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Abstract

Advances in VLSI technology has made very small sensor nodes possible. The sen-
sor nodes broadly incorporate sensors, a processor, limited memory, and a radio.
Wireless network of these sensor nodes form a Wireless Sensor Network (WSN).
WSN is deployed for a wide variety of applications and includes both indoor and
outdoor settings. Some example applications are landmine detection, monitoring
volcano eruption activities, habitat monitoring, medical diagnosis, disaster man-
agement, fire monitoring, etc. In most of these applications the sensor nodes are
battery driven. Battery driven sensor nodes are easy and fast to deploy but chang-
ing batteries frequently is neither convenient nor economical. Therefore, reducing

energy consumption of a sensor node is essential.

This thesis is targeted towards reducing sensor node energy using system level
techniques. In a sensor node, major energy contributors are the computation unit
and the radio unit. We have proposed a methodology to explore the design space
and to find energy efficient sensor node configuration based on the trade-off between

the computation energy and the radio energy.

The required bit error rate (BER) is application dependent and could differ sig-
nificantly. For example, acceptable BER is much lower in medical applications as
compared to the environment monitoring applications. For achieving desired BER,
normally error correcting codes (ECCs) are used. For achieving a certain BER, the

signal to noise ratio (SNR) required for transmitting data with ECC is less as com-
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pared to sending data uncoded. This saving in signal power is known as the coding
gain. The energy overheads of ECC relate to energy spent in encoding and decod-
ing of data and energy spent in transmission of “redundant” bits. We can trade-off
these energy overheads against the energy gain due to the coding gain of ECC. With
this trade-off in energy, a design space is created for selecting an appropriate ECC,
which not only maintains BER, but may also reduce the energy consumption of
the sensor node. For a desired BER, required SNR is also determined by the mod-
ulation scheme used. The energy consumptions due to ECC and modulation are
interdependent. Therefore, our design space considers both ECC and modulation
scheme. The energy consumption of a sensor node is a complex function of inter-
node distance, desired BER, channel conditions, operating frequency, modulation
schemes, and error correcting codes. This thesis presents a systematic methodology

to explore such a design space and find an energy efficient sensor node configuration.

The proposed methodology takes into account the radio energy as well as the
computation energy of a sensor node with various design space parameters. To
compute the sensor node energy we have developed an energy model, that is used to
explore the design space with various ECCs and modulation schemes. The design
space created with previously mentioned application and deployment related pa-
rameters becomes very large. The sensor node energy analysis with respect to ECC
and modulation parameters, i.e., error-correction capability, code word length, and
modulation constellation size, reduces the design space significantly. This makes the
exploration faster and gives an energy efficient ECC-modulation pair. Further, we
have classified the inter-node distance in three categories: the short, the medium,
and the large distance. We have formulated these distance ranges and their bound-
aries, and studied the trade-off among node energy components over these ranges.
The proposed methodology has been validated by energy measurement of an off-the-

shelf sensor node, Imote2, with and without ECC in different operating conditions.



The key contributions of the thesis are as follows.

e A system level framework has been developed to explore design space and to
find an energy efficient node configuration. This design space is formed by
taking the feasible range of values for a set of parameters that affect the node

energy consumption.

e Developed a sensor node energy model that consists of three significant energy
components of a sensor node; the circuit, the signal, and the computation

energy.

e Explored the design space by taking application and deployment conditions
into account. It has been shown that the node energy is a function of internode

distance, desired BER, path loss exponent, modulation scheme, and ECC used.

e An analysis based on analytical models has been carried out for the sensor
node energy with ECC and modulation parameters. It has been shown that
for a given operating condition an energy efficient ECC-modulation pair can

be obtained.

e We have proved that the sensor node energy is minimal for a particular error
correcting capability and code word length of RS codes for a given operating

condition. This helps in reducing design space significantly.

e (Classified and formulated distance ranges based on identifying significant con-
tributions of signal, circuit, and computation energy to the node energy con-

sumption with distance.

e Notion of crossover distance and threshold distance from the perspective of

energy dominance of key node energy components have been proposed.

e Validated our methodology by deploying on an off-the-shelf sensor node, namely,

Imote2.
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