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## 4770225121 : MAJOR ELECTRICAL ENGINEERING

KEY WORD: MAC PROTOCOL, ROUTING ALGORITHM, ENERGY MODEL
KOWIT SITTHI: ENERGY EFFICIENT ROUTING MECHANISM WITH MAC
PROTOCOL CONSIDERATION IN AD HOC NETWORK. THESIS ADVISOR:
ASST. PROF.DR. CHAIYACHET SAIVICHIT, D.Eng.,126 pp.

This thesis proposes energy eifficient routing mechanism with MAC protocol
consideration in ad hoc network that will prolong the lifetime of mobile nodes, and,
consequently, prolong the network lifetime. There are 2 categories of routing protocols
that are proposed in this thesis. The first category is energy-aware routing protocols
which aim at minimizing energy consumption to extend network lifetime. These
protocols propose a route discovery technique based on energy consumed in Mediumn
Access Control (MAC) which includes data and control packet transmissions. The
MAC modeling considered here includes all operation modes of networked devices
such as transmissions, receptions and idle states. Moreover, the energy model
considers the energy consumed in overhearing state, and in retransmissions due to
errors, caused by interfering nodes, and collisions, The optimal path is the path with
lowest energy consumed. The second category is hybrid aware routing protocols that
combines the advantage of both energy aware and battery aware routing protocols to
achieve not only minimizing the total energy consumed, but also extending the
network lifetime simultaneously. Two hybrid routing protacols are proposed here. They
consider the currently remaining battery level in various nodes, focusing on balancing
energy usage among nodes by avoiding nodes that have low remaining battery level.

The result shows the proposed algorithms outperform other reviewed algorithms.
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2.2.4.2 Conditional Minimum Drain Rate (CMDR)

Twslnpeanisdnassiduniauuy CMDR gmmu@%ﬂuuwmm [14] \wwpgariy Tnsln
Aaa MDR 7ildnann 5 usided 2.2.3 3 iflesannTnstneeauun MDR ldlddududndunnsild
\1mﬁmﬂuﬁumamf’ﬁwﬁamuﬁﬁzgmmﬁﬂuﬁumzﬁmm MMBCR 1agi D. Kim lfaguuuunig
sinsuaasnalnaaan1ssnasndunis CMMBCR usdaunnsneszudneagasie lulnsinaas
OMDR ¥l Anangnnslderuaasiun (C, Tuauniaf 2.13) ifusainsundnpasazidaniding
‘Emmﬂ@Lmu‘LmTum?ﬁﬂmw,mumﬂsﬁsxﬁummmmmwﬁmmium (R} TaunnsTi (2.14))

Y 5y o ol [y s e A o
ﬂqﬂﬂqﬂqﬂ‘ﬂ’]ﬁqﬁ\iqum’ﬂ\ﬂuﬁwﬂqW@'ﬂiuL@quQN’]ﬂﬂqqﬁ"]"ﬂ@l,?llLﬂ@ﬂu () AMNLEAADILAUNIY

- 4 ' RBP 1 '
duldIdviavun Geanunsouanslaann C = =0 Tnsnpeaidaziaaniduneimanzanann

TnslnAaantsdngsnduniaity MTPR usdnlaidunisladinsennuieulaannidumnsiifluly
Idavnafacldnsnaeantadnasadun1aiuy MDR agdlsfmuausrauzaasinalnaaanis
Jnasnduneuuy CMDR  Aidstuedfunisidendn Indunaeufiiianfiansomilewiu
CMMBCR
Fnandnugariuilfiaue s AN 28AAI LA UN1TIUULRAN TN BN AN LLAL
WULHAN Tmﬂwﬁqmuﬁ'ﬁqmﬁm@mwmﬂuwzﬁ“\‘mmﬁggmL&'ﬂlu%uﬂqiﬁqu@umaﬁﬁqrﬂ“f;ﬂmq

4 . o = P
gosie Wlaziunguugunlilinisataunisidanaianans
2.2.4.3 Cost-effective Maximum Lifetime Routing Protocol for Wireless Sensor Network
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2.3.4 Inter-Frame Spacing (IFS)
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IFAnszinisinnurersalne e AganmNEIAsgLeed  IEEES02.11 faeutiuanaesgnid
999 Markov Teanansnthanideuuudnaamamnaansiien A1 iunnnn nawuuas
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Pagfni HeeaINN19N LU DCF Wunisacuannisldaautiunszans Aiunan t 109

: =Yg D] = .= = o
wiazantasldldnanaesszuu W s(t) AanszuaunIsguasuuiaLana stage) 199N131U

o

0,...,m) a1 t anuAdUazan inFoNazaslayanannAILAAZENINIUATLTIUNN

nIranLdndasdrynrdnuilunatviniugesineszndnansainimun uazaunazidufiag
a o ¥ A al J e; |&1 o d}
nannsruiusesdeyans  p  tegannddndupipsiuarldauiuianasenis back-off @9
aNNAgIUIAziAINgNAesgaula CW uazn HAIN1N HesannissaunagiuAn p iiudn
a =X o 1 dal =X dl aad
BATLANRNNITORANIULILANARIQNTTURS Markov  Hazugasdenisilasuilasluaesiinne
s(t) waz b(t) {s@t), b(t)}anuuusaasgnld Markov lApannuiazifluaewnnisnl

papa i

38



39

P{i,k|i,k+1} =1 ke(OW,-2) ie(0m)
P{0k|i,0}=(1-p)/W, ke(OW,-1) ie(0O,m
P{i,k|i-1,0}=p/W, ke(OW,-1) ie(Lm) e (2.19)
P{m,k|m,0} = p/W, ke(OW,-1)

P{i, k, |iy, ko } =P{s(t+1) =ip,b(t+1) =k |s(t) =i,.b(t) =k, } (2.20)
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time slot lwanan m Wi b, =lim_, P{s(t)=ib(t)=k},ie(0,m) ke(0W,-1)Aan1s
nazanefareeanald  Markov  G9AZINNUIAIRBLIDIANNNTIUANENAY  IHeWNA1TINNT
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bi—l,o P :bi,O _>bi,0 = pibo,o O<i<m (2.21)
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bm—l,O i p = (1_ p)bm,o = bm,O = 1_ p b0,0 (222)
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- p)-zbi,o = bo,o (2.24)
i=0
bi,kzwiT_kbi,O ie(Om), ke(OW, -1) (2.25)
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m noSW -k & W1 b (p)j 1
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AuAIAMAEnNY TnslnAeanisdnassldun1euuy AODV  aNnsautedunaunsniey
aaniflu 2 dauka NITUIUNIIAUNILAUNIG (Route Discovery Process) WATNIZLAUNNIAUA

&uN14 (Route Maintenance Process) B45181a2a8Aa8dwAas NIz Laun1slusase Ul
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3.1.1  BULAIRBINIS MENARIUNULFUD
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Abstract— we propose a routing protocol that will prolong
the lifetime of mobile nodes, and consequently, prolong the
network lifetime. Our protocol proposes a route discovery
technique based on energy consumed in Medium Access Control
(MAC) which include data and control packet transmission.
The MAC modeling considered here includes all operation
modes of networked devices such as transmission, reception and
idle states. Moreover, we considered the energy consumed in
overhearing state and energy consumed in retransmission due
to collision in our protocol. The total energy consumption shall
be lowered as less energy is depleted due to less-frequent packet
collision. The performance of our algorithm is evaluated
through the realistic energy consumption model and
environment. The result show that this proposed research work
shall develop a routing protocol that shall be applicable in
practice. It would also enable efficient energy consumption in ad
hoc network which prolongs the lifetime of the network
connectivity and maintains high performance of such ad hoc
networking environment.

Keywords — Energy model of MAC, probability of collision,
network lifetime.

|. INTRODUCTION

The mobile ad hoc network is an autonomous system of
mobile routers connected by wireless links. The routers are
free to move randomly and organize themselves arbitrarily;
thus, the network’s wireless topology may change rapidly
and unpredictably. The characteristics and constrain of
mobile ad hoc were discussed in [1] which one of constrain is
energy constrained. Recently, designing energy-aware
routing protocols has been proposed which considered how
to prolong network lifetime. 'Ad hoc is multi-hop
communication so if some node in the network have less of
battery remaining, it can affect other data transmission.

Many works -has - beenproposed -about - minimize
transmission power-which considers the power .in network
layer but without considered MAC layer and energy
consumed due to retransmission. Our work proposes a
routing protocol that will prolong the lifetime of mobile
nodes, and consequently, prolong the network lifetime by
considering the energy consumed in MAC layer which
include the energy consumption of packet retransmission due
to collision and energy consumed of overhearing state.

The optimal route of all possible routes in our study and
used is the route with lowest energy consumed by MAC
process which has the lowest probability of collision. This

considers the energy consume in overhearing packet of
neighbor node, so the optimum route is not considered only
from the energy consumed by source and destination but also
energy consume by the node within the transmission range of
source and destination pair.

The rest of this paper is organized as follows: Section Il
reviews the background and energy consumption model of
MAC protocol that used in this paper. Section Il describes the
details of our energy model and route discovery mechanism.
Simulation Model and Evaluation is given in section IV.
Performance comparison between our proposed and other
routing protocols is presented in Section V. Finally, conclusion
is given in Section VI.

Il. BACKGROUND

This section describes the MAC layer as specified by the
IEEE 802.11 standard. Because of the mobile ad hoc network is
decentralized operation and shared channel so the node in the
network should have the medium access method to control the
access in order to avoid collisions, or at least to reduce the
number of collisions. The MAC layer also supports much
auxiliary functionality such as offering support for roaming,
authentication, and taking care of power conservation.

The primary access method of IEEE802.11 [5][6] have 2
coordination functions, first is distributed coordination function
(DCF). This mandatory basic function is based on a version of
carrier sense with multiple accesses and collision avoidance
(CSMAJ/CA).Which used binary exponential back off and an
optional RTS-CTS mechanism to avoid collisions due to hidden
terminal problem which shown in Figure 1. The second method
called the point coordination function (PCF) that is the central
operation and implemented to provide real time services.

Figure 1. Hidden terminal problem

A. The Medium access Mechanism

In the IEEE802.11 DCF [7] medium access protocol, when
a node has packet in the buffer and want to send to another



node, first it sends RTS (Request to Send) packet to the
destination after sensing the medium to be idle. The receiver
sends back to the source node by CTS (Clear to Send) packet
after sensing an idle channel. The source transmits its data
frame when receives CTS frame correctly and waits for
Acknowledgment (ACK) packet reply to confirm that the
data packet already receives by destination node, as shown in
Figure 2.
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Figure2. IEE802.11 DCF with RTS/CTS mechanism.

Nodes in the transmission range overhearing RTS , CTS ,
data or ACK packets and check that it is the destination or
not. If not, it will maintain a Network Allocation Vector
(NAV) that records the duration of time during which it must
defer its transmission to avoid collision.

Because of Ad hoc network is dynamic topology, every
node can move freely and unpredictable. So all packets can
face collision problem due to the problems of moving and
hidden terminal although use CSMA/CA to avoid collision.

Figure 3, show the preliminary result. We are implementing
in NS2.29 which considers a network topology of 50 mobile
nodes randomly placed over a 1000 x 1000 m? and using the
strategy of Ad hoc On-demand Distance Vector (AODYV).
Simulation time is 900 seconds and packet sizes are fixed as
512 bytes and pause time is varied from 100 to 900 seconds.
The result shows that at any pause time, the network always
have dropped packets even node is in static case. There are
many reasons of dropped packets such as collision and loss
are the main of dropped packets.

——— total dropped
—+— drop from collision
—o— dropfrom loss

Total data nacket droooed

0 100 200 300 400 500 600 700 800 900

Pause time(s

Figure3. Dropped packet VS Pause time

B.  Energy Consumption Model
Many previous works have proposed the energy
consumption model of MAC protocol. In [2], it defines a

model of energy consumption in transmit, receive, idle and
sleep state, as shown in Figure4. The transmit state is the
energy consumption for transmitting packet which is highest
of power consumed, receive state is the energy consumption
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for receiving packet, idle state is the energy consumption while
the NIC ready to transmit or receive, and Sleep state is the
energy consumption while the network interface card is not
able to transmit or receive the power consumed in sleep state is
not significant and it can be ignored.

No Signal detectec

RX

Signal detected

Transmission finishec
State change
Requested by
MAC layer

Active

MAC layer
has data to send

Sleep TX

Figured. Mac layer state

Figure 5 shows the energy consumption of each state. The
scenario of this result is the same as in dropped packet scenario.
But for the energy model, we assumed that the power consumed
in three states of radio interface, p, = 0.6635 watts for transmit

state, p. = 0.395 watts and P, = 0.200 watts for receive and

overhearing state, respectively. The result shows that the
energy consumes by receiving packet are highest and for
overhearing packet, the energy consumption is about double of
receiving packet.
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Figure5. Energy consumption VS Pause time

As the result of energy consumption, the energy consumes by
overhearing packet can dominate the energy consumes of the
network, so our energy consumption model we considered the
energy consumed by. transmit, receive overhearing. In addition
our model including the energy consumes in idle state and
energy consumed in retransmission due to collision in our
protocol. We will use this information to find the optimum
route in the network layer to maximize network life of nodes
and the network.

I1l. PROPOSED ALGORITHM

Our proposed algorithm considers the network lifetime,
which consider energy consumed by transmission of each node
to select the optimum route. The decision for optimum route
made by destination node which considers the energy
consumption of each candidate routes, the route with lowest
energy consumption of MAC will be selected. However, [8]
calculates the energy consumption and throughput without
considering the effect of transmit power on the number of
interfering nodes. We enhanced our scheme in the AODV
routing protocol and modified energy consumption model in [3]



which considered the affect of interference from the entire
system and collisions caused by interference during a node
state transition by using Markov Chain models to find the
probability of successful transmission based on a node’s state
transitions. Moreover, considered the effect of transmitting
power on the number of interfering nodes. The interference is
calculated by SIR (Signal to interference ratio) which
depends on the signal power detection. It defines a term of
wireless ratio in three ranges: Transmission range, Clear

Channel Assessment (CCA) and Interference range. However,

the energy model does not consider the energy consumption
due to overhearing packet by neighboring nodes in the
transmission range of transmitter and receiver. The propose
model will consider the affect of the neighbor nodes as
follows.

A.  Energy Model of MAC Protocol

The energy consumption model of general network
interface card (NIC) defined by 4 states: transmit, receive,
idle and sleep state which we can ignore the energy
consumed in sleep state. The MAC modeling considered here
includes all operation modes of networked devices such as
transmission, reception and idle states. Moreover, we
proposed energy consumed in all the different possible states
in each hop and also considered the energy consumed in each
retransmission packet due to collisions. The probability of
collision can be calculated approximately as following:

In our model, we assume that the network is saturated,
where each node always has data to transmit. The probability
of the node which has data to transmit at a randomly given
slot time is calculated ( P ) as [4], the meaning of each

parameter given in Tablel.

_ 2(1-2p)
1-28)W +1)+ pW (1= (28)")

P 1)
Using P to find the probability for node state transitions

as shown in Figure6, the transition probability for idle state
to idle state is.

P, =(@1-p)" @)

The transition probability from-—idle to successful
transmission (P, ), idle to RTS packet transmission with a
collision (P, ), idle to CTS transmission with a collision

(P, ) can calculate as follow,

P = p(L- p)N"l Phidden_suC 3)
NIim Tsuc
Phiddenisuc = [Z pj (1— p)Nout‘Nnm j (4)
=0
Pir - p(l_ (1_ p)N_l) + p(l_ p)N_l Phidden_rts (5)
Niim Trrs
I:)hidden_rts = (1_ Z pJ (1— p) Nout =Niim j ©)
=0
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Figure 6 describes a wireless node state transition diagram at
a randomly given slot time. A node state transition could be
from idle to idle, idle to transmit with successful transmission
and state from idle to RTS/CTS/DATA/ACK transmission with
collision

Figure 6. Node state transition diagram

Tablel. The meaning of parameters

N Number of neighbor node
N Number of nodes outside transmission
% range
N, Maximum number of interfering nodes
W Minimum back-off contention window size
T T Duration time of transmission RTS, CTS,
RTS * "CTS »
DATA and ACK frame
TDATA ’Tack
p Collision probability
o Slot time
m Back-off state

The transition probability from idle to DATA transmission with
a collision,-since the RTS and CTS already success derived as

Pid =pl= p)N_l Phidden_data (9)

Niim

(TDATA _TCTS )
Phidden_data = (1_ Z p’ (L= )Mo Nim ) (10)
=0

and then to find the transition probability from idle to ACK
transmission with a collision is the sum of all transitions
probability which given by

1)

The steady-state probabilities of the idle transmit,
RTS/CTS/IDATA and ACK with collision state denote

by S, . S,.S,,S;,S4,S, respectively. To calculate the
probability of idle state by using the sum of all transition state
P,+P,+P, +P.+P,+P, =1 and the sum of steady-state



probabilities S; +S, +S, +S  +S;+S, =1 then by using
closed-form for the Markov Chain, we have
S;P,+S,+S,+S,+S,+S, =S,

(12)
(13)

S =——
2- Pii

In such the probabilities models, we will use these models
to predict the energy consumption of MAC which we will
consider the energy consumed by receive packet when
collision occurred and in practice, when the transmitter send
unicast packets to its receiver, it will be overheard by all
neighboring node. Hence, all neighboring node will loss
energy even though the packet transmission was not directed

to them. Therefore, a node should be Overhear state (P,) to

reduce the energy consumption, Therefore, the energy
consumption model can be calculated as following

(14)

B =SRRec+S(R+R+R-(N-D) Ty, +SR+R-N)-T,
o BAR-N) Ty 4585 e (RARAR-(N-D) Ty

(15)
Where E, . is the energy cost of MAC, P, ,P. P, and

Pge is power consumed in transmit, receive overhear and

idle state. S, and S, is the probability of idle and

state, S, and S defined the

probability of transmission control and data packet with a
collision state, that given by S,P,, S,P,,S,P,, S;P, for
RTS, CTS, DATA and ACK packet collision

state ,respectively. Where o slot is time, T and T, is

data
the duration time of transmission control packet
(RTS/CTS/ACK) and data packet, N is the number of

nodes within coverage area of source node.

transmission col—data

B. Route Discovery Mechanism

Our protocol proposes-a route discovery technique
based on energy consumed in Medium Access Control
(MAC). The optimum route in our energy-efficient routing
algorithm is the least energy consumed. First, when the
source node wants-to send a packet, it first broadcasts a
RREQ packet to its neighbors. Its-neighbor node will check
this packet whether it was received, if it is not, it will re-
broadcast the RREQ packet to its neighbors for the first time.

Before the node re-broadcast the RREQ packet, it
calculates the energy consumption of MAC with the previous
node, which sends the RREQ. In addition, it appends this
value into Energy Route Cost in the RREQ header and re-
broadcast the RREQ packet to its neighbor node until the
destination has received. Then the destination node calculates
the energy route cost of each path which can calculate as
following:
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d-1

Etotal = Z

i=1

MAC
Ei,i+l

(16)

Where E_,,, is energy route cost, which is summation of the

energy cost of all links in the path. This process will continue
until RREQ reach to destination node. The destination node
will choose the optimum route based on lowest energy route
cost among possible routes. Then destination node replies
Route Request Packet (RREP) back to the source node by
selected route.

Figure 7, shows the route discovery mechanism of our
propose technique, which the upper route is the optimum route
and will be selected because of lower energy consumed.
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Figure7. Route discovery mechanism

IV. SIMULATION MODEL AND EVALUATION

We are implementing in NS2.29 which consider a network
topology of 50 mobile nodes random placed over a 1000 x
1000 m? . With a random waypoint mobility mode, another
random destination is targeted after some certain pause time
(60 sec). Each simulation takes 900 seconds simulation time.
Twenty constant bit rate (CBR) sources and their corresponding
destinations are randomly set. A nominal radio range of 180 m
(for transmission bit rate 11 Mbps) and range 270 m in control
packet (transmission bit rate 2 Mbps).For the energy model, we
assumed that the power consumed in three states of radio
interface, P, = 0.6635 watts for transmit state, p. = 0.395

watts and P = 0.200 watts p, = 0.086 for receive overhearing

and idle state, respectively. All simulation, we let the initial
energy of each node to be 10 joules. We vary offered load from
4, 10, 15,20 and 25 packet per second to find the network
lifetime.

4.1. Performance Metrics

To studythe performance of our propose protocol, we
implemented and observe three routing algorithms: The Shortest-Path
(SP-the original AODY routing protacol with selects the route with
the minimum latency) [9] and our routing protocol, in case of
consider the overhearing packet (Emac). To evaluate the
efficiency of proposed routing protocol, we investigated four
metrics compared as following:

e Dropped packet in MAC: the total of packet dropped in
MAC by collision and loss.

o Collision packet in MAC: the total data packet collision in
MAC.

e Network Lifetime: the time taken for a first node in
simulation dies due to battery resource exhaustion.

e Mean Network Lifetime: the time taken for a last node in
simulation dies due to battery resource exhaustion.



V. SIMULATION RESULTS AND ANALYSIS

Figure 8 shows the total dropped packet in MAC as a
function of offered load. The results show that our protocol is
about two time lower packet dropped than shortest path. This
is because minimum reliable energy is considered for the
route selection.
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Figure 8. Dropped packet in MAC Vs Offered load
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Figure 9 shows the total packet dropped due to collision as a

function of offered load. The result shows our protocol can
reduce collision packet as about 47% of the shortest path.
Figure 10 shows result of Network lifetime as a function of
offered load which considered only Energy consumption of
MAC. The result show that our protocol (EMAC) outperform
the Shortest Path about 18.75% extended of network lifetime.
In Figure 11 the results shows that guarantee the network
lifetime is a function of offered load. Our protocol can be more
extend the network lifetime. This is because it avoids the node
with higher energy consumption.

V1. CONCLUSION

In this paper, we proposed a new routing protocol based
on on-demand to find the optimum path using cross-layer
design which can avoid interference and congestion.
Consideration of total energy consumed in MAC layer which
calculate in MAC layer, and select the optimum path in
network layer.

In our simulation, we evaluate our protocol using ns-2
simulator. We modified the energy consumption model in ns-2
to support the energy consumption due to overhearing and idle
state in our energy consumption model.

The result shows that the network lifetime of our protocol
which considered energy consumed in MAC outperform the
Shortest Path schemes about 18.75 %.

Now we are implementing our protocol with consider the
energy consume by broadcast RREQ packet and include
consideration over the level of battery remaining in each node.
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