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Propagation measurement of wireless channels researching has been ongoing.
Most researching is research to be used in mobile or wireless local area network
(WLAN) The researching will depend on various factors such as characteristics of the
transmitter, Features of the receiver, Environment research. That have wvarious
environments such as Indoor, Outdoor, etc., However, we are interested in this
research environment is road that runs through to the car. The environment on the
road is changing due to cars running through the car as well as volume and speed of
the car. That channel to measure change over time too. This research past, most
measurements in the outdoor environment will depend on distance and signal
received. But this research, distance measure between the set of receiver and
transmitter is a short distance. Therefore, it not based on distance but depends on the
amplitude of the signal received. By analyzing the signal received in the form of
amplitude and phase change. That values will be analyzed to design a system for
transmitting information to get the best environments on the road, such as Diversity or
Multiple Input Multiple output (MIMO), etc., it used to design traffic control systems,

or automatic vehicle control system
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ASK = amplitude shift keying

FSK = frequency shift keying

PSK = phase shift keying

V., = amplitude

o, = frequency angle

BwW = bandwidth

d = modulating factor

CDF = cumulative distribution function

PDF = probability density function

CCDF = complement cumulative distribution function
E = Variance

DC = direct current

IEEE = the Institute of Electrical and Electronics Engineers

LNA = low noise amplifier
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Vi () =V, cosw,,t (2.16)

ve () =V ()Cos[w(t) + p(1)]
v (1) =V, ()Cos[0(1)] (2.17)

1. MINOYPAANNYUIA (Amplitude Modulation: AM) 9 w(®) AN 8 N o, 1A p(1) 12
d' d' 1 a d' Y [ [ =S
A97 91 0 davnaveweulaga 7. aunsonldsunilasldmmdnyuzvesdyanandor,, o
A g
IRTREVR
2. NTNOYLANNIIYNNTOBIA (Angle Modulation) H3 V() 3ZAIN N 1,114 6 3%
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Vo) =V, +V,,coswpt =V (1+mycosw,,t) (2.18)

v
~ K
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N m, =7,,/7, Foniuiluasiinisuogian (Amplitude modulation index) wag Tagna liaraasl
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msuegant 920g5zn119 0 - 1(0 - 100%) ¥z Idaumsvesdyn i AM Ao
Vam @) =V (1+myw,,t)cosot (2.19)
Wenszmemenluaunmsi (2.19) a'ldn

Vam (V) = Vocoswpt + mgycoswy,t X cosw,t

Vam () = Vecoso t +(mgV,./2)[cos(w, + wy, )t + cos(w, - wy, )] (2.20)
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134 K flo Frequency deviation constant, (rad/s) /V Ty FM Ao

me =V cos([w@®)+9) (2.22)

' A A AL o Y Y1
UNUANUDN () INANUNITN (2.21) ﬁ\ﬂuﬁllﬂ'lﬁ‘ﬂ (2.22) ‘Vlclf\?ﬂﬂ/iuﬂblﬂ ¢=0 LLazi]z"lﬂm

KV, .
me =V,.cos| o t+ sinwy,t
Wy

me =V, cos(w,t + mfsinwmt) (2.23)

¥ m 7= KV Ao ABTIN1TNOYATUNINAING (frequency modulation index)

Spectrum of FM signal

6 kHz 8 kHz 10 kHz 12 kHz 14 kHz

319 2.10 anlnasuvesdya s FM
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v

v 1 A

= 1 . v = v A
14g 9nIT8N71 Angle Modulation tlawagrady aemsnasumlauralumenves p@ 1iune

o(t) = @y + KVy,sinw,,t = KV, sincw,,t (2.24)
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Tasauudaln g, = 049z ldhaumsvoarlaveguadu fe

Vom = Vecos(et + KV, sinwpt) = Vecos(wet +m psiney,t) (2.25)

p p
0¥ m, = K .17, A0 A¥1IM3u0QaFUMAINIA (the phase modulation index)
MINAUMTVOIMTNOYIAALDD FM a3 (2.23) 1oz dumsvesnsuegiaaiiuy PM

@ A L Y o~ q Y o o A A @ Y1
AFUNITN (2.25) mmwwiwﬂwagimmui]1a’awmﬁiyiymmﬂuauﬂmﬂﬂ’n

Y fin = Vpm = Vocos(w t + fsinw,,t) (2.26)

PR v A [ = 1 <
N%9 FM/PM = driinisuoqian uaze g, 110 FM, g = KV, /w,, = KV, /f,, (K Timiseilu
Hz/V)
2.3.1 Amplitude Shift Keying (ASK)
9 Y
nITuLglanlill ASK ﬂ’uuﬁugmmmﬂmﬁm@‘mmmu AM Llﬁﬂiﬁﬂﬁiymim
Avaoa (0, 1) lanauguismizlumsueqan nieludwmizvesmsdudesnsuegansonlil
o A J Y1 oo = [ A . K Y o Y
HULIDI memﬁmzﬂma”lmmmummu 258U N Al- (HigH) ttag AO(LOW) FI010 11U 14

~ 1 . £ = Y
Ay =0Ulag 4; = 1321380 ON/OFF Keying %Qﬁ1u1iﬂlﬂlﬂuﬁuﬂﬁllmﬂu

| Apsin(2afi + ¢), data(t) = 0
ASK(Y) = {A Jsin(2ft + ), data(t) = 1 (2.27)
3 0,data(t) = 0 298
OOK®=1 4 sin(2nft + ), data(t) = 1 (2.28)
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Amplitude
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=)}

1. 811 d oo (4, 619910 4, 100) 12 Bandwidth 9zuAY tazdyy o
Tomaidorne 11910 Noise g9

2. 811 d 110 (4, 419910 4, 110) AT Bandwidth 920319 nazdayay ol
Tomendeno'la1n Noise &1

Bandwidth Y8903 Haudya ey ASK d30audvesdaaiunive £ uas

9991Baud N, , NAnudegluris
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2.3.2 Frequency Shift Keying (FSK)
Ay UM INeRIaALLY FSK (Frequency Shift Keying) @aiugiuiu lduiainms

v v v v
woraauuy FM 1ued lunmsnegraauuy FSK Hu szinlasummizaud veadyaiamve
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=
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Asin(Zﬂcht +@) data(t) =0
Asin(2nfc1t +g) data(t) = 1

FSK(t) = { (2.31)



29

i”lflf \P f|P|P|| ﬂﬂﬂfl{\{\ﬂ\\\,
I Uﬂbﬂ\j Ll \![ 'Uf f \/f j

317 2.13 dnvaizvesdyauuegianull FSK

e

YoadmiudyyInnuy FSK 9znuaody 15 unIu (Noise) TANINNIMDY
A 4 9 1 = 1

ASK Lummﬂqﬂmmmmmmmm yoamanudmmzieglugiaamil o Tasliaula
FYTINIUNSEINSTEZEU (Transient Noise) UAToIFoAed0IMs Bandwidth 11403135013
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Wisk =(for = o)) + Nowa (2.32)
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2.3.3. Phase Shift Keying (PSK)
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Asin(2nf t + 2 ) data(t) =0

. (2.33)
Asin(2nf .t + 9; ) data(t) =1

PSK(t) = {
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1 Symbol = 1 Bit (38171 Binary PSK



31

JU7 2.15 anvazveIdyaIuNoganLL PSK
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‘ 0 0 r ‘ 9
1 180
Bits Constellation diagram
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BW (2.34)

PSK ~ Nbaud
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24.2 171@nwmmﬁmzsﬂmmzﬁanwm‘sm)numﬂamu’mznﬂmmumammﬂasz

a U

waqmmuﬂ'ﬁnﬁm (Probability function and cumulative distribution function)
Y a 1 I o 1 A A Y]
MsannNuivzuvesdnilsgu Ao P = yuag P < x) Aoilantuny
] I A ] 3 =5 1A 1w &
Wty Taed Pix = yudasanuihaziduiidlsguiiawmny x uag P < x) Sadaanasi
] I~ ] VoAA 9 1 A (Y ~ Y o
maqﬂamuwztﬂummmuﬂiqwumuaﬂﬂﬂmammu XTYNLTYNI Wﬂﬂ%uﬂﬁllﬂﬂllﬂ\?ﬂ’ﬂu
] I @ a 1 1 4 %
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Y
oo wilsdudananlugide li
Fy(x)2 P(X <x) -0 < x < 00 (2.35)

4 ] IS @ 1 :,' Y o qa.: ' ' [
uamﬁmmﬂWaimmmmmumxyﬂumammﬂﬁqumﬂxmmu 1 ANUU Fy.(x) %ﬁm@giumq 0

D91 fall
0<Fy(x)<1 (2.36)
F (-0)=0, F (»0)=1 (2.37)

1 4
HAZIIBNIA P(X < x)+ P(X > x) = [ 941U

PXX>x)=1-P(X <x)
P(X >x)=1-Fy(x) (2.38)

v
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wonNiUd} £, o 01wszmanuiiziiui x ogszninauaz b laaail

PX <a)+Pla<X <b)+PX >b)=1
Pla<X <b)=1-Fy(a)-[1-Fy(b)]
Pa< X <b)=F(b)- Fy(a) (2.39)
vad o o a9 2 A Jd @ dy A A dgl = 1 =
AUFTUY VIﬁWﬂiyﬂﬂﬂJ@ﬁHQﬂlﬂﬂFx(x)ﬂﬂﬂ‘W\iﬂslfuui]ziJﬂWLWQJQQEIIULWEJQﬂfJNMEJ’J

A A =
LU x UMUINUU
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2.4.3 HanFumnuuuanuiazilu (Probability density function)
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1 ] I 091, = J a ] ] I
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Fo(x) = [ py(@)da (2.42)
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wAa A Y v = A A
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Px()>0 (2.43)
(2 py()dx =1 (2.44)
Pla<X <b)=F,(b)-Fo(@ =2 p. (v (2.45)
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3 1J91 3.1 ASK Transmitter Module
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Frequency range : 433MHz(center)

Polarization : Linear, vertical

Impedance : 50 Ohms

Gain : Unity

VSWR : < 1.1:1

Connector : BNC (male)
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ASK Receiver Module L‘ﬂuﬁﬁ]i Receiver Module Lt U U ASK ‘ﬁNWuﬁﬂ’Nllﬁ

315/433.92 MHz Idumassneus s 5V uagnszud I 2.3ma dagili 3.5

3 171 3.5 ASK Receiver Module

9 v
1IN 1N13692993MAT1 A931/9 3.6

LAY SV

ANT

GND

VCC DATA

717 3.6 MWMIA0199INATUVRINOYIANILY ASK

a



46

- NMINATOUVINDI

4 { { <3 ° o
e lddszneunsasang i 3.4 uag 317 3.6 Sousoouda Naziiees lilvims

oA o a4 ¥ & < v a
nagounaunaziilliasananinuiadounia d FIMINATOVITNIL 1¥ooasalaa Iallu

o o ) Ay Yy '
ﬂ']i’Jﬂﬁiyﬂﬁﬂ!m@gaﬂllﬂilﬂ'liﬁ\?'é]ﬂﬂlﬂ

Tok QIR 100KS/3

C1 Period
rfsm

ow

7 resolution
C1 Freq

4 7.96812kHz
Low

| resolution

10 )ul 2009
22:21:58

517 3.7 dyanm ASK #ialdaninTeseoada laalal

3.2.2 MIOONMLUMISUAIVOIT QYR 1UADNDANUY Frequency Shift Keying (FSK)
- MAae
Tudruvesmiads 1zTgUnsaii 19l un1seonuunfie FSK Transmitter Module
luTnsneuInsames MCS-51 a1891A17 (Antenna) LAz Glgm%miausﬁuaaﬁﬂizmw 3.3V

N 5V (ET-MINILOGICLEVELSHIFTER)
FSK Transmitter Module L‘]d] U Transmitter Module it UU FSK °§ aWvua L’S NUIN

Hauiaud 434/868 MHz 19 1Wlideq 2.2-3.5v Titszaniamlunsverstiasgs 10dBm 71 3V

Tdnszualvlihdn 15mA 71 3v vazawnsodald nalszum 150-200 was dagali 3.8



47

gﬂﬁ 3.8 FSK Transmitter Module
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Y
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Uszdrwesa Tasdonldunassuiadayarau1®niuuy Oscillator Module A1 29.4912 MHz &4
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- 17393 Timer/Counter YW@ 16 1a §117U 3 %A
- 17995 Watchdog Power - ON Reset Capture/Compare PWM
2. fiwesadomseunsuiuy RS 232 $119u 1 ¥09 §3u19114n13 Download
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U181 5 Ao SW PSEN 1¥d1msuiiviuaaniuzasdn «0” 13v1 PSEN 14
S5 T 1ABUIDIA1T Download HEX File THAUMA6A11 Flash ¥04 MCU luoda
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o

o

d' d! v A [ 4 1 d' 9 a v A 9
zﬂﬂ 311 HIUTAINTITIALTYITYUIUUDINDITAN N VIﬁWJJﬁﬂ’EJN’E’NiMi%ﬂUU@ulﬂ

P0.0
P0.2
P0.4
P0.6
+VCC

0000
0ooo

PO.1
P0.3
P0.5
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P1.3
PL.5
P1.7

GND

PORT-P1[0..7]
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o
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LOOP:

DATA:

DELAY_IMS:

HERE:

E4

ORG
CLR
SETB
CALL
SETB
CALL
CLR
CALL
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MOV
NOP
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P1.3

P1.3
DELAY_IMS
P3.1

DELAY

P3.1

DELAY
DATA
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NOP
NOP
DINZ R2,HERE

RET
DELAY: MOV  R3#113
AGAIN: DINZ R3,AGAIN
RET

- M35 Download Hex file 1%l MCU va3ua3a
7115 Download Hex File 19/ 1U%178A214%1 Flash ¥99 MCU luvosaiiu a2 14
T1/50n51%0 “FLIP” 494 ATMEL $492@af0n1 MCU 1Y Serial Port Y049 N#119M05 PC 1ag

J

Tisunsudanard ew1san1 Inanldan Www.ATMEL.COM Tagliideal4a1ela o ua
o % dd'dy 4 aaa 09/‘ % 1 [ =S 9Jq Y ] )]
dmsulunsaingeveinvindifivu Tsunsudenarszdamsou131d luury CD ROM ogudn
I o [ 1
T1) 510053 FLIP (Flexible In-system Programmer) 1 W T sunsudivSuWau1szuuvo
4 Y o @
luTasnouInsataosvos ATMEL Tagaiuisoldaduayunmsiauildsunsuvos
s 1 Aq o = = 7
luTasneuTnsamesaszga MCSs1 Tunguitldmswauuuy ISP Fe5iuduues AT8ICS1ED2
a10 TagTsunsuaziiaunieldszuul§iian15ves Windows9X/Me/NT/2000 tiag Windows
o A 1w 4 saq ¥ A 1 A A
XP TagatiuanumsdonaenuszuasauIsnlesnsiyeunetiul RS232 138 CAN 130 USB
£ an A 1 Y J J J 3 d? 1o
FaIsms¥ouasvelilsunsy FLIP fuszuvesansved luTasneu Insamosiiu sz iuegiy
@ s o o @ 4 9 a A 9
anuamnsnvedd luTasneu Insames nuzihwnihmswanawnsaldmsanaedodsaie
ag 9 1 o [ 4 4 og/‘ 9J d' 1 [
A5 late uadmsuluTnsneuInsamesiues AT8ICSIED2 iiuvzansnldmsiyouaoniu
4 1 Z ] 4 1 ] 4
NUNOsADYNTY RS232 i liausoi¥eonaed1uszuun1s@oa1509 CAN w30 USB 18
) o o 1 o s
TagT1/sunsu FLIP 92 19d 15U Download FoyalrinuniieanuiivesluinsaeuInsamesy
o § o o @ 1 o Y (B [ o
#1911 11U Monitor Mode 1o TR 1ddavamsfuniaennusinieluds cpu litaziilunsda
audoya (Erase) 79A3529@0 U4 0yaluntiaeA11u31 (Blank Check) a9 T1/sunsudoyaliny
¥eW31 115un50U03 CPU (Program) danfSuuiiisudoyaain Buffer nuniiennusiludd
o ] o I
CPU (Verify) #30d981140309101128A1081999 CPU (Read) tHudn Taglun1s Download
. Yo J Yo . o =
HEX File 910 PC 1¥inuuesasz 14nuais RS232 411 4 Pin 1u4n13449 Download 115151 &9
awnsaldanldnuTsunsy FLIP nagu ualuilagiiu (qaran2s48) Tusunsu FLIP TaSunis
[ < % 4 a 1w
USvdguilu “FLIP v2.4.4” uda Fuiledoan1s 1 1asunsu FLIP @aaony CPU 1u Monitor
4 v
Mode #1835115 Download 1111 Manual 111 92A99e4 Reset 1% CPU 19111197111 Monitor Mode

1 = @ ' Y & o o o v 9
DU INITHIWITDHINIU CPU WTLJ‘VI'I\‘]I‘]JiLLﬂﬁll FLIP llﬂ HFINANNITEH11IIY Reset Gl?i CPU 11
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) . o @ I §
#1910 u Monitor Mode 3zdpaivualdndyana PSEN fian1zilu <07 Tuvaz CPU naa
1 4
WUDINAN1IZUDINIT Reset HIAMLUTNAUAINAINT Reset NNATI CPU 1ZATINAOUAN1IZUDA
o 13 ' 1 K=} o o a ' 13
a1 PSEN 71y <07 w3l drldlsnseiauluTvuanmsiinulng uadrlsnee
[ A A A Y o o . Y A A
ATINADUADIUZVOITYYIUOU 9 MA8ITV097UN15931971 11 Monitor Mode A uTou ludn 9

2A94A 219151911 11 Monitor Mode #1115 UU05ATW ET-BASESI V2.0 (ATS9CS1ED2) 1

U
H Y

M5R92 &9 Reset 1% CPU 499 ATMEL 19151971 114 Monitor Mode 87838115001 Manual 174
srdeaiadiduiuaeudado il (§1983m31901uF 0 TsUn T3 FLIP Version 2.4.4 Fundn
S ufuand e llnianuae Talsunsuorsuandialannd 18)
- §1WuuAOUMS Download HEX File 2811/51n33 FLIP 2.4.4

I. Aodedyn 1 RS232 910 Com Port Y IAT09ABNAADS PC RRIITLE
RS232 U111 4 Pin V091850

2. f1ellidsanasliueda Fezdunguiin LED nanada1uzued PWR duad
Ananaeg

3. &4 Run 11/50n5% FLIP V2.4.4

v A

o 7 dAa o % B
4, g8 9NNUAIUBDITVIDI MCU Vlﬂﬂﬁiul}jsl‘bfllﬂiﬂ IﬂﬁlLa@ﬂ Device — Select

Y A Y v A o a

& 0 Sy a s v
PINDIUADN ﬂ’]ﬁu@clﬁﬁﬁﬂﬂ‘ll“l/l“l/l’]ﬂ’]ﬁ@lﬂ@]\?Il')ﬂi\?‘:]clu‘llﬂiﬂﬂjﬂ

[ v 9
I o o @

5. panuaNAd Setting — Communication —> RS232 NANUAENTIUA
Comport 1¥aseanuiseas 33
o a3 Y Y o . Ao o oﬁj o dy
6. IM331Ha MCU 1919191911 11 Monitor Taglidraudunouasil
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Temporal Measurement of UHF Radio Wave in

Presence of Vehicles
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Abstract— Use of wireless sensor network for traffic and parking
lot monitoring is very atiractive. However, the network
performance is difficult to predict due to complex radio wave
propagation characteristic. In this paper, receiving signal level is
measured for UHF radio wave in presence of wehicles. We
perform measurement in two scenarios: 1) a parking lot and 2) a
small sireet. We have found that the probability density function
(pdf) of receiving signal level in small street scenario exhibits two
peaks while only ome peak is observed in the parking lot
environment. The complement cumulative distribution functions
(CCDF) of receiving signal in both foll and empty parking lots
are similar. However, the average signals level in the full parking
lot of lower than the empty parking lot. Level crossing rate
(LCR) is also calculated for each scenario.

Key words: wave propagation, wireless sensor networks,
diversity.
I INTRODUCTION

There are many attempts, which require real-time traffic
information, to solve traffic problem. A wireless sensor
network is an atfractive choice to gather traffic information
since it 15 convenient to install and maintain. One major
problem in large city is traffic jam due to inappropnate traffic
signal control. The wireless sensor network can provide real-
time traffic information so that traffic lights in the area can be
propetly controlled according to traffic condition. Another
major problem in urban area is available spaces in a parking
lot. The wireless sensor network can provide some crucial
information how many and where spaces in the parking lot are
available before the vehicles enter the parking lot. .

The wireless sensor network consists of server nodes and
sensor nodes. Typically, sensor nodes are installed on the road
surface and they transmit data to the server nodes via wireless
channel. Communication between the sensor nodes and server
nodes utilizes radio wave propagated through moving vehicles.
The moving vehicles reflect and obstruct the radic wave and,
hence, such environment creates a number of multipath
components. Moreover, mutipath components are time
varying due to moving vehicles. This severe multipath
environment strongly degrades receiver performance. In order
to improve receiver performance, statistical information of
mutipath components is reguired.

Statistical properties of multipath components heavily
depend on scatterers characteristic. Due to small scale of the
propagation and mowving scatterers, the propagation
charactenistic is difficult to model. Hence, to understand the
propagation behavior, the channel measurement is required. In
this study, we perform amplitude characteristic of propagation
channel using a channel sounder. The channel sounder
consists of standard RF measurement equipments. The
channel sounder is used to measure receiving signal level in
two different scenarics. The first scenario is a parking lot
environment which consists mostly of non-mowing vehicles
and, hence, the multipath components do not vary much with
time. The second scenario arises in traffic monitoring
application in which the wireless sensors are installed in
heavy traffic scenario. Moving vehicles in this scenario create
time varying multipath components.

The paper is organized as follow. In the first section, the
measurement system is discussed. Section II-B  shows
measurement results on the parking lot. The measurement
results on the small street are in section II-C. Section IIT
concludes the paper and discusses possible future works.

II. MEASUREMENT CAMPAIGNS AND RESULTS

A, Measurement scenarios and channal sounder system

The channel sounder consists of a transmitter, receiver and
signal processing wunit. The probing signal is BPSK
modulation with bit rate of 50 kbps which is modulated to
245 GHz by Agilent signal generator model E4433B. The
signal bandwidth for BPSK with v = 0.5 raise cosine filter is
about 75 KHz The signal is transmitted using a dipole
antenna with 4 dB gain The signal power is set to be constant
at 10 dBm.

The receiver consists of Apilent N9020A MXA signal
analyzer connected to the receiving antenna via a low noise
amplifier with 28 dB gain. The receiving complex signal is
demodulated by Agilent 89600 wector signal analyzer
software installed in the Agilent N9020A. The software
acquired the receiving signal in the form of

w(t) = ilt) +q(t)j m
The receiving signal is acquired for two seconds and sampled
at 320 ksps. Hence, the number of sample is 640,000 samples
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per measurement. The sampled recerving signal is stored to
the hard disk of the Agilent N9020A. The signal is then
processed off-line vsing MATLAB software. The signal
amplitude and phase are simply calculated by
r(t) = ilt)? +q(t)?
gl
it)

&)
&)

¢ = tan

L

Apglent wvecior signal

Aglent Signal penersior
Fiz. 1 The transmmtter and receiver for the measurement

B. Farking lot

To mnvestigate receiving signal power in the parking lot, the
measurements are performed in two extreme cases. The first
scemario 15 an empty parking lot representing radio
propagation without any random obstacle. Another extreme is
a full parking lot where all vehicles act as scatterers. By
performing measurement of sipnal level on these two
scenarios, the total signal fluctuation should be captured.

The parking lot is outdoor type with metal roof. The height
of roof is about three meters as shown in Fig 2. The
measurements are performed on two different conditions on

the parking lot. The transmitter and receiver are 6 meters apart.

Both transmitting and receiving antenna height from the
ground is 2 meters.

i N Ty

Ps

Fig. 2 Parking lot scenario
We first study statistical behavior of the receiving signal
amplitude in both scenarios. In order to understand this
statistical behavior, we examine the signal amplitude pdf. The
pdf represents the “density™ of probability at the receiving
signal amplitude. Hence, it can be utilized to determine the
receiving signal floctuation. The receiving amplitude

distribution of the empty and full parking lot is shown in fig. 3.

The measurements show that the amplitude distributions in the

Fizg. 3 Pdf of the receivimg sigmal level m the empiy parkmg and the fi
parking

empty and full parking lots are similar. The only difference
the average receiving signal amplitude. The wvehicles in th
parking lot influence only on the average signal attenuatio
Variation of the signal level depends on the structure of it
patking lot because the pdf of both cases are similar.

We further investigate probability of the receiving sign
level. In order to illustrate the receiving signal probability,
empirical complement cumulative distribution (CCDF) [1, !
is calculated for both cases. CCDF associates the receivin
sipnal level being greater than a particular value with
probability. Fig. 4 shows the CCDF of signal level in bof
empty and full parking lot. Let us consider the CCDF of fu
parking lot signal level of -60 dBm. It will be 6.51% of t
receiving signal being less than -60dBm. There is anothi
benefit of using CCDF to indicate the channel characteristi
Different channels can be compared by the signal lev|
different at the same probability. For example, let us considi
the probability at 90%. The signal levels in full and emp
parking lots are -58 .45 dBm and -30.26 dBm respectively. Tt
signal difference 15 8.19 dBm. This signal level difference cz
be use in performance evaluation of wvarious propagatic
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Dynamic of receiving signal level can be visualized by
fading envelop. The fading envelop plot is normalized to root
mean sguare (rms) power. The fading envelop of full parking
lot case 1s shown in Fig 5. It can be observed that there is only
small fluctuation in the fading envelop since most of scatters
are stationary. MNext, we calculate the level crossing rate
(LCRE} [1] of the receiving signal. Fig 6 shows the LCR for
both full and empty parking lot. It can be seen that the highest
LCR is about the rms signal level in both cases. However, in
full park lot, the LCE are spread into the lower threshold area

due to higher signal loss.

3

3

Mol e g o b (o poveer ()
3

&

b or o croms ings

Fig & Level erossing rate (LCE) for full and empty parkmg lots.

C. Small Road with traffic

The measurements are performed on a road side with
various traffic conditions. The distance between the
transmitter and receiver is five meters. The comresponding
minimum propagation delay is 16.7 ns. We approximate the
exceed delay is ten times of the mimimum delay and, hence,
coherence bandwidth is 6§ MHz. The probing signal is 75 kHz
which is much smaller then the coherence bandwidth. Thus,
the channel is flat fading. The antenna position is 0.5 meters
above the ground as shown in Fig 7. The average wehicle
velocity is about 40-60 km/hr.

Sedan cars and motorcycles are observed in the experiment.
The first traffic condition is a sedan car and fwo motorcycles
are moving in opposite direction. It can be seen from the pdf
shown in fig 8 that there are two signal concentrations at low
and high power region. The signal in low power region
comresponds fo the signal blocking due to the moving car. The
peak in hish power region represents the signal propagation
without any obstacle.

When a motorcycle and a motorcycle are in the opposite
direction, the amplitude fluctuates in high power region as
shown in fig. 8. The receiving signal in motorcycle case is
higher than the signal in previous case because the motorcycle
is smaller than car. Thus, the duration of signal blocking is
shorter and the signal attenuation is lower.

Fiz. 7 Road with fraffic scenano

Similar to parking lot case, we calculate the CCDF of
receiving signal level in both cases as shown in Fig. 9. The
receiving signal is greater than -54.57 dBm and -42.72 dBm
with probability of 0.9 in car-moetorcycle and motorcycle-
motorcycle respectively. With the probability of 0.9, the
signal level difference is 11.85 dBm. The signal level
difference 1s 3.66 dBm greater than the parking lot case. This
difference indicates that this scenaric is more dynamic than
the parking lot. The dynamic of the signal level is higher than
the parking lot case due to moving scatterers. However, the
receiving signal level in this case is higher than the parking lot
case since the road is in open space area.

Measuring fading envelop of car-motoreycle case,
normalized to the receiving signal root mean square (rms) is
show in fig 10. It can be clearly seen that there is a duration
that the signal level is below the rms signal level due to the
car blocking the signal. All signals in lower peak in the pdf
are in this signal blocking pericd. LCR is calculated for each
scenario for the threshold levels ranging from -50 dB to +10
dB. The results are shown in fig 11. It can be observed that the
LCE. of car-motorcycle case is highest at the signal lewvel -15
dB below the rms signal level. In the motorcycle-motorcycle
case, the peak LCR is about the rms signal level.
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Fig. 8 Pdf of the recerving sigmal level in a car and two motorcycles and a
motorcyele and a motercyele are moving in oppoesite direction
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1. CONCLUSION AND FUTURE WORKS

In this paper, dynamic of signal level in radio propagation
channel in presence of wvehicles is studied We perform
receiving signal level measurements in two difference
scenarios. The results in the sireet scenario show that the
signal level is more fluctuated than the parking lot case. There
is evidence that the moving sedan car significantly reduce the
receiving signal level. In the parking lot scenario, signal level
variation is small.

The measurement results can be utilized to design diversity
system for the wireless sensor network. With temporal
channel information, time diversity techniques can be
employed. For example, diversity system for small road
scenario has to be capable to receive signal with a curtain
period of outage.

To fully wotilize diversity scheme, spatial channel
information is required. We plan to study spatial channel
characteristic in the future with our existing channel sounder.
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Abstract

Thi= paper presents zignal measurement from propagation in
parking lot. We performed measurement in two scenarios. 1) in a car
parking 1ot and 2) in a motorcycle parking lot. We have used module of
ASK (Amplitsde Shift Keying) and FSE (Frequency Shift Keying) at
434 MHz to tranzmit. We compared receiving sipnal level between
empty parking lot and full parking lot. We used probability density
fumction (PDF) to anatyze result of two demodulation signal Because if
receive signal bas sigmal level in range of difference that parking lot is
not full From result, ASK modulation has more difference signal level
tham F3E modolation. That diffarence result haz compared is eazily and
can e use to develop vehicle quantity meazurement systems or wireless
semsor network with respect to vehicle.

Eeywonds: wave propagation, wireless sensor network
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