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Abstract— The problem of optimizing the position of a mobile
fusion center in a sensor network is considered. The optimization
criterion of interest is the sum distortion for the communication
of all the information from each of the nodes to the fusion center.
Transmission losses along underwater links are modeled and a
time-multiplexing architecture imposed on the sensor nodes for
communication with the fusion center. Classical results from the
information theory literature are leveraged and the optimization
problem is formulated and solved analytically for the case when
the fusion center is at one fixed location and numerically for
the case when the fusion center is mobile. It is observed that
in the low node power regime, with the fusion center at a fixed
location, the fusion center selectively communicates with a few
nodes while turning the others off. In the high power regime,
the time allocated to the nodes is a function of the information
they need to transmit to the destination and the distance from
the node to the fusion center. Further, when the fusion center
is mobile, in the low power regime, the fusion center is placed
close to the node with the largest information content while for
higher powers the difference from a fixed fusion center declines.

I. INTRODUCTION

There is interest in the deployment of underwater robotic
teams for a number of key applications: e.g. mapping, explo-
ration and monitoring of marine environments, measurement
collection for oceanographic missions [1], autonomous navi-
gation in formation [2] or autonomous operations in harbors;
moreover, they can be used as nodes of mobile underwater sen-
sor networks [3]. Herein, we examine a heterogeneous network
comprised of static sensing nodes as well as robotic nodes
which can behave as data mules or mobile fusion centers.
To this end, we are currently instrumenting robotic boats to
have underwater acoustic communications capabilities. These
robotic boats are an integral part of the Networked Aquatic
Microbial Observing System (NAMOS) project!, which is
used in studies of microbial communities in freshwater and
marine environments [4], [5]. The NAMOS testbed is a system
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Fig. 1. Setup for testing and benchmarking the NAMOS system.

of anchored buoys (the static nodes), and a robotic boat
(the mobile robot) capable of measuring temperature and
chlorophyll concentrations. Thus, the testbed is a collection
of static nodes as well as mobile/actuated nodes. A key
research goal of the NAMOS project is determining how to
coordinate the mobile robots and the static nodes such that
the error associated with the estimation of a scalar field is
minimized subject to the constraint that the energy available to
the mobile robot is bounded. Specifically, if each static node
makes a measurement, and the total energy available to the
network is known, what path should the mobile robot take to
minimize the integrated mean square error (MSE) associated
with the reconstruction of the entire field? Typically, it had
been assumed that the energy consumed by communication
and sensing was negligible compared to the energy consumed
by moving the mobile robot [6]. Another common assumption
was that the mobile robot could communicate essentially error-
free with all the static nodes and acquire sensor readings
from them. In the currently implemented NAMOS system,
communication is over a multi-hop wireless ad-hoc network
described in [4]. This network employs 802.11 and thus
communicates over-the-air. With the inclusion of underwater
acoustic communication, we will have a proxy for a truly
underwater mobile robot such as a glider or small submarine.
In this new context, the cost of communications and the
variability of the communication channel cannot be ignored.

Thus, in addition to examining mobile node location as a
function of estimation accuracy, we shall also consider the
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