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ABSTRACT

This thesis proposes studying on body-shadowing model for indoor Ultra-Wideband (UWB)
communication environment based on computer simulation. An objective of the studying is to simulate
human body shadowing effect influenced with channel characteristic. Image approach of ray tracing technique
is used for UWB propagation simulation in.various paths. The paths are results of line of sight the first
reflection paths and the second reflection paths with 3-D environment consideration. Antenna gain is also
considered in the simulation. The simulated results are compared with the measured results for verification of
validation of the model. Then, the model results are analyzed to investigate S-V model parameters for

generally using of the model.
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{a) Three-Dimensional Sketch {b) Vertical Plane

{c) Horizontal Plane
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43.4.3 alszie hdunae (Mean excess delay)
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A Body-Shadowing Model for Indoor UWB
Communication Environments

Waraporn Seesai, Monchai Chamchoy, and Sathaporn Promwong

Department of Information Engineering, Faculty of Engineering,
King Mongkut’s Institute of Technology Ladkrabang,
Chalongkrung Rd., Ladkrabang, Bangkok 10520, Thailand
E-mail: s9061009 @kmitl.ac.th

Abstract—Radio channel characteristic is a very important
factor for designing indoor UWB communication network. As we
know, the indoor communication channel is limited by geometry
of room and some obstruction in that room such as furniture,
human operator, etc. These obstructions directly affect to qual-
ity of received signal, especially human who usually obstruct
receiving signal. To efficient the network designing, the influence
of human body shadowing on radio propagation in building
UWB communication is investigated by involving propagation
prediction model. This model will predict characteristics of the re-
ceived signal affected from body shadowing by considering many
wave propagation phenomenons such as reflection, refraction,
absorption, etc. based on ray-tracing technique. The predicted
results are shown in various forms such as power loss of received
signal, mean excess delay and power delay profile. To verify the
validation of the model, these results will be compared with the
measured results. It is found that the measurement and prediction
results are closely related.

Index Terms—Ultra wideband (UWB), Human body shadow-
ing, ray tracing, propagation prediction.

1. INTRODUCTION

Ultra wideband (UWB) is an attracted technology to ap-
ply in wireless network like wireless personal area network
(WPAN). Because there are many advantages such as low
cost, low complexity, low interference, very good time do-
main resolution allowing for tracking application, etc. The
different characteristics between UWB and other technolo-
gies include of wider bandwidth and no carrier modulated
signal. The bandwidth is defined by Federal Communications
Commission (FCC) with 3.1-10.6 GHz frequency range.The
bandwidth can support very high data rate about 110 Mbps
at 10-m Rx-Tx distance. The rate is higher than Wi-Fi and
Bluetooth about 2 times and 100 times,respectively.And the
UWRB signal are transmitted without carrier modulation lead
to lower cost and complexity because no requirement of some
procedure such’ as frequency conversion,power amplification,
etc.Accordingly,UWB will be outstanding candidate for wire-
less communication,in the future.

Human body around a transmitter and/or a receiver is a sig-
nificant factor affected to indoor UWB communication, espe-
cially when propagated signal is shadowed by the body.Body
shadowed propagation loss greatly affects to the received
signal strength and/or quality. More delay time will decrease
data rate until wireless system may could not transmit data at

978-1-4244-2101-5/08/$25.00 ©2008 IEEE

the guaranteed rate,the important issue of high data rate UWB
application. The body shadowed effects were investigated by
measurement method [1]. If the environment is changed, then
the body shadowing effect can not be considered based on the
measurement results. If the simulation model is used, however,
the effects in various environment can be considered. Unfor-
tunately, there are no report on the effect of body shadowing
by prediction model with ray-tracing technique for UWB
communication which is a favorite propagation simulation
technique in narrow band communication [2]. Therefore, the
UWB human body-shadowing simulation model for indoor
communication by using ray-tracing technique is presented.

II. RAY TRACING

Ray-tracing techniques approximate the propagation of elec-
tromagnetic waves by representing the wavefronts as simple
particles. Thus, the effects of reflection, diffraction, scattering
on the wavefront are approximated using simple geometric
equations instead of Maxwell’s more complex wave equations.
Ray-tracing is applied in many application such as simulator of
radio propagation. There are many techniques use ray tracing
concept like finite difference time domain (FDTD), geometri-
cal optics (GO), etc. GO technique has more computer efficient
than the FDTD. Consequently, the GO technique is include of
two approaches such. as ray launching and image approach.

A. Ray Launching Approach

The ray launching approach involves a number of rays
launched at the transmit antenna in specified directions. For
each ray is launched from the transmitting antenna (TX), then
the ray is traced along path for checking can it reach a receive
antenna and have any object does it hit. When an object
is hit, reflection, transmission, diffraction, or scattering will
occur, depending on the geometry and electric properties of
the object. When a ray is received by a receiving antenna, the
electric field (power) associated with the ray is calculated.

B. Image Approach

The image approach makes images of the transmit antenna
location relative to all the surfaces of the environment. The
coordinates of all the images is calculated and the rays are
traced towards these images. First and second order reflections
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can be calculated very fast but more order reflection consume
computation time grows exponentially. Therefore, the image
approach is suitable for semi-deterministic modeling which
use deterministic model for the important specularly reflected
and diffracted rays and use statistic model for more compli-
cated phenomena like effect of bookshelves.

III. UWB HUMAN BODY SHADOWING MODEL
A. Model Description

We investigate in-building UWB propagation influenced
from human body shadowing. The prediction model can be
used for several applications, for example, UWB network
designing, communication quality improving, etc. The model
uses ray-tracing technique with image approach, because this
technique appropriates with indoor environment which is small
and low complexity environment.

Model concept involves electromagnetic waves propagated
from transmitter to receiver in several directions. For example,
line of sight, the first and second reflection of wave, etc.
Some directions are shadowed by human body. Therefore,
more power loss and delay time are occurred due to absorption
or refraction. Model uses many inputs included of 1) 2-D
geometry of room 2) wall permittivity 3) location of transmit
antenna 4) frequency of UWB wave 5) power of UWB wave
6) shape of a human, for determination the characteristics
of received signal in many forms like signal strength, mean
excess delay, power delay profile, etc.

B. Model Algorithm

In this section, the basic steps to predict the effect from
human body shadowing in UWB environments are described
in Fig. 1 which have more details are

1) Determine influential ray: A transmitter send signal
based on Eq. (1) [3] to a receiver through free space channel,
therefore, the signal can reach to receiver in multipath.Some
path can travel to receiver and some path can not. Therefore,
the first step is determination the influential rays by finding out
which zone of current receiver position falling in zonel (z1),
zone2 (z2), zone3 (z3) or zone4 (z4) as shown in Fig. 2.Then
model use predefined rays of the particular zone to be the
influential rays.The predefined rays depend on zone of the
receiver. These rays are the composition of line of sight ray,
first and second reflection rays.

The pass band rectangular pulse can be expressed as

w(t) = %[fﬂsinc@fﬂt) — frsin(2fL8)), W

where t is the time, fy and fi, is the maximum and min-
imum frequencies, respectively, fi, = fu—fL is the spectral
bandwidth, and sinc(z) = sin(rz)/(nz).

2) Find characteristics of each ray: To calculate the chan-
nel characteristics like power loss, excess delay, etc., the model
must know various necessary variable values such as travel
distance of ray (d), delay time (t) and reflection coefficient (I'),
etc. These parameter values can find with ground reflection
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Determine
infiuential rays

Find characteristics of each
ray

Find human body
shadowing effect

Find Power Loss,Mean
Excess delay,Power delay
Profile

Y
End

Fig. 1. Ray-tracing algorithm with human body shadowing effect.
Orxz
23 ORN
Tx
24 ORx3 22
z1 QR ?Rxs

Fig. 2. Model zoning to determine influential ray.

model. For example, the reflection coefficient in vertical and
horizontal polarization which are defined as [4]

cosf — e_l,' - & sin?¢
Iy = = @

b
cosf+ /& — Asin?9
r r
2
cosf — /e, —sin“8

r. = ; 3
cos 0 + Ver —sin® 6
where ¢,. is relative permittivity of ground and @ is the incident
angle.
3) Find the effect of human body shadowing: In this step,
the model will consider ability of signal shadowing of human
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T-R separation Distances ]
2-10m

]

Fig. 3. Layout of room in the measurement.

at the current position with considering which ray, in the
influential rays received from step 1, is shadowed then ignored
it. Because it can not reach to receiver since it changed
direction after refraction through body due to refraction of
different medium law. Therefore, the receiver reachable rays
are all pf the influential rays except the shadowed rays.

4} Find channel characteristics: The UWB path loss can
be defined as the ratio between the maximum amplitude of the
transmitted and received signal waveforms [5]

v:(0)

PLUWB(d)[dB] 2010g[max|v,-(t)|]’ (4)
where v;(0) is the maximum amplitude of the transmitted
signal waveform and v.(t) is maximum amplitude of the
received signal waveform which can be defined from Eq. (13)-
(18) of [3].

IV. MODEL AND MEASUREMENT RESULT COMPARISONS

To verify the model, the model results are compared with
measurement results. These results include of path loss, mean
excess delay and power delay profile. We apply the model
with room already measured signal. The room has layout as
shown in Fig. 3 and parameters are listed in Table 1.

TABLE 1
MEASUREMENT PARAMETERS

Parameter Value
Frequency range 3 GHz ~ 11 GHz
Number of frequency point 1601
Tx antenna height 1.5m
Rx antenna height 1.5m
Tx and Rx separate 2,468 and 10 m
Grid dimension 0.6m x 0.6 m
Polarization Vertical

Fig. 4 is shown comparison of path loss between model and
measurement for no human body shadowing case. The both
have same manner that will be vary follow increasing distance.
And they are very closely related by having gap about 2 dB.
Comparison of path loss between model and measurement for
human body shadowing case are shown in Fig. 5. The bath are
very close too, especially between 2-m and 8-m distance.At
10-m distance, model and measurement are similar. They are
less than 8-m distance results a little bit. Because the occurred
error may be vary follow increasing distance.
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Path Loss[dB]
o

== Measursment
— Model

) 4 s 0 7
Distance{m]

Fig. 4. Comparison of path loss between model and measurement for no
human body shadowing case.

Path Loss{dB}

Distance{m)

Fig. 5. Comparison of path loss between model and measurement for human
body shadowing case.

Fig. 6 is shown comparison of mean excess delay between
model and measurement for no human body shadowing case.
They are very similar, especially at the low distance. Gap
between them is very little. Comparison of mean excess delay
between model and measurement for human body shadowing
case are shown in Fig. 7. Both of them are very similar,
especially at 4-8 m distance and at 10-m distance, they are
quite far because more distance will lead to more error.

Fig. 8 is shown comparison of power delay profile between
mode] and measurement at 2-m distance for no human body
shadowing case. The arrival of the main ray of model and
measurement is the same time about 10 ns. And the other
paths have the same arrival. Comparison of power delay profile
between model and measurement at 2-m distance for human
body shadowing case are shown in Fig. 9. The arrival of the
main ray of the model and the measurement is the same time
about 20 ns.

Table II is shown the numerical power loss comparison. The
average gap between model and measurement are equal 1.393
dB and 2.828 dB,for no body shadowing and body shadowing
case,respectively.Numerical mean excess delay comparison are
shown in Table IIl.They are very close. The average gaps
between the model and the measurement are 0.427 ns and
0.722 ns ,for no human body shadowing and human body
shadowing case,respectively.

V. CONCLUSION

This paper presented indoor UWB propagation prediction
model to investigate the effect from human body shadowing
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Fig. 6. Comparison of mean excess delay between model and measurement
for no human body shadowing case.
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Fig. 7. Comparison of mean excess delay between model and measurement
for human body shadowing case.

based on ray-tracing technique. Model concept begins with
finding reachable receiver rays from direct and reflection path
rays then ignoring human body shadowed rays and using
the remain rays for determination the channel characteristic
like path loss, excess delay, etc. These results are compared
between model and measurement for model verification. As
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Fig. 8. Comparison of power delay profile between model and measurement
for no buman body shadowing case at 2-meter Tx-Rx separation.
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Fig. 9. Comparison of power delay profile between model and measurement
for human body shadowing case at 2-meter Tx-Rx separation.

85

TABLE I
POWER L05S COMPARISON

. w/o human [dB] with human [dB]
Distance [m] Model | Measurement | Model | Measurement
2 54.250 56.949 71.720 71.440
4 60.271 63.766 73.825 74.978
6 63.793 68.002 76.511 75.949
8 66.291 70.301 78.060 76.977
10 68.212 67.940 68.217 75.951
TABLE III

MEAN EXCESS DELAY COMPARISON

. 'w/o human [dB] with human {dB
Distance {m] Model | Measurement | Model | Measuren]\ent

2 7.781 7.300 24.509 14.580

7 15.500 13.948 27.690 30.720

6 22.664 20.669 33.434 32.126

8 29.510 31.595 39.242 38.658

10 34.310 39.864 34.258 45.585

the results, average gap between model and measurement of
path loss and mean excess delay, affected from human body
shadowing,are 2.828 dB and 0.722 ns.,respectively. They are
closely related. In order to analyze human body shadowing
effect,the channel characteristic for no human body shadowing
case is predicted also,to compare with human body shadowing
case.It is found that the body shadowing leads to lower signal
strength and more delay time , directly impact with high
data rate application. Therefore,the designer have to prepare
solutions of this problem. Results from the model can help
designer in considering overall UWB network by presenting
in various forms.
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