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Abstract. Mobility prediction of users has played a crucial role in the resource management of wireless networks and it has
attracted recently a great deal of research interests. However, since most of the current approaches are based on user movement
profiles for predicting the next location of mobile users, these techniques may fail to make a prediction for new users or ones with
movements on novel paths. In this paper, we propose a prediction model which is based on group mobility behaviors to deal with
such the lack of information of individual movement histories. Our proposed prediction approach makes use of clustering techniques
in data mining to classify mobility patterns of users into groups, where the mobile users within the same movement group may exhibit
similar movement characteristics. Towards this goal, we first determine which movement group the user’s current paths belong to
and then make use of mobility rules derived from that group to predict the next location for the user. Experiments will be performed
to demonstrate that using group mobility behaviors may avoid the lack of extracted mobility rules due to the incompleteness of
information on individual movement histories and significantly enhance the accuracy of the mobility prediction.

Keywords: movement group, mobility pattern, mobile user, prediction, wireless network
I INTRODUCTION

In the recent decades, wireless networks have been widely used due to their convenience, cost efficiency, and
ease of integration with other networks. However, the dynamic relocation of mobile users leads to problems of location
management and network resource allocation. Among the proposed solutions, mobility prediction has received a great
deal of attention since it may detect user location for providing effectively network resources [1- 9]. It means that by
using user mobility information, network resources may be reserved prior to the users entering. Mobility prediction has
been proposed as a means of enhancing performance including: (i) providing flexible usage of limited resource in
WLANSs due to accurate estimation of resource demands at future time; (if) reducing the handover latency due to
resource allocation prior to the actual handover; (ii7) supporting an effective Call Admission Control scheme to reduce
the new Call Blocking Probability and the Handoff Call Dropping Probability.

Unlike most previous approaches [1-3, 8- 9], which have utilized personal profile to predict the next locations
visited by a mobile user, our premise is that applying group mobility behaviors to facilitate the predicting in the case of
a new user or with movements on novel paths. In reality, even though human movement and mobility patterns have a
high degree of freedom and variation, they also exhibit mobility behaviors in groups due to geographic, social and
friendship constraints [10, 11]. For instance, mobile users in a university campus network can be categorized as
students, graduate students, departmental staffs, lecturers and so on. Students often move to classrooms, laboratories,
library, etc whereas departmental staffs spend most of the day near the administrative offices. In order to fully exploit
the similar movement characteristics, it is crucial to determine the movement groups, where the mobile users belong to
the same group have the same mobility behaviors. In other words, the group mobility behavior reflects the fact that
mobile users often behave as groups. Discovering such group mobility behaviors is a key issue for predicting future
movement of a new mobile user based on the mobility behaviors of members in a group.

In this paper, we propose a four-phase mobility prediction technique which is able to deal with the lack of
information on personal profile. We first make use of data mining techniques to discover frequent mobility patterns (or
mobility patterns for short) from personal profile of all mobile users in the coverage region. The second phase is to
cluster mobility patterns of all mobile users into movement groups. The third phase determines which group the user’s
current path belongs to. And then the fourth phase makes use of mobility rules derived from that group to predict the
next location for the user. The efficacy of the proposed approach is verified on the synthetic dataset and experimental
results show that the group mobility behavior may significantly enhance the accuracy of mobility prediction.

The remainder of this paper is constructed as follows. In Section II, some mobility prediction approaches are
introduced. Section III presents a novel model of mobility prediction based on the group mobility behavior. Section IV
is devoted to describing experiments and results for evaluating the proposed mobility prediction approach. Finally,
Section V-draws concluding remarks and further research work.

II. RELATED WORKS

The importance of mobility prediction in improving the performance of location management, smooth handoffs
and call admission control has attracted a great deal of interests. Various mobility prediction techniques [1-3, 6-9] have
been proposed and most of them are based on individual mobility behaviors which are discovered from personal
movement profile. One of the most effective approaches has been proposed by Y. Manolopoulos et. al. [1] which has
utilized personal movement history for predicting future movements of mobile users in a PCS (Personal
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Communication Systems) network. After mining all frequent mobility patterns from user movement history, the authors
extract mobility rules and utilize this knowledge for prediction. According to simulation results, moderate prediction
accuracy was achieved, decreasing only minimally with an increase in random mobility. Another approach that has
been also based on personal movement profile is presented in [2]. Juyoung Kang and Hwan-Seung Yong [2] have
utilized line simplification and clustering for discovering all spatio-temporal patterns from historical trajectories of
mobile user. Due to using frequent trajectory patterns in prediction, this approach can forecast accurate locations in the
distant future. In [3], the authors have proposed a Moving Pattern mining algorithm to extract frequent moving patterns
from individual user movement history for predicting future movement. They firstly represent the spatial location of
mobile users in coordinate system with x- and y-axis and then utilize the spatial operation to transform spatial location
into area for discovering significant information. After that, they apply time constraints between locations of moving
objects to make valid moving sequences. Finally, the frequent moving patterns are extracted from the generated moving
sequences and used for predicting. The advantage of these above techniques is that useful knowledge hidden under
mobility history of one mobile user will be fully discovered to predict his future movement. However, these approaches
may fail to make a prediction for a. new user or with movements on novel paths due to the lack of information on
personal movement profile.

In order to deal with the problem, some approaches [4, 5], which have been based on.group mobility behaviors
of mobile users, have been proposed. The basic idea of these approaches is to utilize mobility behaviors in the same
movement group for predicting future movement of members in the corresponding group. In [4], Chih-Chien Hung and
Wen-Chih Peng have proposed a new approach for predicting future movements based on group movement behaviors.
They first utilize PST (Probabilistic Suffix Trees) to capture moving patterns of mobile users. Second, they define a
distance function to determine the similarity between two PSTs and then propose a clustering algorithm to partition
mobile users with similar moving behaviors into groups using the distance function. Third, for each group, they select
one representative PST to predict future movements of users in the same group. The advantage of this approach is that
the storage cost is decreased. Another approach, which also considers group of mobile users in mobility prediction, is
presented by S. Avasthi and A. Dwivedi [5]. They have first cluster the mobile transaction sequences using the LBS-
Alignment to evaluate the similarity of sequences. Second, a time segmentation method is introduced to find the most
suitable time intervals. After clustering and segmentation, a user cluster table and a time interval table are generated.
Third, the CTMSPs (Clusici-based Temporal Mobile Scquential Patterns) are mined from the mobile transaction
database according to the user cluster table and time interval table. Finally, the appropriate CTMSP, which is from the
corresponding cluster a user belongs to, is selected to predict future movement of the user. These above approaches
focus on group mobility behaviors but do not really pay attention to elimination random movements of mobile users
before clustering mobility behaviors into groups. This may affect the quality of clustering process and thus mobility
behaviors in groups may be not good for predicting future movements. In conclusion, the drawback of these approaches
is that the accuracy of mobility prediction may be affected due to interference from random movements of mobile users.

Motivated by the limitations of the above approaches, our paper introduces a novel mobility prediction model
which utilizes mobility rules discovered from multiple similar users. This approach is not only able to deal with the lack
of information on personal profile but also able to avoid interference from random movement of mobile users due to
discovering frequent mobility patterns.

III. MOBILITY PREDICTION BASED ON GROUP MOBILITY BEHAVIORS
A. Discovering Mobility Patterns

Even though human movements have a high degree of freedom, no one move randomly all day and every user’s
movement is based on some regular habits. It’s easy to see that the mobility prediction can only work well with regular
movements and its accuracy degrades with increasing random movements. Therefore, random movements should be
eliminated from the trajectory database as much as possible. This phase takes responsibility for mining frequent
mobility patterns (or mobility patterns for short) from trajectory databases of all mobile users in the coverage region.
The algorithm for discovering all mobility patterns is the modified version of the Apriori technique [12, 13]. We have
used spatial and temporal constraints in order to reduce the number of generated candidates. That is, the mobility
pattern and the candidate derived from it must satisfy the neighbor constraint and ascending time constraint. The detail
of the mining algorithm has been presented in our previous work [9].

B. Clustering Mobility Patterns into groups

Our purpose in this work is to discover group mobility behaviors of a population of mobile users for predicting
future movement of individuals, who are new users or ones with movements on novel paths. To get such group
information of mobility behaviors, we first collect mobility patterns of all mobile users and then classify them into
groups of similar behaviors. The subsection presents briefly our proposed similarity measure [14], which is the basis for
constructing the clustering procedure to identify groups of similar mobility patterns. As presenting in previous work [9],
a mobility pattern is defined as a sequence of <(cy, #,), (¢2, 1), -- -, (Cay 2.)>, Where c¢; denotes the ID number of the cell to
which the user enters at time . It is clear that two consecutive 1D numbers ¢; and ¢;+, of a mobility pattern must be the

ID numbers of two neighbor cells in the coverage region. The ascending order of elements of the mobility pattern is
sorted by using time ¢ as the key. ‘






