
IEEE TRANSACTIONS ON ANTENNAS AND PROPAGATION, VOL. 54, NO. 11, NOVEMBER 2006 3473

Identification of Scattering Objects in Microcell
Urban Mobile Propagation Channel

Mir Ghoraishi, Member, IEEE, Junichi Takada, Member, IEEE, and Tetsuro Imai, Member, IEEE

Abstract—A series of measurements in two streets in a dense
urban area were accomplished. The measurement scenario was
small microcell line-of-sight (LoS) with low antenna height at both
link ends where dipole sleeve transmitter (Tx) antenna, directive
receiver (Rx) antenna, wideband pseudo-noise (PN) signal and cor-
relator were employed. We analyze the data obtained from the
measurements by careful investigation of the single-bounce scat-
tering power distribution conforming to precise maps of the en-
vironments including all present objects. We try to identify the
single-bounce scatterers for the cluster received waves appearing
in the single-bounce scattering power distribution. A number of
objects were identified by this method as single-bounce scatterers
within the spatial resolution bins. The identified objects are sign-
boards, traffic signs, etc. and we conclude that any metallic ob-
ject visible to both Tx and Rx with dimensions in orders of tens of
wavelengths can be a significant source of scattering in small cell
scenarios with low antenna heights. The contribution of the scat-
tering from these identified objects to the received power compared
to other micromechanisms is evaluated. Results show that the scat-
tering from these objects can be comparable to the wall reflections.

Index Terms—Microcellular radio, propagation measurement,
urban propagation channel.

I. INTRODUCTION

URBAN mobile propagation channel has a complex phys-
ical nature. Dense building structures with irregular shapes

and various materials, large number of mobile and static vehi-
cles and pedestrians and finally the existence of various objects
distributed in the area such as trees, signboards, traffic signs etc.
make the urban radio propagation channel a complicated phe-
nomena to investigate and model. Moreover, these environments
are among the densest areas in the sense of mobile phone and
other kinds of wireless devices’ users. As a consequence, an ex-
tensive study of the urban wireless propagation channel is com-
plicated but inevitable.

Recent researches on mobile radio channels have revealed
that the received waves approach from finite distinct directions
with different delays toward the receiver. This is because the
scatterers are not usually distributed uniformly throughout the
whole coverage area, but rather occur in clusters [1]–[4]. Fur-
thermore, different measurement analyses in urban macrocell
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environments show that there are a few strong scatterers deliv-
ering a significant fraction of received power [5]–[7]. In macro-
cells it has always been assumed that building wall reflections
and building corner and roof-edge diffractions are the domi-
nant propagation micromechanisms, that is in small macrocel-
lular environments the scatterers are basically building walls,
building corners and building roof-edges.

On the other hand, some measurements assisted with high res-
olution data processing uncover that in the smaller cells, some
objects other than buildings have been involved in the scat-
tering of the received waves [8], [9]. Even in macrocell envi-
ronment, scattering from lamppost has been reported [5] and the
results of the research in [10] show that in small cell scenarios,
the scattering from lampposts and traffic lights can be compa-
rable to specular wall reflections and building edge diffractions
in the urban areas. Consistent to these results, the performance
of the radio propagation prediction tools have been reported to
degrade due to scattering from objects other than buildings as
trees or metal wire fences [11]. This is because in these pre-
diction tools, the propagation micromechanisms are assumed to
be specular reflections from smooth wall surfaces or diffraction
from building edges but the existing scatterings from many ir-
regular shaped objects are not included [12].

Toward a precise understanding of the microcell channel, fur-
ther investigation and evaluation of different propagation mi-
cromechanisms in the urban areas is necessary. To fulfill this
need, researches on non-specular scattering from building fa-
cades [13]–[16], and scattering from trees [17] have been done
and the results were published recently. These are not however
the only elements affecting the urban microcell channel. In a
dense urban environment there are several other typical objects
which can potentially cause scattering. The objective of this
work is to identify these objects and to evaluate their contri-
bution to the channel. The ultimate goal of the present research
can be integration of the investigated micromechanisms in the
ray tracing algorithms.

Before proceeding to the next sections it is necessary to
specify the term “scattering from objects” used in this paper.
As it was stated in the previous paragraph, the objective of
this research is to analyze those propagation micromechanisms
which exist in the urban propagation channel but are not in-
cluded in the propagation prediction tools. These are mainly
the contribution of the objects existing in the environment to
the propagation channel. Depending on the object’s size, shape,
alignment and distance, this contribution can have any form of
propagation mechanisms like reflection, scattering or diffrac-
tion. However for the sake of simplicity, we call it scattering
from objects. In the following we will explain the measurement

0018-926X/$20.00 © 2006 IEEE



3474 IEEE TRANSACTIONS ON ANTENNAS AND PROPAGATION, VOL. 54, NO. 11, NOVEMBER 2006

Fig. 1. The scenario of two objects separated d illuminated by a Tx antenna
rotating with radius r . The midpoint of two objects is l far from the center
of the Tx antenna rotation. The alignment of objects makes an angle of � with
the l .

campaign in Section II. The method we have used to analyze the
measurement data is then explained in Section III. In Section IV
we will introduce several objects with strong influence on the
channel and the impact of the scattering from objects on the
channel is evaluated in Section V. Section VI is the conclusion.

II. MEASUREMENTS

We have accomplished a series of measurements in a dense
urban area in a small microcell scenario. The transmitter (Tx)
and receiver (Rx) were in a line-of-sight (LoS) configuration.
Both the Tx and Rx antennas were positioned at equal height of
3 m from the ground level.

A. Test Equipment

Antennas were mounted on the roof-tops of different cars at
both Tx and Rx. The Tx employed a dipole sleeve antenna, and
at the Rx a patch array as a directive antenna was used to detect
the scatterers. Using a directive Tx antenna would have been ad-
vantageous to mitigate the interfering of the multipath scattered
by different objects. However this causes a severe increase in
the measurement time which makes the assumption of the static
environment looser. Besides, as the devices are not absolutely
time invariant, long measurement period is impractical. Conse-
quently utilizing the directive antenna at the Tx for this mea-
surement campaign was inappropriate.

The Tx dipole antenna was rotated with a diameter of 0.5 m
and constant rotation speed of 5 rpm to create dynamic uncorre-
lated fading. This was done to average the multipath interference
within the beam. Fig. 1 shows the scenario of two close objects

and illuminated by the rotating Tx antenna. In this sce-
nario, the midpoint of two scatterers is assumed to be in a dis-
tance of from the Tx antenna rotation center. The alignment
of two objects makes an angle of to the direction. Rotation
of the Tx antenna causes a continuous change in the phase dif-
ference of the received paths scattered by these objects. Fig. 2
illustrates the range of this phase alteration when the objects
are separated and the Tx antenna rotation diameter

as a function of for and . The
range for other values of lies between these two lines. Con-
sidering that two paths are resolvable if the phase difference is
at least 90 , this figure shows that two objects of the scenario of
Fig. 1 can produce resolvable paths if they are up to 70 m from
the Tx antenna.

Fig. 2. The range of phase difference between two paths scattered by the ob-
jects of the scenario of Fig. 1 as a function of distance l for � = 0 and
� = 90 where 2r = 0:5 m and d = 3:0 m. The range of phase difference
for other values of � lies between these two lines.

TABLE I
MEASUREMENT SPECIFICATIONS

Measurements were accomplished by transmitting a PN-9 se-
quence of 50 Mcps corresponding to a path resolution of 6 m.
At the Rx the received signal was captured in every 3 rotation
of the directive antenna in the azimuth plane with vertical and
horizontal beamwidths of 10 . The correlator outputs the instan-
taneous power-delay spectrum. By averaging 978 delay spectra
for each direction in the azimuth plane, the power-delay profile
was produced. Investigating these directional power-delay pro-
files, we are able to identify the clusters of the received waves
in azimuth-delay domain. Table I shows the specifications of the
experiments.

B. Measurement Sites

Dense urban areas near Kannai station in Yokohama city,
Japan were chosen as the measurement sites. The data obtained
from measurements in two different streets will be discussed.
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Fig. 3. Measurement site location 1 north view.

Fig. 4. Measurement site location 2 east view.

A street of 26 m width [location 1 (L1)] and another nearby
street of 18 m width [location 2 (L2)]. Figs. 3 and 4 show the
views of the measurement environments and Figs. 5 and 6 show
the layouts of the streets and measurement scenarios. For each
measurement Tx and Rx were located 60 m apart in a LoS con-
figuration and 5.5 m from walls of the same side. At location
1 two rounds of measurements were accomplished with Tx and
Rx shifted 10 m each in the same direction for the second round
keeping the Tx to Rx separation fixed to 60 m (points 1 and 2
(L1P1, L1P2)). At location 2 measurements were performed in
3 rounds. Tx and Rx were shifted 6 m each time in the same di-
rection to keep the Tx to Rx separation at 60 m fixed [points 1,
2 and 3 (L2P1, L2P2, L2P3)]. In each of these points measure-
ments were accomplished for full azimuth at every 3 .

At L1P2 and L2P3 just in between Tx and Rx, two roads with
13 m and 16 m width respectively were crossing the main streets
so that there were no building to satisfy the specular reflection
condition in these two points. A number of large trees existed
along sidewalks in location 1 whereas the trees in location 2
were fewer and smaller. The measurements were accomplished
in February with no leaves on the trees. Our observation shows
that trees did not scatter any significant radio energy at the mea-
surement time. The average building height in the area is esti-
mated around 30 m. Measurements were accomplished during
midnights with a very low traffic in the streets.

Fig. 5. Layout of the measurement site and scenarios at location 1.

Fig. 6. Layout of the measurement site and scenarios at location 2.

III. ANALYSIS METHOD

Precise maps of the areas are prepared. We include not only
buildings but also every single object in the environment. The
precise location of all objects have been measured by hand and
included in the the maps. Major building facade irregularities
are also included in the maps. Fig. 7 shows an example.

Apparently, reflection/scattering/diffraction points of all
single-bounce receiving paths with the same delay but possibly
different angles-of-arrival (AoA) have equal sum of distances
from Tx and Rx. The locus of all these points in the azimuth
plane is a horizontal ellipse. On the other hand the locus of
last reflection/scattering/diffraction points of the paths with
the same AoA but possibly different delays is a straight radial
line originated at the Rx antenna. As a result we can grid the
map by ellipses with Tx and Rx to be the ellipse foci and
straight radial lines originated at Rx as is illustrated in Fig. 8.
In this figure only a few ellipses have been shown for the
sake of visibility. Then if we modify the delay scales in the
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Fig. 7. An example of the map including all existing objects in the environment.

Fig. 8. An example of the gridded maps. Only a few ellipses have been shown
for the sake of visibility.

measured power-delay profiles according to the elliptic grids,
we can have the single-bounce scattering power distribution
conforming to these grids. Fig. 9 shows an example of the
result, that is the single-bounce scattering power distribution
of the received signals at L1P2 whereas Fig. 10 shows the
single-bounce scattering power distribution of the received
signals at L2P3. As can be seen in these figures, the layout
map of the area has been conformed with the single-bounce
scattering power distribution. Using the gridded maps con-
formed to the single-bounce scattering power distribution we
are able to identify the reflection/scattering/diffraction point
of the single-bounce clustered received waves. It has to be
noticed that this process is applicable only with the assumption
of single-bounce. Thus those grids which are inside buildings

Fig. 9. The single-bounce scattering power distribution conforming to the map
of the location 1 point 2 (L1P2).

Fig. 10. The single-bounce scattering power distribution conforming to the
map of the location 2 point 3 (L2P3).

or street canyons where there is no LoS to any of Tx or Rx can
not be identified as any reflection/scattering/diffraction point
with this method.

The outcome of the identification process of the scatterer ob-
jects will be discussed in the next section. The process itself
is as following. For each cluster of the received waves we can
find the corresponding scatterer object in the spatial resolution
bin. There are some cases where more than one candidate as the
sources of scattering lie in the same resolution bin. A candidate
will be excluded from the list if any evidence proves its falling
short of being the scattering source for the current measurement
scenario, e.g. obstruction by another object. The elimination of
all candidates but one leads us to the corresponding scattering
source. There are yet few cases where more than one candidate
survive up to the end of the process. If all of these candidates are
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Fig. 11. Locations of the selected objects in the measurement location 1. The
Tx and Rx locations are related to L1P2. Sb: signboard, Lp: lamppost, Ts: traffic
sign, B1 and B2: two story buildings, B3: a ten story building, B4: a three story
building, G1: open ground.

objects, even though they are not resolvable, the corresponding
received cluster wave is considered as scattering from identified
objects. This does not restrain the analysis conclusion as the ob-
jective is to investigate the contribution of the scatterings from
all existing objects in the channel to the received power. Last
point we would like to stress here is that the measurements were
accomplished in more than one point in each location while all
measurement parameters including the Tx to Rx distance is kept
fixed. This helps to increase the certainty of the identified scat-
tering points for the received clustered waves.

IV. IDENTIFIED OBJECTS

A number of different visible objects could be identified
as sources of scattering by the method explained in the pre-
vious section [18]. Some other clusters, such as those inside
the building zones, could not be identified as the scatterers
considering the height of the buildings. They shall be due to
multiscattered components. In this section we introduce a few
of the identified objects. We do not however provide the details
of the analysis for every identified object due to the limited
space of the paper. The contributed loss for each scatterer
has been calculated in dB scales as following:

(1)

where is the transmitted power measured at the Tx antenna,
is the received power, and are the Tx antenna and Rx

antenna gains respectively, is the Rx cable loss and is the
free space loss with respect to the propagation distance.

1) Signboard, Location 1: The first object to be introduced
in this section is a big signboard mounted on the roof-top of a
two story building. The dimensions of the signboard are 1.5 m
in width and 6 m in height. In Fig. 11 the location of signboard
is illustrated with Sb and Fig. 12 shows the picture of the sign-
board from the Rx direction. From Fig. 9 it is clearly visible that

Fig. 12. The big signboard on the roof top of a two story building in location 1.

from the location of this signboard in the azimuth a significant
amount of power is scattered toward Rx. The scattering source
candidates for this cluster are the signboard and the corner of the
building where the signboard is mounted on. However because
of its grazing angle toward Tx and Rx and its low height, the
building edge can not be the source of strong scattering power.
Our experience shows that a building edge can scatter strong
waves toward Rx only if it is visibly protruded into the street,
e.g., B4 in Fig. 9. The contributed loss for this signboard is
13 dB.

To clarify the importance of such scattering source identifi-
cation, we would like to carefully investigate the situation for
this case. As it is clear from Fig. 11 the white building B3 at
the background of the picture of Fig. 12 has the same alignment
and visibility to Tx and Rx as the signboard. Also it must be
noticed that B1 and B2 are two story buildings, G1 is an open
ground and B3 is a 10 story tall building. Unexpectedly, it can be
clearly understood from Fig. 9 that the signboard is scattering a
significant amount of power but not much reflections from B3 is
detected. This shows the drawback of the propagation tools, i.e.
ray tracing algorithms, as in such tools 3-dimensional building
map of the area is used but not any other object as signboards is
considered in the simulation.

2) Lamppost (Street Light), Location 1: Many lampposts can
be found in any urban area. Our measurement results show that
lampposts scatter significant amount of high frequency radio
waves. Fig. 13 shows the picture of one of the lampposts lo-
cated close to the Rx. As the sidewalk is 4.5 m in width the
visible building edge in the picture is resolvable from the lamp-
post. There is a big tree close to the lamppost, but as discussed
in Section III no significant contribution from trees to the prop-
agation channel was observed in our measurements. The con-
tributed loss for this object was 12 dB. In Fig. 11 the location of
this lamppost is demonstrated as Lp.

3) Traffic Sign, Location 1: The other common object in
urban areas is traffic sign. Fig. 14 shows the picture of a traffic
sign with a significant scattering effect. There is a tree in the
spatial resolution bin which is rejected as the source of any sig-
nificant scattering for the previously mentioned reason. The di-
mensions of this traffic sign are 1.5 m in width and 0.8 m in
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Fig. 13. A lamppost close to the Rx in location 1.

Fig. 14. A traffic sign from location 1.

Fig. 15. Locations of the selected objects in the measurement location 2. The
Tx and Rx locations are related to L2P3. Ss: a set of signboards, Sl: a traffic
light, a street radar and a small traffic sign, B5: a four story building.

height and the contributed loss is 12 dB. Fig. 11 illustrates the
location of this traffic sign with Ts letters.

4) Signboards, Location 2: From location 2 we introduce
three signboards shown in Fig. 16. As these objects are not re-
solvable, all are considered as a set of scattering objects. This
set is scattering a strong amount of energy because its alignment

Fig. 16. A set of signboards from location 2.

Fig. 17. A traffic light, a street radar and a small traffic sign from location 2.

TABLE II
DESCRIPTION OF IDENTIFIED OBJECTS

makes a specular reflection. The full height of the signboard at
the right is 3.5 m and its maximum width is 2 m. The location
of this set is in front of the building B5 in a distance of 9 m from
the building. The strong cluster made by this set is well visible
in Fig. 10 and its location is illustrated in Fig. 15 by Ss. The total
contributed loss is 9 dB.

5) Traffic Light, Street Radar, Location 2: Next example
from location 2 is a traffic light and a street radar plus a small
traffic sign. These are in the same resolution bin but are well
resolvable from buildings and objects around them. Their loca-
tion is illustrated in Fig. 15 by Sl and Fig. 17 shows the objects.
The height of the street radar pole is 5 m and of the street light
is 4 m. The total contributed loss is 11 dB.
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TABLE III
PROPAGATION MICROMECHANISM CONTRIBUTIONS TO THE RECEIVED POWER

V. EVALUATION

The analysis of the measurement results shows that a signifi-
cant amount of received power has been scattered by the objects
which we have identified in this work [19]. These objects are
signboards, lampposts, traffic signs, traffic lights, electricity
cable boxes, vending machines and generally any metallic
object with dimensions of several tens of wavelengths in the
vicinity of any of Tx or Rx up to 100 m. Table II shows the list
of these objects and their numbers in each of the measurement
locations.

In location 1 identified scatterers are distributed over a larger
area. This is because the street is wider. Big signboards and
relatively close lampposts are among the strong scatterers in
this area. In location 2 some building irregularities have caused
strong scattering effects. Besides, we observe scattering from
cable boxes and vending machines in this location as well.

Table III shows the contribution of propagation micromecha-
nisms for the measurements. Clustered multiscattered received
waves are those clusters which lie within the building zone in
the single-bounce scattering power distribution when it is con-
formed to the map of the measurement area, thus the scattering
source for these clusters can not be identified because of the
single-bounce assumption. The contribution of the scattering
from identified objects to the non-LoS received signals is at
least 20% in any of the measurement points. For any of L1P2
and L2P3 as it was mentioned earlier there was not any specular
wall reflection and therefore the wall reflected received power
is lower than other cases. As it is clear from the data given in
the table, the wall reflection component can vary dramatically
based on the existence of the specular reflection and the street
width.

In Figs. 18 and 19 we have illustrated the contribution of the
propagation micromechanisms in the channel to the non-LoS
received power. In Fig. 18 the values are averaged over three
measurement points L1P1, L2P1 and L2P2 where specular wall
reflection existed in the channel and for Fig. 19 the values have
been averaged over two measurement points L1P2 and L2P3
where there is not any specular wall reflection in the channel.
The results of these figures and of Table III indicate that in sit-
uations where there is not any specular wall reflection in the
channel the scattering from objects can be comparable to the
single-bounce wall reflections and in any case is significant. In
our measurements this value could be as high as 44% of the
non-LoS component for L2P3 case.

Fig. 18. Non-LoS received power contributions averaged for the three mea-
surement point scenarios where specular wall reflections existed.

Fig. 19. Non-LoS received power contributions averaged for the two measure-
ment point scenarios without any specular wall reflections.

VI. CONCLUSION

This research shows that the metallic objects with dimensions
as small as tens of radio wavelengths can be the source of a sig-
nificant amount of scattering in the urban microcell propagation
channel. That is any metallic object like signboards, lampposts,
traffic signs, traffic lights, electricity cable boxes and vending
machines in the vicinity of any of Tx or Rx up to 100 m is a
potential source of significant scattering in the wireless radio
propagation channel. We evaluated this effect for single-bounce
received waves in two dense urban areas where measurements
were performed in 5 points. Results show that in the locations
where there is not any specular wall reflection in the channel
the scattering from these objects can be comparable to wall re-
flection and in any case it has a significant contribution to the
non-LoS received waves. Any prediction of the urban propaga-
tion channel needs to carefully consider and evaluate these scat-
tering effects. Especially it has to be considered in the future ray
tracing algorithms applied to urban areas.
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