, receiver id, call duration, type , 
scheme, call cost, status  
Output : Text based report  

  
Density computation  
Objective:Calculate the mobile users utilization of 
particulartransmitter   

 
 

Functionality : from the classified tables analysis the 
periodical call flow, utilization time of the transmitter by 
the registered users, non – registered users and their 
summary in graphical and non graphical format  
 Input : transaction id, Time start, time till , number of 
calls from Registered users to Registered user, Registered 
users to Non-Registered users, Non- Registered users to 
Registered user, Non-Registered users to Non-Registered 
user, like others. 
Output : Graphical and Non- graphical reports 

 
Decisions Support System with various ratio analysis: 
Objective : Provide Suggestion to the management with 
reports    
Functionality : As per the report calculate the ratio for 
existing mobile users  
Input :  Frequency data, ratio values  
Output : Recommendation as a Text message  
Based on the above mentioned functional models the 
software is developed with the following specifications. 
a. The mobile users identity, call duration and related 
information is  captured from base station server.  

b. The gathered data is represented according to  
clustering concepts.  
c. The clustered data is used to calculate the mean, 
mode of the base station utilization. 
d. The standard utilization for the particular instance aid 
to determine the  base station accessability using user 
accessability and capacity ratio. The graphical 
representation is also generated for classified users.  
e. According to the ratio for different instance the 
decision support tool system aid for expansion or share 
ability of  mobile network infrastructure. 
 
Utilization level  
As per the observation of available data which is 
provided by the ISP , the utilization percentage of a base 
station is represented here. The base station is selected in 
the border of metro city which is mostly adopted to share 
for the visitors and where shadow density occurs.  
 
Total call and Base station Service observation  
Two base station utilization data are observed and 
gathered. The gathered data represented according to the 
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utilization of network and its attributes. The attributes are 
related with the transformation and the traverse of mobile 
device and its signal. The call transformation across the 
network also observed for the service utilization. 
 
Table Classified Data Summary 
The classified data according to the location of base 
station, calls, register user, visitor and others are 
represented in the following table. 

 
Call Service and Percentage  

 
Figure Base Station Utilization Vs Total Calls 

 
 

 
As per the observation, the urban base station utilization 
is at the maximum level to their registered user. The rural 
station is mostly utilized by the registered users and 
shared with the registered visitors. The above graph 
represents the base station and number of calls handled 
during the observation. The calls are observed for 30 
days. The initiation and closing of call is  counted  as a 
single call. The majority of the calls are initiated and 
utilized with the registered clusters. The urban base 
station is effectively utilized by the  urban registered 
users at a maximum level. The urban border and the rural  
border base stations are used at a moderate level. The 
rural base station utilization is minimum when compared 
with other base stations. The visitors and unregistered 
users utilization are also observed form the data. 

  
Figure Base Station Utilization Percentage 
 

The above graph shows the utilization of base stations 
which is located one at urban , urban border, rural and 

rural border. From the above table the total number of 
calls and their attributes are manipulated using clustering 
algorithm and determine the originality of base station 
utilization is determined and it is represented in it’s 
percentage. Out of  total number of calls  which is 
accessed from the particular base station,  the 
classification method drives on the differentiation of 
home registered users, visitor registered users , home 
non-registered users, visited non registered and others. 
As per the observation all the home registered users are 
utilizing their service mostly from their own service 
providers. In the registered area they are not accessing 
other service providers. The required service support is 
provided on the mobile by the same service provider. 
Therefore in the above represented table home non-
registered users are eliminated and all the registered users 
are treated as home users . The home users has the 
privilege to access their own base station  and receive 
supporting services from the registered service 
providers.The above table represents the percentage of 
utilization on visitors and their attributes. Mostly, the 
users has rights to access the same service providers base 
station while they are moving from one cluster to another 
cluster. Therefore, the visitor- registered users percentage 
is more in comparison  with other mobile service 
accessors like visitor-non-registered and others. While 
they are moving from one cluster to another cluster the 
base station identifies the registered users initially, then it 
moves to the associated registered users or collaborators. 
Therefore the number of users from the non-registered 
group and others accessing for the service station is less.  
 
Density determination of the base stations 
A base station has the capacity to handle specified 
number of mobile users at the instance of time. Over the 
30 days  of observation the server has faced the critical 
service situation twice due to the following reasons: 

a. natural disaster 
b.  local festival  
This observation is made  in the month of January 
.During this month local festival is celebrated in Tamil 
Nadu. During these days the server managed the calls 
above its capacity level data transmission.  
 

Table Critical Situation Calls 
The above table represents the number of calls handled at 
two different occasions by the urban, urban border, rural 
and rural border base stations. The call(1) represents the 
observation of 24 hour duration during the natural 
disaster flood occurred in Chennai. The call (2) is the 24 
hour observation of local festival ( pongal ). 
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Base Station Location  capacity 
calls(1

) 
calls 

(2) 
B1 Urban 1048576 1677722 1593836 
B2 urban Border 1048576 1468006 1426063 
B3 Rural 1048576 838861 754974.7 
B4 Rural Border 1048576 796918 713031.7 

 
Critical Situation Observation  
In these two occasions the server faced the critical 
situation towards the data transmission between the 
mobile users. This critical situation occurs with the 
following factors: 

a. The number of  mobile users try to access the 
servers above the capacity level. 

b. More number of non-registered and outside users 
demand the service from the base station. 

c. The queue capacity  is overloaded with the request 
of mobile devices. 

 
Figure Base Station Capacity Vs Calls 

This chart shows the based station capacity and number 
of calls handled during the critical position. The base 
station can is manageable to the specified capacity. The 
daily routine of mobile service users are increased day by 
day, the number of new users also increased every day 
according to the cluster. The number of users is increased 
but corresponding infrastructure is not expanded or 
added. Therefore the work load of the base station 
capacity level is increasing. The users are demanding the 
services, if the bases station is able to manage then we 
can provide the effective services otherwise the service 
efficiency will be reduced. 
 
Ratio calculation   
The base station capacity and the service capacity are 
compared. The ratio of base station utilization has to be 
calculated as follows 

Base station utilization ratio   =   Number of calls 
/ Base station Capacity   

Base Station capacity   =  1048576 
Number of calls at the instance  =  1677722 
Base Station utilization ration  =  1677722 / 

1048576 = 1.6  
The ratio is aid  to determine the density and predicate 

the share ability or  expandability of mobile base station. 

  
Base 

Station Location  
Ratio 

calls(1) 
Ratio calls 

(2) 
B1 Urban 1.6 1.52 
B2 UrbanBorder 1.4 1.36 
B3 Rural 0.8 0.72 
B4 Rural Border 0.76 0.68 

 
Table Call Ratio 
The above table represents the ratio of call service 
provided by different base station on the occurance of 
critical situation.  
 
Density Determination  
The ratio is calculated according to the availability of 
server data. When the ratio level is above one then the 
base station requires some attention to increase its 
capacity. The frequent ratio variance occurs due to the 
demand of service from other mobile service request. The 
service providers register users are also increased day by 
day. Therefore the service providers service efficiency is 

also expected to be increased. But the service providers 
are not necessary to expand or share to the specific 
clustering area of the users. The ratio value indicates that 
the urban and urban border base station are only expected 
to increase. The rural and rural border base station can be 
shared with other service providers. This scientific 
approach calculation leads to the business infrastructure 
utilization and increase the efficiency according to the 
mobile users utilization instead of Geographical 
specification.  
 

V. CONCLUSION  
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The determined factors are observed from the analysis. 
This scientific approach leads the management to the 
expansion or share ability of infrastructures according to 
the requirement of mobile user service requirement. The 
analysis methodology provides necessary information to 
the management to take the decision on base station 
expansion/share ability and   act as decision supporting 
tool for the management.  
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