Journal of Physics: Conference Series

PAPER » OPEN ACCESS You may also like

- Future of 300 GHz band wireless

Diffuse scattering and physical optics in the communications and their enabler, CMOS

. . . transceiver technoloqgies
propagation of electromagnetic waves applied to Minoru Fujshima
mobile communications Daricles: masinizing power exttacied rom

electromagnetic fields
Younes Ra'di and Sergei A Tretyakov

To cite this article: J Gomez-Rojas et al 2021 J. Phys.: Conf. Ser. 2102 012009
- High capacity terahertz communication
systems based on multiple orbital-anqular-
momentum beams
Alan E Willner, Xinzhou Su, Huibin Zhou et
al.

View the article online for updates and enhancements.

ECS Toyota Young Investigator Fellowship ECS TOYOTA

For young professionals and scholars pursuing research in batteries,
fuel cells and hydrogen, and future sustainable technologies.

At least one $50,000 fellowship is available annually.
More than $1.4 milion awarded since 2015!

Application deadline: January 31, 2023 Learn more. Apply today!

This content was downloaded from IP address 186.83.63.91 on 21/12/2022 at 03:11

-



https://doi.org/10.1088/1742-6596/2102/1/012009
/article/10.35848/1347-4065/abdf24
/article/10.35848/1347-4065/abdf24
/article/10.35848/1347-4065/abdf24
/article/10.1088/1367-2630/15/5/053008
/article/10.1088/1367-2630/15/5/053008
/article/10.1088/1367-2630/15/5/053008
/article/10.1088/2040-8986/ac9c16
/article/10.1088/2040-8986/ac9c16
/article/10.1088/2040-8986/ac9c16
https://googleads.g.doubleclick.net/pcs/click?xai=AKAOjsvPH9mJDpgVumOS9Yn-dKtv_vwRSlwGmtAYuN6pAscAohKchQXfxF8tqbrlqZpKK_U8sK2iwvoBEErZhepefKHamh7pDAxX1QGdDd8vKo52Tlh2BC7kyLg8sOhnyfuNbKtG7hxQFxX0nsMPFON7tg3jSVx10FDJFrqSjqix4hSQzUy4GHQUdSNR4NrNr4cLX8zPuW-fbPCrvGsxLiKbTw9cMLG0qs3tIVVQwYg2v2ENIcrry0PNFbvQOFCWwHs3v7Ow4PWJE-kGtMQuWTFI_AtEYX7uF-qmbcjrtkqOniNz3g&sai=AMfl-YSEQ2wjJ5xwZFkSq5ZIXSxiuw_-XIN_JNZPKG-xipvzqTS1tE_lmIm1N6wXND71KKNNJyzr9p05lvyiez8d-A&sig=Cg0ArKJSzPK9cUUUm1ZE&fbs_aeid=[gw_fbsaeid]&adurl=https://www.electrochem.org/toyota-fellowship%3Futm_source%3DIOP%26utm_medium%3Dbanner%26utm_campaign%3D2023ECSTYIF

IV International Seminar on Pedagogical Practice (IV ISPP) IOP Publishing
Journal of Physics: Conference Series 2102(2021) 012009  doi:10.1088/1742-6596/2102/1/012009

Diffuse scattering and physical optics in the propagation of
electromagnetic waves applied to mobile communications

J Gomez-Rojas', B Medina-Delgado?, and W Palacios-Alvarado®
! Universidad del Magdalena, Santa Marta, Colombia
2 Universidad Francisco de Paula Santander, San José de Cticuta, Colombia

E-mail: jgomez@unimagdalena.edu.co

Abstract. In this work, the optical theory of physics helps to understand, analyze, and calculate
the received power in a fifth-generation mobile telecommunications receiver. In these
communication systems there are statistical models and deterministic physical models. We
investigated how diffuse scattering in reflection contributes to specular reflection in received
power at a receiver due to materials in the propagating environment in a communication channel
using millimeter waves. The dimensions of building construction materials have sizes
comparable to wavelength at millimeter wave frequencies. The power transmitted by
communication equipment can be reflected in the roughness of these apparently smooth
materials or spread out in multiple directions. The results show that the contribution due to
diffuse scattering must be considered and that deterministic physical models using optical theory
are valid and improve predictive analysis with good fit. With these results, the physical theory
allows to make software with high precision and that improves the current applications.

1. Introduction

Nowadays, services on mobile communications are descripted by a popular multimedia demand needing
to increase access velocities exponentially. To preceded by four generations of cellular technologies,
research effort focuses on possibilities to exploit a feasibility of new frequency bands [1,2]. The next
generations have been led for wireless gigabit Allianz (WiGig) who proposed a 60 GHz (57 GHz —
64 GHz) band as next frequency band to communications for wireless personal network (WPAN).

In mobile communication technologies, it is necessary to calculate the geographical locations that
the base stations will have to provide coverage to their customers. To implement the mobile operator
network, the behavior of the radio channel is estimated using deterministic models of electromagnetic
wave propagation or statistical models [2]. The statistical models are based on measurement campaigns
under general propagation conditions and do not consider the effects of the channel due to other physical
factors, specific to the environment. Deterministic models are described by equations that characterize
the behavior of electromagnetic waves in certain environments [3]. The precision of the deterministic
model is a function of the characterization of the dispersing elements, the material with which they are
built and the effects on electromagnetic waves such as reflection, diffraction, and transmission.

The deterministic methods that use physical optics have had great influence since it considers the
dielectric properties of materials. The most precise deterministic technique is that of optical rays’
Computational methods have had a great influence on the prediction of wireless channel estimation
parameters and the effects of materials, with the optical ray technique being the most accurate [4].
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There are two techniques with computational performance and therefore it makes them the most
widely used: Ray Tracing (RT) based on the image and ray launch (RL) method using the brute force
technique [5]. However, computationally RT is lighter and uses secondary sources that are caused by
reflection and diffraction of basic scatters [6]. On the other hand, RL uses a beam shot in all directions.
The resolution angle of the initial rays that are launched produce secondary sources by the Huygens-
Fresnel principle, increasing the number of rays to analyze given the phenomenon of second-order
diffraction and new reflections. One difficulty with these techniques is that they require a great deal of
calculations and require a detailed description as well as information from the simulation scenario. Such
limiting and restricting conditions tend to affect the accuracy of the results. In addition, there is a
bifurcation between required precision and demanded computational resources. The current problem is
that there is no computationally efficient deterministic model that allows predicting the diffuse reflection
component.

Therefore, this work proposes an implementation of algorithms based on physical optics, phenomena
such as reflection and diffraction to model the effects produced by the dielectric characteristics of
materials in the propagation of electromagnetic waves, using a spatial geometric representation and a
factor roughness. In addition, it incorporates a stochastic treatment to evaluate the diffuse reflection
component by roughness. This work proposes a model that describes the main physical parameters of
an environment and that is used by the scientific community and that improves the estimates of current
generation mobile service operators.

2. Methodology and materials

The main challenge in the millimeter frequency band is to model diffuse scattering, where an incident
wave has a specular component and other components due to the roughness of the material, as shown in
Figure 1. Determining the diffuse scattering effect of waves electromagnetic does not have a closed
form, but there are some methodical proposals to predict it approximately.

To predict the power at the receiver it is required that all the components of the propagated
electromagnetic wave be calculated. To determine the precision of the estimate, it is necessary to
compare with measurements made at a test site. Next, the methodology for estimating the wave
components is described. Subsequently, it is mentioned how a measurement campaign was developed
in a specific site. Finally, it is detailed how the comparison is made to estimate the precision of the
proposed tool.

[ Incident waves

Il Reflect waves

Figure 1. Effect of roughness on incident waves and reflected waves.

2.1. Channel model

The propagation mechanisms using ray tracing allow to study the multiple paths of the wireless channel.
some propagation mechanisms such as transmission will not be considered, since interior material
thicknesses of a few centimeters have attenuations greater than the power required in reception [6].
Thus, transmission does not contribute to multipath propagation in indoor scenarios and is ignored in
this study. The Equation (1) depicts the effects of multipath scattering model for line-of-sight
propagation, reflected (specular), diffracted, and diffuse (non-specular) scattered paths is given by [7].
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Erx = ELOS + EReflec + EDiffrac + ESCatter- (1)

Line of sight propagation (Eros) described in Equation (2), is the direct path in which the transmitter
and receiver do not consider any reflective material to interact. It is also known as free space
propagation. In addition, in millimeter waves, propagation is affected by energy propagation, molecular
absorptions, and atmospheric attenuations. Thermal noise is neglected. All these factors accumulate in
a loss variable (L). Electric filed emitted by a transmitter antenna (Tx) with a gain Gty is received,
affected by a gain Grx and polarization (Erx) is given by [8].

Eros = Gry * Grx " L - Eqy. ()

In the reflection analyses, a coefficient I' depends on permittivity, permeability, and conductivity
(known as material electrical properties) and the angle of incidence of the reflecting material [9,10]. On
the other hand, the polarization of the incident wave is a contribute greatly; for parallel and perpendicular
Fresnel reflection coefficients is used an approximation of experimental results. The Rayleigh roughness
effect (¢) [11] is considered and described in Equation (3).

{=e, 3)
where A is a roughness parameter of a material, showed in Equation (4).

)= 8nf?c2cos (61)' (4)

c2

Affected by the frequency (f) of the incident wave, the standard deviation of the roughness of the
material (o) and the angle of incidence (0). Also, it is inversely proportional to the square of the speed
of light (c). Thus, the Equation (5) represented the contribution of reflection.

¢ Tre Y
G Dro X (3™ o ) X D )

where I'tg and I'ty are parallel and perpendicular reflection coefficients, Yy, and yg are a cross
polarization coupling coefficients. Dry and Dy represent the geometric depolarization vectors.

Diffraction occurs when a wave hit it an irregular and large dimensions obstacle as compared to the
wavelength while is a propagated. The diffracting dispersers in an environment are metallic or wooden
edges usually; by diffraction effect, waves transmitted reach the shadow region behind the obstacles.
The major analytical diffraction models are the uniform theory of diffraction (UTD) [12] and the knife
edge diffraction (KED) [6]. In equation (6) is described the first order diffracted field at the receiving
point.

Erx = ¢p " da - L+ Epy. (6)

When a traveling wave beat a rough surface, the diffuse scattering appears, and its effect spread the
wave into a many specular reflections, in many random directions with different energy.

2.2. Indoor scenario

Recent studies have verified the applicability and accuracy of ray tracing (RT) technique in conjunction
with uniform theory of diffraction (UTD) [2,8,11-14]. The representation of complex phenomena
between the radio wave and the environment is called multipath channel model [15]. The characteristics
of the materials present in the scenario play an important role allowing accurate results using RT
techniques into the spatial and temporal characterization; by means of RT and multipath channel model
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is possible to design and theoretically evaluate the wireless communication systems. The test site where
the measurement campaign was carried out has dimensions of 6.40 m x 4.44 m x 2.60 m. It features five
different types of materials. The windows are glass, the laboratory furniture is wood and metal, and the
ceiling is plaster; distribution of the materials that make up the scenario are shown in Figure 2.

2.3. Measurements

The transmitter consists of a virtual uniform 6x6 antenna array (URA) while the receiver is a virtual
uniform linear 5X1 antenna array (ULA), located inside of test site as described in Figure 2. A carrier
that varies in the millimeter wave range from 57 GHz to 66 GHz with 4096 frequency points. The
polarization of the antenna arrays is vertical with a gain that varies between 4 dBi and 5.1 dBi. A Rohde
& Schwartz ZVAG67 vector network analyzer with a transmission power of -10 dBm was used for the
measurement.

I Glass

Table (Wood)

RX Glass

I Glass Floor (Concrete) and ceil (Plaster) Location 3

Shelves (Metal)

Figure 2. Test site for carrying out the measurement campaign and kind of
materials.

2.4. Material parameters
The materials into the scenario must be characterized. For this, values of relative permittivity and

conductivity of [5] were used and are shown in Table 1.

Table 1. Values of relative permittivity and conductivity of materials [5].

Material Relative permittivity Conductivity
Floor and columns 6.5-0.43i 1.43
Walls and drop-down ceiling 2.81-0.0461 0.15
Furniture 1.54-0.0951 0.32
Glass 6.94-0.1761 0.59
Metal 1 1

2.5. Simulation tools

A RT software was developed in MATLAB. RT algorithm implemented is limited to 5 events, defining
an event as a reflection, diffraction or scatter diffuse and a maximum of one diffraction at vertical or
horizontal material edges, which is appropriate for indoor environment. In our model, if the ray hit an
edge, the rays of the diffraction cone will be computed with a given angle increment.

3. Results and discussion

To verify RT simulation proposed, results of power received are compared in this section with
measurements. In this work, the power delay profile (PDP) and root-mean-square (RMS) delay and Path
Loss are used as evaluation parameters. However, we choose one location of measurement set and we
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summarize results for locations on Table 2. The distance of separation between transmitter and the
location 3 is approximately 3 m. In general terms results are quite accurate and very close considering
the number of events investigated. In Figure 3 show that there is a very small difference in the measured
main tap and the simulated one corresponding to 0.022 ns.

The source of the error may be the accuracy in the positioning of the receiver and transmitter points,
which correspond to approximately 6.6 mm. The magnitude of replicas contributions around 16 m
makes the difference with measurements. Additionally, Figure 3 shows that the contribution of diffuse
scattering (yellow) appears by reflection with materials, located 3.5 and 9 meters from the receiver.
Likewise, the contribution of the modeled diffuse dispersion improves the simulation graph (blue)
especially in the main tap, helping to determine the real bandwidth of the channel.

Table 2. Summarization of results.

Test Measured Simulated Accuracy
RMS 4.09 ns 4.03 ns 98.5%
Pathloss 7098dB 70.58dB 0.37 dB

Power delay profile for Measurement and Simulation [Location 3 ]
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Figure 3. Comparison of PDPs and the contributions of diffuse dispersion.

4. Conclusion

In this work we have shown the results of an application developed in MATLAB that allows simulating
a wireless channel using the optical ray launch technique. The precision of the launcher is high, and it
has been compared with measurements made on site to prove its efficiency. It is evident that the
contributions of the simulated diffuse dispersion improve the results obtained and reveal that there is a
significant contribution to the measurements taken.

This kind of applications where the physical models improve and adjust the results of the simulations,
it is possible to develop them in all fields of knowledge. Future research work will focus on the following
mobile technology. The next mobile generation will try to predict the behavior of electromagnetic waves
at Terahertz frequencies, being a challenge from now on.
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