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Propagation Characterization for an Indoor Wireless Senso
Network with Energy Harvesting

P. H. Krohling Almeida, L. C. Nogueira, E. E. Benitez OlivoydaD. P. Moya Osorio

Abstract— This paper carries out an experiment-based channel where, P;(do) is the path loss at the reference distamge
characterization for a wireless sensor network based on the , is the path loss exponent, andis the distance between

development kit TI eZ430-RF2500-SEH, which operates with ansmitter and receiver. Therefore, the received powerbea

solar energy harvesting. The channel model was obtained fro btained _ h is th
measurements of the received signal strength (RSS) in an ipdr  OPt&IN€d as’ [dBm] = F;[dBm] — Pr[dB], WhereF;[dBm] IS the

environment. This model is tested through a coverage sensor transmit power.
application, and the energy management of the device is also Then, for a given scenario, the path loss exponewan

investigated. be empirically determined from channel measurements by
Keywords— Wireless sensor networks, energy harvesting, chan- minimizing the square mean error between the predicted and

nel characterization. | |\ —o - o o Ti0N measured path loss. Hence, the error can be determined as
k
In the Internet of ThingqloT), a myriad of devices, pro- E(n)=>_ [Prm, — Prp,]” (2)

vided of sensors, will interact in an autonomous and smart i=1

manner. Thus, wireless sensor networks (WSNs) will be ghere p,,, is the average measured path loss, is the
essential part of the |0T, as this kind of networks can be lyidepredicted path loss at each point obtained as in (1), land
used to monitor and collect data from the environment, therejs the total number of points. By substituting (1) into (2dan

enabling different services and applications. WSNs haembeyifferentiating the result in order to minimize the errdnet
investigated in the most diverse scenarios [1], [2]. Fotanse, path loss exponent is obtained as

in [1], a two slope, log-normal path loss near ground outdoor E e b log (i
model is characterized for a WSN at 868 MHz. In [2], the n— iz [Prm; — Pr(do)] °g<do). 3)
authors proposed a statistical channel model for a suburban sk [10log (j—o)] log (j—o

environment, where the multipath and shadowing phenomena

are predominant. However, the energy resources in WSHs Log-Normal Shadowing

represent a challenging issue due to the current dependency \yhile the log-distance model is deterministic, the random
batteries. Therefore, energy harvesting techniques hawe@ effect due to objects near to the receiver can be charaeteriz
to be a promising solution for WSNs [3]. In this paper, agsing the log-normal shadowing model [4]. This model in-
experiment-based path loss model for a WSN based on $)gdes a random variable (R\. to the log-distance model

Tl e2430-RF2500-SEH kit, which operates with solar energyven in (1), which follows a Gaussian distribution of zero
harvesting, is obtained through measurements of RSS in @Ban and standard deviation Therefore, to empirically
indoor environment. This model is tested through a coveraggtermine this model, once the value ofis obtained as
sensor application. In addition, the energy managemerteof {yescribed in the above section, the log-distance model is

WSN is investigated. used as the expected value, and the measurement points are
The rest of this paper is organized as follows: section Hrojected over that value. Thea,is calculated as

presents the theory used; section Ill presents the proeedur ~ 5

measurements and the model obtained; section IV presents th oldB] = | > w (4)

effectiveness of the model in a coverage sensor appligation i=1

section V presents the module’s power consumption; finalyhere x; are the projections; is the mean of the distribution

section VI presents the conclusions of this work. (0 by considering the path loss model as reference),raiisl
Il. CHANNEL MODELING the number of measurements.
In this paper, we consider two large-scale models, which I1l. M ETHODOLOGY
are described next. To predict the channel propagation model, measurements

A. Log-Distance Path loss Model of RSS at the anchor node (receiver) of the signal transthitte

This model considers that the average received signal powigfm a mobile node (transmitter) were taken on 5 different
shows a logarithmic decrease with the distance betwees-trapoints in order to eliminate both temporal and spacial Viana
mitter and receiver, which is expressed as of the channel. To eliminate the temporal variation, at each
point, 20 measurements were taken in intervals of 30 min.
Moreover, to eliminate the spacial variation, measuresent

. _ , ~ were taken in others 10 points separated 10 cm for each
el oting Ameida L. €. Noauers and D, P MY OSeeE 3% original point. Then, the average RSS for each point is ealcu
pdrkrohl@gmail.com, leonardongr13@gmail.com, and diem@@ufscar.br. lated by finding the expected value of all measurements.,Thus
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PL[dB] = Py (do) + 10n log (%) : 1)



XXXV SIMPOSIO BRASILEIRO DE TELECOMUNICA®ES E PROCESSAMENTO DE SINAIS - SBrT2018, 16-19 DE SETEMBRD 2018, CAMPINA GRANDE, PB

TABLE |
60
e Av. Rec. Power COMPARISON BETWEEN THEENERCHIP BATTERY DURATION AND TESTED
o5 . mggguremems

— — —Theoretical TRANSMISSION INTERVALS

Inteval between transmissions (s)
5 [ 10 [ 20 [ 40 [ 120 [ 240
Duration (s) | 2189 | 3884 | 7497 | 15765 | 29049 | 45935

Received Power [dB]

16 —e—Measured points

_2 25 3 35 4 45 5
Distance [m]

Fig. 1. Theoretic and adjusted curves from measurementgspoi

% of failures registered
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Fig. 3. Registered faults percentual according to the ewidlluminance.

age

Error percent:

ensuring the voltage supply for the microcontroller. Thee,
riodical transmissions were performed until the battevese
discharged. This process was repeated for all the avaitizide
“ Number of measirements " interval settings. It was observed that the device was dapab
Fig. 2. Error in evaluation of coverage area by number of memsents.  of reaching over 12 hours for the largest period of inagtivit
available & 4 min) and almost 37 min for the shortest period
(~ 5 s), as shown on Tab. I.
Fig. 1 shows the curve attained by replacingas obtained  2) Luminous Influence:The second experiment aims to
in (1), and the fitted curve obtained in Matlab from th@nalyze the luminous influence over the device operation for
measured points, where it was consideradd,) = 70.96 distinct levels of luminescence. For this purpose, the aevi
dB atdy = 1 m. Note that the theoretical and fitted curvesas exposed to a controlled constant light source and 570
are almost overlapping, thus verifying the accuracy of th@easurements were recorded. Then, the elapsed time was
theoretical calculations. analyzed between measurements with a time interval of 5
IV. COVERAGE SENSOR s. In this way, intervals greater than 5 s were computed as

: o ransmission failur h failur rren r il
In order to verify our model, an application for sensorga smission failures, thus a failure occurrence profigb

that predicts if a transmitter is inside a coverage area w. as _obtamed. Note_ from Fig. 3 that _for 'O_W?r values of
employed. For that purpose, measurements of RSS were ta] ey inance, the dev_|ce presents more mostablhtles. Hawe

at 17 different distances from 1 to 5 m, since the coverage 300 lux, the failure rate is below 14%.

area was set to 3 m. Then, the path loss model determined VI. CoNcLUSIONS

in Section 11l was used to predict whether the transmitter is In this paper, an experiment-based channel model for a
inside or outside the coverage area. Fig. 2 shows the erWyeN based on the Tl eZ430-RF2500-SEH kit, which op-
percentage as a function of the number of measurements. [¢fdtes with solar energy harvesting, was obtained through

observed that, for 200 or more measurementg(o min), an measurements of the received Signal Strength in an indoor
error of less than 12% is attained. environment. The model was tested through a coverage sensor

application. It was observed that the sensor attains al&a9t

of accuracy for a number of measurements, greater than 200.
The Solar Energy Harvesting Module (SEH-01) of thehys, this is not suitable for delay-constrained applavai

Tl eZ430-RF2500-SEH kit is based on a photovoltaic celjut useful for many other applications that doesn’t require

responsible for converting the incident light into eletali precision, immediate feedback or have few resources. It was

energy. Then, a boost converter is used to increase theyeoltg|so determined that, under insufficient light conditiotie

to a proper level to charge the EnerChip EH CBC5300 inngysN attains up to 12 hours of autonomy for a high load of

batteries on the SEH-01. The device power management Washsmissions.

observed by testing its behavior whenever the photovatiglic

or the batteries EH CBC5300 act as the main power suppE/] A. Martinez-Sala et al., “An accurate radio channel nidde wireless
. L . sensor networks simulation,” idournal of Communications and Net-
in two distinct experiments as follows. works vol. 7, no. 4, pp. 401-407, Dec. 2005.

1) EnerChip batteriesThe first experiment aims to demon- [2] :E Greenberg andkA- Shleinber& “Statistical channel ehddr Wire-f
strate the autonomy of the EnerChip batteries whenever the tﬁzsgstﬁ”éﬁ:o’;‘zt;“;]orcgn?ggggg‘gﬂt A’r‘nzl;‘]?]‘grsbg?] deg‘:gggg‘ﬂr;;g% 1%,
photovoltaic cell is not able to provide enough energy for pp 1.5
the proper operation of the device. For such evaluation, tHél K. Z. Panatik et al., “Energy harvesting in wireless semsetworks:
SEH-01 was supplied by a constant luminescent source of ﬁezh‘:ﬁg&gﬁfagdLm‘:)ﬁ‘rat'z%”% %mgg_sé‘;m on Telecommunication
light for 30 minutes, then the mobile node was disconnected] T. Rappaport Wireless Communications: Principles and Practieed

from the photovoltaic cell and the EnerChip took its place, ed.Upper Saddle River, NJ, USA: Prentice Hall PTR, 2001.
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