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Abstract

This article describes the modeling of a microsensor node for wireless sensor network applications. Considering the
heterogeneous aspect of a sensor node, the developed model allows comparing different node configurations in order to make the
best choice of components according to the specifications of the application. Therefore, our model allows identifying the need to
design specific element or to use Components Of the Shelf.
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1. Introduction

Recent advancements in electronics and the capability to integrate sensors caused an increasing interest in the
development of Wireless Sensor Networks (WSN). Therefore, WSN which could be deployed in wide and
inaccessible environment allows the development of new applications in diverse areas such as environment
monitoring, event detection and system automation™?.

As shown in the literature?, the autonomy of WSN microsensor nodes constitutes the most important challenge of
this new technology. Consequently, energy efficient protocols®* to increase the overall network lifetime are
developed and ultra-low power transceivers>® dedicated to WSN applications are designed. Then, works in this area
require an energy model to evaluate their impact onto the autonomy.

The goal of our work is to propose a complete energy model for a microsensor node that could be used to
compare different node configurations and to find the best sensor node configuration in order to achieve the
autonomy of the target application.

This article is organized as follow. First, we present the developed energy sensor node model. Then, the use of
our model is illustrated through an example. First simulation results are presented and used to compare the sensor
node autonomy achieved by different configurations. And finally, conclusions and perspectives are proposed.
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2. Energy model for microsensor

As demonstrated in the literature’, it is necessary to maintain sensor node switched-off as long as possible in
order to increase the node autonomy. A node is composed of sensors, analog to digital converters (ADC), processing
unit, memory, RF transceiver and battery. The total energy dissipated by the sensor node could be expressed as the
sum of the energy dissipated by each element:

Enode = Esensor + EADC + EuC + Etrans + Erec (1)

The energy dissipated by an element depends on its state: active or idle. First, the energy dissipated by the sensor
is expressed as follow:

Esensor = Pon?sensor (tstabilization + tmeasure ) + Paff,sensor (Tcycle - (tstabilization + tmeasure )) (2)

where tgapiization COrresponds to the stabilization time of the sensor and tyeasure t0 the duration of the sensing phase
which depends on the number of measure to realize and on the ADC conversion time®, Teyele defines the periodicity
of the microsensor node activity. Moreover, during the sensing phase, ADC converts sensor measures from
analogical to digital data. The energy consumed by the ADC in on state is defined as:

Eon_ADC = Pon_ADC (twake —up _ADC + tmeasure ) (3)

After the sensing phase, the microcontroller could proceed to data processing, formatting and coding in
accordance with the application and communication protocols. The energy dissipated during the data processing
phase is expressed as:

E o= L 4
data processing Suc on_pC ( )

where N indicates the number of instruction per cycle according to the embedded software and Syc is the
microcontroller speed.

After that, transmit data depends on the goal of the application. In fact, in some cases, it is possible to aggregate
several measurements before sending data. In other applications, data is sent only when an event is detected.
Moreover, in several cases, a receiver is needed to relay data from another node, to treat an acknowledgement or a
station base request. The energy consumption of the transmitter and receiver in on state is defined as:

_ Nbits _trans _ Nbits _rec
Eon_trans - (twake —up _trans + Pon_trans and Eon_rec - tdelay + D Pon_rec (5)

Dinst inst

where Ny rans @8N0 Niigs_rec are respectively the number of bits to transmit or to receive. Dy is the instantaneous data
rate. tgelay COrresponds to the delay between the end of the transmission and the reception of the first data bit.
Finally, concerning the microcontroller, its on-state energy consumption is expressed as follow:

N
— ft
Eon_pC - Pon_pC (twake —up_pC + ton_sensor + SS:C + ton_tmns + ton_rec) (6)

As demonstrated by (6), the on state time of the microcontroller depends on the other element. In fact, the role of
the microcontroller is to manage the different operating modes of the node: measure, process, transmit and receive.
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3. Simulation results
3.1. Car park application

An example of WSN dedicated to car park is considered to illustrate the use of our model. Table 1(a) presents the
main specifications of this application. The purpose of this application developed by ESTIA Recherche is to detect
free parking by implementing magnetic microsensors under asphalt to guide future users. The main characteristics of
the COTS used for the development of a first microsensor node prototype are presented in Table 1(b). The ADC is
included into the microcontroller.

Table 1. (a) Specifications related to our application and (b) Component characteristics used in our sensor node.

Node element lon (MA)  loss (MA)  to, (MS)  twake-up (MS)
Parameters Value Magnetic sensor 10 1 2 3
Bits to transmit (Npjts_trans) 200 bits Microcontroller PIC 5 1 17 1
Bits to receive (Np; 50 bits Transmitter 12
: ( -blts_rec) TR1000 > 05 6.7 0.02
Measure periodicity (Tcycle) 30s Receiver 4.8 17 0.01
Autonom > 8 years Transmitter 17 .
y Y CC1100 ; 0.4 67 L
Receiver 15 1.7 0.02
(a) (b)

3.2. Impact of the RF transceivers choice

Considering the specifications of the Table 1(a), our model is firstly used to compare the two different RF
transceivers presented in Table 2(a). From results like the graphic presented in Fig. 1(a) and obtained with Matlab,
we can evaluate the autonomy of the two configurations using different data rate. As shown in Table 2(a), it has
been demonstrated that the CC1100 becomes more interesting than the TR1000 if the data rate is superior at 60kb/s.
Moreover, with these two configurations, the autonomy of the microsensor node is inferior to the goal of 8 years.
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Fig. 1. (a) Power-consumption vs. time with CC1100 @ 30kb/s and (b) part of the microsensor elements into the average power-consumption for
the car park management application using CC1100.

As shown in Fig. 1(b), our model demonstrates the preponderant part of the transceiver into the average power
consumption of the sensor node.

3.3. Impact of the microcontroller speed

Contrary to simple energy model presented in literature’, our model allows evaluating the autonomy of a sensor
node without neglecting the impact of the processing time due to microcontroller speed and implemented software
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and protocols. In our application, sensor data are first processed by the PIC microcontroller and then transmit by the
CC1100 using its own protocol. Considering an operating speed of 20MHz for the microcontroller, the total
processing duration is estimated at 2ms. As an illustration, Table 2(b) presents a comparison of node autonomy
using two different microcontroller speeds. It demonstrates that the lower speed allows a better autonomy whereas
the duty cycle is longer than the High Speed case. It has been demonstrated that the choice of the microcontroller
speed is a compromise between the autonomy and the periodicity Ty Of the measure.

Table 2. Results comparison (a) between two RF transceivers and (b) using two microcontroller speeds of the PIC16F using for the prototype.

RFt . Data rate  Average power Autonomy -
ransceivers (kbls) consumption (UW)  (years) Microcontroller Power ) Average power Autonomy
Speeds consumption (mW) consumption (UW) (years)
TR1000 30 7 7.8 2 kA 0.055 95
CC1100 30 106 51 20 MI—T 4' 16 6 o
60 78 6.9 2 ' 21
(@ (b)

3.4. Synthesis

A first prototype is designed in order to validate the concept of our target application. Using the CC1100
transceiver at 30kb/s, the first average power consumption is measured at 11 uW. The error with our model is
inferior to 5% and is explained by the instantaneous microcontroller consumption measured near 5mA @ 3V.
Therefore, it confirms that the required autonomy could not be achieved using COTS. Using our model, it has been
demonstrated the preponderant part of the transceiver into the average power consumption of the sensor node.
Therefore, we decided to design a specific transceiver under power consumption constraint. A top-down design
approach has been developed to design of ultra-low power Low-Noise Amplifier® adapted to our application.

4. Conclusions

The developed model allows studying the impact of the hardware and software choices into the node autonomy.
It could be used to evaluate the best configuration of a sensor node according to the application specifications and
eventually to underline the need to design a specific element for the target application.
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