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Abstract—The results of a simulation of signal propagation strength
in indoor environment using a game engine ray-based tool and use of an
open source 3D modeling tool for scenario building are presented in this
paper, showing the flexibility of the XML description language for this
kind of scenario. We show simulation results and compare them with an
extensive set of measurements for an indoor scenario with multiple
materials in the 5.4GHz band, obtaining a good match between the ray-
based tool and measurements of received power. We found also that
constitutive parameters have an important effect on the simulation
results and made some small adjustments to improve results.

Index Terms—Channel estimation game engine, indoor estimation
channel, power received, ray launching,.

I. INTRODUCTION

Currently, development of wireless communication uses
multiple-input multiple-output (MIMO) technology to achieve
maximum capacities. In the indoor environment case, in
addition to exploiting MIMO, a goal is to integrate mobile
wireless communications [1]; this ensemble of multiple radio
access technologies (RAT) is the basis for the operation of
next-generation mobile communications (5G) [2].

In an indoor scenario the signal suffers multiple reflections
and diffractions before reaching the receiver. Therefore, the
average received power depends on the signal losses and delay
for each signal component arriving at the receiver [3], [4].
These effects on the reception point are modeled by the square
of channel impulse response and used to estimate the power
received.

WiFi networks entered the 5GHz band in 1999 with
802.11a as standard [5]. Potential development and
performance evaluation for WiFi of 5.4GHz in version 2.0 of
802.11ac are based on simulations and development is ongoing
although some devices are now available in the market [6].

A characteristic of WiFi networks is that capacity depends
on the strength of the signal received [7]. The signal received
depends on the environment and the objects in it. To estimate
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channel characteristics, reflections and refractions caused by
ceiling, floor, windows, different kinds of walls and office
furniture should be considered. Because of these factors, signal
distortion and propagation loss that occur during transmission
from transmitter to receiver point affect the reception. The
diversity is such that it is very difficult to characterize all
possible environments and constitutive parameters change
frequently.

In addition, all objects implicated cause multipath affecting
channel parameters. Recent studies have verified the
applicability and accuracy of ray tracing (RT) techniques in
conjunction with UTD (uniform theory of diffraction)[8], [3],
[9-[11].

The representation of complex phenomena between the
radio wave and the environment is known as the multipath
channel model [12]. The characteristics of the materials present
in the scenario play an important role, allowing accurate results
by using RT techniques in the spatial and temporal
characterization. By means of RT and a multipath channel
model it is possible to design and theoretically evaluate modern
wireless communication systems.

Given the level of detail necessary for the indoor scenario,
the use of a graphics processing unit (GPU) and efficient
algorithms developed using a game engine allow adequate
computational cost [3]. Game engines are defined as a software
suite designed for the creation and development of video
games. They include a physics engine for collision detection,
and an efficient memory management system. They are a
potential tool for optimally implementing the effects of optical
physics such as reflections, refractions and diffraction.

Furthermore, the use of free software tools like Blender
allows us to obtain very real representations of the environment
in great detail. Blender is a multi-platform open source GNU
license, especially dedicated to the modeling and creation of
three-dimensional graphics [13]. It uses Python as an internal

978-1-5090-1698-3/16/$31.00 ©2016 IEEE



programming language and comprises two types: internal
Blender, present since the first versions of the program, and
Cycles since version 2.6, which allows more realistic results.

The aim of this paper is to compare a simulation of
received power using an RT model based on a game engine
with a set of measurements in the 5.4 GHz band in a complex
indoor environment, a conference room.

The rest of this paper is organized as follows. In Section II
we describe the simulation tool and measurement setup used,
the relevant equipment and software and the measurement
environment. Then, in Section III we present and discuss the
results of our simulation. We conclude with Section IV.

II. SIMULATIONS AND MEASUREMENT

We now describe the simulation software and its
components, the 3D ray-optical propagation model, followed
by a description of the measurement campaign and equipment
employed to validate the results. Finally, we describe the
channel model.

A. Simulation Tools

We used the Java programming language and Java monkey
engine (JME) version 2.0. JME is a powerful tool designed as
a high-speed real-time graphics engine. Likewise, we used
JME physics V.2.0 as a physics engine and as an interface
between JME and the open dynamics engine (ODE).

The indoor scenario was created in a free and open source
creation suite called Blender 3D. Use of Blender 3D tools and
exporting to XML (eXtensible Markup Language) format or
OBJ format generates a realistic indoor office environment in
detail[13]. We employed planar geometries to depict each
object, obtaining excellent 3D resolution in the model. After
its rendering, was exported from Blender format to an XML
format. Once imported to JME, RT techniques were applied
using the graphic card.

B. 3D Ray-Optical Propagation Model

Radio waves are modeled as an optic ray that follows a
straight path from transmitter to receiver. During this process,
the wave interacts with flat objects, corners and edges. Initially,
we only processed reflections, diffractions, free space
attenuation and multiple combinations of these effects. In order
to model walls, floor and ceils reflections, we applied Fresnel
coefficients.

We used a shooting and bouncing algorithm, which is
based on launching a ray from the transmitter to the antenna
and verifying if the ray impacts on a wall or ceiling. The rays
were launched with a mean angular separation between
neighboring rays in 3D space ¢, = 0.27° .

The RT algorithm implemented was limited to 10 events,
an event being defined as a reflection, diffraction or
transmission and a maximum of two diffractions at vertical or
horizontal building edges, which is appropriate for indoor
environments. We used the computational capacity of a

graphic card to estimate the impact on receiving spheres, flat
polygons and in-edge cylinders, as well as for the election or
discarding of relevant rays.

In our model, if the ray hit an edge, the rays of the
diffraction cone were computed with a given angle increment.
It was assumed that diffracted rays were generated with an
angular resolution fixed in 3D space «, for the first

diffraction and 2¢, for the second diffraction.

C. Measurement Campaign

We made a measurement campaign at the Institute of
Telecommunications and Multimedia Applications (iTEAM),
Valencia, Spain. We employed an Agilent ES072A ENA
Series vector network analyzer, two UWB patch antennas
which was designed and made in the same institute with
operation frequency of 5.4 GHz [14].

The dimensions of the scenario were 7.16x7.62x2.64m.
The transmitter was located in the center of the scenario at a
height of 1.93 m. The reception point was located in the
scenario, forming a grid of 60cm x 60 cm at a height of 1.23m.
The grid is comprised of 89 receiving points. It was developed
using the Blender 3D tool and is shown in Fig.1. In both cases,
for transmission and reception points, a tripod was employed
to maintain the positions.

We stored and manipulated the constitutive parameters as
an attribute within the 3D model (i.e. permittivity) and their
electromagnetic material properties, the structures of the walls,
floor, desk, desk legs, electronics devices (i.e. video beam,
VNA), windows and chairs were classified into different
classes with dielectric material parameters as shown in Table
1[18], [19], and the location within the scenario is shown in
Fig. 2.

Fig. 1. Measurement receiver points (Rx) and transmitter position (Tx)
located in the indoor scenario.



TABLE 1. INITIAL VALUES OF RELATIVE PERMITTIVITY AND

CONDUCTIVITY.

. Relative Conductivity
Material Element Permittivity (S/m)
Concrete Floor 222 0.0138

Ceiling
Glass Desk 6.4 0.0325
Windows )
. chairs
Fiberboard Wallboard 60.0 0.02
Wood Column 2.08 0.007
Structure (windows, desk and chair), VNA, video
Metal .
beam, lamps and tripod

Chairs 1|P LB

e !f a ﬁ)ﬂ’
Structure
Chair
Slruclure
Floor

Fig.2. Measurement scenario.

D. Channel Model
The most

can be
estimated by obtaining the path parameters based on the time-
variant channel-impulse response of the channel (¢, 7) .

important channel characteristics

We used ray launching as it provides information for
multipath reception conditions, allowing us to estimate the
propagation model and received power through a power delay
profile (PDP). The path parameters for the propagation
between the transmitter and the receiver are defined by n =
1,...,N(t) propagation paths [15]. Thus, it is possible to
represent a PDP by:

N()

h(T,t)=Y A, O8(T-1,(1) (1)
n=1

where

A, (1) represents the complex amplitude of the 7" multipath

component and incorporates the properties of the transmitter
and receiver antenna
fe 1s the center frequency of the system

T (t) is the time delay of arrival (TDA) of path.

Implementation (1) using the game engine and GPU
techniques are appropriate and checked for obtaining
multipath parameters with high accuracy and fast processing
time [3], [16], [17].

III. ANALYSIS AND RESULTS

With the final purpose of verifying our 3D RT model, we
compared the simulation results of power received with
measurements for the case of vertical polarization. Initial
values used for the permittivity and conductivity of the
materials present in the scenario were found in the literature
[18], [19].

A. Initial Simulation

Once we obtained the scenario, it was imported from
Blender to JME. Initial simulation was performed using
constitutive parameters according to Table I for each material
composing the scene and the results are shown in Fig. 3 by a
green line. We obtained the PDP value and adjusted the
constitutive parameters in order to minimize the PDP error
against measurements. Once the PDP was adjusted, we
estimated the received signal as shown in Fig. 3.

——Measured
—Calibrated
Simulated

Power received [dbm]

0 40 50 60
Measurement location number

Fig. 3. Power received comparison of the ray tracing output (green line) and
adjusted (red line) with measurement (black line).

—Techo
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Fig. 4. Comparison of RMS error versus change in constitutive parameters
expressed in percentage terms.

B. Simulation Results After Calibration

Although results with the initial parameters were quite
good, it is well known that ray-based models are affected by
the values of constitutive parameters and, also, published
values can be different from real values, because of the
specificities of the scenarios. For this reason, and in order to
evaluate the effect of the constitutive parameters in our model
and to improve obtained results and reach more realistic
values for the particular scenario, we implemented an
adjustment algorithm oriented to reduce the mean square error
between simulation and measurements.



The mentioned algorithm allowed us to adjust the
constitutive parameters (i.e. permittivity values). With the aim
of analyzing how the predictions were affected by simulated
objects, we used the values given by the literature for each of
the materials and, by changing each one of these values at a
time, evaluated the model’s sensitivity to that parameter. The
first value modified was for windows; once we obtained an
improvement, then we modified the value for tables, and
finally for walls.

Initially, power received results were tested for the varying
values of permittivity for a class from -10% to 10%, in single
steps at one processing time. Then, using this method
reiteratively, we obtained the global minimum standard
deviation for best values of PDP for each class for all the
above predictions with respect to the measurements. We
adjusted the parameters, obtaining the simulation results
shown in Fig. 3 by a red line. In Fig. 4 we show the standard
error versus the percentage of variation of constitutive
parameters to illustrate the effect of the modification on the
simulation.

Simulation with the calibration result improved the
accuracy with respect to measurement data represented by a
mean error of 0dB and standard deviation of 2.6 dB. After
adjustments, the mean error of received power improved on
100% and standard deviation improved on 10.3%. In Table II
we summarize the values for the initial simulation and after
the adjustment of relative permittivity and in Table III we
show the mean error. For the permittivity, only the
modification of values of table glass and window glass had a
representative impact on the results and these are shown in
red.

This type of strategy solved a typical problem found with
ray-based models, as is the variability of information about
constitutive parameter values for different materials, because
the intrinsic differences between materials in different
environments. Relative permittivity values for the global
minimum standard deviation were adjusted by using the
measurement results.

TABLE IL RELATIVE PERMITTIVITY VALUES FOR THE GLOBAL MINIMUM
STANDARD DEVIATION
Relative Relative
Material Element Permittivity Permittivity
Initial Adjusted
Concrete Floor 222 222
Ceiling
Glass Table 6.4 6.9
Glass Windows 6.4 12.6
Fiberboard Chairs 60 60
Fiberboard Wallboard 60 59
Wood Column 2.08 2.08

TABLE III. STATISTICAL SUMMARY FOR POWER RECEIVED PREDICTION FOR
PERMITTIVITY VALUES BEFORE AND AFTER ADJUSTMENT.

Condition Mean error Std. Deviation error
(dBm) (dBm)
Initial -0.4 2.9
Adjusted 0.0 2.6

Iv. CONCLUSIONS

We have shown the results of our ray-based propagation model
in the 5.4GHz band, obtaining a very good agreement with
measurements, even before adjustment of the permittivity
values.

For this scenario, the main element that affects results are the
windows of the wall. As seen in Table II, the modification of
the initial value was near 100%. This variation between the
initial value and the final value could be related to the film
used to cover the glass. These results indicate that even with
accurate initial information about constitutive parameters,
particular scenarios may have different values.

Initial values for constitutive parameters were very accurate
and the required adjustments were minimal. However, this
indicates that good information about constitutive parameters
of materials is still an open issue regarding the 5G.
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