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. INTRODUCTION Fig. 1. Building Surface Profile

In urban areas, buildings are the dominant scatterers deter-
mining radio propagation properties. Reflection, diffraction, Il. ENVIRONMENT UNDER CONSIDERATION
transmission and scattering of the electromagnetic waves An Building Surface Profile
the building surfaces in the radio environment induce unde-Tpe profile of the building surface is shown in Fig. 1. The

sirable multipath propagation. Consequently, the transmittgghfile was taken from one of the buildings at Tokyo Institute
signal reaches the receiver through different propagation pa

- ! 1 PigPTechnology. The surface of the building has non-uniformity
On the other hand, polarization rotation or cross polarizatige to the windows (glass), frames (aluminum), and walls

directly adversely affect in the performance of polarizatiogyyicks). The surface has periodical irregularity of five periods.
diversity. The prediction of multipath on the building surfacegyne period of the surface equals 3.7 m. The windows are
that includes polarization effect will be beneficial for the radig,5qe up of the sidewall, aluminum frames and plain glasses,
propagation models [7]. The multipath propagation charactggnich in principle are the building roughness, as well as the
istics of non-specular wave scattering from building surfaggy|| surface. The dimensions of the window’s glasses of the
roughness have been reported in other papers [1][2][3][4uilding are0.85 x 1.5 m2, 0.8 x 1.5 m2, and0.85 x 1.5 m2.

This paper presents experimental study for polarimetric mefne three different window frames have outer dimensions of
surement of non-specular wave scattering from building syjq4 « 1.5 m2, 0.05 x 1.5 m2 and0.10 x 1.5 m2. The first and

face roughness. The estimation of the vertical-vertical (Ve third window frames have the same offset depth of 0.16 m
V) and vertical-horizontal (V-H) polarizations were carriegifferent from the second window frame that has 0.12 m offset
out independently. Signal parameters from the polarizatioagpth_ The windows are elevated 1.5 m from the ground. The
of the individual incoming waves scattered from buildingya|| surface, that has periodical roughness in both horizontal

surface roughness were obtained using the superresolutipn vertical directions, is made 6f1 x 0.05 m2 bricks with
method. The experimental results show that the non-specuylgh1 m gap among each other.

scattering from building surface is more dominated by window

frames scatterers rather than brick scatterers. The average ] )

path gain difference between V-V and V-H polarizations was: Transmitter and Receiver Model

12 dB. This is consistent between measurement by usingRectangular microstrip antennas, which are polarized lin-
Vector Network Analyzer and signal parameters estimated bwrly, were used as both transmitter and receiver antennas.
using the superresolution method (Least Square 3D Unitaffie ground plane size i8.08 x 0.08 m? and the patch
ESPRIT). size is0.0179 x 0.0179 m? on a dielectric substrate with
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Transmitter Antenna Spatial Scanning or Receiver Antenna TABLE |
(Microstrip) Synthesized Uniform (Microsirip) EXPERIMENTAL PARAMETER
Rectangular Array (URA) ™~
z ’E‘Aezivl‘;:: ’g;zaéyEzse; Antennas Tx & Rx Microstrip
IS Preamp (30 dB) Reflection coefficient is bellow
o (Agilent 8449) —10 dB in 4.85 — 5.05 GHz.
§ to ‘ Beam width in E and H planes an&°
Potl  Port2 \Cable(O.S m Cable (6 m) I Measurement Spatially 18 10 points
S21 Measurement Position Sett X-Y Positioner Points (25 mm interval ),
1 Sition Setting|  (pevicE p32savy0-D) 21 points over frequency
GPIB GPIB and Controller (4.85 — 5.05 GHz)
N— (DEVICE DX3165AV1/0-C) . - -
Control and Data Acquisition Snapshot 20 times
Estimations The number of waves and
Parameters each wave’s azimuth, elevation,
Fig. 2. Equipment Arrangement delay and path gain
Signal LS 3-D Unitary ESPRIT
processing
Smoothin Spatially 4 times and
€. = 2.55. Frequency of the antennas was5-5.05 GHz. in ESPRI'Ig' 7 tﬁnes c))/ver frequency
The wavelength was comparable with or smaller than the ~Wave Vertical-Vertical
depth of building surface roughness. The height of the trans- _Polarization Vertical-Horizontal
. ] ] Cross-Polarization 20 dB
mitter antenna wag.9 m. The transmitter and receiver an- Discrimination
tennas were fixed &.7 m in front of the building surface. Normalization Face-to-face, the distance
The antennas were aligned to transmit and receive the V- between Tx and Rx is 1 m

at experiment location

V followed by V-H polarizations. Figure 2 shows equipment
arrangement for transmitter and receiver model. During the
experiment, the V-V and V-H polarizations were measured

Building Surface Roughness
independently under the same environment. The measurement *

one period

of V-H polarization were conducted by rotating the receiver .
. . . . A
antenna—90° toward the right direction of the receiver when Ré, LT
. . . . . . Spatial Scanning 0.5 x 8.125 m “o7m
it was in V-V polarization. The measured cross-polarization N Spetr s onulr
Direction Direction

discrimination (XPD) of the antenna is around 20 dB in an
anechoic chamber. The transfer function between transmitter 5 14, view of the Spatial Scanning Model

and receiver antennas were measured using a vector network

analyzer (VNA). Measurement of transfer function and the

shifting of receiver antenna were operated automatically usisgrement system was required to eliminate equipment effects.
a personal computer connected to the controller of the Xffe transfer function measured by the VNA can be expressed
positioner through the General Purpose Interface Bus (GPIB} follows,

in order to attain high accuracy and easy measurement. The X(f)=H(f) x G(f) (1)

X-Y positioner is used for automatically shifting the receiver

antenna with spatial scanning accuracy of 1 mm. Table'4n€re G(f) is transfer function of the cable, amplifier and
shows the detailed parameters of the experiments. antenna complex directivity at broadside, afdf) is Friis
free space transfer function, which is given as,

C. The Spatial Scanning Model
P g H(f)

2w
. . . =~ exp(—j-d) 2)
The spatial scanning was configured to resemble an array drd A
antenna, also called synthesized uniform rectangular arwsijered is propagation path, and is wavelength. All mea-
(URA). The measurement points during the spatial scanniagrement data resulted from this experiment were already
were discretized for every 0.025 m toward the horizontal amlibrated by applying functiorG(f), which was obtained
vertical directions. The measurement was performed along @tém the measurement using the transmitter and receiver
m in the vertical direction. The middle of the vertical directiorantennas positioned face-to-face with 1 meter distance from
scanning region was at the same height as the transmigech other, in an open space.
antenna. Figure 3 illustrates model of the spatial scanning.Figure 4 shows mean values and standard deviations of data
The model performs the measurement 8.125 m along theasurement for V-V and V-H polarizations. Mean values and
horizontal direction. The transmitter antenna is positionefandard deviations were calculated from the vertical spatial
facing towards the bricks’ surface of the building. The firsscanning. The figure shows them in the errorbar graph with 0.1
vertical direction of measurement is 0.7 m away from thea discretized at the horizontal spatial scanning. The average
transmitter antenna, which corresponds t6 Ir¢ident angle difference between V-V and V-H Polarizations is 12 dB.
in the specular direction.
I1l. SIGNAL PROCESSING

D. Data Measurement Method In order to obtain signal parameters of the arrival wave,

Since the VNA measured the transfer function of the cabfeeasurement data are formulated. Suppose thagaves are
and amplifier simultaneously, a calibration of the data mebsmpinging at the receiver have three parameters of azimuth
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where1 < [ < L. With the X-Y positioner, the receiver 10 N Sround Scatterer s -]
antenna performs spatial scanning both in the horizontal and5 ° S RS Bricks | Scatterer ® ]
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vertical directions where the intervals of the sampling points 5 DirectRay  ©
are A, and A,. The numbers of sampling points afe; s 20
and M, respectively. At each sampling point, it carries out Zé’ 30
M3 points of sampling over the frequency where the interval g 40 o
of sampling isA; and the center frequency ig.. If the E Al
electrical lengths of the aperture of the arrg§,M; A, and < 60 s T AL
.. ¢ -70
%MgAy, are both sufficient to be assumed as constant 50 ! e (%10 || o ¢ ¢
within the bandwidthM;A;, i.e, M A, - MsA; < ¢, and o . ¢ ]
MyA, - M3Ay < ¢, wherec is a light velocity, then the o 1 2 3 4 5 6 7 8
measured datgy, », r, can be expressed as, Tx-Rx Distance (m)
L 3 (k) Fig. 6. Azimuth Angle of Arrival Wave for V-H Polarization
b = 2 (L7t @
=1 r=1

where0 < k, < (M, — 1) 1 < r < 3 indicates a location Where o denotes the kronecker product of each row of the

of each sampling pointyy, &, 1, iS @ white Gaussian noise Mmatrices and
of zero meansg; is a complex amplitude of th&" wave at a

i (r) d r s
reference point ang; ’ is denoted by A(M(T)) _ [a(ug )) o a(M(L))] e oM=L 9)
2 r _in™ (Mo —1) (™ ‘
) = sin - Dyeos(C—0), (@) a(n)) =L T e et o)
@ Q;A L The 3D unitary ESPRIT algorithm [4][5] was used to obtain
Hoo =\ 2 Sm(§ =), ®) the signal parameters. It is a superresolution direction finding

method of the arrival wave. In physical terms, the ESPRIT is
equivalent to finding out the parameters of the arrival wave
These values include parameters of the incident waves so thsing the phase difference between groups of uniformly posi-
the objective is to obtain thedesets of 3-D mode parameterstioned elements of sensor array. The ESPRIT array data had a
Then, vectorization of data measurement can be defined asize of (10 x 10) or (25 x 25) cn? for each observation point.
The arrival wave analyses were performed at 60 observation
z=[znnn 220020001 212 points with an interval of 12.5 cm.

T
ZMy,Ma,1 #1,1,2 -+ - 2My My M) € C,
= As+n, 7

A. Directional Profiles
wheres ¢ CF andn € CM (M = M;M,Ms) are the

complex amplitude vector and noise vector respectively. TheFi9ures 4 and 5 show the 3D unitary ESPRIT results for
multi-dimensional mode matrid € CM*L is generated by azimuthal angle of the arrival wave for V-V and V-H polariza-

mode matrices each of which corresponds to a parameter 40 respectively. The line perpendicular to the x-axis depicts
the range of the azimuthal angle for one observation point.
A=A o A(u?) o A(uV) e CMXE, (8) Negative azimuthal angle means the wave is coming from the

p® = 2mAm. (6)

IV. EXPERIMENTAL RESULTS
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right-hand side of the receiver or source side. The Iegendsh directivity. the di for V-H polarizati
in figures 4 and 5 show the type of scatterers. The numt@rN€ antenna directivity, the direct wave for V-H polarization

of legends on the vertical line corresponds to the numb@pd the ground reﬂepted wave for V-V polarization could not
of multipath signals. The multipaths can be detected froRf detected at the distance farther than 5 m.

many scatterers, such as ground, window’'s glass, window’s

frame, bricks I, bricks 1l and directly from the transmitte®- Delay Profiles

[3]. The scattering points in the figure are categorized asFigures 8 and 9 show the path gain and delay time of the
specular reflection, specular diffraction and diffuse scatteringrrival waves for windows scatterers. When the azimuthal and
The specular diffraction that satisfies Keller's law of diffractiorlevation angles of the arrival wave are known, the propagation
can be observed when the scattered waves arrive from vertigath from the transmitter to the receiver antenna can be
frame of the windows. The scatterer wave on the verticdktermined [3]. Therefore, the delay time based on free space
windows frame is dominated by the V-V polarization. Figuregelocity (3 x 10® m/s) of each path can be easily obtained.
6 and 7 show the elevation angle of the arrival wave for V-Whe figures show that the delay time directly estimated by
and V-H polarizations, respectively. The diffraction effects angsing ESPRIT yields close agreement with the delay time
observed when the distance between transmitter and recevethe propagation path determined by using DoA estimated
antenna was 3.5-5 m with large elevation angle. It corresportsls ESPRIT and free space velocity. These figures also show
to horizontal frame of the windows. Likewise, the scatterehat more than one scattered wave from windows (glass and
wave on the horizontal windows frame is dominated by thfeames) were found for every observation point. This may be
V-H polarization. Due to the fact, the V-V polarization haslue to the shape of windows with slight curvature. Figures
wider spread in azimuth and narrower spread in elevatid® and 11 show the path gain and delay time of the arrival
compared with V-H polarization. Therefore, it can be stateglaves scattered from bricks | and bricks Il. These figures show
that V-H polarization is concentrated on specular direction femat the path gain difference between bricks | and bricks Il is
the scattered wave at the building surface. The explanation &nificant compared with its delay difference even if they are
this is that frame of windows are the dominant scatterer. Owinlge same material. It is probable that this is caused by diffuse
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V. CONCLUSION

This paper presents polarimetric measurement of non-
specular scattering from building surface roughness. The re-
sults show that the non-specular scatterings from building
surfaces are more dominated by frame scatterers rather than
brick scatterers. The vertical frames are dominant scatterers for
V-V polarization. Likewise, the horizontal frames are dominant
scatterers for V-H polarization. The second order scattering,
which sometimes was found with low path gain and large
in delay time, was not discovered in the V-H polarization.
The scattering point of the V-V and V-H polarizations can
be observed as specular reflection, specular diffraction and
diffuse scattering. The average difference of path gain is 12

Bricks | Fre. Dly. Bricks Il Fre. Dly.

dB between V-V and V-H polarizations.

Fig. 11. Power and Delay Time of Arrival Wave for Bricks Scatterer with
V-V Polarization

-60 = 35 (1]

-70 }/g/ﬂ 4 30
o -80 e 2
z Rejccte o <
c T 120 F
§ -9 ©
pe s {115 2 -
© ”® IS
& -100 s 10

o . ° b
® n
-110 " "l
-120 0 (4]

0 1 2 3 4 5 6 7 8 9
Tx-Rx Distance (cm)

[5]
Bricks | Path Gain = Bricks Il Path Gain e
Bricks | ESP. Dly. m] Bricks Il ESP. Dly. o
Bricks | Fre. Dly. Bricks Il Fre. Dly. =s=s=sss=- (6]

Fig. 12. Power and Delay Time of Arrival Wave for Bricks Scatterer with
V-H Polarization

(7]

scattering or the reflection coefficient change due to the differ-
ence in elevation. The second order scattering from buildint’
surface scatterers was not discovered in the V-H polarization.
The second order scattering was sometimes found with low
path gain and large in delay time. This is proven by the data if?!
table 2 that the delay time for V-H polarization is smaller than
V-V polarization. In the V-V and V-H polarization, the non-
specular scattering from building surfaces are more dominated
by windows frame scatterers rather than brick scatterers. Table
2 shows the average difference of delay time directly estimated
by using ESPRIT result and delay time of the propagation
path determined by using DoA estimated by ESPRIT and free
space velocity. The average of path gain difference between
V-V and V-H polarizations was 12 dB. This is consistent with
the measurement shown in Fig. 3.

TABLE Il
AVERAGE DIFFERENCE OFDELAY TIME AND PATH GAIN

Type Delay V-V | Delay V-H | Path Gain
Bricks | 0.83 ns 0.26 ns 12.05 dB
Bricks Il 0.51 ns 0.24 ns 11.98 dB
Glass 0.62 ns 0.38 ns 11.35 dB
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