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Measurement of UHF Signal Strength
Propagating froniRoad Surface with Vehicle
Obstruction
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surrounding environment creates multipath propagati

Abstract—Radio wave propagation on the road surface is amajHence, it is essential to study this radio charseelthat the

problem on wireless sensor network for traffic ntoring. In this
paper, we compare receiving signal strength ondeenarios 1) an
empty road and 2) a road with a vehicle. We ingesé the effect of
antenna polarization and antenna height to theiviage signal
strength. The transmitting antenna is installedtios road surface.
The receiving signal is measured 360 degrees arthenttansmitting
antenna with the radius of 2.5 meters. Measuremgsuits show the
receiving signal fluctuation around the transmgti@ntenna in both
scenarios. Receiving signal with vertical polaii@atantenna results
in higher signal strength than horizontal polai@atantenna. The
optimum antenna elevation is 1 meter for both twriand vertical
polarizations with the vehicle on the road. In gmpty road, the
receiving signal level is unvarying with the eléwat when the
elevation is greater than 1.5 meters.
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. INTRODUCTION

sensor nodes and server node can communicateesffici

In this paper, we present signal strength measuresref
UHF radio wave. We compare receiving signal stiergtthe
server node for two different scenarios. To sttlty effect
multipath propagation without the effect of vehjclee
perform a measurement on an empty road. In seam®hEO,
the receiving signal strength at the server is neskso that
the effect of both environment and vehicle on theéio wave
propagation can be investigated. The polarizatiothe server
node antenna is varied to determine the optimunenrevat
orientation. The server antenna is moved aroundsémesor
node to obtain signal strength in various locatidrse effect
of antenna height is also investigated by varyimg vtertical
location. In this study, we only consider heavyfitascenario
which is typical for urban area.

This paper is organized by the following. In sectig the
details of measurement campaign and system coafigarare

HE wireless sensor network is widely used in vasioupresented. The measurement results are showrtiiorsél|

applications because of low installation and maiatee

cost [1]. In traffic monitoring system, speed, n@mniof
vehicles and vehicle types are crucial informatidrhis
information can be obtained by processing fundaaiethta
detected by various types of sensor embedded irse¢hsor
node and server node is responsible for procesbimglata.
The wireless sensor network is very attractive tfar traffic
monitoring system since it provides wireless comicairon
between the sensor node and the server node. stz
wireless sensor node is installed on the road ceirda that it
can detect vehicle. Data from the sensors is tfasmitted to
a server node via radio channel. However, thisoratlannel is
very complicated since moving vehicles obstructicadave
propagation from the road surface to the serveer@yl [3].
In heavy traffic scenario, the sensor node willdoenpletely
blocked by a vehicle for most of the time and, legricis very
difficult to communicate by radio wave.
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and section IV conclude the paper.

II.  WIRELESSSENSORNETWORK CONFIGURATION AND
MEASUREMENTCAMPAIGN

In this section, we present the detail of wireleshisor
network configuration for traffic monitoring systefhen, we
show the measurement campaign to obtain the sgjreigth
in various location, height and orientation of gerver node
antenna.

The wireless sensor network consists of two magotspl)
sensor node and 2) server node. The sensor nadstasled
on the road surface while the server node can &talied in
any location outside the road. The antennas usingoith
sensor and server nodes are patch type. In theriexgnt, the
transmitter is an Agilent signal generator modefAE3B. The

Moreover,center frequency and the modulation are 2.45 GHizBSK

respectively. The power for transmitting signal@dBm. The
receiving signal is acquired by an Agilent N9020AXM
signal analyzer which demodulates the receivingaigto in-
phase (I) and Quadrature (Q) components. Thesad @
signals are then saved into an internal HDD of $ignal
analyzer. The capture period is 2 seconds for

measurement. This signal is then analyzed using M¥SI
software on a desktop computer. Schematic of thelegs
sensor network is shown in Figure 1. The road éters

each
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wide and divided into two lanes which the trafficrunning in  investigate the effect of surrounding environmenthe signal
opposite direction. The server node is locatetherroad side strength at the server node. The second measurement
at the distance of 2.5 meters from the sensor ribde.server campaign is performed when a pickup truck is parbedhe
node is rotated around the sensor node starting fillis top of sensor node to simulate the heavy traffienacio in
location which indicates 0 degree of rotation angjlee server Urban area. The bottom of the truck is about 38&imeters
node patch antenna is vertically installed on amerama above the road surface. For both empty and nonyenoaid
adjustable pole which controls the antenna heighe actual SCenarios, the receiving signal is captured foh lvetrtical and

installation of these equipments is shown in Figure horizontal server antenna polarizations.
The rectangular patch antennas, shown in Figuaeedused
P L in both server and sensor nodes. The width anchheigthe
700 em patch antenna are 64.39 millimeters and 32.18 muliers
I respectively.
I Sensor node Server node
I antenna antenna
Road I Tx Rx Road
surface E -« .....D] surface
| N
| 250km '
180
I degrees
direction I
Fig. 1. Schematic of wireless sensor network ifetfah used in this
experiment

Fig. 2. Actual installation of the wireless sensetwork
configuration

Fig. 4. The patch antenna

The detail of the server node rotation around theser
node with vehicle obstruction is shown in FigurelBe server In.
node is rotated clockwise around the sensor nodel®y ) .
degrees step until the server node is back to figinal \tNe ﬂrzt deftermlneHIchEYfzrtzaqgenct\):v reksponfls of Eggma
location. In each measurement round, the anteeights at fm enna yfglgggagg {245 GHne orh anayzge r h;:T
the server node are varied from O to 2.5 meter .Byn@eter 0SS (gy) is -17. at e Z as shown In Figure

step. We first measure the signal strength forethety road to radiation pattern .Of the patch antenna for bothlah and E-
plane are shown in Figure 6.

MEASUREMENTRESULTS
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Fig. 6. Normalized radiation pattern of the patoteana

The receiving signal strengths for both scenaridth W road vehicle obstuction at server node antennaheig

vertical and horizontal polarizations are showrFigure 7 to
Figure 12 for the antenna height of 0, 50, 100,, ¥ and
250 centimeters respectively. When the receivinterana
height is same as the height of sensor node, gmalsstrength
for both scenarios are similar for vertical polatian
orientation as shown in Figure 7(a). However, thgna
strength for obstructing vehicle with horizontallgrization
receiving antenna is lower than the empty roadagenwWhen

It can be seen from Figure 11 and 12 that the bEignals in
broadside direction i.e. the angle is 0 and 180ekyfor both
scenarios are almost identical.
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Fig. 7. The comparison received power between engay and a
road vehicle obstruction at server node antenrghhedf O cm (a)
vertical and (b) horizontal position
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Fig. 8. The comparison received power between engaty and a
of 50 cm
(a) vertical and (b) horizontal position

To study the effect of the receiving antenna heighthe
signal level, the receiving signal strength is aged over that
angle from -45 and 45 degrees for 0 to 2.5 meterghh as
shown in Figure 13. It can be seen from Figured)3ifat the
maximum signal level is -54.88 dBm at the heightLaheter
for vehicle obstructing scenario when the receivangenna is

the heights of the receiving antenna are 50 and 1@® vertical polarization configuration. When theidte is

centimeters, the receiving signal strengths ardlairfor both
vertical and horizontal configuration in both sceos as
shown in Figure 8(a)(b) and 9(a)(b). The signaérgths in
empty road scenario for horizontal polarization areaker
than vertical polarization for both scenario witie tantenna
height 50 and 100 centimeters. Figure 10 (a) ahdHbw that
the receiving signal strength for empty road sdenaecomes
higher than vehicle obstructing scenario for boghtical and
horizontal polarizations when the antenna height1&0
centimeters. When the antenna heights are grézder 150
centimeters, the receiving signal strength for empiad
scenario is significantly higher than vehicle obsting
scenario for both polarizations as seen from Fiddrand 12.

greater than 1 meter, the signal strength dropsllsafor both

vertical and horizontal polarizations. In empty dascenario,
the receiving signal power directly proportion tee tantenna
height up to 1.5 meter. When the height is gretiian 1.5
meter, the receiving signal strengths do not vapidly with

the height. In both scenarios, it is clear that plerformace of
vertical polarization configuration is better th&orizontal

polarization configuration.
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Fig. 9. The comparison received power between engatyf and a Fig. 12. The comparison received power betweenenoaid and a
road vehicle obstruction at server node antenrghhedf 100 cm (a)  road vehicle obstruction at server node antenrghhef 250 cm (a)
vertical and (b) horizontal position vertical and (b) horizontal position

=40
— Verlical position with vehicle
.45
—— Horizontal position with vehicle
- 50
£
55
k=
: /\
= -60 — —
=
-9 /ﬁ—\/‘
= -65
2
=z /
g .70
-
=75
s Nenical position with vehicle Heriznnes| positan with vehicle
— == Werfical posidion empiy med = = = Harizonial posifian empiy rond -80 T
Jal b} o 50 100 150 200 250

Antenna height (cm)

Fig. 10. The comparison received power betweenenoaid and a @)
road vehicle obstruction at server node antenrghbef 150 cm (a)
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(a) vehicle obstructing and (b) empty road scesari
Fig. 11. The comparison received power betweenenopid and a
road vehicle obstruction at server node antenrghhef 200 cm (a) IV. CONCLUSION

vertical and (b) horizontal position o
The measurement results show that the receiving

polarization plays a major role in receiving sigetikngth for
wireless sensor network where the sensor nodestallied on
the road surface. Vertical polarization configuratis suitable
for wireless communication with vehicle obstructiofihe
receiving antenna height is also an important fa¢to the
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receiving signal strength. We found that the optimheight is
1 meter for vehicle obstruction scenario. In empbad
scenario, there is no benefit of increasing theram height
greater 1.5 meter.
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