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Abstract
A modified random walk model for human motion is proposed to investigate characteristics of 60

GHz indoor office propagation. Compared with the classic random walk model, the movement tend-

ency in the walking process is taken into account in the modified model. Based on the proposed

model, path gains of the propagation environment are simulated under a variety of settings by using a

ray tracing method. Simulation results and analysis show that human motion is a major source of dis-

turbance to the indoor office propagation and results in performance degradation in some areas.
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0 Introduction

Due to the rapid development of consumer elec-
tronic devices, such as smartphones, tablet computers,
and HDTVs, the demand for a short-range and high-
rate indoor wireless communication system is becoming
more and more urgent''’. Especially, networks that
utilize millimeter-wave bands, typically 60GHz, have
attracted lots of attentions for indoor wireless applica-
tions. The bandwidth of several gigahertzes around 60
GHz will be very beneficial to the design and imple-
mentation of the future advanced indoor wireless com-
munication systems. Furthermore, the spectrum around
60GHz is license-free in many countries. In a word,
60GHz millimeter-wave radio technology is one of the
most prospective communication technologies in the fu-
ture 10 years.

There are mainly two approaches to get insight in-
to the characteristics of wireless propagation in an in-
door environment; measurement and simulation. Many
researchers have reported measurement results around
60GHz in an indoor environment to assist the channel

modeling' >’

However, the cost of channel measure-
ment is extremely high and the collected data have very
limited expansibility for general use. On the other

hand, simulation techniques are free from the limita-

tions of experiments. In principle, all details of the
propagation can be obtained by solving the Maxwell’ s
equations with boundary conditions that make allow-
ance for the physical properties of the walls and objects
within the environment. But it needs sophisticated
computational resources to carry out simulations and
overspends too much time. Therefore, a ray tracing
method based on geometrical optics is proposed for
propagation predictions.

So far, a lot of efforts have been done concerning
the ray tracing simulations in the 60GHz band.
Ref. [4] examined the millimeter-wave propagation in
a conference room and proved the validation of ray
tracing results. Ref. [5] addressed the 60GHz propa-
gation characteristics in an indoor office environment by
using the ray tracing software of Wireless InSite. How-
ever, only little work concerning the human motion
effects has been done and even the done work did not
take account of the movement tendency or the furniture
in the propagation environment, i. e. , they assumed an
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empty room with random moving human bodies'
this paper, it will explore the influences of human mo-
tion to the propagation in a relatively more realistic in-
door office room based on the proposed modified ran-
dom walk model and the conventional ray tracing algo-
rithm.

The remainder of this paper is organized as fol-
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lows. Section 1 presents a brief description of the ray
tracing theory. Section 2 describes the propagation en-
vironment and the human motion model. Simulation re-
sults and analysis are discussed in detail in Section 3.
Section 4 is devoted to conclusions summarizing this
work.

1 Ray tracing theory

1.1 Ray tracing method

Ray tracing is a viable technique for predictions of
propagation characteristics, such as impulse response,
path gain, local mean power, and delay spread. The
idea of this technique is to determine the propagation
characteristics of a spatial environment from its geomet-
rical and material properties assuming that radio waves
follow the rules of geometrical optics. Every propaga-
tion path is modeled as a straight line and it is a good
approximation providing that the radio wavelength is
short enough compared to the environment dimensions.
At a boundary between two adjacent media, i.e. , the
ray hits some obstacle, reflection as well as transmis-
sion occurs and the incident ray is split up into a re-

) Diffraction can be

flected one and a transmitted one
also investigated by involving the uniform geometrical
theory of diffraction (UTD). It plays an important role
for coverage prediction when shadow regions are to be
taken into account.

The basic concept of ray tracing based on image
method'® is illustrated in Fig. 1. The image method is
applied to simulate the effect of flat surfaces and it is
not only useful when the number of objects or obstacles
is relatively small, as in an indoor environment, but
also easy to be implemented. The first step is to find
virtual image S’ of source S and the next step is to link
receiver R with virtual image S ' by a straight line , then

reflected ray

incident

reflector

transmitted ray

Fig.1 [llustration of image method

the intersection point I can be determined as well as the
whole ray trajectory. The construction that uses the vir-

tual image and determines the point of reflection on the
reflecting surface is valid for multiple reflections.

A simplified diffraction model is illustrated in
Fig. 2. When the ray hits the corner of an obstacle, no
matter what incidence angle is, diffracted rays will be
generated to all directions around the obstacle'”’.

incident ray

diffracted ray

obstacle

Fig.2 [llustration of diffraction model

Applying the above methods, all of the rays con-
necting the transmitter and the receiver can be con-
structed for an indoor environment. In order to find all
valid propagation paths, rays are launched from the
transmitter in all directions. For a quantitative analysis
of the reception, propagation attenuation and delay of
every ray are required.

1.2 Ray tracing algorithm

For investigations a simplified two-dimension
(2D) ray tracing algorithm is used which is capable of
simulating the wave propagation taking account of re-
flections, transmissions and diffractions. The ray trac-
ing algorithm operates on a 2D model of the propaga-
tion environment described by numerous rectangles and
each of them is related with its dimensions. By specif-
ying the coordinates of the transmitter and the receiver,
the sequence of computations begins with the direct
path if it exists, followed by all paths with one propa-
gation, two interactions, and so on, up to five reflec-
tions, one transmission and two diffractions. For every
path, the distance dependent path loss is simply the
free space propagation loss which is proportional to the
total length squared. The total path loss is computed as
the product of the free space propagation loss timing
the reflection, transmission, and diffraction losses'®’.
The antenna radiation patterns are not considered tem-
porally.

The flow chart of the 2D ray tracing algorithm is
shown in Fig.3. Two termination conditions are set;

the maximum number of allowed reflections V_,, trans-

ref 3

missions /V, and diffractions N, the power thresh-

old T.

trans %
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Fig.3 Simplified 2D ray tracing algorithm

2 Propagation environment and human

motion model

2.1 Propagation environment

The floor plan of the propagation environment is
depicted in Fig.4. It is an office room located on the
fourth floor of our institute building. The dimensions of
the office are 8.0m length and 4. 0m width. The walls
of the room are made of concrete. There are a glass
window and a glass door between the outer room and
the inner room. The outer room is provided with six
desks, one laboratory table, and a wooden door to-
wards the corridor, while the inner room is furnished
with two desks, two bookcases, and one couch. The
outer door as well as the inner door is 1. 0m width and
the glass window is 3. Om width. The dimensions of
others objects are summarized in Table 1.

[F--- desk

- laboratory table
[---- bookcase
[—F--- couch

——--- glass window

\ ‘ ‘ 7\\:---- glass door

---- wooden door

Fig.4 Floor plan of the office room

Table 1 Dimensions of objects
Objects Dimensions
Desk 1.0m x0.5m
Laboratory table table 2.0m x1.0m
Bookcase 1.0m x0.5m
Couch 2.0m x1.0m

The electrical properties of involved material are
taken from Ref. [5]. The used values are summarized
in Table 2 together with the related objects. &', and &”,
denote the real and imaginary part of the relative per-
mittivity, respectively. The relative permeability is as-
sumed to be one. The reflection and transmission coef-
ficients are calculated based on the dielectric proper-
ties, while the diffraction coefficient is calculated using

the method in Ref. [7].

Table 2  Dielectric properties of objects

Material Objects &', &’
Plywood "’ wooden furniture 2.76 0.078
Concrete! "’ walls 3.10 0.056

Glass'! inner door, window 6.81 0.430

2.2 Human motion model

A 2D human body model is needed to be in ac-
cordance with the 2D ray tracing algorithm described in
the above section. So a rectangle with the dimension of
0.3m x 0.3m is used to represent the human body
which can be considered as a common scatterer like
other obstacles except that it is not static. Certainly,
the modeling of human motion is the key to the validity
and expansibility of the analysis on the human body
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Fig.5 [llustration of modified random walk model

movement effects to indoor propagations. In Ref.[12],
the human motion is modeled as a random walk process
which consists of a succession of random steps. It is
modeled as a Markov chain that the next step is totally
independent of the past trail. Unfortunately, the ran-
dom walk model is not accurate enough because human
body has a movement tendency, even time varying, in
the walking process. In order to reproduce the move-
ment of human body as realistic as possible, a modified
random walk model is proposed as follows. Four simu-
lation examples are presented in Fig.5, each corre-
sponding to one, three, five, and ten moving bodies in
the room.
Step 1
randomly and set Count =0.

Step 2 Select a direction (forward, backward, left,
or right) for the next step in random and set Count =
Count + 1.

Step 3  Determine whether the selected direction is

Choose a valid point as the starting position

valid for the next step. If so, go on to Step 4, other-
wise, go back to Step 2 as long as Count 4.
Step 4 Try to keep the movement tendency based on

the last two positions. If fails, try to turn left or turn
right with an equal probability. If it fails again, try the
opposed direction (left or right). If it still doesn’ t
work , turn around and step backwards.

Step 5 Loop Step 4 until reaching the specified num-
ber of steps.

3 Simulation results and analysis

The reference system as indicated in Fig. 4 is used
for ray tracing. The outer door is kept to be closed,
while the inner door is assumed to be open during the
ray tracing process. As shown in Fig.3, the maximum
number of transmissions is limited to one, which means
that only the transmission through the glass window and
glass door needs to be calculated. Based on the propa-
gation environment model and the modified random
walk model, parameters used for simulation are sum-
marized below in Table 3. The simulation tools used
are Microsoft Visual Studio 2008 and Matlab 7. 10. 0
(R2010a).
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Table 3  Simulation parameters

Parameter Value
Frequency ( GHz) 60
Radiated power (W) 1.0
Power threshold (W) 1.0x10°"
Nt 5
Noans 1
Ny 2
Antenna configuration SISO 1x1
Step size (m) 0.6
Maximum steps 30
Minimum steps 10
Time interval (s) 0.25

Transmitter Tx is located at the origin coordinate
of the reference system, and the coordinate value of
(2.0, =1.0) is chosen as the receiver. It is assumed
that both of them are equipped with omnidirectional an-
tennas. Fig. 6 shows the ray tracing results between the
transmitter and the receiver under the constraints of NV,
<1,N
The multipath disturbance due to the human body

= 0and Ny <1 at a certain time instant.

trans

movement can be seen from these figures intuitively.

]
1.5

x(m)

(a) no moving bodies

-0.5 §
—

x(m)

(b) one moving body

]
1.5

x(m)

(c¢) three moving bodies

ST\

-1.5j
'2-3-2-10i234
x(m)

(d) five moving bodies

x(m)

(e) ten moving bodies
Fig.6 Illustration of the ray tracing result

Simulation is taken with regular time intervals,
which makes it possible to compute the positions of the
human bodies again and make a new calculation of the
parameters of the channel. To investigate the human
motion effects on the path gains of different positions,
the office room is gridded into a group of squares each
with the dimension of 0. 1m X 0. 1m. The path gain of
the central point of the square can be used to approxi-
mately represent the transmission loss inside it. Espe-
cially, the power threshold 1.0 x 107" W is used to
represent the path gain inside the scatterer.
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Fig. 7 shows the simulation result when there is no
human motion, i. e., in a static condition. It can be
seen that the path gain varies from - 40dB to
—150dB. Most parts of the office go through a 100dB

path loss, while the path gain around the transmitter is
roughly —50dB. Furthermore, the path gain distribu-
tions under the human motion effects are presented in
Figs8,9,10, and 11, each corresponding to the simu-
lated walking trails in Fig. 5. As shown in Fig. 8, there
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Fig.9 Path gain prediction with three moving bodies
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Fig.11 Path gain prediction with ten moving bodies

is just a little affection to the path loss when there is
only one moving person. However, the path loss of the
bottom right corner of the inner room degrades to
120dB more or less if there are three moving persons,
which can be seen from Fig. 9. It is mainly caused by
the moving person in the inner room and the deep path
loss area becomes larger as the number of moving per-
sons increases in the inner room. Moreover, it is worth
pointing that, in Fig. 10 and Fig. 11, a triangle area is
formed by the three bodies around the transmitter and it
increases the path gains inside the area.

4 Conclusions

In this work, it has investigated the human motion
effects on the 60GHz indoor office propagation by adop-
ting a modified random walk model which takes ac-
count of the movement tendency. Based on the modi-
fied random walk model and the 2D ray tracing algo-
rithm, path gain distributions are simulated under the
assumptions of different number of moving bodies. The
simulation results and analysis show that the movement
of human bodies results in multipath disturbances and
causes deep path losses in some areas. It is one of the
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main factors that can significantly degrade the transmis-
sion quality in a realistic indoor environment and it
may frequently occur because of people walking around
from time to time.
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