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Abstract— This paper concerns the benefits of using motion
tracking for selecting energy-conserving routes in delay-tolerant
applications. We start from Grossglauser and Tse’s observation
that delay can be traded for energy efficiency in selecting a route.
Our goal is to find an empirical upper bound on the energy
savings by assuming that each node accurately knows or predicts
its future trajectory. We investigate the effect of varying the
amount of future information on routing. Such a bound may
prove useful in deciding how far to look ahead, and thus how
much complexity to invest in mobility tracking.

I. INTRODUCTION

Wireless ad hoc networks (henceforth WNs) are a class of
peer-to-peer reconfigurable wireless networks. In general, any
pair of connected nodes may communicate with one another,
using intermediate nodes to store and forward frames. The
curse of having a flat hierarchy is that the capacity of the
network is expended forwarding other nodes’ data [5].

In this paper, we focus on WNs with a large number of
nodes with delay-tolerant applications. Under these circum-
stances, suitably delaying forwarding can greatly increase the
transport capacity or, equivalently, the lifetime of the network

[4].

II. ROUTING

Faced with the task of establishing a route in a WN, one’s
first thought might be to apply a table-driven shortest-path
algorithm. While this works in small networks with slowly
moving nodes, it is not efficient. When location information
is available, such as offered by GPS, another option is to use
geographic routing [14], [19]. The algorithm’s intuitive appeal
has won it popularity; the essence of the method is simply to
forward frames in the direction of the destination. When this
is not possible, a contingency plan is employed, often at a
steep cost in traffic and delay, or the link is dropped.

III. MOBILITY TRACKING

By mobility tracking we refer to the act of keeping track
of a node’s position in order to estimate where it will be in
the future. In the simple case, which we study here, each
node tracks only itself. In the general case, each node tracks
some other nodes, using a distributed algorithm. Research on
mobility tracking in the context of WNs has usually focused
on dead reckoning [11], [17], only recently considering more
sophisticated approaches involving machine learning [1], [18].
Greater attention has been paid to this issue by the robotics

community [2], [20] and the pervasive computing community
(71, [12].

IV. SCALABILITY ISSUES

Routing in WNss, especially with a large number of nodes,
requires a different approach from those in fixed networks.
The reason is that conventional routing algorithms attempt to
minimize the number of hops without concern for the overhead
incurred by the routing algorithm’s traffic. This strategy is not
successful in WNs because the routing overhead consitutes
a greater fraction of the overall traffic. So much so, that it
imposes a fundamental limit on the scalability of WNs [5], [6],
[8]-[10], [13], [15]. Furthermore, different applications may
demand optimizing different metrics (e.g., throughput, delay,
reliability, network lifetime). The rapidly changing topology
exacerbates the problem, as the location manager struggles
to maintain accurate estimates of the nodes’ location. This
assumes that reducing the end-to-end delay is a priority. If not,
then it is actually possible to increase the transport capacity
[5] by using diversity routing [4] or diversity coding [16].

V. ALGORITHM

To the best of our knowledge, the closest results are those of
Perevalov and Blum, where they analyze the impact of delay
on throughput in [16]. However, they assume that only one
intermediate is forwarded through and that diversity routing
and diversity coding are used, as originally suggested by
Grossglauser and Tse [4]. In contrast, we are interested in
characterizing the energy savings by providing future location
information, for two cases:

1) Only one’s own future is known.
2) The future of one’s neighbors is also known.

Our goal is simply to make the best forwarding decision for
geographic routing (i.e., next hop) in order to extend the
lifetime of the network. We intend to determine the energy
savings of a simulated WN with respect to the amount of future
knowledge and maximum permissible delay. We consider the
network lifetime [3] and the end-to-end route power [21].

VI. FUTURE WORK

This paper is a first step towards developing a distributed
mobility tracking algorithm. The next step is to use machine
learning algorithms, and compare their results with the upper
bound. A metric should be developed to compare the efficacy
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of the algorithms, while accounting for their complexities.
Efforts to this end are under way.

For even greater savings, mobility tracking may be aug-
mented by the following machine learning methods:
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Traffic-tracking: to avoid channel contention.
Energy-tracking: to maintain connectivity by knowing
how much battery is left.

Map-construction: to avoid dead ends with geographic
routing.
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