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Abstract

A Mobile Ad-Hoc Network (MANET) is a
collection of wireless mobile nodes forming a
temporary network without the aid of any established
infrastructure or centralized administration. The
emergence of real-time applications and the
widespread use of wireless and mobile device have
generated the need to provide the QoS support in
wireless and mobile networking environment. To
provide the QoS support in MANET, QoS routing
plays an important role. In this paper, an efficient
QoS routing scheme is proposed to find the most
relevant path for a particular traffic. The traffic is
classified into video, audio and message. The
different parameter sets are used for a particular
traffic class. The selective parameters for route
discovery is hop count, end-to-end delay and
bandwidth. Hop count and end-to-end delay are used
for optimization purpose and bandwidth is used for
constraint. All qualified paths excluding the primary
path are maintained after the route discovery. To
provide fault tolerance and to keep the continuity of
data packet delivery, this proposed mechanism also
uses the backup route when the current active route
breaks. Our scheme is applied to the Ad-hoc On
Demand Distance Vector (AODV) protocol. This
work is intended to provide the required QoS satisfied
routes for each type of traffic class and to reduce the
unnecessary computation complexity. Network
Smulator tool NS-2 (ver 2.34) is used to simulate the
proposed QoS routing mechanism. The performance
of our solution is compared with original AODV in
terms of Packet Delivery Ratio (PDR) and routing
overhead (RO) to show the effectiveness of the
proposed mechanism.

1. Introduction

. . f
Nowadays, wireless networks are developing ver
quickly with the immense growth in wireless networ

devices like handheld computers, PDAs and

phones. There are two kinds of wireless network.

K

ce .
Retween two end-points. Therefore,

basic service set (BSS) without an access poin) (AP
is called a mobile ad hoc network and a BSS with AP
is called an infrastructure network.

Current wireless networks are infrastructure
network that support mobile/wireless access for
mobile communications devices by providing a
wireless interface between the mobile devices and a
fixed network of limited range base-stations (B&n
the basis of thignfrastructure model for wireless
communications, the air-interface consists of @lsin
data-link terminating on a BS. Communication from
that point is routed across a fixed network to its
destination. Mobility is managed by allocating a
limited set of communication frequency channels to
each BS and dynamically assigning a mobile dewce t
a local channel as it moves from the coverage &re o
one BS to another. While providing QoS in an
infrastructure environment is difficult, supporting
QoS in mobile ad hoc networks, which does not
depend on a BS for communication, is more difficult
Therefore, researchers are encouraged to imprave th
network services and performance of MANET [1][2].
The remainder of this section provides an ovenaéw
MANET and QoS Concept.

1.1. Properties and Challenges of MANET

Ah hoc network are self organization, rapidly
deployable and require no fixed infrastructure [13]
[14] [15]. The wireless mobile nodes can be depiby
anywhere and must cooperate to establish
communication dynamically. The implementation of
MANET presents a unique set of challenges. Nodes
must act cooperatively to handle traffic transnoigsi
as routers. Since, network devices are free toemov
network topology may change randomly and rapidly.

The wireless medium that carried out the all
communication consists of a bandwidth constrained
links. Moreover, the effects of multiple accesses,
ading, noise, and interference conditions willoals
esult in time-varying channel capacity, making it
ﬂifficult to determine the aggregate bandwidth
wireless



network has a significantly lower capacity than th&@oS aware. This includes additional service elass
wired network. Resources, including energyadmission control, resource reservation and so on.
bandwidth, processing capacity and memory, that aifihis paper focus on the additional service clasises
relatively abundant in wired environments, arecliiri  traffic engineering approach.

limited. This is a difficult task for best-efforbuting Providing a complete QoS solution for the ad hoc
without even considering QoS requirements. networking environment requires the interaction and
Controlling overhead is another key consideratioosooperation of several components. These

for ad hoc network. The control packets will alsecomponents include: (1) QoS routing protocol, (2) a
compete with the data for network resources such assource reservation scheme and (3) a QoS capable
channel and bandwidth. Since the resources age venedium access control (MAC) layer.
limited in ad hoc network, they must be presenad f QoS routing is an essential part of the QoS
data traffic. architecture. Before any connection can be made or
These unique characteristics of MANETany resource reserved, a feasible between a source-
distinguish this new network architecture from thelestination pair must be established. QoS rousirey
traditional infrastructure wired and wireless netkgo routing mechanism under which routes for traffie ar
and also impact on QoS provision on these networkietermined on the basis of some knowledge of
[5]. There are a lot of research and efforts thagxwe resource availability in the network as well as Q&S
the Internet with QoS components for real-time datequirements of the flows or connections [16]. The
including multimedia. But these are not suitale f objectives of QoS routing is: if one exists, find a
ad hoc network because current QoS routinfpasible path between a source-destination pair &i.
algorithm requires accurate link state such as gtackpath that has sufficient available resources capabl
loss rate, available bandwidth, estimated delay arghtisfying the QoS requirements. In other worlbs, t
topology information. Therefore, QoS models for QoS routing protocols tries to find a path that has
wired network are not insufficient and QoS supporgood chance of meeting the QoS requirements. To
still remains an open problem for ad hoc networks. design the QoS routing algorithm for ad hoc network
it must consider the metric selection (bandwidth,
1.2. Overview of QoS Concept in MANET delay), path computation and maintenance.
The purpose of this paper is to support the QoS
In today’s Internet, ad hoc network are beingatisfied route for multimedia application in MANET
designed to provide best-effort service in whicirom the QoS routing point of view.
packets are dropped regardless of their importaft.
the packet lost, the sender can simply retrangmait t 2. Related Works
lost packet. However, this method is not efficiort
real-time application, such as video-on demancewid  This section provides a review of the current
conferencing and Internet telephony which areesearch concerned with the providing QoS routing i
sensitive to packet loss and delay, and may need gowireless network architecture called mobile ad ho
have minimum bandwidth requirements.network for each QoS component (e.g. QoS routing,
Consequently, QoS support is necessary for theggsource reservation and the MAC layer).
multimedia applications [12]. Shakeel Ahmed, A. K Ramani [10] proposed an
According to [16], QoS is a set of serviceon-demand routing protocol for improving the Qualit
requirements to be met by the network whilef Service in mobile ad hoc network with the
transporting a flow. A fundamental requirement ofodification of AODV protocol. It discovers the
any QoS mechanism is a measurable performangsute by calculating the bandwidth requirementiia f
metric [17]. Typical QoS metrics include bandwidth,the primary route and the alternate route from the
delay, packet loss rate, jitter, hop count and paburce node to destination by applying the mechanis
reliability. of carrier sense in IEEE 802.11b, Listen Bandwidth
QoS can be technically achieved in two ways: (LEstimation. The alternative route is maintainedhia
over-provision and (2) traffic  engineering. ARQoS routing table. The route is rediscoveredwhe
Overprovision simply increases the available reseur both the primary route and the alternate routes fail
(bandwidth, buffers). Traffic engineering tries toThe main drawback of this solution is that the
utilize the sources efficiently and to make thenwek  accurate available bandwidth cannot be able to



determine. In listen bandwidth estimation, thethoseverse route entry to source and each time a node
can't release the bandwidth immediately when a pateceive a RREP message, it makes a forward route
breaks, because it does not know how mucéntry to destination. As soon as the source vesei
bandwidth each node in the broken route consumes.the RREP, it can start transmission.

Mie et. al. [7] discusses a QoS routing protogol b The diagram in the Fig. 1 shows the operation of
extending the original AODV protocol. Multiple AODV route discovery with six nodes on a wireless
parameters are considered in making routing detisionetwork. The circles illustrate the transmissiange.

Hop count and mobile speed are considered f&@ecause of the limited range, each node can only
routing decision. Accounting for the uncertainty ocommunicate with the nodes next to it.

route information in ad-hoc network, fuzzy logic is

used for optimizing the route. This protocol can
transmit the data through the route with the lowest
delay. However, the main drawback is the procegssin
delay of route discovery because fuzzificationegah

at every intermediate node that takes time.

In [9], fuzzy energy based routing protocol is
mentioned to support QoS in wireless ad hoc
networks, but no specific algorithms were designed.
The fuzzy controllers take number of hops, packet
gueue occupancy and remaining energy along the
paths ipto account while picking routes. Similarly3.2' AODV Route Maintenance Process
route discovery cause a great end to end delay for
route selection because fuzzification must perfatm
every node.

Figure 1. AODV route discovery

When a node detects a link failure during the
packet transmission, the upstream node of the broke
) . link sends a route error packet (RERR) upwardieo t
3. AODV Routing Protocol Overview source node. RRER lists all the nodes affectethby

link failure. When a node receives RRER, it matks

Among on-demand routing protocols, AODV isrgyte to the destination as an invalid. When as®u
one of the most popular routing protocols for MANEThode is received RRER, then, the source node il r
[11]. AODV is a method of routing messagesnitiate route discovery. Link failure is detectbst
between mobile computers which they cannot directlyxchanging Hello message to neighbors periodically.
communicate. In the original AODV, hop count isThjs can lead to a situation, where routing ovedrisa
used as a parameter to find the shortest pathhéor textremely great with AODV. Later, local Repair
packet transmission. Two procedures of AODV ar&pethod is used in which upstream node locally rspai

route establishment and route maintenance. the break without notifying the source node. [faie
attempt is unsuccessful, it sends the RRER to the
3.1. AODV Route Discovery Process source. Therefore, Local Repair Procedure alstslea

to packet loss problem. The diagram in Fig.1 shows
Whenever a node wants to make a transmission tite operation of AODV route maintenance.
first checks its routing table. If there is a mut uses
that route to send the packets to the destinaliomt,
then the route discovery is initiated by broadcasti
the RREQ (Route Request) packet in the network.
Node that receives the RREQ checks itself
whether it is the destination or it has a validteoulf
so, the node sends back the RREP (route Reply)
packet to the source. If not, it rebroadcast tRER
message to its neighbors until it reaches the
destination or the intermediate node which haslid va
route. Duplicated RREQ messages are discarded.
Each time a node receive a RREQ message, it makes a

Figure 2. AODV route maintenance



4. The Proposed System parameters are used for route selection. Video is
defined as the Class 3. For this type of content,
parameters are used for constraint as well as
optimization. To gain high throughput, route shibul

have enough bandwidth. So, bandwidth parameter is

Th drawbacks in th ininal AODVused as constraint parameter to collect the bardwid
ere are some drawbacks in the origina uarantee routes. This application content is also

The original AODV does not support the Quality odelay sensitive application, hop count and endrih-e

Service. Only hop count parameter is used for rou};elay are used for choosing the optimized route
selection. It chooses fthe_ route Wlth _the smalimq;t_ among the bandwidth guarantee routes.
count for data transmission. This kind of choosing

manner is not suitable for multimedia application42 1. Traffic Class Information Retrieval from
because smallest hop count does not mean the hlg.rha.ffi.c Source
bandwidth and the least delay. Multimedia

applications have their own requirements. Vided an To implement the proposed mechanism, three

audio are very delay sensitive. Video demands Ve hitic generators are developed at the Application

the enough bandwidth. To support the demandiq_gayer' They are message (Class 1), audio (Class 2)

QoS for multimedia application, more than ON&nd video (Class 3) traffic generators. When these
parameter are selected. There are a lot of rdsesmrc

h h traffic generators generate the packets, applicatio
that use more than one parameter to support Qquer sets the traffic class in the packet typddfie

But, the dlsgdvantage is that the more parameters ?ptype) of the packet header. Then, application layer
used, the higher the complexity and the slower tgends the packets to the network layer which
convergence. On the other hand, this type of Qoé(amines the packet type from the header to

“’““”9 protocol '.S not suitable for normal dgtafﬁc determine the relevant parameters for route diggove
for which results in the performance degrading For the proposed system, Route discovery

Moreover, when the source node broadcasts rout§ocedure and Route Maintenance Procedure of
request message to the neighboring nodes, theypy is slightly modified which will explain in
intermediate node will create reply message to thgstail in the later sections. The relationshipateen
source if it has a valid route. This leads to stele  ihe traffic type and parameters are shown in Table
RREP message. In addition to, it does not utifiee

multiple paths and maintains only one path to the Taple 1. The relationship between the traffic t/pe

4.1. Review of Original AODV and Existing
QoS over AODV

destination. Therefore, a new method is proposed a and parameters
an efficient and comprehensive mechanism wjth Content Parameters for path  Link
backup scheme. optimization constraint
' End-to-end delay, .
4.2. New Mechanism of QoS Support over Video hop count Bandwidth
AODV End-to-end del
Audio nc-fo-end aelay, No
hop count
This system defines the parameters based | orMessage Hop count No
traffic  class. Before route discovery, QoS

requirements of each traffic class are determined. To provide a new QoS support over AODV, a set
Therefore, the application layer directly infornfet of QoS extension has been made for the RREQ and
traffic class to the network layer which determitiés RREP messages. Before a node can rebroadcast a
relevant parameters for the given traffic classaffic  RREQ or unicast a RREP to the source, it must be
is classified into three classes here: (1) Clas€)l, capable of meeting the requested QoS constraints.
Class 2 and (3) Class 3. The RREQ control message adds two extra fields,
Class 1 is the ordinary traffic type such aspplication content app_type) and requested

message. It does not demand QoS. So, only hgandwidth (eq_bw). Route discovery Procedure and
count is enough for route discovery as the originakoute Maintenance Procedure of AODV is slightly
AODV. Class 2 means the delay sensitive traffignodified which will explain in detail in the later

audio. For this, hop count and end-to-end delagections. The original routing tabletable) is



extended too. A new routing tablék(table) is store in the original routing table. The backuplea

created for the purpose of storing backup route. clears the chosen in its table. The source caksla
the cost value of each route as shown in Section. 5
4.3. Route Discovery Phase All the rest routes are still in theél(_table) to be used

as backup routes because single path is considered
The main purpose of route discovery is to esthblisone of the biggest drawbacks of AODV.
a route between the source and the destinatiothidn
phase, Route Request (RREQ) and route rep#3.1. Cost Evaluation
(RREP) messages are used for route discovery.

The route establishment is initiated when a source Routes are selected according to their cost value.
needs a route to a destination for which it does ndhe cost equation of each route can be define@ @ b
have a route in its routing table. Before sendimg two-dimensional function as in (2).F1) is the hop
RREQ message, the source defines the applicatisaunt andk2) is the end-to-end delay.
content type in RREQ. For Class 1 and Class 2, it
initializes the zero value in theef| bw) field, and it CostFun = f(F1,F2)=aF1+ pF? 2
calculates the requested bandwidth for Class 3and

then put the value in thereg bw). The required \Whereq andp are manually configured coefficients.
bandwidth is calculated using (1). After that, RRE There is no need to consider the end-to-end delay
message is broadcast and sent to all neighbor nogggameter for Class 1. Sp,is initialized ‘0’. For

over the wireless link. Class 2 and 3 is set to ‘0.4’ and} is ‘0.6’ because
delay is more emphasized for delay sensitive
RBW= SVM/TML (1) application contents. F@) is expressed as shown in
Where: 3).

RBW: Required Bandwidth
SVM: Size of Data (Video)

E i
. . F2 = link delay + node delay = Z link_delay; + znode_delay
TML: Total Time Length of Video = = ’

®3)

Every intermediate node only process the ﬁr%Vhere'
received RREQ and discard the duplicated oneé._ '

, : , : the number of edges on each route
Then it adds the route information of the sourcdeno .

, .. N: the number of nodes on each route
to its route request table and checks the appdicati
content. If the application content is Class &ntlit
determines that its available bandwidth is suffitie
for the requested bandwidth. If the availabl
bandwidth is less than the requested bandwidti]lit
discard the RREQ message. If not, it will rebrcesic ) )
the RREQ to all neighbor nodes. For Class 1 arfd® u;ed_ for rgute _malntenance. _Durlng d_ata
Class 2, the intermediate node will simply rebraestc transmission, ne|ghb-0r|ng. nodes monitor the “.nk
the RREQ status of next hop in active routes by exchanging

In this proposed system, only the destination nod_e‘e"0 me;sages per|.od|ca.lly and absence of hello
will reply RREP messages. Whenever the destinatidﬂelSsagfa |nd|cat.es alink fa.llure. When a nodectiete
accepts the RREQ message, the corresponding RR%IBnk failure Wh'le attempting to forward a packat
is replied to the source. the next hop, it sends a RERR packet to the source.

At the source, as soon as it had just initiated a By the_ time the source receives the _RERR
route discovery, it started the timer. During timeer, message, it does a backup procedure as follow:

the multiple RREPs with the same destination are ) o

received by the source and calculate the cost f ea”: there remains data to send (tp destination)

replay and then store the route with cost in thekbp Delete the route from the:\ routing table

route pk table). When the timer is up, the best route IF there is backup route in t.bk_table

is chosen using the cost value of each route. The Extract the second op.t|mal route. )
Store the second optimal route in the routing

route with the smallest cost is used as main raote bl
able

4.4. Route Maintenance and Backup
g’rocedure

Hello message and Route Error (RERR) message



Delete the second optimal route from thet.6. Example

bk_table
Send the data using the second optimal route Fig. 4 is a simple topology to show how the
ELSE proposed system is worked. The topology is
Reinitiate the Route Discovery composed of four hosts. Node 2 and 3 are in the
END IF transmission range of node 1 and node 4.
ELSE
Delete the route from the routing table
END IF

The source checks itbl table) if there remains
data to send. If there is no backup route, ifdtés a
route rediscovery. Otherwise, the source extrdms
second optimal route and replaces the primary route Figure 4. Simple topology
with the secondary route. Therefore, the souraeno
immediately utilizes its backup route, without an When node 1 (source) wants to send Audio traffic,

@ (®)

interruption of data packet transmission. In thi# broadcasts RREQ message. Node 2 and node 3 get
scheme, backup route is maximally used for two $imeéRREQ messages. Since they are not the destination,
to avoid the stale route problem. they rebroadcasts RREQ message. When RREQ

The random and unpredictable movements dhessage arrives at Node 1, 2 and 3, they discard it
nodes in MANET occurs link break which is thebecause they had already accepted it. Here, #ode
major factor of performance degrading although theeceives two RREQs from the path 1-2-4 and the path
QoS satisfied route is already obtained. Usingibpc 1-3-4, and then it sends back the correspondinigesep
route scheme makes high strength for supporting Q4BREP). Node 1 has two routes for node 4. Then,
of many applications. As a result it increases anorsource node (node 1) computes the cost of each.rout

reliable and available. Hop count of both paths is 2 and it assumes that th
delay for the path 1-2-4 is 5 and the day for ththp
4.5. Node’s Action of Proposed System 1-3-4 is 10. The value of each route is 3.8 arid 6.

respectively. Now, the route whose next hop isenod
The following flow chart summarizes the action of? IS built as an active route and the route whasd n
node in the proposed system when processing 8RP is node 3 is a backup route. This propagation
incoming message. Hello message are excluded frd@Hte discovery is illustrated in Fig. 5.
the diagram for brevity:

RREPmse ¥ @ ®
Create forward Deleie aflected
path route
e 7
b @N" ° { RREPL ‘ \
RREP1 &4 ~ _
- { \4 ) /'\/ i £ )
i ) (<% s
. 4 (+ % ‘
S

Caleulate cost of Forward RREP
RREP2 —

each route o nexthop

v
osc the bes

© @

Figure 5. The propagation of route discovery

In Fig. 6(a), when node 2 detects that the link to

@ node 4 is broken, it sends back the RERR message to
Figure 3. Action of node the node 1. So node 1 switches to a new routesevho
next node is node 3, as is shown in Fig. 6(b).




It is the ratio between the total number of rogtin

. / *u, packets received and the total number of data packe
O L s k\ / received.
® " We evaluated the performance of AODV and

proposed AODV in the context of variation in
mobility speed using three sets of experimentse Th
first set considers the data traffic source. Tdwoad
set has the audio traffic source whereas the dtasr

To evaae e mpact o vatc e on QoS M e The POR o provses A0y
routing protocol in MANET, simulations with NS- P g )

. . . result with respect to packet delivery ratio iswhan
2.34 [13] are carried out. For our simulation, vee u P P y

the IEEE 802.11 Mac at the physical and data IinE'g' .7' Fig. 8 and_ Fig. .9' Therefore, the .results
obtained from the simulations show the effectiveanes

layer. The channel is Wireless Channel based on Tw ronosed route discovery and route maintenance
Ray Ground radio propagation model. AODV is use8 prop y '

at the network layer as the routing protocol. Hipal

UDP is used at the transport layer. The traffigrses

are Data (including Message), Audio and Video. Th

network is done with various pause times: 0, 1Q, 2| =
30, 40, 50, and 60 ms. The overall simulatiot .

parameters are presented in Table 2. We ha JW#

evaluated the performance of the proposed syste

Figure 6. The process of RERR message

5. Performance Evaluation

Packet Delivery Ratio (Data)

3
protocol with the original AODV protocol. The s o Y
simulation time is 300s. The performance is 2% | °
expressed in terms of packet delivery ratio andimgu o e
overhead. ravsed Time (s
Table 2. Simulation parameters Figure 7. Packet delivery ratio and pause time for
Parameter Value data
Simulator NS-2.34
Area 750m x 750m
Routing Protocol AODV, MYAODV
Simulation time 300s ekt ety Kt (i
Application Traffic CBR, Audio, Video
Number of Nodes 30 22
Packet Size 512 . ! N Pz
Mac Protocol Mac/802.11 N N\ /7
Transmission rate 4 Packet/s ; o /4 —Froposed Fotoco
Maximum Speed 0,10,20,30,40,50,60 ms i ~
No of Connection 5 i T .
Movement Model Random Waypoint pavsd T
A. Packet Delivery Ratio Figure 8. Packet delivery ratio and pause for
It is the ratio between the number of CBR packets audio

sent by the source and the number of packets eteiv
by the destination.

B. Routing Overhead



Routing Overhead (Audio)
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Figure 11. Routing overhead and pause time for
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Figure 9. Packet delivery ratio and pause time for
video Routing Overhead (Video)
Routing Overhead (Data) o /\
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video
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Figure 10. Routing overhead and pause time for 6. Conclusion and Future Work
data '

The performance of AODV and proposed AODV  In this paper, a new QoS mechanism is presented
are evaluated in terms of routing overhead in E@y. to make more robust and efficient. ~The more
Fig. 11 and Fig. 12. From the results, proposeparameters are used, the more accurate the qoélity
AODV exhibits the good results. We can find that t routes is. On the other hand, many parameters make
routing overhead in proposed AODV is slightly highethe complexity of the system increases. In this
than original AODV when nodes are not moving in alBystem, the most appropriate treatment is given the
three experiments because the number of RREP asieecific content. For the traffic class for whigbS is
RREQ message in proposed is greater than AODV bessential, many parameters are used to have the
they are very few because the RREPs are unicdsguired QoS satisfied route. In Class 3, both
towards source. However, the proposed protoceptimization parameters and constraint parametr ar
outperformed when node mobility occurs. Althougiused. To provide bandwidth guarantee, bandwidth
there is no significant difference in routing ovead parameter is used as constraint. ~ Among the
for data traffic type, the amount of overhead ibandwidth guarantee routes, the optimized route is
AODV is almost doubled than the proposed systeghosen based on hop count and end-to-end delal. Bu
because of the frequent route re-initiate during thfor the application like data, if more parameters a
data transmission. Low routing overhead saves ttsed, then it will take more delay and increase the
scarce network bandwidth, thus increasing theomplexity. Moreover, the result route is not an
network capacity. Therefore, the proposed system @ptimized one. Therefore, for such kind of content
said to be more reliable and to obtain a betteralve only hop count meets its requirement.
performance compared to AODV. The performance of the proposed system is

evaluated with the original AODV using NS-2 based
on packet delivery ratio and routing overhead. The
experimental result and performance evaluation



indicate the effectiveness of this proposed meamani [15] Perkins CE. Mobile Ad Hoc Networking Terminolog

In this proposed system, only link break problem igiternet Draft, November 1998.

solved by using the backup route. Detecting that t [16] Crawley E, Nair R, Rajagopalan B, Sandrick H. A
requested QoS can no longer be maintained is nIE)r[amework for QoS based Routing in the Internet. RFC

. . . 2386, August 1998.
considered. It is hoped that in the future, Qo& |0[17] N. Nikaein, C. Bonnet, “ A Glance at Quality of

problem will be solved. Next point is that resaurc Service Models for Mobile Ad Hoc, Networks”, 2003.
reservation is another effective complement to supp

QoS. A more suitable approach that integratesas Q

routing and resource reservation is also the future

work.
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