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ARTICLE INFO ABSTRACT
Article history: A mobile Ad hoc Network (MANET) is a collection ahobile nodes (MNs) that
Received 10 December 2015 cooperatively communicate with each other without pre-established infrastructures.
Accepted 28 January 2016 This paper proposes a new routing approach thabioas the residual bandwidth,
Available online 10 February 2016 energy and mobility of the network nodes. The psmabcomposite metrics selects a
more stable MPR set than the QOLSR algorithm. phiposed method also involves a
Keywords: bandwidth reservation model which ensures thatirttexferences produced by a new
Quality of service; mobile adhoc flow do not affect the bandwidth granted to theeatly accepted flows. Once the
network;  bandwidth  reservation; bandwidth is reserved, then the concept of admissimtrol is introduced to tackle the
available  bandwidth;  admission problem of congestion in the network. By using reathtical analysis and simulations,
control this new approach is going to be used to calcdiferent QoS metrics such as routing
load, packet delivery fraction, delay and bandwidttized by different number of
flows.
INTRODUCTION

Due to the nodes mobility, wireless channel andvaitability of centralized control, it is very chahging
to guarantee Quality of Service (QoS). To provideSQve have to fulfill all these requirements indéhgd
Admission Control (AC), QoS-aware routing (QARX)ffic policing, Resource Reservation, traffic saléty
and possibly QoS aware MAC protocol.

The purpose of AC is to accept data sessions wios requirements can be satisfied without affecting
those of previously admitted sessions, otherwissise is rejected. AC must establish if there anereecessary
links or availability of node resources. Figurdldstrates an example of MANET topology.

Direct communication between devices is shown byves.
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Fig. 1: Example of MANET topology

From the nodes where direct communication is nasiiide, need to use intermediate nodes to relay
messages hop by hop. Due to increase in bandwiftheo wireless channels, variety of services can be
provided, such as online games and video conferefibese services require the guarantee of a certain
bandwidth, otherwise, the quality of services vii# degraded. Therefore, Quality of Service (QoSaris
important issue in the MANET (Shih-Lin WuYu-Cheeeng, 2001).

Optimized Link State Routing (Olsr) Protocol:

A well known proactive link-state protocol develdpfor mobile ad-hoc networks is the Optimized link
state routing (OLSR) protocol (Jacquet T. Clausen2003). It exchanges topology information regularly with
other nodes of the network. Each participant naects a set of its neighbor nodes called “multipoglay”
(MPR), which are responsible for forwarding contraiffic. An efficient mechanism is provided by M®Ror
flooding control traffic by reducing the numbertcdnsmissions required (Clausén, P. Jacquet2003).

MPR node

L]
() Mobile node

Fig. 2: MPR nodes send the TC Messages

Nodes selected as MPRs have responsibility whetareg link state information in the network. The
MPRs relay by some neighbour node(s) announcesntioisnation periodically in their control messagése
MPR nodes are shown in the figure 2

The participant node announces to the network,ithes access to the nodes which have selectédas
an MPR. HELLO packet and Topology Control (TC) naggs are used by node to discover their neighbours.
All nodes do not broadcast the rout packets onlyRMi®ddes broadcast route packets in the networkteRou
from the source to the intended destination arét bafore use and each node in the network keepsiting
table, which makes the routing overheads for OL&jRdr than other reactive routing protocols sucD8R or
AODV.

The participant node announces to the network,ithes access to the nodes which have selectédas
an MPR. HELLO packet and Topology Control (TC) nagges are used by node to discover their neighbours.
All nodes do not broadcast the rout packets onlyRMiddes broadcast route packets in the networkteRou
from the source to the intended destination aré bafore use and each node in the network keepsiting
table, which makes the routing overheads for OL&fRdr than other reactive routing protocols sucb&R or
AODV. The above mechanism ensures that the paatitipodes have adequate information to route psitiet
any destination.
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I nterference Aware OL SR Protocoal (1-OLSR):

There are many Researches have been carried defite an interference model for ad-hoc networks to
deal with the network capacity at the physical taye the presence of radio interference. In thizrky an
interference aware bandwidth reservation modelaipsrat the routing level. This simple model corapuhe
bandwidth consumed by flows, considering the istenfice influence. This model provides the bandwidth
reservation with an overestimation of the bandwidthuired by flows. It has been observed that Huor
transmission spreading is unbounded: radio inteniegs produced by one single transmission disturindes
in the ad-hoc network. Thus, each node is considasean interference generator by all other nodes.

When a source node S wants to transmit a flowdesdination node D at distance dist from S, meakiure
number of hops, and requires a bit rate of k bpspandwidth amount to be reserved B is:

B = k *dist*q

This quantity of bandwidth, B, is reserved at eagtie of the network by using a signaling protocol.

In this model, the bandwidth amount for the resiéowais equal to the product of the requested arnotin
bandwidth k by the path length dist and the quewtof g. This can be explained because any notleipath
is considered as an interference generator witllagterference level. However, the distance patansist is
not totally appropriate to provide the reservatimechanism with a good estimation of the interfeesnc
generated by flows. There are scenarios wherevafilaakes a path shorter than a flow f2, but themee more
neighbour nodes along the path of the former tHaheolatter. Thus, the interferences caused by flb affect
more nodes than these of flow f2. A more realiafiproach to compute the bandwidth to be reservedicgh
take into consideration the number of interferedlesalong the path. Thus the queue factor is adaled
calculate the near accurate value of bandwidtretceberved.

Queue factor is more likely a delay value. The ipattket model is used to develop a new technique fo
link bandwidth measurement. To do so, assume t@apacket is send with no queuing and a seconcepétkt
gueues behind the first packet at a specific Ik, not at any later link. Assuming no queuing @tcat the
queuing link, the delay can be splitted into thmeetito travel to the queuing link, the time spenthat queuing
link, and the time spent after the queuing linkttf\Some additional assumptions, this model candaptad as
follows:

_ {k ¥ dist xgq If dist = 5]
Ex k xXg if dist =G
The interference radius is assumed to be equal imé@&s the coverage radius. Moreover, any node is
supposed to belong to the interference area obat Binodes such as in a straight line configunatio
The bandwidth reservation model, B = k *dist*q, éakinto consideration the path length parametst, di
and the queuing factor g. This is to ensure tHatatsmitting nodes are counted and the netwadffidris also
considered. The longer the path is, the more tratisgnnodes along that path. Thus, the interfeeclavel
increases proportionally. As this model considées traffic in the network, it can measure the maceurate
bandwidth value to be reserved by the flow.

OL SR protocol enhanced with bandwidth reservation:

Now the OLSR protocol is enhanced in order to sup@®S routing. This QoS routing is based on
bandwidth reservation. The OLSR protocol enhancéti handwidth reservation includes three phasep: (1
resource reservation, (2) data/voice/video trarefer (3) resource release. Resource reservatienhseLSR
routing protocol to find the route to the destinatibandwidth is reserved on all nodes of the ntwaocording
to the model described earlier. Once the bandwigltteserved, QoS routing ensures that during thester
phase all packets belonging to that flow follow Haene route to the destination.

Admission Control:

Due to the uncertainty in the amount of traffic ccin the network, now the work is to perform the
admission control on the requesting flows. Once bhadwidth reservation is done, admission contsol i
performed to provide the better Quality of Service.

Admission Control QoS-Aware Routing (QAR) Protocols:

The job of AC protocol is either to accept or réjesew session according to available resourcegs/an
network (Lajos Hanzo Il. and Rahim Tafazolli, 2006)

The role of the AC and QAR protocols may be clogelated. In order to perform their functions, both
types of protocols must discover certain informattoout the network at the basic level. The rougir@ocols
must perform network topology discovery and maintai certain view of this at each node to match
application’s requirements for route. The job oftbtypes of protocols is to estimate the resideaburces in
the network. The routing protocols do this to hielpoute discovery and selection in order to wilthose nodes
used for traffic-forwarding and is most likely topport the application’s requirements. It is thé jof AC
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protocol to know which application data sessiony i@ admitted into the network without violatingetoS
promised to previously-admitted session (Lajos tdalhzand Rahim Tafazolli, 2006). QAR protocol pites
the achievable QoS on a route to the desired level.

Since the aim of both AC and QAR protocols is toilitate the provision of the necessary QoS to user
applications. A part of AC and QAR protocols alemsists of management and utilization of netwodotgces
which provide a certain QoS.

The job of AC protocol is either to reject or accépe newly requested session according to availabl
resources (Lajos Hanzo Il. and Rahim Tafazolli, @00f the available resources are more than theested
resources, the session is granted admission, ageeitis rejected. It is the duty of the AC pratbthat to make
sure the newly admitted session does not affegbibéious serving data session.

AC protocol during route discovery must establfsthére are any links or nodes having necessarjaina
resources. In QAR protocol, it is performed afteg toutes have been discovered. In QAR protocelsdhte
discovery process can be used for AC decisionhef tequired resources are unavailable the admission
rejected otherwise the data sessions is grantedietAsr in contention based 802.11 network the sme'ssio
achievable QoS is not only affected by the nodetherpath but also by the neighbors of the nodaessgathe
path. So it is important to check the availableacdy of neighbor nodes whether they can accepégject the
new session without affecting the already admitteth sessions.

In this section, some of the important AC and QARtpcols which have improved the provisioning of
QoS for different applications are discussed.

Contention Aware Admission Control Protocol:

The work in (Kleinrock, L and F. Tobagi, 1975) iensidered a landmark in the design of Admission
control protocols for MANETs. The available netwaisources are measured by AC protocol and checks
whether it can support the new data flow or nothaut affecting the existing flow. The proposedtpool is
combined with a source routing protocol similar@gnamic Source Routing (Lajos Hanzo Il. and Rahim
Tafazolli, 2006). AC in first stage, only partiabute of the flow is known to the nodes thereforetiph
admission is granted to the flow. A route discovieririggered at that time when a session requgsiitmission
packet arrives at a source node. Nodes monitoCtrennel Idle Time Ratio (CITR) and only if theirchdly
available capacity is sufficient then it forwardsetRoute Request (RReq), considering the intraerout
contention. Only local resources are estimatedase ®f Contention Aware Admission Control prototlHi-
hop (CACP-Multi-hop) and CACP-Power; during this &@Rphase, Carrier Sensing Neighbors (CSN) resources
are not checked because it enforces extra overlweatie partial discovered route (Lajos Hanzo hid &ahim
Tafazolli, 2006; Yaling Yanggt al., 2005).

The routes in RReq are cashed at the destinativerefore several routes are cashed due to muRiBleqg
reaches the destination on different routes. Amitregseveral routes, one route is selected for RBeigy
(RRep) on the basis of some criteria, such as tioetesst route or first discovered route. Locallyaidable
capacity for each intermediate node is again tebtedeceiving RRep along with the full knowledge tbé
Intra-route contention. One of the following propdanethods is used by all nodes on the route tokcteir
neighbor’s capacity during the RReq.

Adaptive Admission Control (AAC) Protocol:

Adaptive Admission Control (AAC) (Kleinrock, L anfd. Tobagi, 1975) a new admission control which
deals with all issues regarding QoS provision inWEY (Kleinrock, L and F. Tobagi, 1975).

e It provides accurate low-cost signaling techniqueetrieve CS nodes’ available bandwidth.

* Robust contention count calculation algorithm whaclkapts to the path's roughness.

» Efficient adaptation strategy to work against euahQoS violations.

AAC works better in high traffic load and mobilignvironment.

Proposed Dynamic Admission Control (Pdac):

In this section, the basic operation model andalgerithm of the proposed dynamic admission control
mechanism is discussed. Dynamic admission com@DIAC) allocates the network resources to the regqdes
user flow properly according to the network sitoati It means that this algorithm has to react fasthe
unexpected traffic pattern changes. The efficiattvork resource management of the network dependew
fast the entrance ingress edge node can perforrdigtiact functions according to service classeseiad of
simple operation in core node. The traffic violatioformation of network should be gathered immeatyaby
the bandwidth agent and feedback given to the gsgeelge node.

In the proposed DAC mechanism, the bandwidth agemally allocates provisioned bandwidth to each
path. The state of a path maintains the amountintiidth that has been allocated to the path. Whéow
reservation set-up request along a path arrives,ettge node only needs to check the corresponditiy p
whether the amount of bandwidth allocated to thé masufficient to satisfy the flow’s requesttiiie answer is
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positive, the flow request is accepted. Only wHendllocated bandwidth of the path is less tharréheested
bandwidth, the entrance edge node requests theéamdibandwidth to the bandwidth agent. The amadithe
additional bandwidth is calculated in the edge nioased on the previous traffic pattern information.

The bandwidth agent will check each link along plagh to see whether there is available bandwiddil at
the links except already allocated bandwidth farthepath. If available bandwidth is sufficient, thendwidth
agent allocates the additional bandwidth to thé ead informs each node along the path to charigeasd
bandwidth information for that path. Therefore,stimechanism simplifies the bandwidth calculatiortlia
bandwidth agent by limiting the resource managerntehe only path level. That is, the bandwidthragean
minimize the communication between the bandwidtenda@nd each node in the domain. Also, it has some
advantages that the entrance edge node perfornaithission control for itself in path level, thdiestion of
additional bandwidth, and the dynamic bandwidtbcation.

A more formal and detailed description of the ailgpon is presented by the pseudo-code below:

Algorithm:

1. Assign reserved bandwidth along the path is equtid initial bandwidth.

2. If reserved bandwidth is greater than or equah® dum of used bandwidth along the path and the
requested bandwidth, then accept the request.

3. If the reserved bandwidth is less than the reqdebtndwidth, recompute the required additional
bandwidth by subtracting the bandwidth at timgBWi ) from bandwidth at time ‘i+1’ (BWi+1).

4. Assign the maximum bandwidth is equal to the retpebadditional bandwidth.

5. Assign minimum bandwidth is equal to the sum ofdusandwidth along the path and requested
bandwidth for the new flow subtracting the reserkaddwidth along the path.

6. Check if the new bandwidth satisfies the requésntassign reserved bandwidth along the path is
equal to the allocated bandwidth for new flow atebassign used bandwidth along the path is equtie
requested bandwidth for a new flow.

7. If the condition is not satisfied the reject thquest.

The above algorithm describes the admission comirtiie ingress edge node. If the reserved bandvisdt
sufficient for new flow setup request, the ingresgie node accepts the flow request. If not, theesgyedge
node computes the additional bandwidth considecedbet needed in next period and requests bandwidth
allocation to the bandwidth agent. That additidmehdwidth, BWi+1 denotes the amount of bandwid#t the
ingress edge node will request to bandwidth agemime Ti+1, is estimated based the previous trgffittern
such as follows:

UBW, —UBW,_,
BW.., = - — At
) T, — T
BWi is the allocated bandwidth in time Ti, and WB is the used bandwidth in time Ti.
Also, At means that the average value of time intervahfbl to Ti. Through this\t the previous traffic
patterns to the next bandwidth allocation can beutated.

i T — Ty

-zl k
i—1
If the minimum available bandwidth among the lirdteng the path is greater or equal to the maximum
requested bandwidth from the edge node to the bidtidagent, then additional bandwidth is allocatedthe
case that the available bandwidth in each link gltre path is sufficient to satisfy the requestdditional
bandwidth from the ingress edge node, the bandvaddnt will allocate MAX_BW or min to the ingressge
node as well as to each node in domain. Othenthseflow set-up request is rejected.

At =

Simulation Results:

The simulation area used for the network is 800808m.Figure 3 shows the bit rate level for différen
number of nodes at different times. The fluctuatiorthe graph is due to as time progresses thererare
packets transmitted and hence the bit rate incee&kmvever because of the varying network trafiie bit rate
varies for different time intervals.
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Fig. 3: Bit Rate Graph

Figure 4 shows the throughput comparison for défférnumber of flows. In both the methods there is
degradation in throughput due to the congestiothé network. However I-OLSR performs better thaa th
standard OLSR protocol in all the scenarios. MoeedvOLSR shows significant improvement in throughp
for more number of flows.
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Fig. 4: Throughput Comparison

Figure.5 shows the comparison of packet delivetip far different number of flows. In both the casbe
packet delivery ratio decreases due to the netweffic. However [-OLSR performs 10% better thar th
standard OLSR protocol in all the scenarios.

PACKET DELIVERY RATIO
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Fig. 5: Packet Delivery Ratio Comparison
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Figure.6 shows the comparison of average end talelay for different number of flows. From the figut
is clear the delay increases as the number of floergeases in both the cases. However in standa8RGas the
traffic increases the delay increases significantly

DELAY COMPARISON
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3 6 9 12 15 18 21 24 27 30

Noof Flows

Fig. 6: Average end to end delay comparison

This is due to the fact that OLSR allows all thew into the network as it doesn’t support admissio
control scheme. But in the case of I-OLSR it adroitly the flows satisfying the admission requiretseihus
the delay in I-OLSR is within the tolerable rangeoughout the entire network.

Figure.7 shows the comparison of average jitteddftferent number of flows. In [-OLSR with admisgio
control scheme the jitter remains within 3 millieads even when the traffic increases. However andsrd
OLSR without admission control the jitter risesywsharply even with small network traffic.

Jitter Comparison

Jitter (msec)

3 6 9 12 15 18 21 24 27 30

No of Flows

Fig. 7: Average jitter comparison

Conclusion:
Bandwidth is an important QoS parameter in adhdevarks. Bandwidth reserved by already existing

flows in the network can be affected by interfeeaad the new flows. The proposed interference @@SR
(I-OLSR) protocol performs bandwidth reservation adhoc networks. I-OLSR considers the interference
effects before reserving bandwidth for the requiefitev and thereby provides improved throughput padket
delivery ratio. I-OLSR provides significant imprawent in bandwidth utilization for larger networl&till there

is a problem exists in adhoc networks due to thvork traffic. Thus I-OLSR is improved with admissi
control scheme and thus to provide better qualitgeyvice. Simulation results show that I-OLSR parfs
better than standard OLSR protocol.
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