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Abstract

Current wireless sensor network has been widespread interest. With easy to
install and can get information is changing. This can be applied for monitoring
volume vehicles such as monitoring the amount of traffic congestion on the road. For
wireless sensor network is a main component of communication. That including the
detection station and server station. The research will study the environment that
caused the propagation on the road. The sensor will be installed and transmitted data
to the server station. The data signal output through the environment on the road
causing the propagation. Signal data has been made to reduce the dramatically. So
statistics of the signal data derived from components propagation of various signal
direction 1s want. Used to improve the properties of the receiver. The statistics of the
received data signal depends on component of the wave scattered on the road. As a
result, To understand the properties of propagation 1s necessary. This research past,
most measurements in the outdoor environment will depend on distance and signal
received. But this research. Distance measure channel between receiver and
transmitter set a short distance. Therefore not based on distance. But depends on the
amplitude of the signal received. By analyzing the signal received in the form of the
probability of signal strength. This values that will be analyzed to design a system for
transmitting information to get the best environments on the road, such as Diversity or
Mutltiple Input Multiple output (MIMO), etc. to be used for development set in the
receiver volume vehicle monitoring systems or wireless sensor networks related to

vehicles
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- HUI@BQ Path loss M4

anumzalUves Path loss Tuntioves dBm Sluladduvesszosms d a3
PL(d) = PL(d,)+ ylog(d / d,) +x, (2.6)

Tuerunisdnawn PL(d,) 19unu path loss 8198352054 d, Amsdl y Fondwann
i 0 P 1] }, e
5 ar 1 =9 1 Y
path loss wazd@mivey = 2 nnaunsdevusniiumsgardenamsuninszareniuly
1 o o 1 3 ¥ A W
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' . e ES v d
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- BUVI10E Okomura Uaz Hata
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Modulation
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3t v i
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&
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2.20) wog (2.21) awmhausadauuANnduanunfuns (Carier)
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v, (1y=V, cosw, ! (2.20)

W Y I Aa A 2 9
DU INTNIGEANL BN mufgmmu&ﬁmmuﬁmﬂgm%um?mg&m? Faaz ldN

v (1) =V.(£)Cosla(t) + p(1)]
=V (6)Cos[0(t)] 2.21)

L. MSuoR@ANIYIIA (Amplitude  Modulation: AM) %4 (t) 92097 & Tl o,

p(hzman 1 0 dvwavewemlaga V. (@) muisanfeumlasdnudosazves

doanaud@es V. () frdhan

4, mmamammquwaaaam (Angle Modulation) HaV (t)ﬂw'ﬂm‘nv uAO(t) 1

Lﬂaauuﬁm‘lﬁmmﬁmmmmmmaammm cmmssmﬂmﬂmmmmﬁmﬂu 2 Uy Ae
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1N
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- Phase Shift Keying (PSK)

A1TNBYIANLIY PSK c‘fﬁmwe%mmﬁﬂﬁ%ﬂuﬁugmﬁa:ﬁn"lﬂ:jmmac;]mmﬁﬁ
anududouiulilin iy QPSK, QAM Wludu msusquaauuy PSK Aensilaou wla
Fhumiaisudu) vosdyanunme awdadeya 1wy wla g, dodayailu o wazila gl
Foyadlu 1 dsaunsi .22

)

PSK(I) = {A Sin(zﬁf’;t * ¢0 ): data(f) =0

. (2.22)
Asin(27 ft +¢), data(t) =1

Tofvosdygin PSK  Avvznudedayanasuniunnnii AsK  Tuvasilduoy

AMNBUAUNTT FSK uazuaﬂﬁnnuaammmsmuﬁﬂgﬂgaﬂym%maﬂ’h1 iinsonuY
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@113 Bandwidth 84 PSK TR UMIAUUDUATINDY0S ASK (ho898908051 Baud
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aamuﬁﬁﬂmmmamamu%vmﬂmnmmummmmmﬂﬂw"l@%mm%@m”luﬁﬂ@
f:::c];amwmwaiﬁ X{a) mmasum %mwaﬁmamwwﬂ“mu"lm‘;muﬂsmmm ziimeenul
fgfL_iJmmmmms& Lmﬂuﬂsm%aaﬁiyfgmt;fmmm@mmuum%ﬂwmﬂmmﬁty,q;mgﬂuﬁ"s

wlsaulnenss
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2.4.2 ﬁamummm%sﬂusmzﬁaﬂﬁuﬂmmnzmaﬂ'smmwsﬂmmnazaummm
Q___asﬂsn%azﬂfmmmimﬁm (Probability function and cumulative distribution function)
_ Sfivisannuhvsaiiuvesdunlsgu Ao PX = x) uaz P(XY < x) Aoslanduany
fg =7 1 ' 2| o 1 oet s "o 4
ezl Tavh PCY = x) uassnnudesiuidunlsduiawiny x  uas P(Y < x)
] =1 o [ qt r =] " oo = t &
Elﬁ'ﬂﬂﬂfﬁ']11‘1!6\1?1?T‘JJTJ'W&'iJu“U?Nﬂ’JLL‘}J'ifj?ﬁ’mﬁ']uﬂﬂﬂ’ﬂﬁi@ﬁ’}’lﬂ‘ﬂ X ﬁlzgﬂﬁﬂﬂ'}‘l ﬁ@ﬂ‘lﬂi
; " o o = ! ) 5 8 i . .
m‘smmmmmm%mﬂmmuzwmJmeamuﬂquwmmasﬁm (Cumulative distribution

) ¥
function #30 CDF) sensvziionuilaidudananlugse 11
F(x)EP(X<x) —w<x<w (2.24)

P T = o ' ¥ 1w v & =k '
LAZIHBIRINKATWYBIA NI I uY s s duNIeTmInD 1 Fedu F(x)aszumoy

E1
Tuaa 0 891 Asdl

0<F (0=l (225}
oz F(—0)=0, F(x)=1 (2.26)
sozifioanin

PX<x)+ P(X >x)=1
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‘ol POY>x)=1-P(X <x)
—1-F,(x) (2.27)

§ Y ¥ ¥
PANNNUE F.(x) evvzmanuitesilui X ogsenas auns b 1daed
P(X Say+Pa<X <by+P(X >b) =1

Pla< X £b)=1-F(a)-[1-F.()]
=F(b)~F(a) (2.28)

3 | & ]

=t & =] o & 1A 1 -

quantdfiddgdndeniiaves £ (x) nfedasduilagiianiugeiuifiviogaier
A ot ]
ile x Bmunuu

findrantsduiuledFunisunussaning Junouss LauUDIR I siragy
f_'u.wsamum“lunmw X dudunlsduiifimaeiiion 1uﬂ§mwXnﬂum'aamsammuhlmamm
Fubenndrbideiites b (R Tﬂmnx > x, amdiesiluves X = % fiflo P(X =x)
a0 4:%’ 3 A ar
Tunstiwuil deziouTesdudaddunsusnmennuibseiiuuasruvesdunlaFegu

: b 4 d. ) ¥ -7 L:%)
tuaariissn o 13 lurums @) szaansadion F (x) Tuns@il 188

0 B,

&
F(x)4> P(X=x) x,<x<x, (2.29)
i=]
1 xX<x

n
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Normal Distribution
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2.4.3 HanFuvmnuiuananiwzihy (Probability density function)
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as 1 =1 = ’ & g’; | oY
lunstiidudsguiusuuiisdeiioniu Tunaio 9 Tomavewudims 19 Hew

;E" ' v o & a '3 1= v
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<3 '.: % o 1 ar ' ¥ ) a:sl;
Hu i oni TedFununniunnuniestiu (Probability density function W38 PDF) fluseh

2 dl’ (x)
p.(x)= —""dx (2.30)

ulinuluaums 230) p,(x) Rezdlunnumingiiui X egsening x - defe x vnauns

2.30) esmmilsndumsusnuesanuihesiuuuazmesdulsFduuvusedies

winldlaomsBuiinsanduuniy
o
F(x)={_p(a)da (2.31)

wa 4 o ¥ o aw X a
AuAuIAvDY PDF fuitu lddnoziiseil Ae

p.(x)>0 (2.32)
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[ pnax=1 (2.33)
Pla<X <b)=F,b)-F(a)=[ p,(x)ds (2.34)
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2.4.4 Aunaevean gy

= e i < a1 Vot 4 1 Ay g 1
Tunsandwlsqu x Wuundia Tuaedies wu Sandy x,x,,x,,.. uazanuiey

1 2 1
Huenaudazauiiu P(x ), P(x,), P(x,), ... ud1dD §9hnsnaass N ase laofi N

el [ J

H ¥ Ed x 2
G lnguin sznuhilemah X =x duasll NP(x) dniufieshnaii 1dvinnisnanss

o

e ¥
Qs =1

o o 3
- Hanuativauiufes Idi

X P(xIN+x,P(x )N +..=NY x.P(x,) (2.35)

A o o & o g uyer i @

- uoziin1TIUIUATIYBINIINARDIAD N MSaums (2.35) Nz ldaunisvemahlduin
T : \ Eg g’) 1 U ]

- MInanesoeny Aunden lallviniBondt NIRRT X (exceptation of X)) uaz
- o o =7 w ¥ ' 4 o o o

v lddygdnuonilu X vio E[X]Fatudrlddundenidesnuuiumiszifou

¥
9 ar £

- Aanudurus 1dd e
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X=E[X]=m=> xP(x) (2.36)

¥
o ogr

' o Sa 4 =3 o as 3 ] o3|
lunsaRdulsguiluuvuiinwoiiswazivanduanuvuunivanusieaiy

T p. () wannsamanndoldlasdifiefen Px)  Tumunis 236) Haumisu

¥ o = < a0 e s dw
p.(x)ax nMBRudougninmammaintiums suhinsaasi

X =EX]=m=" xP(x) (2.37)

[

Tunstina U g iduilsduvesdunlsgu X szaunsomaundoves g(X) 14

 dundeduaums (2.37) A

g(X) = Elg(0)) = [ g(x)p(x)ax (2.38)

luns@ifiee® g(0) = X7 wei I8 luaums 2.38) srgnidon i Tuudsuduii n vosduls

i (nth moment of the random variable) Astifin=1 ﬂ?aimnm‘fﬁuﬁuﬁ 1 ﬂiﬂ&ﬁ?’}uﬂii}"mﬁﬁﬂ

i { o4 o w o o 3 4 Foa e 1
- Aunde 3fid n = 2 3o luwuATuA 2 vesdwsguilAeamasnounis (mean square

value) Saindumiilinnuddyuninsizesdos Tostumdsnuvesdyangu Sl
lv ﬂg = a ot ot [ & o o

~ Favuuazilse lowlnnluns@ifdygaduiniiudyanasomu

B 4 = 1 = o ¥ r o Qs o ar

__ issnnauismvesnumasainauns (2.38) sziuldantlunssamsdudus
o T = o ¥ 2 v P

gusnndudu duiu §1 g(X) = aX +5b laohi a, 510 ned mnaums 2.38) o2'ld

ElaX +b]=aX +b (2.39)

‘wazth a=X, b=0w'ld

E[XX]=XE[X]=X =E[X] (2.40)
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= dyca‘d! =t o 3 ar Ao @ & g ] P
a1 16 lnaums (2.40) inflenundoundidsans Yodunafididgsemsniiehie aunfoen
mideresfivzuananeninaimideaouniondiafie E2(X]= E[X?] Tavh E[X?] e

nnn E2 [ X Tiaws

y ¢
2.4.5 ANMMLBAVHINAIGIUUBTIEUG (Standard deviation and Variance)

ot = voes o ' t
arudosvuinasullumilduaasmnsznsvosdndsguinegiinnszae

_. 1 ~ L o o o < g ey o &
ahwisemenguuey anuboavunaspuiainlfduadnee o nusiifinwsil

o® 2 [" (x=m) p(x)dx = E[(X ~m)’] (2.41)

a = ay ' o4 o g = ¢
NHABAUD o NULUAINETUNIN 57T oUS (Variance) Bindioluaunis 2.41) # e

d Yo v Y 1 ' ~ ' e = =

vy lddad §1X nsznedisesnninaunde mannmiila wBeudnieanuiouuy
. = 3 e Loy o ' & e < 4:
npsgunzgenia lidae dniudinann daualsguyganildianubsauuuesgunsous
SoudaminiBnyanils Ausashdunlsqugausniimsnszawesnnnduniotosnhgands

3

HoMNII RIS 0T ludums 2.41)  laouanivmoun19uiiiisvesaunisos

3

=E[X*]-m’ = X? —m? (2.42)

1 =1 o

SFazdiuldhauniuuduen Idnniidmeunfoaudvsunfoondidsaes uaslunsain

Pugud o? szimidu E[X°]

Y4
Amdeiug
= o e ' o [ y ' =5 o o
lunsainidwdsquiiunuy lidedios AwnBoudfton I luaums @41 fag

] o a A
Aavugidilunavindaiifie

op = (x,—m) P(x,) (2.43)
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246 WanFunisnseaioazasnfuiy (Complement Cumulative Distribution

Function: CCDF)

anudesnisdmiuisidumsnsrneazaudnsiy fatuaiusnionaiants
FuauATavaueaduIuss UL Spread spectrum 1934 18-95 cdma 2000 1aE WCDMA 512
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stract— Use of wireless sensor network for traffic and parking
monitering is very attractive.  However, the network
rformance is difficult to predict duc to complex radio wave
opagation characteristic. 1n this paper, receiving signal level is
exsured for UHF radio wave in presence of vehicles. We
rform measurement in two scenarios: 1} a parking lot and 2) a
all street. We have found that the probability density function
df) of receiving signal [evel in small street scenario exhibits two
aks while only one peak is observed in the parking lot
vironment. The complement cumulative distribution functions
CDF) of receiving signal in both full and empty parking lots
e similar. However, the average signals fevel in the full parking
of lower than the empty parking lot. Level crossing rate
CR) is also calculated for each seenario.

v words: wave propagation, wireless sensor networks,
versity.

I. INTRODUCTION

There are many attempts, which require real-time traffic
formation, to solve traffic problem. A wireless sensor
twork is an attractive choice to gather traffic information
ce it is convenient fo install and maintain. One major
problem in large city is traffic jam due to inappropriate traffic
signal control. The wireless sensor network can provide real-
time traffic information so that traffic lights in the area can be
properly 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
iavaitable 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
thannel. Communication between the sensor nodes and server
fodes utilizes radio wave propagated through moving vehicles.

The moving vehicles reflect and obstruct the radio wave and, -
hence, such environment creates a number of multipath

tomponents. Moreover, mutipath components are time

*National Electronics and Computer Technology Center, Pathu ;
E-mail: chan@sut.ac.th '

propagation ‘an
characteristic_is
propagation behavi
this study, we.perfo
channel usin

varying due to moving vehicles. This severe multipath “act

environment strongly degrades receiver performance. In order © :
to improve receiver performance statistical information of

mutlpath components is required.




or measurement. The sampled receiving signal is stored to
2 hard disk of the Agilent N9020A. The signal is then
ocessed off-line using MATLAB sofrware. The signal
mplitude and phase are simply calculated by

r(t) = it} + q(t)? (2}
& = tan™’ g% 3
Ny

4

Fig. 1 The traasmitter and receiver for the measurement

Apitant Signal gansrater Agilent veclor signal

Parking lot

To investigate receiving signal power in the parking lot, the
measurements are performed in two extreme cases. The first
scenario is an empty parking lot representing radio
gpfopagation without any random obstacle. Another extreme is
a full parking lot where all vehicles act as scatterers. By
serforming measurement of signal level on these two
icenarios, 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 transmitiing and receiving antenna height from the
wround is 2 meters.

Fig. 2 Parking lot scenario

We first study statistical behavior of the receiving signal
implitude in both scenarios. In order to understand this
statistical behavior, we examine the signal amplitude pdf, The
»df represents the “density” of probability at the receiving
signal amplitude. Hence, it can be utilized to determine the
eceiving signal fluctuation. The receiving amplitude
listribution of the empty and full parking lot is shown in fig. 3.
Fhe measurements show that the amplitude distributions in the

empty and full parking lots are similar, The only difference is
the average receiving signal amplitude. The vehicles in the
parking lot influence only on the average signal attenuation.
Variation of the signal level depends on the structure of the
parking lot because the pdf of both cases are similar,

We further investigate probability of the receiving signal
level. In order to illustrate the receiving signal probability, the
empirical complement cumulative distribution (CCDF) {1, 3]
is calcutated for both cases. CCDF associates the receiving
signal level being greater than a particular value with a
probability. Fig. 4 shows the CCDF of signal level in both
empty and full parking lot. Let us consider the CCDF of fuli
parking lot signal level of -60 dBm. It will be 6.51% of the
receiving signal being less than -60dBm, There is another
benefit of using CCDF to indicate the channel characteristic.
Different channels can be compared by the signal level
different at the same probability. For example, let us consider
the probability at 90%. The signal levels in full and empty
parking lots are -58.45 dBm and -50.26 dBm respectively. The
signal difference is 8.19 dBm. This signal leve! difference can
be use in performance evaluation of  various propagation
scenarios.

7:!0

— hii parking Wt
s| —evee Bmpty packing lot

Number of receiving signat amplilude

120 110 100 0 50 -7 £ £ -0 =30
Signal fevel (tBm)

Fig. 3 Pdf of the receiving signal level in the empty parking and the full
parking

Frobubifty Biganl Level » Abscisss
2 = 2 e g
o & @ 5%

2
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&5
Signal L mal (dBm}

Fig. 4 CCDF of receiving signal level in the parking lots



ynamic of receiving signal level can be visualized by
fing envelop. The fading envelop plot is normalized to root

square {rms) power. The fading envelop of full parking
ase is shown in Fig 5. It can be observed that there is only
} fluctuation in the fading envelop since most of scatters
stationary. Next, we calculate the level crossing rate
y [1] of the receiving signal. Fig 6 shows the LCR for
ih full and empty parking lot. It can be seen that the highest
R is about the rms signal level in both cases. However, in
| park lot, the LCR are spread into the lower threshold area
2 10 higher signal loss.

0,
g
:
£
3
'
3
2
3
£
%
&
%
E
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Fig. 5 Fading envelop of the full parking lot
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Fig. 6 Level crossing rate (LCR} for full and empt.y parking lots.

. Small Road with traffic

The measurements are performed on a road side with
arious traffic conditions. The distance between the
ansmitter and receiver is five meters. The corresponding
minimum propagation delay is 16.7 ns. We approximate the
exceed delay is ten times of the minimum delay and, hence,
toherence 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
sbove the ground as shown in Fig 7. The average vehicle
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 two motorcycles
are moving in oppesite 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
corresponds to the signal blocking due to the moving car. The
peak in high power region represents the signal propagation
without any obstacle,

When a motoreycle 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.

Fig. 7 Road with traffic scenario

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 -34.57 dBm and -42.72 dBm
with probability of 0.9 in car-motorcycle and motorcycle-
motorcycle respectively. With the probability of 0.9, the
signal level difference is 11.85 dBm, The signal level
difference is 3.66 dBm greater than the parking lot case. This
difference indicates that this scenario 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-motorcycle 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 period. 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
LCR of car-motorcycle case is highest at the signal level -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. 11 Level crossing rate (LCR) for car-motoreycle and motorcycle-
motorcyele scenarios.

TI1. CONCLUSION AND FUTURE WORKS

In this paper, dynamic of signal level in radio propagation
channel in presence of vehicles is studied. We perform
receiving signal level measurements in two difference
scenarios. The results in the street 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 utilize 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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