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approach for subscriber classification in mobile cellular networks is proposed. The pro-
posed approach considers network traffic generated from a mobile cellular network oper-
ator in South Africa. The proposed approach makes use of a difference histogram approach
for feature extraction and a fuzzy c-means clustering algorithm to classify traffic data into
subscriber classes. To validate the proposed approach, a comparative analysis of two differ-
ent multi-resolution feature extraction approaches, the empirical mode decomposition
(EMD) approach and the discrete wavelet packet transform (DWPT) are compared with
results obtained with the difference histogram (DH) approach. It is shown that the differ-
ence histogram provides better clustering results when compared to the two multi-resolu-
tion approaches demonstrating the potential of the difference histogram approach.
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1. Introduction

Mobile cellular networks have been adopted rapidly worldwide and are considered to be amongst the most popular
personal technology across the world [1]. According to the GSM association [2], it was announced that the number of global
mobile subscriptions had passed 5 Billion by July, 2010. The ITU estimated that there were nearly 300 Million subscribers in
Africa that rose to nearly 450 Million mobile subscribers in 2009 with an approximated growth rate of 25% [3]. As the number
of subscriber bases in most mobile networks across Africa and around the world continue to increase, one of the greatest chal-
lenges faced by network operators is the efficient management of existing network resources to meet the demand in capacity
as a result of the experienced growth. The management of resources needs to be viewed from two perspectives; (i) managing
the existing network through efficient capacity management to meet desired quality of service (QoS) in terms of minimum
grade of service which is linked to blocking probability in the network; (ii) defining an optimum threshold and determining
which network infrastructure upgrades are imperative to support the rise in demand for capacity.

One way in which network operators can assess the performance of a mobile network is by evaluating the impact of sub-
scribers on the network [4]. By understanding the influence of subscribers on the network, network providers are able to
better manage the extent of capital investment on the network and manage available resources for effective QoS manage-
ment. Information regarding a customer’s behaviour and market segments that the customer belongs is useful to operators
to make major decisions regarding business service offerings that are catered to identified market segments [5]. With the rise
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in demand for capacity in mobile networks across Africa and with the varying socio-economic distributions experienced in
these networks, the ability to separate subscriber types into subscriber classes for effective network capacity planning and
forecasting is vital. Vast repositories of various measurements are generated through counters in a typical cellular network
on a daily basis.

However, the extraction of meaningful subscriber behaviour from these repositories is a challenge and requires the anal-
ysis of multiple data sources. The use of signal processing approaches have been widely used for feature extraction and clas-
sification. However, one of the problems with traditional signal processing approaches is their inefficiency in providing
sufficient information in the time domain. The choice of approaches such as the wavelet transform have shown the ability
to handle signals in short time intervals for high frequency components as well as long time intervals for low frequency com-
ponents [6]. Wavelet based multi-resolution analysis techniques (WMAT) have been shown to be useful in denoising multi-
dimensional spatial/temporal signals containing steady/unsteady noise [7]. The empirical mode decomposition (EMD) ap-
proach has been shown to be a powerful tool in analysing composite, non-linear and non-stationary signals [8]. The differ-
ence histogram approach [9], a relatively new approach for feature extraction, has been shown to have benefits in terms of
computational complexity and its suitability for real-time applications.

Though the above approaches have shown their suitability and robustness in feature extraction of non-linear and non-
stationary signals, their efficiency in feature extraction and classification of subscriber classes in mobile networks needs to
be evaluated. In this paper, a new approach for subscriber classification in mobile networks is presented. The proposed
approach makes use of the difference histogram approach proposed in [9] for feature extraction and a fuzzy c-means algo-
rithm for clustering. To show the performance benefits of the histogram approach, the algorithm is compared with an
EMD and DWPT approach. The remainder of this paper is organised as follows. The next section provide a summary of
related work on network planning and optimisation strategies and feature extraction approaches. Section 3 provides a the-
oretical overview of the multi-resolution analysis approaches utilised in this study. Section 4 discusses the proposed sub-
scriber classification approach for mobile cellular subscribers. Section 5 provides cluster analysis results which highlights
the comparative analysis between the three feature extraction approaches. Based on the cluster analysis results, a pro-
posed two-level hybrid channel allocation approach is presented in Section 6. The conclusion of the paper is provided
in Section 7.

2. Related work

Various studies have been conducted to propose efficient network planning and optimisation strategies that make use of
load balancing strategies and growth planning strategies for network evolution. With the availability of vast amounts of
stored data in mobile networks, the determining of subscriber classes based on subscriber behaviour could be useful for
the network planning process. The following subsections give an overview of mobile network optimisation strategies and
feature extraction and classification approaches proposed in literature.

2.1. Mobile network optimisation strategies

Zang et al. propose a new efficient load balancing algorithm for channel assignment in [10]. The approach employs two
thresholds (light, heavy) to classify cells into three categories according to their states. The proposed scheme runs a chan-
nel-borrowing algorithm whenever there exists a heavy cell needing free channels. Whitaker et al. [11] present the con-
cept of marginal cost of service coverage which represents the lowest rate at which infrastructure cost must increase to
facilitate higher levels of service coverage. Cell-plan infrastructure efficiency is studied from two perspectives: establishing
the effect of cell density on infrastructure cost of the network, and secondly, the influence of the effects of increasing
infrastructure expenditure. Network planning can be investigated from an infrastructure cost-centric point of view
addressing the balance between infrastructure costs and coverage for a wide range of subscriber densities. Wireless ser-
vice providers face the need to plan and rapidly evolve networks to meet subscriber demands which has an impact on the
physical aspects of the network such as switching and radio equipment, available frequencies etc as described by Garcia
et al. in [4].

From a planning point of view, the impact of network optimisation needs to focus on two aspects of the network: the
access side and the core network side. Fig. 1 provides a basic overview of the key components of a typical cellular network
highlighting the access side and the core network side. Calin et al. discus a new approach for capacity planning for growing
CDMA networks. They highlight how the approach has aided in faster and more accurate capacity planning cycles while bal-
ancing QoS and capital investment constraints [12]. Mazzoni et al. investigate the characteristics of Italian cell phone users in
[13]. A multi-dimensional segmentation approach is used to determine if differences exist among Italian mobile phone users
leading to the identification of different market segments and secondly, to determine if it is possible to describe them using
the multi-dimensional approach. In [14], Kianmehr et al. conduct cluster analysis to identify calling communities using infor-
mation derived from call data records (CDR). In [15], factor analysis, clustering, and quantitative association is used to find
service adoption patterns of segmented groups. From a network planning and optimisation point of view, by identifying
market segments and considering that the network is not homogeneous but rather a heterogeneous network comprising
of subscribers that behave differently, the network planning strategies employed for cells deployed in these segments has
to be managed more effectively.
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