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Development and Test of Mobile Ad—Hoc Routing

Protocols

Jenn-Hwan Tarng Bin—-Wen Chuang

Department of Communication Engineering, Chiao-Tung University1001 Ta-Shueh Rd., HsinChu

j4t@mail.nctu.edu.tw; owencbw @faculty.nctu.edu.tw

Abstract: This paper presents a comparative study between min-hop-based and stability-based ad-hoc
routing protocols for mobile ad-hoc networks. The both routine protocols are developed based on IEEE
802.11 technology and system operating in an ad-hoc mode. The measurement result shows that the
system with stability-based routing protocol provides sufficient data throughputs for mobile video service
as well as higher stability. The system using the min-hop routing protocol may exhibit higher throughputs

but provides lower performance stability. The stability-based routing protocol seems to be applicable for

various vehicular communication services.

Keywords: Mobile ad-hoc network ad-hoc routing protocol IEEE 802.11

1. Introduction

The popularity of wireless communication

systems can be seen almost everywhere in the

form of cellular networks, WLANSs, and WPAN:S..

In addition, small portable and mobile devices
have been increasingly equipped with multiple
communication interfaces together with mobile
ad-hoc networking capability to build a
heterogeneous environment in terms of access
technologies. The desired ubiquitous computing
environment of the future has to exploit this
multitude of connectivity alternatives resulting
from diverse wireless communication systems
and different access technologies to provide
useful services with guaranteed quality to users.
Recently, interest in Mobile Ad-hoc NETwork
(MANET), which is one of the most important

techniques for ubiquitous computing, has

increased due to its ability to enable the network
to be easily deployed and allow all nodes with
wireless interfaces to move around freely [1].
Mobile ad hoc networks mean wireless multi-hop
networks formed by a set of mobile nodes without
relying on a preexisting infrastructure. MANET
applications have mainly been for military
applications or emergency situations. However,
research into MANET routing protocols will lay
the groundwork for future wireless sensor
networks and wireless plug-n-play network
devices.

MANET routing protocols play a fundamental
role in a possible future of ubiquitous devices.
Due to the nature of time-varying network
topologies and shadowing effect of neighboring
obstacles (moving vehicles) to the mobile, its
routing protocol needs to overcome the problem
cause by unstable radio links. Traditional ad hoc

—_5 —




routing protocols, which are generally regarded as
min-hop-based routing protocols, are purely
designed to react the network topology changes.
Several well-known min-hop-based routing
protocols are available in the literature [2],
including Destination Sequenced Distance Vector,
Optimized Link State Routing Protocol, Ad Hoc
on Demand Distance Vector Routing (AODV) [3],
and Dynamic Source Routing.

Although min-hop routing protocols such as
AODV are claimed to provide high throughputs
due to the throughputs of multi-hop route are
decreased with the increasing of number of hop
counts. However, the temporal and spatial varying
characteristics of radio communications are not
considered into min-hop routing protocols.
Stability-based routing protocols, which might
adapt to radio propagation effects, time-varying
signal strengths, and moving speeds of mobile
nodes, are required to overcome the temporal and
spatial varying radio links. Several ad hoc routing
protocols adapted to link or route stability are
proposed, including Associativity Based Routing
[4] and Signal Stability-based Adaptive Routing
[5].

Most

performance

on MANET

evaluation are proceeded by

of previous works
computer simulations. Our work is prompted by
the lack of published results concerning the issues
associated with the performance of MANET
platforms in vehicular environments. This paper
presents our work on -development and
performance evaluation of-MANET systems in
order to check and compare the performance of
min-hop-based and stability-based ad hoc routing
protocols. The AODV routing protocol is selected
PC-based

measurement system to obtain the performance of

and implemented [6] in our

min-hop-based routing protocol. On the other

hand, a commercial prototype of Opportunity

_..6_

Driven Multiple Access (ODMA) [7] MANET
facility is regarded as the stability-based routing
Both

implementations of MANET routing protocols are

protocol in our field measurement.
executing with underlying physical layer and
MAC layer protocols inherited from wireless
LAN (IEEE 802.11b).

Section II presents the development details of
our MANET platforms followed by the
measurement scenarios descriptions in Section IIL.
Section IV provides measurement results and
analysis of our field test. By examining the
measurement results, further comments on
MANET technologies for vehicular applications
are provided. Some of our current works on
developing novel stability-based routing protocols
modified from AODV are also presented in

Section V. This paper is concluded in Section VI.

II. Development of Manet

Two types of MANET platforms are
developed and examined in this
including the PC-based MANET measurement
system with AODV routing protocols and the
ARM-based ODMA embedded MANET node.

The details of these platforms are presented as

research,

follows:
A. The PC-based MANET measurement
system
The system diagram and physical picture of a
single node of the MANET system is shown in
Figure 1. This system is adapted from IBM
PC-based computers. As depicted in Figure 1,
both IEEE 802.11b WLAN card and GPS module
are integrated in the MANET system. As a result,
the measured data throughput and geographic
locations can be recorded and stored in the
computer simultaneously.
As to the

Linux-based operating system is adopted with

software environment, the




necessary benchmarking tools and drivers. Based
on the Linux operating system, three modules are
developed in the MANET system: traffic
generator, GPS message parser, and the AODV
routine protocol. Traffic generator module and
GPS nmessage parser are integrated as a
measurement program to save the received data
packet versus the vehicle position.
B. The ODMA MANET node
IWICS Inc. has successful developed the
commercial prototype of ODMA-based MANET
node. This system is an ARM-based embedded
platform, which integrates IEEE 802.11b wireless
adaptor and the software module of ODMA
routing protocol. IWICS Inc. claims that the
wireless adapter of the ODMA prototype would
be upgraded to an OFDM-based adapter (i.e.,
802.11a, 802.11g) to obtain better throughputs in
near future. High gain antenna is also available in

this system for outdoor applications. As to the

outdoor antenna Ununterruptible Power Supply

I [

]
IEEE 802.11b : IBM PC-based
WLAN NIC . computer
PCMCIA ---RS-232
GPS module I Monitor

GPS module

12V to 110V
transtromer

Figure ] Single node of the MANET measurement
system: (a) The system block diagram; and (b) Picture of

the system.

software environment, the NAT and DHCP
services are enabled to perform packet forwarding
for the RJ45-connected facilities. Therefore our
developed PC-based measurement system is able
to connect to the ODMA MANET node and

measure the system performance.
III. Measurement Scenarios

Measurements are conducted for varied
communication models under different propaga-
tion environment and vehicular mobility scenarios.
The measured data throughputs are sampled for
every second. Major experiment scenarios are
depicted as following paragraphs:

A. Single-hop communications

In the single-hop transmission test that is
regarded as the baseline measurement, the
performance of 1-hop ad-hoc communication has
been tested wusing the PC-based MANET
measurement system. This measurement is made
on the freeway. The freeway is an open area with
scarce roadside vegetation and buildings. Moving
cars traveling among test vehicles may cause
obstruction direct waves and leads to shadow
fading. The measurement is carried out in freeway
68 of Taiwan. The data throughputs are obtained
among different relative velocities between two
cars and TCP and UDP protocols are both
deployed in this test.

B. Mobile-to-fixed multi-hop communications

The measurement is carried out in sub-urban.
Few buildings and tree plantations are spread
around the roadside. Excepting the receiving
vehicle, the transmitting and intermediate nodes
are fixed at roadside in this test. The throughput
variation is obtained between the communication
service from fixed transmitting node and the
moving receiving car. The GPS position of each
measured record is also logged for further
analysis. For the AODV MANET system, the

measurement is made in National Chiao-Tung
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University campus. Total 3 fixed nodes, including
the transmitter node, are sited along the road. On
the other hand, for the ODMA MANET node, the
measurement is made in a medium scale MANET
testbed, which contains more than 30 fixed nodes
in a 1.2km*1.2km area in LongTan, Taiwan. The
ODMA testbed is situated in the practical urban
environment. Average heights of buildings along
the streets are about 15-20 meters.
C. Mobile-to-mobile multi-hop communications
The vehicle moves along city streets in
HsinChu has speed limits of 40 kilometers per
hour. Average heights of buildings along the
streets are about 15-20 meters. The measurement
is done in the rush hour with traffic jams and
vehicles often stopping at traffic lights. Four test
vehicles are moving freely in a restricted
geographic region. The data throughput is

measured from the data transmission between

selected two vehicles. Because it is difficult to
control the driving velocity and interval distance
between test cars, we analyze the logged snapshot

and make some comments.
IV. Measurement Results and Analysis
The results obtained from the experimentation

LAN

performance for the ad-hoc communication

are presented herewith. Wireless

between two vehicles is noted by observing the
throughput with variation in relative driving
Multi-hop
communications performance are examined by

speeds in freeway environment.
snapshots and average throughputs in sub-urban
environment.
A. Single-hop communications
Figures 2 and 3 present the data throughput in
TCP and UDP transport modes, respectively.

Different relative speeds between the vehicles are
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Figure 2 Data throughput in TCP transport mode v.s. propagation distance for

different relative speeds between vehicles
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Figure 3 Data throughput in UDP transport mode v.s. propagation distance for different relative speeds between vehicles

i

Moving range of receiving car

(a)

(b)

Figure 4 Mobile-to-fixed communications in
AODV: Throughput variations in sub-urban scenarios, (a)

1-hop transmission and, (b) 2-hop transmission

considered. The both figures show that the data
throughput is decreased as the distance increases,
which is mainly due to the decrease of the signal
strength. It is also found that the throughput could
reach up a good performance at 100m to 200m
propagation distances. The measured results also
shows that the higher the relative speed, the larger
the deviation of data throughputs. The fast fading
effects obviously influence the propagation
channel in high relative speed. In comparison
among transport protocols, the variations in TCP
mode are more mitigative than the ones in UDP
mode. However, the connectivity ranges in UDP
mode are longer than the ones in TCP mode.
B. Mobile-to-fixed multi-hop comm unica-
tions
1) AODV MANET System: Figure 4 plots the
locations and measured throughputs of the
mobile-to-fixed communication of AODV
MANET system in the campus. As depicted in
Figure 4(a), the receiving car is moving in the
circled region. The transmitting node is sited at

the position denoted by “1”, and measured
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throughput decreased with the increased distance
between transmitter and receiver.

In the multi-hop experiment, a new interme-
diate node denoted by “2” is sited as depicted in
Figure 4(b). It obviously indicates that the
connectivity range is increased by the new node.
It is worth to notice that the obtained throughput
closer to the right side of position “2” is 20
kBytes/sec, which is much lower than farer
locations logged as 105 kBytes/sec and 52
kBytes/sec. This phenomenon shows that AODV
protocol could not discover high-performance
transmission route due to the directly connected
poor link is selected which provide worse
performance.

2) ODMA MANET System: In this test, the
mobile node is moving freely in LongTen ODMA
testbed and transmits packets to the fixed receiver
in order to obtain throughputs. Figure 5 plots data
throughput vs. distance * between moving
transmitter and fixed receiver in our testbed. By
examining measurement results, the obtained
throughputs decrease with the increasing of
distance. It is cause by the increasing of average
hop count of transmitting paths. The longer the
distance between transmitter and receiver, the

larger the average hop count.
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Figure 5 Mobile-to-fixed communications in ODMA:
Data throughput vs. distance.

On the other hand, the standard deviation in
this test is about 40kBytes/sec. Although the

average data throughput is less than our AODV
MANET system, it performs more stable than the
AODV implementation. The proposed ODMA
MANET

stability for common application like mobile

system still provides satisfactory
Internet and data exchange in ITS.
C. Mobile-to-mobile multi-hop communications
1) AODV MANET System: Figure 6 presents a
portion of total snapshots in our test. By
examining Figure 6, the vibration range of
throughput variation could be from 0 to more than
600 kBytes/sec. The variation of throughput
suddenly increased when the connecting route is
broken and recovering. This phenomenon
indicates that poor performance is mainly due to
the creation and maintenance of routes without
taking the stability, or quality, of the network
links comprising the route into account. Due to
of AODV, the directly

connected 1-hop route is mostly selected, even

the characteristic

though the propagation channel is bad and
unstable. The averaged data throughput is about
400 kBytes/sec. On the other hand, the standard
deviation is up to 147.72 kBytes/sec. The required
propagation range is restricted in rush hour urban
traffic so that inter-vehicle communication service
can be reached when the distance between
transmission peers is not too far (<1000m).

Table 1 presents the averaged throughput and
standard deviation among different hop count in
AODV MANET system. The averaged data
throughput has an obviously decreasing trend
with the increasing of total number of hop count.
As to the obtained performance in 3 hop counts,
the throughput decreases to 170kbytes/s, which is
about only 30% throughput obtained in 1 hop
transmission. The obtained standard deviations
are quite large, which indicates the low stability
of the multi-hop transmission quality. This

phenomenon indicates that the number of hop




counts seriously suffers the performance of

AODV routing protocol.
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Figure 6 Mobile-to-mobile communications in AODV:

throughput snapshots in urban environment

Table 1 Mobile-to-mobile communications in
AODV: Throughputs and standard deviations for

different hop counts

Total no. of Throughput Standard Deviation
hop count (kBytes/s) (kBytes/s)
1 593.07 102.35
2 386.74 108.2
3 170.19 44.05

2) ODMA MANET System: In this test, the
wireless communication service between moving
vehicles is provided by multi-hop routes
organized by moving vehicles. Because ODMA
maintains multiple routes to forward data packets,
it is hard to specify the route as well as hop
counts of a given source and destination pair. So
this test is focus on average throughputs under
heterogeneous scenarios. As presented in Table 2,
data throughputs and its standard deviation are
measured among different moving patterns. By
examining Table 2, the closer the moving vehicles,
the higher the data throughputs could be obtained.
As a stability-based routing protocol, when all
cars circling a building, multi-hop paths can
easily make a detour to avoid directly blocks of

propagation channels. Satisfactory performance

as 90.03kBytes/sec is obtained in the circling

scenario.

Table 2 Mobile-to-mobile communications in

ODMA: Throughputs and standard deviations (all

nodes are moving)

Moving Patterns

Throughput Standard
space between
obstacles (kBytes/sec)  Deviation (kB/s)
cars
5~20m lightly 117.7 28.49
20~50m lightly 80.84 34.51
5~20m heavily 90.03 56.6

In order to investigate the performance of
mobile-to-mobile communication while
provisioned fixed nodes are existed around
mobile nodes, an additional mobile-to-mobile
measurement is made in the LongTan ODMA
testbed which contains preexisted fixed MANET
nodes. Four moving patterns related to moving
vehicles carrying with ODMA MANET nodes are
tested. Comparing to prior scenario, the objective
of this test is to verify if the provisioned fixed
nodes can improve the performance of
mobile-to-mobile communication in MANET or
not. As presented in Table 3, data throughputs and
its standard deviation are measured among

different moving patterns.
Table 3 Mobile-to-mobile communications in ODMA:

Throughputs and standard deviations (only

transmitter and receiver are moving)

Moving Patterns Throughput Standard

space relative (kB/s) Deviation
between cars  speeds (kB/s)
5~20m 0~10km/hr 174.07 18.69
20~50m 0~10km/hr 95.93 20.18
0~1000m  40~100km/hr 52.05 40.07
1000~1500m 0~100km/hr 18.54 8.53




