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Abstract—Nowadays, the cross layer integration of the diffent ~ proposed system is made up of: 1) a set of low-paear
elements composing a wireless sensor network is sexs the most  cells connected in series forming a photovoltaimgbaof
effective approach towards the deployment of longabting  gOx40mm with an optimum voltage work of 3.3V and 24mA
operating and self-configuring networks. In this wak, we of current; 2) a supercapacitor or high densityacitpr as
undertake the task of developing and integrating asmart and energy Sto,rage; 3) a power control unit responsibleroperly

power-aware protocol architecture. We focus our effrts on the i th it it to th
physical, MAC protocol and self-configuring and mantaining coupling the supercapacitor voltage (o the  se e

operations which are at the base on the design antployment of ~ electrical characteristics; and 4) a filter stagmnected to
long-lasting operating and self-configuring wireles sensor Telosb mote to avoid electromagnetic interferencesl
networks. possible noise produced by the power unit.

Keywords: protocol integration, power management,
synchronization, self-organization. \
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. INTRODUCTION jprrasm—

Wireless sensor networks (WSN) are composed ofge la
number of smart devices aimed to work autonomaslgrder
to enable the long-lasting operation of such nekwoithe
proper integration of power-efficient hardware tes and
protocols is one of the major challenges to be estdrd. In
this work, we undertake the design and developnoéna
power- efficient protocol architecture using as msource of
energy a solar energy harvesting approach. Ouro@obt
architecture comprises the underlying control metdms
enabling the auto-configuration and medium accesgral

Figure 1. ATON.

mechanism.
In the following, the paper is organized as followe start
by reviewing the design principles of ATON, an eyer .  CROSSLAYER APPROACH

harvesting device recently designed in our labs. then Th | hi d herein foll
proceed with the design of a set of power-efficipratocol | e protoco harc |tectu(;g propoie fe"r ein 10 O\;\]{S’GBS- .
mechanisms built on top of ATON. Throughout our ayer approach. We address the following three main

description, we position the main features of ouoppsal comrr:]ur_ncatlo? mephgmsms.h drr}gdlum dacc?ss kcont;ol
within the main current trends in the area of poeféicient mec;l anlr?s, ransmission scheduling and network ofau
protocols. configuration.

Il ENERGYHARVESTING A. Medium Access Control Mechanism

Our cross-layer protocol architecture has been Idped i g widely known that one of the main sourceseokrgy

bearing in mind that wireless sensor nodes are ggneryasiage is due to the operation of the radio systeturn, the
contrained devices. We then make use of a batémg/dystem operation of the radio is highly dependent on thediom

supply recently developed in our labs and repandd]. The  5ccess control (MAC) mechanism. Among the various
design of our battery-less system has been basesblan o a4igms, MAC based on Time Division Multiplexing
energy harvesting techniques and particularly eusted for  Access (TDMA) principles have been recognized asafrthe
low power wireless sensor networks (see Figure The  referred alterantives. In the framework of powenstrained

(1) http://www.i3a.uclm.es



MACs, the main idea relies on the assignment avargtime  fuzzy rules are solved by a simple inference engmeyet
slot to each one of the nodes composing the networkhis  conclusions like parent node or chosen role.
way, each node gets to know the time and periogttheduring
which it must be on to realize the communicatioeragions IV. SYSTEM INTEGRATION
(send/receive). Various TDMA-based MAC proposalyeha
already been reported in the literature [2][3][4]. -Synchronization

In this work, we adapt the operation mode of SA-MEE scheme
a synchronous TDMA MAC protocol recently developad
our labs. It is worth to note that any other TDMAsked MAC
protocol could be easily interfaced to ATON. Fig@r depicts
the scheduling process of SA-MAC. As depicted i figure, ATON : NORIA
depending on the capacitor load, the duty cyclSAMAC ‘NOd;;";v‘“b'o
will be adapted accordingly. The SA-MAC protocoltign T T l
gets to know the actual time periodicty by inteigrgtnto the -Photovoltaic and ~Tree creation,
header of the protocol data unit. In order to keep proper e e s
synchronization among the communicatins nodes, dhinty
cyc_ledshould be adapted in multiples derived frome primary Figure 4. Integration of Architecture Components.
period.
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Figure 4 shows the relation among the various corepts
of the proposed power-aware protocol architecturéd

l' , s , e ' protoype of our system has been preliminary telstedir labs.
m E_‘ In particular, we have been able to validate theraton of
cuty cycle 100% duty cyole 50% our TDMA-based MAC protocol, SA-MAC. In fact, our

experimental lab tests have shown that it is it f@ssible the
long-lasting operation of the battery-less solawpied device
using a Telosb mote assuming that the weather tondi
B. Network Self-Configuration provides enough energy during the day-hours. Howewe

In order to self-configure the network, we proposeare further developing a protoype incoporating chaegeable
NORIA, a novel self-organization intelligent algbwin which ~ battery to be used as a backup facility. Aboutriile based
uses a rule-based approach to create minimum pe@RIA  auto-configuration mechanism, NORIA, our simulatiesults
performs role assignment where nodes with highseouees show that our approach should effective toward the
are in charge of forwarding data in multihop netkvor configuration of a dense network. Our future plansprise
configurations.  Different to previous configuration the deployment of a prototype for an environmental
mechanisms, such as CTP [5], NORIA makes use oplsim application [6].
fuzzy rules in the decision process to periodichyance the
traffic load among nodes (see Figure 3). In ouigieNORIA ACKNOWLEDGMENTS
takes into account the energy-level as one of teg k This work has been jointly supported by CONSOLIDEiRject
parameters to ensure a reliable and self-adappeeation of ~ (CSD2006-46), CICYT project (TIN2006-15516-C04-02nd
networks consisting on a large number of energystained ~ECOSENSE project (PBI08-0273-75).
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Figure 3. Fuzzy sets.

In NORIA, input parameters are classified in cusiable
data sets to perform fuzzy-rule evaluation amomgrthThese



