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ADVISOR : ASST. PROF. PEERAPONG UTHANSAKUL, Ph.D., 125 PP.

MIMO STBC/ITS/SDR/DSRC

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 thesis focus on the improvement of data rate

transmission by applying Multiple Input Multiple Output (MIMQ) technique into



DSRC. This thesis provides both simulation and measurement results in order to

confirm the help of MIMO technique on DSRC for ITS applications.
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[ 9 dy 3 1 [ dy 1
ludruveslassairvesldsunsutazuensentilyu 3 a1y auilovinluaiu

#lusr/bin/env python
' J I @ 4 a 3
garuiilumsdsemaliduanim Insoulvinen lnaansd Insouiild
! g o v 3 Ay Y A <
#ﬁ")uuLﬂLlﬂ']5u']LSU'l't’]’E]°1JLﬂﬂﬂﬁ@\?ﬂ'ﬁiﬂf\ﬂuﬂ'ﬁ]'lﬂiil@ja Iﬂﬂﬂll@]agﬂﬂﬂlfﬂﬂ
09: dg’ (Y Ay Y
uuﬂluﬂgﬂﬂ\ﬂuﬂﬁﬂﬁﬂ'ﬁiﬂf
from gnuradio import gr, gru
from gnuradio import usrp
from gnuradio import eng_notation
Yy A 1 dy Y ' . o [ 1
#Tﬂﬂl‘ﬂﬁlilﬁﬂklﬂusﬂgllﬁﬂ\iclﬁlﬁl‘!')'l Gnu Raio LLﬁJﬂﬂ’liﬂ’l\ﬂu@@ﬂLﬂu 3da7U
H##H#AIUN 1 Radio Class ###
v 4
#'gr.top_block' $U¥9919910 class M3145199UA 0 'digital radio’
class digital radio(gr.top_block):
[ A o J o o a
#L‘]Juﬂ15Lﬁll‘Vl”I\ﬂusUﬂ\TW\?ﬂ%u!tﬁ$ﬂ15ﬂ3ﬂ15gﬂﬂﬁﬂq
def init_ (self):
#HTUMININIUVOL parent class
gr.top_block. init_ (self)
v
#0901 block MTUTEVUINY
self.source = setup_source()
self.sink = setup USRP()
A 1 [
#¥OUADUADA U Flow graph

self.connect(self.source, self.sink)
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###IUN 2 Main function ####

o oo Y 4 o o 1 .
#ilsnguiiazgnison T ldaouiedldauiinmsdanuiiune command line
def main():

9 ~ 9 9 Y d v .. = d?’ 9 ]
#TTIVUNII0INMIAT TINFY __init_ 9zgnFenvumnlsaiungs
on 1uA

[ Y a ¢ A [l (%
#ludruil 15vzdosadanniimosiioaal1lda class
radio = digital radio()

#IUNMININUUBY Flow graph
radio.start()

a dy 159 ~ 9 9 A d'&l 9
#TNAT A0 1d 1AAUBIT LN INBINMI A 19U T0NUNA 1F
¥ o 2 ¥
doam ey l¥au

1 <
#399USource m%’agman
radio.Wait()
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#0137900UI1 module ‘Vﬂ‘lful:lﬁ']iﬂﬁﬂiuﬂ’mﬁum\iklﬂ”lﬁll NIDINABDITU

@91}3‘61 moduleﬁu

if name =="' main "

v 9 Y 39 VY o Y, v . v A

#NENITTUAEAUES LA DI try BT SUTIATY main U

try:

main()

= o (% =
#MINUNITUNINIAY keyboard 115NN HYANITIINUITIUN TagoON
.oy do
910 mainWINFY
except KeyboardInterrupt:
dyr:,‘ o o A 9 A 1 1 1 o

#pass' WiludmanlasnzgnldaulodiuveTsunsuuiedin Tk

pass
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1 #!/usr/bin/env python

[\

from gnuradio import gr

W

from gnuradio import audio

4 class my_top block(gr.top block):
5 def init (self):

6 gr.top block. init (self)

7 sample_rate = 32000

8 ampl = 0.1
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9 src0 = gr.sig_source f(sample rate, gr.GR_SIN WAVE, 350, ampl)
10 srcl = gr.sig_source f(sample rate, gr.GR SIN WAVE, 440, ampl)
11 dst = audio.sink (sample_rate, "")
12 self.connect (src0, (dst, 0))
13 self.connect (srcl, (dst, 1))
14 if name ==' main_ "
15  try:
16 my_top_block().run()
17 except KeyboardInterrupt:
18 pass
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peWNaAFUNAURAIH U Inseu tnTosdodidy lumsii e 2 manse
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Fomsnuldiufe Simplified Wrapper and Interface Generator (SWIG)
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gr block 1l unarausniugIuveann q aardnlszneusdlu GNU Radio
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o Y ' 4 1w I 1 '
3. i Lﬂu@nﬂ@ﬂ SWIG ')’li]gﬁ%)'l\‘]ﬂ'lil%ﬂﬂﬁﬂﬂ‘]J‘]JfIE]ﬂG]’I\‘] 9 'f]ﬂ’]\iuli
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=

Uszuiana “tuumumm@cl%’slumimmuwmmﬁ’mumuwmmwﬁﬁﬁgﬂu@ﬂﬂﬁﬁan Tumsafreuaen
Uszuiama ”mumgmﬂzéfmﬁmﬁa%’wﬁwm 3 '8 cc.huaz i dmsudaeereiiudonlunis
Uszunana ”ﬂlumuwmﬁ%ﬁ how_to_square_ff

d au“ﬁ 1 dwmsulld 5]%@ how to square ff.h

1 #ifendef INCLUDED HOWTO_SQUARE FF H

2 #define INCLUDED HOWTO SQUARE FF H

3 #include <gr block.h>

4  class howto square ff;

5 typedef boost::shared ptr<howto square ff>howto square ff sptr;

6 howto square ff sptr howto make square ff ();

7  class howto square ff: public gr block

8

9 private:

10  friend howto square ff sptr howto make square ff();

11 howto square ff();

12 public:

13 ~howto_square ff();

14 int general work (int noutput items,

15 gr_vector_int &ninput_items,

16 gr _vector_const void_star &input_items,
17 gr_vector void_star &output_items);

18 };

19 #endif

ysaviad 1 uaz 2 W ida dumstlossumniiudeniiuinnd 1 uden vssiia
‘ﬁ 3 39Ugr block.h m"lﬂﬂlu"lamﬁ; uag Ui’iﬁﬂ“ﬁ 4 ﬁ1ﬁuﬂ‘§'ﬂﬂmﬁ howto make square ff
ussiad s tTun15 198 1Muani1si9114911 gr blockhD339WadH 6 S1viuald
howto_make square_ffifludumesinana i) ussiad 10 15un15152nal% howto make
squareff 119115 ud a2 19 lwsn'1d ussiad 11 smuald howto square Miugiaas

9 ! o < [ 1w %
Iws1am 339799 13 ~howto_square_ff gnimualudradrsauldundanls Iwsim ussva
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N 14-17 #%191050 general work NE1MUANTTRIITUVD gr blockh IUgAN1BUTINA

i 19 fludugaitevesuden INCLUDED HOWTO SQUARE_FF H
dauﬁ 2 ﬁWW§U1W5°§® how to square ff.cc
1 #ifdef HAVE CONFIG H
2 #include "config.h"
3 #endif

4 #include <howto_ square ff.h>

W

#include <gr io_signature.h>

6 howto square ff sptr

7 howto make square ff()

8 {

9 return howto_square ff sptr (new howto_square ff ());
10 }

11 static const int MIN_IN = 1;

12 static const int MAX IN =1;

13 static const int MIN_OUT = 1;

14 static const int MAX OUT =1;

15 howto_square ff::howto square ff()

16 :gr block ("square ff",

17 gr_make io_signature (MIN IN, MAX IN, sizeof (float)),
18 gr_make io_signature (MIN_OUT, MAX_ OUT, sizeof (float))){}
19 howto_square ff::~howto square ff (){}

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

28

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

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

31 }

32 consume each (noutput items);

33 return noutput_items; }
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1 ~ 4 v A A Y dgl
Tudarudi 2 14 configh Tuusssiah 2 ussguaignas1siuu Iag configure
Y { | o Y @ {
U3591AN 6-10 1HUN158519 howto_square ff 1AL d9A1 shared ptr NAUAUNT VTTNAN 11-14
v v
fruamgegatazmagavesdiedoyarndazaedoyavioon d1suaI0g19il Tifieq 1
Y 09.1’ 9 o A 2 < o @ 9 @ o A
FYUVDYANIVUVIULASVIDDN VITNAN 15 93 18 WUNMTMUUAAITTNHAN LazUTINAN 19
< o J a ¢ o 1 @ { J

5\1 31 uUMsmuIum square ﬁumsmmﬁuﬂuwﬁwumm ‘]Jii‘ﬂﬂ‘ﬁ 32 1 33 ‘]J’E)ﬂ'iZ'UTJ'Nﬁ
o 9 Y ! 9 < o 1
mmum’énqjlmmmﬁuamelazm&maymﬂummumﬂﬂ

[l A ) [ sA .

a1 3 §150 198%0 how to_square ffi

1 %include "exception.i"

2 %import "gnuradio.i"

3 %1

4 #include "gnuradio swig bug workaround.h"

5 #include "howto square ff.h"

6 #include <stdexcept>

7 %}

8 GR_SWIG BLOCK_ MAGIC(howto,square_ff);

9 howto_square ff sptr howto make square ff();

10 class howto square ff: public gr block

11 {

12 private:

13 howto square ff();

14 };

o A o Y a v o A o
UITNAN 6 ﬂ?ﬁuﬂﬁqﬂﬂuﬂﬂWﬂWﬁWﬂﬂl@\?ﬁ?Iﬂﬁl!ﬂiM UITNAN 8 LA UIU
¢ S 9 Y o1 A A

913 YPUUNADINITUDI howto 1dun packet prefix i0 square ff A9 YDVDIAN

v A 1 £ Ao o A J L2 g 1 o
gafiondrunilandingae Wa howtoi Fuludiwlsgneudaglumsuen

¥ ] 3 o o o 4 g £ Y
SWIG Gh’i’ﬁﬁﬂiﬂsl‘]f\ﬂu‘l]a@ﬂ?ﬂﬁ‘i“ﬂfﬂiﬂﬁ%ﬂ?ﬂWaﬁﬂJﬂLlWﬂ!ﬂﬁiNﬂlumWhlﬂ
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1 %include "exception.i"

2 %import "gnuradio.i"

3 %1

4 #include "gnuradio swig bug workaround.h"

5 #include "howto square ff.h"

6 #include <stdexcept>

7 %}

8 GR_SWIG BLOCK MAGIC(howto,square_ff);

9 howto square ff sptr howto make square ff();

10 class howto square ff: public gr block

11 {

12 private:

13 howto_square ff();

14 };

drgamoduMdilFumsaduamauazihudenfisadad lifu131y
Arundnueaiinmny GNU Radio ﬁuﬁa Makefile.am

1 include $(top_srcdir)/Makefile.common

2 ourpythondir = $(grpythondir)

3 ourlibdir = $(grpyexecdir)

4 INCLUDES = $(STD_DEFINES_AND_ INCLUDES)

$(PYTHON_CPPFLAGS)

5 ourlib LTLIBRARIES = howto.la

6 _howto la SOURCES =

7 howto square ff.cc

8 howto la LDFLAGS = -module -avoid-version

9 grinclude HEADERS =

10 howto square ff.h

11 MOSTLYCLEANFILES = $(BUILT _SOURCES) *.pyc
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3.6.1 Install dependencies
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sudo apt-get —y install swig g++ automake1.9 libtool python-dev ffttw3-dev\

libcppunit-dev libboost1.35-dev sdce-nf libusb-dev \

libsdl1.2-dev python-wxgtk2.8 subversion guile-1.8-dev \

libqt4-dev python-numpy ccache python-opengl libgs10-dev \

pythonOcheetah python-Ixml doxygen qt4-dev-tools \

libqwt5-qt4-dev libqwtplot3d-qt4-dev python-qwt5-qt4
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sudo apt-get —y install swig g++ automakel.9 libtool python-dev fftw3-dev\

libcppunit-dev libboost1.35-dev sdcc-nf libusb-dev \

libsdl1.2-dev python-wxgtk2.8 subversion guile-1.8-dev \

libqt4-dev python-numpy ccache python-opengl libgs10-dev \

pythonOcheetah python-Ixml doxygen qt4-dev-tools \

libqwt5-qt4-dev libqwtplot3d-qt4-dev python-qwt5-qt4
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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 -i 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 -t 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 filel 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 7 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 -1 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

! - repeats the last command

exit — log out of current session
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A1519% 4.2 ﬁmﬁﬂymzmmmmgm ARIB STD-T75

winiimes mitle
Frequency band 5.8 GHz
Modulation type QPSK
Data rate 4 Mbps for QPSK
Communication TDMA/FDD
Power supplied to RSU antenna 10 m to 30 m =300 mW
Power supplied to OBU antenna Less than 10 mW
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nbytes = int(1e6 * options.megabytes)
n=0
pktno =0
pkt_size = int(options.size)
while n < nbytes:
if options.from_file is None:
data = (pkt_size - 2) * chr(pktno & 0xff)
else:
data = source file.read(pkt size - 2)
if data==":
break;
payload = struct.pack(''H', pktno & Oxffff) + data
send pkt(payload)
n += len(payload)
sys.stderr.write(.")
if options.discontinuous and pktno % 5 == 4:
time.sleep(1)
pktno +=1
send pkt(eof=True)
th.wait()
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global n revd, n_right
def main():
global n rcvd, n_right
n revd =0
n_right =0
def rx_callback(ok, payload):
global n revd, n_right
(pktno,) = struct.unpack(''H', payload[0:2])
n revd +=1
if ok:
n_right +=1
print "ok = %3s pktno = %4d n_rcvd = %4d n_right = %4d" % (
ok, pktno, n_rcvd, n_right)
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Abstract

One of the most interesting WBA (Wireless Broadband
Access) technologies is WiMAX. This technology is based on IEEE
802.16 standard. However, in Thaland, there are a few researches
dealing with its implementation. This is because of the hardware
complexity concerning OFDM technology. This paper proposes the
implementation of TEEE 80216 transceiver by using SDR technology
because it is flexible and casy to configurs. Also the USRP and GNU
Radio is low cost. The experimental results show the success of radio
transmissions measurad by our implementzd system according to IEEE

802.16 standard.

Keywords: WiMAX, OFDM, SDR, GNU Radio, USRP
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Abstract — DSRC (Dedicate Short Range Communication) is
promisingly concerned as the technology to enhance data rate
transmission for ITS (Intelligent Transportation System). Among
many standards of DSRC technology, ARIB STD-T75 has gained
a lot of attention due to its cost of installation. The popular
application of ARIB STD-T75 standard is ETC (Electronic Toll
Collection) which RSU (Road Side Unit) operates in a standalone
mode, However, the concept of DSRC has extended to a network
scenario where multiple RSUs together provide the accessibility
to vehicles. In this paper, the experimental study on coverage
range of ARIB STD-T75 standard has been presented. The packet
error rate and channel power are measured by SDR (Software
Defined Radio) technology. The results are initially used as a tool
for estimating an optimal distance between neighbor RSUs,

Index Terms - DSRC, ITS, ARIB STD-T75,SDR

1. INTRODUCTION

ITS (Intelligent Transportation System) is a recent
technology which combines transportation system and
communication technology to solve traffic problems and
mprove traditional transportation system to intelligent
transportation system without a new road construction. The
implementation of ITS has been growing and supporting a
variety of services such as traffics report, ETC (Electric Toll
Collection), multimedia advertisement, etc. To make ITS
successtul, DSRC [2] (Dedicate Short Range Communication)
becomes a significant technology that provides a high data rate
transmission. The concept of DSRC is not limited to one spot
communication but it can provide the continuous connection
between vehicles and multiple road side equipments.

For a real world system, OBU (On Board Unit) and RSU
(Road Side Unit) communicate to each other via air interface
according to specific standard. RSU is always installed at a
dashboard or a roof of buildings while OBU is located inside a
car. A pair of OBU and RSU exchanges data with two-way
communications. Among DSRC standards, ARIB STD-T75
[1] is one of the most popular standards that offer a low cost of
installation. This standard is originally established in Japan but
nowadays 1t is widely used around the world. It defines a
communication specification for RSU, OBU and the other
system components. This standard operates at 5.8GHz band
with 5 MHz bandwidth.

From literature, there are many works that present the
success of ARIB STD-T75 in practice. Those works concern
on using RSU as one spot connection. However, in some
applications, vehicles require a longer connecting time by
using a handover procedure between neighbor RSUs.
Unfortunately, the report on such a scenario is rarely
presented. In this light, this paper presents the preliminary
study to design the optimal distance between neighbor RSUs
by nvestigating a coverage range in practice. Both RSU and
OBU are developed by using SDR (Software Define Radio)
technology. SDR is a new technology that defines all
transmitting  and  receiving procedures by  software
configurations. SDR can solve a hardware problem by
converting to a software problem. The authors use USRP
(Universal Software Radio Peripheral)[3] and GNU Radio to
perform measurements. SDR s so flexible that users are able
to design overall of a system by using GNU Radio or GNU
Radio Companion. GNU Radio is a free software packet that
provides tools for radio engineer to design radio system. GNU
Radio occurs from a combining of Python language and C++
language. Python is used to glue all signal processing block
and C++ language is used to build a signal processing block.
In [4], a basic to study GNU Radio and USRP is presented.

Two parameters, packet error rate and channel power, are
the main factors to examine the coverage range. From
measured data, it is able to estimate the simple formula in
order to calculate the appropriated distance between neighbour
RSUs. The results indicate some helpful information to apply
on ITS design. The remainders of this paper are organized as
follows. Section 1T presents a system overview including
DSRC, ARIB and SDR technology. Measurement results are
presented in section I11. Section IV provides discussions and
finally conclusion has been presented in section V.

1. SYSTEM OVERVIEW
A.DSRC System

Fig. 1 presents the conventional DSRC [5-6] system
consisting of RSU and OBU. RSU is located on the road or
beside road in which sometime it is called as a roadside base
station. OBU is placed on the vehicle and it can be either
indoor or outdoor modules. When the vehicle moves in range
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Fig. 1 Configuration of OBUs and RSUs

of communication area, RSU will start mitializing and
transmitting data to vehicle through OBU. After vehicle moves
out of the communication area, then the connection will be
discarded from RSU. For network topology m Fig. 1, OBU 15
able to be comected with the neighbour RSU while using the
procedure like handover in cellular networks. The effective
time interval during RSU communication depends on power of
equipments, fading channel and vehicle velocity. The short
mterval due to high velocity causes a short timing for data
transmission or a low throughput. In addition, high velocity
also causes the characteristic of wireless link between RSU
and OBU more severe.

B.  ARIB Standard

Among commercial standards, ARIB STD-T75 is
successfully launched. It is established by the Association of
Radio Industries and Businesses (ARIB) [7] for the DSRC [8]
system in range of 5.8GHz band. This can be applied on the
mformation shower service m addition to the ETC system.
With this standard, two-way communication can be conducted
by a maximum transmission rate of 1Mbps for ASK
modulation type. 4Mbps for QPSK modulation type within a
service radms less than 10m. Table I shows DSRC
specifications for ITS communication between RSU and OBU.

TABLEI
DSRC SPECIFICATIONS ACCORDING TO ARIB STD-T75

Serviee Specification

Modulation type ASK,QPSK
Datarate 1(ASK)-4(QPSK) Mbps
Coverage range <10m.
Frequency band 5.8GHz
Bandwidth SMHz

Transmit Power <10mW {distance less than 10:m.)

C. SDR technology

SDR 1s the technology to decrease the complexity of radio
transmission system by using software for the radio signal
processing. The signal processing is done by using
microcomputer. SDR is a new technology to change hardware
problem to software problem. Components of a
communication system where implemented in hardware but for
SDR the components is implemented in software. Software is
the main core for this technology. It defines the transmitted
waveforms and all parameters of communication system
including  demodulation of the received waveforms. At
transmitter, before sending a signal through the air, it is
necessary to convert a digital signal to analog signal by using
DAC and then an analog signal goes straight to a transmitting
antenna. At receiver, the signal from receiving antenna is an
analog signal so it has to be converted back to be a digital
signal by using ADC.

IIT. MEASUREMENT SETUP

A, BQUIPMENT

Fig. 2 and Fig. 3 present a Transmitter and Receiver Block
Diagram respectively. USRP do all tasks but except a radio
frequency transmission which is done by RF Front End
module. Fig. 4 depicts the USRP (Universal Software Radio
Peripheral) hardware developed by Ettus Research LLC.
Inside the USRP, there are two main components to create a
radio communication system. The first component is a mother
board FPGA (Field Programming Gate Array). It 1s the mamn
component of USRP to control all components. The
responsibility of FPGA 15 to calculate and process signals at
transmitter and receiver. At transmitter, USRP includes a lugh
speed DAC 1n order to convert digital signal to analog signal.
At receiver, a high speed ADC has been installed to reverse
analog signal to digital signal before sending signals to FPGA.
The main idea of FPGA is the high-speed general purpose
operation, like digital up and down conversion. Decimation
and interpolation are done on it. The second component is a
daughter board. The duty of daughter board is to hold RF
interface.
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Fig 2 Transmitter Block Diagram

The complete set of USRP and daughter board equipment can
be easily connected with USB 2.0 through a host PC.

Inside a mother board, it contains an Altera Cyclone
EPICI12 Field Programmable Gate Array (FPGA) which has 4
ADCs and DACs. Each ADC running 1s 12 bits per sample
with 64 Msamples/sec and each DAC running is 14 bits per
sample with 128 Msamples/sec. This paper employs
XCVR2450 daughter board which responses to radio
frequency in dual band, 2.4 GHz and 5.9 Gllz. All components
are assembled in one USRP box using 3A 6V power supply.

B. MEASUREMENT SCENARIO

Measurement setup contains with transmitter or RSU and
receiver or OBU. The transmitter consists of USRP board
which contains mother board and XCVR 2450 daughter board.
Our software are developed and 1nstalled on mother board in
order to transmit ARIB STD-T75 signals over the air. At
receiver, all parameters are sct as similar to transmitter based
on the same standard. The authors carefully set all parameters
for both transmitter and receiver such as decimation rate,
interpolate rate, number of sample per symbols. Also the
signals are tested in laboratory before real measurements to
make a validation of using our software.

For OBU, the USRP 1s connected to a laptop while the
USRP of RSU is connected to a personal computer (PC). Both
laptop and PC were used to generate and collect data packets.
Daughter boards used for these experiments are XCVR2450 at
both OBU and RSU. The frequency in measurement is on
5.9GHz band. The authors use the scripts that are provided
from GNU Radio software package. These are benchmark
txpy and  benchmark mxpy in  /gnuradio/gnuradio-
example/digital/. USRP A set as RSU located beside the road
and USRP B set as OBU located on a roof of a car.
Experiments are conducted in an outdoor environment which
the maximum distance between RSU and OBU are 10 m
following the ARIB STD-T75 standard. Fig. 5 shows the
experimental scenario and Fig, 6 shows the photograph of this
scenario. In each measuring location, 10 times of data
collection are performed. The aim of these experiments is to
determine the relationship between packet error rate versus a
distance between RSU and OBU with QPSK modulation type.

Fig. 4 USRP and XCVR2450

Fig. 6 Photograph of Experimental scenario
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Fig. 7 Channel Power versus Distance

['V.RESULTS AND DISCUSSION

Fig. 7 presents a channel power versus a distance between
RSU and OBU. As seen in this figure, the channel power
ncreases when OBU 1s near RSU. For the distance over 6
meters, the receiving module cannot detect any signals. It 1s
below -70 dBm which is the minimum sensitivity of receiver.

Fig. § shows the relationship between packet error rate
versus a distance between RSU and OBU. When the OBU
moves near RSU, packet error rate decreases as a function of
distance. As similarly noticed in Fig 7, the receiver cannot
record any packets over 6 meters. It implies that the use of
practical SDR technology provides the capability less than a
specification of standard.

In addition, the authors try to formulate the relationship in
Fig. 8. The simple formula is shown below.

PER =-0.78x Distan ce’ + 19 x Distan ce+ 28

This formula is a guideline for designing a distance between
neighbor RSUs. For example, if the packet error is required at
80%, it means that the distance between neighbor RSUs is
about 6 meters.

V. CONCLUSION

This paper presents the experimental results of ARIB
STD-T75 standard by using SDR technology. The aim is to
Investigate on a coverage range or a distance between RSU
and OBU. Both channel power and packet error rate are
measured. The simple formula presenting a relationship
between packet error rate and distance between OBU and RSU
1 established. This can be used as a guideline for installing
multiple RSUs for ITS application. For the next work, the
authors will apply MIMO technique on this standard in order
to improve a system performance.
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Fig. § Packet Error Rate versus Distance
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