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Radio Wave Scattering from Lampposts in
Microcell Urban Mobile Propagation Channel

Mir Ghoraishi', Jun-ichi Takada?, and Tetsuro Imai®, Non-members

ABSTRACT

The radio wave scattering from lampposts in ur-
ban areas is analyzed. The lamppost is modeled as
a finite-length conducting cylinder and the approxi-
mate theoretical values of its bistatic radar cross sec-
tion (RCS) are compared to those experimental val-
ues obtained from a propagation channel measure-
ment campaign in two urban environments. In the
theoretical derivation it is assumed that two waves,
direct and ground-reflected, are incident to the lamp-
post, whereas only direct scattering is assumed due
to the directive receiver (Rx) antenna. The CDF of
the theoretical RCS of the cylinder and those of the
lamppost derived from measurement data exhibit a
close agreement.

Keywords: Lamppost, radar cross section, urban
propagation channel.

1. INTRODUCTION

Conventional propagation prediction tools, such as
ray-tracing algorithms, only account for specular re-
flections from building wall surfaces and diffractions
from building corners and roof-top edges. But this is
an oversimplification of the complex architecture of
the propagation channel in the urban areas. In fact,
not only approximating the interaction of a build-
ing wall in the urban areas to a specular reflection is
too optimistic for cellular operating frequencies, but
also there are many interacting objects other than
buildings in the wireless channel in these environ-
ments with a collective significant impact to the re-
ceiving signal [1]. To improve the accuracy of prop-
agation prediction tools, several researches were ac-
complished to include the building rough surface scat-
terings [2],[3],[4]. Moreover, the scattering from trees
was addressed in [5],[6]. However, the scattering ef-
fect of objects such as lampposts, traffic lights and
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signboards have not been analyzed or modeled care-
fully even though their contribution to the channel
are considerable [1]. In this paper we analyze the
scattering effect of the lamppost in the urban envi-
ronments by obtaining its radar cross section (RCS)
experimentally and analytically. For this purpose we
use the experiment results of a measurement cam-
paign in Yokohama, Japan in a microcell scenario [7].
This is done through deriving RCS of the lamp-
posts from measurements in real scenarios in com-
parison to the analytical results.
Section 2. provides the analytical modeling of the
lamppost as a conducting cylinder to get its RCS val-
ues. In section 3. coherent and incoherent two-ray in-
cidence models are introduced to take the measured
RCS variations into account. In section 4. we intro-
duce the measurement set up and values, whereas sec-
tion 5. introduces the simulation and its predictions.
Section 6. provides discussions and comparisons and
finally section 7. is the conclusion.

2. LAMPPOST RCS MODEL

The definition of RCS is as follows [§8]: “For a
given scattering object, upon which a plane wave is
incident, that portion of scattering cross section cor-
responding to a specified polarization component of
the scattered wave.” The RCS is usually shown by o
and can be formulated as [9]:

o |E?
- 1
T ‘E1|2 ( )

lim 4nr
pr—00

g =

incident\J§
wave

X,

N
2a —| |«—
Fig.1: The incident and scattering parallel electro-

magnetic wave to a long but finite-length conductor
cylinder.
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where |[E®|? is the power per unit area in scattered
wave at the receiver (Rx) antenna which is in the po-
larization of the Rx antenna, |E‘|? is the power per
unit area in the wave incident on the scatterer and 7,
is the scatterer to Rx separation.

To get the analytical RCS of the lamppost we approx-
imate it to a long but finite-length conductor cylin-
der. The approximated theoretical value of the RCS
for a perfect conductor finite-length cylinder of cir-
cular cross section can be derived by calculating the
induced current on the surface of the cylinder. It is
formulated as a function of the incident and scatter-
ing angles [10]:

412 sin? 6, { sin[%L (cos 6 + cos ;)] }2

7= 7sin? 6; %(cos@s—i—cosﬁi)
= ; n(kasin g,
S (ayrermae Tufbasinle) |,
o Hy” (kasin6;)

where L and a are the cylinder length and radius re-
spectively with its axis of symmetry along the z axis.
Moreover 0; and 6, are the incident and scattering
waves co-elevations and A¢ is the azimuth difference
between the incident and scattering waves. J, and
HT(LZ) represent Bessel function of the first kind and
Hankel function of the second kind respectively.
Figures 2 and 3 show the cylinder RCS variations as a
function of coelevation 6; and azimuth difference A¢
respectively, for which L = 6.5 m, a = 0.08 m, and
fs = 90°. It is observed that the cylinder RCS di-
minishes rapidly as the incident coelevation changes
from 90° (horizontal incidence), whereas RCS varia-
tions due to the azimuth difference is small except for
the backscattering zone. Consequently, in the next
section we will address the lamppost RCS variations
in the urban areas by introducing a two ray model
which imposes the coelevation variations in the super-
imposed incident wave.

3. TWO-RAY INCIDENCE MODEL

For the incident wave to the lamppost we use the
two-ray model [11], [12]. That is we consider the di-
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Fig.2: The RCS of a conductor cylinder as a func-
tion of incident wave coelevation 6;, for L = 6.5 m,
a=0.08 m, 8, =90° and A¢ = 0.
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Fig.3: The RCS of a conductor cylinder as a func-
tion of incident and scattering waves azimuth differ-
ence A¢, for L = 6.5 m, a = 0.08 m, 6; = 90° and
fs = 90°.

Transmitter

Antenna al-g K

N

Fig.4: Two incident paths transmitted by a dipole
half wavelength antenna at the cylinder.

rect incident wave from the transmitter (Tx) antenna
with the coelevation of 6;4 = 90° and the ground-
reflected incident wave with a coelevation of 0;, as is
illustrated in Fig. 4. Here we only consider the di-
rect scattering wave, more discussions on this will be
provided in section 5.

3.1 Coherent waves

When the two incident waves coherently impinge
at the lamppost, the composed incident angle is given
by the superposition of two propagation vectors of the
direct incident wave and the ground-reflected wave.
As the Tx antenna is a half wavelength vertically
installed dipole, the transmitted signal is vertically
polarized (6 component in the spherical coordinates)
and there is not any radiation along horizontal po-
larization vector (¢ component). However, due to
the grazing angle of the ground-reflected wave, the
electromagnetic field at the reflection point includes
a parallel (to the ground) component. Having the
Fresnel parallel R and vertical R, coefficients for the
ground, the ground-reflected electromagnetic field at
the incident point can be calculated as:
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in which Ej is the equivalent electric field radiated by
the isotropic antenna, r, is the traveling distance for
the ground-reflected wave and hy is the dipole field
pattern defined as:

cos|[5 cos(6)]

ho(6) = sin(6)

(5)

moreover the ground Fresnel coefficient for parallel
and vertical polarizations R and R depend on rela-
tive dielectric constant of the ground ¢, and the graz-
ing angle according to

cos(fig — 90) — k\/er — sin?(6;, — 90)
Ry = (6)
cos(b;g — 90) + k\/er — sin?(6;, — 90)

where k = 1/¢, for Ry = R) and k = 1for R = R).
The relative dielectric constant is €, = €. — j60A0,
in which the values for relative permittivity €. and
conductivity o for an average ground are 15 and
5 x 1072 U/m respectively [13], and A is the oper-
ating wave-length. For grazing angles however the
reflection coefficients can be approximated to R =
R, =—1[11],[12].

On the other hand, for the direct incident wave, the
propagation direction is horizontal and the following
relations exist:

e~ Jkra
(8)
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where ry4 is the the traveling distance for the direct
incident wave. The incident angle of the total electric
field can be obtained from superposition of the two
incident waves that is:

B + E°
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Fig. 5 shows the coelevation of the superposed inci-
dent wave as a function of the ground-reflected wave
coelevation. Also in Fig. 6 the RCS of the cylin-
der obtained from the superposed incident wave is
illustrated. It is observed that the RCS increases for
grazing ground reflections. The reason can be un-
derstood by inspecting Fig. 5, in which for grazing
ground reflection coelevations the coelevation of the
superposed incident wave decreases back toward 90°.
In Fig. 6 the total coherent RCS using R = R, =
—1 is also added for comparison. It is observed that
the total RCS range using average ground reflection
coefficients and R = R; = —1 does not show any
significant difference. As a consequence and for the
sake of simplicity, we will use these coefficients in the
simulations discussed later in this work.
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Fig.5: Incident coelevation angle of the superposed
direct and ground-reflected waves as a function of
ground reflection coelevation.
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Fig.6: The total RCS of the conductor cylinder in
which the coherent direct and ground-reflected waves
are impinged as a function of ground reflection coel-
evation. L = 6.5 m, a = 0.08 m, 8, = 90°.

3.2 Incoherent waves

It is observable that the total incident and scatter-
ing waves can be obtained as:

E' =
E° =

(10)
(11)

Where Ej and Ej are the scattering electric fields due
to direct and ground-reflected incident waves respec-
tively. According to the definition, the total RCS oy
is:
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In the incoherent incident and scattering, the total
incident power is the incoherent superposition of the
two incident waves and scattered waves are also inco-

herently added. The total RCS for this case therefore
is equal to:
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After simple manipulations, the total RCS expression
turns to the following formula:
oq+1Ty-0y4
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Radio Wave Scattering from Lampposts in Microcell Urban Mobile Propagation Channel 17

Table 1: FEzxperiments Specifications

fe 3.35 GHz

Signal BPSK with PN-9 sequence
Chip rate 50 Mcps

Tx  Power 40 dBm
Antenna Sleeve (2.2 dBIi)
Antenna height 3 m
Antenna Patch array (24.5 dBi), 10° beamwidths in azimuth and elevation

sidelobe level -26 dB
Rx Antenna height 3 m

Azimuth scan

3° step (120 points for full azimuth)

Tx-Rx configuration

60 m separated, line-of-sight (LoS)

1éO . 150 180

61

Fig.7: The total RCS of the conductor cylinder for
the incoherent direct and ground-reflected waves as a
function of ground reflection coelevation. L = 6.5 m,

a=0.08 m, 85, =90°.

where the RCS for the direct incident wave sepa-
rately is oq and that of the ground reflection is oy.
Moreover, I'; is the ratio between the incident ground
reflection power and the incident direct path power:
Iy = [E;|?/|E4[*. This factor is different from Fres-
nel coefficient as the direct wave and the ground-
reflected wave travel different distances to the scat-
terer.
Fig. 7 illustrates the total incoherent RCS for a cylin-
der of L =6.5m, a = 0.08 m, 8, = 90° and A¢ = 0.
It is observable that for the incoherent case, by in-
creasing the incident ground-reflected coelevation the
total RCS of the cylinder changes no more than a few
dBs.

4. MEASUREMENTS

In this section the measurement campaign in ur-
ban areas is described. We will derive the RCS of a
number of lampposts in two locations of urban areas
in Yokohama, and then will compare the values with
those obtained from two ray models of section 3.

4.1 Set up and scenario

Table 1 shows the specifications of the experi-
ments. The detailed description of the measure-
ments, data analysis and scatterer identifications can
be found in [1],[7]. Measurements were accomplished
in a street of 26 m wide (location 1) and another
nearby street of 18 m wide (location 2) in the dense

Table 2: The RCS of lampposts of the location 1,
measurement points 1 and 2 (P1, P2).
Om [m?)

No P1 P2

1 114 91

2 NA 114

3 199 122

4 81 116

5 117 150

6 131 196

Table 3: The RCS of lampposts of the location 2,
measurement points 1, 2 and 3 (P1, P2, P3).

Om [m2}

No P1 P2 P3
1 47 65 82
2 80 89 102
3 67 69 72
4 88 46v 12
6 14 24 81
7 53 15 43
8 50 NA 47
9 61 95 69
10 40 30 29
11 48 67 68
12 22 31 NA
13 99 46 45

urban areas of Yokohama, Japan. The directional
data was acquired and by investigating the azimuth-
delay-power spectrum we were able to identify the
scatterer objects in azimuth-delay domain. The sig-
nificance of the scattering from identified objects such
as lamppost, signboard, etc. is estimated to be up to
40% of the non-line-of-sight received power [1].

The important relevant point is that the Tx dipole
antenna was rotated with a diameter of 0.5 m and
constant rotation speed of 5 rpm to create dynamic
uncorrelated fading [1],[7]. As a consequence, the
transmitted multipath are averaged. We use this to
choose the appropriate two-ray model in the simula-
tions. In the next subsection we will use the outcome
of the lamppost identification to get its RCS in each
of the measurement locations.

4.2 Measured RCS

For location 1, the number of identified lampposts
is 6, whereas 13 lampposts were identified in location
2. To obtain the RCS of lampposts from the mea-
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surement data we can use the radar equation [14]:

 PuGiGN?

P = Tamprgrz O "
where:

P, : transmitted power at the Tx antenna,

P, : received power at the Rx antenna,

G; : gain of the Tx antenna,

G, : gain of the Rx antenna,

ry . distance between Tx antenna and the scat-
terer,

r. . distance between Rx antenna and the scat-
terer,

A : operating wave-length,

o, : RCS of the scatterer obtained from measure-
ment data.

Table 2 shows the the RCS of the identified lampposts
in location 1 derived for 2 measurement points, and
Table 3 shows the RCS of the identified lampposts in
location 2 obtained for 3 measurement points. Re-
markable is that the lampposts in each measurement
location are uniform whereas the shape of lampposts
in location 1 is different from those of location 2.
Therefore, as the RCS value is a function of the scat-
terer’s shape, the variations of RCS in each table is
unexpected.

4.3 Analytical RCS values

Neglecting multipath effect and considering the
equal Tx antenna and Rx antenna heights, it can be
assumed that the incident and scattered waves are
both horizontal. In this case the RCS, o, can be cal-
culated using 6; = 6, = 90°, A¢ = 0, a = 0.08 m,
L = 6.5 m for location 1 and ¢ = 0.07 m and L = 4.5
m for location 2. With these parameters the value of
o for lampposts of location 1 is 241 m? and of location
2 is 101 m?. These values however can not explain
the variations in measured RCS of tables 2 and 3. In

the next section, we employ those models of section 2.

to reproduce these variations.

5. SIMULATION

Variations of the measured RCS from the analyt-
ical values of section 4.3 can be due to changes in
the coelevation of the incidence, and the incident and
scattering azimuth differences. The former can be
modeled according to analyses in section 3. whereas
the latter can be assumed a random value. In the
simulations the two-ray model is considered for the
incidence and only direct scattering wave is accounted
because the Rx antenna is directive and the ground
reflection is not within the Rx antenna beam-width
as the scenario is illustrated in Fig. 8. Moreover
even though incident multipath superpose coherently
at the scatterer, as a consequence of averaging the
multipath by rotating the Tx antenna in the experi-
ments, the superposition of the incident multipath at

250

200

o [mz]

t

150

100 : :
90 120 150 180
6,01

ig

Fig.9: The total RCS value oy for lampposts of lo-
cation 1 as a function of the incident angle of ground
reflection wave 6;4.
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Fig.10: The total RCS value oy for lampposts of lo-
cation 2 as a function of the incident angle of ground
reflection wave 0;4.

the scatterer in incoherent. The RCS values of the
incoherent two-ray model o; for the lampposts of lo-
cation 1 and of location 2 are presented in figures 9
and 10 respectively as a function of ground-reflected
wave coelevation in linear scales. It is observed that
consistent with what inferred from the measurement
scenario, the range of these values are close to those
of tables 2 and 3. This is in contrast to two-ray co-
herent model discussed in section 3.1 which predicts
values much smaller than measured lampppost RCS.
To investigate the goodness of the exercised model
we conducted a Monte-Carlo simulation by assuming
that lampposts are distributed randomly in each of
the measurement locations. Hence it is assumed that
A¢ is uniformly distributed over the interval [0, 150°],
because the measurement is in line-of-sight scenario
and no lamppost can locate in between Tx and Rx
to make a larger A¢. The ground reflection coele-
vation is assumed in the interval [90°, 180°], however
its most probable region is assumed [93°, 150°] corre-
sponding to a Tx to the lamppost separation of 120
m to 3 m. Moreover, simulation results show that
for location 1 best results are obtained with %90 of
the lampposts in this region, whereas this value for
location 2 is %80.
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6. DISCUSSION

As it was expressed in previous section, the in-

coherent two-ray model was employed amid coher-
ent scattering in the channel because the Tx antenna
was rotated during the measurements to average the
transmitted multipath. This will cease to incoherent
superposition of the incident multipath at the scatter-
ers. In addition, the RCS values obtained from the
incoherent two-ray incidence model present a close
match to the measured values in the urban environ-
ments. The CDF of the analytical RCS values oy
derived from Monte-Carlo simulations and those of
measured values o, are presented in figures 11 and
12 for locations 1 and 2 respectively. It is observed
that by using the incoherent two-ray model for the in-
cident wave to the lamppost, an excellent agreement
between the CDF's of the measured and simulated val-
ues are achievable.
Small differences in the low RCS values for location 2
in Fig. 12 is observable which may be explained by a
two-ray scattering model. Earlier we argued that we
do not consider the two-ray model for the scattering,
nonetheless there can be some lampposts with the
scattering ground reflections within the beam-width
of the Rx directive antenna. If two waves (the di-
rect and the ground-reflected) were superimposed de-
structively at the Rx [12], a lower measured scattering
power at the Rx would be observed and consequently
the measured RCS would be smaller.

7. CONCLUSION

The study of scattering from objects such as lamp-
posts is a critical issue in the analysis of the wire-
less propagation channel in the urban environments.
Lampposts are widely used in such areas and exhibit
a significant potential for scattering radio waves.

In this paper, we employed a two-ray incidence model
to explain the radio wave scattering properties of the
lampposts in the urban wireless radio channel. A
comparison of the CDF of the RCS obtained from
simulation and those calculated from the measure-
ment data shows that the two-ray incidence model
can predict the scattering of radio waves from lamp-

Two incident waves at the lamppost, whereas only direct scattering wave is considered as the Rx

1 .
3
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100 150 200 250
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Fig.11: The CDF of the total RCS for the lampposts
of location 1.
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Fig.12: The CDF of the total RCS for the lampposts
of location 2.

posts in the urban areas.
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