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A Low Power Wireless Sensor Network for Gully Pot Monitoring
in Urban Catchments

Chan H See Kirill V. Horoshenkov, RaeA. Abd-Alhameed Yim F. Hu and Simon). Tait

Abstract —Sewer and gully blockages are the main cause of
residential sewer flooding in the UK. A low-cost and power
efficient wireless sensor mesh networking communication
system has been designed, developed and implemented to
provide adequate warning on potential blockage incidents to
prevent sewer failure. By monitoring the water level of the gully
pot at each residential property, the water company will be
proactively informed of the best course of actions to eliminate
the causal problem, i.e. blockage and leakage within the sewer
infrastructure. Hence, the number of residential sewer flooding
and pollution incidents can be reduced. The prototype system
consists of eight Zigbee based wireless sensor nodes and a GPRS
enabled data gatherer. Each Zigbee sensor node comprises of a
radio transceiver, a data acquisition board and an acoustic
sensor probe. Field trials were carried out in an outdoor
scenario to crossvalidate the theoretical and practical
performance of the prototype system. The results in terms of
durability of sensors, sensor nodes and gateways and rdiability
of communication under real operational conditions and within
a typical inner city urban environment are discussed. The
problems encountered and solutions to tackle these problems
wer e addr essed.

Index Terms— Wireless mesh networking, Zigbee, GPRS,
residential sewer flooding

|. INTRODUCTION

The UK’'s sewer network iground 300,000 km long

and isthe largestasset within the water industry.he
deterioration of this ageingand primary underground

system has presentedsignificant challenges to water

companies Moreover, the imposition ofthe 1999 Water
Industry Act [1] and the Water Act of 20032] by the

government places a legal responsibility on the wat
companies not only to maintain the structural and operatior%

reduc8®
gwdely over a large catchment arbacause othe cost If

reliability of the sewer system, but also to

progressively its risk of failure. In order to meet thes
obligations and to become more operationally efficient, th
UK’s water industry is currently investing in excess of £20
million per annum 3]. As a result, significant efforts have

gone intoresearb and developmentactivities in all water
companies seeking moreadvanced and coeffective

methods to properlynonitor, maintain and rehabilitate the

sewer infrastructure.

C.H. SeeK.V. HoroshenkovR.A. Abd-Alhameed, ¥F.Hu and S.JTait

Sewer flooding and pollution incidents are the most
problematic issues encountered Wwater companiesTheir
performance is regulated by the Office of Water Regulation
(OFWAT) via a number of performance indicators. Failure to
meet these indicators can resultsevere financial penalties.
One of these indicators “DG5” deals withetmumber of
properties that suffédrom or are athe riskof sewer flooding.
Given the significant impact on customers that suffer sewer
flooding OFWAT requires companies to take action to reduce
the number of residential flooding incidentsst year, 438
residential properties in England and Wales suffered sewer
flooding [4]. Sewer and gully blockage are the major causes
of both flooding and pollution[4]. Traditionally, water
companiesadopt both proactive and reactive approaches to
tackle this problem In the proactive approach, manual
regular checks are carried ol the reactive approacta
service support teams called upon in response t@
customes report on problems associated with sewer
blockage, which may eventually lead to flamgl Current
monitoring involves mainly Closed Circuit Television
(CCTV) inspection and is expensive and limited in its
frequency. It should be remembered that ard2+h8 millions
properties are connected to the public sewer network and
only 0.0177%suffer floodirg [4]. A key issue with blockage
formation is its intermittent nature so thatrrent inspection
technologymay not be efficient enough to detect sudden
incidents or serious blockage which may have accumulated
before the routine check and which may lead titooding
incident

Currently, many water companies have deployed
telemetry systems to replace some of the manual operations

érpvolved in data collectionThese systemequire extensive

bling for Public Switch Telephone NetwortPSTN and
ower As aresult, telemetry systemsannot be deployed

(gspersed, infrequent faults are to be monitored tihdn
perative tdfind alternative economicahethods tgerform
the data collection and transsgion.

Low cost wireless sensors may be the only-effatient
option to replace traditi@ visual CCTV inspection which is
infrequent and costly. These wireless sensorsould be
deployed over an extensiyart of thenetwork and provide
early warning of impending failureoffering time for
maintenance teams to prevent service or regulatory failure

Wireless Sensor Network (WSN) hdseen used by
numerous researchedsie to its successful implementation in
a wide range of government military, commercial
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transportatiorand healthcarapplicationg5-10]. Research
literature on sensornetworks, architectures, protocols,  Fig. 1 describes the architecture of the proposed low
signal processing and hardwaie,extensive[10-14]. The power mesh network wireless sensor system. This system is
rapid developmenbf wireless sensor technologieslicates designed to monitor theater level in gully potsonnectedo
the possibility to change radically thexisting methods of the sewer networkZighee based short rarjeNVSN was
data collectionand monitoring that are used by sewer selected for this application because of its low cost, low data
network operatorsThis can be achieved via the deploymentate low power consumption, simple communication
of massive, selbrganised sensor netwerkhat able to infrastructue, low latency and capability to support one
conveyreal or neareattime datato managersvho can then master and up to 65000 slave control units-IT% The
respond appropriately. system consists of sensor nodedata gatherer and a remote
This paper presents the development and validation of theer terminal. Each sensor node comprisesaofadio
deployment of sensors at pilot scale withiresidential urban transceiver, data acquisition board and acoustic sensor probe.
area.The aim of the study was to demonstrate that water leuépmmunication betweenhe¢ sensor nodes and thuata
data collected at gully pots (tmeost basic entry to the sewergathereris via the Zigbee protocolThe daa gatherer
network at a residential property level) can be used to redug@nmunicates with the remote user terminal via either the
residential flooding incidentdoth Zigbee based transceiverEthernet connection or WiFi/GPRS access, depending on the
and acoustic seor probs, were installed imesidentiaigully ~ type of user terminal being used. Apart from prowdthe
pots in a high density residentiaineironmentto regularly interface between th&ensor nodeand the user terminal, the
monitor the water leveand so provide warning of damage ordata gatherer also acts as a vsebver. Once the sensor nodes
potential flooding received the digital sensor signal via the interface circuit
It is well-known that high radio signal attenuation can b&oard, by implementing a mesh network communication
experienced when the radi@nsceiveiis operatedn a lossy configuration, this WSN allows focontinuous connections
urban environment To alleviate this problem, low power and reconfigurations aroundolkked paths. This resslin
adaptive mesh network topology was implemented taopping fromsensomode to node until a connection can be
enhance the radio coverage and establish a reliaigigtablished with the data gatherer. It should be noted that the
communication link. Throughout the field trial, themesh networks posses the dwedhling capability that will
performance ofhe proposed system in terms of durability ofoperate even when a node breaks down omaeaion fails.
sensors, sensondes and gateways and reliabilityvdfeless As a result, it forms a very reliabteetwork. As soon as the
communication under real operational conditiowas data arrived at data gatherer, it is stored in the-sesber
characterized Problems encountered and lessons learnedftabase. The data is then retrieved by the user terminal and a
from the sensor deployment procease discussed The graphical output of the water level and the battewel are
results of this field trialgive sufficient informationto the displayed through an application interface.
collaboratingwater companyto evaluate the success of the
system based on cesenefit criterionso thatplanningfor ~A. Crossbow Mica2 Sensor Node

futurelarge scale sensor deploymentild be made A number of commercial Zigbee compliant wireless
o sensor platforms have emerged in recent yg&8s Not all
f::&n ﬂ R D of them are suited taghis work due tothe inclusion of
o awmm}\{. e \ : proprietary communication protocol arlle lack of Ethernet
s ¢ it IP connection from the gateway node in some odékensor
' (Gateway) S platforms. The advantages associated with employing such a
! ePRs '\ 8 commercial wireless sensor system include immediate
EP AR é a8 Gatew kX of-the-boX’ operation, avidability of technical support from
gy R - é ores Y 00 D . the platform manufacturer, and low unit costs. Nevertheless,
. & Microbrowser Mobile  Laptop constructing and distributing a wireless sensor networks over
S Sl alarge scale monitoring application has only become possible
] with  some fundamental advances ithe enabling
e | { R Gateway Coverage technologies.The most important advance has bebe
— B i e miniaturization of hardware. Smaller feature size in chigs ha
P driven down the power consumption of the basic components

of a sensor node to a level tm¢ans that theonstruction of
battey powered WSNs can be contemplated. This is
particularlytrue for themicrocontrollers and memory chips,
but also, the radio modemshich areresponsible forthe
wireless communication. Reduced chip size and imgrove

. SYSTEM ARCHITECTUREAND DESIGN METHODOLOGY energy efficiency is accompanied by reduced cost, wisich

Fig. 1: Wireless Sensor Netwo&ystem Architecture



necessary to makéhe deployment oflarge numbers of so asto conservesignificantly the paver and extend the
redundansensomnodes affordable. battery lifein this implementation.
By comparing the existing Zigbemmpliant wireless
communication system manufactuf@s], it wasfound that B. Embedded\ntenna design
Crossbow [9] is the only supplier Wich is capable of

furnishing thg most complete_ wireless communication Syste® mmunicationsensorsuffers from imited communication
for this monitoring application. In terms of hardware, .arange. In order to achieve an optimum reasonable

Zigbee transceiveoffered by Crossbow consists of a rad'ocommunication distance with minimum power consumption,

module onto which d|fferent typgs of sensor can be attaChﬂ"ﬂe antenna plays an important role in implementation of the
through a standard 5iin expansion connector. In terms of

ft C b i wireless sensor network (WSN).In this application the
software, Lrossbow motes run on an open source Operaqu%sceivers wre located at or slightly below ground level
SVS‘e”.‘ called TinyOJ20]. TinyOS is an eve'nt driven d the urban environment had a number of physical
operating system that handles power consumption and ra@{‘}stacles e.g. property boundary walls

networking. It is built to endb the useto focus on writing Anter,ma.\ aesign is one of tmeostchéllengingtasks for
a_pp_hcat!ons to acquire and react fo sensor d_ata. éfectronic device manufacturernm order to develop a
d|st|ngwshes itself from ather operating sys';elm; S miniatuized antenna module withithe availablevolume of
tepr|C|t_ SL_Jppotlt_hof amoctbner:yvgrk_:_r_]g ggd_m;ﬂtnop _da_ta the mobile terminal casing. In this application the whole
ransmission. i econcgp te m;;tt 'nﬁ; Thl's O MINIE  sonsor unit had to be “hidden” within the gully pot, so that
power consumption and extermatiery ite. 1NiS was S€€Nn as o yq \as a functional need to minimize the casing vollime.
a very important consideration in this stuttythis work,the

: : . is expected that all me generation antennas are capatie
Mica2 mote[21] from Crossbowwhich consists 0fCC1000 L iy ; ;
radio, Atmega 128L processor, 128kB Flash, 4kB RAM anprowdmg awide impedance bandwidth, acceptable gain and

' ! nsistent radiation patterns throughth# existing wireless
10 bits ADG is used. communicationfrequency spectrum. Due tadts attractive
features including low cosintrinsically light, low profile,

Conventional low power mesh networf wireless

& and compatible with the integrated circuit environment
P | printed monople antennas [227] arebeconing popularfor
wireless communication applications. Bandwidth

enhancement and size reduction techniques on this type of
antenna are weldocumented 45-2§. The most effective
methods to improve the impedance bandwidth of this type of
antenna are to modify the geometry of thdiating element
structure 25] and defected ground plane [2By fine tuning

both of these geometric features, the impedance bandwidth
can be broadened to accommodate all the frequency bands.
Antenna size reduction can be achieved by introducing high
dielectric substrate, shorting pins, slits or tslon the
geometry structure [286]. However, this type of antenna
suffers from the back radiation amgtable ground plane [27

Fig.2: Proposedembeddedantenna module. (Dimensions are in 0
mm)

[ ===Simulated |

The open source Xmesh reliable route protocotd3p —Measured

was employed for this applicatio®By implementing this
protocol, the sensor nodes are time synchronized witthin
msec. They wake up dght times per second, time
synchronized, for a very short interval to signal over the noise
backgroundin order to keep the minimal power consumption
in the sensor nodes, a low power listening (LPL) mode was
enablel on the radio module (CC1000) of the o8sbow 15 K"
transceivef24]. The LPL modeforcedthe radio moduldgo
go into sleep(extreme LPI. mode instead of turimg off the
radio completely This will ensurethat the sensor node has 20 850 300 950 1000
high latency when it is activated by neighboringnode. Frequency in MHz

; . Fig.3: Simulated and easured eturn losses of the proposed
Moreover, heroute update intervas also set at a lower rate antennawithin the enclosure

Return Loss in dB
=]




In this applicationthe proposed transceiver is expectedesults this can be attributed to the manufacturing and

to operate in éharsh environment, Wi high radio signal
attenuation (lossy and watery) surroundilagsl out of line

of-sight. A standard antenna teereforenot suitable for this
application.It was necessarto redesign armerialto satisfy
the demands of the proposed WSRhe proposed antean
had to provide the following characteristics:i) (good

impedance matchingver the902MHz - 928 MHz frequency
band, {i) consistent radiation patterns and good fitorback
(F/B) ratio (iii) high gain, {v) robustness,\ low cost and
profile and(vi) small size

alignment errors of the antenna prototype. &gepicts the
predicted 3D radiation pattern of teelectedantennaat 915
MHz. As can be observed, the radiation direction is pointed
upward which indicates the signal penetrates from below to
the above ground level. This predicted result is icowfd by
measureddata acquiredn an anechoic chamber. Moreover,
both simuated and measuredaximumgains of this antenna

in the broadsight directioare in a good agreement, which is
4.4 and 4.2 dBi respectively. The proposed antermna
believed to hava high potential and feasibility to be adopted

in underground water infrastucture monitoring. More
descriptions of this antenna can also be foun@% [

C. Acoustic sesor probe and Data Acquisitionodrd (DAQ)

There are a number of water level sensorailablein
the market[30]. But, many of these sensors are expensive,
unreliable are largein sze andconsume too much powéw
be used in thehostile gully pot environment In order to
reliably and effectivelymeasure the water level of a gully
novel and low costlow poweracoustic sensor was designed
and developedThis sensor makes use loéw sound waves
radiae in water in the gully environmenin general, therare
two ways of using a sonic transmission to detect the water

Fig.4: Simulated 3D radiation pattern of the proposed antenna Igvel [30].
915 MHz

X

L,

For the proposed system, ambeddedrinted antenna
was designed, tested and implemented with3® & 80 x 55
mm® IP68 enclosureas shown in Fig.2. The antennasists
of a meander line radiating element and a defected grounc
plane Both of them are printedn two sides of double layer
FR4 epoxy substrate with thickness of 0.8 mm dnel
dielectric constantef) is approximately equal t@l.4. The
total length of the radiating elemieis around 160 mm and
this correspondgo a half wavelength(iy/2) at 955 MHz
which is the centrdrequencyof the operating band. By
optimizing the size of the ground plane, good impedance
matching can be attained over tHesignfrequency band.
Due to the limited space inside the enclosure, the flat printed
antena is modified and formeidto a L-shape structurdt is
positioned on the face of the enclosura lmicationnearesto
the ground surface for optimal radio signal receptiorro
improve the radiation patterns fretatback (F/B) ratio, 413 The first method is touse anechesounder which
x 51 mnf metal plate which acts as a reflector element, imeasures the time between the beginning of a puls®oiid
placedinside the enclosure to prevemack radiation by the and return of the echo. Due theoustic impedance mismatch
antenna. between air and water, sound waves reflect from the interface,

By usingan existingdectromagnetienodding tool[28], so that the time of flight from transmitter teceivercan be
the performance of this antenmeduleis predicted and later measured and converted into the water leifdle second
the obtained results are cresdidated by the measurement.method is to evaluate the level of received signal strength
Fig.3 shows the computed and measured return loss of tiWaen the transmitter and receiaeeither both under water
antenna. As can be seen, both results occupy the requitedn the air.This method makes use of the better coupling
operating frequency spectrum from 902 to 926 MHz at retubetween the acoustic transducer water so that the
loss better than 10 dB. It shoulit noted that theres a amplitude of the signal measured in the receiver is
10MHz frequency shift between the simulated and measursignificantly higher if the transducer and receiver are

Plastic gully grate

> Radio Transceiver
hox

Ground Level

> Flood level acoustic
transducers (Tx/Rx)

ﬁy =» Perspex bar

Dry level acoustic transducers
(TxIRx)

Fig.5: Installation of the sensor within the gully pot.



submerged under watddowever, bothof these methods of interprets tis informationin a form understandabléy the
detection require a driver for the astic transmitter and an radio transceiver. Each sensor probe is calibrated mribet
amplifier for the received signallhe first methodsuffers installed in the gully podue to the manufacturingaxiability.
from potential effects ofdebris that cover thetransducer Owing to the different depth of the gully pot, the posis of
which arelikely to causea false alarmand it takes longer the two piezetransducer pairs inside the plastic tube are
time for measurement, whereas the second meibednot adjusted accordinglyrhroughout the calibration process, the
suffer from interference of debris and requist®rter time water level alarm trigger points will be saved in the
for measurementTherefore the second methodas adopted microcontroller on the DAQ board. Based on these trigger
in this project. points, the water level condition can determined It should

be noted that the DAQoard was designed to operate in low
power consumption mode and considerably extend the life
time of the sensanodule

X

Acoustic Probe I
3 & Y  Printed Antenna

E

Fig.6: Typical gully pot monitor unit

The developedacoustic probe comprises oo pairsof
piezoelectridransduces as shown in Figp, which are able to
convert electric signalto acoustic waves or vice verse. The
lower pair of transducsiis designated to determine the dry
(leakage) conditiorof a gully, while the upper pair of the
transduces is used to dect the high fluid level (flood
condition). In both pairs of the piezoelectric transtac one
of them playgherole of atransmitter, while the other acts as
a receiver. An electrical pulsa theresonantfrequencyof
transduceris sent to the transttér to generate sound,
whereas the receiver detects the sound field and converts it to
the electric signal fed back to the interface circuit bo&rde
to the high acoustic impedance mismatch between air and
water the level of fluid in a gully can be dgsdentified from
the amplitude of the response between the acoustic transducer
pair. A suitable prototype of the acoustiensorshas been
designed and constructed to generate signals to indicate three
different conditionsi.e. Normal, Leaking and Flood. In ) o ) )
the case of the normal fluid level the high and low acoustjc F'9: 8 Deployment of wireless sensors in gullies and data

.~ gatherer on lamppost.
responses between the lower and upper transducer pa|rsgare
recorded, respectively. In the case of low fluid lelehking
condition) the low acoustic responses between the lower apg Data gatherer/Hub
upper transducer pairs are recorded. In the case of high water . i
level (flooding condition), the high acoustic responses Du€ toits compact low-profile, easy to program and
between the lower and upper transducer pairs are recordedcOmpliancewith commonwireless standagdncluding Wifi,

The DAQ board is designed to drive the zme GPRS, Wimax and GSM, the Stargaibttform [30-31] is

transducers by using a puldethen examines the difference @dopted asthe data gatherer for this workThe Stargate

betweenthe amplitude of thereceival sound wave and Platform is alicencefree Linux operating system famini
computes. In this present application, it issedas a data
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Fig. 9: Wireless Sensors Distribution on field trial

gatherer/hubwhich collects the data from all the wirelessgatherer/hub (STHjistanceslt can be seen thahe dortest
sensors.These data are then processed displagd on a and longesSTS and STHlistancesvere5.5 m and 38.5m,
webpage and stored in a SD memory céiat. the optimum and 12.3m and 66.5m, respectively An ID from 10 to 17 is
radio coverage of the monitored area, the data gatherer vaasigned to each individual sensor to locate their positidn
mounted on a lamppost in orderkadt as visible as possible the data they produce

to the sensor nodesThe Stargate sends the recorded dat

back to the remote server onee day using a GPRS

connection ‘ Monitoring Process
Il. FIELD TRIALS

An area of terraced housés a city in Yorkshirewas
selected for testing the practical \iih of the proposed
system. There are three main reasons why this area was
selectedor this sensor deploymerfirsty, thisareahas had
numerousblockage incidents reported in the p&o, it was
considered that there was a reasopdtigh likelihood that
blockage incidentswould occur during the field trial.
Secondly,in this area, every single house lady one gully
to collect all the wastewater, such kitchen wastewateof
different temperaturewith fat and oil wastebathwater,and
rain waer. This single outlet poinis exposed as the single
failure point for the disposal of wastewatdrhirdly, the
topology of the site allows the proposed Zigbee mes
network wireless sensor systdm be testedSince the ite
hasa row of residentiahouses,the system will need to use
sensometworkto relay information to the data gatherkris
believed that if the system can work in thikallenging
environment thenit should subsequently work fanost of
theother urbarscenarios.

Fig. 5 shows thenstallation of the wireless sensor inside
the gully pot. As can be seen, a watertight enclosure whi

Consecutive alarms =
or
Clock timer = 6 hours,

Successful
Transmission 7

comprisel of an antennaa transceiver and DAQ board is Fig. 10: Flow chart for basic operation of the sensor
attachedo thebase of thgully grate andainacoustic probe is
positioned in the centre of éhgully pot. Fig. 6showsthe The project specification required tigeilly monitor to

deployment of the prototypef the gully pot monitor unit, gperate for up to two yearJo achieve thisthe Zigbee
while Fig. 7 portrays the irernalview of the enclosure. The monitor was programmed tavork in two modes The
practical implementation of the proposed system is illustratgflicrocontroller on the DAQ board is programmeaveke up
in Fig. 8 and the system is constitutedeaght gully monitor  from sleep mode to msure the water leveonditionevery
units and a data gatherer/hiig. 9 schematically showthe  fiye minuteswhile keeping the transceiver in the sleep mode.
distribution of the proposed sensor nodes and data gatherepnce it detecta low/high alarmthe transceivemwakesup to
shows the sensorto sensor (STS)and sensor to data sense th&®eceived Signal Strength Indica@®SS) from the



hub as well asfrom its neighborng sensor’s node. Then, it normal and battery level is above thminimum voltage
comparsthe RSSI andelectsthe best rowto relay the data threshold (2.5 voltpf thesensor node.
back to thedata gatherer vithe Zigbee mesh network. After
that, the data gatherer enables the GPRS connection ahd Acoustic Sensor
sendsthe data to the remote servBubsequentlythe remote
user can send an inspector to investigate the elvettite case Fig. 12 showsthe reliability of theacoustic sensor only
of nooccurrencesf any event, the sensor broadcasts a healttnd its improvement over thellff trial period. The results
condition packet back to the hub to indicate its battery leveliggestd that the acoustic sensor can achieye to 85%
and water level condins every 6 hoursThe hub emblishes reliability. During the field trial, modifications have been
the GPRS service to send all the received data back to thadeto the program which controlled thBAQ board and
remote server on a daily basi$o fully understand the awmustic probeat three different points in time (stageshe
activitiesof the installed sensgrFig.10provides a brief flow modificationsenabl@ the water levetonditionof the gullies
chart of the proposed protocol for the sensors. to be determined more reliabandto avoid false alarm It
was found that Here were five factorsaffecting sensor
——— reliability. Firstly, in the sensing mode, the sensing activity
| o 8Dec | takes place every 5 minutes. If the water level is above/below
11 Dec the normal status, an alarm is triggered and a data package is
: 25 Dec . . .
4 : ” %98 Dise sent to the hub. By using this sensing method, many false
sl < - . % % 17 Decl-e- alarms were reportedsan stage 1. This can be attributed to
S BT the ug of household electronic appliancesch as alish
washer, washing machine and showering activitéeding
over 5 minutes. In order to remoubese false alarms
. . . . : [ consecutive alarmserecountedthe sensoreliability can be
improved. Byoptimizingthis parameter, it was found that the
sensorreliability can be progressively enhanced, as from
stage 2 to 4. It was found that by using five consecutive
alarmsfalse alarm sensing issuegre eliminatedSecondly,
the position othe probe within the gully is anoth@arameter
that needs to beaken into consideration in order to
accuratty determire the water levelcondition Thirdly, by
using theonsite waste waterto calibrate the sensing probe
V. Results and Discussion instead of the tag/aterin the laboratorygan also improve the
reliability of the system Fourthly, the definition of normal,
high and low water level on each individual gully pot is
Qifferent. Therefore, it is important to define this parameter
carefully for enhancinghe accuracy of the sensor. Lastly,
he consistency of manufacturing thensomrobe is another
important issue for achieving good accuracy of the
measurement.

Water level
Leaking, 2 = Normal, 3 = Flooding)

(0

% 2 4 6 8 10 12 14 16 18 20 22 24
Time in 24 hours format
Fig. 11: Exampe of a working sensor node over selected days.

This sectionreports orthe outcomes ofhethree month
field trial. By analysing the received data from the dat
gatherer, it is feasible toalculatethe success rate of the
systemoperation.The performance of the system is assess
based on two key elements: sensegliability and
communication reliability. The sensor reliability was
calculated by finding the ratio of thmumber ofcorrect data
(right status othe water levelcondtion) receivedto thetotal
number ofreceived dataData was determined as correct
based on the physical behavior of the gully pot as it wi
empty, filing and emptyingln order to verifywhetherthe
received data is correct, @ite investigatiorwas carried out
on a weekly basis in the case when no alamastriggered.
However, when an alarmas activated,a site surveywas
immediately conducted to check the sensor reliability. A

100
90
80
70F
60
50

Sensor reliability in Percentage (%)

example of the received data framworking sensors plotted o

on Fig. 11 Due toalarge amount of the received data fror 2 30,

the hub, Figl1only shove data over three consecutive weeks § 205

starting from the 8 December to the ™2®ecemberto 104

illustrate the reliability of the sensAs can be clearly seen, 0

the sensomodetransmis a health packet reliably back to the 1 QStage SR 4
hub every 6 hour€ach data indicatethatthe water levels Fig. 12: Sensoreliability of the proposed system



B. Communication that the communication reliability wagelatively low. An
investigationwascarried out to pinpoint the reasowhy the

This section discusgs the feasibility of using@ Zigbee radio communicatioron those gully monitoring unitavere
based mesh network sensor topologytfergully monitoring  blocked It wasdiscovered that the blockage waise to water
system It was interesting to findn the field trial that the leak issuesin the transceiver enclosureand third party
gully monitor can relay the data to its neighbour withibO0 interferencesricluding covering the sensors with objects. In
meter communication range. The &@ss communication order to improve the radio coverage signal strength,
range can be extended over 100 nweitm reliable mesh significant efforts have been made to tackle tisblem.
network is establishedThese obervations are in good These includedemedial worksto chang the orientation of
correlationwith the results presented in [28owever, it was the aerialof the hub,adding relay pmts (i.e. repeaters)
observed that when it was raining or snowing the STS amcich were installed a40m to 70m away from the huin
STH communication distances can be reduced up to 30 #ddition a high gain aerialvas installed at the huhs shown
which correspond to 7 and 70 meters respectively. During threFig. 14. These works correspondéal stage 2, 3 and 4 in
field trial, even with these reduced levels, no drop in theig.13. As a resultthe efficierty of the proposedystemwas
warning capabilities of the system was observed improved considerablyit should be noted that adding relay
points tothe system isnot always a feasiblsolution to this
problembecause the performance of the sysisrheavily
depeneénton thelocationof lamppost A possible alternative
is to implement multipleinput multiple-output (MIMO)
antenna on the data gatherer to imprthe communication
signal coerage This will be studiedin future It was
observed thab out the 8 of the sensoaghieved a working
reliakility of around 80% The poorerperformancenf sensors
(ID 10, 12 and 13tanagainbe attributed to the water leak
into the enclosure.

-
o
=

V. Conclusions and Recommendations

Communication reliability in Percentage (%)

: ; This paper presenthe developmenbf a novel Zigbee
A based WSN communication systeamnd the resultsobtained
from a field trial deployedin an urban residential arda
provide warning of flooding at a single property scdlbe
presented workas led to the development of knowledge and
expertise in four areas of research: a)wireless
communications and distribed wireless sensor networking;
b) embeddedantenna design; cdensors andnstrumentation
for use in water industry assets; d@mote monitoring of
water related asset3.hesetechnologiesformed a reliable
wireless system thawvas ableto transferand pocess data
effectively from a number of gully pot sensors in a typical
residential setting. The results indicated that providing
suitable rules were used to determine alarms and a high
quality erclosure was possible thenlarge numbebf diverse
sensorscould bedistributed within a sewer netwarRhese
sensors could provide reliable information in orttereduce
significantly floodingevents.Outcomes from the field trial
enabled the researchexr to gain expertise in the issues
associated with the praciicmonitoring of the performance
Fig. 14: Wireless link enhancement methoda) Adding relay of elements of the urbanwerage infrastructure managlayi
point, (b) Using high gain antenna on the data gatherer a water companyThe problemsncounterednd associated
solutions to these problems have been addressed and
Fig. 13 ilustrates thecommunicationreliability of the discussed. Théeld trials have resulted in a systdfat can
proposed\NSN systemfor each individual gu”y momjring be adapted, modified and extended for use in the sewer
unit over each stage of the field triah general, this field network under different operating conditions The
trial has been divided into four stages. In the first stage, eighiProximate cost is arousd 50for crossbow transoeer and
sensors and orgata gatherewere installed, buit was found data acquisition board$10 for the water level probe and

2

2 2]
Stage of the field trial
Fig. 13: Communicatiorreliability of the proposed system




$500 for the data gather/hub. To further improve the [13] B.M. Saciler, "Fundamentals of Ener@pnstrained Sensor
communication and sensoeliabilities of this system, it is Network Systems,"[EEE Aerospace and Electronics Systems
suggested that commercial manufacturer is needed to Magazine Vol. 20, No. 8, pp. 1-85, 2005 ) o
develop a more robust prototype of the proposed gully?! G:Viiay. E. Ben Ali Bdira and M.lbnkahla “Cognition in
monitor unit. Such a wireless communication system doul Wireless Sensor Network: A PerspectivdEEE Sensors

| b d I diti d h Vil Journal Vol.11, pp.582592, 2011
also be used tocollect condition data on other civi [15] C.EvansPughe, "Bzzzzzz [ZigBee Wireless Standard]EE

infrastructure given appropriate sensing technology. Review vol. 49, pp. 281, March 2003.
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