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Abstract: The design and maintenance of a reliable communication system, especially in harsh
working conditions for the oil and mining industry, brings many challenges. With the use of a video
transmission system, one can monitor the crew and their working environment. Broadband over
power line–power line communication (BPL-PLC) seems an ideal medium for such a service, since it
enables the use of the existing wired infrastructure for supplementary applications. In this paper,
we perform a set of simulations for a dedicated wired medium as well as analyses of a visual data
transmission system, designed to deliver video content with quadrature amplitude modulation
(QAM) and orthogonal frequency division multiplexing (OFDM). We investigate a set of video
sequences at 480 × 270 resolution under varying network conditions, including signal-to-noise ratio
(SNR) and bit error rate (BER). We perform a subjective evaluation study of video content transmitted
over our simulated communication link. The results of this study may aid parties involved in
designing additional services for portable devices and user terminals, including reliable means of
contact, surveillance and monitoring. The obtained results may be of particular interest to researchers
and professionals related to the Industry 4.0 and Internet of things (IoT) concepts.

Keywords: digital systems; electrical engineering; ICT; Industry 4.0; IoT; power cable; quality
evaluation; reliability; video coding

1. Introduction

The broadband over power line–power line communication (BPL-PLC) technology
offers broadband transmission by reusing power lines for data communication at high
speeds, usually up to around 200 Mb/s within the 2 to 30 MHz frequency range. BPL
includes all technologies over power lines, particularly those for carrying broadband signals
for computer networks and/or smart grid (SG) utilities.

At the beginning, BPL was designed for billing data acquisition from electricity meters
(mainly at low voltage). However, one can find numerous examples in the literature of
its effective application to control intelligent devices, including the Internet of things (IoT)
concept, and/or to transmit various data [1–3]. BPL technology enables, among others,
broadband Internet access via electrical sockets at home. It operates at speeds close to that
of a digital subscriber line (DSL). Since BPL reuses the existing grid infrastructure [4–7], it
can be used wherever DSL communication is not available.

Nowadays, its utilization in medium-voltage industrial networks seems to be of partic-
ular interest, especially in smart grids and the Industry 4.0 concept. The authors’ experience
also shows that there is a real chance of using the BPL technology in an existing medium
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voltage (MV) mine power grid infrastructure as an additional transmission medium, in-
cluding various signals, e.g., audio and video [8–12], whenever an emergency situation
occurs. This would surely contribute to a significant increase in work safety in the oil and
mining industry. The main advantages of the BPL technology are as follows [13,14]:

• Low cost of implementation, comparable to the narrowband PLC technology;
• High transmission speeds;
• Easy installation.

Furthermore, there is a possibility of extending the TPC/IP backbone network to
medium voltage/low voltage (MV/LV) stations, as well as the coexistence of many other
systems, not only smart metering (SM) or smart grid, including:

• Power grid supervision system;
• Control of street lighting and traffic lights;
• Access systems control and monitoring, etc.

However, it should be noted that despite a number of advantages, BPL technology is
not resistant to various types of electromagnetic compatibility (EMC) disturbances (both
induced and conducted). As a result, a decrease in the efficiency of this technology can
be observed. Data transmission speed decreases, whereas errors increase [15,16]. It must
be added that the BPL is not welcomed by amateur broadcasters and other users due to
noise production. BPL becomes a source of radio waves and causes interference with other
technologies. Power grids are not intended, and therefore also designed and constructed to
transmit high-frequency signals.

For the complex topology of electricity network, the BPL channel presents frequency
selection, multi-path effects, high susceptibility and high attenuation. Owing to the
good characteristics of anti-multi-path fading, orthogonal frequency division multiplexing
(OFDM) [17] is often adopted as a preferable modulation technique in BPL. As for the
possibility of using BPL technology in medium voltage (MV) lines, it must be noted that
it is an alternative to much more expensive fiber-optic systems (lower costs, greater ease,
and higher speed of implementation). In many cases it is the only option, e.g., in highly
urbanized areas.

In low voltage applications, the BPL modems are connected directly to 230/400 V
networks. However, in case of MV applications, modems must be joined via appropriate
couplers, either capacitive (Figure 1a) or inductive (Figure 1b). They isolate from high
voltage and allow safe transmission of the high-frequency signal over the power line.
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The distances over which data can be transmitted via medium voltage lines using BPL
technology range from several hundreds of meters to about 1.5 km. This of course depends
on many parameters affecting the signal, including: type of cable/line, presence of cable
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box, busbars, type of couplings, etc. However, these distances can be extended by using
the well-known repeaters, installed in convenient locations. They are designed to receive
the signal from the transmitter, amplify it and forward it further. The leading companies
producing transmitting/receiving devices for the BPL-PLC technology utilize solutions
that enable the implementation of transmission in one of three hardware configurations:

• With time access, using time division duplex (TDD), as shown in Figure 2;
• With frequency access, using frequency division duplex (FDD), as shown in Figure 3;
• In a combined access configuration, using both TDD and FDD.
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For a hardware solution with TDD access, the signal is sent from point A to point B
at subsequent time intervals (between the transmitter, repeaters, and receiver). Only after
receiving a signal at the destination point (that is point B), the transmitter can send a new
data packet. However, in case of FDD access, the data transmission time is much shorter,
compared to TDD. It is caused by the fact that multiple devices operate simultaneously,
thus can transmit and receive information at the same time. Therefore, when a signal is
transmitted from point A to the first repeater in the frequency range ∆f 1, in other parts of
the network, signals can be transmitted at the same time but only in other frequency ranges.
However, what is also concluded in the literature is that the FDD approach requires twice
as many modems as in the case of the TDD transmission. As a result, the investment costs
can increase significantly. The technical and economic analysis of BPL systems indicates
that the optimal solution for an MV wide power electric grid is the use of combined TDD
and FDD transmission technology.

After a careful and throughout analysis of available literature, including journal papers
as well as conference proceedings, we did not encounter any previous works that would
focus on and describe a supplementary video transmission system based on the well-
known BPL-PLC wired technology. Therefore, we have initialized joint cooperation in
order to contribute to the development of such a system. First, we focus on simulating the
parameters of a dedicated physical communication link that would offer stable and reliable
communication and exchange of visual content.
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The paper is organized as follows: Section 1 provides an introduction to the topic
of research along with a review of available literature. Section 2 presents materials
and methods, including the methodology of evaluating different types of coupling and
wired media, as well as the designed transmission link along with simulation parameters.
Section 3 discussed the procedure of video content processing and ranking by human
individuals. Section 4 summarizes this paper and provides further research directions for
upcoming studies.

2. Related Work

The current development of communication systems applicable to the mining industry
is very dynamic. However, most advancements in this field are focused on wireless systems,
such as WLAN, ZigBee and Bluetooth, and also on mobile telephony [18–24]. The authors
of these works show the great development of communication systems used, i.e., in open
pit as well as underground mines. They describe the use of wireless media mainly for the
purpose of monitoring the mining process in a typical miner’s work cycle.

More difficult aspects to analyze are safety and support systems for mine rescuers.
Once again, available literature mainly relates to wireless systems and solutions [25–33].
Initially, they were based on the so-called dripping cable technology, and then moved
to popular wireless means of communication. Of course, the main advantages of using
wireless communication interfaces in mines are the following:

• Relatively quick way to build the telecom infrastructure;
• Low weight and portability of user terminals;
• Easy integration with sensor systems connected to the rescuer’s equipment.

However, wireless technologies suffer from many disadvantages, such as:

• Relatively low bandwidth; therefore, in most cases, only voice transmission is possible;
• Communication protocols are most often based on TDD;
• When transmitting a signal over long distances, it is required to utilize signal amplifiers

and repeaters, which reduces the throughput of data transmission and lowers QoS for
multimedia services, particularly those in real-time;

• The matter of developing efficient algorithms, network scaling issues, as well as
ways of deploying network nodes, etc., is also problematic, especially whenever a
malfunction or unexpected event occurs.

Therefore, all of those factors make it necessary to look for other solutions, e.g., using
the already available power lines for communication purposes as the main backbone
system for the exchange of supplementary information. The literature review indicates
that scenarios related to the management of rescue teams in the event of, i.e., rock falls,
earthquakes and rock mass movements that cause the collapse of escape corridors for
miners working underground, have been relatively rarely analyzed. As shown, this issue is
therefore very poorly recognized. In our opinion, the BPL-PLC technology has a potential
to serve as a transport network for multimedia services, which can effectively support the
work of a mine rescuer while performing his job with the aid of, i.e., video signals. This
conviction became the starting point for conducting this research.

3. Materials and Methods

Considering the importance as well as practical aspect of the analyzed problem,
we intended to determine the impact of various factors on the transmission of video
signals. In our case, we utilized the OFDM technique along with quadrature amplitude
modulation (QAM).

The resultant resistance of the cable plays a fundamental role, limiting both the quality
and distance of the transmitted signal. It depends both on the structure of the utilized cable
and the physical quantity of its materials. Due to this fact, the value of the signal-to-noise
ratio (SNR) factor is significantly reduced because of the relatively high value of the cable’s
attenuation. It should be noted that the SNR is also related to other physical cable quantities,
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such as its capacitance and/or inductance. Additionally, it does change with frequency
as well. The methods of approaching this problem and respective results are presented
in [11]. In this paper, we focus on investigating the influence of numerous factors, which
may affect the quality of video data transmission.

3.1. Methodology

The resistance has been calculated taking into account the skin effect in the conductors,
the screen, as well as the armor. The skin depth (δ) is defined as a function of frequency (f )
and can be calculated as:

δ =

√
1

π f µcσc
, (1)

where σc and µc are the conductivity and permeability of the conductor, respectively.
When analyzing the structure of the 3-phase cable, the resistance of one solid phase

can be calculated as:
Rsoild =

1
πaδσc

(Ω/m), (2)

where a is the radius of the conductor.
However, taking into account the reduction in the resultant cross-section of the phase

due to the wiring stranding, a correction factor XR must be included:

XR =
cos−1

(
rwire−δ

rwire

)
× r2

wire − (rwire − δ) 2
√

r2
wire − (rwire − δ)2

2× rwire × δ
, (3)

where rwire is the radius of a single wire in the stranded conductor, and δ is the skin depth.
With this correction, the resistance for the single phase can be expressed as:

R = XR·Rsoild(Ω/m). (4)

Therefore, the final resistance for the 3-phase cable is calculated according to:

δRCable =
R
3

. (5)

When considering the effects of the screen RScreen and the armor RArmor, their resistance
values were calculated from Equation (2). In case of the screen, a represents its radius.
However, for the armor, we must take into account both its different radius as well as
the magnetic permeability of iron. The resultant resistance Rt of the 3-phase power cable
constitutes the parallel connection of all components and therefore should be calculated as:

1
RT

=
1

RCable
+

1
RScreen

+
1

RArmor
. (6)

3.2. Type of Coupling

In order to develop a reliable simulation model of a dedicated power cable, it was
necessary to perform a series of theoretical analyses. The analyses of the transmission
properties of the cable, including its attenuation, characteristic impedance, group delay [11],
etc., showed that in the frequency range from 2 MHz to approx. 7.5 MHz, the measured
SNR values are within the regression error, regardless of the cable model adopted for
the analysis. Obtained results for inductive–inductive and mixed capacitive–inductive
coupling are shown in Figures 4 and 5, respectively.
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As observed, the Gwinstek frequency generator was connected to the input coupler (in
this case, the inductive coupler) on one side, and the USB-SA44B SignalHound spectrum
analyzer was connected to the output coupler (in this case, the capacitive coupler) on the
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Figure 6. Methodology of performing verification measurements for mixed (capacitive–
inductive) coupling.

By measuring the signal levels at both input and output, it was possible to determine
the relation between attenuation and frequency. Next, by evaluating the noise level, the
SNR value for a given frequency could be determined.

3.3. Transmission Link

The transmission quality has been investigated in the Matlab/Simulink environment.
The simulated model enabled to determine the resulting bit error rate (BER) in case of video
files, as shown in Figure 7.
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The principal parameters of the simulated system are described in Table 1.
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Table 1. Basic parameters of the simulated video transmission system.

Parameter Description

Resolution and refresh rate 480 × 270, 24 FPS
Color model RGB

Compression algorithm 8 × 8, DCT, quantization, lossless compression

Protection coding FEC 3/4
(BCH + LDPC 3/4)

Modulation and coding scheme 256 QAM, OFDM
No. of subcarriers 81

Carrier spacing 42 kHz
Channel bandwidth 3.4 MHz

Channel model AWGN

The video content utilized during the study was available in color and therefore split
into different streams in the red, green and blue (RGB) model, just before multiplexing, as
shown in Figure 8.
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At the beginning, the input file was compressed into smaller blocks of 8 × 8 pixels.
Next, those blocks were transformed one by one as an image f of size [M× N], representing
a single frame from the input video file. In the two-dimensional pixel domain (x,y), it
would be expressed as f (x,y). In order to transform the image in the frequency domain,
the 2D discrete cosine transform (DCT) was utilized. Thus, the output image would be
given by:

F(m, n) =
2√
MN

C(m)C(n)
M−1

∑
x=0

N−1

∑
y=0

f (x, y)cos
(2x + 1)mπ

2M
cos

(2y + 1)nπ

2N
, (7)

where: {
C(m) = C(n) = 1√

2
f or m = n = 0

C(m) = C(n) = 1 ∀m, n ∈ C : m, n 6= 0
. (8)

Such an operation was realized in the transmitting part. In case of the receiving part, a
reverse operation, namely, the 2D inverse discrete cosine transform (IDCT), was performed
on the image F in the pixel domain (m,n). This inverse transformation converted the F
image into the time domain according to:

F(x, y) =
2√
MN

M−1

∑
m=0

N−1

∑
m=0

C(m)C(n) f (m, n)cos
(2x + 1)mπ

2M
cos

(2y + 1)nπ

2N
, (9)

where: {
C(m) = C(n) = 1√

2
f or m = n = 0

C(m) = C(n) = 1 ∀m, n ∈ C : m, n 6= 0
. (10)

The compressed channels were multiplexed in order to adapt them into a single trans-
mission medium. Such an operation was required so that the forward error correction
(FEC) could be performed, just like in a typical terrestrial video broadcasting system [34,35].
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In our case, the FEC encoding was identical to that used in the well-known DVB-T stan-
dard [36]. According to available literature, this standard utilizes a combination of the
Bose–Chaudhuri–Hocquenghem (BCH) code, which is a subclass of cyclic error correction
codes build over finite bodies with linear low-density parity check (LDPC) correction
coding. The simulated FEC encoder had the following parameters, as described in Table 2.

Table 2. Basic parameters of the coding procedure.

Parameter Description

Code rate 3/4
nldpc 64,800 bits (normal frame)
kbch 48,408 bits
kldpc 48,600 bits

First, the binary message of length kbch was encoded with the nbch BCH-bit code word.
Then, the BCH code word kldpc equal to nbch was coded into an nldpc LDPC-bit code word.
The code word nldpc was equal to 64,800 bits in length. The lengths of kbch and kldpc were
variable and depended on the code rate. In case of our system, the efficiency was equal to
three-fourths.

Later on, the data were subjected to the interleaving mechanism. The designed
interleaver transformed the data according to a random permutation based on a fixed
initial state. The permutation table was selected randomly using the specified input
parameter. In case of the de-interleaver, knowing the initial state, it was possible to undo
the interleaving operation and restore the original data.

In the next step, data were converted to symbols by a 256-QAM baseband modulator
and then subjected to OFDM [37,38]. OFDM preserved the orthogonality of the subcarriers,
which reduced the risk of interference. It also transformed a single transmission into several
data streams that were less prone to corruption. For a stream at the input of the OFDM
modulator X(k), this signal was first split into N parallel streams. Then, for each symbol the
inverse discrete Fourier transform (IDFT) was calculated as:

x(n) =
N−1

∑
k=0

X(k)ej 2π
N nk, (11)

where:
VnεN n = 0, 1, . . . , N − 1. (12)

Such an operation was performed in the OFDM modulator. In case of the OFDM
demodulator, a reverse operation was performed, namely, the x(n) subcarrier symbol was
transformed by the discrete Fourier transform (DFT) algorithm according to:

X(k) =
N−1

∑
k=0

x(n)e−j 2π
N nk, (13)

where:
VkεN k = 0, 1, . . . , N − 1. (14)

Data prepared in such a way were passed through an additive white Gaussian noise
(AWGN) communication channel. This channel also inherits the sampling rate from the
input signal. In order to adjust the noise level, as well as check various quality aspects, one
can modify the SNR parameter as required.

4. Results

Since the MPEG-4 is one of the most popular coding formats for content processing
and distribution, regardless of whether talking about terrestrial or online services [39–41],
we have decided to source the video material from Netflix [42]. This repository offers
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numerous files in varying formats, as well as different pixel (from standard definition
up to high definition) and color (8-bit or 10-bit) resolutions. Each video file consists of
five sequences, where the fourth and fifth resemble the same scene, as shown in Figure 9.
However, sequence no. 5 was recorded in slow-motion (with a much higher framerate
per second).
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The sequences were ordered as follows:

1. Walking man—static background with a single man walking along the street;
2. Windmill—static angle with numerous fast moving (rotating) windmills;
3. Traffic—static angle with cars passing along the road, at various speeds.
4. Toddler fountain—playful child walking around a fountain, with lots of movement in

the background;
5. Toddler montage—similar material with a playful child recorded in slow-motion

(much higher framerate).

These were available in a number of bitrates (qualities), from standard definition (SD)
up to Full-HD (1920 × 1080). After a careful examination, we have selected one video file,
available in the 480 × 270 resolution, 8-bit color variant. This resolution, being exactly one
fourth of 1920 × 1080 is easily scalable and popular among many portable devices and
user terminals, including media players, consoles, etc. [43]. Next, the video transmission
performance was tested in a quality evaluation study.

According to the 3rd Generation Partnership Project (3GPP) [44], video services can
be divided into two main categories, depending on delay and bit error rate, as described in
Table 3.

Table 3. Basic video transmission services with their technical requirements.

Service Acceptable Delay [ms] Acceptable BER

Live streaming
(real-time video) 150 10−3

Buffered streaming
(non-real-time video) 300 10−6

In our scenario delay may be neglected; therefore, in this particular study, we focused
on BERs ranging from 10−3 to 10−6. During the experiment, the MPEG-4 video file with a
resolution of 480 × 270 pixels was fed into the simulator. The input (original) as well as
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output (processed) format remained unchanged. Overall, the test involved six different
SNR levels, ranging from 24 to 29 dB, that is: 24, 24.4, 27, 28.3, 28.7 and 29 dB, as well as
monitored BER before and after forward error correction (FEC). As observed, FEC had a
significant impact on the final error rate only for SNR equal to 27.5 dB and above. The
initial range of approx. 10−4 and 10−3 was reduced by tens or even hundreds of times.
However, the efficiency of transmission should be evaluated in a subjective manner on the
end-user side.

The subjective part of this study was performed according to [45] on a 27-inch Full-HD
(1920 × 1080) screen. The group of viewers consisted of 10 individuals without visual
impairments. All of them could adjust the stand and viewing angle of the display according
to their own preferences. The processed video content was presented in a randomized way.
The results of this experiment are shown in Figure 10.
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Figure 10. Subjective quality evaluation of processed video content with respect to SNR.

According to obtained results, the lowest SNR proved to be unacceptable (MOS score
close to 1.0), whereas, in case of the highest value, the quality was ranked between 2 and 3,
resembling a poor or fair quality (annoying or slightly annoying). As observed, the degree
of distortions and interference was at the threshold of acceptability. Yet, as pointed out by
the group of viewers, for higher SNR values, the most important visual information could
be pinpointed out and tracked effectively.

To sum up, for the lowest SNR equal to 24 dB, the quality was very poor. No details
were visible, colors were distorted and numerous elements did not have sharp edges
(grainy and/or blurred). For instance, the first (walking man) and second (cars) sequence
was easily interpreted, whereas the third one (windmill) presented something hard to
determine. In the case of the fourth and fifth sequences (toddler), people reported not
knowing whether it was just noise or not.

The second level of the SNR equal to 24.4 dB provided similar observations, as no
changes were noticeable. The third level of the SNR equal to 27 dB was ranked definitely
better compared to previous ones. Yet, the quality was still unacceptable, as many pixel
artefacts occurred. As reported, there was a visible decrease in the level of noise, the shapes
were more precise, i.e., the windmills were adequately labeled, just like the fountains. In
the fourth level of SNR equal to 28.3 dB there was a noticeable upgrade; however, the color
mismatch and artefacts among many pixels were still present.

For the second highest level of SNR equal to 28.7 dB, the level of noise, artefacts and
color distortions was smaller. The highest level of SNR equal to 29 dB was ranked evidently
better than the previous ones.

5. Conclusions

As shown, in case of our custom-designed OFDM-based transmission system, BPL-
PLC technology has shown the potential for becoming a reliable supplementary video
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communication system. According to the quality analysis, a noticeable difference was
only observed from a particular breakpoint in case of SNR: in this case, higher than 28 dB,
where the level of noise, color distortions, etc., was acceptable and enabled to determine
characteristic elements in the video sequence.

It should be pointed out that a similar solution has not yet been described in available
literature so far. Such activities require a wide range of interdisciplinary skills from many
fields of science and technology, with particular emphasis on computer science, telecom-
munications, coding and transmission techniques, as well as processing and analysis of
multimedia content. For this reason, in the near future, we would like to focus on the
practical and final implementation of our solution in the form of physical devices and
proprietary software. Similar research, carried out by other authors and research centers
from around the world, would certainly contribute to accelerating this process and the
exchange of information.

Undeniably, it would be interesting to examine a broader range of video content,
including different resolutions as well as file formats. Such an investigation, including,
i.e., various technical and subjective quality aspects, would be particularly interesting
for a broad group of scientists. Professionals from the oil and mining industry would
surely welcome any novel reliable and dependable services [46]. Furthermore, it would
be stimulating to broaden the range of research scenarios and interested third parties
involved in similar studies. Due to the current situation, and with the aid of modern ICT
solutions, it would be fascinating to carry out new studies utilizing, i.e., crowdsourcing
methods [47–50]. A source of inspiration for further studies, including content storing and
processing mechanisms, wired and wireless communication media and standards, etc.,
may be found in [51–57].
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17. Zamlyńska, M.; Debita, G.; Falkowski-Gilski, P. Quality analysis of audio-video transmission in an OFDM-based communication

system. In Mobile and Ubiquitous Systems: Computing, Networking and Services. MobiQuitous 2021; Hara, T., Yamaguchi, H., Eds.;
Springer: Cham, Switzerland, 2022; pp. 724–736.

18. Mansour, I.M. Effective visible light communication system for underground mining industry. Indones. J. Electr. Eng. Inform. 2020,
8, 331–339.

19. Gaber, T.; El Jazouli, Y.; Eldesouky, E.; Ali, A. Autonomous haulage systems in the mining industry: Cybersecurity, communication
and safety issues and challenges. Electronics 2021, 10, 1357. [CrossRef]

20. Mardonova, M.; Choi, Y. Review of wearable device technology and its applications to the mining industry. Energies 2018, 11, 547.
[CrossRef]

21. Molaei, F.; Rahimi, E.; Siavoshi, H.; Afrouz, S.G.; Tenorio, V. A comprehensive review on internet of things (IoT) and its
implications in the mining industry. Am. J. Eng. Appl. Sci. 2020, 13, 499–515. [CrossRef]

22. Jang, H.; Topal, E. Transformation of the Australian mining industry and future prospects. Min. Technol. 2020, 129, 120–134.
[CrossRef]

23. Stankiewicz, K. Smart mining communication systems. J. Mach. Constr. M.-Probl. Eksploat. 2019, 2, 105–111. [CrossRef]
24. Eldemerdash, T.; Abdulla, R.; Jayapal, V.; Nataraj, C.; Abbas, M.K. IoT based smart helmet for mining industry application. Int. J.

Adv. Sci. Technol. 2020, 29, 373–387.
25. Barkand, T.D.; Damiano, N.W.; Shumaker, W.A. Through-the-earth, two-way, mine emergency, voice communication systems. In

Proceedings of the 2006 IEEE Industry Applications Conference Forty-First IAS Annual Meeting (IAS 2006), Tampa, FL, USA,
8–12 October 2006; pp. 955–958.

26. Song, W.; Wang, F.; Dai, J. A Emergency Communication System based on WMN in underground mine. In Proceedings of the
2010 International Conference on Computer Application and System Modeling (ICCASM 2010), Taiyuan, China, 22–24 October
2010; pp. 624–627.

27. Stolarczyk, L.G. Emergency and operational low and medium frequency band radio communications system for underground
mines. IEEE Trans. Ind. Appl. 1991, 27, 780–790. [CrossRef]

D
o

w
nl

o
ad

ed
 f

ro
m

 m
o

st
w

ie
d

zy
.p

l

http://doi.org/10.4218/etrij.08.0107.0310
http://doi.org/10.1109/TPWRD.2004.824430
http://doi.org/10.5755/j01.eee.20.5.7101
http://doi.org/10.15199/48.2018.11.30
http://doi.org/10.1109/TPWRD.2008.2008467
http://doi.org/10.1109/MCOM.2005.1421910
http://doi.org/10.5755/j01.eie.25.5.24355
http://doi.org/10.3390/en13184763
http://doi.org/10.1109/TPWRD.2013.2258408
http://doi.org/10.5121/ijcnc.2019.11105
http://doi.org/10.3390/electronics10111357
http://doi.org/10.3390/en11030547
http://doi.org/10.3844/ajeassp.2020.499.515
http://doi.org/10.1080/25726668.2020.1786298
http://doi.org/10.12783/dtcse/fe2019/30681
http://doi.org/10.1109/28.85496
http://mostwiedzy.pl


Energies 2022, 15, 3621 14 of 15

28. Li, W.; Gao, J.; Bai, P. Mine multimedia emergency communication system. In Proceedings of the 2007 International Conference
on Wireless Communications, Networking and Mobile Computing (WICOM 2007), Shanghai, China, 21–25 September 2007;
pp. 2865–2868.

29. Miller, D.; Mirzaeva, G.; Goodwin, G. Power line communication in emergency power microgrid for mining industry. In
Proceedings of the 2020 IEEE Industry Applications Society Annual Meeting (IAS 2020), Detroit, MI, USA, 10–16 October 2020;
pp. 1–6.

30. Mallett, L.; Vaught, C.; Brnich, M.J., Jr. Sociotechnical communication in an underground mine fire: A study of warning messages
during an emergency evacuation. Saf. Sci. 1993, 16, 709–728. [CrossRef]

31. Moridi, M.A.; Kawamura, Y.; Sharifzadeh, M.; Chanda, E.K.; Wagner, M.; Jang, H.; Okawa, H. Development of underground
mine monitoring and communication system integrated ZigBee and GIS. Int. J. Min. Sci. Technol. 2015, 25, 811–818. [CrossRef]

32. Ranjan, A.; Panigrahi, B.; Sahu, H.B.; Misra, P. SkyHelp: Leveraging UAVs for emergency communication support in deep open
pit mines. In Proceedings of the 10th International Conference on Communication Systems & Networks (COMSNETS 2018),
Bengaluru, India, 3–7 January 2018; pp. 546–548.

33. Novak, T.; Snyder, D.P.; Kohler, J.L. Postaccident mine communications and tracking systems. IEEE Trans. Ind. Appl. 2010, 46,
712–719. [CrossRef]

34. ETSI Standard EN 300 744; Digital Video Broadcasting (DVB); Framing Structure, Channel Coding and Modulation for Digital
Terrestrial Television. ETSI: Sophia Antipolis Cedex, France, 2009.

35. Aragón-Zavala, A.; Angueira, P.; Montalban, J.; Vargas-Rosales, C. Radio propagation in terrestrial broadcasting television
systems: A comprehensive survey. IEEE Access 2021, 9, 34789–34817. [CrossRef]

36. Harada, H.; Prasad, R. Simulation and Software Radio for Mobile Communications; Artech House: Norwood, MA, USA, 2002.
37. Russell, M.; Stüber, G.L. Terrestrial digital video broadcasting for mobile reception using OFDM. Wirel. Pers. Commun. 1995, 2,

45–66. [CrossRef]
38. Cioni, S.; Corazza, G.E.; Neri, M.; Vanelli-Coralli, A. On the use of OFDM radio interface for satellite digital multimedia

broadcasting systems. Int. J. Satell. Commun. Netw. 2006, 24, 153–167. [CrossRef]
39. Thibeault, J. Streaming video fundamentals. SMPTE Motion Imaging J. 2020, 129, 10–15. [CrossRef]
40. Falkowski-Gilski, P. On the consumption of multimedia content using mobile devices: A year to year user case study. Arch.

Acoust. 2020, 45, 321–328.
41. Falkowski-Gilski, P.; Uhl, T. Current trends in consumption of multimedia content using online streaming platforms: A user-

centric survey. Comput. Sci. Rev. 2020, 37, 100268. [CrossRef]
42. Netflix Open Content–Chimera Database. Available online: http://download.opencontent.netflix.com/?prefix=AV1/Chimera/

Old/ (accessed on 26 February 2022).
43. Miranda, G.; Macedo, D.F.; Marquez-Barja, J.M. A QoE inference method for DASH video using ICMP probing. In Proceedings of

the 16th International Conference on Network and Service Management (CNSM), Izmir, Turkey, 2–6 November 2020; pp. 1–5.
44. 3GPP Technical Specification 23.203; Technical Specification Group Services and System Aspects; Policy and Charging Control

Architecture. 3GPP: Sophia Antipolis Cedex, France, 2011.
45. ITU Recommendation BT.500-14; Methodologies for the Subjective Assessment of the Quality of Television Images. ITU: Geneva,

Switzerland, 2019.
46. Zamojski, W.; Mazurkiewicz, J.; Sugier, J.; Walkowiak, T.; Kacprzyk, J. (Eds.) Theory and Applications of Dependable Computer

Systems: Proceedings of the Fifteenth International Conference on Dependability of Computer Systems DepCoS-RELCOMEX, June 29–July
3, 2020, Brunów, Poland; Springer: Cham, Switzerland, 2020.

47. Korshunov, P.; Shuting, C.; Touradj, E. Crowdsourcing approach for evaluation of privacy filters in video surveillance. In
Proceedings of the ACM Workshop on Crowdsourcing for Multimedia (CrowdMM), Nara, Japan, 29 October 2012; pp. 35–40.

48. Figuerola Salas, Ó.; Adzic, V.; Shah, A.; Kalva, H. Assessing Internet video quality using crowdsourcing. In Proceedings of the
2nd ACM International Workshop on Crowdsourcing for Multimedia (CrowdMM), Barcelona, Spain, 21 October 2013; pp. 23–28.

49. Anegekuh, L.; Sun, L.; Ifeachor, E. A screening methodology for crowdsourcing video QoE evaluation. In Proceedings of the 2014
IEEE Global Communications Conference (GLOBECOM), Austin, TX, USA, 8–12 December 2014; pp. 1152–1157.

50. ITU-T Technical Report PSTR-CROWDS. Subjective Evaluation of Media Quality Using a Crowdsourcing Approach; ITU: Geneva,
Switzerland, 2018.

51. Liao, Y.; Gibson, J.D. Routing-aware multiple description video coding over mobile ad-hoc networks. IEEE Trans. Multimed. 2010,
13, 132–142. [CrossRef]

52. Bhaskaranand, M.; Gibson, J.D. Global motion assisted low complexity video encoding for UAV applications. IEEE J. Sel. Top.
Signal Process. 2014, 9, 139–150. [CrossRef]

53. Ding, S.; Liu, J.; Yue, M. The use of ZigBee wireless communication technology in industrial automation control. Wirel. Commun.
Mob. Comput. 2021, 2021, 8317862. [CrossRef]

54. Hao, S.; Zhang, H.Y. A cross-layered theoretical model of IEEE 1901 power-line communication networks considering retransmis-
sion protocols. IEEE Access 2021, 9, 28805–28821. [CrossRef]

D
o

w
nl

o
ad

ed
 f

ro
m

 m
o

st
w

ie
d

zy
.p

l

http://doi.org/10.1016/0925-7535(93)90032-9
http://doi.org/10.1016/j.ijmst.2015.07.017
http://doi.org/10.1109/TIA.2010.2040059
http://doi.org/10.1109/ACCESS.2021.3061034
http://doi.org/10.1007/BF01099529
http://doi.org/10.1002/sat.836
http://doi.org/10.5594/JMI.2020.2976257
http://doi.org/10.1016/j.cosrev.2020.100268
http://download.opencontent.netflix.com/?prefix=AV1/Chimera/Old/
http://download.opencontent.netflix.com/?prefix=AV1/Chimera/Old/
http://doi.org/10.1109/TMM.2010.2089504
http://doi.org/10.1109/JSTSP.2014.2345563
http://doi.org/10.1155/2021/8317862
http://doi.org/10.1109/ACCESS.2021.3059246
http://mostwiedzy.pl


Energies 2022, 15, 3621 15 of 15

55. Jeena Jacob, I.; Kolandapalayam Shanmugam, S.; Piramuthu, S.; Falkowski-Gilski, P. (Eds.) Data Intelligence and Cognitive
Informatics: Proceedings of ICDICI 2020; Springer: Singapore, 2021.

56. Memon, S.K.; Nisar, K.; Hijazi, M.H.A.; Chowdhry, B.S.; Sodhro, A.H.; Pirbhulal, S.; Rodrigues, J.J. A survey on 802.11 MAC
industrial standards, architecture, security & supporting emergency traffic: Future directions. J. Ind. Inf. Integr. 2021, 24, 100225.

57. Bolton, T.; Dargahi, T.; Belguith, S.; Al-Rakhami, M.S.; Sodhro, A.H. On the security and privacy challenges of virtual assistants.
Sensors 2021, 21, 2312. [CrossRef] [PubMed]

D
o

w
nl

o
ad

ed
 f

ro
m

 m
o

st
w

ie
d

zy
.p

l

http://doi.org/10.3390/s21072312
http://www.ncbi.nlm.nih.gov/pubmed/33810212
http://mostwiedzy.pl

	Introduction 
	Related Work 
	Materials and Methods 
	Methodology 
	Type of Coupling 
	Transmission Link 

	Results 
	Conclusions 
	References

