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Author Mr. Parkpoom Manoyut
Major Program Computer Engineering

Academic Year 2012
ABSTRACT

Wireless sensor networks have been widely deployed in many applications such
as physical monitoring in an agricultural system and health care monitoring in a medical system
and so on. However, a node which is the major equipment in wireless sensor networks has a
power limit. Therefore, most research works in wireless sensor networks are energy efficient
network protocol development or package transmission reduction in order to prolong the network
life-time.

In this thesis, we propose the method to reduce the number of packet
transmission in the local repair of Ad-hoc On-demand distance vector (AODV) protocol which is
widely used in wireless sensor networks. Our developed AODV protocol has been simulated
using Network Simulation 2 (NS-2). The networks having mobile nodes have been used to
experiment our protocol. From the experimental results, we can reduce the number of packet
transmission at about 17% compared to the original AODV. In addition, the results also report the

routing latency improvement by 57%.
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Abstract- Wireless sensor network is widely wsed in many
applications. A large number of sensor nodes are deployed as an
unstructured network in an ad-hoc manner. In addition, the
maobility is ther research challenge applied in sensor
network. Therefore, we focus on an existing routing protocol,
named AODV to use on wireless sensor network. This paper will
show the possibility and the behavior of this protocol The
simudation results using NS-2 will show the performance of the
network in term of dropped packet, PDR and NRL. The energy
dissipation is also addressed in this paper.

Keyword- Wireless Sensor Network, AODV, IEEE802.15.4

I INTRODUCTION

A large scale wireless sensor network uses an advantage
of wireless communication technology. The wireless sensor
network has been deployed in various applications [1] such
as environmental monitoring [2], health care monitoring,
automation control, disaster warning system or military
domain. Wireless sensor network composes of a large
number of tiny sensor nodes to sense the information and
transmit back to base station. The standard of wireless
sensor network is [EEE 802.15. 4 MAC specification[3,4].

Wireless sensor network can be both unstructured and
structured. Most practical usage, it will be an unstructured
and deployed in an ad-hoc manner. There is no
infrastructure between nodes and base station. Due to node
1s very small and portable therefore wireless sensor network
has a high potential to apply in Mobile Ad Hoc Network
(MANET) which each node can move freely in any
direction.

With this reason, we turn the focus from a static ordinary
sensor network protocol to an existing routing protocol,
named AODV [IETF RFC 3561][5.6]. This paper is aiming
at investigating the behavior of AODV in term of dropped
packet, PDR, energy dissipation and NRL in each test case.

The rest of the paper is organized as follows. The ADOV
routing protocol is explained in section 2. Our experiments
using NS-2 simulation is described in section3. In section 4,
we will discussion the results and draw the conclusion.

II. ACDV ROUTING PROTOCOL

AODV (Ad-hoe On-Demand Vector) is a reactive
routing protocol. The route will be created when source
node wants to send the data. AODV uses the traditional
route tables. The main feature in AODV s time-based

states. The routing can be expired if it is not used for some
period. The route discovery (source to sink node) is based
on query. The intermediate node keeps the route information
using route table. There are four types of control message as
follows: Route Request Message (RREQ). Route Reply
Message (RREP), Route Error Message (RERR) and
HELLO Messages.

RREQ is flooded through the network when a route is
not available. RREQ packet contains source id, request id,
source sequence number, sink id, sink sequence number and
hop count. RREP is used when they found sink node or
having a valid route. Neighbor node will send RERR. when
the route is lost. Finally, HELLO messages are broadcasted
to check the neighbor.

. Ns-2 SIMULATION

We varied four parameters, the number of connection,
buffer size. an interval time and the number of node. The
number of connection 1s the number of source node which
sent the packet to sink. The buffer size is the number of
ifglen indicated the size of queue. The interval time is the
time of sending 1 packet. The final parameter is the number
of node in the system.

We have set up a simulation experiment using NS-2
(version 2.34) order to understand the behavior of AODV in
wireless sensor network environment in term of dropped
packet (bytes), packet delivery ratio (PDR), energy
consumption and NRL. The first indicator is the number of
dropped packets in unit of byte. The main reasons of packet
dropped are collision, duplicate, packet error, retry count
exceed, invalid state, callback and busy in MAC. Moreover,
there will be another cause such as route is not available,
routing loop, TTL reaches zero, packet expired, no buffer
space in IFQ, ARP full and link quality indicator (LQI).

The second behavior we observed is Packet Delivery
Ratio (PDR). PDR can be calculated from the division of the
number of received packets and the number of sent packets.
Then later, we also explore the average energy remaining
(mW) of all node in the network. The last indicator 1s NRL
(normalized routing lead) expressed as the following:

NRL = number of routing packets sent/number of data packets received
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We can know the performance of routing protocol from
MNRL. The routing protocol suited with the nature of the
network will give NRL low.

The simulation is based on IEEE 802.15.4 MAC
specification. All hundred nodes works in non-beacon
enabled mode with unslotted CSMA-CA algorithm, and
they have the same transmission range at 15 meters (give the
best PDR from our experiments), power dissipation rate and
buffer size. The detail of network parameter is shown in
tablel.

TABLE]. SIMULATION PARAMETER. SETTING (DEFAULT)

Node number 100
Simulation Area 100 x 100
Simulation Time 100 sec
Tt 1ssion Range 15 meters
Traffic type, Packet size CBR, 70 bytes
Buffer Length 50

Tx Power 0.1 mW
Rx Power 0.1 mW
Idle Powe 0.1 mW
Number of cormection 20
Number of source nods 20
Number of sink node 1

The following experimental results are averaged
from 10 simulation runs. Note that, we did not use “sleep
mode” we mean a device always keeps listening in the “idle
mode™.

A, Vary number of connection
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Figure 1Number of dropped packet (bytes) — varied number
of connection

From figurel, the number of dropped packet of AODV
control packets is a slightly increased when the number of
connection is grown up. This is because of the static
network system tested in the simulation. Source node can
send the data using the same route even the number of
connection 1s increased. Meanwhile, the numbers of CBR
dropped packet are grown up rapidly when the number of
connection is increasing. The reason is the default of
interval time used at 0.2 seconds. Therefore, the number of
data packets in the network becomes larger when they have
maore connections.
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=

10 20 o 40 50 &0 o BOD

No. of connections

Figure 2 Packet delivery ratio (%) — varied number of
connection

In figure2, when the number of connection increases, the
PDR starts to decrease as we expected. This is because of
the collision in the network.
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Figure 3 Energy remaining — varied number of connection

When the simulation time finished at 100 seconds, the
percentage of energy remaining is varied from 92.5% to
nearly 90.5% as the number of connection is step up by 10
as shown in figure3. However, the energy remaining is not
lower than 90% at 50 connections even the number of
connection 1s still growing up. This may be a short
simulation times, The larger connection may require a
longer period in the initial phase.
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Figure 4 Normalized routing load — varied the number of
connection

The figure 4 shows that the routing load will be bigger
when we increased the number of connections. According to
the growth of NRL. it indicates that the route packet sent is
not increased but the number of received data is reduced
(from %PDR in figure2) when the number of connection is
growing up.
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B. Vary buffer size (ifglen)
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Figure 5 Number of dropped packet (bytes) — varied buffer
size

We have learnt from figurel that the number of dropped
AODV control packet was increased when the number of
connection grew up. Therefore we set the experiment to
vary the buffer length and observe the effect of dropped
AODV control packet. Figure5 shows the improvement of
dropped AODV control packet when we increase the buffer
length from 10 — 90 while the dropped CBR packets is
stable at 800K Btyes. Thus the number of buffer size does
not affect to the number of dropped CBR packets.
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Figure 6 Packet delivery ratio (%) — varied buffer size

In the simulation, we used the default parameter as
shown in tablel. The interval time is 0.2 seconds with 20
conneetions, From figure6, we found that the buffer length
at 10-30 gives the good feature of %PDR. Apart from that,
the buffer size does not affect to %PDR.
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Figure 7 Energy remaining — varied buffer size

After the simulation reached 100 seconds, the percentage
of energy remaining of each buffer length is not different.
Thus changing the buffer size does not affect to the energy
dissipation.

96
94 <4
9.2 1
9
BE <

NRL

BE
10 20 30 40 50 80 Yo &0 90 100

ifglen

Figure 8 Normalized routing load — varied buffer size

NRL was not much affected by the change of buffer size
as shown in figure8 because of the small number of
connection (20) and interval time (0.2s).

C. Vary interval time
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Figure 9 Number of dropped packet (bytes) — varied interval
time

The internal time affects directly to the dropped packet,
especially CBR packets (data) because each node sends out
the data packet more frequently (small interval tme). In
contrast with the AODV control packet, it is rarely changed
according to an interval time. We also found the main
reason of dropped packets is QFull (queue is full). It is
clearly that the routing protocal does not concern with the
interval time.
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Figure 10 Packet delivery ratio (%) — varied interval time
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Figure 12 Normalized routing load — varied interval time

From figure 10, the success received packet is increased
when we reduce the frequency of sending data. In figure 11
also shows the energy was dissipated very quickly during
the time 0-90 seconds. There is a small gap of cnergy
remaining at the time 60-95 seconds. That gap shows that
the larger interval time has the energy remaining more than
the smaller interval time. The normalized routing load is
good when the interval time is high or frequency of sending
data is low as can be seen in figurel2. The best NRL uses
the interval time at 0.9 seconds.

D. Vary number of node
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Figure 13 Number of dropped packet (bytes) — varied
number of node

The number of AOVD control packet is increased
depends on the number of device in the system while the
CBR packets is not involved as shown in figurel3. In a
larger system, they have to use a large control packet to
discover the neighbor for a route setup.
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Figure 14 Packet delivery ratio (%) — varied number of node

The PDR does not directly depend on the number of
node in the system. We measure the CBR packet at the
application layer and the number of device cannot affect to
the number of dropped CBR packet as shown in figure 13.
Thus we can see not much different PDR when the number
of node was varied as shown in figure 14.
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Figure 15 Energy remaining — varied number of node

At the end of simulation, the energy remaining of 25
nodes is lowest as shown in figurel5 while the energy
consumption in 200 nodes is the lowest dissipation. We
have to explore the reason in the future work. However, it
may be because of node density. With 200 nodes in the
same area. each node can forward a data hop by hop in a
short range. This may help the device to save the energy.
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Figure 16 Normalized routing load — varied number of node

‘When the number of node is increased, we found a lot of
RREQ packets in route discovery as shown in figurel6.

IV, CONCLUSION AND FUTURE WORK

From our experiments varying the number of connection,
we found that AODV routing protocol will use the same
route even the number of connection is increasing and CBR
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drop packet is very high. The energy dissipation becomes
bigger when the connection is grown up. The interval time
can affect to %PDR and CBR drop packet. The increased
buffer length can improve the dropped packet. Finally the
number of node affects to dropped ACDV control packet,
energy remaining and also NRL.
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Modified Local Repair in AODV for LoOWPANSs
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Abstract— Wirdess sensor networks are widely used in many
applications such as environment monitoring, intelligent
transportation system (ITS) and health care monitoring. In
wireless sensor metworks, a large number of sensor nodes are
deployed without infrastructure in an ad-hoc manner. Therefore,
we focus on the existing ad-hoc routing protocol named AODV
which is widely applied in wireless sensor networks. This paper
proposes the method to improve the performance of the local
repair mechanism in AODV. We found that our mechanism gives
the performance improvement varying from 20 to 36%. In
addition, the routing overhead in term of dropped packet is
better than the eriginal AODV. The number of CBR drop and
the energy usage in the network are also reported and analyzed
in this paper.

Keywords

ADDV, routing protocol, Local repair, LOWPANs, IEEEB02.15.4
Categories and Subject Descriptiors

C.2.2 [Network Prococols] - Routing protocols.

General Terms

Design, Performance, Experimentation

1. INTRODUCTION

A large scale wireless sensor networks have been
introduced by the combination of the wireless communication,
sensing and embedded system technologies. The wireless
sensor networks based on [EEE 802.15.4 standard have been
deployed in various applications [1] such as environmental
monitoring [2], health care monitoring [3], automation control,
disaster warning system or military domamn. Wireless sensor
network composes of a large number of tiny sensor nodes to
sense the physical environment and transmit the data back to
base station using single hop or multi hop.
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The TEEE 202,154 standard [4] supports any network
topologies such as star and mesh network. This standard 15 a
Low-Rate Wireless Personnel Area Network (LR-WPAN)
contained a low-cost and low power sensor node with the
limited memory storage and processing capability. Thus
routing protocol has to consider these constraints.

In low-power wireless personal area networks (LoWPANSs)
for elderly assistive living system [5], there are two types of
node, infrastructure node for backbone connectivity and mobile
node. The self-configuration and self-healing are mostly
required in this application due to the mobility and network
topology changing. Therefore the repair route mechanism 1s
needed for this purpose.

The most studied routing protocol likes Ad hoc On-demand
Distance Vector (AODV) [6] has been adapted for LOWPANS.
AODYV is a reactive routing protocol which the route will be
established on-demand basis. The Route Request (RREQ)
message is broadcasted by the source node in order to find a
route to destination. The route table entries for source and
destination node are created by the intermediate node during
the route discovering process. In addition, AODV also provides
two types of route maintenance, source repair and local repair
in order to fix the link failure.

This paper is aiming to investigate the behavior of AODV
protocel in term of Packet Deliver Ratio (PDR), the number of
dropped packet and energy dissipation when the number of
moving node is varied. We also explore the local/source repair
mechanisms and analyze the route overhead of local repair
when the link failure happens. Finally. the modified local repair
is proposed to improve the performance and reduce the route
overhead in the networks.

The rest of the paper is organized as follows. The detail of
AODV routing protocol such as route discovery, route
maintenance and link failure detection are explained in Section
2. Section 3 proposes the AODV analysis. The performance
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improvement is proposed in Section 4. The experiment results
are shown in Section 5. Finally, we discuss and conclude our
research work in Section 6.

2. AODV RouTING PROTOCOL

AODV (Ad hoc On-demand Distance Vector) is a reactive
routing protocol. The route will be searched only the source
node wants to send the data. Moreover, the route will be
maintained only if the route is used.

AQDV uses the traditional route tables [7] which contains
destination IP address, destination sequence number, valid
destination sequence number flag, routing flag, hop count, next
hop, list of precursors and lifetime. This information will be
used in each routing process of AODV.

A. Route Discavery

When the source node is required to send the data to the
destination node and the route is not existed in the route table,
the source node will broadeast the Route Request (RREQ)
asking for the available route. The RREQ contains RREQ 1D,
Destination [P address, Destination sequence number,
Originator 1P address, Originator sequence number and hop
count. The RREQ) broadcasting is limited by expanding ring
search in order to reduce the traffic in the network. The
neighbor node will update the route table and increase the hop
count when it receives the RREQ. This mechanism will be
repeated until the RREQ can reach the destination node.

B. Route Maintenance

The maintenance will occur when the link failure is found.
Mode will consider the causes of the failure before choosing the
suitable method to fix the route. In AODV, there are two
possible methods of the route maintenance. If the link is failed
closed to the source node, the source repair will be activated.
Node which found the link fail will send the Route Error
(RERR) back to the source node using the reverse route. As
soon as the source node receives the RERR, the route
discovery will start.

In contrast, if the failure happens nearby the destination
node, the local repair will be activated. Node which found the
link fail will broadeast the RREQ by itself. In this case, the
source node will not know the link fail in the network.

C. Link Failure Detection

Mormally, the link failure can be detected by two
mechanisms, link layer feedback and Hello Message. Link
layer feedback is a passive method and needed a support from
MAC layer.

Another mechanism is the use of “Hello Message”. This
method 1s simple for implement and does not depend on MAC

layer. Therefore, we use this method for this work. The Hello
Message will be sent out every period to check whether the
link is still alive. This period can be calculated from
HELLO INTERVAL*ALLOWED HELLO LOSS. The
default  value we used in  the simulation of
HELLO_INTERVAL and ALLOWED HELLO_LOSS are 1
and 2 second, respectively. Even this method takes longer time
to check the link failure than the layer feedback, it is simple
and light weight to implement on a sensor node.

D. Local Repair in AODV

In ACDV, the local repair has been used when the link
failure is found nearby the destination node. The node will
broadcast RREQ packet together with the destination IP
address to the destination node. The local repair in AODV
generates the traffic to repair the route. Therefore, a high traffic
as broadcasting can occur when repairing more than one route
happens at the same time.

3. AODV ANALYSIS

AODV has been widely applied in mobile applications,
Route discovery will be initiated on demand of the source
node by broadcasting a Route Request (RREQ) message
through the network. RREQ message 1s broadcasted until it
reaches the destination node. During this process, the
intermediate node creates a temporary route table to be a
reverse route back to the source node. The destination will
send Route Reply (RREP) message to the source node via
unicast along the reverse route. This route will be established
and used to connect between the source and destination node.

However, node can move around or be interfered that
causing to break the active route. In this situation, there is a
large amount of the dropped packet in the network, especially
when the speed of node is increased or the number of mobile
node in the network is increased as shown in Figure 1. In
Figure 1, we investigate the relation between the number of
dropped CBR packet and the speed of mobile node. We also
study how the number of mobile node can affect to the
network.
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Figure 1. The number of dropped CBR packet in AODY
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AODV has responsibility to repair and re-establish the
route. There are two approaches which can repair the route
[8]. First, the source node starts to discover the route when it
is received a Route Error (RERR) message from the broken
node. We call this method as Sowrce repair.

Ancther approach is a Local repair which the broken node
initiates the route discovery by broadcasting RREQ message.
During this process, the data has to be buffered at the repairing
node, Withina fixed amount of time, the initial repairing node
has to receive a RREP message. This will indicate the success
of the local repair process. In contrast, the repairing node will
report back to the source node by sending a RERR message in
order to start a source repair process.

At this point, we are interested in the number of dropped
CER packet when AODYV has only the source or local repair
happen. The speed of node and the number of mobile node
have been varied to investigate the number of dropped CBR
packet by setting to turn on only the source or local repair
process as shown in Figure 2 and 3, respectively.

Dropped CBR of Default AODV (Source repair only)
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Figure 2. The number of dropped CBR packet in source repair process
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Figure 3. The number of dropped CBR packet in local repair process

From the experiment results in Figure 2 and 3, we found
that the number of dropped CBR packet i1s not different even
only one approach of repairing process or combing the two
approaches in ACDV has been used in the mobile network.
The link failure cannot be solved by local repair. The new
route cannot be established. Thus the large amount of packet
has been broadeasted in the network. Moreover, this

inefficient route repair can also increase the end-to-end delay
and decrease the packet delivery ratio (PDR) as well.

The modified local repair is therefore introduced to
improve the dropped packet overhead which leading to save
the waste energy consumption. In addition, the PDR 1s
expected to be improved by using the modified local repair.
The concept and detail of the modified local repair is given in
the next section.

4. MODIFED LOCAL REPAIR

A. Modifed Local Repair

The additional field in Hello Message packet has been
introduced to keep the neighbor of neighbor information as
shown in Figure 4, The Route next Reply value will be
attached with RREP packet. Each node will have the
information of next hop and the next of reply.

rih is next hop
mr s pest_of_reply

Figure 4. Next hop and next of reply information

When the link failure happens, the typical AODV will
detect whether the link fails nearby the source node or the
destination node. If the link fails nearby the source node, the
RERR packet will be sent out to the source node in order to
begin the route discovery. In contrast, the local repair will be
activated when the link fails nearby the destination node.

In our modified local repair process, the neighbor of the
neighbor information has been checked. If the route_next reply
is the neighbor of neighbor, the RREQ packet is sent directly to
the node neighbor immediately. By using this technique, the
broadcasting overhead can be reduced. The pseudo code of our
modified local repair has been shown in Figure 5.

IF link failure ocair near destination THEN
WHILE neighbor of neighbor
IF neighbor of neighbor equal route_next_reply
Unicast RREQ neighbor
success

ENDIF
ENDWHILE
Broadeast RREQ (Default Local repair)
ELSE
Source repair{Send RRER packet)
ENDIF

Figure 5. Pseudo code of the proposed modified local repair
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B. Modified Message

The Hello Message packet has to be modified by inserting
the neighbor of neighbor information to support the modified
local repair. This modified Hello Message is used to update the
neighbor of neighbor when the node receives the lasted Hello
Message. The period of receiving modified Hello Message will
be two times of the link failure detecting time,
HELLO _INTERVAL*ALLOWED HELLO LOSS*2.

The format of Route Reply Message (RREP) 1s modified by
inserting the route_next_reply field as shown in Figure 6. The
route table is updated after receiving a RREP packet.
Meanwhile, the Route Request Message (RREQ) is also
modified to carry the next hop of broken node and used only in
route repair as shown in Figure 7.

Type I Reserved l Numb of NBE

Sequence Number
Neighbor 1P Address(1)
Neighbor 1P Address(if needed)

Figure 6. Modified Hello Message
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Destination [P Address

Fre I Hop count

Destination Sequence Number

Originator IP Address

Originator Sequence Number

Lifetime

Next of reply

Figure 7. Modified RREP Message

5. PERFORMANCE EVALUATION

The network simulator NS-2 has been used in this
evaluation. We use the packet delivery ratio (PDR). the number
of dropped CBR packet and the energy remaining as the
performance metric. For each scenario, we run the simulation
at 10 times and the average result is used. Table | shows the
summary of simulation parameters. We varied the speed of
node and observed the PDR, the number of dropped CBR
packet and the energy remain.

TABLEI. GENERAL PARAMETERS

Physical Layer IEEE 802 15 4
Mac Layer Mac/802 15 4
Ifglen 50
Number of nodes 100 nodes
Routing protocol AODV routing protocol
Area of Sumulation 100 m ™ 100 m
Mobility model Random waypoint

| Application packet CER packet (T0Byles)

Simulation time 1000 seconds
Sending range 30 m
Receiving range 30 m
Initial Energy 27540 Joules
Rx Power 47 mW.
Tx Power 47 mW.
Idle Power 0.03 mW.
Number of movement nodes (m/s) 5,10, 15, 20,25, 100
Receiver 1 node
Sender 10 nodes
Interval of sender send 5 second/ packet
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Figure 2. The comparison of PDR with 25 nodes movement

The experiments have been setup to four senarios, default
AODV (using source repair and local repair), AODV using
only source repair, AODV using only local repair and the
modified local repair. Figure § shows the comparison of PDR
results when there is 25 nodes moving in the network. We
found that the modified local repair gives the best PDR in
every speed of node. With our local repair, the broken link can
be re-established very quick even some nodes are moving
around.
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Figure 9. The comparison of PDR with 100 nodes movement

85



We also evaluate the modified local repair when every
node in the network 1s moving. The result is shown in Figure
9. The modified local repair can also give the best PDR even
the PDR is lower than the senario of 25 nodes movement.
However, the PDR of the original AODV (default) tends to
have a better PDR compared to only source repair or only
local repair approach. The reason s because of the frequent
link failture when every node is moving. Neither source repair
nor local repair can re-establish the route. While our local
repair can handle this situation very well.
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Figure 10, The number of dropped CBR padket with 100 nodes movement

By using the modified local repair, the number of dropped
CBR packet is reduced when compared to other scenarios. The
maximum dropped CER packet is not more than 1,800 packets
within 1000 seconds in the simulation time as shown in Figure
10. We found that the modified local repair can reduce the
number of dropped CBR at about 26% which leading to save
the waste energy consumption.

6. CONCLUSION

We propose the modified local repair of AODV routing
pratocol aiming to employ in health care monitoring system.
The performance has been evaluated using NS2 and found that
the modified local repair can give the best PDR compared to
the original AODV at about 36%. Moreover, we can reduce the
waste energy because of the number of CBR packet reduction.
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