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Abstract: A typical Wireless Sensor Network is built of several hundreds or even thousands of sensor nodes. Each node has
the ability to communicate with every other node wirelessly, thus a typical sensor node has several components like
transceiver, microcontroller. Routing is the fundamental operation in WSN that facilitate the establishment of
communication links between Sensor nodes and a packet delivery. Designing such QoS based routing protocol to meet the
reliability and delay guarantee of critical events while preserving the energy efficiency is a challenging task. Considerable
research has been focused on developing robust energy efficient QoS based routing protocols. In this paper, we present

QoS Challenges and compare QoS routing protocols.
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I. INTRODUCTION

In the recent years, the rapid technological advances in micro
electro-mechanical systems, low power and highly integrated
digital electronics, small scale energy supplies, tiny
microprocessors, and low power radio technologies have
created low power, low cost, and multifunction-al wireless
sensor devices. These devices can collect the data by sensing
the ambient conditions in its vicinity and send the sensed data
to the sink or base station along the pre-established routes
through multiple wireless hops. These sensor devices run on a
small battery, a tiny microprocessor, a radio transceiver, and a
set of transducers [1]. Generally these sensors are equipped
with data processing and communication capabilities. The
emergence of these low cost and small sized wireless sensor
devices has motivated intensive research in the last decade
that addresses the potential of collaboration among sensors in
data gathering and processing, which led to the invention of
Wireless Sensor Networks (WSNs). With the increasing
deployment of large sensor networks, we envision them to be
multipurpose with sensor nodes that exploit their multiple
sensing capabilities to serve a wide range of applications such
as target tracking for the military [2] habitat monitoring in
forests [3, 4] detecting moisture levels in agriculture;
monitoring the statistics of the patient in health monitoring[5]
vehicular and traffic monitoring [6, 7] building and industrial
monitoring; explosion detection; intrusion detection; and so
on.

However, the sensor output of each application anticipates a
diversified data delivery service from the network
infrastructure. For example, the information of a potential
chemical leak is more important than knowing that everything
is fine, and the information should be highly reliable with a
low latency. Similarly, in forest monitoring applications, the
sensor data that contains an abnormally high temperature
should be delivered to the base station with a high reliability
in limited time duration, since it can be a sign of a fire. On the
other hand the temperature information that is in the range of
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normal temperature levels can be delivered to the base station
with a certain delay and loss percentage. The real-time
application, along with the introduction of imaging and video
sensors, has posed additional challenges. For instance, the
transmission of imaging and video data requires careful
handling in order to ensure that end-to-end delay is within the
acceptable range and that the variation in such delays is
acceptable. These examples manifest that sensor network
applications have periodic (non real time: NRT) and critical
data (real time: RT). Critical data is delay sensitive and it has
to be delivered to the base station with high reliability so that
immediate remedial and defensive actions can be taken.
Whereas, period-ic data is delay tolerant and a certain loss
percentage is tolerable on delivery. The delay and reliability
are the performance metrics and are usually referred to as the
QoS requirements of the critical data. Therefore, power
constrained sensor networks for real time applications
demand energy and QoS aware routing protocol to deliver
critical data with low latency and high reliability. Thus, QoS
routing is an important topic in sensor network research and
the WSN research community has focused on it. This paper
briefly reviews the various QoS based routing protocols that
have been proposed for the WSN. In Section 2 we present the
taxonomy of routing protocols based on the protocol
operation. The challenges in implementing those protocols in
a resource constrained WSN are discussed in Section 3. In
particular, Section 4 lists the various QoS based protocols and
their operations. The performance of the SAR, MMSPEED,
MCMP, MCBR, and EQSR protocols are compared and
analyzed in Section 5, and Section 6 concludes the paper.

Il. THE TAXONOMY OF ROUTING
PROTOCOLS

Many routing solutions that have been specifically designed
for WSNs have been proposed [8, 9]. In these proposals, the
unique properties of the WSNs have been taken into account.
These routing techniques can be classified according to the
protocol operation as negotiation based, query based, QoS
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based, and multi-path based, as depicted in Fig. 1.The
negotiation based protocols have the objective to eliminate the
redundant data by including high level data descriptors in the
message exchange. In query based protocols, the sink node
initiates the communication by broadcasting a query for data
over the network. The multipath based protocols were initiated
with objectives to provide reliability and to balance the traffic
load in the network [10-12]. These protocols use multipaths in
order to achieve better energy efficiency and network
robustness in case of node failures. Multi-path routing
protocols have been discussed in WSN literature for several
years now [1

Routing

protocols

~ \AIORI

Negotiation | |[Query based| | QOS based Multipath
based based

Fig. 1. Classification of routing protocols based on protocol
operation in the WSN

QoS based protocols allow sensor nodes to balance between
the energy consumption and certain pre-determined QoS
metrics, such as delay, energy, reliability, bandwidth, etc.,
before they deliver the data to the sink node.

111. QOS ROUTING CHALLENGES

However, a wireless sensor network is resource constrained
[1] and poses many challenges while designing an efficient
routing protocol for deadline-driven traffic. Due to the limited
battery power of the sensor nodes, it is extremely important
that the routing be energy efficient, in order to increase in the
lifetime of the network. Besides limited energy, there are other
factors that hinder the goal of transferring time-critical
information reliably across the network. In this section, some
of the factors of WSNs that challenge QoS provisioning will
be further explained in detail below. In addition to energy
constraints, each sensor node has low processing capability,
low memory power, and limited transmission energy. As a
result, these constraints impose an essential requirement on
any QoS support mechanisms in WSNs: simplicity. In most
WSN applications, traffic mainly flows from a large number
of sensor nodes to a small subset of sink nodes. QoS
mechanisms should be designed for unbalanced QoS-
constrained traffic. WSNs are characterized by high
redundancy in the sensor data. However, while the redundancy
in the data does help loosen the reliability/robustness
requirement of data delivery, it un-necessarily spends a great
amount of precious energy. Data fusion or data aggregation is
a solution to maintain robustness while decreasing redundancy
in the data. However, this mechanism also introduces latency
and complicates the QoS design in WSNs. In sensor networks,
nodes, as well as sink nodes, frequently change their position
and due to the use of power management and energy efficient
schemes a node state transition occurs, which leads to node
failure, which makes QoS provisioning complex. In order to
increase the lifetime of a network, the energy load must be
evenly distributed among all sensor nodes so that the energy in
a single sensor node or a small set of sensor nodes will not be
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drained too quickly. QoS support should take this factor into
account.

WSNs are designed to collect various types of data. For
instance, a sensor network can be de-signed to simultaneously
monitor the changes in temperature, pressure, or humidity at a
location leading to a different set of QoS parameters defined
for each of the sensed data. Therefore, provisioning QoS in
case of heterogeneous traffic can become quite complex. The
content of the data or a high-level description reflects the
criticality of the real physical phenomena and is thereby
different criticality or priority with respect to the quality of the
applications [14]. QoS mechanisms may be required to
differentiate packet importance and to set up priority structure.
As a result, QoS support for the network may have to take at
least a few of the challenges described above into account
when an application is specified.

IV. QOS ROUTING PROTOCOLS

Recently, a few research projects have started to address the
support of QoS requirements in WSNSs. In this section, we
present the state of the research by summarizing work that has
already been published and by highlighting the QoS issues that
are being addressed. Some QoS oriented routing proposals are
surveyed in [15, 16].

Multipath Routing Protocol: Initially, the Multipath based
routing protocols proposed in [10-12], tend to enhance the
reliability through multiple paths. Rather than using a single
path, multiple paths are established between the source-
destination pair. This is done in order to support the quality of
service. These protocols primarily focus on load balancing,
fault tolerance, bandwidth aggregation, and reduced delay.
However, even though multipath routing protocol provides
these benefits, the main problem associated with multipath
routing is route coupling. In [17], the problem of route
coupling has been studied and a measure for the coupling
between two routes using a correlation factor has been
proposed. An N-to-1 multipath discovery protocol is proposed
in reference [18], which finds different node-disjoint paths
between a sink and a source node. These alternative routes are
used to distribute traffic in order to improve the reliability and
the security of the data transmission.

SAR Protocol: One of the routing protocols that were
proposed early on, which provides some QoS, is the
Sequential Assignment Routing (SAR) protocol [19]. The
objective of the SAR algorithm is to make the network
energy-efficient and fault tolerant. SAR uses multihop routing
and maintains routing tables to record information about its
neighbors. To create multiple paths from each node to the
sink, multiple trees are constructed, rooted from one-hop
neighbor of the sink. For path selection, SAR takes into
account the energy resource, the QoS on each path, and the
priority level of a packet. For each packet in a network, SAR
calculates the weighted QoS metric, which is the product of
the additive QoS metric and a weight coefficient that is
associated with the priority level of that packet. The lower that
the average weighted QoS metric is, the higher the QoS level
will be. To handle failures within the network, a handshaking
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process is used, which enforces routing table consistency
between the upstream and downstream neighbors on each path
so that any local failure will automatically trigger a
recomputation procedure locally.

Energy-Aware QoS Routing Protocol : Energy-aware QoS
routing protocol is a cluster based QoS aware routing protocol
[20] that employs a queuing model to handle both real-time
and non-real-time traffic. The protocol only considers the end-
to-end delay. This protocol associates a cost function with
each link and uses the K-least-cost path algorithm to find a set
of the best candidate routes. Each of the routes is checked
against the end-to-end constraints and the route that satisfies
the constraints is chosen to send the data to the sink.
Furthermore, the transmission delay is not considered in the
estimation of the end-to-end delay, which sometimes results in
selecting routes that do not meet the required end-to-end
delay. However, the problem of bandwidth assignment is
solved in [21] by assigning a different bandwidth ratio for
each type of traffic for each node.

SPEED Protocol : SPEED [22] is designed to support soft
real-time communication service by maintaining the desired
delivery speed across the network so that the end-to-end delay
is minimized. Each node keeps information only about its
immediate neighbors and utilizes geographic location
information to make localized routing decisions. Hence, the
protocol is called “stateless,” as it does not use routing tables,
which result in minimal memory usage. Stateless Non-
Deterministic Geographic Forwarding (SNGF) is the routing
module responsible for choosing the next hop neighbor and it
works with 4 other modules at the network layer to achieve the
desired delivery speed across the sensor networks. The
neighbor beacon exchange module provides the geo-graphic
location of the neighbors. The delay estimation module
calculates the delay in each node, which helps the SNGF to
select the node meeting speed requirements and also helps to
deter-mine the occurrence of congestion.

If a node meeting desired speed requirement can’t be found,
the relay ratio of the node is checked. The relay ratio is
provided by the Neighborhood Feedback Loop (NFL) module.
The Relay Ratio determines whether the packet is to be
dropped or relayed. It is calculated by looking at the miss
ratios of the neighbors of the node (the nodes that could not
provide the desired speed) and is fed into the SNGF module,
where a drop or relay action is taken. If the relay ratio is less
than a number between 0 and 1, which is randomly generated,
the packet is dropped. The backpressure rerouting module is
used to prevent voids i.e., when a node fails to find the next
hop node or if congestion occurs , this module sends the
message back to the source nodes so that they (they means
nodes which are failed to find the next node) can take new
routes. Simulation shows that SPEED performs better in terms
of the end-to end delay ratio and the miss ratio. The major
limitations of the SPEED protocol are that it does not employ
any packet differentiation mechanism. It gives the same
preference to both real time and non-real time packets. It is not
scalable, as it maintains a desired speed for each packet and if
the parameter is changed then protocol performance degrades.
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MMSPEED Protocol : The MMSPEED (Multi-Path and
Multi-SPEED Routing) protocol [23] is an extension of the
SPEED protocol. It is designed to provide probabilistic QoS
differentiation with respect to timeliness and reliability
domains. For the timely delivery of packets, MMSPEED
provides multiple delivery speed options for each incoming
packet. Each incoming packet is placed into appropriate
queues according to its speed class. The packets in the highest
speed queue are served on the basis of the FCFS, followed by
the next highest speed queue and so on. The prioritization of a
packet is done with the MAC layer support. Service
differentiation in a reliability domain is achieved by
calculating the reaching probability of each packet and then by
forwarding the packets through multiple paths whose progress
speed is higher than the speed threshold. These decisions are
made locally at each node without information about the
global network state and end-to-end path setup. Thus,
MMSPEED protocol is scalable and adaptable to large
networks. The only limitation of the protocol is that the energy
metric is not taken into consideration.

MCMP Protocol: A Multi Constrained QoS Multi-Path
routing (MCMP) protocol [24] uses braided routes to deliver
packets to the sink node according to certain QoS
requirements that are expressed in terms of reliability and
delay. The problem of end-to-end delay is formulated as an
optimization problem, and then an algorithm based on linear
integer programming is applied to solve the problem. The
protocol objective is to utilize the multiple paths to augment
network performance with moderate energy cost. However,
the protocol always routes the information over the path that
includes the minimum number of hops to satisfy the required
QoS, which leads to more energy consumption in some cases.

MCBR Protocol : A Message-Initiated Constrained-Based
Routing (MCBR) mechanism is proposed in [25]. MCBR is
composed of explicit specifications of constraint-based
destinations, route constraints and QoS requirements for
messages, and a set of QoS aware meta-strategies. The
separation of routing specifications and routing strategies
makes it possible for exploring meta routing strategies. This
allows for there to be quality-of-service (QoS) requirements in
the application layer for individual messages. Through
applying general-purpose Meta-routing strategies, a data
message is routed from source to destination via a route that
satisfies the QoS requirements for that data message. In other
words, messages discover and learn their routes on their way
to the destinations. MCBR is composed of the following two
types of Meta-routing strategies: one is search based and the
other is constrained-flooding. However, the extra control
packets (because of flooding the network with control packets)
are a significant overhead. Same authors have pro-posed QoS
aware learning based routing to decrease the complexity of
MCBR protocol and to enhance its performance [26].

ECMP Protocol : The Energy Constrained Multi-Path routing
(ECMP) protocol [27] extends the MCMP protocol by
formulating the QoS routing problem as an energy
optimization problem that is con-strained by reliability, play-
back delay, and geo-spatial path selection constraints. The
ECMP protocol trades between the minimum number of hops

www.ijcrcst.com

74



"g_ﬂgqcsr

(L Volume 3, Special Issue 1 (February '2017)

International Journal of Contemporary Research in Computer Science and Technology (IJCRCST)

ISSN: 2395-5325

Special Issue on 1% National Conference on Advanced Computing and Communication Technologies,
Conference held at Siri PSG Arts and Science College for Women, Sankari,Tamilnadu,India.

and minimum energy by selecting the path that satisfies the
QoS requirements and that minimizes energy consumption.

EQSR Protocol : One of the recently proposed QoS based
routing protocols, specifically for wireless sensor networks, is
an energy efficient and QoS aware multipath based routing
(EQSR) [28], which provides service differentiation by giving
real-time traffic absolute preferential treatment over the non-
real-time traffic. EQSR uses the multi-path paradigm together
with a Forward Error Correction (FEC) technique to recover
from node failures without invoking network-wide flooding
for path-discovery. The EQSR protocol uses residual energy,
available buffer size and the signal-to-noise ratio to predict the
next hop through the paths construction phase. EQSR splits up
the transmitted message into a number of segments of equal
size, adds correction codes, and then simultaneously transmits
it over multiple paths to increase the probability that an
essential portion of the packet is received at the destination
without incurring excessive delay. The EQSR protocol
handles both real-time and non real-time traffic efficiently. It
does so by employing a queuing model that provides service
differentiation.

QuEst Protocol : The QoS-based energy-efficient sensor
routing (QUESt) protocol [29] determines application-specific,
near-optimal sensory-routes by optimizing multiple QoS
parameters (end-to-end delay and bandwidth requirements)
and energy consumption, based on the Multi-Objective
Genetic Algorithm (MOGA). The QUESt protocol is capable
of discovering a set of QoS based, near optimal routes even
with imprecise network information.

V.COMPARATIVE ANALYSIS OF QOS

ROUTING PROTOCOLS

In this paper we compare QOS routing protocols based on
the parameters mobility, energy aware, data aggregation,
QOS, multipath, Query based and position awareness.

Table 1. Comparison of QOS routing protocols in WSN

Routing Ener Data Query| Position
protocol |mobility, 9y .| QOS |Multipath ry
aware [aggregation based jawareness|
MRP No No No Yes No No No
SAR No Yes Yes Yes No Yes No
EAQRP No Yes No Yes No No No
SPEED No No No Yes Yes Yes No
MMSPEED No No No Yes Yes Yes No
MCMP No No No Yes Yes No No
MCBR No No No Yes Yes No No
ECMP No No No Yes No No No
EQSR No No No Yes No No No
QUEST No No No Yes No No No
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VI. CONCLUSION

In this paper, we presented an overview of the requirements
for QoS based routing protocols and factors that are a
challenge in implementing these protocols in a WSN . Each
routing protocol is discussed along with their solution to meet
QoS requirements. The performance of the SAR, MMSPEED,
MCMP, MCBR, and EQSR protocols are evaluated and
analyzed with respect to different combinations of network
and traffic control parameters. Their advantages and
disadvantages are discussed and compared. We have also
highlighted the reliability, delay, and energy -efficiency
performances of these protocols.
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