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Abstract

 This chapter surveys the current state-of-art in handling mobility. 
 It first describes existing mobility models and patterns; and analyzes 

the challenges caused by mobility at the link layer.
 It then provides a comparative study of several mobility-aware MAC 

protocols.
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Introductions

 Wireless sensor networks are one of the technologies of the future. 
These networks consist of a large number of small size nodes which 
can sense a variety of physical phenomena, partially process the raw 
data locally, and deliver the result over a wireless multi-hop link . 

 Some of the above networks may experience a change in topology due 
to some reasons, for example, when new nodes join the network and 
when existing nodes experience hardware failure or exhaust their 
batteries.

 This type of change in the topology of the network occurs seldom and 
is described in the literature as a change in the topology due to a weak 
mobility .

 Since weak mobility takes place infrequently, the delay it introduces 
may be tolerable, nevertheless.
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Introductions (Cont.)

 Strong mobility results in a frequent topology change which in turn 
introduces the following problems:
 Mobility leads to a deterioration in the quality of an established link and, 

therefore, data transmission is prone to failure, which in turn increases the 
rate of packet retransmission.

 Mobility leads to frequent route changes, which result in a considerable 
packet delivery delay.

 A mobile node cannot immediately begin transmitting data upon joining a 
network, because its neighbors should first discover its presence and 
decide how to collaborate with it. This requires sometime.

 In contention-based MAC protocols, mobility may increase packet collision 
while in schedule-based MAC protocols, two-hop neighborhood information 
becomes inconsistent once nodes enter or leave, leading to schedule 
inconsistencies.
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Mobility Patterns

 A mobility pattern is the movement pattern of real-life objects, such as  
vehicles, and people, which can be characterized by properties such 
as dimension, limitation, group behavior and predictability. 

 There are mainly three mobility patterns relevant to wireless sensor 
applications.
 Pedestrian mobility pattern
 Vehicular mobility pattern
 Dynamic medium mobility pattern
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Pedestrian Mobility Pattern

 It describes the motion characteristics of people. 
 Sensor nodes are attached to the body of people when they walk 

around. 
 This pattern is manifested by its limited speed, obstacle avoidance, 

and chaotic nature. 
 The movement in this pattern is two-dimensional, and may or may not 

show a group behavior .
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Vehicular Mobility Pattern

 It describes the movement of vehicles which are equipped with sensor 
nodes. 

 Vehicles can communicate with each other conveniently by capturing 
traffic conditions and other information. 

 Vehicle movement is one-dimensional and characterizes a group 
behavior at a high speed.
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Dynamic Medium Mobility Pattern

 It occurs when nodes move through a medium, such as wind, water or 
other fluids.

 This mobility can be one-, two- or three-dimensional depending on the 
type of the medium. 

 The difference between the pedestrian and dynamic medium mobility 
patterns lies in the nature of the medium. 

 The medium is factitious in the former pattern whereas it is natural in 
the latter pattern.
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Mobility Models

 A mobility model is a formal mathematical description generalizing the  
characteristics of mobility patterns. 

 A mobility model falls into one of the two categories, namely, trace-
based and synthetic models. 

 In a trace-based model, real-life mobility patterns are collected from a 
large number of participants for a long observation period. 

 However, the real movement trajectory of mobile nodes is difficult to 
capture even when sufficient historical data are obtained and recurrent 
mobility patterns occur. 

10



Mobility Models (Cont.)

 Synthetic models, on the other hand, attempt to represent the 
behaviors of real-world mobile objects. 

 However, they cannot produce the precise description of mobile 
patterns. There are several synthetic mobility models, but here only 
two of them are considered. 

 There are several synthetic mobility models, but here only two of them   
are  considered.
 Entity mobility models
 Group mobility models
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Entity Mobility Models

 A typical example is the Random Walk Mobility Model. It expresses the 
mobility of a node as it travels from its current location to a new 
location within a pre-defined time period or distance, by randomly 
choosing a direction and speed. 

 A node changes its direction and speed once the time expires or the 
maximum permitted distance is reached. It is proven that a random 
walk on a one- or two-dimensional surface returns to the origin with 
complete certainty. 

 A similar model is the Random Waypoint Mobility Model, which 
includes pause time between changes in the direction and/or speed.

 Mobility is greatly affected by the pause time and speed of nodes. For 
example, a fast movement of nodes and a long pause time results in a 
more stable network than a slow movement of nodes and a short 
pause time.
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Group Mobility Models

 In these models the movement of nodes with respect to other nodes is 
of primary interest.For example, the Exponential Correlated Random 
Mobility Model creates a motion function to predict the new location of 
mobile nodes in the next time slot so as to mimic an erratic movement. 

 In the Nomadic Community Mobility Model, a set of mobile nodes 
collectively roam from one place to another according to the location of 
a reference node. 

 Individuals move randomly within their own spaces following a random 
entity mobility model. 

 Unlike the Nomadic Community Mobility Model in which the mobile 
nodes share a common reference point, the Column Mobility Model 
requires a one to one mapping of the anchor and the mobile subjects.
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Sink Mobility And Node Mobility

 A number of approaches exploit the mobility of nodes for data 
collection. The focus of these approaches can be mainly classified into 
two types: sink mobility and node mobility.

 In sink mobility, the sink, which is the ultimate destination of sensed 
data in wireless sensor networks, moves and routes itself in the 
network to collect data from static nodes. 

 However, a more complicated and challenging case is node mobility, 
where individual sensor nodes actively move from place to place and 
during their movement they attempt to maintain an end-to-end 
communication link.
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Sink Mobility

 Many have argued that the concept of a stationary sink can introduce a 
number of drawbacks. For example, the nodes placed around a base 
station can easily become bottlenecks by quickly depleting their energy 
reserve. 

 One way to deal with this problem is to deploy multiple mobile sinks, so 
that the load can be evenly distributed among nodes and the lifetime of 
the network can thus be increased. Nevertheless, a high network 
dynamics due to mobile sinks can degrade the performance of the 
network.

 Mobile base station
 Mobile data collector

 Random mobility
 Predictable mobility
 Controlled mobility

 Rendezvous-based mobility
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Mobile Base Station

 The position of a mobile base station changes during its operation 
time. Data generated by sensors are relayed to the mobile base station 
without long term buffering. 

 The communication load distribution studied in shows that a network’s 
lifetime can be improved even if an optimally placed fixed sink is 
replaced by a randomly moving mobile base station. 

 The idea is to enable relay nodes to evenly consume energy and, 
thereby, optimize the overall energy consumption of the network. The 
study also shows that the optimal movement strategy is to follow the 
periphery if the deployment area is circular. 

 A similar result is obtained when the sensor nodes are placed in grids. 
The base station relocation method periodically recalculates the ideal 
position of a mobile base station along the periphery of a sensing field.
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Mobile Data Collector

 Employing many relay nodes or long-range communication interfaces 
to maintain connectivity can be very expensive.

 A potential solution to this problem is to use mobile data collectors that 
gather buffered information from the source nodes over a singlehop 
communication link. 

 Proposed approaches can be classified into three classes, with respect 
to the pattern of the sink mobility.
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Mobile Data Collector-Random Mobility

 The mobile data collectors move randomly and collect the buffered 
samples opportunistically. 

 The received data from the one-hop sensors are transferred to a 
wireless access point. Since the trajectory of mobile data collectors is 
random, the message transmission delay can be high.

18



Mobile Data Collector-Predictable Mobility

 In the predictable mobility pattern, the static nodes are assumed to 
know the moving route of the mobile data collector, and this 
information will be used to predict the time that data transfer may take 
place. 

 Based on this predicted time and location, nodes schedule their sleep 
and listen periods. In this way, the network can optimize its energy 
consumption.
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Mobile Data Collector-Controlled Mobility

 In some circumstances, data may be transmitted at different rates due 
to the change of events or event occurrence interval. This may lead to 
the loss of data if a transmitter cannot finish the transmission to the 
mobile data collector before its buffer overflows. 

 In order to accommodate variable transmission rates, a heuristic 
solution called Earliest Deadline First is proposed. The aim is to 
actively control the movement of the mobile data collector in real time. 

 The node to be visited next by the mobile data collector is chosen as 
the one that has the earliest buffer overflow deadline. However, the 
approach does not work well if nodes with consecutive deadlines are 
located far away from each other.
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Rendezvous-based Mobility

 The rendezvous-based approach is a hybrid solution that shares some 
properties of a mobile base station and a mobile data collector. 

 In this mobility pattern, sensor nodes deliver data to rendezvous points 
which are close to the path of mobile devices and the sampled data will 
be buffered at rendezvous points until they are relayed to the mobile 
sinks. 

 For example, the autonomous mobile router-based scheme enables 
nodes which are out of the communication range of a mobile sink to 
buffer their data at those which can be visited directly by the mobile 
sink.
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Comparison between mobile base station, mobile data 
collector, and rendezvous-based mobility pattern
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Node Mobility

 Nodes can be mobile either continuously or intermittently depending on 
the nature of the application. 

 If the mobile subjects upon which the nodes are attached are human 
beings, mobility can be considered as either a macroscopic or 
microscopic aspect. 

 As a macroscopic aspect, it reflects the mobility habit based on 
everyday activities.

 As a microscopic aspect, it reflects the way humans interact with their 
surrounding environment.
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Mobility Estimation Technique

 A large number of estimation approaches utilize one or more of the  
following models.
 Linear model
 Information theoretic model
 Markov chain based model
 Pattern matching model
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Mobility Estimation Technique-Linear Model

 A linear model predicts a node’s future state based on its current and 
past states, and can be static or dynamic. 

 A static model usually forecasts a mobile node’s position based on 
GPS information, by assuming it moves with the same speed and in 
the same direction. 

 By employing Kalman filters and extended Kalman filters, it is possible 
to deal with the dynamic aspects of mobility.
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Mobility Estimation Technique (Cont.)

 Information Theoretic Model
 A node in this model maintains the history of base stations or nearby 

mobile individuals it encounters and applies a compression algorithm to 
generate a dictionary of the recurrent observed paths.

 Markov chain based model
 A calibrated Markov chain is produced with states and active/inactive 

cycles representing the access points and the behavior of mobile nodes, 
respectively. State conditions describe obstacles or restrictions in the 
environment.

 Pattern Matching Model
 A node first searches for patterns similar to the current scenario in its 

stored history and the one with the highest cross-correlation is selected as 
a base for the link prediction.
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Data Source for Mobility Estimation
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Data Source for Mobility Estimation(Cont.)
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MS-MAC [61]

 The mobility-aware MAC protocol for sensor networks (MS-MAC) 
extends SMAC to support mobility. It introduces coordinated 
sleep/listen duty cycles and periodically synchronizes the schedule of 
nodes. 

 The synchronization is done by broadcasting a SYNC packet at the 
beginning of the listen phase every predefined number of cycles (for 
example, 10 seconds every 2 minutes). 

 A node first tries to follow the existing schedules by listening for a 
certain amount of time. 

29
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MS-MAC (Cont.)

 To expedite the connection set up process, MS-MAC enables each 
node to discover the presence as well as the level of mobility within its 
neighborhood, based on the RSSI values obtained from the SYNC 
messages transmitted by its neighbors. 

 If the RSSI value from one and the same neighbor changes during a 
time interval, it realizes that either this neighbor, the node itself, or both 
of them are moving, since a one-to-one mapping between the distance 
and the RSSI values is assumed. 
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Synchronization frequency adjustment in MS-MAC
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M-MAC [8]

 The mobility-adaptive, collision-free medium access control protocol 
(MMAC) is a schedule-based MAC protocol following the design 
principle of TRAMA . 

 Instead of the fixed frame length in TRAMA, M-MAC introduces a 
flexible frame time that enables the protocol to dynamically adapt to 
mobility, making it suitable for wireless sensor environments, as Figure 
3 describes.
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Dynamic frame time in M-MAC
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Mobility estimation for the next frame in M-MAC
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M_TDMA [62]

 The mobility-aware TDMA-based MAC protocol for mobile sensor 
networks (M_TDMA) has been proposed to extend the TDMA 
mechanism for adapting to the changes in a network topology.

 Unlike a pure TDMA, M _TDMA partitions the network into non-
overlapping clusters with each cluster having its own head. 

 Each node within a cluster is assigned a unique slot. To deal with 
mobility, some of these slots are shared across clusters and some of 
them are kept free for future allocation. M_TDMA splits a given round 
into two parts, namely, the control part and the data part. 

 The control part is used to adapt to mobility, whereas nodes transmit 
packets in the data part.

 Some of the slots at the end of the data part are reserved for the future 
entering nodes as well as the message retransmissions.
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Work principle of M_TDMA
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MA-MAC [60]

 The light-weight mobility-aware medium access control protocol (MA-
MAC).

 Similar to all the low duty cycle MAC protocols, MA-MAC enables a 
node to sleep most of the time and switch on the radio for receiving the 
incoming packets periodically.
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sensor networks,” The fifth IEEE international workshop on Heterogeneous, Multi-Hop, 
Wireless and Mobile Networks (Globecom 2010), December 2010.



Handover mechanism in MA-MAC
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MobiSense [66]

 MobiSense is a cross layer architecture that combines the MAC and 
routing layers to achieve energy efficient communication in a micro-
mobility scenario.

 Here nodes are organized into clusters, in which strategically placed 
static nodes act as cluster heads and mobile nodes move between 
them. 
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mobility in wireless sensor networks,” Proc. 7th IEEE International Conference on 
Distributed Computing in Sensor Systems, June 2011.



Architecture of MCMAC
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Work mechanism of MobiSense
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MCMAC [67]

 The mobile cluster MAC (MCMAC) is a schedule based MAC protocol.
 Unlike most of the proposed mobility-aware MAC protocol, MCMAC is 

optimized for those nodes which travel in group. 
 This is particularly the case in Body Area Networks, such as in 

healthcare applications, where a number of biomedical sensors are 
travelling together, being attached to the body of a patient. 

 MCMAC categorizes the sensor nodes into a static network and a 
mobile cluster.

 A frame in MCMAC is divided into an active and a sleep period. Since 
the slot assignment method is different for static and mobile nodes, the 
active period is further divided into static active slots (SAS) and mobile 
cluster slots (MCS).
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Conclusion

 The chapter began by introducing the difficulties caused by mobility at 
various layers, particularly, at the MAC layer. 

 To efficiently address the problem of mobility, a classification of 
mobility patterns and models was described and several mobility 
estimation techniques were discussed. 

 Finally, the chapter investigated six mobility-aware MAC protocols and 
compared their merits and demerits.
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Homework #5:

1. Please describe the movement pattern of mobile sinks in this chapter.
2. Please describe three mobility-aware MAC protocols in this chapter. 
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