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Abstract: Problem statement: In a mobile adhoc network, there are a numberhaflenges for
providing quality of service routing for multimedapplications and real time applications like voice
transmission. The QoS parameters considered irstinily are link reliability and energy consumption.
Existing studies estimate the link reliability ctmagnt between two nodes using exponentially
distributed epoch lengths. The major problem is #pproach is that the nodes are having memoryless
property and the hazard rate is independent of. thpgr oach: In study, an analytical expression is
proposed to estimate the link reliability of MANEWhen the nodes have identical weibull distribution
where the hazard rate is a function of the timeh@@On Demand Multipath Reliable and Energy
Aware QoS Routing (AOMP-REQR) protocol is desigri®dincluding the QoS constraints (Link
Reliability and Energy Consumption) in the existiprgtocol AOMDV, which finds the multiple link
disjoint stable pathsResults: Simulation results show that the proposed algoritichieves better
packet delivery ratio with reduced energy consuamptind delayConclusion: Since the proposed
analytical method estimates the link reliabilitybiatter way, AOMP-REQR protocol finds the multiple
link disjoint stable paths and also the energy oongtion is less.

Key words: Link reliability, energy consumption, weibull, qitgl of service, stable paths, analytical
expression, mobile adhoc network, epoch lengthmardarate, weibull distribution

INTRODUCTION information to other nodes). MANET routing becomes
difficult, when nodal mobility causes the breakdowin
Traditional wireless and cellular offer a limited radio links, how to select reliable paths that st as
range of mobile communication and are constraimed ilong as possible becomes an issue for routing aother
their deployment by their need for underlying netivo is how to select energy constrained path.
infrastructure. Demands for user mobility have tada In this study, an analytical method is proposed to
interest in the development of an emerging classetif estimate the link reliability when the nodes have
organizing, rapidly deployable network architectureidentical weibull distribution where the hazarderi a
called Mobile Adhoc Networks. Mobile Adhoc function of the time. With the inclusion of multépl
Networks consist of several mobile nodes that areonstraints link reliability and energy consumption

capable of communicating with each other withoet th AOMDV several link disjoint stable paths are found
use of a network infrastructure. Since MANETS arefrom a source to destination.

infrastructure less, each node acts as a router
forwarding data packets to other nodes and it aan bReIated work: The Ad hoc On Demand Distance

used for emergency situations like military apgiizas, Vector AODV routing protocol provides on demand

disaster relief and emergency services. . ) . .
In MANETS routesg bet\yveen nodes may inclugeoute discovery in mobile ad hoc networks (Perkind

multiple hops and hence are called multi hop netmor ROYer, 1999) Route finding is based on a route
Each mobile node can communicate with other mobiléliscovery cycle involving a broadcast network skarc
node in its communication range, if the node isomely ~and a unicast reply containing discovered pathsDXO
its range the node needs other intermediate namles telies on per node sequence number for loop freetam
relay information (i.e., each node act as a raotésrward ~ for ensuring selection of most recent routing pathhoc
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On Demand Multipath Distance Vector (AOMDV) host. Min-Max Battery Cost Routing (MM-BCR)
routing protocol is an extension of AODV routing (Singhet al., 1998) considers the remaining power of
protocol. It is used to compute multiple pathsiyiioute  nodes as the metrics for acquiring routes in otder
discovery. It is designed primarily for dynamic Bdc  prolong the life time of each node. (Toh, 2001)
networks. The AOMDV protocol applies a route updateproposed the Conditional Max-Min Battery Capacity
rule to establish and maintain multiple loop freates at Routing (CMMBCR) protocol, is a hybrid protocol tha
each node (Marina and Das, 2001). A distributetopmd  trjes to arbitrate between the MTPR and MMBCR.
is used to find link disjoint paths. (Maruthamuthu and Sankaralingam, 201pypposed

fut tAtprol::cabiIit.y I:nk nl].o?(erl]WhLCh Ca(;]. pre_di(gitjhe the new protocol EMQRPDM with multiple QoS
uture status of a wireless fink has been diScuss constraints between source and destination. It Ignain

and Gerla, (1999)n Lim et al., (2002); Meghanathan, . . -
(2007) authors make use of statistical predictiaaell con5|de_zrs_power constraint of nodes for_ _efﬂcmarmlf_et_
transmission and also a new mobility prediction

on the node movement. In this approach, a linkilgab : . .
probability has been defined on the basis of theloa formula is useo_l for P_re_d|ctedLET calculat_lon toesela_
stable path with minimal cost. It provides a quick

mobility model. A formal model to predict the lifane .
of a routing path based on random walk mobility and  "€SPonse to changes in the network reduces the whst

the prediction technique was proposed in Maktkal. ~ network  resources and  produces  significant

(2003). It considers the probability model derivedimprovement in data transmission rate and hence

through the subdivision into cells area where nbil reduces control overhead for reconstructing a mguti

nodes move and on the observations of nod®ath. In (Thilagavathe and Duraiswamy, 2010),

movements in these cells. Transition probabilites  Reliable and Energy ware QoS Routing protocol for

calculated and a state based model of the movemeMobile Adhoc Networks (REQR) was proposed to find

among the cells is considered. Each connectiondmiw the maximum link reliable and minimally energy

a mobile node in cell and the other mobile nodesragn consumed multiple paths between the source and the

its neighbor cells is considered as the state ef thdestination.

wireless link. In this way, the wireless link dynianis

determined between a mobile node and its neighbors, MATERIALSAND METHODS

permitting the calculation of the link lifetime. #&f

this, through the assumption of independent lirlkifa, Estimation of link reliability: A major parameter in

the route breakage probability is derived. In Jietrg.  link reliability estimation is the epoch length nddes.

(2001), a prediction based estimation algorithmastio ~ An epoch is a random length interval during which a

predict the probability that an active link betweem  node moves in constant direction at a constantdspee

nodes will be continuously available for a cerfagmiod  usual assumption made is that the epoch lengths are

Te, Which is obtained based on the current node’sdentically independent exponentially (memory less)

movement. The only assumption used for the T distributed random variable, thus having a constaréard

prediction is that both nodes associated with the | rate; though link reliability is time dependent pbenena

will keep their current velocities. In Jiang, (2004 and it is far from reality. Thus in this study pictdn

calculates L (F) by considering all possible changes in Pased reliability estimated in MANETS weibull nodes

velocities occurring during periodsTThe method was . Given a predictionyton the continuously available

proposed by (Balaji and Duraisamy, 2011), idertifie time fc_)r an active !mk betwee” two nodes "f‘t tigerte

how the network topology changes based on a nodie ar;I:ondmonal reliability CR ) is calculated as:

its next one hop nodes. Computation of power oheac

node within one hop distance of the destinationenisd

computed periodically and used to identify whether

nodes are converging or diverging. Based on théRo(to)

convergence or divergence of nodes an algorithm is

proposed to modify the Active Route Timeout. CRu(t,)
The MTPR (Minimum Total Transmission P

Power Routing) (Scott and Bambos, 1996) WaSCRO(tp)

CR(t,)=CR, (t,)+ CR (1)

Link reliability when velocities of the two
nodes are not varied during the interval
(th fo+ tp)

Link reliability when k changes in
velocities occur during {tto. t,)

Probability that the epochs frogxanwards

proposed to minimize the total transmission power for the two nodes, are longer tharsince §
consumption of nodes participating in the acquired is an accurate prediction, if the movements
route. Since the MTPR does not consider the remgini of the nodes are unchanged. For each
power of nodes, it fails to prolong the lifetime edch weibull node we have:
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P(T> (1, + 1)/ T> )= PT> (0 * ) _ sottonip?-11 This gives the reliability for the link for a gine
P(T>1) prediction § at time § in MANETs with weibull nodes.
Calculation of energy consumption: In MANET
Since the nodes are independent: energy related protocols, usual assumption made on

transmission energy is modeled using the Shadowing
model (Tanet al., 2007). In this model transmission
energy per second can be given by:

CR(t,) is calculated as in Jiang (2004), when k>0 )
indicates that the number of changes in velocities P =yxd
happening during,t The number of velocity changes in ) ) )
a span fof node is a random process satisfying PoissoM/Nere, y is determined by the frequency of radio,
postulates with the mean rate of occurrence equiet  receiver’s threshold and signal to noise threshdlds
reciprocal of the mean epoch. The probability foe t transmission range and r is the path loss component
link joining nodes nn, to have k link epochs in span t Transmitting RTS and CTS consumes the following

total energy. Transmitting RTS and CTS consumes the
N ()\t )k following total energy:

Py (tp):e PPl

: By P
CRy(t)= 60" o)

ERTS = yX drmax>< TRTS
where, A=A+, a link epoch is the time period during Ecrs =YX d X Tere
which no change occurs in the velocities of theodas
and is the inter arrival time between two velocity Data and ACK are transmitted using the following
changes. If arrivals are Poisson with m@aathen inter  energy:
arrivals are exponential with mear. i
Lety be the link epoch random variable. Its density Eara =YX o X Tara
is Ae,1>0 and cdf is 1-&". These link epochs divide Bl =yxd x T,
the spangin (f, o+ ty) to (k+1) parts, if k events occur. J
Let w be the probability that the link is reliable d@in where, ¢ is the maximum transmission rangg, isl
the f" link poch. Then the link reliability for k (>0) the distance between node i and grJ Tcrs Toata,
events of independent velocity changeEli&,w, . Tack are the transmission time of RTS, CTS, DATA
The probabilities wdepend on the velocities of the and ACK packets.
nodes duringr;. Let 17 be the maximum period af . .
during hich the link is reliable. This depends e ESDZZKJV”:;E"”)X (Tora + T )+ 2 K2V Chax
maximum allowable distance between the nodes for .
minimal requirements to maintain communication X(Tars* Terd * ;L P (omma* Tac* Tars* Terd
quality. Hence like 41, should be such that,

d(n,n)< 8. Givend and the velocities during the ith
epoch,t can be calculated as in Linal. (2002).
Clearly, if y<t, then the link is reliable with Adhoc on demand multipath reliable and energy
. @ T dh ) awar e quality of servicerouting p_rotocol: In Reliable
probability (1 ) and hence: and Energy Aware QoS routing protocol (REQR)
(Thilagavathe and Duraiswamy, 2010) multiple paths

where, R is the receiving energy per second and is
assumed that be the same for all types of packet.

CR.(t)=[] 1@ e") are found based on the QoS constraints link réiigbi
and energy consumption. It selects the path which
Thus: satisfies the link reliability constraint

(LR>LRtpresHoLp)- From the selected paths it chooses
the path satisfying the constraintsfEErHresHoLD)- But

CR(6)CR, (6)+ 2 51CR ()R (1 the link reliability metric is estimated by the asgption
e~ (b+t - F]+D 0, (1) of MANET nodes which has exponential property
‘ (AT ) (Jian_g, 2004). The expgnential nodgs may npt gteean
[|‘| K a-em ﬂ{e_hpkp} the link ayallablllty d_urlng the predl_cted_ pgnogiedto
the following properties of exponential distributio
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* Itis memoryless, because each subsequent event is In this protocol, while the source node sending da
completely independent from the previous events along the route, routes may break due to node ityobil
* Italways modeling the constant failure rate link and node failures. Then the route maintenanast
be performed. Immediately, ROUTE ERROR (RERR)

expression is formed in Eq. 1 to predict the IinkpaCket will be send to the source node for errocqms_ing.
reliability using weibull distribution which impres " (€ phase of error processing the source natevieg
the link reliability estimation. Normally, a weibul the relevant entries in the route table that usedtoken
distribution is preferred to predict the reliahilit links/nodes. Then the source node begins to tramata
because the nodes have identical weibull distidouti through the next best routes available.

where the hazard rate is a function of the time. In addition while transmitting data through the

An AOMP-REQR is a multipath routing protocol primary path, if the link reliability of any one orore links
that can be designed mainly for highly dynamic ger 5y pe less than the minimum threshold value (i.e.

deficient ad hoc networks where link failure andteo
break occurs frequently. When a single path on deima LRso<LRriesron) then the ROUTE ERROR (RERR)
doacket is sent to the source node along the rdge.

routing protocol is used in such networks, a rout ;
rediscovery is needed in response to every rowakor mentioned above the source removes all the robas t
Each route discovery is associated with high owadhe include the failed links and reroute the transroissi
and latency. This inefficiency can be avoided bingis through the next best route. Normally, route gpamket is
multipath routing protocol. Maintaining a routingbte  sent when there is route break and the recovergrised

for multipath makes the protocol complex. The gt after that. Here, the recovery is performedagtively
complexity can be reduced by selecting few of tastb before the route break or route failure

paths from the available multi paths based on mpielti
constraints and routing data packets through thdre.
AOMDV route discovery procedure is modified to RESULTS

enable the selection of the paths and for the . ) )
Computation of link re||ab|||ty and total energy Simulation: The simulation of the protocol has been

consumed. The RREQ and RREP message includes therformed using the NS2 Network simulator USC/ISI.
following additional fields namely, Link reliabijitand  The various parameters of simulation are shown in
Total Energy Consumed. The following expressio®s ar Tgple 1.
used to calculate the QoS metrics: The performance of an Multipath Reliable and
_ _\ - Energy Aware Quality of Service Routing for Mobile
LRy, = CR()Egp = X e 0% (Topra + Tack )+
* iD%D) (080 =2, Tea ¥ g ™ (Toura * Tacr) Adhoc Networks (AOMP-REQR) is compared with

P (T 4T +M_1PX T AT o +ToaT REQR (Thilagavathe and Duraiswamy, 2010) and
2KV (Tars* Terd kZ{ * (Towra® Tack* Tars* Terd AOMDV. The performance of the protocol is

To overcome these problems, an analytical

evaluated mainly based on the following metrics.

After determining the multiple link disjoint stabl . .
paths, the primary path (i.e., path to be used) bal ~Control overhead: The control overhead is defined as

selected using a following evaluation method callecthe total number of routing control packets noraedi
path selection parameter: by the total number of received data packets.

LR Average end-to-end delay: The end-to-end-delay is
Pjoction = ———2— averaged over all surviving data packets from the
Eso ¥ HCsp sources to the destinations.

where, HGp is hOp count: Table 1:Simulation parameters
Network size 10081000 m
HC,, = Number of node No. of nodes 50
Simulation time 100 sec
Packet size 512 bytes
For all the available paths in the source the pathOéJility mOéiel R;\ndom way point
. H H ode spee m sec
selgctlon param.eter value is detgrmlned and th_h pa{;‘ause fime 0, 10.20.30.40
which has the highest path selection parameterevialu  Transmission range 250 m
used as primary path for transmitting data. Node transmission 2 Mbps
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Packet Delivery Ratio: It is the ratio of the number of 7
packets received successfully and the total number 6
packets sent.

. :
Drop: It is the number of packets dropped. g /\—\
Average Energy: It is the average energy '\.*'\.

consumption of all nodes in sending, receiving and —— REQR
forward operations.

Delay

[ TS RN

—

—B- AOMP.REQR
DISCUSSION 0 10 20 30 40 AOMDV

Pause time

Figure 1 depicts that the Routing overhead for
REQR, AOMDV and an AOMP- REQR and the Fig. 3: Pause time Vs delay
routing overhead of AOMP- REQR is comparatively
smaller than the other two protocols. The packet 03
delivery ratio of an AOMP- REQR is much better than b3
REQR and AOMDYV in all scenarios as shown in Fig.
2 because the less path failure causes less teaffic

less packet loss. Figure 3 shows that the delagnof 0.15
AOMP- REQR decreases drastically. From Fig. 4sit i o ﬁ:‘
inferred that the energy consumption is slightlgsker ' e i

than the REQR and AOMDV. In Fig. 5, the delay of 0.05

0.2

Linergy

an AOMP- REQR decreases considerably than REQR 0 ~s— AOMP. REQR
and AOMDV. Figure 6 compares the results of 0 10 20 30 40 P—
overhead and an AOMP- REQR results better Pause time )

performance than REQR and AOMDV. Figure 7
shows better packet delivery ratio of AOMP-REQRFig. 4: Pause time Vs energy
compared to REQR and AOMDV due to less path

failure and less packet loss. 0.8
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Fig. 7: No. of nodes Vs delivery ratio

CONCLUSION

Link failure due to node mobility or energy level
always hinders communication and
number of packet loss which in turn affects the lpua
of Service. We have proposed and
prediction based link reliability estimation witheibull
nodes CR () for MANET and an Adhoc On Demand
Multipath Reliable and Energy Aware Quality of
Service Routing for MANET (AOMP-REQR), which
modifies the existing multipath routing protocol
AOMDYV to find the multiple stable link disjoint plag

between the nodes using the QoS metrics Link

Reliability and Energy Consumed. From the selecte
paths, based on the path selection metric thepagistis

selected and that is used for further transmission.

During transmission of data through the primaryhpét
reliability of the link is less than the thresholdlue
immediately route error packet is transmitted taree
node. Hence the route is monitored using religbilit
prediction of the link, route break/route error is

avoided. Simulation results show that the proposed

protocol achieves better packet delivery ratio with
reduced energy consumption and delay.
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