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matinmsdeas 13moniolusiuwinuziivaiwunsgiu [7] 017 “IEEE 802.15.1-

3
Bluetooth” 10z “IEEE 802.15.4 — ZigBee, low data rate™/Souiougaaniians 3u1asgi a9
naasluaisnan 2.1

Bluetooth ZigBee uwB
Range (Nom) 10 meters 10 meters < 10 meters
Chip Price $5 $2 <$1
Data Rate Medium Low High
Throughput Medium Low High
Interference Good Good Excellent
Media Voice/Data Data Video/Radar
SIG Consortium Alliance Forum
Main Layers 5 5 Evolving
Data Payload 2,744 104 Evolving
Power Req. Low Very-Low Ultra-Low
Tx Power 1 mwW <1 mW 200 uw
Security Good Good Excellence
Installed Base Very Large Small Small
Tx Penetration Good Good Excellence
Spec Stability Excellent Good Evolving
Mode FHSS DSSS DS, MBOA
Frequency 2.4 GHz 0.8,0.9,2.4 GHz 3.1-10.6 GHz
Channels 23 or 79 1,10 0r 16 Evolving
Error Correct 8-bit, 16-bit 16 CRC Evolving
Topology Star Star, Mesh Peer-to-Peer
No. of Nodes 7, or more 65534 Evolving
Link BW 1 MHz 20-250 KHz 120 MHz - 1 GHz

M319n 2.1 MmsnfFouiounuauiiAves Bluetooth, ZigBee, UWB [7]
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3.3 Tlslaneafililumsdhdesnaslumsdadorya

(IEEE 802.11 Distributed Coordination Function: IEEE 802.11 DCF)
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Elimination slots of
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(a). IF COLLISION OCCURS AMONG CTB, a NEW RTB is SENT

(b). IF CTB is RECEIVED CORRECTLY, DATA is SENT
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4.2.2 D3¥UIUNT Provoked Broadcast
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4.4.4 wuudavamsmauveslilslanea RAP-IVC
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TP=14+a+f §5.7)
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1. A58 LOS : 137150197 Rice factor 910

(5.41)
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E[n, (6)] uoz En, ()] sty wsoni1dsuiindossues 14
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Taoit s() fio dyauidumsueqian PSK

s(t) = i glt-iT)e” (5.45)



39

sy madnnamsinnmhenduiiszAanaianiedaydnyalsymbol error

probability) #linsuegianilszian PSK 1ssmaarldan

=b.

lay

ay

=) ' o o d' g ] ng
P fo mmasnunldlumsdeananua (w)
D fie ddsnuaziouunsndeanio (w)

N A9 MAsumas voadyaumssunIuauume (w)

(5.46)

(5.47)

-~ as 1 1 o n’: T o = v A o o
K A9 on1aIussnINdyanaianun de dyanaiuninszeie wie lsdianes

dmivluundeh) sziauonamsfnyndedaay idedssgndldaunmsdoas

sendnorunivuz laold1ds Tanoa CSMA/CA

o " a o Yo
N voadeyg e lsd molddiuou

o a o a & =4
U1HW'1HH$LL’E18§J1N’JHgﬂ"ﬂﬂ']tl(lu'izﬂﬂ ﬁaaﬂfnuﬁmiwmsm‘mmuwﬂuﬂumwnmmﬁ"w

Tasligasmssiuim Ao

Send = SCSMA!CA (1 - Pe)L

(5.48)



UNN 6

2 d a  w
NANIIAUAISHILIVINUAY

\J o
6.1 naN
Vv
Tuuntazdwauenamsfnaddtavvesmidoamise (Throughput) tiag A10ow
o Y o ° o 14 =1 =Y
woilnan  aolddulsdaueuwimue uazswaudonluszyy Tavagnswoian
1 o oy 1 1 3
WansgnuNyeIdya i lsdaie Tnvezutisesndy 3 dau'ldun
1. Adeanse 7 eevies Tnana meld S1uausuminus (M) 1ag 91uIUTon
N) Tussuu
1 a w v o Y o o
2. AMavannie woz moories Inaa n1wld Suaneuwinug M) uay $1u9u
§ a o '
gaw (N) 1D WNTWaNsENY ssunames (K)

U= 1 " 3 o °
3. ANTUTUT0 Loy ﬂ1®€)ﬂlﬂﬂﬁiﬂﬁﬂ ﬂ'IUtIGl VTUIUOIUWIYUSE (M) Uag 91U
o

: - = 3
g (N) o Ansawanszny lsdunmmes () wagsmudalumiwmiang (L)

6.2 InnzransIoUzvesszuuiiel s Tnneanuy CSMA/CA

b ]
TusuilszuaaamamsannamanssouzvosTas Tanoa CSMA/CA iieszgndry

v
A w oA

msdemsiangon Tavwminidimesaneg 714 figai
®  MIMINTTNUMUIIMN (Propagation delay: a) = 0,01
o mmmminzduiivmmuzezduiinnasenl (p)=3a
* rwerimesTvan (G) = gM /a
® Swmnuwmuzluszuy (M) = 20,50, 90 LA 160
® a5y DIFS () = 2a
o FunmilFlumsdauminng (1) = 1+a
® waswvesrnnmganelunsdadoyaiugaauinimiag DIFS TP = 1+a+f

® AR lsmnAmes R 1UIM9IN K = 2P/D



61

a da o
6.3 HANIIAAIZHIFINUAY

6 3.1. Adapanse M eenimlesInan Mmeld S11ueIuWITIUS (M) ez 1IUon (N)

0.7
0.6 -
~ 0.5
wvi
= 0.4
B
=
[-11]
303 -
Q
15
=
= 0.2
——M =20 M =50
0.1
—~M =90 =M = 160
0 <3

0 5 10 15 20 25 30 35 40 45 50
G ( Offered Load / Control slot)

0 6.1 anmduiusszndnmideannsa ) unzeormes Tnan G) o N = 1

Tunsdidiosmaudonmidu 1 illoorummuzlussuniisiuay 20,50,90,1609 111

Advamnsogaganiiniy 0.626, 0.621, 0.62, 0.619 figaeewives Tnan 20, 24, 29, 39 audisy

0.7
-—M = 20 M= 50
0.6 -
——M=90 -®M=160
~ 0.5 e
W
o
= 044
-9
=
']
3 0.3 -
Q
B
=
02+
0.1 -
0 L} L] L) Ll L] L) L L) L]
0 5 10 15 20 25 30 35 40 45 50

G ( Offered Load / Control slot )

3 62 mwdniusszniuaiiduannsa s) uazeorines nan (G) o N = 2

]
A

Tunsaiiiaswaudamii 2 dioommmus sz uuis o 20,50,90,160 v 111a1

dvanNIgagAIIAL 0.623, 0.622, 0.621, 0.621 nyneories Tnaa 10, 12, 15, 19 MUdIFY



et
N}

s = o
S th (=%

Throughput (S)
=
w

=]
~
—...:.-____-..__‘;__

o
=

> o ©

——M=20

—+—M=90 -=M=160

—=M =50

10

20 25 30
G ( Offered Load / Control slot)

35

40

45

50

i 6.3 anuduiutszninmidoainse (s) uazeerives Tnan (G) o N = 3

62

lunsalidiosmaudomnmiio 3 Wesmumwimuz sz uuiisuou 20,50,90,160 2z 1A

ITLNWITOGIGANINY 0.577, 0.576, 0.576, 0.576 nyavevlivles Tnan 7,9, 11, 14 wddy

0.6
—+—M=20 -®M=50
el
0.5 | o
=+~M=90 -®=-M=160
w04 -
=
=%
= 03
-]
=
e /I
= 0.2
14
0.1 1
0 5 10 15 20 25 30 35 40 45 50

G ( Offered Load / Control slot )

g 6.4 anmduiusszninaidoannse ) uazeerined Tnan (G) e N = 4

lunsaliflesaudomvindy 4 Woomummuzluszuuis oy 20,50,90,160 9z 1A

AdemunsogagamiiAy 0.573, 0.535, 0.535, 0.535 nyavevines Tnan 6,7,9, 12 mudiy



63

0.6

—+—M=20 -®-M=50
0.5 -

—+~M=90 -®#-M=160

Throughput (S)
e =
w =

=
N

0.1 4

0 5 10 15 20 25 30 35 40 45 50
G ( Offered Load / Control slot)

s 65 amuduiusszniumidoamnsn ) uazeerivles Tuan (G) o N = 5

Tunsdidietmmdewmisu 5 Wesuwimuzluszuuisiuay 20,50,90,160 92 1

o

Aduenusngegamiiiy 0.503, 0.502, 0.502, 0.502 nyaveies Ivan 5,7, 8, 11 sudigy

0.5

—+—M=20 -=-M=50

0.45 -

S
S

+—M=90 -®=M=160

=
w
th

s
W

0.25 -

e
%

Throughput (S)

=)
-
th

0 5 10 15 20 25 30 35 40 45 50
G ( Offered Load / Control slot )

Ji 6.6 anwduiusszn A ddoaunsa (S) uazeeniesInan (G) o N=7

Tunsdidiodaudoniiy 7 desmmmuzluszuufisiiam 20,50.90,160 92188

VB0 gagaIiIAY 0.453, 0.453, 0.453, 0.453 Nynoorivos lvan 4,5, 6,9 audisy



64

0.45

0.4 4

——M=20 -®M=50
*—M=90 -®=M=160

0.35 4

0.3 4

0.25 4

0.2 4

0.15 1

Throughput (§)

0.1 4

0.05 +

0 L] L] T L) L L] L] L} L]
0 5 10 15 20 25 30 35 40 45 50
G ( Offered Load/ Control slot)

3N 6.7 anuduRusssnemidoannsa (S) uazooninesInan (G)WaN=9

Tunsdidfosmaugoningy o Wesummugluszuuiisiuouy 20,50,90,160 92 1¥e

MYANTOGIGAIAY 0.42, 0.419, 0.419, 0.419 nyneonives Inan 4,5,6,7 mudisuy

¥

woe3l 9131 6.1- 6.7 agwun

q

v
= oA

° dallnuwimuzeglussuumnnilng asiailimoevines Tnaafildaidoauise

&2
YA WINVUNIU

U

D-

¥
= Y1 aw

1 L] [ J 1 1 A o r
® Uqummamummu%w (N) mmmum"lm ECARI R YIUITOTINUDIN

3 & o w
TSUUARATDININYU A1U[IRD

] Y1 aw

A. = T o E? L] T q. o 1 4
° falimsaarusaudon (N) mavum us szt ldmeenimes naniildasde

MUTOYIGAAA A AR



65

6.3.2 MM3nHIN Hu eevlivlesTnan meld s1uden V) luszuw

120

100 1
-
[
- 804
o
=
o
v
N 604
=
E
|5
o 404
4
20 4
0 T T T T
0 5 10 15 20 25

G ( Offered Load / Control slot )

{ v w o ' 1 1 1 o
3 6.8 anuduiusszninmmsmizinm uazaeovivles Tnaa nold $1uauden Tu

FUU (N)

Foa31 1031 6.8 vy
A LR o (43 A d‘y a a 1 1 g o o A A
°®  Fadarusmaugen (N) i niuzdadeawramiianniiu amudwy Tauileds
a " a 2 o q9 A ) A 4
riureevives Inaatann azgaildmsmvmmsmirnauiuduuudng

Twiuuioa


CLP13
Textbox


66

6.3.3 MIaeannse uaz meevioslnan meld S11ueIuITLY (M) tag 1IUToN
(N) tile Norsanmansznylsduramed ()

Aado o 'ow
ATUNVIUINTDN IN1AY 1

0.7

e =S = e
W 'S n =N

Throughput (S)

L
1%

——=M=20 == M=50

——M=90 —==NM=160

0 5 10 15 20 25 30 35 40 45 50
G ( Offered Load / Control slot )

4 6.9 mwdiugsznhemidoamnsa (s) uazesvirle Tnan () iile K = 10

Y aaw

Wonmmwnue luszuuiidnay 20,50,90,160 wliiideannsogagamii 0.626

0.621,0.62, 0.619 fiynvenies nan 20, 24, 29, 39 AU

0.7

e = S e
w FS th o
. .

Throughput (S

e
¥

0 5 10 15 20 25 30 3s 40 45 50
G ( Offered Load / Control slot )
1 @ W ] =N o 4
Ui 6.10 anuduitussenhaaidomnse ) unzeerlie s Tnan (G) o k = 1
Woeuwmug luszuui$ i 20,50,90,160 wiimideannsogegamii 0.619,

0.616,0.616, 0.616 Nyavevives lnan 20,24, 29, 39 mud1Ry



67

e
=N

=
th

=
=

Throughput (S)
=) o
N w

0.1 -

—+—M=20 -B-M=50 —+M=90 -m-M=160

0 5 10 15 20 25 30 35 40 45 50
G ( Offered Load / Control slot )

30 6.11 Anuduiugsenhemiddoaunse S) wazesrlivles Tuan (G) e K = 20

Vi a

iommug Tuszuufiiau 20,50,90,160 a2 A Adua s agegamiiy 0.5,

0.55,0.55,0.55 fiypeeines nan 20, 24, 29, 39 MudIY

0.35

0.3 -

0.25 1

Throughput (S)

=—M=20 —8-M=50

—&—M=90 === M=160

0 5 10 15 20 25 30 35 40 45 50
G ( Offered Load / Control slot)

i 6.12 mwduiussenhamiduannso (s) uazeavivles Tnan (G) tilo K = 30

domuwimug luszuuiidinay 20,50,90,160 12 19a13 TUeNU1s0gagaIIAY 0.317,

0.312, 0.322, 0.326 Nynoonives Tnan 20, 24, 29, 39 My



68
Ao [ '
ATUNIUIUIDONW NNV 9

0.45

g
=

——NM=20 —-M=50

-
W
th

—— M=90 - M=160 |

=
W

0.25 -

bt M

(=]
=]

Througkput(S§)

=
—

=
=)
o

<

0 5 10 15 20 25 30 35 40 45 50
G (Offered Load / Control slot )

Wi 613 anuduiusszniaiidoainse () wazeories Tnan (G) e K = 10

Y

diovmuwimug lusguuiisiuau 20,50,90,160 v 1¥m3 T0e130gIgaIAY 0.361

0.38, 0.392, 0.407 Nyaveves Inan 4,5, 6,9 Ay

0.45

—+—M=20 == M=50
0.4 -

- M=160

0.35 1

e
tw

0.25 |

e
[

0.15 -

Throughput (S)

o
[

0.05 -

0 5 10 15 20 25 30 35 40 45 50
G ( Offered Load / Control slot )

i 6.14 Anwdiutsendedidomnse S) unzesviles Tnan (G) o K = 15

dovummue luszuuiiiam 20,50,90,160 wlimdduannsagegamiiu 0.34,
0.36,0.372, 0.389 fiynoowivlos Inan 4,5, 6,9 mudidy



0.35

bl
[

=
=
w

Throughput ( S)

e
=

0.05

0 5 10 15 20

25

30 35 40 45 50

G ( Offered Load / Control slot )

3N 615 anuduiusszndediideannsa (S) wazoories Tnan (G) iite K = 20

1 a e

weeuwinug luszuuisunau 20,50,90,160 wldmideansogagamiiy 0.284

0.302, 0.315,0.332 Nignooles Inan4,5,6,9 mudidy

0.16 -

0 5 10 15 20

25

30 35 40 45 50

G ( Offered Load / Control slot )

7 616 AnuduiuTsznInaddoainse ) uazeavies Tnan (G) e K = 30

69

bl

Wevuwimug luszuuisiiamg 20,50,90,160 wldAideannsogegamiiy 0.159,

P o o w
0.17,0.178,0.189 Nyneewos lvian 4,5,6,9 muday

foaq1l 11031 6.9 - 6.16 vzwuth

gunuam lssunames®) Tuszuy wildas

AN Laziiodadariudendannn bl

Y

H

a1

1
[

YRININVDITZVVAAAIAY

v
ot

AT INYDTZVUARA a9 11BN



70

T a U YV o [ (23
634 mAdganie uaz meeviilesinan muld S1usumivue (M) taz $1uSon
41'1 = 1 s o o = é o
(V) 10 Horsanwansenuyesdaanalsd (K ) wazsnnudaluniianinng @)

A A o o A ° A
NINN 1 WaIUIUTONW (N) AD 1 Uag MIUIUGIUNINUE (M) 7D 160

0.7
—#— S(Original)
-_L=1
0.6 - ——L=2
- L=3
—L=4
0,5 —-e-1L=5
w
S 04
a
=
[
= 03
<o
T
£
= 02 -
0.1
D .

0 5 10 15 20 25 30 35 40 45 50
G ( Offered Load / Control slot )
1 @ ar ] 1A o o 4
31 6.17 anuduriugseninaiidoanso (S) uazeerines Tnan (G) e K = 10
4 A o =Y 4 =1 =X [ )
oy waudalunilawinng @) W 1,2,3,4 5 wlimidumuisagagamiiu

0.619,0.619, 0.619, 0.619, 0.619 AWAIAL

et ——S(Original)
-=L=1

0.6 > S SIS —+L=2
=L=3

0.5 | —L=4
--L=5

=
n

=
W

Throughput(S)

=
1%

0.1

0 5 10 15 20 25 30 35 40 45 50
G ( Offered Load / Control slot )

1 a o

311 6.18 AnwduiussEnInaIduamse (s) azoorives Tnan (G) o K = 15

4 lﬂ' o =) A = W T -7
dinusmaudalunitauinng L) 1 1.2.3,4 .5 ilz‘lﬁm'mumm'mqaqﬂmmn
0.617,0.615, 0.613, 0.611, 0.609 AINF AL



71

0.7
=#—S(Original)
o --1.=1
' =L =2
= --1,=3
o 0.5 —L=4
:‘ —-—L=5
= 0.4 1
-8
=
eo
= 0.3 -
o
1
=
= 0.2
0.1
o

0 5 10 15 20 25 30 35
G (Offered Load / Control slot )

40 45 50

77 619 nuduiussznheiiduanso (s) uazeeives Tnan () iile K = 20

L, " 3 e
Wy woudaluniadinng @ § 1,2,3,4 5 9219813

0.56, 0.508, 0.46, 0.417, 0.377 MUAFY

0.7

duansogagamin

Throughput (S)

=+ S(Original)

G ( Offered Load / Control slot )

U1 6.20 Amwduiusznheaiduansn () uazeeirled nan (G) e K = 30

i e'n o = =§ '
Wornudnaidalunilaminng L) 1§ 1,2, 3,4 5 9216

0.325,0.171, 0.09, 0.047, 0.024 MU AL

a W

duansogagaminiy



72

1
A o

ATN 2 Wesmaudon () flo 9 waz SIMIWLIUNINLE (M) 79 160

0.45

—#—S(Original)

0.35 |

e
w

0.25 |

e
N

0.15 -

Throughput (S)

e
~

0.05

0 5 10 15 20 25 30 35 40 45 50
G ( Offered Load / Control slot )

3N 6.21 amuduiusszndediidoause (s) uazesrived nan (G) e K = 10

1

4 a o =Y P o aow "
Womudwudalunilaminnn L) $u1,2,3,4 5 wldiddeannsagegamiiy

0.401, 0.385, 0.369, 0.354, 0.339 AUMAAY

bl == S(Original)

0.4 - --],=1
——L=2

0.35 - -1L=3
—L=4

0.3 —-—1.=5

0.25 -

e
to

0.15

Throughput (S)

=
[

0.05 -

0 5 10 15 20 25 30 35 40 45 50
G (Offered Load/ Centrol slot )

3 6.22 mwdiutseninddduminse ) uazeerived Tvaa (G) il k = 15

1 as

4 a o a & o a " w
dorinsmudalunilamong L) i 1,2,3,4 5 wlim3deannsogeqamiiy

0.381, 0.347, 0.316, 0.288, 0.262 AIUAIA1



73

0.45

——S(Original)

0.4

0.35

e
w

0.25 -

8
~

0.15 -

Throughput (S)

e
=

0.05 -

0 5 10 15 20 25 30 35 40 45 50
G ( Offered Load / Control slot)

310 6.23 anwduiussznineaidoaunsa ) uazesrived Inan (G) llo K =20

4 A o a 4 g aw "W
lﬁﬂlWﬂiﬂu']u'ﬂﬂ1uﬁu\ﬂLWﬂlﬂﬂ (L) Lﬂu 1:2.3:4.5 ﬂx(lﬁﬂ'ljﬁﬂﬁﬂln'ﬁﬂqqq‘ﬂlﬂ’]ﬂﬂ

0.323,0.249,0.192, 0.148, 0.114 fUS AV

0.45
——S(Original)
0.4 - --1,=1
——L=2
0.35 - -[,=3
; —L=4
203 --L=5
= ]
o 025
=
50
5 02
°
B
= 0.15 -
=
0.1
0.05 -
0 -

0 5 10 15 20 25 30 35 40 45 50
G ( Offered Load / Control slot )

[

31N 6.24 AnwduiuSsEn a3 duansa (S) uazeenines Tvan (G) o K =30
4 A o = & | a W [ )
Womudwaudalumilaminng L) v 1,2,3,4 5 wliiddoansogegamiiu
0.183,0.08, 0.034, 0.015, 0.006 AU IRV

Yoag1nngy 6.17 - 6.24

¥
o ar o

v oA i - & 4 4 i
ITIENUN Um‘uwummumﬂuﬁumﬁﬂmﬂmﬂw ilzﬂdmclﬁm’mﬂmmmi’mw

D-

o o o A A o P o o Y o q V1 aaw
ITUVMDT MUY LLﬁ&’lNﬂLWﬂJﬂ']ll'i“lﬂlﬂﬂiﬂ’ﬂi HASTHIUTDNLUAD DS HIT 11’7?1']')1’{8

215D AARIANDN



74

w oW d (] v o
6.3.5 AanuduiussTHIAIdeEINsegega M Snuennuzlusyoy meldag

mdssnudenluszuy

0.7 i
——N=1 -&N=3
—4—N=5 —e-N=0
; ._"-0—0———.-._.___: * * - + - . n :
=%
= 0.6 -
-1}
s s s —8—8—8—83— 8 ——n———g 5 &
[=]
1
o€
=
N
-]
® 0.5 A o b & & . - & * = 5 =
«
=
0.4 y ; - - - ; - - - - - - -
10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160

311 625 anuduiutseniemidvannsagaga fu Sauouwmugluszun nold

o [
PUUFoN IUsTUY

Number of Vehicles

110317 6.25 15192 w091 Sruausuninuz luszuuisninadesuinaenide

ansagaga uazdidsiuinaugendanniziah Idmidoannsogeaavesszuvandiag



5

@ W Y a w v o
6.3.6  AnudiussznIemesineilvanilimIdeennsagaga fu Sraueumnue

Tuszuu meldmdauls s1udenluszuu

45

w
th

W
=]

N
th

Lnd
<

Critical Point (Smax)
fr

-
<

th
L

(=]

10 20 30 40 50 60 70 80 9 100 110 120 130 140 150 160
Number of Vehicles

i 626 awduiusszndedreeries Tnandilimiduaunsogega fu S

Y r a [ 44
oruwivue luszuu maldadauds saudenluszuy

1317 6.26 151909 Aroeries Tnanil¥aridumursagegaoziiivanly

¥
1 =2 >

' o a 1
2501 Hiag 40 1031 Avenives Tnanvzaousgediu 910 (10-40) 91U svanaq IaEAvYY

g 3 A s 2 T . ;
LAY 210 (50-80) Winetheii TiSeuy Tasfisuandontanin i ldaeenies Inaad

Taidumusogegaantioons audidy



76

[ YY) o 23 (Y] o d o
6.3.7 AU szHIe S1uon (N) Ao wediFudmsanneu meldaaanls 1sq

unnes (K)

60 —1

. —~—K=10dB -#K=15dB

=+ K=20dB -=K=30dB

w
(=]
L

% Attenuation

[¥]
=]
L

L

10 4 J.
e —— :

2 3 4 5 6 7 8 9
Number of Hops (N)

§ @ w ' ° [ o 1w
30 6.27 mwduiussenine samdon (V) fu wlesidudmsaamou meldidanls 4

uAmes (K)

= A A 4 o a a o 74 a
%1ﬂ§ﬂﬂ 6.27 ITNUN mnm"lsmrwlameﬂmwu NN LDE BIFIUNUIUTONW 84

-] o 1 L :3‘ -] [
wn s IfiAasnsgapdendsananniu audsy



7

v @ d o [¥) < ar
6.3.8 ANNTUNUTIZHIE S1UeIUMHUE (M) 1 WesiFud msaaney meldmaauls

¢ §
Isaurlanes (K) 15io 314N N= 1 uaz N=9

60
50 4
— = ——
= 40
E ~—K=10dB -=-K=15dB
ks -+~ K=20dB - K=30dB
-«
£ 20
10 * *
0 = - = ——— —_— - - , F ]
20 40 60 80 100 120 140 160

Number of Vehicles

6.28 ()
70
G ——
.
—a

50 -
=
(-]
=40 -
s —~~K=10dB -=-K=15dB
.
=30
-
$

20,

10 |

0

20 40 60 80 100 120 140 160
Number of Vehicles

6.28 (v)
} @ o J o o ¢ o 1o
626 anudiugszne Suunummue M) fu wesidud msaaneu muldad

wils Tsdurlawes (k) e S1uaudon N= 1(n) uaz N =9 (¥)

{ : 1 a o e 1 ' o o
ningUh 6.28 (Muaz()szwyh Balommmug luszuy Bannesbain v $oansulodidud

[ A (4 y a 1 o A a = o
NMIAANDUDUIUDININN qi“ﬁllﬂﬂtﬁﬂiﬂlﬂ LLﬁ%ﬁU\‘lﬁ\‘}N'm?ﬁJW1.I"lﬂUQLﬂﬂﬂ’]iiIiUulﬂUWﬁQQ'luiﬂﬂ



v o d 1 ° = 3 Qs d
6.3.9 ANNTUNUTIZHI Snudalunitaningn (L) fu wesidus msaaneu mald

Y ¢ P A,
M Tsasurlames (K) 1ile S1auenumInue M= 20 1az M =160

ATAN 1 WBsWIUTOW N =1

80
=
& i ——K=10dB = K=15dB
i ——K =20 dB -=-K=30dB
.
= 40
B
20 -
0 = — —— > !
1 2 3 4 5
Number of bitsina packet
6.29 (n)
100
80 -
=
<
T —~—-K=10dB -#-K=15dB
=
= - K=20dB -=- K =30 dB
[
< 40
ES
20
0 1 3= — 1
1 2 3 5

Number of bitsin a packet

6.29 (V)

a v @ @ o a 4 4 o s d o
31.'1'] 6.29 ANUTUNUTIZHIN mmuumcluﬂumwnmﬂ (L) ny lﬂﬂilcﬁuﬂ nIaAnau

1w 4 4 A1 e
mulamauns lsdurdames (K) diasmammumimus M= 20 (0) uaz M - 160 (1)

78



79

-

ad o
AINN 2 D UIUION N = 9

100 1
80 -
=
=]
= 60
-
=
& : s
o
< 40 -
ES
20 -
—+—K=10dB -#-K=15dB
—+—K=20dB —-#K=30dB
0 T T T
1 2 3 4 5
Number of bitsinapacket
a
31 6.30 (n)
100
-+ K=15dB
80 - ~+~K=20dB *K=30dB |
=
(=]
Z 60 -
]
=
=
“
2 40
B3
0

1 2 3 4 5
Number of bitsina packet
310 6.30 (1)
= v o e a 4 v /g o
31 628 anuduiusszndn Swaudaluniladiinmna @) fu efiFud maanou

awldmduys Tsdurames () desmameumimusM = 20 (7) uaz M = 160 (¥)

{ A a & A
13U 6.29 (), (¥) uaz 6.30 (), (¥) szwun Baiims1¥oalunidausinng dauines
& s ad sd ¢ o A o ¢ & .
g1 andesidudnmisaaneusuilosinn Tsdurmmesgadu uaz Surmmumwinuzly
A o 9 d o 4 9/ A A 0 & a o Y
ssvvdannem hinudesiudnmsaaneuaaiesnd uaziiisgadariuFondaun verile

4 4
NITAANDUNNYUDENUIN



UNN 7

unagy

7.1 unargy)

= =Y 4 Y g 3 o aw o s 4 1 P I~
TﬂU'I‘l.lW“llﬁﬂ'U‘U'Hllﬂ‘ﬂ'lﬂ’li?%ULﬂU?ﬂUﬂTiﬁﬂﬁ’liiﬁﬁ’ﬂ\iUTHW’]W'\J&’ “]NL']JNﬂ']'J

4 1 H ( y L 1 ar 4 4
domaunaInindszgndiomisdemns 1momivImivszundnunis deansmanuunay e

aQ

¢ w 4 Y wa Qs o o
alszaeandn Ao mstlesiugifimameiosnuu uazfmusadszyndsumsidan'l?

Ya a Y a a ¢ a o Y a
moldadnnarodszian 019 nisliuTmsdumesidanauiiage uaznisldusins

v
o =

a a 4 [ 4 1 4 {
Tnsdawn Fmeundeun 1d 3a7u'ldnmsdemssenneoumnuzitunisdearsfia

]
s o

Wanle uaglinnudnyediatwin fuaiailagiiu

)

) [ q,: awv Y o A ﬂ A L= A w
dmivduaoumsany 3t Fideldhmsidodu 2 Gealngjq fe 1. msdemsia
afunua  uaz 2.5 Tanean 14 lunsdemsseniimmimug Taodiveldwenowinu
o aw ' = & n’a’ 9 yﬂ © aa o 9 3a v
wazihnultvedazidua e lududuse TAilumsdmuamamalumsite uazvin 1dd33e
v oa 1 = o { :& 'd ) =
Tadadulvazyjutuanide 17 TsTanea csmarca  FuiluldsTnneaiiiilszansnm
Tumsnan@osmssuiuvesdoya uasamuisosesfunsmiinuinageq 18dni Tus Tanea
Tunquilszinni@oaiu #35u3a1AnduunienTdsTanea csMa/cA wlszgadidhiunms
4 J = ) ar é 1] at 3 :;n:i.
domsszninuunimug Taslimsinsendosdyana'lsd daiuresdayaanuguii
] y o acy
anuhanlslunmsdeasiadgon
dmsumamsinsiziiFadany wzwud TsTanea cSMA/CA annsasesdunsl
o o ] o | g o 1 aw { [
Andnaunnlda udnsgsmsmusmaudeniivin Adnseunsadaiduamnsodiqeeg
i A a ' o a a ar '
18 waziilptsiinsawansznunnsosdaanalsd wwturiulddanui TisTanea
] s L =1 1 = 1 é
CSMA/ CA Hanunumudedygissunuilueded uazaunsodedindoniauiinmng 14
o 4 o Y 4 J Y] 19 ar 3 a 3
Wuswaunn Feshldnsdemsseniwommug mnsodudsdeyaildundaiu
) s aw 1 ar (] P =] LY '
dmfvanuItoatu szdensldgandulufinnuswessuwimuzannin udee

] 1 ] b
Yartu 1 Tus Tanea csMa/ca dinlszgnaidrrumsdemssznieommmuzyiniu



PNA5D19949

[1] T. Hasegawa, K. Mizui, H. Fujii, and K. Seki, “A Concept Reference Model for Inter-
Vehicle Communications (Report 2),” IEEE ITS. Conference, Washington, D.C., USA,
October 3-6, 2004, pp. 810-815.

[2] L. Wischhof, A. Ebner, H. Rohling, M. Lott, and R. Halfmann, “Adaptive Broadcast for
Travel and Traffic Information Distribution Based on Inter-Vehicle Communication,”
in Proceedings of the 57" IEEE Semiannual Vehicular Technology Conference, Jeju, Korea,
Apr. 2003, pp. 6-11.

[3] J. So and N. Vaidya, “Multi-Channel MAC for Ad Hoc Networks : Handling Multi-
Channel Hidden Terminals Using A Single Transceiver,” in MobiHoc’04, May 24-26,
2004, Roppongi, Japan. 2004, pp. 222-233,

[4] G. Korkmaz, E. Ekici, and F. Ozguner, “An Efficient Fully Ad-Hoc Multi-Hop Broadcast
Protocol for Inter-Vehicular Communication Systems,” in the IEEE ICC 2006
proceedings. pp. 423-128.

[5] Y. Gunter and H. GroBmann, “Usage of Wireless LAN for Inter-Vehicle Communication,”
Proceedings of the 8" International IEEE Conference on Intelligent Transportation Systems,
Vienna, Australia, September 13-16, 2005, pp. 296-301.

[6] N. Fujimoto and M. Nakagawa, “System Performance of DS/SS Inter-Vehicle
Communication and Ranging System under Rician Fading Channel,” Department of
Electrical Engineering, Faculty of Science and Technology, Keio University 3-14-1, Hiyoshi,
Kohoku-ku, Yokohama 223-8522, Japan.

[7] M. Raya, and J. Hubaux, “The Security of Vehicular Ad Hoc Network,” Laboratory for
Computer Communications and Applications EPFL, Switzerland.

[8] M. Sadashivaiah, R. Makanaboyina, B. Geovge, and R. Raghavendra, “Performance
Evaluation of Directional MAC Protocol for Inter-Vehicle Communication,” Daimlar
Chrysler Research & Technology, India.

[9] J. Blum and A. Eskandanian, “Adaptive Space Division Multiplexing : An Improved Link
Layer Protocol for Inter-Vehicle Communication,” Proceedings in Intelligent

Transportation Systems 2005, Sept., 2005.



82

[10] K. Tokuda, M. Akiyama, and H. Fujii, “Dolphin for Inter-Vehicle Communications
System,” IEEE Intelligent Vehicles Symposium 2000 USA, October 3-5, 2000, pp. 504-509.

[11] J. Li and C. Blake, “Capacity of Ad Hoc Wireless Networks,” M.I.T. Laboratory for
Computer Science.

[12] M. Sadashivaiah, “Performance evaluation of Directional MAC protocol for Inter-
Vehicle Communication,” Vehicular Technology Conference 2005, Spring, IEEE 61,
Volume 4, 30 May — 1 June 2005.

[13] J. Singh, “Wireless LAN Performance Under Varied Stress Conditions in Vehicular
Traffic Scenario,” IEEE Vehicular Technology Conference 2002,

[14] Y. Inoue and M. Nakagawa, “Mac Protocol for Inter-vehicle Communication Network
Using Spread Spectrum Technique,” Dept of Electrical Engineering, Faculty of Science
and Technology, Keio University, Japan.

[15] A. Widodo and T. Hasegawa, “Evaluations of Traffic Safety Improvement Using An
Autonomous Traffic Flow Simulator Including Inter — Vehicle Communications,” Dept.
of Electrical and Electronic System Eng., Saitama Univ., Japan.

[16] S. Kato and S. Tsugawa, “Evaluation of Information Transmission over Inter — Vehicle
Communications with Simulation Studies,” The IEEE 5" International Conference on
Intelligent Transportation System , 3-6 Sept. 2002, Singapore, pp. 324-329.

[17] L. Kleinrock and F. Tobagi, ‘‘Packet Switching in Radian Channels: Part I—Carrier
Sense Multiple-Access Modes and Their Throughput-Delay Characteristics,”” IEEE
Transactions on Communication, vol. 23, no. 12, pp. 1400-1416, 1975 .

[18] A. Gkelias, M. Dohler, V. Friderikos and A. Aghvami, “Wireless multi-hop CSMA/CA
with cross optimized PHY/MAC,” IEEE Global Telecommunication Conference
Workshops, pp. 39-43.

[19] H. Takagi and L. Kleinrock, “Throughput Analysis for Persistent CSMA Systems ,”]IEEE
Transactions on Communications, vol. com-33, no.7, pp. 627-638, 1988.

[20] H. Takagi, L. Kleinrock, “Optimal Transmission Ranges for Randomly Distributed
Packet Radio Terminals,” IEEE Transactions on Communication, vol. com-32, no.3 ,
pp.246-257, March 1984.

[21] A. Gkelias , M. Dohler and H. Aghvami , “Throughput Analysis for Multi-hop CSMA,”

Centre for Telecommunication Research , London , UK.



83

[22] J. Hyun Kim and J. Lee, “Capture Effect of wireless CSMA/CA protocols in Rayleigh
and shadow fading channels,” IEEE Transactions on Vehicular Technology IEEE, vol. 48,
no.4 , July 1999,

[23] B. Ezio, S. Di and Z. Valerio, “Modulation and Coding for Mobile radio
Communications : Channels with Correlated Rice fading and Doppler Frequency
Shift,” IEEE Transactions on Vehicular Technology, vol. 47, no.1, pp. 133-141, Feb. 1998,

[24] R. Verdone, “Multihop R- ALOHA for Inter-vehicle Communications at Millimeter

Waves,” IEEE Transactions on Vehicular Technology, vol. 46, no.4, Nov. 1997.

¥
¢ @ A

a a o Y] d a @ =1
[25] qwa dn5¥ania, “TafaueSeninnedn,” AuRATef 1, doniumaluladnszen

A udgunmIsaIAns L, 2535



MANHIN D

d' c; 7 v = d Vs A d
Uﬂmmmﬂmsumnmmmwummﬂmnmmwuw



ANINELINLASUATUNSI o0 I UmIANeNasrsunu
SRINAKHARINWIROT UNIVERSITY IR SRIPATUM UNIVERSITY

madszguivinisniadinnssuluih (Electrical Engineering Conference n30 EECON) flumsdlszgpmiadmmsszdumalumunimnssalviih i
JagUszaeniiensuavesdegnsmanimatannnnudinds meinmmansuazmalulod veawmuimuuasughansFinunang Saezdwmaldife

3 -
P ) o

nmiacnAEINseAIHNseeniuumaImnssliih MiudeanuannsovesroniiAduan q TunsliuSmsuazmivmpmadumalulad 8o

v

1 -~ Y L | 1 W = (v} [v) - =) =3 v Y =) - 1
duadulfifannusmiieszninamiiumsAnuivesTguaziensudumingamnnisy  mndnimnssaiih uminndsaiuadunsilsn iy
madydmnssuiih imInnduadup 185 uRusaliidudiam Sadsspdnmamadmnssuliih aad 31 @ECON-31) 1széil 2551

AnzNIsuMsIam sz mMUIFINI
Yy nansainmIIng1dy e ﬁﬂﬂ]ﬁ.‘]ﬁ’dﬂ"\"] j

] cipling~ enel A4 it Bt

HH1IINEAEN FINN

IR INENFENEAI MR
nInedunyuang
umIneibvauuny

a o oA i
urmInmamsealal

wwinedomalulaiiwszooamndmszunainiie
s Ingdbmalulaiinszeaumdinuy3

w1 Inmammalulaiumuns

s Inmdsmalulaisyana oy
ninendasuy’

Y Inedusssumans
IInedoutiaa

umInmndoTada

w1 Inndudodnyol

i Inmaoaiun3unsilee

s InedbaTUg
wmIngdbasvaiuniund

M IANEanay

' Inedarenisiing

i inndoieFeenng

o a v o
’ﬂﬂ'll]'l-imﬂiuiﬂﬂ‘ﬂ'.i:i)iﬂlmﬂ‘Ilﬁ]ﬁ]ﬁlﬂ‘ﬂ'lﬁl'lﬂﬂi:ﬂd

AMSNITUNITTUND
uminmndamaluladsvuananszuns
umInodamalulafinvuenagassagi
amInondogsiatudind -l : ;
I INIABUITADIT o WA DgIn caal

13 Famins 2551

12 fiugnu ?;ssi- '

U INNBEIIVE

o o o & ot
umInendudenisualie
W Inmavguasiynii

Ha g a

quimaluladdiinnieiinduaznenfiumeiuvani



85

a 4 d 4 s r
msdsziinlszansmwvesli)sinaea csma/ca weiszgnamsdemsuuuiiandenuuresdaanallss

Evaluation Performance CSMA/CA Protocol apply with Multi-hop Communication over Rice Fading
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CSMA/CA ( Carrier Sense Mulitiple Access / Collision Avoidance )
tﬁammﬂi:qnﬁ‘h’fMMn"umséamsunuﬁaﬁ%’aw (  Multihop
Communication )  TavezlimsSinsziiFadaay finsan Aide
107150 ( Throughput ) 11 A1eeiMes Tvaa ( Offered Load ) uae M1
MINUNINT ( Delay Time ) 1 Aroovies Tvan ( Offered Load )
meldmdnnlssudonluszuy aoeasuiimsfinsamanseny
nndsingmiiulsy aAa ( Rice Fading ) ﬁ“l%'msuagmmmu PSK

( Phase Shift Keying )
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Abstract

This article presents multihop communication network by
using  CSMA/CA( Carrier Sense Mulitiple Access / Collision
Avoidance ) Protocol for analysis Network. We study the relation
between throughput value and offered load under number of hops and
the relation between end-to-end delay and offered load under number of
hops with effect of rice fading channel that used phase shift keying
modulation. Then we calculate numerical results for analysis above

relations.

Keywords :  Throughput , Delay Time , Offered Load, Multihop

Communication , Rice fading channel
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