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it is rural, suburban or urban in nature. The most adaptive and innovative research avenues are being
considered in an urban environment, where WSN deployment is especially demanding due to its harsh
and perverse channel conditions. We have chosen WSN deployment in an urban environment as linchpin
Keywords: of our research. As each application scenario is different from the other, therefore WSN solution for each
Wireless sensor networks application has to be adaptive and innovative. We have discussed each application of WSNs in urban

Motes N areas in detail with all the problems related to it and in the end, technical solution to those problems has
Precipitation monitoring been discussed

Geo-sensing

© 2015 Elsevier Ltd. All rights reserved.

Urban area
Contents
B O {0 5 (o Ta U T ) W 193
1.1 Motivation and back@roUnd . . ... ... ... i e e e e 194
1.2.  Contribution of the sUrvey artiCle. . . ... ...t ettt e e e e e e e 194
1.3.  Review of related sUIVEY artiCles . .. .. .. .ottt e ettt e e e e e 194
T4, Organization Of the PaPer . . ..o\ttt ettt ettt ettt et et et e e e e e e 194
2. Power SyStem apPliCatiONS . . . ..o vttt et e e e e e e e e e e e e e e e e 195
2.1. Performance monitoring of electrical distribution SYStemM. . . .. .. ... ittt i it et e e e e 195
2.2. Automatic remote meter TeAdINE SY S eI . . . v v\ttt ettt ettt ettt et et e et e et et e e e e 196
2.3.  Smart grid sensor and actor Network appliCation . . .. .. ... ..ttt et e 196
2.4. Monitoring sag clearance in overhead CONAUCLOTS. . . . ... .ttt ittt ettt et ettt et et ettt e 197
2.5. Thermal rating monitoring of conduCtors iN POWET SYSTEIMIS. . . . . vttt vt ettt ettt et et e et et et e e e et e et eeeeaenns 197
2.6.  Energy conservation in domestic loads using wireless sensor NetWOTKS . ... ... ... .ottt i e 197
3. GUILY POt MOMItOTINE. « . ottt ettt et ettt e et et e e e e e e et e e e e e e e e e e e e e e e e e e e e e e 198
4. Transportation AP PliCatiONS. . . ... ittt ittt ettt e e e e e e e e e e e e e 199
41, Urban traffic MONItOTING . . . . .ottt it ettt et e e e e e e e e, 199
4.2. Transportation based apPliCations . . ... ...ttt ettt e e e e e 200
4.3,  VANET based appliCations. . . ...ttt ettt et e e e e e e e e e 200
44, Roadside apPliCAtIONS . . ..o\ttt et et e e e e e e e e e e e e e e e e e 201
4.5, Car park assistance appPliCatiONS . . . . ...ttt ittt e e e e e e e e e e e e 202
4.6. Underground railway tunnel MONItOTING . . . . . ..ottt ettt e ettt e e e et e e ettt et et e e 202
5. Disaster, emergency and security applications in Urban areas . . ... ... .. ...ttt ettt it et ettt e e s 203
51, WSN SUIVEIIANCe. . . . oottt et e et e e e e e e e s 203
5.2.  Tsunami detection and FESPOMSE . . . ..ttt tt ettt et et ettt et et et et e et e et et e e e ettt e 204
5.3.  DiSaSter EMEIZENCY TESPOIISE . . . v v v vt e et et et et et e et et et et e e e et et e e e e e et et e e e e e et et et ettt 204
ST S |+ Uy T« 1) e[ <Yt m o) PP 205
6. Health-care apPliCatiONS . . . ..o v ittt ettt ettt et e e e e e e e e e e e e e e e e e 206

* Corresponding author. Tel.: +92 333 3052764.
E-mail address: mshrehmani@gmail.com (M.H. Rehmani).

http://dx.doi.org/10.1016/j.jnca.2015.09.008
1084-8045/© 2015 Elsevier Ltd. All rights reserved.


www.sciencedirect.com/science/journal/10848045
www.elsevier.com/locate/jnca
http://dx.doi.org/10.1016/j.jnca.2015.09.008
http://dx.doi.org/10.1016/j.jnca.2015.09.008
http://dx.doi.org/10.1016/j.jnca.2015.09.008
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jnca.2015.09.008&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jnca.2015.09.008&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jnca.2015.09.008&domain=pdf
mailto:mshrehmani@gmail.com
http://dx.doi.org/10.1016/j.jnca.2015.09.008

B. Rashid, M.H. Rehmani / Journal of Network and Computer Applications 60 (2016) 192-219 193

7. GasS MONItOTING . ..\ v ittt e ettt et et e e
7.  Sewage gas MONItOIiNg. . .......covuuvrvnenenennnnenan.

7.2.  Gas pipeline monitoring . .. ...t

7.3.  Gas meter MONItOTiNg . .. .. ..vututnt e ennneenenen.

8. Air pollution monitoring. . ..........ovtitii i
9. Structural MONItOIING . .. ... ittt et et e et
10. Urban temperature monitoring. . .. .........uueuenenrnnenennn.
11.  Solid waste MONItOring. . . .....vveit it eeannn
12.  Precipitation MoONitoring. . .........vuiitntnr e,
13.  Water pipeline monitoring . .. ..........couiiiiiininnan.
14. Ubiquitous Se0-SensSiNg. . ... .....vuutniuntninnenenennenennn.
15. Commercial asset tracking ..................itiiinrnnnnen.n.
16.  Urban Internet—WSN-IOT .. ... ..ottt
161, Urbanet . ... e

16.2. Objecttracking. ...........couiiiiiinni i

16.3. Water consumption monitoring . .. ..............c..o....

1644. Healthcare-IoT .. ...... ...t

16.5. Surveillance-10T. ... ... it i

16.6. Weather-IoT. . ..... ottt e e e

17, ConClUSION . . .o\ttt e e e e
References . . ..ot e

1. Introduction

Real life events are transformed into data that can be pro-
cessed, saved and used later for different purposes by sensor nodes
in WSN. Each sensor node is modified distinctively in accord with
their environment e.g. if sensor node is installed underground
then it will have transceivers that have high transmission power in
order to overcome noisy channel attenuations, while if sensor is
placed in a marine environment (Hendee et al., 2012; Albaladejo
et al., 2010) then their outer shell/encasement will be designed to
withstand the effects of salinity, moisture and being water proof
would be another important feature. These sensor nodes then
convey the changes in environment to the main server where real
time decision making takes place. Sensor networks help in pre-
venting catastrophic failures through continuous and reliable
monitoring (Dargie and Poellabauer, 2010).

The miniaturization of electronic devices has promoted WSN
deployment to the extent that high power consumption is no
longer a big issue for large scale remote installations. As the
technical issues in WSNs are being solved, their expanse of
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applications has also widened. In general, wireless sensor net-
works are installed on ad hoc basis which makes it easy to deploy.
Wireless sensor networks utilize the sensor nodes to sense the
changes in surrounding environment and relay the information via
various methods to remote control center. Figure 1 represents
common topologies of information flow in wireless sensor net-
works. In the left most corner of Fig. 1, a sink node that gathers or
collects the data from all the other sensor nodes is considered. A
sink node can have same specifications as the other sensor nodes
or it can consist of a customized device like a PDA, laptop etc.
which in turn connects the sensor network to other networks.
Similarly a sink node can consist of a base station that links the
network data via Internet to the remote control/monitoring center.

WSNs are being used for intelligent monitoring of temperature,
humidity, water level, pressure, vehicular activity on roads,
strength of mega structures like bridges, tunnels and buildings,
criminal surveillance in alleyways and roads, remote health
monitoring of multiple patients and many other applications
(Akyildiz et al., 2002; Yick et al., 2008). As mentioned earlier, each
WSN deployment is dependent on and has to be modified keeping
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Fig. 1. Prospective architectural topologies of wireless sensor networks.
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