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Introduction

u Clear from this workshop ��� �
� Vehicular communications are a hot topic of 

research nowadays.
� Introduction of network technologies in vehicles is  

expected in the near future

� Several research projects are pushing for a 
wide deployment of vehicular networks in 
transportation systems and utility vehicles.
� C2C project, CVIS..

u The deployment of vehicular networking 
solutions requires extra hardware to be 
incorporated to the vehicle.
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Motivation
u We do not focus on safety applications, these 

require special purpose hardware.

u Incorporating these technologies to old car 
models is also important.

u The cost of this hardware in order vehicular 
networking to be widely deployed must be low 
(infotainment applications).

� Example: Navigation systems started to be widely ado pted 
when they reach the sub 400€ market.

� Right now there are low-end navigation solutions unde r 
200€.

u how does NEMO work in a cheap/resource 
constrained environment?
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Objectives

u The main objective of this work is to study 
the performance of a low-end device 
running NEMO.
� A special purpose implementation of the 

protocol, specifically designed for a low-end 
device has been implemented.

� This work focuses on routing capabilities, we 
do not study handover performance.
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Reference Device

u Due to the limitations imposed by the aim 
of this work we took the following design 
decisions:
� The devices running NEMO should be small, 

with low power profile and will certainly have 
constrains in CPU power.

� The implementation must be done in Linux. 
This allows the implementation to be 
compatible with a huge set of devices.

� The implementation must be based on common 
Linux functions, without any device specific 
optimization.
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OpenWRT

u As operating system we used OpenWRT.

u OpenWRT is a GNU/Linux system 
optimized for routers, with an specific 
hardware and reduced capabilities.
� Kamikaze: Developing version, it supports 

linux kernels 2.4 and 2.6.

u OpenWRT supports more than 100 devices 
either with the development branch 
(Kamikaze) or the stable version (White 
Russian).
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Reference Device
u Between all the devices supported by OpenWRT 

we selected the Linksys WRT54G.

u One of the best supported devices in OpenWRT

u The cost of this device is 39 €
(http://www.ciudadwireless.com/product_info.php?prod ucts_id=507 )

u Characteristics:
� MIPS CPU 200 MHz

� 32 MB RAM, 16 MB flash storage

� 186 mm x 48 mm x 200mm

� 0.48 Kg

� Size of a CD charger
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Implementation Design

u We have performed and implementation of 
the NEMO protocol specifically designed 
for Low-end devices running the OpenWRT 
SO.

u The implementation has been done in an 
technology independent way.
� The implementation also runs on a Linux PC 

Box.

u The Linux kernel used was the 2.6x branch
� Tested in linux kernel 2.6.22 in PC

� Tested in linux kernel 2.6.19 in Linksys
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Implementation Design

u All NEMO related signaling and mobility 
management is performed on user space.
� Management of tunnels

� Management of routes

� Management of interface

� Sending/Receving NEMO specific signaling

u All packet management is performed via 
the standard linux mechanisms
� iptunnel module

� standard linux routing
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Implementation Design

u Functionalities and limitations:
� Support the movement of a MR to different 

foreign networks.

� Support of nesting.

� The implementation only support implicit mode 
BUs.

� The Home Agent determines the Mobile 
Network Prefixes via manual configuration.

u The Home Agent used is based on a 
development for the FP6 Daidalos Project.
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Testbed Description

u All machines are Linux Boxes, kernel 2.6.22 except th e tests 
performed with the LinkSys. The PCs are Intel P4 at 15 00MHz 
with 1GB RAM.

u To generate the traffic we used mgen.

u UDP traffic sent at 100Mbps

u The aim is to measure the raw routing power, all ele ments 
adding delay have been removed .
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Testbed
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Analysis of the results

u In order to analyze the performance of our 
implementation we do a comparison 
analysis.

u First, we compare the LinkSys device with 
a normal PC in terms of packets/sec 
routed.

u Second, we compare our implementation 
with NEPL running on a PC.

u Third, we present the performance 
achievable by our implementation in the 
LinkSys.
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Analysis of the Results

u We have measured the amount of packets 
being routed for each of the following 
cases:
� MR PC, standard routing

� MR PC, running NEPL

� MR PC, running our NEMO implementation

� MR LinkSys, standard routing

� MR LinkSys, running our NEMO implementation

u We have measured the routing capacity for 
different packet sizes: 250, 500, 750, 1000 
and 1250 bytes.



Weedev 2008         15

Relative Performance Comparison:
LinkSys vs PC

u Figure shows the 
relative decay in 
performance 
when using the 
LinkSys.

u Average decay 
58,7%.

u Maximum decay 
72%

u The low amount of memory installed on the LinkSys p roduces 
the reduction of the throughput when small packets ar e used.

u LinkSys performance not too bad!! 1500MHz 1GB vs 200MH z 32 
MB
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Relative Performance Comparison:
NEPL vs NEMO on PC

u The figure shows the 
relative performance of 
our NEMO 
implementation when 
compared with NEPL.

u The 100% corresponds 
to the performance of 
NEPL for each packet 
size.

u Our implementation is 
in average a 0.468% 
worst than NEPL.

u Worst case for 250 
bytes, 9.7%

� This small difference indicates that the 
implementation in user space does not affect 
excessively the performance of the PC.

� This measure is used to validate the 
implementation and give us some reference 
for the LinkSys performance.
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Relative Performance Comparison:
Normal Routing vs NEMO vs NEPL on PC

u The figure shows 
the performance 
comparison of NEPL 
and NEMO taking as 
reference the 
performance of 
standard routing.

u Both 
implementations 
present an extra-
load to the routing 
processing, being 
very high when 
small packets are 
used.

u This figure allows as to conclude that our 
implementation is not specially over loading the 
router, at least no more than the reference 
implementation, NEPL.
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Relative Performance Comparison:
Normal Routing vs NEMO on LinkSys

u This figure is the first 
purely analyzing the 
LinkSys behavior.

u The figure presents the 
relative decay in 
performance when using 
NEMO on the LinkSys.

u The LinkSys’ performance 
is highly impacted by the 
use of the NEMO 
implementation, reducing 
its performance in average 
by a 40%.

u The decay is stronger 
when smaller packets are 
used.

u We argue that the encapsulation -
decapsulation of the packets requires 
processing power which strongly impacts the 
performance of cpu-power limited devices.
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Bandwidth Obtained using NEMO on 
the LinkSys

u In this figure the 
bandwidth obtained by 
our implementation on the 
LinkSys architecture is 
presented.

u The bandwidth obtained 
depends highly on the 
packet size, due to 
overhead, transport 
capacity and routing 
limitations.

u Although the bandwidth obtained is not very high, w e argue it is enough for 
vehicular communications in the utility car environ ment.

u The worst result corresponds to roughly 4 Mbps, whi ch taking into account 
current cellular transmission technologies is fair enough to carry all needed 
services.
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Conclusion
u This work presented a lightweight NEMO 

implementation for low-end devices.

u The use of cheap devices, with low power, low size 
and low CPU power profiles on vehicular 
communications have been studied.

u Although the results show that the performance of 
such devices is poor compared with standard PCs, it  
is enough to carry services, focusing on utility ca rs.

u For bigger transportation systems, a hardware 
platform with higher resources is recommended.

u The bandwidth obtained shows that even with such 
low figures, the device is able to forward several VoIP 
communications, mail services and even streaming 
services.


