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Abstract— In the past decade’s digital revolution has caused major breakthroughs in integrated communication 
technologies field and has changed the way people work, communicate and live. Cities are moving from static infrastructure 
and buildings to dynamic smart ecosystems known as smart cities. Smart city refers to urban development in various 
domains of the city like transport, healthcare, home, buildings etc. by using various technology and communication services. 
As the systems in smart city are heterogeneous, highly mobile, pass large number of messages, MANETS have specific 
characteristics that can satisfy these requirements. Smart city applications require high reliability, bandwidth, delay and loss 
of packets should be reduced. Therefore, providing Quality of service (QoS) in such applications is vital. This paper contains 
a literature review on QoS and network architecture for smart cities, challenges in providing QoS for applications like 
healthcare. 
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I. INTRODUCTION  
 
Smart city refers to the urban development vision to 
Integrated Communication Technology and Internet 
of Things (Iota) and multiple information in a secure 
way to manage city's assets which includes transport, 
hospital, waste management, water management etc. 
and other communication services. Idea behind 
building the smart city is for improving the quality of 
life by making use of urban technologies for 
improving the efficiency of services and fulfill 
citizen’s needs. By Integrating sensors with real time 
monitoring, the data are collected from the 
surrounding, processed and analyzed. As sensors and 
actuators have low cost, it is used in smart cities. 
Information and communication technology is used 
for reducing the resource consumption, reducing cost, 
to enhance quality, interactivity between services and 
performance. For e.g. in a health sector, 
communication technologies are made use to connect 
the location of the patient, medication and health 
statistics and provide it to the patient’s health care 
professional. 
Some of the customized services in smart city are in 
case of vehicle, by combing the sensor data driver 
health parameters on driving conditions is measured. 
By combining the health parameters such as heart rate 
and blood pressure with the vehicle status will help 
the driver to measure the real time health condition 
and will help to create safe environment for the 
drivers.  
In achieving the smart city concept communication 
medium plays an important role. Existing 
communication devices used in smart city are LTE, 
Wi-Max, Wi-Fi, CATV and satellite medium. The 
smart city operates in the complex urban environment 
consisting of several complex infrastructures, 
technology, human behavior, political and social 
structures. By deploying the low cost, wireless sensor 

networks (WSNs) and mobile ad hoc networks 
(MANETs) in smart environments have lot of new 
opportunities. MANET and WSN convergence leads 
to the development of new IOT communication 
platform with a potential of applications in various 
domains. As the mobility of the nodes should be 
supported in smart cities, MANETS are used in smart 
cities. In MANET, routes are configured repeatedly 
and this work is done by all the nodes in the network 
and it does not have a central controller. MANETS 
have no infrastructure support, the nodes are 
configured automatically, and they are fault tolerant, 
and support mobile devices. All these characteristics 
can be used for building a MANET based smart city. 
Providing real time data transmission is another 
challenging task in MANET. Integrated environments 
with different types of services need QoS to provide 
different resources availability depending on their 
relative importance. Since the smart cities include 
humans, context information should be considered 
e.g. location. In health care applications where the 
quality of life is involved, delay, loss of packets, and 
bandwidth should be reduced. Context aware QoS 
support should be given for smart cities. 
There are a lot of research work going on regarding 
the issues in providing the QoS in smart cities and 
various architectures are proposed. Some of the issues 
are continuous changes in network topology, area 
covered, mobility, end to end delay etc. A new 
approach called "human as a sensor" is presented 
where humans are used to collect, analyze and 
communicate the data. 
The literature review in this paper is about various 
QoS requirements for the smart city applications and 
the solutions, network architectures for smart city, 
issues in providing QoS in MANETS, different 
routing protocols in smart city. The detailed review is 
presented in section 2 and conclusion in section 3.  
                                       



International Journal of Advanced Computational Engineering and Networking, ISSN: 2320-2106,     Volume-5, Issue-2, Feb.-2017 
http://iraj.in 

Quality of Service For MANET Based Smart Cities 
 
7 

 
Figure 1: Basic structure of smart city network 

 
II. LITERATURE REVIEW 
 
The figure1 shows the basic structure of various 
domains in smart city network. The domains are 
connected using various communication 
technologies.   
Adithya Gaur et. al [1] said that smart city offers an 
intelligent way to manage various components such 
as environment, transport, health, homes, and 
buildings. New methods and techniques are needed 
for effective data management to generate 
information that is useful in managing and utilization 
of resources dynamically and intelligently. The 
authors propose a multi-level smart city architecture 
based on Dempster Shafer uncertainty theory and 
semantic web technologies. 
The authors propose deploying the architecture on a 
service platform (SaaS). Sensor applications are 
connected and used by various web applications 
through this platform for intelligent operating 
condition. The following aims are targeted by 
integrating wireless communication technology and 
wireless sensor networks. Context aware high level 
real time customized service, environment for better 
living, improving the utilization of available 
resources. Steps for the implementation of 
architecture can be outlined as follows. First the raw 
data collected are processed so that it is web 
consumable. The Web Ontology Language concepts 
based on knowledge of domain expects are used to 
enrich the data after converting into a common 
format. Dempster Shafer rules are used to process the 
collected data to deal with uncertainty aspect of 
semantic model. The aim is to learn new rules and 
recognize activity governing an activity. The new 
rules studied at the level is utilized in defining the 
semantic model knowledge. The communication 
services used in smart city infrastructure: LTE, Wi-
Fi, Wi-max, 3G, ZigBee, CATV and satellite 
communication plays an important role so that the 

smart city concept is achieved. In this architecture the 
heterogeneous information is taken from the sensor 
nodes and converted so that the web applications 
access these data for customized services. 
Experiments that include discovery of real time 
heterogeneous information, proposal of common 
semantic knowledge model, combining the sensor 
data using Dempster Shafer and defining data 
interoperability can be done in the future.  
Jitendra Pandey et.al [2] proposed self-healing 
wireless structure and the mobile power aware stable 
nodes for smart city network. Introducing self-healing 
concept in technology will provide functionality 
despite of disaster in smart city network. The routing 
scheme implemented is designed to heal for 
MANETS and will allow mobile nodes to maintain 
routes to destination with the more stable route 
selection. TORA, DSR, AODV are some of the self-
healing technologies. 
Authors have modified the AODV to make itself 
healed network protocol. New concept of virtual 
nodes is used. Virtual nodes are one hop distance 
from their neighbor and helps in reconstruction phase 
by fast selection of new route. Power status 
availability of nodes is considered for selecting 
virtual nodes. Individual route tables have entries of 
power status and members of virtual nodes attached 
to it. When the need for new route arises, power 
status is checked and the route is established. When 
link breakage is detected the node performs one hop 
data broadcast to the immediate neighbor. In the data 
header node specifies link is disconnected and there is 
a need for alternate routing. Once the packet is 
received, previous one hop neighbor starts the route 
maintenance phase and alternate route is constructed 
through virtual nodes by checking power status and 
stability. NS 2.34 is used as simulation environment. 
Scheme has been structured for both the TCP and 
UDP with same number of connections. The results 
of simulation are compared with other self-healing 
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techniques. Proposed scheme is proved to be better 
than the others but the end to end delay was bit more 
and overhead was higher than the others. Here the 
AODV routing protocol is modified to make itself 
healing routing protocol. How to make the modified 
protocol robust for traffic load is not presented. 
Elizabeth Jacob et. al [3] focus on inter domain 
message passing in the smart cities. The mobile 
sensor network routing protocol such as ad hoc on 
demand distance vector (AODV), Destination 
sequenced distance vector (DSDV) dynamic source 
routing (DSR) are used. Metrics like time taken to 
establish connection, delay in message passing are 
used to measures the effectiveness of the protocol in 
smart city.  Smart governance, smart health, smart 
transport and emergency are the system layout for 
considered smart city scenarios Due to the wireless 
nature, end to end delay, high throughput and high 
bandwidth, Wi-Fi is selected as communication 
technology. Smart city transport scenario is simulated 
in order to check the feasibility of sensor network 
protocol. 
According to the results obtained for message passing 
of traffic block information, AODV when compared 
to DSR takes more time to establish connection but 
has better packet delivery ratio and end to end delay. 
In DSR route is discovered only once at the 
beginning but AODV establishes the route each time 
the message is passed. AODV meets the requirements 
of accommodating the topology change. According to 
the results obtained for message of route clearance, 
the time taken by AODV to establish connection is 
better than DSR. As per the requirements of the 
application a routing protocol that can pass messages 
with minimum delay is required and DSR meets the 
requirements. For DSDV due to the mobile nature of 
the network time to settle is required and updating is 
delayed until stable system is formed. When DSDV is 
used system does not remain stable and 
communication fails since mobility is involved. As 
multiple message in smart city pass through the same 
network selection of metrics and requirements vary. 
Hybrid routing protocol that satisfies the 
requirements of smart city application is proposed. 
But it is not shown that individual protocol 
characteristics may conflict when used together.  
F. J Villanueva et. al [4] suggested that MANETS 
could be used in large in-home environments like 
hospitals, buildings, office etc. The authors presented 
an adaptive QoS architecture oriented framework to 
provide context aware QoS to the traffic which is 
generated in smart building network. A flexible 
technology is needed to integrate and expand the 
existing infrastructure. The architecture proposed in 
this paper is based on the work called SENDA that is 
used to easily integrate network, device for home 
applications and protocols. The traffic generated in 
large home applications can be divided into four 
classes. Control traffic, multimedia traffic, user 
traffic, and best effort traffic. These traffics have 

different requirements which needs different 
resources at the network level. Middleware defines 
QoS agent to provide and controls the network 
resources. It is an embedded software component 
residing in each node. The key part of the architecture 
is SENDA. MANET approach was included 
extending the SENDA architecture. For relevant 
home technologies two wireless ad hoc gateways are 
developed.  

1. X10 to 802.11 gateway is implemented in 
TINI device. To perform routing tasks, a Java 
version of AODV algorithm has been 
developed. 

2. DOMOBOX @ gateway. It is easily controlled 
through the TV remote control, a low cost 
interface for extent and Lon works 
technologies. 

The implementation was done in each auxiliary nodes 
which are laptops and vertebral nodes like computers. 
Here clumsy nodes are PDA and also wireless 
devices PIC processors. Simple home appliances that 
are connected to SENDA prototype are controlled by 
wireless devices. Gateway nodes fulfils the QOS 
requirement of active profile, QOS parameters of 
various technology on every side of gateway is 
matched. They also mark the traffic from one 
network to another. QoS provisioning require 
coordinated efforts from every layers. This approach 
decreases the number of lost packets showing more 
reliable paths. MANETS offer good solutions for user 
requirements that include using heterogeneous 
device. Here the QoS is provided to traffic generated 
in various applications and the resources are managed 
and given to the traffic based on their availability. 
Work is focused on expanding the service based on 
SENDA architecture and MANET. 
Marion Souil et. al [5] conveyed that pervasive 
healthcare applications of smart city are enabled by 
combining wireless body sensors with wireless sensor 
networks. Location tracking, continuous medical 
monitoring, emergency alerts are the features of 
remote medical monitoring applications. QoS support 
and wireless awareness are two key concepts of this 
paper. Context awareness is required for QoS 
management and data interpretation in WSN for 
healthcare. There is a few list of user requirements 
towards the network that is data accuracy, quality, 
reliability, timeliness, enter operability, network life 
time, context awareness. There are challenges and 
open issues. Global framework is required to carry 
out robust WSN for healthcare. To keep the 
implementation feasible, model should be kept simple 
given limited resources. Reliability is addressed but 
no end to end data transmission mechanism that is 
reliable is given. Authentication is required for 
monitoring patients and encryption is required to 
preserve confidentiality of data. Mobility of the node 
should be handled. The specificities of WSN for 
healthcare are listed below. 
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Data redundancy and communication principle - 
WSN has few sensors which are unique. This means 
communication principle is end to end and not event 
to sink. Heterogeneity - Data and platform 
heterogeneity are two types of heterogeneity. 
Different streams should be handled by the network 
appropriately and one node should manage various 
sensing tasks. Reliability, packet - Health monitoring 
applications should be reliable. Some mechanisms are 
required to overcome loss of packets. Timeliness - 
Timeliness is important for data interpretation to be 
correct. Delay and packet priority should be 
considered for data delivery. Bandwidth - To support 
multimedia traffic, large bandwidth is necessary. 
Power management - Power consumption should be 
minimized so that the batteries are not replaced often. 
Reducing energy consumption and increasing QoS 
results in gaining interest in network design. Context 
awareness for data interpretation- Emergency 
situation should be detected automatically, so that 
suitable actions are taken. Context awareness for QoS 
self-adjustment - Systems consist of limited resources 
and where priority change continuously and system 
should adapt to the changes made. Context aware 
system can detect the patient's condition and QoS 
level is adjusted. Here the QoS provisioning in 
context-aware wireless sensor networks for 
healthcare applications and main research challenges 
were discussed. Cross layer QoS framework and 
adaptive QoS investigation can be done in the future. 
Katarzyna Wac et. al [6] said that the recently 
developed health care services permit the health care 
professionals to monitor the patient and provide 
feedback anytime and anywhere. Mobile-health 
services are delivered with best efforts but the 
delivered QoS is not guaranteed. In mobile-health 
service they try to merge QoS mobile service 
platform with context aware mobile service platform. 
The authors illustrate this with epilepsy 
telemonitoring scenario. Telemonitoring is patients 
are made to wear body area networks (BAN) 
consisting of sensors. Gateway is used between 
external communication network and intra BAN 
network and is used to process the sensor data. BAN 
monitors the patient’s vital signal continuously and it 
is made available in the health center to be viewed.  
Authors argue that using context information in 
quality of service m-health services platform play 
important role in defining the QoS required. Here are 
the objectives that structure the trajectory of the 
author’s research. Firstly, suitable QoS aware 
services are defined to be used as the projects context 
aware mobile service platform. The QoS aware 
services should support cross layer QoS mapping, end 
user QoS specification, offered QoS information and 
adaption of services delivery to context. The result of 
the step is QoS aware mobile service platform that is 
used and validated within the project. The following 
research step is incorporating context information 
into QoS aware mobile service. It is important to 

decide what context information is relevant and how 
can it be acquired and incorporated in platform. 
When context information is unavailable due to the 
unreliability of context resources, the mobile services 
platform service platform must assume a default 
context. The research aims to prove that by using 
context information plays an important role in 
delivering the QoS and required QoS specification. In 
the future other mobile service platform can be 
considered. 
Lei Chen et. al [7] presented a QOS architecture to 
support the real time data transmission in MANETS. 
The architecture includes QoS transport layer, 
priority MAC protocol, QoS routing and queue 
management. Challenging goal in MANETS is the 
real time data transmission.  
Simplified network model was built to support the 
real time data transmission. Following designs were 
incorporated in the simplified network model. 
Priority packet scheduling scheme - Packet consisting 
of high priority are put in front of non-real time 
packets. During congestion the packets in the tail of 
the queue are dropped. Bandwidth estimation based 
QoS aware routing -Periodically each host estimates 
its bandwidth use with the MAC layer estimation and 
information is passed to two hop neighbors of the 
host through Hello packets. Bandwidth of each host is 
estimated based on the bandwidth used by itself and 
its one or two hop neighbors. During route discovery 
either admission control scheme is used or the 
adapted feedback is embedded in route reply packets. 
Enhanced IEEE 802.11 -Arbitration inter frame space 
(AIFS) and various window sizes are applied so that 
high priority packets capture the channel. For real 
time packet data MAC layer assigns shorter AIFS. To 
test the performance of the simple QoS architecture, 
Ad hoc network is simulated using ns2 simulator. For 
showing the video quality improvement H. 263 TMN 
simulator is used. Through simulation, the packet 
delay is reduced and quality is greatly improved in 
real time video streams in MANETS. Here network 
architecture to support QoS is presented and the 
simplified version is simulated. Performance of 
multiple different priority streams can be considered 
in the future. 
Jiong Jin et. al [8] presented four different IOT 
network architectures covering various smart city 
domains and defined the corresponding network QoS. 
New network paradigm participatory sensing is 
discussed There are two types specified under design 
choice of the architecture, Network Designing 
Approach and IP based connectivity model. In this 
paper four network architectures are specified which 
comprises of three parts that is architecture 
description, application and QoS equipment’s. 
Autonomous Network Architecture - These networks 
are not connected to public networks. Automatic 
Parking management is one of the applications. QoS 
requirement is application dependent. Sensor 
coverage, system responsiveness and reliability are 
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major concerns. Ubiquitous Network Architecture - 
For these networks smart object network are the part 
of internet. Through internet gateway, user can access 
the information that is provided by the smart object 
network by directly fetching from the device or 
through intermediate services. Applications are 
structural health monitoring and traffic congestion 
and impact monitoring. Due to the involvement of 
real time data transmission QoS requirement for 
traffic congestion and impact monitoring is strict for 
throughput and delay. Structured health monitoring 
requires reliable data delivery. Application layers 
overlay network architecture - Because of the multi-
point data flows, traffic congestion takes place 
degrading the QoS. Application layer overlay 
network consists of selected nodes for data 
processing is used. Application is the Combined 
Noise Mapping and Video Monitoring. Bandwidth is 
the primary concern as the data traffic in the 
environmental monitoring is elastic. Service oriented 
network architecture- Since different such networks 
adapt different communication technology a 
translation gateway is required to translate different 
network protocol. The key idea is implementing 
different network functions as standardized which 
technology independent component is called network 
service. Application is combined noise mapping and 
video monitoring. Degradation in bandwidth will 
cause performance degradation and packet loss. Rate 
contact and admission contact is necessary to 
guarantee sufficient bandwidth received. 
Participatory sensing: People take the responsibility 
of collecting, analyzing and sharing sensor data. It 
has human as a sensor architecture. As humans are 
highly mobile, unpredictable and erratic, the common 
architecture is where participants connect to sensor 
server directly through wireless technologies. The 
interaction between the nodes will be intermediated 
by central entity. There are also challenges in the 
research. As people are involved there may not be 
any guaranteed quality of data, timeliness, accuracy 
and frequency may vary and forged data can be 
originated due to misbehaving users. Here variety of 
architectures for smart city were presented and QoS 
requirements were specified. In future the new 
participatory paradigm can be implemented involving 
humans. 
Masoumeh Karimi et. al [9] mentioned that in 
MANET, network topology has the dynamic 
behavior, maintaining quality of these network is 
MANET difficult should provide required QoS for 
the users. In this paper, dynamic nature of the 
MANET is discussed and problems that occur when 
trying to provide QoS. MANETS have various 
features such as distribution operation, autonomous 
terminal, dynamic network topology, multihop 
routing and fluctuating link capacity. In distribution 
operation, no background network for central control 
of network operations. The nodes in MANET should 
collaborate among themselves and each node should  

Table 1: Comparative study on related data 

 
 
act as a relay node when implementing functions. In 
fluctuating link capacity, the channel over each 
terminal is subjected to fading, noise interference and 
has less bandwidth when compared to wired network. 
Problems can arise when designing MANETS due to 
limited transmission power of devices, battery 
limitations, node mobility, and shared nature of 
wireless medium. In adhoc network, QoS requires 
new constraints because of the highly dynamic 
network topology. QoS in adhoc relates on the 
available resources and mobility speed of those 
resources because mobility of nodes will cause 
broken paths and link failure. To continue the 
communication, a new path should be established but 
the delay occurs in setting up new path and packet 
may get lost. Security is an important issue in 
providing the QoS. Important problems in MANETS- 
When providing the QoS are- Routing problem: 
Explains the way to find loop free from source to 
destination and support requested level of QoS. 
Maintenance problem- Describes how to make sure 
new route that support previous QoS are available. 
Variable resource problem- It addresses how to react 
to the changes in network resources as a result of 
route change. The QoS solutions are classified based 
on QoS approaches. QoS approaches can be divided 
into coupled and decoupled. The QoS approaches can 
be categorized as dependent and independent. It is 
dependent based on the interaction between MAC 
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protocol and routing protocol. In independent QoS, 
the network layer is independent on MAC layer QoS 
provisioning. Various MANET features are discussed 
and problems when providing QoS. Ideas regarding 
QoS inherited from wire based networks can be 
implemented for MANETS in the future. 
Roozbeh Jalili et al [10] presents architecture for 
smart cities where the city management, citizen, 
community service providers can access the real time 
data that was gathered using various sensor 
mechanisms to analyze and make decisions for the 
future. A cloud based general reference architecture is 
presented for the design of smart city and its service. 
The architecture consists of three layers .Sensing 
layers and Data collection - There are three sensing 
resources in the architecture: wireless sensor network, 
Crowd sourcing and Radio Frequency Identification. 
WSN play an important role in sensing layer and 
enables collection, processing and data analysis. 
RFID technology enables to install tags on entire 
objects and monitor them remotely so that it can be 
used in any kind of application like transportation to 
supply chain management. Network layer - In this 
layer the communication infrastructure is provided to 
deliver data from the sensing layer to the control 
layer. Internet is the major part of the architecture so 
the entire platform should be adapted to IP 
technology in order to route the data through internet. 
Gateways are used to interface between sensing layer 
and networking layer so that the sensing layer 
protocols are translated to IP. Many people use 
mobile phones and communication networks such as 
LTE or 3G another gateway is required to connect 
these networks to the internet. Control and services - 
To work with many applications in smart cities and 
service provider, a cloud architecture can be given. In 
the architecture the community services are separated 
with individual services. There are two control 
centers, community control center and individual 
control center. Service providers are more interested 
in proving service to the community service than to 
the service. In future work the extended version of the 
architecture through the integration of Apollo is 
demonstrated. Apollo is remote monitoring approach. 
Further the integration with Artemis cloud. Artemis 
cloud is a cloud based service that supports 
personalized online health analytics within the 
community. 
 
Summary of the literature review carried out is given 
in the Table 1.  

CONCLUSION 
 
Smart city is an emerging concept. MANET can be 
used in smart cities because it has characteristics that 
satisfy smart city application requirements. As 
applications in smart city use context information, 
providing QoS becomes an essential requirement. 
There are a lot of issues regarding the QoS support 
for smart cities. The literature survey carried out in 
this paper highlights various routing protocols, self-
healing networks in smart cities to recover from link 
failures, architectures to provide quality of service in 
smart city and also the challenges in providing QoS 
in MANETs. 
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