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Abstract

Recently, Intelligent Transport System (ITS) gains a lot of attention from many researchers
because the transportation has a huge impact on daily life. In order to provide such a successful ITS,
Dedicated Short Range Communication (DSRC) becomes a necessary technology to fulfill the
requirements. This will make the communication between Road Side Unit (RSU) and On Board Unit
(OBU) possible; for examples: the automatic Electronic Toll Collection (ETC), the advanced emergency
alarm system, the intelligent navigation system, the driving aid system and the information
acknowledgement on road. In literatures, ETC is the most popular and successful commercial system
using DSRC technology. However, when the speed of vehicles is increased, the quality of signal at
receiver is degraded. In addition, the future trend of DSRC aims to support all multimedia with the high
speed data transmission. Therefore, the search on developing technology for such a requirement is still
challenge. From literatures, DSRC can be grouped by three different countries including North America,
Europe and Japan. All standards allocate the frequency band of 5.8 — 5.9 GHz. Although there are many
techniques introducing for those standards but they still face the same problem on the high speed data
transmission when vehicles have a high mobility. In this light, the research project focus on the
improvement of data rate transmission by applying Multiple Input Multiple Output (MIMO) technique
into DSRC. This research project provides both simulation and measurement results in order to confirm

the help of MIMO technique on DSRC for ITS applications.
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1 #!/usr/bin/env python 10 srcl = gr.sig source f (sample_rate,
2 from gnuradio import gr gr.GR_SIN WAVE, 440, ampl)

3 from gnuradio import audio 11 dst = audio.sink (sample_rate, "")

4 class my_top_block(gr.top_block): 12 self.connect (src0, (dst, 0))

5 def _init_ (self): 13 self.connect (srcl, (dst, 1))

6 gr.top_block. _init__ (self) 14 if name ==' main_ "

7 sample rate = 32000 15 try:

8 ampl = 0.1 16 my_top_block().run()

9 src0 = gr.sig source f (sample rate, 17 except KeyboardInterrupt:

gr.GR_SIN WAVE, 350, ampl) 18 pass
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a2 1 @15y 1Wd%e how to_square ffh

1#ifendef 10 friend howto square ff sptr
INCLUDED HOWTO_SQUARE FF H howto make square ff ();

2#define 11 howto_square ff();

INCLUDED HOWTO_ SQUARE FF H 12 public:

3 #include <gr_block.h> 13 ~howto_square ff();

4  class howto square ff; 14 int general work (int noutput_items,

5 typedef boost::shared ptr<howto square ff> 15 gr_vector_int &ninput_items,
howto_square ff sptr; 16 gr_vector_const_void_star

6 howto square ff sptr &input_items,

howto_make square ff (); 17 gr _vector void_star &output_items);

7 class howto _square ff : public gr block 18 };

8 1 19  #endif

9 private:
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SQUARE_FF_H

1 H o o Pz
a1 2 §1150 1Wd8%0 how to_square ff.cc

1 #ifdef HAVE CONFIG _H 15 howto_square ff::howto square ff()

2 #include "config.h" 16 : gr block ("square ff",

3 #endif 17 gr make io_signature (MIN_IN,
4 #include <howto_square ff.h> MAX _IN, sizeof (float)),

5 #include <gr io_ signature.h> 18 gr make io_signature (MIN OUT,
6 howto square ff sptr MAX_OUT, sizeof (float))){}

7 howto make square ff () 19 howto_square ff::~howto_square ff(){}

8 { 27 float *out = (float *) output_items[0];

9 return howto_square ff sptr (new 28

howto_square_ff ()); 29 for (int i = 0; i <noutput_items; i++){

10 } 30  out[i] =in[i] * in[i];

11 static const int MIN_IN = 1; 31}

12 static const int MAX _IN = 1; 32 consume_each (noutput_items);

13 static const int MIN_OUT = 1; 33 return noutput_items; }

14 static const int MAX OUT = 1;
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1
2
3

7
8

%include "exception.i"

%import "gnuradio.i"

%0t

#include "gnuradio swig bug workaround.h"
#include "howto square ff.h"

#include <stdexcept>

%o

GR_SWIG_BLOCK_ MAGIC(howto,square_f¥)

9 howto_square ff sptr howto make square ff
0;

10 class howto_square ff : public gr block

11 {

12 private:

13 howto_square ff();

14 };
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Privillage

Network

sudo command — run command as root
sudo -s — open a root shell

sudo -s -u user — open a shell as user
sudo -k — forget sudo passwords
gksudo command — visual sudo dialog
(GNOME)

kdesudo command — visual sudo dialog (KDE)
sudo visudo — edit /etc/sudoers

gksudo nautilus — root file manager (GNOME)
kdesudo konqueror — root file manager (KDE)

passwd — change your password

ifconfig — show network information
iwconfig — show wireless information

sudo iwlist scan — scan for wireless networks
sudo /etc/init.d/networking restart — reset
network for manual configurations

(file) /etc/network/interfaces — manual
configuration

ifup interface — bring interface online

ifdown interface — disable interface

Display

Special Packages

sudo /etc/init.d/gdm restart — restart X and
return to login (GNOME)

sudo /etc/init.d/kdm restart — restart X and
return to login (KDE)

(file) /etc/X11/xorg.conf — display configuration
sudo dexconf — reset xorg.conf configuration
Ctrl+Alt+Bksp — restart X display if frozen
Ctrl+Alt+FN — switch to tty N

Ctrl+Alt+F7 — switch back to X display

ubuntu-desktop — standard Ubuntu environment
kubuntu-desktop — KDE desktop
xubuntu-desktop — XFCE desktop
ubuntu-minimal — core Ubuntu utilities
ubuntu-standard — standard Ubuntu utilities
ubuntu-restricted-extras — non-free, but useful
kubuntu-restricted-extras — KDE of the above
xubuntu-restricted-extras — XFCE of the above
build-essential — packages used to compile
programs

linux-image-generic — latest generic kernel image

linux-headers-generic — latest build headers
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System Services

Firewall

start service — start job service (Upstart)

stop service — stop job service (Upstart)

status service — check if service is running
(Upstart)

/etc/init.d/service start — start service (SysV)
/etc/init.d/service stop — stop service (SysV)
/etc/init.d/service status — check service (SysV)
/etc/init.d/service restart — restart service (SysV)

runlevel — get current runlevel

ufw enable — turn on the firewall

ufw disable — turn off the firewall

ufw default allow — allow all connections by
default

ufw default deny — drop all connections by
default

ufw status — current status and rules

ufw allow port — allow traffic on port

ufw deny port — block port

ufw deny from ip — block ip adress

Package Management

Application Names

apt-get update — refresh available updates
apt-get upgrade — upgrade all packages

apt-get dist-upgrade — upgrade with package
replacements; upgrade Ubuntu version

apt-get install pkg — install pkg

apt-get purge pkg — uninstall pkg

apt-get autoremove — remove obsolete packages
apt-get -f install — try to fix broken packages
dpkg --configure -a — try to fix broken packages
dpkg -1 pkg.deb — install file pkg.deb

(file) /etc/apt/sources.list — APT repository list

nautilus — file manager (GNOME)
dolphin — file manager (KDE)
konqueror — web browser (KDE)
kate — text editor (KDE)

gedit — text editor (GNOME)
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File Commands

System Info

Is -al — formatted listing with hidden files

cd dir - change directory to dir

cd — change to home

pwd — show current directory

mkdir dir — create a directory dir

rm file — delete file

rm -r dir — delete directory dir

rm -f file — force remove file

rm -rf dir — force remove directory dir *

cp filel file2 — copy filel to file2

cp -1 dirl dir2 — copy dirl to dir2; create dir2 if it
doesn't exist

mv filel file2 — rename or move filel to file2
if file2 is an existing directory, moves file! into
directory file2

In -s file link — create symbolic link /ink to file
touch file — create or update file

cat > file — places standard input into file
more file — output the contents of file

head file — output the first 10 lines of file

tail file — output the last 10 lines of file

tail -f file — output the contents of file as it

grows, starting with the last 10 lines

date — show the current date and time

cal — show this month's calendar

uptime — show current uptime

w — display who is online

whoami — who you are logged in as

finger user — display information about user
uname -a — show kernel information

cat /proc/cpuinfo — cpu information

cat /proc/meminfo — memory information

man command — show the manual for command
df — show disk usage

du — show directory space usage

free — show memory and swap usage

whereis app — show possible locations of app
which app — show which app will be run by
default
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Process Management

Compression

ps — display your currently active processes

top — display all running processes

kill pid — kill process id pid

killall proc — kill all processes named proc *
bg — lists stopped or background jobs; resume a
stopped job in the background

fg — brings the most recent job to foreground

fg n — brings job n to the foregroun

tar cf file.tar files — create a tar named
file.tar containing files

tar xf file.tar — extract the files from file.tar
tar czf file.tar.gz files — create a tar with
Gzip compression

tar xzf file.tar.gz — extract a tar using Gzip
tar cjf file.tar.bz2 — create a tar with Bzip2
compression

tar xjf file.tar.bz2 — extract a tar using Bzip2
gzip file — compresses file and renames it to

file.gz

gzip -d file.gz — decompresses file.gz back to
file

File Permission

Network

chmod octal file — change the permissions of file
to octal, which can be found separately for user,
group, and world by adding:

® 4 _read (1)

® 2 — write (w)

® | —execute (x)

Examples:

chmod 777 — read, write, execute for all

chmod 755 — rwx for owner, rx for group and

world

ping host — ping host and output results

whois domain — get whois information for
domain

dig domain — get DNS information for domain
dig -x host — reverse lookup host

wget file — download file

wget -c file — continue a stopped download
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SSH

Installation

ssh user@host — connect to host as user

ssh -p port user@host — connect to host on port
port as user

ssh-copy-id user@host — add your key to host for

user to enable a keyed or passwordless login

Install from source:

./configure

make

make install

dpkg -i pkg.deb — install a package (Debian)

rpm -Uvh pkg.rpm — install a package (RPM)

Searching

Shortcuts

grep pattern files — search for pattern in files

grep -t pattern dir — search recursively for
pattern in dir

command | grep pattern — search for pattern in the
output of command

locate file — find all instances of file

Ctrl+C — halts the current command

Ctrl+Z — stops the current command, resume
with

fg in the foreground or bg in the background
Ctrl+D — log out of current session, similar to
exit

Ctrl+W — erases one word in the current line
Ctrl+U — erases the whole line

Ctrl+R — type to bring up a recent command

I - repeats the last command

exit — log out of current session
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if options.from file is None:
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else:
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break;
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Preliminary Study of DSRC using MIMO technique
and Software Defined Radio for ITS

Settawit Poochaya, Peerapong Uthansakul and Monthippa Uthansakul
School of Telecommunication Engineering Suranaree University of Technology, Thailand
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Abstract— The development of DSRC (Dedicate Short Range
Communication) for ITS (Intelligence Transportation System)
has been recently concerned for high speed data transmission.
However, the existing DSRC technique provides a low speed data
transmission. The searching for new techniques to support
transmission requirement is still on focus. This paper introduces
to apply MIMO (Multiple-Input Multiple-Output) technique and
SDR technology to study the performance of 5.9GHz DSRC
based on IEEE802.11p (WAVE-DSRC) standard. The
experiment results show that both BER and throughput
performances are improved by using the proposed system.

Keywords- DSRC; ITS; SDR,MIMO

I INTRODUCTION

ITS (Intelligence Transportation System) has been
developed to solve the traffic problems such as traffic
congestion, accidents and reduce the overall congestion cost.
The final goal of ITS will improve the traffic efficiency and
mobile safety without a new road construction required.
IEEE802.11p is a standard used for DSRC (Dedicated Short
Range Communication) communication system between RSU
(Road Side Unit) and OBU (On Board Unit). DSRC is a short
to medium range communication system and it is established
for telecommunication exchanges between RSU and OBU
system. DSRC provides a high speed radio link between RSU
and OBU within a narrowband communication area. The most
application of ITS is ETC or Electric Toll Collection system.
ETC consist RSU locate on the road and OBU place on dash
board or the roof of a car.

IEEE802.11p (WAVE-Wireless Access for Vehicular
Environments) is a standard to be used in an outdoor
propagation. An advantage of IEEE 802.11p [1] is achieved by
using OFDM (Orthogonal frequency-division multiplexing)
technique so it can eliminate the effect of multipath fading or
ISI (Inter symbol Interference) problem. This standard is
benefit for outdoor broadband communication such as DSRC
(Dedicated Short Range Communication)[2], ITS (Intelligence
Transportation System) [3] because of its endurance for
multipath fading as well as supporting a high mobility user
while providing a high data rate transmission.

For measuring equipments, the authors develop our own
transmitter and receiver using SDR (Software Defined Radio)
technology. Researcher can control waveform by 2 host
computers and SDR change hardware problems to software
problems. In [4], the researcher presented a basic concept to
study GNU Radio and USRP (Universal Software Radio
Peripheral). The results showed that GNU Radio and USRP is

978-1-4673-2025-2/12/$31.00 ©2012 IEEE

the rapid and low cost prototype suitable for any wireless
technologies. The works in [5-6] presented an implementation
of OFDM transmission by using USRP and GNU radio
platform but many parameters of OFDM signals in IEEE
802.11p standard such as modulation type, power level, FET
bins and frame format are totally different from IEEE 802.11a.
Although the implementation of IEEE802.11p standard was
presented in [7] but it was an offline experiments. In this paper,
USRPs and GNU Radio software are used to measure data in
offline situation according to IEEE 802.11p standard. Many
parameters such as packet error rate, bit error rate and
throughput are collected.

MIMO (Multiple Input Multiple Output) technique is one of
the most promising technology that overcomes fading
channels while maintain the benefits of high data rate
transmission as well as low bit error rate [8-9]. By using
multiple antennas at both transmitter and receivers, the system
with space-time coding can provide more reliable transmission
than conventional system employing only one antenna at
transmitter and receiver. Also MIMO system can improve
other system performances such as high spectral efficiency,
high system capacity, high coverage area and high gain. In this
light, this paper adopts the concept of MIMO technique to
apply on communication link between RSU and OBU with
SDR technology. Also this technique is able to be
implemented for practical use and comparatively easier than
power control plus coding technique. Hence, it is believed that
MIMO technique can defeat the effect of fading channel and
be able to destroy impediment between RSU and OBU.
However, so far in literatures, there has never been any report
concerning this issue before.

This paper introduces an implementation of MIMO
technique apply with SDR technology to enhance the
performance of 5.9GHz IEEE802.11p for ITS purposes such
as ETC communication between RSU and OBU. All system
configurations are based on IEEE802.11p standard [10] which
is one of the most recent standards for DSRC system. This is
because the fading channel due to buildings effect around the
road still performs the same for any other standards. In
experimentation, both BER (Bit Error Rate) and throughput
performances are investigated via observing the distance
between RSU and OBU. The comparisons between proposed
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Figurel. Block Diagram of a system.

and conventional systems are also given in order to indicate a
good of proposed technique. The remainders of paper are
described as followed. The conventional DSRC, ITS system,
MIMO technique, SDR technology and GNU Radio in section
II. Then the system configuration used for experimentations
are explained in section III including a system block diagram
and equipment. In section I'V, experiment setup and all results
are discussions. Finally, the conclusion of this paper is given
in section V.

TABLEL IEEE. 11P SPECIFICATIONS.
Service Specification
Modulation type QPSK,BPSK
Data rate 3-27 Mbps
Frequency band 5.8GHz
Number of data subcarriers 48
Number of cyclic prefix 4
Total subcarrier 52
OFDM symbol duration Sus

1. ITS,IEEE802.11p (WAVE-DSRC), MIMO, SOFTWARE
DEFINED RADIO TECHNOLOGY

A ITS

Intelligent Transportation System is a new technology that
occurs to improve traditional transport system. Main goal of
ITS is improve traffic safety and solve the traffic problem
without new road construction. Traffic problem is the main
problem in many countries the government find solution to
solve this problem. Many ITS system such as parking guidance
system, intelligent traffic sign, traffic report and electric toll
collection system. All of these, ETC is the most favorite system
in the world. Because people can cash the tolls automatically
by place the OBU on the dashboard or the top of a car. RSU
located above the road and communicate with OBU. Then a
wooden block is opening and a car can pass a toll gate. This
method decrease travel time. But a surroundings around the toll
gate cause an error to a communicate link between RSU and

OBU. Because multi-path fading is occurs its affect to a
communication channel. This paper represents an implement of

0\ 0\URS

! B S
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XCVR2450
Copyright 2007 Ettes Res

Figure2. XCVR2450 Daughter Board.

SDR and MIMO technology to study an improvement of
conventional ITS system on ETC communication link between
RSU and OBU.

B. IEEES802.11p (WAVE-DSRC) Standard

IEEE802.11p (WAVE) was developed from IEEE 1609
WAVE project and it was extended from IEEE802.11a by
using OFDM technology. The IEEE802.11p standard operates
in 5.85-5.925GHz bands. It differs from the old version with an
increase of frame duration from 4 ps to 8 ps. The effect after
applying OFDM symbol duration is that it can support higher
user mobility and also decrease more inter-symbol-
interference. This is because doubled OFDM symbol times also
mean the extension of the cyclic-prefix duration. The
parameters for IEEE 802.11p WAVE are described in Table L.

C. MIMO

There are two main techniques for MIMO encoder
including spatial multiplexing and space-time coding. In this
paper, the concept of space-time coding is chosen because its
tolerance to fading channel caused by road surroundings is
better than the other. The special case named as Alamouti
STBC (Space Time Block Code) [8] is employed. The
simplest form of Space Time Block Codes was invented by
Alamouti in 1998. This code is designed for two-transmit
antenna system. STBC operates on a block of input symbols,
columns of the coding matrix represent time and rows
represent antennas. Main feature of STBC is a very simple
decoding scheme and the code matrix is given as

X = s % oy
for Nr,Nt=2

At a given symbol period, two signals are simultaneously
transmitted from the two antennas, namely from the first
antenna and from the second antenna. In the next symbol
period (t + ), signal and  are transmitted from the
first and the second antenna, where  denotes symbol period.
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Columns of the matrix correspond to the antennas and a row
corresponds to the time slots. This code matrix from (1) is
orthogonal. At the receiver site, the space-time combiner

Figure3. Universal Software Radio Peripheral 1.

the received signals as follows (2):

S‘ 1 & hl./rx,, +hz,/ru
| | m— . : @
S, "]{”2 g hL/’;,i _hmrz,f

for Nr,Nt=2.

and  represents the estimated symbol in the codeword
matrix. Represents the estimated channel from the

transmit antennas and receive antenna and represents
the summation of channel power per link.

D. SDR:Software Defined Radio and GNU Radio

SDR (Software Defined Radio) is a technology to decrease
the complexity of radio transmission system by using software
done the radio signal manipulate and processing. All of signal
processing is done by using microcomputer. At the transmitter
path before sending a signal on the air its must be convert a
digital signal to analog signal by using DAC (Digital to Analog
Converters) and then an analog signal go straight to a transmit
antenna. At the receiver path a signal from receive antenna is
an analog signal . To do a signal processing a signal must be
converting to digital signal by using ADC (Analog to Digital
Converter).

GNU radio is an open source software that control and
processing a signal. GNU radio is a software package which
creates by Python programming language and Ct++
programming language. Block and flow graph are create by
Python and Signal processing are create by C++.GNU radio
are working with USRP and user can develop their own code
much the same as a radio engineer connects a sub device to
make a radio communication system.

III.  SYSTEM CONFIGURATION

A. System Block Diagram
Fig.1 represents a transmitter and receiver. At the

transmitter consists 1 host computer, 1 USRP, 2 XCVR2450
daughter board and 2 VERT2450 transmit antenna. At the

transmitter a host computer connected with USRP to control
transmit waveform and control all of parameter such as

Figure4. Experiment Setup.

modulation type, number of subcarriers, number of antenna ,
number of cyclic prefix and transmit frequency. Equipments at
the receiver are the same as the transmitter but it work
reversely.

B.  Equipment

USRP (Universal Software Radio Peripheral) in fig.3 is a
platform which developed by Ettus Research LLC. Inside the
USRP have 2 main components to create a radio
communication system. First is mother board. Mother board
contains an Altera Cyclone EP1C12 Field Programmable Gate
Array (FPGA. It has 4 ADCs which each running 12 bits per
sample with 64 Msamples/sec and 4 DACs which running 14
bits per sample with 128 Msamples/sec. Second is daughter
board that working in a field of RF-Front End. Fig.2
represents XCVR2450 daughter board it’s providing radio
frequency in dual band such as 2.4 GHz and 5.9 GHz. All
components are assembly in one USRP box using 3A 6V
power supply. Finally, USRP is connecting to the host PC
with USB 2.0(Universal Serial Bus 2.0).

IV. EXPERIMENT SETUP ,RESULT AND DISCUSSION

A.  Experiment Setup

Fig.4 showed the experiment setup. The author setup OBU
and RSU parameter follows IEEE802.11p (WAVE-DSRC)
standard and assume situation relate to ETC operation. RSU
place on a tower located beside the road high 1.5 m. OBU
place the top of a car. Because of hardware limitation such as
transmit/receive antenna VERT2450 gain is 3dBi cause the
communication range between RSU and OBU is 5m and
measure 10 times/point. An experiment parameters are:
modulation type gpsk, data rate 1Mbps and packet length is
400. The authors marking 5 points from RSU to OBU. After
that we measured the data in offline method then we get packet
number, number of correct receive packet and number of
receive packet. The authors use (3) to calculated Packet Error
Rate (PER), and (4) for (BER) observing with a distance
between RSU and OBU.
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TABLE II. EXPERIMENTATION RESULTS BER, THROUGHPUT VS. DISTANCE

1)
Variable Distance | Conventional System | MIMO 2x2
(m.)
1 1.25x10° 1.19x10°
2 231x10° 2.23x107
BER 3 457x10° 4.48x10°7
4 8.76x10° 8.30x107
5 1.10x10* 1.00x10*
1 1.81x10° 1.90x10°
2 1.18x10° 1.23x10°
Throughput 3 4.80x10° 4.97x10°
4 8.88x10° 1.07x10°
5 3.81x10°* 5.37x10°
_right
PER=(1— )x100% ©)
pktno
1—PER=(1—BER)" C))
n_right 1isanumber of correct receive packet
pktno  is packet number
L is Packet length

First, the authors extracted an offline data to compute
average PER after that calculate BER compare with how long
from RSU to OBU. Then compute throughput and keep the
result to analysis and discussions.

B. Result and Discussions

Table IL.represents a compare of conventional system and
MIMO 2x2 systems at a distance from OBU and RSU equal 5
m. that show a different value. The result showed that BER of
multiple antenna system less than conventional system related
to improve system performance because it increases reliability
of the ETC system and improve credibility of user. This result
can improve authenticity of ETC system and attractive many
people turn to use ETC system. From above a reason ETC is
reduction in the man-hour required as the system does not
require any human to work at the toll gate. Then reduction
traffic jams because a car can pass the toll gate more quickly.
When a car can pass toll gate quickly, time saving occur and
fuel save is occur. And the most important reason is reduce an
emission around toll gate. Focus on throughput vs. distance
between RSU and OBU this results show that a throughput of
MIMO system more than conventional system can indicate a
good of the purpose system and improved system performance.
These results showed that we can transmit the data rapidly. As
aresult a wooden block is opening speedy. Then drivers cannot
stop and accelerate forward the toll gate it could be save the
fuel and save the energy of a car.

V. CONCLUSION

This paper represents a preliminary study of
implementation SDR technology and applies MIMO technique
to improve ITS/DSRC system such as ETC system. The results
can lead a good way to develop and increase ITS and DSRC
system performance by apply MIMO technique. Which an
advantages of SDR such as translate hardware problems to
software problems and cheap components are leading
researchers to building a communication system by themselves.
Next work the author planning to improve a system that
supports vehicle mobility and develop the software to be
stability.
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Abstract— 1EEE 802.11p has recently proposed for Dedicated
Short Range Communication (DSRC) which supports the high
speed data transmission for Intelligent Transportation System
(ITS). Most aspects for this standard depict the link between
roadside equipments to vehicles under outdoor scenarios.
However, when vehicles move to undercover car parking or
indoor constructions, the transmission link is automatically
detached from roadside equip s. Therefore, it is a better
approach if vehicles can extend their services under indoor
scenarios via IEEE 802.11p. In this light, this paper presents an
investigation on using this standard for indoor approach. The
real prototype using GNU Radio and USRP (Universal Software
Radio Peripheral) has been impl ted for data t:
The results reveal the possibility of using this standard for indoor
communication.

Keywords-component; GNU Radio; USRP; DSRC; ITS

i INTRODUCTION

TEEE802.11p (WAVE-Wireless Access for Vehicular
Environments) is a standard to be used in an outdoor
propagation. An advantage of IEEE 802.11p [1] is achieved by
using OFDM (Orthogonal frequency-division multiplexing)
technique so it can eliminate the effect of multipath fading or
ISI (Inter symbol Interference) problem. This standard is
benefit for outdoor broadband communication such as DSRC
(Dedicated Short Range Communication)[2], ITS (Intelligence
Transportation System) [3] because of its endurance for
multipath fading as well as supporting a high mobility user
while providing a high data rate transmission.

In general, the vehicles having OBU (On Board Unit)
exchange outside information by communicating with RSU
(Road Side Unit) which is located along the traffic road. This
communication is no longer available when vehicles move to
undercover car parkings or indoor constructions. The possible
transmission for indoor scenarios can be achieved by other
communication standards. However, it is a better approach if
vehicles can still use their services via the same standard
available for both outdoor and indoor. In this light, this paper
presents the feasibility study on using IEEE 802.11p for indoor
DSRC approach. So far in literatures, there has never been any
report on using this standard for an indoor communication.

For measuring equipments, the authors develop our own
transmitter and receiver using SDR (Software Define Radio)

technology. In [4], the researcher presented a basic concept to
study GNU Radio and USRP (Universal Software Radio
Peripheral). The results showed that GNU Radio and USRP is
the rapid and low cost prototype suitable for any wireless
technologies. The works in [5-6] presented an implementation
of OFDM transmission by using USRP and GNU radio
platform but many parameters of OFDM signals in IEEE
802.11p standard such as modulation type, power level, FET
bins and frame format are totally different from IEEE 802.11p.
Although the implementation of IEEE802.11p standard was
presented in [7] but it was an offline experiments. In this paper,
USRPs and GNU Radio software are used to measure data in
real time according to IEEE 802.11p standard. Many
parameters such as packet error rate, packet loss, throughput
and channel power are collected.

II.  MEASUREMENT SETUP AND RESULTS

This paper has presented the measured data to investigate
the use of IEEE 802.11p for indoor DSRC approach. The
packet loss, packet error rate, throughput, spectrum and
channel power have been investigated under the indoor
scenario. All parameters have been set according to the
standard of TEEE 802.11p. The transmit and receive software is
developed by authors. From all results, it concludes the
possibility of using this standard for indoor with the same
quality as outdoor only if the transmit power is high enough
and there is no obstruction between transmitter and receiver.
For the future work, the other technique such as MIMO will be
applied to improve the performance of using this standard for
indoor approach.

Figure 1. USRP (Universal Software Radio Peripheral) and
XCVR2450 Daughter Board
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