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ABSTRACT

Currently, water consumption is on the agenda oftnarganizations around the world. Beyond the
environmental benefits for a better use of nattgsburces there is also a financial motivationaiatiouously
reduce operation costs. This study reports a dtesttive solution using a Wireless Sensor NetwkS(N)

for measuring the consumption of different typesafe water taps, in a real situation of intenge liss also
pointed out that WSNs are networks suitable foradedllection where a wired infrastructure for data
transmission does not exist or it is unfeasiblstall one. Which was the case of this resealtwlt, regarded
the liquid consumption along with the technical @awdnomic benefits of save water taps. On thisqwep
setup network installation should only be sustaidedng the period of this investigation. Since ®fitcwas
finished, the entire experimental arrangement waaapped as the structure would have no more utility
because the data was already collected and anatisktherefore, was reprocicable.
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1. INTRODUCTION mention is made as to the use of the Arduino
microcontroller to be used to capture the pulse and
Water scarcity is a current problem and it has calculate the volume of water released from the.tap
caused a growing concern. To solve this prob|em, Arduino like any other microcontroller also needs
various measures are being taken to rationalizases  additional resources to record the data, becaus@rits
(Scare, 2004; Ridoutt and Pfister, 2010). To createwith non-volatile memory. One solution would beuse a
solutions to address these problems scientifica$e  data logger (DL, 2014), however, this solution aejseon
plays an important role. This study reports the an operator periodically swap memory cards as aih
development of a research funded by FINEP, within o456 of damage or theft of the device, all datebeilost.
the covenant F!‘NEP/CEATEC/HYDRO: the Another solution would be the use of a Wireless
subpropct named devellop'[nent of devices for Sensor Network (WSN), so all the volumes of water
monitoring water consumption”.
é:aptured by the water flow transducers would be

The aim of this subproject was to assess the wate diatel if th
consumption and the technical and economic bengfits immediately sent to a computer. If the computepystal

water-saving faucets. To measure water consumptior/ €C€IVing data, this would be an indication thabething

from taps, pulse generators transducers (WFSM, )2012Wrong had occurred with the system of collectingada

were selected because they met the requirements witformed by wireless sensor and transducer of witer. f

regards to the water flow and has worthy cost/ienef  Thus the second option was the solution chosen and

ratio. On the data sheet on the use of these tamssl for the assessment of consumption of water, wabev f
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transducers were acquired and the amounts collected

were transmitted over a WSN.

WSNs are networks of low cost (Hanekeal., 2006;
Mwinyi et al., 2014), suitable for collecting data for
control and monitoring as well as for scientifisearch.
As an example of its use there are fire alarm ayste
(Lukkien et al., 2008; Naumanet al., 2011), flood
prevention (Kim, 2009), temperature control
(Baghyalakshmet al., 2011), among others.

The fact of not requiring a wired infrastructure
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(Chukwuka and Arshad, 2013) makes these networkd 9. 1. Save water taps: (a) “Faucet to table washbasih wit

especially useful for their use in places where the
data transmission has not been

infrastructure for
previously installed, as is the case in this stualgich
was conducted in two taps sinks, the premises ef th

bathrooms at the Center for Physical, Environmental

Sciences and Technologies (CEATEC), PUC-Campinas.
Basically a WSN works with distributed sensorstin a
area whose function is to collect data and sench tioea
central base, to be processed and stored. Therseirso
addition to data collection can act on the rematetrol
of electronic devices such as pumps, lighting syste
relays, among other various uses. In this caseksvas
actuator and the information to remotely triggeesth
devices does the reverse path of data collecti@n, i
starts from the central base and travels througtedch
the WSN sensor, that is connected to the devicehwhi
needs to be triggered (Pires, 2009).

auto close-deca brand” and (b) “Faucet to table
washbasin with auto close-docol brand-model: Zenit
docol tronic chrome”

RFBee Sensors v.1.1 (SS, 2012) were used for
collecting, transmitting and receiving data. TheBRE is
a sensor composed by a transceiver CC1101 (Tl,)2012
and a microcontroller ATMega 168 (AT, 2012), whish
the same microcontroller used in Arduino (Arduino,
2012). So, it can be programmed in the same Intedra
Development Environment (IDE) of the Arduino. The
architecture of the RFBee’s microcontroller was ofie
the reasons for its choice, as it allows easy cctivity
with the existing flow transducers on the markeiere
are solutions (Faludi, 2010) which use the Arduino
together with the XBee (XBee, 2013) to achieve the
same goal. However, such solutions are more prone t

In this study the central base node makes dataconnection problems due to the existence of oneemor

requests to the sensor node, that is connectdut thow

device at the circuit, allied to this, these san$ are

transducers which measure the taps consumption. Thenore expensive and occupy larger space.
sensor node then responds with the volume collected The manner chosen for programming RFBee was

from two transducers and also with the RSSI (Yera.,
2013; Yu et al., 2013). The latter figure aims to allow
assessment of the communication’s conditions betwe
two nodes. The data received by the base weredstora
computer in order to allow further analysis on the
consumption of each of the taps.

The remainder of this study is organized as foltows

using Radiuino (Radiuino, 2012) libraries, whose
functions are all compartmentalized into modules to
facilitate understanding and application developmen
The Radiuino is licensed under the terms of the GNU
Library or Lesser General Public License versiod 2.
(LGPLvV2) (GNU, 2012).

The transducer used to collect the flow rate from
the taps was Walter G %2 Flow POW110D3B (WFSM,

 Section 2. Materials and Methods, which describes2012) Fig. 2). It is a digital transducer that generates

the experimental setup used in this study

» Section 3, which presents the programming of datathrough

collection by means of digital transducers
e Section 4, showing the first results and finally
e Section 5, which is the conclusion of this study

2. MATERIALSAND METHODS

The taps used in this evaluation were: “Faucealbbet
washbasin with auto close-deca brandfig( 1a) and
“faucet to table washbasin with auto close-docaindr
model: Zenit docol tronic chromeF{g. 1b).
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pulses every 2.85 mL, which value was obtained
laboratory tests, before the definitive
installation of the bathrooms at the CEATEC.

Figure 3 shows the topology of the network
consisting of two nodes. The sensor node is coedect
to the water flow transducersFig. 4) and is
constantly receiving and storing pulses of watemwfl
transducers as the taps are used. The base noud, wh
is connected to the computer through a USB port,
requests water flow rate data to the sensor node,
which responds to the total of accumulated pulses,
between data requests.
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Fig. 2. Water Flow rate transducer (WFSM, 2012), transdugtr digital output signal
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Fig. 3. Sensor node that collects and transmits data floa lzase node that receives data and transmits theime computer
connected to it
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Fig. 4. Schematic of the sensor node

The amount of pulses received by the base node iwith voltage between 5 and 24 V, therefore, are fed
relayed to the computer, which converts them todirectly by the source. The digitals outputs, which
corresponding values in milliliters. All of thesatd is saved  contain pulses of both transducers are connectébeto
into text files, along with the date and time thegre  ports 17 and 18 of RFBee. In order to ensure that t
received (time stamp). Using these data, subsdyuins  gjgital signal does not exceed the 3.3 V voltageictvis
possible to get the amount of water consumed by 8 he maximum value of read ports, that RFBee support
every time they were used and analyze the techaidl  yhe output of the water flow transducers is coregtd a

econ_omic (financial) a_spects o.f them. . voltage divider consisting of the resistors R1 &2d
Figure 4 shows in detail the connections of the

sensor node. Iifrig. 4, a 6 V source feeds the whole 3. RFBEE NODES PROGRAMMING
system. As the RFBee needs a voltage of 3.3 V, the

circuit needs a tension reducer represented by ILI438 The previous section described the experimental
component. The water flow transducers can be segpli setup for water consumption evaluation of watelirgav
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taps, this section describes the programming of thewhich is connected to the water flow transducers ian

sensor node, base node and computer. responsible for the capture of pulses, which cpoed the
In Radiuino, the programming of the sensors is volumes of water released by the taps.
customized according to their specific functionV4SN, In RFBee Sensor, the digital ports at the pinsAd a

i.e., there is a programming for the RFBee Sensdr a 18 (RFB, 2013) were chosen to accumulate the puoises
one for the RFBee Base, these programs can béhe two taps, these ports at Radiuino program spamed
downloaded directly from the Radiuino website. to 101 and 102 ports, respectively. Because themsemde

On the computer that is connected to the RFBeeis connected to the water flow transducers, whichdircuit
Base, by a USB port, there is a program named dRy01 totaly new, its programming suffered much more
written in Python, which can also be downloadednfro modifications than RFBee Base and dk101.py programs
the Radiuino website. This program requests datawhen compared to the original versions of thesgrpras
(polling) (Boonsawat, 2010) to the RFBee Sensars¢h that are published on the Radiuino website.
requests will travel from the computer through REBe Figure 5 shows the flowchart of RFBee Sensor
Base until reach its destination at the RFBee Seii$® programming, wherein when the RFBee is in the boot
RFBee Sensor then will respond to dk101.py programprocess, the 101 and 102 ports are defined as data
with the amount of the pulses accumulated. In theinput ports (pulses) and also associate with tipeses
sequence the dk101.py program will receive theaesp @ pulse accumulation’s routine. The pulse
of the poll, will concatenate the date and timeeiheed, =~ accumulation’s  routine uses the “PCintPort:
will calculate the volume depending on the amount o Attachinterrupt (port, routine, state) command, vene
pulses captured by the RFBee Sensor and will vafite  the port is the port associated with the interropti
these data in text files. the routine is the function to accumulate the psilse

As described in the previous paragraph RFBee Base ithat come from the transducer and the state istde
just the communication interface between the coemput Of the pulse to be associated with the interruption
where the message exchange begins and RFBee SenséRISING, FALLING and CHANGE).

Start

1

Define IO1 e IO2 as
data input: And
associate ports IO1 e
102 to accumulators
routine

\
A

Wait for new
interruption to
accumulate pulses

Send accumulators;
and zeroed
acumulators

No Request for Yes
data

Fig. 5. Flowchart of the accumulation of pulses by RFBees8en
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The PCintPort command can be used after the copybeen saved and this efficiency survey of these wate
of the PinChangelnt.h library to the libraries di@y saving faucets will be finished.
of the Arduino’s IDE installation. Because this  This section described the programming required for
handler interruption’s function is not native toeth gata acquisition for digital transducers, will begented

Radiuino. The Radiuino program has been developeqy ihe next section the first results of this study
to analog readout of data, where the program réaals

analog port when necessary. For pulses accumulation 4. RESULTS
the digital transducer emits pulses as the watesgm
by it and the RFBee port must be associated with an  the previous sections presented the materials and

|nterr(lj.|_pt_|toT. E}/eryhtlme thedlnttr(]arruptllon occursa.lg} . methods and also the programming of sensor devices
new digital puise happened, the puise accumulagion .4 e computer for collecting water flow rateajat
routine is executed. this section describes how the data will be pre=gnt
Once the RFBee Sensor has finished its . . P
to researchers for analysis of water saving taps.

initialization, the digitals ports 101 and 102 will , .
remain awaiting for interrupts, as the interrupson F|gqre 6 ShPWS the watgr flow gr.aphlcs of the taps
with a time-period perspective on a given day.

occurs, accumulation’s routines will be called, ehi § B
will accumulate pulses until a request for data eom It can be taken from the graphic representeflig 6

from the microcomputer, whose message camethat the tap 2 has a higher water consumption ih bo
through RFBee Base. Every time, RFBee Sensorvolume and operating time than tap 1. Howeversit i
receives a request for data, it will respond witle t €arly collections and considering that the tap 1 is
amount of pulses accumulated to the RFBee Basemechanical, its consumption can be changed agetiffe
After the data with the accumulators were compietel pressure can be exerted on it. Thus, it is stiteseary to
transferred, the accumulators are zeroed to be table gather more data for more conclusive results.
accumulate new pulses, as new volumes of water pass This section presented the first operation resoits
through the taps. The experimental setup will ran f the data collection system. The next section deitls
several days or even months, until enough data hashe conclusion of this study.
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Fig. 6. Results of the first data collection
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5. CONCLUSION Boonsawat, V., 2010. XBee wireless sensor netwfuks

) temperature monitoring.Thammasat University,

This study presented a system for collecting data_~athum-Thani, Thailand. N
where there wasn't a prior infrastructure for data Chukwuka, E. and K. Arshad, 2013. Energy efficient
transmission, which was implemented through a MAC protocols for wireless sensor network: A

Wireless Sensor Network. By choosing the immediate _ Survey. Int. J. Wireless Mob. Netw. 5: 75-89.
data transmission rather than its storage on thePL, 2014. Adafruit Assembled Data Logging shield fo

collection site by means of a data logger, was iue Arduino. o _
the need to gather up data for several weeks otttmson Faludi, R., 2010. Building Wireless Sensor Networks
and in the case of failure in the collecting datstem, with ZigBee, XBee, Arduino and Processing. 1st

this could be discovered belatedly, harming of the Edn., O'Reilly Media, Inc.,Sebastopol, ISBN-10:
progress of research and especially due to the 1449302742, pB22. o
difficulty of make partial analyzes. GNU, 2912. Library or lesser general public license
The use of RFBee Sensor was another choice Version2.0. GNU. .
presented in this study, because it was not negetsa Hande, A., T. Polk, W. Walker and D. Bhatia, 2006.
include in the circuit an Arduino device for cagy Self-powered wireless sensor networks for remote
pulses from the digital transducers. Because RFBee patient monitoring in hospitals. Sensors, 6: 1102-
an Arduino microcontroller, which can be used to _ 1117.DOI: 10.3390/s6091102 _
program both the data collection routine and theing ~ Kim, S-H., 2009. A public alert system for dam tisge

routine to the transceiver, this last one is resjina for using wireless sensor network. Proceedings of Gkte 2

the data transmission to a Central Base. Annual USSD Conference oilanaging Our Water
The first experimental results indicate that itas Retention Systems, Nashville, Tennesgq®, 20-24,

viable system. And that it gives the impressionb® U.S. Society on Dams, pp: 353-368.

more economical and therefore, more feasible than d-ukkien, J., F. Siegemund, R. Verhoeven, R. Bosrhan,

solution based on XBee. Gomez and M. Hellenschmidt, 2008. The WASP
As this experiment proved to be functional, further architecture for wireless sensor networks. Commun.

investigations will be carried out in order to @ the Comput. Inform. Sci.,, 11: 430447. DOI:

current hydrometer reading done currently manuaja 10.1007/978-3-540-85379-4 50

human operator, who needs to physically approaeh th mwinyi, AK. S.AR. AlL-Haddad, S.J.B. Hashim and

device to read the measurement. Thus, with a Véisele R.B.H. Abdullah, 2014. Review on multi-agent system

Sensors Network installed, this reading will be muc
faster and can be done even on enclosed buildings
environments. This initial design described a @lci
advance on controlling remotely the liquid consuompt

collaboration in learning management system domain
by deploying wireless sensor networks for student
location detection. J. Comput. Sci., 10: 995-1002!:

and it can be easily applied to any building. 10.3844/jcssp.2014.995.1002 _
Nauman, Z., Igbal, S., Khan, M. I. and Tahir, MO12.
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