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Abstract

Urban drainages are important for evacuation oftevaster in cities. It helps for the smooth runnisfgthe
daily activities in the city and prevents proliféoa of diseases. Drainage systems and constructiethods
have not evolved much in the past years. Due tailptipn growth, urbanization and climatic changas, urban
drainages have become inefficient. Localized hemigfall causes overflow of drains that lead toofls
resulting in major infrastructural damages and lok$ives. Obstruction due to solid waste prevesftective
waste water evacuation. In this paper existingndige monitoring systems are identified and theinitooing
methods and technologies are analysed. Currematyaiwater monitoring methods such as the Ratioe#hod,
the Modified Rational method, the SCS Runoff methbé Saint-Venant equation and the Manning’s eqoat
are not reliable and only provide estimated valwepeak discharge and mean water velocity. Wiresessor
network systems for monitoring drains and rivergliffierent regions such as Birmingham, Brazil, Pipines
and Mississippi are thoroughly discussed. Wirekssssors and microprocessor platforms that may éeé fog
the urban drainage monitoring are evaluated. Aesyatic review of the research challenges for riead-t
monitoring of urban drainages is carried out. Femttore, possible solutions that use advanced sensor
technologies to detect overflow and obstructioruiban drainages are analysed. Indeed this papgidpsa
comprehensive assessment of technological advameglsan drainage monitoring systems.

Keywords: wireless sensor networks, urban drainage monitprvager flow monitoring, overflow detection,
obstruction detection

1. Introduction

In the Medieval Europe era, the sewers implementexid open ditches that followed the drainage payhiwa
meet rivers and other water bodies (De Etal.,2014). Even in London and Paris, rivers were wsedpen
sewers that carried all the wastewaters out ofcttye This waste disposal method was prohibitedhie year
1375 in London, while Paris started the constructtbé underground sewer in 1370, more specificalltha rue
Montmartre. France continued its pursuit in thead@gment of sewers and the first wastewater treatplants
started in the years 1930 in Paris.

During the 20th century, our sewer systems haveragressed a lot in design and consist mainlyefe main
types of collection systems; namely the sanitargtexsater collection systems, storm water collectigsiems
and a combined wastewater and storm water colledijstems (De Feet al., 2014). The design principles
remain the same by dividing the town into sepasagas and having different radial collectors froiffecent
regions of the town converging to a single locatigmere the sewage begins. Each area comprisesodf sh
collectors and many sewers merges to a longitudiokéctor of bigger size to accommodate the wastabke
small collectors.

Urban drainage systems have been helping mankirmbnstruct highly modern cities since past 150 year
(Arnbjerg-Nielseret al.,2013). Drainage system used for evacuating exgats from urban regions to prevent
flood no more serve their purpose. The sourcexoéss water are mainly from rainfall and waste wétem
houses. Excess water from houses can be determmetas little ad hoc behaviour and variation. Rndther
hand, the amount of water from rainfall varies lgngicant amount. With evolution in time, we hapmgressed

a lot in terms of determining the location and &m®ting the amount of precipitation in several sagi The
forecasting method is mainly based on statistieah @ollected over several years. But during tlceneyears,
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even our climate has constantly been changing,ehtéve need for real-time monitoring of the urbaaimge
system in cities.

In this paper, section 1 introduces the area afystf wireless sensor networks for urban draina§estion 2
discusses about the problems with existing draisggéems and the cause of drainage overflow. Se8tigives

a detailed description of the different drainageendlow calculation methods such as the Rationaeithwod, the
Saint Venant equation, the SCS Runoff method, tlwlifiéd Rational method and the Manning’s equation.
Existing systems that uses wireless sensors afgsadain Section 4. Section 5 highlights the tedbgical
advances in wireless sensors and comparativelyysamlthe different water level and water flow sefso
Section 6 examines on the problems encounteregauides possible solutions. Finally, Section 7 atodes
the study of this research.

2. Problems with Existing Urban Drainage System

There has been recent flood that occurred in nunsepart of the world. Unpredictable flood occuried
Queensland between 2010 and 2011, in Thailand 1®,2id China in 2012 and in Germany and Hungary in
2013 (Horitaet al.,2014). In India, the cities produce an average0®¥ 000 million litres of waste water per day
(Elango and Usha, 2014). This huge amount of waater has to be effectively evacuated to prevestftow

of the urban regions and also avoid propagatidnlmérculosis and other airborne diseases.

2.1 Urban Drainage Design Issues

Urban drainages have been designed based on tédtorformation in the ancient times. But there bagn
little consideration that we are encountering majonatic changes and population growth that afectihg our
globe. Based on the climatic variations that haseuored in several regions, it has been noticetittieadesign
criteria taken into consideration in those anctames are no more relevant. Several recent inciddeave shown
that drainages are not efficient. In most citiee #mount of waste water can be estimated baseden t
population of the area (Balmfor#t al.,2006). Although during the drainage design thaltefste water of the
inhabitants residing in the city are already talk#a consideration, there are other parameterstwdie difficult

to estimate. For instance, population growth arwhuoization are two parameters that affect the dogrsystem
and require constant monitoring (De Febal., 2014). People usually tend to move to cities teehbetter
facilities and a better quality of life.

In the Calikut city of Kerala, more precisely inl®@mm area, excess of water run-off is a threatht®
environment (Needhidasan and Nallanathel, 2013 Phlayam region is a densely populated area and
evacuation of the inhabitants in limited time igpwssible. Palayam has encountered several occasidiond

due to its bad drainage design during which theufadipn growth and terrain topology were not consédl.
Three main criteria to take into account for theige of urban drainage are:

e Functional requirements.
* Technical requirements.
» Social and economical considerations.

During the planning and design process, wasteveatevell as storm water needs to be considered (haeehn
and Nallanathel, 2013). The aim is to provide asoeable degree of protection as it is neither malchor
economically viable for total elimination and caitrof flood. The worst case scenario is not taketo i
consideration. This gives room for intermittent igainfall to overflow the drainage system caudiogs of
human lives and infrastructural damages.

2.2 Urban Drainage Overflow

Overflow of urban drainage is an issue which igjfiently encountered in several cities. The reasangfrom
design issues to unpredictable high rainfall ratel abstruction in the drainage, which result inimge
overflow. Storm drains are used to evacuate exa@asand ground water from urban regions such i&etst,
parking lots and houses (Needhidasan and NallalnZ0&3).

Combined sewer is one which collects water runoff aanitary sewage into a single structure. Owverfd
combined sewer is an important issue which is gaininpetuous. In India, the overflow of sewer hesutted in
numerous health issues and environmental poll(fidango and Usha, 2014). In Brazil, the floods emtered
are very difficult to predict as technical paramgtesuch as the current level of water in riverancd be
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monitored. In such situation, there is not enougle to take the necessary preventive measureshancksulted
in multiple infrastructural damages.

The city of Port-Louis, in Mauritius, has been exgecing recent floods. The Ruisseau du Pouce sinaire
cleared and enlarged for easy passage of watérvassiprone to risk of overflow during high rainfpkriods
(Le Defi Media Group, 2013). On $March 2013, the Canal Dayot overflowed due to higihfall rate. The
overflow of the drainages developed into water enirrthat carried away hundreds of vehicles. Peojglee
trapped inside buildings surrounded with water #imel roads were impracticable. This unexpected émtid
caused panic in the city, major infrastructural dges and 11 persons lost their lives. Figure 1 stibesstate of
the Ruisseau du Pouce and Canal Dayot after bewmglawved.

A

Pouce and Canal Dayot ddied {Le Mauricien, 2013)

A total of 140.8 mm of rainfall was recorded fodaration of 4 hours (Hansard, 2013). Analysis eafrout
afterwards revealed that improper maintenance afndges and solid wastes blocking the water passage
contributed to this incident although it is not thain reason for the flood. In such a high rainéaVironment, it

was practically impossible to monitor the drainatgtus and to give a real-time feedback to thel jpgpulation.

An alert was declared at the last minute and tllecaities were not in a situation to take apprdgrimeasures to
evacuate the excess water and safeguard the iahtbif Port-Louis. The streets of Port-Louis wioeded
within few hours. Figure 2 shows the Caudan Watetfafter the flash flood of 0March 2013.

Figure 1. Ruisseau du

==X - = 4
Figure 2. Caudan Waterfont few hours after thenflésod of 3¢" March 2013 (Le Defi Media Group, 2013)

2.3 Impacts of Climatic Changes

Climatic changes such as global warming have dmued to unpredictable precipitation at random tioce.
The model of forecasting based on historical dataoi more reliable in our modern era. In the fathing years,
the physical infrastructure of our drainage systerad to be re-evaluated (De Fal, 2014).

According to the U.N. forecast, cities that werevyiously safe can now face heavy rainfall whicteetf§ the
evacuation capacity of storm water, drainage amiesage infrastructure (De Fe&t al, 2014). Countries in the
region of Asia, namely India, Bangladesh and Chirain high risk of floods. Sweden, Finland and $tasin
the European region will also experience high &dirif the forthcoming years. In 2002, Europe eigrased a
huge number of floods causing consequent damagesk@rth, 2008). For the period of May to July 2007
England in turn encountered a heavy flood. Analységle by Trenberth (2008) describes that the tagtfall is
because of the increase in moisture level in gerggions. Humidity on the other hand did not vamych and
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was not considered to be a determining factor éater high precipitation rates. Like the examplevabthere
are other climatic changes that are triggering hargeunt of rainfall in many regions. The existingstewater
disposal mechanism in many countries will need majodifications to be able to contain the forthcoghigh
precipitation. Hence there is a high need for nayitiy of urban drainage systems. Wireless sensexd to be
placed at strategic locations in drains for moitgprof water level and water flow to detect ovenfl@and
obstructions.

2.4 Urban Drainage Limitations

Our drainage system has been designed considarmgrous factors but still they require constantvatuation
to decrease the occurrence of urban drainage owerflhe world population is estimated to increag® illion
by 2050 (De Feet al., 2014). Thus there will be higher waste water poeduwhich will lead to a higher
demand of waste water disposal. The developingtdesnare already facing issues. India and cownirighe
African regions are encountering severe health Ipmg due to disease proliferation. Old sewer amindge
systems, constructed to accommodate lesser inh&baee still in use but do not serve their purpose

Another factor to be considered is urbanizationmidrous predictions highlights that a higher nundfgreople
will tend to live in urban areas which will increathe waste water disposal (De Fal., 2014). The existing
sewer systems in the urban regions will not be &blaccommodate these high growths in demands fend t
option of simply extending the existing drainagstem is not feasible. Finding an appropriate sofutor waste
water disposal remains a challenge. Furthermoeestiites of sewer systems in numerous cities iEmgland,
Paris and Rome have degraded with time. EU enviemtirtegislation is forcing it members to upgradeirth
waste water systems for a better preparation tdhallmiscellaneous changes that can affect themelaf
disposable waste water. However, countries of th&tdfn Europe and Central Asia may not be pregaréte
the new challenges.

Our existing drainage systems are not reliablevareate all the excess water volume caused by izdiaon
and population growth. Overflow of drains may caosgor infrastructural damages and disease pratifar.
Setting up of a wireless sensor system for momigpthe water level helps to detect drainage owerfiathin
seconds. The system can thus raise an alarm fardo¢horities to take appropriate actions.

3. Drainage Water Flow Calculation Methods

There have been various methods developed by maysigians such as Emil Kuichling (Needhidasan and
Nallanathel, 2013) and others which serve in dat@ng the peak discharge or the mean velocity dievitow

in a drainage. Methods such as the Rational medihddthe St-Venant equation, require input pararaetdich
are very complex to determine, thus making theltgsim approximation or estimation of the real ealu

In many cases, the deviation of the calculated misd¢harge or water velocity from the actual valisedue to
incorrect inputs. It has also been highlighted that state of the drains changes with regardsne.tWireless
sensors capturing real-time water level and wdtav fn the drains will output more reliable resulsit can be
used for accurate overflow detections and predistidn the section below, a study is carried owrialyse the
existing methods and to highlight their benefitd dnawbacks.

3.1 The Rational Method

The Rational method is used to calculate the gitalharge of water that a drainage system can uyoldefore
overflowing (Proag, 2013). The Rational method sageveral parameters into consideration namelyntterial
type of the drainage system, the intensity of airg#nd the size of the drainage.

The formula for the Rational Method is
=102 i
Q 0,278 ci A (1)
where;

« Q= Peak discharge into drainage’/gh
* ¢ = Runoff coefficient. Varies depending on the enial type (dimensionless)
* i=Intensity of rainfall. Varies depending on tevironment (mm/hr)
« A= Catchment area. The area of water that flows tine drainage (kfn
The Rational method is applied based on the folhgweissumptions (Proag, 2013):
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e There is uniform area distribution of rainfall assd¢he whole catchment.

e The rainfall intensity is constant for at leastusation equal to the time of concentratiqn, t

e The peak flow occurs when the rainfall intensitstéaat least as long as t

e C, the runoff coefficient, remains constant througiithe storm duration.

e The return period of the peak discharge, Tr, issti@e as that of the rainfall intensity.
The intensity of the rainfall can be measured diyear even calculated by recording the amountaiffall per
hour. The peak flow in a drain is calculated by Regional Method for appropriate design and couwsitva of
the drainage system. There have been various distiss by Theodore G. Cleveland (Clevelatdal., 2011)
and others, about the usage of Rational method, (0% Conservation Service) hydrograph methodher t
modified Rational method. The Rational method harsain limitation which is due to the assumptiossdiin
the formula Q = 0.0028 C i A. The rainfall inteysitaries in real-time while in the Rational methibds
assumed to be constant throughout the time of ctrat@n. The most challenging part in the Ratiomathod
is to calculate the runoff coefficient of the catwmt area. It comprises of variables such as eaexipitation,
land pattern, soil moisture, water infiltration amedrain inclination.

Considering the different parameters used in thgoRal Method, in can be deduced that the lattey the
following drawbacks:

< Cannot give the real time status of the level ofewaside the drainage.

e Cannot detect if there is any obstruction insigedhainage.

« Does not cater for the fact that the peak dischdegends on the inclination of the slope and thaite

type.

These parameters that have not been consideredyechiba peak discharge in the drainage by a sigmnific
amount, hence gives an inappropriate forecastingh&rmore the Rational method is based on histbdata.
As climatic changes are resulting into high dewiatin the prediction of rainfall location and inséy, the
Rational method is no more reliable.

3.2 The Saint-Venant Equation

The Saint-Venant equation is used to model the flovan open canal in sewer pipes. It is based osipal
principles of mass conservation of energy (Clewélainal., 2011). The equation is simplified by decomposing
the sewer network into several virtual and reaks$aithe formula is given in Figure 3 below.

Ung (K + 1) = vny (k) + Abipy, Spy By (k) + Al (Z r'ri:‘l”i”':’] _qu;tf&“:))

i h
Figure 3. Saint-Venant equation (Ocampo-Martieeal.,2013)

e n=Virtual tanks

*  0On = Ground absorption coefficient of th&hcatchment

e S, = Surface area

« P(k) = Rain intensity at each sample with a sangptime At

*  Ovinowt = The flow through control gates
Control gates are used as control devices to ailivert the flow of the sewage (diversion gates3top the flow
of the sewer (detention gates). In Saint-Venantggn, nodes are considered to be points in thearktwhere
the sewage can be propagated or merged (Ocampanbizat al.,2013).

The Saint-Venant equation is highly complex andpallameters cannot be monitored. It does not fateral
time parameters, such as rainfall variations andaliped precipitation. The equation requires sdvera
assumptions for easier understanding and contoolirStance, the tank outflow is assumed to beqmtamal to
the water volume currently stored within the tan®Rcémpo-Martinezet al., 2013). The underlying
simplifications and assumptions make the Saint-Meneguation unreliable for real-time monitoring and
predictions.

3.3 The SCS Runoff Method
The SCS Runoff method is used to estimate the gisgkarge for a 24-hr design storm. It was devealdpethe
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United States Soil Conservation Service (Needhidamad Nallanathel, 2013). The SCS Runoff method
calculates the peak discharge based on the drainpgss, the unit hydrograph and the soil charésties. The
soil type are categorised as shown below:

« Group A: Deep sand, deep loess and aggregated silts

e Group B: Clay loams, shallow loess, sandy loam.

* Group C: Clay loams, shallow sandy loam, soils inwrganic content, and soils usually high in clay.
Inputs required for calculating the peak dischaaige rainfall amount, the potential maximum retemtadter
runoff begins and the initial abstraction. The fatanfor calculating the runoff is shown in Equat@n

_ _(P-LY
Where:
*  Q = Runoff.
« P =Rainfall.

e S = Potential maximum retention after runoff begins

* I, = Initial abstraction.
The initial abstraction is found to be highly véi&a depending on the terrain characteristics ardifiigult to
measure accurately. It is the summation of allwlager losses which occurs before runoff and consitivater
retained in surface depression, water cut off bgetation, water evaporated into the atmosphereveatdr
infiltrated into the soil (Needhidasan and Nalldweht 2013). Experiments carried out has highlighteat for
small agricultural watersheds, the initial absimatican be determined using the formide= 0.25, wherel; =
the initial abstraction andl = the potential maximum retention after runoff imsg The potential maximum
retention after runoff is dependent on the soil aader conditions of the watershed linked to the dnber
(SCS Runoff Curve Number). The first drawback @& 8CS Runoff method is that the initial abstractannot
be precisely computed, hence making the peak digetanly an estimation of the exact value. Secqratijt
characteristics should be determined accurateqytdd deviation from the actual peak discharge arhou

3.4 The Modified Rational Method

The Modified Rational method is an extension of Raional method for situations where storms hageeater
duration than the normal time of concentrationslich scenarios, the volume of the runoff will beager but
with a lower peak discharge (Clevelaedal., 2011). The Modified Rational method is mostly useddesign
storage with watersheds of up to 20 to 30 acres. fohmula for the Modified Rational method is shoimn
Equation 3.

Q=00028CiA 3)
Where:
« Q= The peak discharge fs).
e C =The runoff coefficient (dimensionless).
* i=The intensity of rainfall, based on the durataf the rainfall (mm/hr).
« A= The catchment area (K

The Modified Rational method results into a hydegdr having the peak discharge against time. Theolgyalph
is in the trapezium form as shown in Figure 4.
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+———— Tc x Storm duration factor ——»

Figure 4. Hydrograph for Modified Rational methd¢e€dhidasan and Nallanathel, 2013)

The value of the runoff coefficient (C) varies bégmn the terrain type and inclination and has tcheectly
determine by the engineer. The various valueshiertinoff coefficient are shown in Table 1.

Table 1. Runoff coefficient for Rational method ¢hpson, 2006)

Description Runoff coefficient
Business
Downtown Areas 0.70-0.95
Neighbourhood Areas 0.50 - 0.70
Residential
Single-family 0.30-0.50
Multi-family detached 0.40 - 0.60
Multi-family attached 0.60 — 0.75
Residential suburban 0.25-0.40
Apartments 0.50-0.70
Parks, cemetaries 0.10-0.25
Playgrounds 0.20-0.35
Railroad yards 0.20-0.40
Unimproved areas 0.10-0.30
Drives and walks 0.75-0.85
Roofs 0.75-0.95
Streets
Asphalt 0.70 - 0.95
Concrete 0.80 -0.95
Brick 0.70-0.85
Lawns; sandy soils
Flat, 2% slopes 0.05-0.10
Average, 2% - 7% slopes 0.10-0.15
Steep, 7% slopes 0.15-0.20
Lawns; heavy soils
Flat, 2% slopes 0.13-0.17
Average, 2% - 7% slopes 0.18 -0.22
Steep, 7% slopes 0.25-0.35
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3.5 The Manning’s Equation

During the year 1889, numerous drainage water fiounulae such as the Chézy and Eytelwein, Weisbach,
Saint-Venant, Du Buat and Kutter were under stuBgrifand-Krajewski, 2006). After different compais
with the existing formulae, Manning’s equation wasblished in 1890 for the calculation of the meaater
velocity for an open channel. The formula for cidting the mean water velocity is as shown beloEguation

(4)

e ¥ =The mean velocity (m/s or ft/s).

e [k =1.49 for U.S customary units and 1.00 for Stsuni

e n = Manning's roughness coefficient.

e R = Hydraulic radius (m or ft).

e 5= Friction slope (m/m or ft/ft).
Using the formulae R = A/P; whef2= the hydraulic radiusi = the cross-sectional area of flakv= the wetted
perimeter, andy = A = V; where@ = the peak dischargd, = the cross-sectional area of flokv= the mean
velocity, the Manning’s equation can be expresseihaquation 5 to calculate the peak discharga open
channel.

- k45 .
npk (5)

e Q =The peak discharge.

ek =1.49 for U.S customary units and 1.00 for Stsuni

* A =The cross-sectional area of flow.

¢ n=Manning’s roughness coefficient.

e P = Maximum storm rainfall within a day (mm).

e S = The potential maximum retention.
The Manning’s roughness coefficient varies basethenmaterial type of the open channel. The valaeshe
roughness coefficient are as shown in Table 2. Evehe modern time, it is difficult to accuratetgmpute the
potential maximum retention and the service of gpeet engineer needs to be sought to preciselymate the
manning’s roughness coefficient.

Table 2. Few typical values of Manning’s roughnessfficient, n(CIVE 2400)

Channel type Surface material and form Manning’s n range
River Earth, straight 0.020 - 0.025
Earth, meandering 0.03-0.05
Gravel (75 — 150 mm), straight 0.03-0.04
Gravel (75 — 150 mm), winding 0.04 -0.08
Unlined canal Earth, straight 0.018 - 0.025
Rock, straight 0.025 - 0.045
Lined canal Concrete 0.012 - 0.017
Lab. Models Mortar 0.011 -0.013
Perspex 0.009

4. Existing Urban Drainage Monitoring Systems
This section analyses existing monitoring systeniciwvthave been implemented for urban drainages. The
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situational analysis, system design, methods ackintgues used and implicated sensors in the systems
discussed.

4.1 Evaluation of Drainage using Agent-Based Models

Agent-based models were used for evaluation oftiegisirban drainage system in the city of Birminghan
England, having a surface area of 267.77 (8anchezt al., 2011). Birmingham is one of the most populated
cities with an estimated population growth of 1,02® in 2009. For evaluation of the current systml
forecasting of the drainage infrastructure for fileire years, agent-based model, more specifich#tycellular
automata model is used. The Dinamica software siteslthe platform for urban dynamics. It uses dinel$cape
map of the area matching to the Corine Dataset tlmnEuropean Spatial Agency which consists oflngi
maps with static and dynamic variables (Sanatted.,2011). All the set of maps were converted to rastps

so that all maps are synchronized within the sapwdinates. With this analysis, the most suitabka dor
changes can be identified. The methodology usedhfevaluation and urban change prediction ofatiea is
shown in Figure 5.

Data Collection
1
Pre-processing GIS maps
h 4
Build drainage Build cellular Derive new functions to extend the urban
network model automata drainage network into newly developed

Algorithm to describe Agents behavior
7

) i

New approach for urban dynamics I

Figure 5. Methodology used for evaluation and drginforecasting of Birmingham (Sancleal.,2011)

The combination resulted into several maps giviataidl information of slopes, roads, motorways, retwork,
rivers and canals and drainage network. The inmpgshlatasets used in the Dinamica Ego softwarshemen
in Figure 6.

r & .=

Figure 6. Maps used in Minamica Ego (Sanabieal.,2011)
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The NSGA Il Generic algorithm was used for the ilngkbetween the calibration of the model, the patand
matrix that regulates the percentage of changectiamet al., 2011). A total of 1725 evaluations consisting of
112 generation and 15 populations with differentcapes are used each time. Using the Arcgiso®\8ase, a
spatial analysis was carried out by utilizing cdoris along the main collectors, with pipes havingnebter
greater than 500 mm. The result was mapped oratidstape to obtain a distribution of the land use @er
category that directed into each corridor. The a&bmethodology and results gathered are used tdacpithe
addition and position of new pipes for appropriedacuation of water.

4.2 Real-Time Flood Monitoring using Satellite-Ba&estimation

Flood becoming more and more frequent has coneibtd more than 55% of the total natural disastethe
world. The Global Flood Monitoring System uses Witgebased precipitation information, which hasebe
running for few years before, to estimate the flemdurrence in the concerned region (@fwal., 2014). The
system has been tested by placing rain gauges almdVississippi valley and the former compares the
prediction model along with the recorded data. Gdebal Flood Monitoring System has been used tadipte
flood in region of north India during 15 June 2043 20 June 2013, and over the Mississippi valleynd
April to June 2013. The flood in north India wapaged as a huge one where more than 1000 pedgiléhkr
lives.

Global Flood Monitoring System uses Land Surfacel®oThe Variable Infiltration Capacity model isupded
with dominant river tracing-based runoff-routing debto form the Dominant River Tracing-Routing lgtated
with VIC Environment (DRIVE) model system (Wat al., 2014). Based on the resolution from the satellite,
around 1 km hydrographic inputs, Global Flood Moritg System uses a grid system with parameteoizdir
each routing model element. The results used inMBRfor precipitation estimation have been captuaed
analysed over a period of 15 years. The systenréiiably good precision with a percentage of apprately
87% of correct flood detection and a false alarmamfund 0.85 for flood events. A sample of the Dmani
River Tracing-Routing is shown in Figure 7 below.

) et T R

e F 5 Py
o i

) _._,.""" High resolution baseline river
= DRT Upscaled river
| Ticks for dominant river intervals
» Overland flow into tributaries

— Overland flow directly
Into dominant river (dark blue line)

Figure 7. Sample of Database River Tracing-Routh et al.,2013)

To validate the accuracy of the system, Global &lddonitoring System was also tested against global
streamflow observations from Global Runoff Data @enlt was also analysed that the Manning coeffiti
contributes to a major part on the output of tredption system.
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4.3 Drainage System using Zighee Sensors — Philispi

The Metro Manila, situated in the Philippines, isited by frequent floods. The causes of thesedfioare
mainly due to the clogging of the drainage systé&mi ¢t al.,2013). If not monitored, overflow of the drainage
can result to damage of properties and death dfagig. The sewer is used to evacuate householchanthn
wastes whereas the drains are used to handle waste coming from streets, factories or creek. TWetro
Manila Development Authority (MMDA) is responsibfer the construction and proper functioning of the
drainage system.

Water level sensors were used for monitoring theemlavel in the drains. Sensors were placed atthifferent
heights in the drainage system (Astial.,2013). If there is any obstruction such as botbieplastic, the sensor
will not be able to read the water level. In case gensor is faulty, it would display ‘sensor etrdhrough this
technique, any obstruction blocking the drainagstesy can be easily detected. The ZigBee sensoegedff
numerous benefits such as low complexity, low clist; power consumption but it has as drawback a low
transmitting rate (Anéet al., 2013). In addition, ZigBee sensors are highlyatde and easily adapted to ad-hoc
network. ZigBee sensors operate in the frequen®Nblz, 902-928 MHz, and 2.4 GHz. A wireless per¢ona
area network (WPAN) was used for connection ofdbesor, the microcontroller, and the systems. Tboekb
diagram in Figure 8 shows the connectivity betwden water level sensors, the microcontroller, tigB&e
sensors and the PC server.

bewed

(5_ PC Server vater

-~ sensor

— water

— evel

= SONSOr
% ZigBee Microcontroller

waler

level

SEnsor

Figure 8. Block diagram showing data flow betweextar level sensors, microcontroller, ZigBee seasar PC
server (Aniet al.,2013)

4.4 Real-Time Flood Risk Monitoring - Brazil

Brazil has been experiencing frequent flood in Baalo, Rio de Janeiro and Santa Catarina (Hetitd.,2014).

The reasons identified for the flooding is climaticanges resulting into unpredictable high rainfates in
unexpected regions. Water overflowing from riveraswcausing much trouble to the nearby cities. The
government along with official agencies and theegahpopulation went towards a flood monitoring rggeh

by placing sensors along the river beds. The sehdata are captured, treated as performance iods;aand
sent to a geosensor dashboard, which was built fanopen-source framework. The system makes use of
ZigBee motes sensors which are connected to Séiseervation Service with GeoExtAPI/OpenLayers. This
offers a higher degree of flexibility and scalailio the system. Figure 9 below shows the layetsraction
within the AGORA-GeoDash system. A Service Orienfedhitecture (SOA) is responsible for the inteiact
between the layers.
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Figure 9. Block diagram of AGORA system (Horithal.,2014)

The Data Source Layer consists of wireless senats capture the height of water level, speed ofewa
temperature of water and level of pollution froweris (Horitaet al.,2014). The sensors connected to a wireless
sensor network, transmits the gathered data t&éneice Layer. Fusion, transformation and shaoithe data
are done through AGORA in the Service Layer. TheviBe Oriented Architecture (SOA) offers serviclatt
allow the integration of data. The Visualizationykawhich comprises of the Geosensor Dashboardagisphe
information to emergency services and official ages such as fire, police and civil defence. Thesees were
placed at strategic locations which have alreadgnb#ooded in the past. Figure 10 shows a map ef th
Monjolinho river with sensors placed at 3 stratdg@ations sending data to the base station.

L E T
Wy

Figure 10. Wireless sensor dissipated on the b&Moajolinho river (Horitaet al.,2014)

An extract of the Geosensor Dashboard of AGORA-Gestls shown in Figure 11. The section labeledvéggi
a map of the monitoring zone with the red and gréets showing the position of the sensors (Hogital.,

2014). Section 2, 3 and 4 are the parameters thdieging monitored in real-time by the dissipatedssrs. The
blue lines give the actual height of the level @itev in the river and the red lines represent trekof the river.
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Overflow can be known when the blue line crossesréi line. Section 5 generates a report of thel lefrthe

water for a given period of time. This is mainlyedsfor analysis of historical data. Section 6 repngs the level
of water for the last hour and section 7 contaipscture taken near the river bank by installingganera on the
sensor. Lastly, section 8 indicates the HazardXriti) which is a combination of water level andtemvelocity.
HI represents vulnerability to loss with regarchtonan stability in flood flows.
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Figure 11. Screen extract of Geosensor Dashboak&ORA-GeoDash (Horitat al.,2014)

5. Technological Analysis

Environment changes are triggering high variatiorthe rainfall intensity and water infiltrationtea Debris and
solid waste carried by the water flow can any tiofstruct the water passage in drains. Traditionethods;
namely the Rational method, the Saint-Venant egnathe SCS Runoff method, the Modified Rationathud
and the Manning’s equation, require real-time aretige data for overflow detection and predictiéapturing
real-time information to evaluate the state of tirainage system permits a constant monitoring. M&se
sensors placed a strategic locations in the drairsygtem may allow capturing real time parameféngse
parameters may be used as input for a predefinetkinto detect overflow. The need to evacuate exadssn
water is a must to enable the smooth flow of atigigiin cities, or in the worst cases, the popoiais evacuated
in a timely manner. In order to take judicious @aw$, the forthcoming flood needs to be predictédng the
authorities enough time to plan their emergencyorse tasks. Sanchez al, (Haestad Methods, 2002)
discusses about the usage of agent-based modekHuldr automata in evolution of urban regions amtletter
understand the pattern and mechanism behind urpzandcs. The model uses information from urbanrdrge
system as a feedback to urbanization and for piiediof urbanization impact on urban drainage sysie the
coming years. Wireless sensors, appropriately progred and calibrated are used to detect overflorivefs
and drains. This section discusses the charadtsrasnd capabilities of sensors that are used fmitoring of
urban drainages.

5.1 Technological Advances in Sensors

Wireless sensors have evolved significantly inldst decade by reducing their size and doubling fhawer.
Sensors have become more robust and have theyabilitesist extreme environmental conditions. Ll
develops a wide series of sensors that can be oechlzind customized to match the users’ need. Otteesé
systems has been developed as a pilot projectdarsstic port in Greece (Libelium, 2016). The gmstconsists
of three parts; first to control the water qualggcond to detect height of the sea surface antetigit to reach
the port, and third to monitor weather conditionsl & monitor the presence of water vessels irhbest berth
positions. For monitoring of the sea level and Wwertonditions, the system uses liquid level sepsabes. The
presence sensor (PIR) probe offers the functigntditmeasure the height of the sea surface andidlght to
reach the port. It also gives information with netsato the waterflow rate at the port. The Waspnititey &
Sense, Sensor Platform and Meshium Gateway isindbd system to exchange data using the TCP/IPL80R
communication protocol. The system also uses Fimawechnologies for cloud service and dedicateditadée
captured data is processed and displayed on aneoafplication for end users. Figure 12 shows hosv t
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Libelium sensors and gateway are installed and theveéensors communicate in Patras port in Greece.
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Figure 12. Libelium sensors and gateway deploydehitnas port (Libelium, 2016)

Another system proposed by Libelium consists of paastes connected to an event sensor board to monito
water level and an agriculture sensor board to tapnieather conditions (Libelium, 2011). These cored
systems offer a system for detection of flood iradntities. By using radio links in the frequencgnids of
2.4GHz, 900MHz, 868MHz and the 802.15.4/Zigbeegwuols, the sensors can communicate over long distan
Libelium sensor can easily be mounted on pylonsalad connected to a battery which can be rechabged
solar panels. Figure 13 shows the events sensod laod the agriculture sensor board.

Ve eLSUTIE OUno) Sy T [T ESETTSUT, Heseigel
Figure 13. Event sensor board and agriculture sdrtsard (Libelium, 2011)

The combination of the event sensor board and @twie sensor board offers a suitable solutionflood
detection in cities. But the challenge still rensin adapting these systems in the monitoring banrdrainage
and predicting drainage overflow situations. Orffiadilty is that drainage systems in various cité&e poorly
maintained and waterflow carries a lot of solid teaand debris on their path which may affect ttaslieg of the
sensors. In such situations, the sensor can bedglacgrilled cage to prevent solid waste and detorialter the
actual reading and also prevent intruders to tamjitbrthe sensors. The metal container on theinefigure 14
has size 37"/427/48”" and is made with heavy dutyarial and is readily available (Ebay, 2016).
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Figure 14. Metal crates available online (Ebay,&01

5.2 Water Level Sensors

The section below gives an overview of the différemter level sensors available on the market. Sdmesors
can be used to capture the level of water in tlndge and these data can be transmitted throughess
sensor networks. Table 3 below gives an overviethedifferent water level sensors that are avhilab

Table 3. Water level sensors available on the mharke

Water Level Sensors

Sensor picture Brand/ Company Description
ToughSonic — Senix . Used in highly sophisticated environmental
corporation and industrial applications.
(SenixCorporation, 2016) | * Measures water in ponds, streams, canals
and ocean.

. Uses satellite, cellular or radio
communications to transmit data to
centralized management system.

. Provides accuracy, long-term durability,

_.!._ digital communication and rapid time-to-

= first measurement speed.

Libelium (Libelium, 2011) | . Cost effective, scalable and flexible.

. Generates alert through SMS or internet
database posting.

. Batteries recharged with solar panels.

. Uses outstanding radio links in frequency
bands of 2.4GHz, 900Mhz and 868Mhz
using 802.15.4/Zigbee protocols.

TE Connectivity . Offers protection from lightning.

Ltd (TE Connectivity, 2016) | Available in analogue and digital output.

. Adapted to any data system.

. Uses self-powered units with onboard
memory for long term deployment.

. Uses in lakes, rivers, estuaries, and aquifers
worldwide.

. Accuracy ranges from 1.00% to 0.05% full
scale 1
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5.3 Water Flow Sensors

Water flowing in drains carries numerous waste soid materials such as plastic, mud, pebbles,dh@sand
leaves. Open drains are most prone to be obstrymtedenting the normal flow of water for evacuation
(Trenberth, 2008). Obstruction can be determinednlepsuring difference in the water flow between emad
points. Placing wireless sensors at different etyiatpoint in the drains will capture the watemf&y which can
be later used for computation. Table 4 gives amwaew of the water flow measuring sensors thatragaily
available on the market.

Table 4. Water flow sensors available on the market

Water Flow Sensors

Sensor picture Brand/ Company Description

“___\ Libelium (Libelium, |+ Cost effective, scalable and
2011)

\j flexible.
.‘ ¢ e Generates alert through SMS or

= . /,_d internet database posting.
\‘L_ X - Batteries recharged with solar
il panels.

e Uses outstanding radio links in
frequency bands of 900Mhz and
868Mhz using 802.15.4/Zigbee
protocols.

Atrato (Atrato, 2016) | = Used in medical, industrial,
laboratory and pharmaceutics.

e Accuracy up to margin of 1.5%.

e Can be connected to a laptop or
computer to measure the

waterflow.
Rosemount « Used in agricultural field,
(Rosemount, 2016) refineries and water treatment
plants.

e Compatible with numerous
Rosemount sensors.

* Has integrated fault diagnostic
system.

e Transmit data to a computer
through a smart wireless gateway.

e Update rate between 8 seconds
and 60 minutes.

* Powered by 2.25 Volts at 3.5 mA
1 Volt at 25mA.

5.4 Microprocessor Platforms

Data captured by wireless sensor need to be sankreguire pre-processing. This activity is alsown as data
aggregation, where processors process the infavmatbtained from sensor nodes in summarized foemdt
transmits the latter to a base station. Data aggimyreduces the size of the data package andnizieé power
consumption. Table 5 gives an overview of the npoocessor platforms that are commonly used for data
processing.
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Table 5. Microprocessor platforms on the market

Microprocessor platforms

Microprocessor platforms picture

Brand/ Company

Description

Raspberry Pi Zero | ¢

(Adafruit , 2017)

Small and thin (65 mm long x 30
mm wide x 5 mm thick).

512 MB of RAM.

Micro SD card holder in push-pul
style.

HDMI video out.

Audio out.

Can easily be connected to a
computer through USB port.
Can easily be connected to sens
nodes via USB ports.

or

Arduino (Arduino, .

2017)

Microcontroller built on the
ATmega328.

Contain 14 digital input/output
pins (of which 6 can be used as
PWM outputs).

Input voltage: 6-20V (limits) and
7-12V (recommended).

2 KB of SRAM .

1KB of EEPROM.

16 MHz clock speed.

Can be easily powered via a USE
connection or with an external
power supply.

3

ZigBee (2008 Digi | *

International Inc, 2017

Compatible with computers and
other microcontrollers.

Easy connection to USB explore
explorer dongle and serial
explorer.

RF Data Rate: 250 Kbps.
Indoor Range: 90 m

Outdoor Range: 1.6 km
Frequency Band: 2.4 GHz
Serial Data Rate: 1200 bps — 1
Mbps

Supply Voltage: 3.0 — 3.4 VDC

6. Research Challenges and Solutions

The analysis carried out in this paper shows thiahm drainages are highly prone to overflow dueadous

conditions. Given that we cannot control environtakmparameters, one possible method to minimize the

damages caused is by constantly monitoring thatsitu of the drains. Traditional methods cannotubed for
such level of monitoring due to numerous practieatrains. This section focuses on the researdlenlyas that
need to be tackled for the provision of a viableion for monitoring urban drainage systems.

6.1 Topology Coverage and Routing Issues

Wireless sensor network topology suitable for urbeainages is still a challenge given the charésties of the
urban drainage system. Topology of wireless senstworks is selected in such a way that the serwieg is

fully covered. The number of nodes to be used @ghli dependent on the area to be covered, thetsdlec
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topology, the routing protocols to be used, theléaape of the sensing area and the lifespan aflibervation
period. Sink holes or black holes are regions wiraless sensor network where there are no nodatable or
the sensor node present in that region cannot famof the routing nodes due to various reasorsofi#t al.,

2003). It prevents a sensor node in a specific eraanse by formation of a black hole that triggess of data
within the sensing region and hence can make tia dutcome unreliable.

One solution to sink holes problem is using aldgwni$ such as geographical greedy forwarding. Foomaif
black holes during geographical greedy forwardmdess probable as the malicious node needs taltastat
different positions in order to be the next hop @deet al., 2003). Another solution is implementing a
mechanism where the nodes need authorization tkaege routing information but this would requirgher
computation and communication overhead hence misia concern of scalability and power consumption
broad sensing areas. Energy consumption on the lodmel can be decreased by using the Span algownitiioh
adaptively chooses coordinators from all nodes fiogna routing backbone and turn off the remaininges for
power saving purposes (Chen al., 2001). Span is a power saving topology maintenaigerithm and is
applicable for multi-hop and ad-hoc wireless semstwork.

Routing protocols are selected based on the togotdgthe dissipated nodes. Routing protocols nolymal
consumes high energy which decreases the lifespte avireless sensor networks. Therefore, eneffigient
algorithms need to be explored. The Geographickaretgy Aware Routing (GEAR) algorithm routes a peck
towards its region of interest (Met al., 2001). It has high efficiency when the area tocbeered is a small
portion of the total region. If the region of cosge increases, the efficiency decreases by higteptmes.
Power control mechanism determines the correcggnenquired for effective data transmission. Anottoeiting
algorithm known as the COMPOW method uses distithyprotocol to determine the minimum common
transmitting range in a homogeneous network by mgmetwork connectivity (Narayanaswarilyal.,2002).

6.2 Overflow Detection in Drainage

One of the main challenges in an urban drainageitorory system remains the method for detecting the
drainage overflow. Figure 15 illustrates the simatof a drainage overflow. Thus a mechanism haseo

implemented to detect the overflow by properly fiosing and calibrating the sensors.
Water
Drainage — half full Drainage - full Drainage— overflow overfiowing

fram the sides
ofthe drain

Figure 15. Water overflowing from the sides of tirain
One possible method is to place sensors at differenical positions in the urban drainage as showfigure
16. For example, three sensors can be placedfetatif vertical levels in the drain; low, mediundamgh. As
the high level sensor detects water, this showssthizadrain is being overflowed. Another method detecting
drainage overflow is by using water level sensayadver the drain depth must be known. The wateellev

sensor will be placed at specific position over dnain. As the water level exceeds the depth ofditaén, this
indicates overflow.
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Drainage — with sensors Drainage — with calibrated
placed vertically waterlevel sensors

Low level sensor mmm Water level sensor mmm

Figure 16. Detecting drainage overflow through sess

The mechanism explained above is simple and relifdsl detection of overflow in drainage and regsire
minimal computation. The only drawback is that saveensors will be required, taking an average¢hode
sensors per dissipated location. Hence the invedtorewireless sensors can be high depending osethsors’
price.

6.3 Obstruction Detection in Urban Drainage

Rainfall carry trashes along with dirt and mud taidage system where solid wastes causes obstiuctithe
water passage, hence preventing proper evacudtiexcess water. Inflow rate greater to the outflate cause

a rise in the water level which results in overflaus, early detection of obstruction will giveoeigh time for
local authorities to alleviate the situation. Thatevflow at specific points in the drainage candegrmined
using the waterflow meter. Using the Manning’'s dium the mean water velocity can be estimated. The
calculated water velocity can be compared to theshevaterflow in the drainage to detect obstruwticAnother
method is to calculate the peak discharge by réngrthe drainage size, the drainage inclinationd &me

drainage material type. The peak discharge atrdiffestrategic points can be compared with theutated
value.

Figure 17 shows a scenario where waterflow sengaced at different locations namely reference {painB
and C along a drainage system. Water flows fromtp&ito point B, and later to point C. At refererpaint A
and B, the waterflow is estimated to be 3.25 m&s&i2 m/s and the actual waterflow measured 8 8Y3 and
3.10 m/s respectively. A little deviation from thetual value can occur due to calculations inagguia case of
reference point C where the deviation of the mesbuwalue is huge from the estimated value (estidnate
waterflow = 3.37 m/s and actual waterflow = 2.98)nindicates obstructions in the waterflow pasdaafeveen
point B and C. In such scenarios, local authoritias be deployed to clear the obstructions blockKirgwater
passage.

Estimated watedfiow =3.37 mfs

Actual vatertow= 2.97 m/fs

Signal Mountain Cut-off Drain
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Figure 17. Waterflow meter placed at different kimas to measure the waterflow rate

6.4 Real-Time Communication and Machine Learning

The criticality and purpose of an urban drainageaitooing system requires a 7/7 and 24-hr surveianrhe
system needs to analyse real-time data to detecvwbrflow as soon as it happens. But it is nottpal to
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constantly sense the environment due to battergtcaint. One solution offered by Libelium (Libeliu@012) is

the combination of waspmotes to a solar power suppich delivers energy to the sensor. Figure I8vshhow
Libelium sensors are connected to an external galael.

www.iiste.org

Figure 18. Waspmote powered by an external solamlp(albehum 2012)

The application of TDMA (Time Division Multiple Aess) switches the sensors into sleep mode when no
sensing is required (Mamalét al.,2009). On the other hand, if overflow is detedbgdone sensor, the system
needs to activate all the sensors to detect iethes other instances of overflow. This particbkenaviour can be
achieved by using machine learning algorithms. i8tuthave shown that the Rational method, the Medlifi
Rational method, the SCS Runoff method, the Sagmavit equation and the Manning’s formula, used for
calculating the peak discharge and mean water iglace not 100% reliable and are prone to inaaura
Machine learning is mostly used in complex envirentnwhere accurate mathematical models cannot be
developed (Alseiklet al.,2015). Consider water flowing from reference pditb point B, and then to point C
along a drainage system as shown in Figure 19.rGivat during heavy rainfall reference point B Inigh
probability of overflow and once overflow occursraference point B, the high amount of peak disphaso
causes an overflow at reference point C. Once loweiis detected at reference point B, the sensorsfarence

point C need also to be switched in active modés @htomatic behaviour in the system is achievéiieugh
machine learning.
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Figure 19. Detection of overflow through machinarfeng

It is also noteworthy that the analysis carried ioua constantly changing environment for an urbdesinage
monitoring system requires real-time data. The rawous behaviour of the system through machinenilegr

works in line with the values of the real-time ddte reason why real-time communication is impdrta such
scenarios.

6.5 Topology selection and Routing Algorithms

The topology selection in an urban drainage depemaistly on the number of nodes that will be pladbe,
distance between the nodes and the base statioih@mdte at which the data need to be transféMeanaliset

al., 2009). In the dynamic environment of urban dragagstems, cluster-based topology is one amonbesie
option for the following reasons:

Allows scalability: Nodes can easily be added aadhaved in a cluster topology with minimum
alteration in the design of the wireless sensowost and routing algorithms. In case that additlona
nodes need to be added or damaged nodes neede¢mbeed from the drains, this will require very
less change in the deployed system. The challengary in scaling a wireless network for urban
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drainage is that some nodes can be deployed déstgart from all the remaining cluster nodes oetsid
the range for data transmission. Furthermore sfiGaly positioned nodes cannot be easily remowed a
they can disrupt the functioning of the wirelessssg network.

e Less energy consumption: Data within the same @luste combined and aggregated by the cluster
head before being sent to the base station. Tlhiedses the total energy consumption as compared to
all the nodes transmitting their own data to theebstation. The sensors are scheduled to swap into
sleep and wake up mode to use lesser energy thislatthd transmission method like TDMA (Time
Division Multiple Access). But it has to be notddht nodes monitoring an urban drainage system can
usually be placed apart from the cluster head ee Istation. These nodes will require more energy fo
data transmission.

« Minimum data stored by the sensor nodes: Nodescinster topology have the ability to localize the
route set up within the cluster. Hence, a largewrhof data need not be stored in the routing tabte
each sensor node located along the drains. Buteasvireless network for urban drainage grows by
addition of nodes, routing tables may be requicelave large amount of storage capacity.

e Security of the data transmitted: Using the TDMAnsmission method, data are difficult to be
eavesdropped or altered by malicious devices asrtbed to know the exact timing of the transmission
within the cluster. Furthermore, transmission betweluster heads (more powerful node) and base
station can be encrypted for a more secure trasgmisManipulated data received by the base station
can consequently display inaccurate results triggamwanted activities from the local authorities.

LEACH (Low Energy Adaptive Clustering Hierarchy)dse of the most appropriate routing algorithmstfis
type of scenario as it focuses more on the prieajblenergy conservation and hence prolongs tespin of the
wireless network. The selection of cluster headlmdone depending on the residual energy of theosenodes
(Quing and Tixin, 2014). LEACH algorithm allows atiioh and removal of nodes without interrupting thsual
function of the network system. It also providesneuous routing paths, is highly reliable, has loab@bility of
node failure, and encounters very less routing estigns. There are numerous types of LEACH routing
algorithms such as LEACH, LEACHC, TLEACH and LEAGHtith Responsibility Transmission. The selection
can be done based on the characteristics requiitbdr@gards to the network type (Mamadisal., 2009). The
challenge remains in the selection approach foafiropriate LEACH algorithm and the parameteraratiof
the routing algorithm. Communication protocols betw the nodes should be correctly chosen and proper
calculation of the optimal bandwidth needs to beied out for non-erroneous transmission of data.

7. Conclusion

Urban drainage systems have been helping mankiitd ihaily activities since the start of civilizati. Waste
waster evacuation prevents flood and proliferatbuliseases. However, urban drainage systems hanreed

very little over the years. Population is growingthanetically in urban regions and the climatic ohas have
made our weather forecasting less and less prébfisie.localized high rainfall around the world, arbregions
are not safe from floods. Our drainage systemsat@atesign and constructed on historical basetadstand
numerous assumptions, no longer serves the pugi@sacuating water.

Existing mathematical methods namely the Rationelhwd, the Modified Rational method, the SCS Runoff
method, the Saint-Venant equations and the Mamnifg'mula output estimated values. Initial absteoact
runoff coefficient, rainfall intensity, ground alyption, potential maximum retention and Manningisighness
coefficient cannot be calculated or measured pegcidhe inaccuracy in the calculated value vafiem soil
absorption, precipitation rate, drainage size armndge construction. An analysis of the wirelesassrs
capability and efficiency to capture water levedamater flow is carried out in this paper. It istew that
numerous sensors are now available on the maretcdn be used to monitor drains. In addition,déesors
can be connected to weather monitoring stations lmngowered by solar batteries. A number of exjstin
monitoring systems have been assessed and it cdadueed that the implemented systems are custdraze
per the need of the output data and sensing emagah A number of challenges that need to be censitifor
the monitoring of an urban drainage through wirglesnsors are discussed in this paper. Practidaleasible
solutions are proposed to resolve the potentigblpros. The capability of powerful sensors, newlyedeped
algorithms and enhanced technologies are combinéud machine learning, optimal topology and routing
algorithms for more reliable and efficient meanslétect drainage overflow.

It can be concluded that appropriate urban draimageitoring systems may be developed using simpt: a
readily available water level and water-flow sess@eveloping an urban drainage monitoring systdmse
behaviour can be customized through machine legrcan be advantageous in triggering the requirdraand
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in increasing the lifespan of the system. Futurek&ameed to be carried out on the routing algorittumal
topology of a wireless sensor network for an urthainage monitoring system.
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