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Abstract—Sharing of assets such as sensors and services is
essential for effective coalition operations where two or more
partners work in cooperation. Typically, user-created tasks com-
pete for the use of relatively scarce assets in a highly dynamic
operational environment. Efficient use of resources requires
automated support for assigning assets to tasks, that takes into
account policies on the sharing of assets. We consider two kinds
of high-level sharing policy: the first based on a traditional asset
ownership model where assets belong to a coalition partner and
may or may not be shared with other partners; and the second
based on an ‘“‘edge” team-based model where users are grouped
into teams spanning multiple coalition partners and the team has
access to assets from any partner represented in the team. We
compare the effect of these two kinds of sharing policy on the
performance of an existing asset-task assignment protocol. We
find that while the traditional ownership model allows slightly
better performance, the difference is only marginal, so an “edge”
team-based model offers a viable alternative sharing approach.

I. INTRODUCTION

Sensors and associated information services are increasingly
used to support users in coalition operations, creating hetero-
geneous ad hoc networks on the field. In order to accomplish
a mission, users create multiple heterogeneous sensing tasks
which compete for limited sensing assets. Such operations
are highly dynamic, with frequent changes in users’ tasks
and unstable availability of assets. The Multi-Sensor Task
Allocation (MSTA) problem, which tries to allocate sensors
to the tasks they best serve, has been addressed in previous
work [1], as has the composition of sets of sensor network
services to meet users’ requests [2].

In coalition operations usually two or more partners act
together to achieve a set of common mission objectives. A
critical issue in such operations is the sharing of sensor
and service assets among the coalition partners. Traditional
approaches to asset sharing in a coalition context are based on
asset ownership and the granting of permission for partners
to access particular assets owned by another partner; these
permissions are defined by means of policies [3]. While
there are numerous variations in these policies in practice we
consider an abstract model where an asset is either kept for
the exclusive use of the owning partner or made available
for any partner’s use. A recent trend in managing coalition
operations has been to consider the formation of cross-partner
teams operating at the “edge” of the network with permission
to access assets from all member partners [4]. We aim to
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compare this kind of team-centric sharing model with the
traditional ownership model, by integrating the models with
our MSTA protocol and exploring the effect on performance
of varying degrees of sensor sharing and team membership.

II. PoLICY MODELS AND ASSUMPTIONS

In this study we assume that a coalition is already formed
(the partners are known). Much previous work on policies
governing sensor management is concerned with fine-grained
access to sensors as services [3]; in contrast, here we are
concerned with higher-level policies on how users may access
assets for their mission tasks. The two views are compatible
however, as we will show below. We compare two high-level
approaches to asset sharing. In both approaches, each asset is
owned by a single coalition partner.

o Sensor-centric sharing model: Each asset is either kept
for the exclusive use of the owning partner or made
available for any partner’s use. In our experiments, we
apply different sharing ratios from 0% to 100% increasing
them linearly by 25% for each experiment. A 0% sharing
ratio means that the coalition partners do not share any
of the assets they own while a 100% sharing ratio means
that the coalition partners share all of the assets they own
with the entire coalition.

o Team-centric sharing model: A team is a group of users.
A homogeneous team comprises members from a single
coalition partner, while a heterogeneous team contains
members from two or more partners. We follow the
“edge” model of allowing users participating in the same
team to share assets freely; therefore, a team is considered
to have access to all assets owned by any coalition partner
represented in the team. In this approach we keep the
sharing ratio (as above) stable at 0% and experiment by
applying different degrees of team heterogeneity from 0%
to 100%, increasing linearly by 25% for each experiment.
0% heterogeneous teams means that all teams on the
field are formed by users from the same coalition partner
while 100% heterogeneity means that all the teams are
comprised of users from different partners.

These models are compatible with the approach taken to
service composition in [2]. There, the goal was to determine
sets of compatible services (assets) that can serve a user’s
request. The MSTA work considers only sensors, which are
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the most constrained type of asset. Under the sensor-centric
sharing model, the set of compatible services is constrained to
be a subset of the services accessible to the coalition partner of
which the requesting user is a member. Under the team-centric
sharing model, the set of compatible services is constrained
to be a subset of the services accessible to the set of coalition
partners represented in the team of which the requesting user
is a member.

III. SIMULATION SETTINGS AND EXPERIMENTS

In our experiments we use the Repast symphony agent-
based simulation environment (repast.sourceforge.net). In our
scenario we assume 2 coalition partners, 250 sensor and 50
user nodes, which are randomly deployed on a 2D grid.
The sensor and user nodes are equally distributed to the two
partners and the task creation rate is 5/5 tasks per timestep. In
the team-centric sharing approach the teams are formed at the
beginning of the simulation and they remain stable throughout
the simulation.

We consider a task dropped either if no sensing resources
can satisfy its utility demand, or if no sensing resources can
support it on time. When a user creates a task the assignment
system determines a list of possible sensors that can serve
this task based on task requirements and sensors capabilities.
These sensors are the candidate sensors per task. We compare
the performance of the MSTA protocol under the two sharing
models by considering the variation of the dropped tasks and
the candidate sensors per task.

IV. RESULTS AND DISCUSSION

Figure 1 shows the comparison of the two different sharing
models. To start with, both approaches have a common starting
point because we start our experiments by sharing nothing
(0% sensor sharing ratio, 0% team heterogeneity). From an
overall perspective, the sensor-centric sharing approach is
more effective due to the fact that only an average of 80%
of the total users belong to teams and thus there is an extra
20% of users that do not benefit from the team sharing model.
Looking at the sensor-centric results in more detail, the number
of candidate sensors per task when the sharing ratio (SR) =
100% is twice as much as when SR = 0%, and the total
dropped tasks when SR = 100% is almost 8 times smaller
than for SR = 0%. Moreover, the values of both variables in
the first approach change logarithmically while we vary SR
linearly, and we can witness an adequate performance of the
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protocol when SR is higher than 75%. In the team-centric
sharing approach when there is 100% heterogeneous teams,
the number of candidate sensors per task almost doubles and
the dropped tasks triples from when team heterogeneity is 0%,
and there is a linear pattern corresponding to the degree of the
team heterogeneity and the examined variables.

Overall, however, while the sensor-centric model performs
better than team-centric sharing, it does not do so by a large
margin. Therefore, if a coalition prefers to use team-centric
sharing in view of evidence that it provides improved opera-
tional agility [4] our study shows that reasonable performance
in automated asset-task assignment can be achieved by doing
so, compared to the more traditional asset ownership model.

V. FUTURE WORK

In future work, we plan to experiment with (1) an enriched
user model that takes rank into account, (2) an increased
number of coalition partners, (3) user mobility models, and (4)
different coalition asset ownership proportions — to consider,
for example, cases where one partner owns a “dominant”
proportion of assets compared to the other partners.
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