Estimation of Shadowing Effects in
Millimeter-wave Short Range Communication by
Equivalent Edge Current

Maifuz Ali(Y) and Makoto Ando(?

(1) International Institute of Information Technology, Naya Raipur, Chhattisgarh, India
(2) Tokyo Institute of Technology, Tokyo, Japan

Abstract—The 60 GHz band compact-range communication
is very promising for short-time, short distance communication.
Unfortunately, due to the short wavelengths in this frequency
band the shadowing effects caused by human bodies, furniture,
etc are severe and need to be modeled properly. The numerical
methods like the finite-difference time-domain method (FDTD),
the finite-element method (FEM), the method of moments (MoM)
are unable to compute the field scattered by large objects
due to their excessive time and memory requirements. Ray-
based approaches like the geometrical theory of diffraction
(GTD), uniform geometrical theory of diffraction (UTD), uniform
asymptotic theory of diffraction (UAT) of diffraction are effective
and popular solutions but suffer from computation of corner
diffraction, field at the caustics. Fresnel zone number (FZN)
adopted modified edge representation (MER) equivalent edge
current (EEC) is an accurate and fast high frequency diffraction
technique which expresses the fields in terms of line integration.
It adopts distances, rather than the angles used in GTD, UTD
or UAT but still provides uniform and highly accurate fields
everywhere including geometrical boundaries. The dipole wave
scattering from flat rectangular plates is discussed with numerical
examples.

I. INTRODUCTION

Next generation wireless systems operating in the 60 GHz
band are currently being designed to provide very high data
rates for short range communications. Authors in [1], [2] have
proposed a new concept named compact range communica-
tion, where users in the quasi-plane wave illumination zone
are almost free of multi-paths. The free-space loss in the
millimeter wave band is comparatively large, essential where
directional antenna is used. In addition, large propagation loss
due to obstacles in the propagation path, like propagation loss
generated by the human body, which is not a problem in
microwave band is also the matter of concern in millimeter
wave band. The human body shadowing effect is a commu-
nication disconnection problem in this communication system
especially in the dense populated public places. An accurate
and simple evaluation of the fields in the shadow region due
to the three dimensional scatterers like human bodies is the
key issue for evaluating the communication performances of
the system.

Full wave solutions by numerical techniques (e.g. finite dif-
ference time domain, finite-element, and method of moments)
are computationally infeasible due to the small wavelengths of
the millimeter band. Geometrical theory of diffraction (GTD)
[3] or uniform geometrical theory of diffraction (UTD) [4],

uniform asymptomatic theory of diffraction (UAT) [5]-[7] are
very efficient ray techniques for high frequencies. But these
methods have disadvantages like infinite fields at the caus-
tics, singularities at incidence/reflection shadow boundaries
(ISB/RSB) and negligence of corner diffraction.

The method of modified edge representation (MER) equiv-
alent edge currents (EECs) by line integration along the edge
of scatterers, capable of eliminating difficulties of caustics
and corner diffraction is very efficient and accurate for high
frequency diffraction [8]. The classical Keller’s diffraction
coefficients [3] were used directly with respect to modified
edge [8]. For simplicity, trigonometric functions of the Keller’s
diffraction coefficients are replaced by the path lengths be-
tween source and the point of integration, path lengths between
the point of integration and the observer and the direct path
between the source and the observer [9]. These are reformed
into the expression of the Fresnel zone number (FZN) which
may be familiar to the wireless system designers. This FZN
MER method is reformed so that the communication system
designers who are not familiar to the high frequency field
analysis may use it easily without specific knowledge of
diffraction.

For validation of the method and demonstration of the
advantage in terms of computational load and time, the scat-
tering of a dipole wave from a rectangular plate is considered
and the results are compared with method of moment-based
commercial em-solver Wipl-D [10]. Secondly, two rectangular
plates in the geometrically staggered position with geometrical
overlapping are considered. Some integration points are not
visible geometrically from the source or the observer posi-
tion. By simply excluding these non-visible parts from MER
EEC line integration and without taking any mutual coupling
between the plates or multiple diffraction into account, the
proposed MER provides reasonable comparison with the re-
sults by MoM (Wipl-D). Due to the limitation of the memory
requirement of Wipl-D, accuracy comparison is limited at
the frequency 10 GHz for the objects with the actual size
of human body. Shadowing effects due to the same size of
scatterers at 60 GH z frequency are also presented.

II. EQUIVALENT EDGE CURRENT AND THE DIFFRACTED
FIELD [11], [12]

The method enabling the surface to line integral reduction
is the key element in deriving the equivalent edge currents



(EECs). A concept of modified edge representation(MER),
which extends the definition of EEC for diffraction points to
those for general edge points was introduced in [11], [12].
Classical Keller’s diffraction coefficients were adopted for the
computations of the diffracted field as follows.

For two polarization, soft and hard boundary conditions are
applied and the equivalent edge currents (EECs) along the edge
of the scatterer é are given by [13, eq. (13-103)],
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where D, & Dy, are the diffraction coefficients at the point
@ for soft and hard boundary conditions respectively and the
Keller’s diffraction coefficient of [3, eq. (2)] is
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The diffraction fields are expressed as the line radiation
integrals of the equivalent edge currents along the peripheries
of the scatterers, as follows.
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III. NUMERICAL RESULTS OF SHADOWING EFFECTS FROM
TwWO SCATTERERS IN STAGGERED ARRANGEMENT

A. Case where every edge is visible from both the source and
the observer
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Fig. 1: Schematic diagram of two staggered rectangular plates
before a dipole

Two PEC plates with a; = 30 cm, b; = 60 cm, az = 60
cm, by = 30 cm, AY; = AY; =30 cm, AZ = 30 cm and a
dipole at (0,0,57 cm) are consider as in the Fig. 1. The shadow
and reflected regions that are created by the plates and dipole
on z = 0 plane are shown in Fig. 2.

As, MER belongs to the high frequency approximation,
only single edge diffraction, as the lowest order, is considered
for this computation. The higher order contributions varies
with the mutual arrangement of the two plates and are called
as mutual coupling or multiple diffraction etc here. Without
taking any mutual coupling between the plates and multiple
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Fig. 2: Top view (x=0 plane) of the scatterer of Fig. 1 with
shadow and reflection region.
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Fig. 3: Filed at 10 GHz in the shadow region, along x =
0, y, z = —200 corresponding to the Fig. 2.

diffraction between edges of the plate, FZN MER and GTD
MER computed fields at 10 GHz in the shadow region along
z =0, y, 2z = —200 cm (in x = 0 plane) are compared
with Wipl-D simulation results shown in the Fig. 3. The FZN
MER and GTD MER computed results are indistinguishable
and well matched with the Wipl-D simulated results in full
length of observation.

B. Cases where some edges are not visible from the source or
the observer

Tow scatterer of Fig. 1 are shifted from AY; = AY; = 30
cm to AY; = AY; = —10 cm. Now the plates look like
overlaped when seen from the source or some position of the
observer. The front, side and top views are shown in the Fig. 4.
The fields are computed in the shadow region at z = —200
cm detailed below.

1) Field along * = 0, y, z = —200 cm: As, we have
already shown that the FZN MER result is identical and
indistinguishable with GTD MER, in this case only FZN MER
result is compared with Wipl-D results for the field at the
shadow region along x = 0, y, z = —200 cm shown in the
Fig. 5. FZN MER fields are well matched with the Wipl-D
simulated field for observation at y < I.SB1(—180 cm) and
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Fig. 4: Stagger with overlap arrangement of two rectangular
plates (a) front view (b) side view (c) top view (d) top view
of double diffraction.
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Fig. 5: Field at 10 GHz in the shadow region, along x =
0, y, z = —200 cm corresponding to the Fig. 4

y > [SB5(123 cm). But within the ISBs (from y = —180 cm
to y = 123 cm), a huge difference in FZN MER and Wipl-D
field is observed.

From the Fig. 4, it is clear that some integration points
along the periphery of the scatterer-1 are not visible from the
source due the obstetrical contributed by scatterer-2. Similarly
some integration points in the scatterer-2 are not visible from
some position of the observer due the obstetrical contributed
by scatterer-1. The invisible integration point from the source
on scatterer-1 will not contribute the field at the observation
and similarly the invisible integration point from the observer
on scatterer-2 will not contribute the field at the observation.
x = 0 planer views of these points are shown in Fig. 4(d).
The unseen points of integration of scatterer-1 and scatterer-
2 from the source and the observer respectively are excluded
from the MER integration. Without taking any mutual coupling

between two plates and multiple diffraction between the edged,
the results by this new approximation is shown in the Fig. 5
as “FZN MER NEW Ap”. Now the agreement with Wipl-D
result is very good in almost all point of observations.
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Fig. 6: Field at 10 GHz in the shadow region, along =, y =
0, z = —200 cm corresponding to the Fig. 4

2) Field along z, y = 0, z = —200 cm: Computed field
using FZN MER and FZN MER with new approximation
(FZN MER NEW Ap) along z, y = 0, z = —200 cm are
compared with the Wipl-D result shown in Fig. 6. This figure
shows very good agreement of new approximation of FZN
MER with Wipl-D simulation.
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Fig. 7: Field at 10 GHz in the shadow region, along © =
y, z = —200 cm (in diagonal plane) corresponding to the
Fig. 4.

3) Field along x =y, z = —200: In the diagonal plane,
along z = y, 2z = —200 cm, the field using FZN MER and
FZN MER with new approximation (FZN MER NEW Ap) are
compared with the Wipl-D result shown in Fig. 7. This result
again shows very good agreement of new approximation of
FZN MER with the Wipl-D results.

For the computation of field of Figs. 5, 6, and 7, multiple
diffraction between the edges in the same plate and the mutual



coupling effects between the two plates are not considered. For
these reasons, the small ripples in the WiPL-D results are not
explained by the result of FZN MER with new approximation
(FZN MER (9) New Ap). Note that these effects decrease
with the increase of frequency and in the millimeter could be
acceptable.

C. Shadowing Effects at 60 GHz
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Fig. 8: Field at 60 GHz in the shadow region, along (z =
0, y, 2z = —200 cm), (x, y =0, z = —200 cm) and (x =
y, z = —200 cm) corresponding to the Fig. 4.

With the frequency increased 6 times that of Sec. III-B i.e.
for frequency 60 GHz, fields along (z = 0, y, z = —200
cm), (x, y =0, 2 =—200 cm), and (x =y, z = —200 cm)
due to the scatterer of the same size of the Fig. 4, are shown
in the Fig. 8, without reference solution due to the memory
size limitation of Wipl-D.

However, from Figs. 5, 6, 7, and 8 it is conclude that at
60 GHz, radio channel is more sensitive to shadowing in
compared to 10 GHz due to high attenuation of non-line-
of-sight (NLOS) propagation.

IV. CONCLUSION

Modified edge representation (MER) is demonstrated for
compact rang communication. First, the method is verified by
comparing with MoM for a single rectangular scatterer. For
simplicity, angular dependency of Keller’s diffraction coeffi-
cient is replaced by Fresnel zone number (FZN). The method
is applied in more real environment, for two rectangular plate
of different dimensions in staggered arrangement. Next the
staggered arrangement of two plates is changed to overlap
each other when it is seen from source or some part of
observation positions. The invisible integration points from
source or the observer are excluded from the MER EEC
line integration and the results without mutual coupling effect
between plate or multiple diffraction between edges, shows
excellent agreement with the reference solutions. From this
study it is concluded that MER EEC gives very accurate result
in less computation time. Replacement of angular dependency

of Keller’s diffraction coefficient by FZN does not degrade the
accuracy but the method becomes more simpler. Shadowing
effect for 10 GHz and 60 G Hz for same scattere have been
presented and it is computationally observed that shadowing
is much more effective due to increase of frequency.
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