130 Selected Topics of Contemporary Solid Mechanics

OPTIMAL WIRELESSSENSORS LOCATION
FOR WIDESPREAD STRUCTURES MONITORING

|.Dunajewski?, Z. Kotulski?
! Kazmierz Welki University, Bydgoszz, Poland
2 Ingtitute of Fundanental Technological Research, Warsaw, Poland

1. Formulation

Structures and environmental monitoring are important fadors of prope work of intelli gent
structures and they have a strong effed on thar safety. Traditiondly, the structure's state was
registered by human observers or remote measurement devices conneded diredly to event
recrders. Moden telecommunicaion technology enables application of wireless sensor networks
[1] for monitoring, making possble extremely increase spatial densty and temporal frequency of
observations Such sensors are both measurement devices and a communication network nodes
broadcesting their own signd and retrangmitting signds obtained from neighbas. Thus they
conditute a self-organizing P2P nework tha colleds measurements and trangmits them to
managing or andytic centre.

2. Measurement conditions constr aints

Design of a monitoring system for a structure requires adequate seledion of sensor's
locaions Sinceusudly the numbe of sensors is fixed, equd n, ther locaions mug be optimally
seleded to obtain the best obervation result for such limited resources. Depending on a conaete
task, system designe's use different optimality criteria for the sensors’ locaions[2]. For indance
they can be uniform distribution of sensors over the structure, non-overlapping information
criterion, highest senstivity criterion, minimal correlation of measurements criterion, etc. These
criteriausudly take into acountpropaties of a mechanicd phenomenon measured and usability of
therecaved daafor a certain engineging task, e.g. structure control. However, in modan wireless
sensors networks more criteria, mainly following from wireless communication conditionsmug be
taken into acount[3]. Such criteria are usudly indgpendent of structural optimality criteria, what
force the monitoring system designas to use multiple criteria optimizaion [4] to sdled best
locaionsfor sensors at structural e ements or in the environment.

The pumpose of this pgper is to propos a procedure that can optimally design wirelesssensor
networks for widespreal structures monitoring in uncertain environmental conditions

3. Topologies and communication conditions constraints

Optimal deployment of wireless sensors should first of al ensure the best communicaion
efficiency possble as well as appropriate wea and failure resistance The basic type of wireless
sensor networks has a homogenousstructure. Due to the requirements of a monitored structure, a
network with (privileged) supenodes and (auxiliary) communication nodes, or a combinaion of
both, can beapplied.

Themain criteriato betaken into acountwith theapplication of wirelesstechnology are the
criteriathat have an effed on thelifespan of a sensor nework such as the criterion of the minimum
power consumption for daa tranamisgon, distance minimization to the nodecolleding data from
the pahs, optimal daatranamisson pah aiterion, load minimizaion measured, for example, by the



36th Solid Mechanics Conference, Gak, Sept. 9—12, 2008 131

mean traffic value carried by the node (the necessty to use network resources evenly). The optimal
deployment of nodes should also take into condderation the requirement of aternaive pah
availability in case of a fallure (ead node has to have more than jug one neighbol), the
requirement of avoiding communicaion obgades and also cog-eff ediveness to this extent limiting

the nunber of sensors, and © on.
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Depending on the applied topology, these criteria have varied significance. For example, in
a supeanode network it is possble to invdidate the criterion of the even use of resources since the
mog loaded nodes can be replacel by supenodes, or the applicaion of communicaion nodes can
significantly mitigate the criterion for avoiding terrain obgades, ec.

4. Criteria of optimality

The pgoe proposs a phased-in approach (in three stages) to problem formulation for
optimizaion of the deployment of nodes of wireless sensor network for widespread structures
monitoring. As the result of thefirst level of cdculation a spaceof avail able solutions dueto the
qudity of measurements criterion (mechanicd) depending on the required measurement objedive
emerges. The second stage of the optimizaion effeds in the establishment of the number of
measure nodes with thecriteria of the indall ation cogs and replacement of ead of thenodesin case
of its failure taken into condderation. The third stage of the andysis is to optimize the deployment
of sensors with a defined numbe of nodes with the maximum life-span of the network criterion
taken into congderation, i.e. with theaim of the minimization of thedistanceof routes and avoiding
the necessty of overloading of individud nodes.

The pupos of the performed andysis is to deermine the acceptable locaionsof nodes of
the wireless sensor nework and then to dedde on the preferred locaions of nodes from the set of
non-domnated dlutions
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