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Abstract

Intelligent Transportation System (ITS) is a famous technology which reduces new road
constructions. TS increases road safety. Telecommunication technology is a powerful tool for
data transmission along the road. Data transmission along the road equipped with Road Side Unit
(RSU) and On Board Unit (OBU). Virtual Traffic Light (VTL) is another system providing road safety
at intersection. VTL requires optimum antenna Half Power Beam Width (HPBW). Optimum antenna
HPBW introduces high performance of data dissemination between RSU and OBU. This work
presents VTL optimum antenna HPBW with SQP optimization method. Simulation and
experimental results introduce VTL with optimum antenna HPBW produces high performance

comparing to the conventional system.
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[ 1

a1geInIALUUiifAnIsuuiaseIn AkUURNULaUnsalt e I iidusvnaudeygin de

1t =

Tyl Ugaian1anng 9 vunnawen Weiansanagonakuuiienie auaudRusniid1ledme

MTIVYEVDIA1YDINFLALAIAINUNINAIAFUATINAIVBIAILDINA FIFILUTNIADILANULNYITD

Ml N1siRenangeINIANIANUNINEIAAURASINAMAU AElidns1veIevesaIeINIAgINIAIERINA

' [
a LY

NAUNINEIARUATINIAININ WBNIINLLAITNTNIVENBVBIENINATLINTY SedanasonmnIn

d = d' v Y]

VodyUnFUlA A mdyIA n1sFeasiunlede dwalinissudsdeyatuuunievie

g7 0]

drsuguninuziinnusiass gndes Tunsmeianunindipduiiangauigadmiussuula

5195L@510U ALBSUNITUIINAIATUTAT V18 UDIA18DINFELD U UAULTA
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gﬂﬁ 2.3 dulseneuvessyuulnasiasiaiiou [O. K Toneuz, 2011]

HandudnsvensvesasoniAgniiauelnewiden [6] Wethwssendldiussuulnesas
i@dou aunsaRasanlans (2.1) JauaninuduiugTendneensIveNgvesaIgeINA fArN1anIsiy

§1P3U LarAUNIN9dIPaUASINNS Taatnuneve1uA Tl un1suIAIAINNA9E A UNYin T

& (%

szuulnasasialiouinunindyginfngn Tumnetessuvidnnveisindengmandedouduns

9

(%
[ Y

Jumarnuniednduassidudrluluilaiduinguszasd s

e

UL AERMTUIUUFUNITUH
PAIULALAINUNINAIAFUATINFIVBIAIEDINIFLUSEUNU AZimuth WINTU 1H9991n588E5EnINg

¢ o Y] ca & e | o & A v o 1Y o A =
gunsalmudygraiugunialfneuninugdu Jsliinnudnduiagdesuiuanuninsdinaunss

3

AMadluszuu Elevation

-dye T

G (¢) _ 0.1x Gmax —12{ ¢_3dB

10 (2.1)

0;elsewhere

weanantuudIUadeiinsiiansandus laun anuivzsiluresdiuiueiunmusieguumuen

[%
a o

AN99 ANNTRVBIOUL AINATIRVBIVNNLEA TZITUNTENINEIUN MU AURMLAUINITARRIYUATAL

9

mudyera 1ned (2.2) Tauansnuduiiusszninendnesas 9 MAeates a1ddiudinane

[y %
Y

DHTIVYYUDIANYDINIANIIEU
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(¢) _ vehicle position probability
P ~ angle spread between beams(Ag)

1 road width

e Ag=2tan"
distance between RSU and OBU

[

o = % = % a sal o !
@G]i'WJEJ']EJLﬂaﬁﬂaﬂaqﬁﬂqﬂqﬂa’]uqiﬂﬁqlﬂﬂqﬂ (2.3) %ﬁﬂigﬂa‘Ulﬂ@j?JW']T]@JW]@TW?H AN 9

o

a@9aMandIny (2.1) kaz (2.2) Ingfnisdwasiuiraulafnuilardinansenunoons1v8181Ra 8994

[
v o

awone tawn anutiaziduvesiunuissunnus uunsentuY Jaaaglang (2.2) uenandds

=

fnfiwesidmarednsveneade fe A1AUNIBIEIRAUNddnaunaniuIINgUnTal 19ve

ludsgunsalfinenunmuzaaunisi (2.3)

4 2
Gzzi [ G(¢)p(¢)ds (2.3)
70

Tumimﬂ'ﬂL’wmzauﬁqmaqmmn”iﬁqémﬁuﬁaﬁwé’waqmsmmﬂ 2£19NTLUIUNITUIAN

'
v a

WangaunaaasnadesiuianduingUsveasd wag Tednianiiansan laefleiduingussasaniuansds

LYY

(2.4) uae (2.5) Fadunrsmageanvesdnsiadesenindyaraivdygiusuniu lnefidediinves

[y 3 1

Yeymawasanuanslilu (2.5) leeidmunesvanaesilsntduinguszashazsidunsmasnsaiudygyiu

q

3.

[ a A d' d‘ 1% [y ' (% o 4{' =% o o a @ a ¢ o
aazy,zy'lmiumumawqwqm ‘Vlﬁ@@]ﬂﬁ@\‘iﬂUﬂ’]ﬂ’Nllﬂ'J’]\‘iaWﬂﬁ‘m‘ﬁﬂﬂ?ﬁﬁ%ﬂ@ﬂLUU@MWWH@QWQﬂ%U

nOUIEaIARaunIsN (2.5)

227
f(¢—3dB):(ﬁj % ! G(¢)p(¢)d¢ (2.4)
Maximize f (¢—3d81'¢73d82 ..... ¢-3dBy )
(2.5)
Subject to

¢—3dB=27z (2.6)
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————————————— width
— i Distance to
b 4 buildings

Tall
Buildings

' (%
aa U

JUN 2.4 fregsszuulnasasalion WeaUnsaltameihmihnilusmudyanaifaasiaeeiniaid

ANUNTNAIARUMEANTIER

MnaunsiAdedluinediu annsauansanssaugvesnisuanasudeyaluszuulnasenaiioulsly
sULUURANg 9 Ut MAC Layer I¢f 917ty Sns1aanufinwainds (BER) & (2.7) Fadunisuszaoe
SnanuRananadadesiu esmnuinaiaulafnuilssogvinessviteummusdu wazrunmug
THrausiusnamaen ilirusweseunmus bifinasensznudonisuaniudsudeya Jals
asnsnUssnusssasianatnindeyald uenanduwdmnafiwesiiivrtodlduandilumssd
2.1 uay (2.8)(2.11) FeUszneusednauianainvesuininadoya (PER) &is (2.8) uazirandildlu
nsdedeya (Communication Delay) &4 (2.9) ilouanaSeuiiieussyinsssuulrianasiadounvuiind
Tasemeauuusoudalussuuifie ssuuliasasnadioufifinsldaeonauuuifienauuudaia

wagsruulasasalouninsldaeomaniamunanaunimvzauign

BERQPSK = %erfc {Jg] (2.7)

PER =1 (1-Ber)>N (2.8)

Delay Time= (Minimum Delay) (2.9)

1
1-PER
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ini = CWmin *Tslot
Minimum Delay = Tp *Touy + Toata * Toies * 7+ (f (2.10)
16+(8><N )+6 TSYM
ToATA = Tpreamble * TSIGNAL * “Daarae T 2 (2.11)

A19199 2.1 WA o neades

Symbol Parameter Values
N Packet Size 100-1000(Bytes)
Toot Slot time 9us
ToiEs DIFS time 34us
CW . CW Contention window size Minimum=15, Maximum=1,023
T Preamble transmission time 16,45
Topy Physical header transmission time 4s
THDATA MAC overhead 4s
THATA Data transmission time depend on 3 Mbps-27Mbps
system data rate
. Propagation delay Depend on the distance between
vehicles
ToyM Symbol interval 41x10° Y7
Toreamble PLCP preamble duration 59x10"7
TSIGNAL Duration of QPSK-OFDM symbol gx10-Y7

Pndesrfndafinaniundradu eudded (1] Winavessuulvasasaiion wiufiszuulndyy1aasnas
Uiy szuulweasiatioudsndn Uszneushegunsaliiddny 2 daw ldud gunsalirenns (Road Side
Unit: RSU) uag gunsaling1univug (On Board Unit) ﬁgﬂamﬁy’wuﬂimﬂéuaqmuwmuzﬁmﬂwﬁ'
ﬂizmamaﬁmL’;mmiLLammalWﬁmmwm%wiLL@quﬁ@mqﬂﬂW%Wﬂﬂé’qmuwmuzﬁmmmﬁmué’a
Tnggunsaiine 2 viin ordenaluladnisdoarsszeylng wiaruilaaiud 5.9 GHz vusasgw
IEEE802.11p (WAVE-DSRC) [2] si3desanamldinauenisifiudnsnsindeuiivessuniviugioniu

we At UTALULI AU 60% wiawSeutfisuniulnasiasseuulwaziansanlunsaifeun rnusiUSun
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110 uregslsfmudlofinnananinwiadeuwuuluiios wui ffngesounuen lvinsaedayayod
ngunsaltrameludgunsalfineruninuegnuats nansenudnailinisdsteyaaingunsaitia
milugsgunsaifreumrusiiaaufionainty suided 3] Sdldiauenisldmeennmauuudifianis
dsudludgmdangn lnserfeasuresaseinanuuiiiani [4-6] lfun iudnsversves
arvanalagn1sTuTnidanulugaiianisifesnts wanngauilvinlissozaseuagunisioans
serinseun s iuty Snidstheanuanssnuandya auninaen wasinwinaidondoianznis

doansszninaunsaldramnafivihmihnduimudygaiugunsaifineuninuz idesnisiie ity

a

AT [7] wanaileitusnsverevesaueIna wazeuddedl [8] waninsiansanaunieEndy
ﬂéﬂﬁ’]ﬁjﬂﬂzgﬂuﬂﬂ@@mﬂu 2 WUV AD 58UV Azimuth wagseunu Elevation Lﬁ@ﬂ?ﬂ’]ﬂi%&gﬂﬁ%ﬁUi%UU
YudIaaser Fslusuiseiidenfionsananizseuiu Azmuth iosann lflausnduiiaydesusu
lusgunu Elevation insizenunivugeglnanuiuaunsaldimie nuddeainanwansaiuduiusues
AUN3 AP AUAS IS wea s N ATIFUT LS TufUTiasesa paukas AL as S Ui umn ez
aq'ﬁs‘f%mﬁwmq wonntl AT [9-10] Wkansdan1sdinseiaussourvesstuy Kumne BER, PER
waz Communication Delay time a1nn5viUsnssmissanssy s liiuisanudideuesninuning
AAUAS I wesEYoIN AT dINaT NS SOUL YR ITEUVADaN A MSUsEuU Inasasatiou fatunisiden

o wa Y - = I = =
awemannuaudivsnvauivssuulianasalowindudssnuinuiiauladnulaganie nsinw

! '
= o w a

A1AUNTIEIARUATINMASTIINauTIan WiabiAnaussausasandessuulnasvsalou 1loewie M
AU I NAIARUATINAIALITINUNTIVEIBUDIANEDINIA AULTIVOIF I UNTULS wazdidnata
A1350ULlAYTINVRITTUVADAT UBNIINUULAINTTUIUNITAUM ANz auNgaiietasiudymiy
Aosantonanalily [11] waz [12] dadudnieseeilanilanvinlnanuddedininuiiauladne 1ileain
AU USULUABUNIS LB EDAAR DN UANINLINADUVYDINILENTANIITAN VN AAIUITODDNLUY
a v g v a a A Ao 2 v v P
wazLaantd@nea1nA NinUseansninnisdeansiaseszuulnasiasialioulaanmie 91nnN15ANEN
Usnssetassanssy delunuauwdveladausnis@nenlumtanainaniunt1aeu fatulasIN1sIdeIa

WaweMImAIANNINEIAa AT MdImMINEauRand msussuulvaTRsaiion
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1% ) ad A v
Iﬂiﬁﬁi']\‘ﬂla\iizUU‘V]uq LeuUaLa SNPYNNNYIVBY

uniin
Wevludmililunmsnanieiiugiumguiens q ifeates saudlugnismeiaruninee
AFUATINAMMIZaNNEA WAlANTTINNGIUALRaNAINaIeaINAaLNnd 1 ulUfian i

A99N1T AYNNSIIABINATLUUNULEUD

3.1 STUUVUAIDIRNIYLNUNITADAITIENINEIUNINUL

JYUUTUAIdIaTey wusgUkuuTeInisdeatseanilu 2 sUuuy [2] laun nsdeanssening

£ ]
v A1 v oA

gunuzAugUATaidiavng (V2) way nsdeansseninsetunvue (V2V) Tneauddeljadudiosiinm
famsvihnuvesmsdeansserinseunvuy warnssu-dedeyaangunsaiinamsludeeumvuy
sruvrndssaaiozondanaluladnisdoanssreylndlunisdedyain Tnefidmisfines s q 7
Hulunusnsgiudunionm IEEE802.11p fivinsiuuuguanad 5.9 GHz Tnsfinhsnuiiisitoet
szuvrudsaniegldfnasanovanuidimiunisearslusuuudandniiunndefunafiuiias

Jamurunvaaiulsnululsematy 19enns1en 3.1

a 9 v = = 1) ) | v a
M1919N 3.1 LL@‘Uﬂ'J']lIaIGZNTUGUENW]ﬂIUIaEJﬂ']55@3']358831ﬂﬁaWM3U33UUGUUﬁQEJ"\]QiEJ%

oA WINTFIU g1uAINA (GHz)
gl EN 12253 5.795-5.815
ITU-R ITU-R M.1453 5.725-5.875
Au ARIB T55 5.770-5.850
auidnwile ASTM 2213-02,03 5.850-5.925
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A1NIZT1U IEEE802.11p ‘i?‘hlﬂ']ﬂﬂ’]‘l/\l

UINIFIY IEEES02.11p FUNIEAIN NNUAAMENBULHIN 9 YBIN1TFRAITTENINIUNINUL AW

sULUUNSHEQEAdQIM ANNALENY ANIRTEINYERUNTAINNG 9 TAEITR AIRNTINN 3.2

A5199 3.2 W3O DFA19VRININTF Y IEEES02.11p

W1350103 Al
Frequency band 5.9 GHz
Modulation type BPSK QPSK

Data transmission rate 3-27 Mbps
Number of data subcarrier 52
Number of FFT length 64
Number of cyclic prefix 32
OFDM symbol duration 8 us

nssudeloyavesnisdaeanssvmineunvugademalulagnisaeassretlng lngldyaauves
wialulad OFDM NUABNaT0IN1T9WNMIVIE Y Y1l INF Y 1dnateid nsdearsdmsuszuy
udsdansvzlanmuatesdygialidmiunsidaululonaindunig ¢ Mneates Asn1599 3.3 lagh

wuUsraesdya udetinudnave ety Iatue d@unsaalanannis

f =5000+(5Xn) (3.1)

= A o %
We n, =0,1..,200 (Ao t@vUszA1v0dgyyIal)

o
WU Yosdyaeuil 172 dAudnans Ae £ =5000 + (5X172) = 5860( MHz)

1 o [ 1 a

ni1veIesdyyrudiniussuuvudadiasosnlduinsgiu IEEES02. 11pUsenauniy

a [

Yoedyay1aliuIn1sTIuIu 6 Yesdyann vse SCH way UYosdyauaiuan CCH Bn 1 Yosdayayin

wiazdosdaaiinnuniiaay 10 MHz laedfia1ang o Wulusuaisied 3.4



22

A1919% 3.3 ATNnanstemMuuavestesdygIaliuInTar AL

i uLaUAILA (GHzZ) Fosdyaauinis | Anuanans (MHz)
DLUINT LATLALIAN ITS-RS 172 5860
(5.850-5.925) 174 5870
175 5875
176 5880
178 5890
180 5900
181 5905
182 5910
184 5920
A151971 3.4 FosdynuuiazTes
fataudszan 172 174 176 178 180 182 184
Yasdayayrnd
DRIGN Service Service Service Control Service Service Service
YaadtyIn Channels | Channels | Channels | Channels | Channels | Channels | Channels
finasds (dBm) 33 33 33 44.8 23 23 40
A (GHz) 5.860 5.870 5.880 5.890 5.900 5.910 5.920

mMsdaassuthilvesdasdynruineandendioluil
g1euft 172: Public Safety V2V
iyﬂm‘ﬁl 174: Public Safety Private

mﬁmﬁ 176: Public Safety Private

iyﬂm‘ﬁl 180: Public Safety /Private

oy
ity
ity

Yoadnyey10di 178: Control Channel
ity
Toyeyeul 182: Public Safety /Private
ey

iy’lmﬁ 184: Public Safety/Intersections
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3.2 1US1nAaavaIN15aaaNssenIngeIUNINuY

NM3FeaITEnInEIUNINLETL sunImuzisazAuaslineusudayaiuluduiunay 9 Au

LSYNNISADAITTENINGYIUNINULLUUTIN VANET: Vehicular Ad-hoc Network tia#d21501 1 NS

v

Woule4vaRATEYINITADANTIENINNEIUNINUE NaywandnlunisaruaunIsiinlddesdyyupe
lUslnneauiin Funaluladnisdeasszeylnadiniiuaiunsalunisliuinsvalsdesdmya unyiiey

w¥ouqAuldiulunuaunnsgiu IEEE1609.4 Seu1msgu IEEES02.11 dudulilanunsarinle Tneiidu

[y

MUAMYBIMIEIU IEEES02.11p gnimualilivesdyqadilideuiuiumenuniestesdaymy i

10 MHz Yesdynaunarsfetesdaumuny videtesdyaiuvineiay 178 duiiivde Aevesdaynyim

usNslain Yesdtyaaviuneiay 172, 174, 176, 180, 182 uay 184
nalnftanunsaliuinisvanevesdyaiadmiunisdoasseeglndi3enin DMCC : DSRC Multi-

Channel Coordination fagukuunskendasdyyialunisiausiuiu lngi osduanniazYeNe

anursaldausmiuldlageinisnszurunisadutesdygimegrelsinuiduinsgruiininuali

)

1@ v

gunIalseafumsinnusniukuunatetesdyminle wafdalidedn Taluises n1susmsdanisady

Fosdryuvesnaunsaiay Inemnadudesdaaialisingine lenmdlunisvianisindedeaisves

2 A X v a o & v v o . P ) ) 1%
gvnus i Snviagagunsalunaznazaealnisd dume (synchronize) finsaiu Tneviiluuda

A

'
[ =

inlddyraaives GPS Wudyaralunisnisusudonsiididy aziu Tusuzfigngunsalia

e 3
|

guNIUEiINaIRnsiadeansivey tnglddosdyarnonfeniu gngunsaduazliaunsaidiunldausiuiy

Y

10 uwnazlddasdygradulunistoudeiu

OBU Antenna
(Roof, Front bumper and Back bumper)

OBU box

(Inside a vehicle)

5UN 3.1 yagunsalfingunviue
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3.3 YAQUNTAIANETUNIAUL

gngunsalvaszuvudssnsvzuialu 2 Ussiavlng o lawn yagunsaldnesmns (Road Side Unit:
RSU) uae gngunsalfineruniviug (On Board Unit: OBU) lunuddeilauladnwigunsalfineuniviuy
= =2 = ' = g v = Y o A
eldlunisfinuaussausvesssuumsdeansseniseunvuiloagenanldnuiainun i ndu
ASIMEIEBAARBIAUN1TRONWUY Ingyngunsaifineunnusnaslilufiienunivue wasiausonu
a1801n1A T30z duil dundsuunasm dusunii Aurunds wlounsarvguutneunue laenall
Heudniangainiealimuntenumnuznglugunivug

YngUnIaifneun Ly a1unsaieudeiudyayadiiiea Weveandiunisiied mnuga1niiulan
wagfirnenisindeuiivessrunviugls sUN 3.1 wansguuuuvetsgunsaifing1uninug

o O 1 X (XY = v A v o v <

MIUTUASARN 9 vesngUnsaltusgivinnsguiyldanudentd lnganunsadmuadnsuiilunig
detoya JULUUNTHBQIAR age1nAlY Mdanuds wagnsfiweseing o Neatesdaunsauiunsen
lein1uunsgIu IEEE802.11p dwmsutunigninynaunsaiiiidenldiluaeaussn Arada Systems 7
A3 IAUTNIINTARANTIENINUIMNULAUNINTT Y IEEEB02.11p 19 U7 3.2 lauansyngunsaln

TaRaRauueuNI UL

SAE J2735 CAN BUS
Support

ITSA

Y

BLUETOOTH DSRC CAN bus
; §A3Es COMPATIBLE 802.11p SUPPORT
3 E‘ / l * [5.9‘“ w
A Support
5.4 e =
a2.11p

31]17; 3.2 qugﬂﬂiifl LocoMate™ OBU
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ﬁmqﬂmﬂiaﬂ&memuzmmiaamé‘fﬂé’ﬁqﬁL’;mwé’qm Aeluguninue dnselusmien way

v a o

UInarhnsgluseevaseuniviue nuddeniiaueianinigluetunimug lnganansasudatoyaniy

o

1A5§1U IEEE802.11p AiAud 5.85-5.925 GHz yaguUnsalfsnanannsaidoudeiiiefudyy uifies
sryiuvtanazaugs o Uindiviinimaaeuld yagunsalmienduyalusunsuiigldsnmuaise
W lndfunondinduiildauldvuszuuuianisaund Tnegldsuaunsatnanssousves
szuvdoansls enfiau Usunasny (throughput) §ns1AuAaNaIAveLiinnatoya (PER) LazA1AIIY

Ws9ueIdgyeyIas (RSSI e dBm)

' v
fala

yaguUnsalnifafauugunuzIInseuduawemakuulalng argenianumieuduuuung

'
= A a

LANAIURUUTBUATUSTUIUAEY nswindtsueenlunniifnie Jelidaidemrsiiulanialunissu

(%
U @

Y] = I3 = Y ! ¢ = & A
doyrnunsnasn dnnsdadunisidenasnulasdarvsslov Fearnidonluuniidiuun annns

UINsImiassaunssunudn LuusuMsiEnaInuresaieeInanlduiusuudeaIssenine eunIue

1% '
Y = v

A2592IANUNINNANPAUASIN AN E AN A9UUIUII8TF9aUlaNaEANEIAINUNINAIRAUASIANSIN
WILNEEN F1USUNITERANTTENINEIUNNULTUTTUUIUAIDIRTEY LAYAIANIIIEUTTOULVDITEUUALA

FULBIAIAINUNINAIAAUATINSINALIZE UL AZEDAAR DN UADIUNIT LA L ANTNWINA DUNLAR YUY

auUU

3.4 USIANSWANIZReiANauRwiman
MITMUNUIRUNTUNINIzaeMmasauLiwin i ludnddgsanisnisfinwiwuuguns
LHNF1UYRIEI8RINA taeTLuuIUNTURNEINYesaganialag ludeudnaussaugnauiy

szezlng UM 3.3 waneusansunsnsEaeid I uawwivantiii
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auwszes lna

auunInszneszezlng

msuenfinszezlnd

]
—

JUN 3.3 UsaunsuinszRnemasuauLwiuan i

1%

& A = a s v o i o w ]
Huiwisesniedaseiegdousouatgonimvagninisurnszate M uasauLwdvantni
gnuieendu 3 vsnalaefiansanainssesmafidnaseniswasusuaesauuudvinlii lned

nuazdunsanaluil

3.4.1 USaaunsuaaiinszezIna (Reactive Near-field Region)
vinallaznluvinaieglndiaseyseuasoinauinign laesalivesusiuaunsueniinszeslng

o Yo o
EAMNUA LA UTZ

3
D
R =0.624]— (3.2)
1 A
Tnen R1 R SY8¥NNANYDINANIUSIMANILTEaLINA
D R PN N ANVDIE1DINA

o

o))

A 9 ANuEAAUY
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3.4.2 UStauauuuwsnsza1eseeelng (Radiating Near-field Region)

a & & a ! a = Y v A a 1
‘UiL’Jm‘H’fﬂ3LU‘L!‘U?L’Jiumﬁﬂﬂﬂ’]\ﬁ%ﬁ’l’]\‘lﬁ‘hrmiLL@ﬂWWi%HSiﬂﬁﬂUﬁﬂ?Ni%Hglﬂa nIBLIYNIN

Ushalsalua (Fresnel region) Tnasafivesusnauaunilazimualidaiussunu

3 2
D 2D
0.624 [ — <R —— (3.3)
A A
e R @e SELYLINAUNLLNINTEN8 ST NG
D A vwanlvgianvesaigeInie

A Ao AueeAU

3.4.3 Ustauauruszezlna (Far-field Region)

al

U3naillduusnfediuininatusngadneontuanuiiawnsaiua niauneasaazgnisendn

Y

v
= L%

ushanlsulawlas (Fraunhofer region) aeAusynauvesauuiiintuazidnwausiluaduusnanluigi
Finv9AUNANINISLAUNY (Transverse Electromagnetic Wave: TEM Wave) Milranunsadinnden

IievwuUFUNSWHnG Ui U weaeeInela 9 Neeansle lngauusseslnalzgnivualag

2
2D
R >2— (3.4)
2 A
1aen R2 R SYYYINNAUINLLNINTZANYTZELINA
D fo  vwnnlvgfigaveaisanie
A Ao A1ueeAUY
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3.5 WuugUNSUENA9U (Radiation Pattern) [22]

LUUFUNSUANG Y MisauuUIUNINSEANeAiuvetatseIna [Wun1suenamuandRlun s

MdsuvasagonAluglresnsinuieguvesilandunieadammans Faduilsiduvesiidndumni
(space coordinates) Tun1siansanuuugunsuinasuasssanseihluauusseylnatazuansusyves

flafifuresiiiniimmig (directional coordinate) WUUFUNIWANE 1 UVBIAIBDIN AT TALAT WG BN

learnanuiduvasauu (Field Intensity) Tuguaed |E(9,(p)| %39 |ﬁ(9,(p)|1maﬁmumiﬁ%fmﬁsum

(%

nsdnauNam Senuuuguilin wuuguuenudgeauy (Amplitude Field Pattern) n3ennvinn1sinuag

o w - 2 = - 2«:1'0) 1 = | =
nhomnNAANUUTeN |E((9(0)| ‘1/15977|H((9,(p)| suduvisedseanlulasangeinie Aazisen

£%
[

WUUgUHdn wuugunsusingee1u (Power Pattern) lun1suansiuugunIsUHNGUY0a1891N A
aunsawanalaviakuy 2 16 uay 3 15 Fduanuddedaulafnwinuusuniswindanulubuy 2 98 Adw
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-A214N31981AAUATINIAY (Half-power Beamwidth) fia Tuszuiunils q vesuuusue
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anainsanilaanngagean Fearddnldesurefsanunitwesdirdunddrainuiduanas 3 dB (3dB
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3.6 ANENINLINZINNANIG (Directivity)
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WINAY @UNSOLEnSARIANNTS
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ilo D(@,(p) fo anmmanzwfismsesaenelufiamadiiun
U(@,go) fo mnuduvesnsukadulufiamedidvun
v fo Audimesmsukaduedgeenluyniiamg
P Ao Mdanuiiusngzane

Ingean maizasfieneuudulinailiinie amgwanazanniviewindundayintu

3.7 9M51981898981891n1¢ (Antenna Gain)
ANDATIVLIYVBIEIYDINTA AD DANTIAIUVBIAIANUTUNITUENTLANYANFNY U MURANIANIAUA
TAAUAIAINUTUNTHNNTZANEAAI9UN A8 DINALASU amasnundeulifiuangeiniagnusnszaney

sonlUludnwazvedlalansaln arunsathu@euwduaunisls A

u(6.9)
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6(0.9)=4r (3.6)
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3.8 1A598519929UUINa0INIULEUD

MNNIANBIUINTIAThITns TN annsatinadiadulassairsvesszuuiiduaue lunis
pnuuUmINsdAdumIandmiulnaanadeulddagui 3. 6 Tassaiavesszuuiiiaue
Usenaudae RSU: Road Side Unit dsszuuiitiniauaifiunissiassuuy Tasfmusli RSU gnindsuiing
NANAUY S28¥n1eTENing RSU Augunsaliinsasus OBU: On Board Unit gnAviualvidenvindunn o

90 Tunsdsdeyaiinisusuudsrimisdimesiiduluniuuinsgiu IEEE802.11p WAVE-DSRC fAA

ANS519% 3.5

[
[
[
H Wr =14 m.
7~ N T
Lo G G ..
D OBU OoBU OoBU
I
I
I
gﬂﬁ 3.6 lassassvesszuuiithiane
A15197 3.5 MTwesiiieades
Service Specification
Modulation type BPSK
Data rate 27Mbps
Frequency band 5.85-5.925 GHz
Transmission power 23 dBm
RSU antenna radiation pattern Omni-directional
OBU antenna radiation pattern | Omni-directional and the proposed system
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3.8.1 NFIMUNANTNLINABUUUAUY

AN [17] ldeSuiefeszegssninsenunimusiuandaiu Tnsuvaduy 2 susuy

Lo wuulwdesdiagun 3.7 sveeiiesenigiuninug 3-5 lWAT anInN1535135ANTANIN Wag WUU

YUDY AIFUN 3.8 TrU21NTENINGUNIMUE 10 LWUAT ANINNITITIVTARBIN
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“ V‘
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= () =—(TB
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anuNTlaseeun Izl gnssedyyalilasias asliszgerinaseninegun e nlnauiu

SYELUNITEWINOIUNIMULAITUT 3.6 AuLagidurassunissunvuruuauudsiianiiue Tu
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3.8.2 NMIMIAIAMUNTINAIRAUATIMATIMIzANNgAd M SUsTUUIL YD

A1598NLUUANNNINEIARUATIN AW IUTINNS I uNadelUTuRan 19 liApIn1s FaRaNTaun

YRS

NAAAUNTUIUNIIPUNTIWEL A LAgaRnAaRINUlATIAS L UUIIa09U995sUUNLNLaUs LA nasY

Y

a

3.9 lnefisafeglnaniuenuiniignaziudeya uazdwoludsanegludwudalulunisseiiioriuna

eN

Aaa Y

sU# 3.9 MImAanunIEIAduUATINMaEmIUE AT UNANILAN 199

TUATILREATUNAS

PNAFUINTSAITIUNTTUMALITRY Srevesyrineenunviue D daade 5 wasilusvevUasnsie

LAZAINUNINNVDIOUU 7 LUAS LIDNINTUNRANILIDIITIAIAYINUY 31NNITNINTUIAIRINAIAINITONN

[

ANAUNINEIPAUTLINZaN AR (3.7) BaUsznaumenIsdnesnig ¢ fadl

A= tan‘l(O'SW')
D

Tnen A A9 ASINT9YIANAIUNINNAIPAUASINIAS

D AIUNINVBIOUY

D AD SLUYUITENINNYIUNIUL

(3.7)
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3.8.2.1 Anuniresdnduasiiauasnsiinesfuaussausiiendos

agoInAIuUUTUN SN useUflusEUIUAEY (Omni-directional antenna ) 013
gy dendanuluiiansilifons msldasornmefiiuuusumsusimdsaulufienisiigoanis Taeid
Auniedaduasaidafiungautiuannwindeunisldeu FadutideddyedieBalunisdum
iiolildraunirsdinauedsidsimungay WeRansandeszuuliasasaiiou sruwimuziieg
INATAMU Sre¥mNTENINEUNINUL AIUNUIYBIEIUNITLE AIIUNINTVBINUY ANAABNITNIAIAIY
nededuessidsiimnzauuazgmiluldlunsfiansanuuudiasmisadamans wieldlunismen

AUNINEIRAUTIALNTEL Z. Zhang (2008) wag F. Liu (2010) l9nanidenismiaiAi1unnea naud

ADAAADINUNITADAITIZUINYIUNINULE ANUNINNAIAAUATIN AILAY Fxililaszazn1sFeansien?

¥ [ '
= 1 v Y A I

Py Uil T AR UIUTIATEUARUNITADAT UONAINTLYLYNTENINEUINTULLALAIINNINVDIOUY ]
Wudadudrfsonisiarsanninuninedinauaseiiaaal O. Klemp (2010) uagK. Xu (2010) &4
lananie ons1venevesageIn1Adanunetesiua Nzt duaranvosiumiss UL UL U

V.L. Knoop (2012) naamIndanunineaaauaseiasiininzauavdanalinaunmuenisieuse

€

UINATY K. Mase (2008) Lansfaflanduveddnsnengvasaga1n1aduagiufiAN1ananvaauuy
sUNSUHNEIuvesEgeINAlUSiian9andednis J. Harri (2013) wansdasseevinaniiused@nsaan

g49an Effective Communication Range (ECR) 38 R, #eflanuiieliiiasiudnsianuiianainin

safe

Jayanignivualagu1nsgu IEEES02.11p uanantuua Ry, Swaunsavesleaiusseziiaineuns

safe

WU Ty TaAAILANT (3.8) uaz (3.9) szaztanasiy Ry, Wenliesiuanmiveseunimug(s) Jued

safe safe

Auauuslakoaias.

(5-36)°
Rsafe B (3.8)
100

Tsafe = e _ (39)
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ANNENTUSVRIN TS UdsTayaaInsakansmNduuSLAMY (3.10)
y=hx+n (3.10)
Toedl vy Ao dyaaiiniadu
h fe Pesdyauliaey
x o dyayaufiniads

sEauNdsuRasNsulsausanandlasa (3.11)

P =[x [hf +n]’ (3.11)

P (4h) = F:(¢r,¢t)Gt<¢,,¢I>Gr(¢r,¢t)[MiRj o 5.12)
_Rd)

y(4.4) = N(G..4) (3.13)

R0, 6 )G )| 7 |
N

(3.14)

(@) =

'
[y

‘ﬁl = U o ‘ﬂl L3 a
D Pr AR ITAUNAINIULRAY VDI EY1UNTU

[y

& U { 2 U U U .y 1
N fe seAudygusuniuede |n| . uagseiundsnuresdygufidenisne

FyeusuniuansamuInlain (3.13) wag (3.14)
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;:E{Pr(f\rl,ﬂ)}

A¢ =2-arctan [W r]
D

v

W . #9 ANNATNTOINUY

D D SYELUIITENINYIUNINUL

g Ao AIUSUTIEUBRTIVYILE18BINA

¢ AD AN ISVOIAE QYIUVL

BW e anuniiediniunsasigs

G(¢) fe HaduvesdnivenevesarwoInIe
G,(4,4) Ao MNTUIDIBHINVEIBVDIAIWDINIAAIAEN

G, (4 ,4,) Ao MNTUUDITNTIVLIBVIAEDINIANIATY

(% '
LYY [y a

AU BRTIVY1LLRALVBIEIYDINAFINTON AN (3.19)

(3.15)

(3.16)

(3.17)

(3.18)
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- 1 2
G, = j G, (#)p:(4)dg (3.19)

Transmltter

mLD - 4=0 7

\L_I__

\»% N\
\j
A
Receiver
L ;ﬂ .

o N
Dircé\él?ogn wij

< ff—— v

sU# 3.10 ANUAUNUGTENIN @ uay ¢
U

ﬁqwumiﬁ Pt (¢r’¢t) = Pt ’Gt (¢r ! ¢t) = Gt (¢t) bLEYS Gr (¢r ' ¢t) = Gr (¢r) ) ﬂ'}qmgﬂﬁu%%@ﬁ ¢r e ¢t

ausauanslame ¢ = ¢, — 7. asluszaundssnunsulausanlaain (3.20) uay (3.21)

P.(d.4) = P.(4,) = PG.(4)C. (¢)[ j|h| (520

P.(¢) = PG, (¢, ~ )G, (¢)[ j||2 (5.21)
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266 -6, 1) | —
g T

7= i (s ) o -5 @pwas

_ P 227
7=Ihl (4 R] [ G.(4)p(4)dg,

]

'
) A

foua Taenndesturwinveininateyaildlusyuvauds Jwandldsie (3.25) uaz (3.26)

1 V4
BER =—erfc| ,|=
BPSK 2 2

PER =1 (1— BER)*"

NRHE)

(3.22)

(3.23)

(3.24)

NITUNTLAUNA I UTDIFY YU TUNIUTUNUAY N UENINUULAITRTIAIANRAANAIATH
Joyauasdnsnnuianainvesininadoyaazgninuniansan 1nsgiu IEEE802.11p MnunsnsInig
Wiun1sfudedoya H.

Alturkostani (2015) nanfaauduiussenineensiianaindadeyaiudngiaauranainwinina

(3.25)

(3.26)
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3.8.2.2 MIMIANMIZANNFAVDIANUNINAINAUATINET

=

Jawmaimnssualugazudgminiianwuzidu non-linear optimization problem Taglu
wiaztlymn axUszneulufmeiulsmatesuls Welildnadndidaimnssudiaonndosiuaniunisaiass
faulalunismdmevresdayn Jynndadmnssuuvunatediuusiidy non-linear optimization
problem gnisdusieiiauly (constraint) Inefl constraint fana1agnutseenidu 2 sUnuy fun
equality constraint wa inequality constraint efinnsananuludaduwazliifududuvasiladdu
Foulutsdu wasfinnsananudu equality waz inequality anunsafmuaszdeuislunsmdineuves
M LIgaNigauesnunitdindunieiidalideaonadeatutyminuy multivariable
optimization problem and linear equality constraint Tun190 53 ug4 Jetledduouladedud
dnwauzilu inequality constraints 33Twmnngalunisuddamiléun Karush Kuhn Tucker Tunsudle
Yoy egslsfionu Wefinnaniatlymiidiaue wuin Jgwiiiiaveddneausdu Multi-variable and
Non-linear optimization problem with linear equality constraints FasuideuTsimuneanlunisudil

Yeynn Ao n15le fmincon

=

a = d' i o A ] su A & ' 9 o A
L@J@Wﬁ]qimqﬂQ{]ﬁquwauﬁLf\]WUT}ﬁﬂﬂsﬂuNQUVLSU‘UQWULﬂu‘W\Tﬂ%uﬂLﬂumai’]@Jmaﬁﬂ’]ﬂ’nmﬂ')’maqﬂau

'
=< o w

ASINAITWIDTIUAULAIFEADILAL 360 99AT AINUULLBUIAIAINUNINNAIAFUASINIEIULUTBULYN
TludlsiduingUszasd Tunillanvueilenduingussasare dnsnadevesdyaiudodyyiusuniud

ANUNEBIUdnIIvEnaRdETetaItaINIA AingUszasanfLlnunell Amaunieaindunis

[y

o a PN ! Y = £ ! [ ISP PN & o
Masmmanganigaazdmalilasnsnadevesdyginsadyayiusuniuliauinian (3.21) wansilendu

3mqﬂﬁzﬂﬂﬁ%mﬂﬁﬂmjﬂﬁa§ﬂu multivariable optimization and linear equality constrained D. E.

[V
Y

Kirk (2012) and H. P. Geering (2007) nanieseilesuidanlalsunazseiiouisainsesd nellssileu
Wnsanstumnzauiutdgyiuuund single equality constraint Matiioulvlusuidedusznousie
Hafdudnsvensvesange1nid swnavase unvue Autaviduvesiumisveseunrug Javia i

~ ax = = aa = WV 1 Y} A a
igLUUUUﬁ%WIﬁLUUULL@%?%LUSU?ﬁﬁWﬂi@Q"U ﬁ]QEJ\T‘lﬁJLVﬂJ']SﬁQJﬂU{jEQM'W]W"UWim']
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P. Venkatarama (2009) 1anan1es¢i08uis Sequential Quadratic Programming (SQP) 4
Lﬂuﬂiuujumﬂumiﬁﬂmquﬂ“am%aﬂ%a\ﬁ]mwﬂwwﬁﬂﬁm’] 'Jﬁﬂ’]i SQP Lﬂu’gﬁﬂﬁli ‘Ui a%%ﬂqwéﬁ\i

aonndesiuilsituinguszasduazteulafinlvua SQP 18WIEMs Aldszernalunsuszananamie

v A

o v Y  aa = v Yo a v = aa v ! v ° =« = o
LW@N@@QGU']\TG]U 25 SQP Gﬂﬂlﬂﬁ'Uﬂ']iLaE]ﬂIWLU‘NigLUEJU'JﬁIUﬂ'ﬁIGUV']ﬂ']ﬂ'J']Nﬂ'ﬂjﬂaqﬂau@iﬂﬂ’]aﬂm
= .:4' = v @ = ! Y o A =% o o ag v
winzauiian laedl (3.27)-(3.29) wansdeilaiduinguszasddsdosainiunineainauasemdantiien

[ [ -

nsdeysyeusiadyaIMTUNIUNINTAR

P— 227
f(Al,...,AM):Wt|h [ j jG (.)p(¢.)dg. (3.27)
Maximize: f(A,,...,27) (3.28)

M
Subject to: D A =27 (3.29)

3.9  WALANISIIVITINNAIIUNKEDBNAINE8aINALUAN19NdaIn1sine ldnlasiau
WU

Ao T @ Y a . . . A
argo1nanfiuuugunsuindsnuivuseudalussuIuingd (Omni-directional antenna) 8013

gy dendanulufiameilisenis Weiarsandsszuulnanasiailou In135u-dedeyaseninagunsal

Y

1 ¥
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Y

nszuuliasesiaiiouls delunisldaiseiniand wuugun suina UL UURNZTiav T dudin
ddfirslinismundanuainiasilddesnsludfianfidesnis e dannsiusimiassanssun
314 Corner Reflector Wusaziiow faguit 3.11 1Hunsvilindsnuiisesnisderulilulufianied
AeanTsAeRUntazA At U IvuE Ingldiasviounuuiy (reflectors) 2 ym NlWsEUIULAAE
o = o LY = = 2/ A a ! a wa ¥ A ) [ a
YavinyudsiuLaziuilonniilasiaieniseuie waslinuantanisldnuy ndudnvauzangdnuinuieg

AI9E19.9U Radar Alduiagyiou ieningidmvuny vsensldanunenudeaisinsauuay Wudu

Na‘mﬂﬂ’]ﬂ“ﬁ@nﬁ”WQULLUUQJN miwammmwlmummmw U
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A
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11N 9 VAN IIVENURNTY VUL TUUTTIINTEUIUANAT D9908141s d1mSuau (Plate) NHaun
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[y

dwsulalna ATeildenldmasviounuuyuidundiueaiioy Tuniujifvunavestossudadayayin

(Da) 9&ld5emine 1 AmnuenaAdRs 2 auenirdu (A < Da < 2\) euevesiiagviouiivingy 90° a8
Uszanal 2 ihvesszeginasewing gadeudngnaiuanenvess (L~ 25) dwiuysvesiagyioud
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WUuLsl



JUM 3.12 wanad1nnsdnedangg Tunisesnuuuvesimasiouluuyy

dnsudazviounsazdl vnfiszezrinaianuiniiuly 22 lRANAIUAILNIUNITHENAIU (Rr) Tgad

a

nareidumnusinuniunisayds (R vesszuuly wagdwnaliuseansnmuesaiseininanas dmsu

| a ° v a a1y A X a = o
S3E¥UNNYNILIN ) AviliszuuLin Lobe liAnsnsiiintudniuinung LLaz%qmuLaaamaﬂwmﬂums
1912NANIS TNTAWNRNITNAABILALNISEALYUIAR LTIV WUILRANTENURDANUNINAIAAY
WAZANINLIZAINANIILULINTN LAt DL AUATNLUUIALAZAIIUAIUNIUNITHENS I (Rr) NAANVD

v aa ~ v \ A ~ = ) P o o D W %
azvounivunniivaulsnaznineni Watlssuwisuiuvuialiivaun AMLEN (NdmMTULNUAIdE o
lngUnfindaggeusennad 1.2 f1 1.5 11U839a110819v88a1881n1A V19N eninasIneInuning

() Augadoudymin () TuNITUHNGIU SIFUNFIUITanaI9InUatugaludausiinaIungs

LUUTNRDYRsEg N ALUUIRIEIsTaslagldiagiauluuLNaInTauanslanig U 3.13

5UM 3.13 wuudnaesangoInAaLuuIzsfiandlagldiasyiauluuy
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NAN1ANABIUUUVBITZUUNUNLEUBLazNSNAdaUTUENINLINADNT S

a

AuniNaIrduTzand msunisasdeyavesszuulnasiasiadouusianennieg Wuds
drrgduegndddunmsdsdoyalviod eluresnsnasidens 91nnns@nyIUsnssaiassunssy @wisn

Amamesang q Afrdeaianldlunsiiasiwuussu Feuudasswesszuuwiadu wuudians

Vo953 UULI Ia1E9INANIAAIANNINEIAAUASINAITE A bR N S SUd Y unsasunnasulaRTY

WAY NISWARIANUNINEIPALTAMINEE S UTTUUlNes9sIaTlau

4.1 KUUTIABIVBITTUULIB L TA181NANLAAIAIIUNINNEIARUATINAIG I IMa LN 55 UFay sy eud

(3 g Y R
sasuAn1AsulanT

¢ 2
01 G _QP}
max A
G, (¢)=gx10 @.1)
0.5W )

A=tan‘1(' r 4.2)
D

WUUT1aRIMAdnransNlglunissnasanuuse (4.1) kag (4.2) 1un1susmnsivesvasalsainiad

F08UANIATY LD G, () LEARIDATIVEIEVDIALDINIANIATUNT BTN TIATUSN TNV 18VBIAI8BINA

(v I

n1A3U uenaniidedianuinaziduresiunussasudeguuauu (R, ) waziiniuniteisuesdinauds

Y

gniunldlunisaiawuudassvemAmanunERauNmINgaud UM sdIdayaUsIMELEN ALY
nvesaumdudnuisdadelunsinsanadsuuudiaemendinaans uenaniidslinslwesszey
NYANINANARLNIUTTDBUARLLINNIFBABEUTIIMELEN (D)

y=hx+n (4.3)

P, =[x [ +[nf (4.9)



P —

f (A, Ay) = —1|h[°

Maximize:

A15199 4.1 P15 19NSITLN DAL IUNITIAaD LU

[

/1 227
M—R) f G, (4,)p(4,)d4,

f(A 271)

1reeny

M
Subject to: ZAi =2r
i=1

Parameter Value
Carrier 5.9 GHz

Symbol duration 8 Us
Cyclic prefix 1.6 MUs
Ptx 23 dBm

Grx 3 dB

Gtx 3 dB

Payload size 200 bytes

Modulation

QPSK

(4.5)

(4.6)
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nsinaesszuulagly SQP TunisuiAirunIsarduinzanodun1sUsuRmInIane s
A9 9 FaRN5199 4.1 Taei1nueA1d1e 9 auN1asgIu IEEE802.11p ialulndiAusdunisnaaeulu
anmwindenats nstdeuianunivdrduasamduiiomeannnzaungaldlusunsy MATLAB 2018a

TUA1591899LUU NANTITTNADILUUNUIY AMUNTNAIAFUATIAIAILAT 70 93ANDlANSRII Y IUsD

Fryeyrausunaudlengsan dien 58.95 dB muilanduinguszasiuasSeulud (4.5) wag (4.6)

180 (-

BW=70
~— Omnidirectional

5UN 4.1 nansdnaeauuy

a4 o I @ = = v g Y & Yy A a
ilgvimsndenuuusUnsuindanuvesaigonmUssuiguiudulus 4.1 asnuledn Wed
nssunasunagdsluluiirnimlddenis wagsrunaeullgmianiendesnisinlidnsveneves

a180INAINAY NMTNTUYRISAT Ve Eag N AdHa RN YRS UlATAASUATY Aagy

1 4.2 1{388enaTEMI NN IMUEAUIANINAMENTIAININTY AIAILLTIVRIFYIMITLAIENAS
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'35 T T T T T T T T
o ¢ Omni-directional radiation pattern
N © Directional radiation pattern with HPBW consideration
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(Conventional) | (Proposed (Conventional) | (Proposed | (Conventional) | (Proposed

System) System) System)

10 -67 dBm -66 dBm 638 620 637 0.028213 0.001567
20 -71 dBm -70 dBm | 594 517 589 0.12963 0.008418
30 -73 dBm -71dBm | 570 398 435 0.301754 0.236842
40 -75 dBm -74 dBm | 580 349 397 0.398276 0.315517
50 -79 dBm =77 dBm 611 217 275 0.644845 0.549918
60 -86 dBm -85 dBm | 628 198 235 0.684713 0.625796
70 -88 dBm -86 dBm 627 116 165 0.814992 0.736842
80 -90 dBm -88 dBm | 615 91 102 0.852033 0.834146
90 -92 dBm -91 dBm 622 56 72 0.909968 0.884244

100 -93 dBm -92 dBm | 631 35 48 0.944532 0.92393
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Parameter 802.11P LTE-V 5GNRV2X
Subcarriers 156.25 kHz 15 kHz 60 kHz
Duration Symbol 8 Ms 66.7 HUs 16.7 Us
Cyclic prefix 1.6 Us 4.69 Us 1.17 MUs
Ptx 23 dBm
Grx 3dB
Gtx 3 dB
Noise figure 9 dB
Payload size 200 bytes
Modulation

QPSK
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PERFORMANCE ENHANCEMENT OF DSRC MESSAGE
DISSEMINATION IN AN URBAN AREA
INTERSECTION AREA

Settawit Poochaya

School of Telecommunication Engineering, Suranaree University of Technology,
Nakornratchasima, Thailand

Email: settawit@sut.ac.th

ABSTRACT

This paper presents the significant of antenna HPBW for DSRC (Dedicated Short Range Communication)
message transmission in urban area. Intersection Collision Warming (ICW) is established for the increasing of
traffic safety at intersection. Conventional ICW is equipped with an antenna having omni-directional pattern.
Signal power radiates in all directions. Then, signal power loss in undesired directions, Alss, signal quality in
terms of Receive Signal Strength Indicator (R351), Bit Ermor Rate (BER) and system reliability are decreased due
to such problems. An antenna having dircctional pattern has been proposed for the solution. Directional antenna
aggregates thc main beam to the desired directions. Then, the signal power inercases at a receiving side. However,
antenna half power beamwidth (HPBW) ig significant factor which affects o V2V (Vehicle w Vehicle
Communication) communication link performance. Also, this work presents the performance enhancement of
DSRC message dissemination at intersection area when concerning antenna half power beamwidth corresponding
to the vehicle position and road environments. The results indicate the improvement of DSRC message
dissemination at intersection area. R551 is increased due to the proposed system. Then, BER performance is better
than the conventional ICW system. Also, traffic safety is increased due to the consideration of antenna HPBW
according to vehicle position and road environments.

KEYWORDS: DSRC, Intersection Collision Warning, ITS, V2V, V2I.
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Abstract: Nowadays vehicular communication is a famous technology. This
technology increases the efficiency of vehicle and road safety. IEEE802.11p and
LTE-V are introduced for more vehicle safety. 3GPP defined a new technology
(5GNR V2X) for new service of communication between vehicles, in Thailand
is still not explicit in which technology is suitable. This work proposes a
comparison of V2V communication link performance in terms of PER and SNR
in various environments. Simulation processes are created according to
communication standards such as doppler shift, path delay and path gain. Our
results show that SGNR V2X is the most proper technology for the
communication link between vehicles in Thailand. SGNR V2X is the highest
performance according to PER.

Keywords: IEEE 802.11p, LTE-V, SGNRV2X, V2X.
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SGNR : The Suitable Communication Technology
for V2X in Thailand Vehicular Environment

1* Taweep Srichalee
School of Telecommunication Engineering
Suranaree University of Technology
Nakhon Ratchasima, Thailand
e-mail: m6113155@g.sut.ac.th

Abstract— Nowadays, vehicular communication is a
famous technology. This technology increases the
efficiency of vehicle and road safety. IEEE 802.11p and
LTE-V are introduced for more vehicle safety. 3GPP
defined a new technology (SGNR V2X) for new service
of communication between vehicles, in Thailand is still
not explicit in which technology is suitable. This work
proposes a comparison of vehicle to vehicle (V2V)
communication link performance in terms of Packet
Error Rate (PER) versus Signal to Noise Ratio (SNR)
and PER versus distance between vehicle in various
environments. Simulation processes are created
according to communication standards such as doppler
shift, path delay and path gain. Our results show that
SGNR V2X is proper technology for communication
link between vehicles in Thailand. SGNR V2X is the
highest performance according to PER values.

Keywords—IEEE 802.11p, LTE-V, SGNR V2X, PER

I. INTRODUCTION

Today, accidents on the road are a significant
problem. Meanwhile, World Health Organization
(WHO) reported statistics about 1.35 million people
per year are passed away from road fatality, and the
number of deceased is still increased continuously. In
Thailand 2019, 360,000 times of accidents affected to
peoples. As a result, 25,000 peoples lost their lives,
and has the highest number of deaths in Asia and is
the 9th in the world [1,2]. Consequently, this research
expects that V2X communication reduce the statistics
of accidents and deaths on the road[3].

IEEE 802.11p technology was introduced in 2010
with OFDM waveforms. In 2016, 3GPP introduced
LTE-V2X Rel .14 and in 2019 with SGNR V2X. LTE-
V2X and 5GNR were developed from the cellular
network. Vehicle to Everything (V2X) services are
separated by safety application and non-safety
application. The researcher also introduced two
technologies, IEEE 802.11p and LTE-V, which
require a latency of 100 milliseconds[4]. SGNR was
developed with latency of 1 ms. 3GPP introducing NR
(New Radio) for communication between vehicles,
called 5SGNR V2X. 5G Rel.16 was developed from the
3GPP Rel.14. [5]. SGNR V2X is expected to support
higher levels of 5G of New Radio (NR). V2X Rel.16
is presented for enhancing of mobile broadband
(eMBB), Ultrareliable low latency (URLLC), and
massive machine-type communications (mMTC)

This work present compares the differences
between 3 technologies, namely IEEE 802.11p, LTE-
V and 5GNR, by comparing the efficiency of

2™ Settawit Poochaya

School of Telecommunication Engineering
Suranaree University of Technology
Nakhon Ratchasima, Thailand
e-mail: settawit@sut.ac.th

connected vehicles using SNR versus PER and PER
versus distance for all three technologies three
different situations. Finally, suitable for
communication between vehicles in Thailand has been
indicated.

II. TECHNOLOGY COMMUNICATION

A. IEEE 802.11p

The IEEE 802.11p standard was introduced in
2010, called DSRC (Dedicated Short Range
Communications). The United States provided wave
in 1999, the FCC (US Federal Communication
Commission). The DSRC (short-range
communication) IEEE 802.11p waveform has been
developed from the standard IEEE 802.11a. IEEE
802.11p is improved from IEEE 802.11a standard.
Communication services are operated in 5.850-5.925
GHz band which included 10 and 20 MHz
bandwidth. Communication channels are divided into
7 channels [6] as shown in Fig. 1. OFDM
(Orthogonal Frequency Division Multiplexing) is
used in the PHY layer. IEEE 802.11p is managed to
transmit as CSMA/CA and the MAC layer uses the
IEEE 1609 standard [7], as in Fig. 2.

vl .
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Fig. 1. IEEE 802.11p channels
Application HTTP | 16081
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Mo: 802.11p [0 |
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Fig. 2. IEEE 802.11p framework

B. LTE-V

3GPP developed the functionality of D2D
(device-to-device) able to communicate directly in
Release 12. However, what exciting things about
connected vehicles is introduce the unique features of
3GPP for V2V (vehicle-to-vehicle) communication.
3GPP applied C-V2X (Cellular-V2X) as a cellular
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connection and improving for V2X communication.
The C-V2X divided the communication into two
types 1. Communication between vehicle and
network (V2N) in which the vehicle connects to the
base station called the communication as Uu. 2.
Communication between vehicle to vehicle. This
communication does not require a telephone network
base station, which can be directly connected in a low
latency value and more reliability called
communication PC5 [8] as shown in Fig. 3. The
difference between IEEE 802.11p and LTE-V is SC-
OFDM with symbol duration of IEEE 802.11p is 10
times less than the symbol duration of LTE-V, and
LTE-V is Turbo encoder. The number of RBs
(resource blocks) depends on the size of data and
selection of MCS (Modulation and Coding Schemes)
[9]. 1 sub-frame consists of 14 OFDM symbols.
Supporting modulation since QPSK to 64 QAM at 10
or 20 MHz, peak rate is 41.472 Mbps.[10]. In
addition, LTE-V also has using demodulation
reference signal (DMRS) to control data transmission
helps the receiver estimate the channel response
appropriately. In 1 sub-frame of LTE-V PC5 have 4
DMRS symbols [13].

Base Station

®

sidelink
PG5 Interface

Fig. 3. LTE-V and SGNR V2X interface

C. 5SGNRV2X

5GNR V2X 3GPP was first proposed in Rel.15
and has been developed to certified for new
applications in Rel.16. 5GNR supports OFMD
waveforms for high-data applications. 3GPP has
proposed a new standard in terms of 5G Release 16
with addition of other new techniques for system
optimization with better communication, especially to
make a low latency would be more attractive. SGNR
technology can support to using of MIMO antenna
technology to increase capacity and coverage. SGNR
consists of two frequency ranges: sub 6 GHz (FRI:
450 MHz - 7.125 GHz) and millimeter wave (FR2:
24.25 GHz - 52.6 GHz). [11] The physical layer is
designed for more reliable communication systems,
especially in low latency, by 5GNR is a technology
suitable for automated vehicles, also supports
advanced coding LDPC for data channels and cyclic
redundancy checking (CRC). Using Polar code to
assist in channel control of the SGNR is flexible and
able to support more users. The most important to
designing SGNR technology is having its own
subframe. Another essential improvement is frame
structure. In SGNR subframes are divided into 2 slots,
each slot consists of 14 OFDM symbols different

(Full Manuscript)

from LTE. By the lowest TTI equal to one subframe
for reducing latency. SGNR has a mini-slot to send
data using the OFDM symbols, only 2, 4 or 7
[4,12,13].This article, using NR-V2X sub-6GHz
MCS?7 to modulate QPSK with a 10 MHz bandwidth.
Table I. shows the comparison of three technology
and Fig. 4. show of timeline vehicle communication.
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Fig. 4. 3GPP Timeline SGNR development

TABLEL COMPARATIVE OF TECHNOLOGY
Feature IEEE 802.11p LTE-V Rel-14 5GNR Rel-16
Published 2010 2016 2019
A S h
on
. 10,20.40,60.80.
o ) ,20,40,60.80,
Channel size 10,20 MHz 10,20 MHz 100 MHz
gt cl‘mnnel Convolution Turbo LDPC
coding
. 2 SC-FDMA and
‘Waveform OFDM CP-OFDM OFDMA
Semi persistent Semi persistent
Radio CSMA/CA transmission t.ransunsslon
resources with frequency with frequency
domain domain
Latency 100 ms. 50 ms 1ms
bitrate 3-27 Mbps ~41 Mbps PC5 ~60 Mbps
~ 1000 meters ~2000 meters
Coverage direct mode and | direct mode and
distance FI00 g very large with very large with
cellular cellular
MIMO N Supportup to 2 Support up to 8
suy e Tx/Rx antenna Tx/Rx antenna
Modulation B Up to 256
T Upto64QAM | Upto 64 QAM QAM
Up to relative - < y
. AR
High mobility kmht with o 5 Voilhe a5
support advanced i il
s requirement requirement
implement i s

III. SCENARIOS AND CHANNEL MODELS

A. Rural LOS

This scenario of two vehicles with open
environmental areas, without buildings and fences.

B. Urban Approaching LOS

On the urban street is approaching each other of
two vehicles in this scenario, has high reflections and
multi-path fading due to a lot of buildings, traffic
light, and crowded vehicles.

C. Highway LOS

Communicating of two vehicles following each
other in a multilane with high density traffic, signs,
hillsides, and overpasses. Doppler shift is higher
when compared between Rural LOS and Urban
Approaching LOS.
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Rural LOS

Fig. 5. Description of scenarios

TABLEIL V2V CHANNEL MODELS
Scenario Path Delays (n5) Path Gains (dB) | Doppler Shift (Hz)
Rural LOS [0, 83, 183] [0,-14,-17] [0, 492, -295]
Urban Approaching
[0, 117,183, 333] [0,-8,-10,-15] [0,236,-157,492]
LOS
Highway LOS [0, 100, 167, 500] [0, -10, -15,-20] [0, 689, -492, 836]

In table II. presents V2V Channel models for
different scenarios Delay, Gains, and Doppler shift.
In each scenario indicates an environmental [14,15]

area as according to Fig. 5.
TABLENI  SIMULATION PARAMETERS
Parameter IEEES02.11P LTE-V SGNRV2X
Carner 156.25 kHz 15 kHz 60 kHz
Symbol duration Sus 66.7 ps 16.7 ps
Cyelic prefix 1.6 s 4.69 s 117 ps
Ptx 23 dBm
Gmx 3dB
Gix 3dB
Path loss at lm 5.9 GHz 47.86 dB
Noise Figure 9dB
Loss exponent 275
Payload size 200 bytes
Modulation QPSK

The simulation result is generated corresponding
to table III. Simulation parameters presented as Ptx =
23 dBm, Grx and Gtx = 3dB, QPSK modulation
mode. A payload size of 200 bytes can be obtainable
value for safety messages.[16] Receiver path loss at 1
meter is equal to 47.86 dB. Carrier, Symbol Duration,
and Cyclic Prefix are different in each technology.
The simulation and comparison between PER and
distance are using the Friis equation to simulate the
result for finding the distance from the equation [17].
LTE-V used 1800 MHz bands and SGNR used 2600

MHz bands according to the NBTC auction in
Thailand.

IV. RESULTS AND DISCUSSIONS

Comparision of three standard Rural
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Fig. 6. Comparison of three standard Rural LOS
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Fig. 10. PER versus between vehicle in Urban Environment




65

2021 International Electrical Engineering Congress (iIEECON2021)

March 10-12, 2021, Pattaya, THAILAND

PER/Distance Highway

La . P — V-
200 40 600 B0 1000 1200 1400 1600 1800 2000
O (ditanc n Meter)

Fig. 11. PER versus between vehicle in Highway Environment

The simulation results as in Fig. 6-8 compare the
efficiency of connected vehicles using the PER / SNR
and consider from V2V channel model as shown in
Tables II. Shows that the SGNR standard has the
lowest PER, followed LTE-V, and IEEE 802.11P has
the highest PER. In a scenario where the lowest PER
is the Rural area LOS. Next, the areas in Urban
Approaching LOS and Highway LOS were higher
respectively. In the range of SNR of -5 to 5 dB, each
technology has a very high PER. Focusing on SNR =
15 dB, in rural SGNR scenario PER that having better
than LTE-V on 45.30% and better than IEEE 802.11p
on 81.56%. In the urban SGNR scenario, PER is
better than LTE-V on 34.69% and better than IEEE
802.11p on 70.33%. Highway 5GNR scenario PER
has better than LTE-V on 15.67% and better than
IEEE 802.11p on 58.81%. Representing that SGNR-
V2X is the best technology based on PER
consideration. Next is LTE-V because SGNR has an
LDPC encoder, LTE-V has a Turbo encoder and
different DMRS numbers. Therefore, SGNR is the
most appropriate communication technology between
vehicles with the best performance and lowest PER

Fig. 9-11 presents the comparisons between PER
and distance between vehicle. The results show that
IEEE 802.11p technology has the lowest efficiency
and the shortest communication. Focusing at 800
meters PER almost equal to 1 in every situation.
Compare between 5GNR and LTE-V, can be seen
that LTE-V has a longer communication range than
SGNR because SGNR uses a wave at a higher band
than LTE-V according to the NBTC auction in
Thailand. However, SGNR referring to basic safety
message (BSM) transmission, SGNR still performs
better because it has the lowest latency.

V. CONCLUSION

This work is a comparison of three different
vehicle communication standards and three different
scenarios. The efficacy of PER versus SNR has
already been checked. Results of the research indicate
that SGNR is a suitable technology for V2X in
Thailand, but compared to PER versus distance
between vehicle, LTE-V technology has the longest
communication range. However, SGNR is still a
suitable technology. Especially, Low latency and high

(Full Manuscript)

reliability will increase the safety of the vehicle due to
the fast warning of an alarm message (basic safety
message). Moreover, this paper recommends suitable
communication technology for vehicle
communication in Thailand. Therefore, SGNR is the
most attractive technology based on simulation
results.
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