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Abstract—Narrowband power line communication has
become a major focus of research with its applicability
extending to residential facilities. This article examines data
transmission over flexible AC power line cables stretching
from the elevator control panel to the cabin. In previous
studies, there has been no significant attempt to characterize
the Power Line Communication (PLC) channel and noise of an
elevator system. In this article, a vector network analyzer and
mixed domain oscilloscope along with coupling devices are
used to conduct power line channel noise and response
measurements for an elevator system. The acquisition of
channel transfer functions corresponding to both idle and
moving states of the elevator is carried out for the 9 kHz—
500 kHz frequency range. A mathematical model is provided
for the average frequency response of the PLC channel. The
main source of noise is the inverter that supplies power to the
motor. The channel exhibits notable variations for frequencies
less than 281 kHz while staying relatively consistent for the
281 kHz to 500 kHz frequency range as the elevator changes
from idle to moving state. Reed Solomon and convolutional
codes along with interleaving to spread erroneous bits are
utilized in this work to simulate an orthogonal frequency
division multiplexing transceiver. By systematically selecting
subcarrier frequencies that do not overlap with the harmonic
noise components, simulation results have demonstrated
reliable data recovery for signal-to-noise ratio greater than
4 dB.

Index Terms—Power line communication; Elevator;
Channel transfer function; Noise.
I. INTRODUCTION
Power line communication (PLC) uses existing

infrastructure to facilitate data transmission over cables
already established solely for power transmissions. PLC has
become a promising candidate for smart grid applications
with standards such as the European Committee for
Electrotechnical Standardization (CENELEC) and the
Federal Communications Commission (FCC) managing
narrowband PLC that utilize frequencies below 500 kHz.
Broadband PLC operates at higher frequencies, delivering
very high data rates. Although PLC technology is appealing,
establishing reliable transmission has been a difficult task
due to the frequency selective fading and time-varying
channel that is impaired by colored background and
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impulsive noise.

Many researchers have attempted to provide a
mathematical model for the PLC channel and impulse
response. There are two approaches to modelling the PLC
channel: top-down, which attempts to determine a fitting
mathematical model to channel response data gathered via
extensive real-time measurements, and bottom-up, which
relies on transmission line theory.

A mathematical PLC channel model described in [1]
adopts a top-down approach that comprises a few
parameters to express the complex channel transfer function
corresponding to the PLC channel for the 500 kHz to
20 MHz frequency range. The model proposed in [2] further
extends this model by putting forth ways to randomly
generate PLC channel responses that are in agreement with
the measured channels. Analysis of the characteristics of the
PLC channel in residential areas in Brazil is presented in [3]
for the frequency range of 1.7 MHz-50 MHz by employing
extensive channel measurements. The access impedance
modelling for Brazilian residences is provided in [4] for the
2 MHz to 500 MHz frequency range. Artificial bee colony-
based modelling of indoor PLC channel measurements
conducted in several cities in Turkey is presented in [5] for
the 500 kHz to 30 MHz frequency range. Many bottom-up
approach-based PLC channel generating models that use
essential parameters such as topology, load impedances
have been proposed in [6]-[9]. Similarly, in [10], the
narrowband PLC channel simulations are discussed for
numerous cable configurations, which are then validated
using experimental results.

In [11], [12], performance evaluation for uncoded and
low-density parity-check (LDPC) coded Orthogonal
Frequency Division Multiplexing (OFDM) systems is
examined for various indoor power line communication
channel scenarios. Similarly, in [13], image transmission
over a PLC channel using an LDPC coded OFDM technique
is demonstrated. The simulation results indicate that
employing LDPC coded OFDM displays a significant
improvement in a reliable image transmission at a lower
signal-to-noise ratio (SNR).

There are generally five major classes of PLC noise:
colored background noise, narrowband noise, and periodic
impulsive noise asynchronous to the mains frequency,
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which often remain stationary from a few seconds to several
hours, as well as periodic impulsive noise synchronous to
the mains frequency and asynchronous impulsive noise
[14]-[16]. However, studies conducted in narrowband PLC
have shown that the dominant components of PLC noise are
periodic noise and cyclostationary noise [17]-[19].

A few parameters are employed to express narrowband
PLC noise as a Gaussian process with periodic
instantaneous variance [17]. The model attempts to
adequately depict the temporal cyclic nature that dominates
lower frequency ranges, but fails to incorporate the time-
varying aspect of narrowband PLC noise. The model
introduced in [18], [19] manages to take into account both
the time and frequency variations.

An elevator system incorporates both control and power
cables stretching throughout the entire floor of a building.
These cables are subjected to severe environmental
conditions due to elevator motion, noise, etc. often leading
to incorrect or delayed data transmissions or even
disconnection. Utilization of these power cables to deliver
both data and power to the cabins aids in installing a less
complex system with fewer cables, hence allowing for
simpler and less costly installation, upgrades, and repairs.
The PLC over the flexible AC power cable can also be
integrated into smart buildings with an already established
PLC network, thus granting remote access to the elevator.
Residents can access the elevator and call it remotely, thus
avoiding waste of time, especially in crowded buildings.

In [20], a simple half-duplex communication over
elevator AC power lines is demonstrated using the
frequency-shift keying modulation technique. The employed
PLC modem uses a 72 kHz carrier frequency with a baud
rate of 9600. The patented work mentioned in [21] describes
a PLC system design for an elevator system. It provides a
detailed design to facilitate data communication over
elevator power lines. It demonstrates that the use of a PLC
system eliminates the need for separate control wiring other
than the elevator power line cables.

The feasibility of establishing data transmission over
existing elevator power cables is discussed in [22].
According to the research, since there is already an existing
power line cable that runs through the entire elevator
hoistway, powerline communication can be achieved by
superimposing the data to be transmitted over the 50 Hz or
60 Hz powerline. Hence, the role of communication cables
such as Category 5 cable (CAT5) can be replaced, resulting
in a simpler installation with fewer cables and a lower
installation cost.

Several factors can affect the reliable transmission of data
over the power lines of an elevator system, which include
transient surges, noise from nearby electrical devices, radio
frequency transmitters, etc. The commonly used surge
protection devices for PLC modems include metal oxide
varistor (MOV), protection diodes, gas discharge tubes, etc.
Components such as common-mode chokes are frequently
used to eliminate the unwanted common-mode signals
induced by radio frequency transmitters. These protection
elements remove the undesired signals, thus aiding in the
transmission of a clean PLC signal over the frequency band
of interest. For a narrowband PLC channel, a bandpass filter
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can help suppress high-frequency noise components outside
the transmission frequency range and prevent them from
reaching the internal circuitry of the PLC modem [23], [24].

This paper aims to provide new experimental findings
regarding narrowband power line communication over
flexible AC power lines that stretch from the elevator
control panel to the cabin, which can be summarized as
follows.

— Various studies are available on narrowband PLC noise

characterizations derived from measurements taken in

residential areas. Unfortunately, there have been no
characterizations related to power line communication
noise along the power line cables of an elevator system.

This work provides the noise characteristics that are

present along the elevator power lines by conducting

several practical measurements using a Tektronix

MDO3022 Mixed Domain Oscilloscope (MDO).

— There are several narrowband PLC channel response

models derived from different sites such as residential

areas, but none of these results include the PLC channel
characteristics of elevator power line cables. This work
provides the PLC channel characteristics of an elevator
system obtained by using the Rohde and Schwarz ZVL13

Vector Network Analyzer (VNA) to perform practical

channel measurements during both idle and moving

elevator states.

— This paper also illustrates an OFDM-based transceiver

simulation that adopts the acquired narrowband PLC

noise and channel characteristics of elevator power line
cables.

There is still ongoing research to formulate a standard
model for PLC channel response and noise. Due to the
absence of any significant research on characterizing the
PLC channel response and noise for an elevator system, the
results obtained in this research can be used as a basis for
future studies aimed at formulating a standard model for an
elevator PLC system.

The remainder of this article is organized into three major
sections. The first section concisely describes some of the
existing narrowband PLC technologies and the techniques
involved in the simulation of a transceiver based on real
channel measurements. The measurement setup, noise and
channel characterization of the PLC channel are presented
in the subsequent section. The last section provides a
comparative analysis of the channel coding techniques used
in designing an OFDM transceiver system.

OFDM manages the available spectrum by applying
several overlapping orthogonal subcarriers. The frequency
selectivity fading and the presence of multipath propagation
over the PLC channel render OFDM-based solutions
invaluable for transmitting at higher data rates. A robust and
efficient data recovery technique is imperative to establish
reliable data transmissions over severe PLC channels.

There are numerous technologies capable of overcoming
the harsh and noisy narrowband PLC channel, thus
delivering reliable communications. Powerline Intelligent
Metering Evolution (PRIME) is an OFDM-based
narrowband PLC technology that uses a part of the

OFDM-BASED NARROWBAND PLC



ELEKTRONIKA IR ELEKTROTECHNIKA, ISSN 1392-1215, VOL. 28, NO. 1, 2022

frequency range of the CENELEC A band (42 kHz-
89 kHz). It offers a reliable and robust data transmission in
different areas such as Automated Meter Reading or
Automated Meter Management at a minimal cost [25]. G3-
PLC is another OFDM-based standard capable of
accommodating faster and more reliable long-range data
transmissions utilizing the 35 kHz—91 kHz frequency range
[26].

As indicated in [27], the forward correction method used
in the PRIME PLC is the convolutional code, while the G3
PLC employs the Reed Solomon code on top of the
convolutional code. Comparative analysis of PRIME and
G3-PLC revealed that the PRIME PLC is more prone to
noise, while G3-PLC tends to withstand severe channel
conditions. PRIME offers less complexity with higher data
rates in a less hostile environment, while G3-PLC maintains
reliable communication in harsh and noisy channel
conditions [27], [28].

Elevator control panels and cabins can consist of different
electrical devices from different manufacturers. Like any
other PLC channel, the elevator PLC channel is also
susceptible to noise and channel deterioration due to the
nearby electrical devices. While designing a reliable data
transmission, an efficient and robust channel coding is
necessary to recover the transmitted data from the corrupted
received data. This work simulates an OFDM-based
transceiver that uses Reed Solomon and convolutional
coding techniques. Interleaving is applied to the coded data
to spread the possible occurrence of data corruption, thus
facilitating a simpler recovery mechanism at the receiver. In
this work, block interleaving (mentioned in [29]), which
involves sequentially writing the input data and retrieving
the output symbols, is employed. A simple illustration of a
5%3 block interleaver is provided in Fig. 1.

5x3 Interleaver
Input Dl D2 D3

(Before Interleaving) ] D4 | D5 D6
D1,D2,D3,D4...,D14,D15 b7 b8 Do
! D10 D11 | Di12

D13 | D14 | D15

Output
After Interleavin,
Dl,p4,07,010...,012,D15

Fig. 1. Sequential writing and retrieval process of 5x3 block interleaver.

Decoding mechanisms that suffer from burst errors due to
frequency selective fading channels benefit from frequency
interleaving, which ensures the spreading of erroneous bits
of adjacent subcarriers. In this work, a block interleaver,
which has a block size equal to the number of bits per
OFDM symbol (N), is applied to perform interleaving per
OFDM symbol.

It is arranged in a row-column matrix of size R x C = N,
where R and C are the number of rows and columns,
respectively. Interleaving is implemented by writing the
input data into an RxC matrix row-wise and retrieving it
column-wise, as indicated in Fig. 1.

The frequency-selective fading and time-varying PLC
channel requires a robust channel estimation mechanism to
recover the original data from erroneous data transmissions.
The Comb-type Least Square (LS) channel estimation
technique is used in this work to simulate the OFDM
transceiver. For the s OFDM symbol and the p™ pilot
location, the LS-based channel estimation at the

corresponding pilot locations ( H;Sp) is expressed in terms of

the transmitted and received pilot symbols Xspand Yspas in
(1) [30], [31]

HS = 2 )

Interpolation is employed to determine channel responses
at locations other than the pilot subcarriers. The spline
interpolation technique is implemented in this work.

I1l. CHANNEL CHARACTERIZATION

The noise and channel characteristics of the AC power
line that stretches from the elevator control panel to the
elevator cabin are obtained using the measurement setup
indicated in Figures 2 and 3. Measurements are carried out
at the main office of EEM Elevator Control and Automation
Systems in Konya, Turkey.

Vector Network
Analyzer/ Mixed

Domain Oscilloscope

CH1 CH2

L)
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STEVAL-
XPLMO1CPL
Coupler 1

STEVAL-
XPLMOLCPL
Coupler 2
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Elevator

Control Panel AC Power Line

Fig. 2. Block diagram of the measurement setup.
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XPLMO1CPL
B \ R AC Coupler
® Rohde and Schwarz ZVL13

Vector Network Analyzer

.
Fig. 3. Experimental Measurement setup.
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The channel transfer function for the AC power line is
measured with Rohde and Schwarz ZVL13 Vector Network
Analyzer (VNA) shown in Fig. 3. It has a 9kHz to
13.6 GHz frequency range capable of measuring S-
parameters without reconnecting the device under test
(DUT). The Tektronix MDO03022 Mixed Domain
Oscilloscope (MDO) indicated in Fig. 3 is used to measure
the PLC channel noise. It is an integrated oscilloscope that
incorporates several functionalities, such as a spectrum
analyzer and an arbitrary function generator. It is capable of
sampling up to 5 Giga Samples/s with 10 Mega record
length on every available channel. The VNA and MDO are
connected to the power lines via two STEVAL-
XPLMO1CPL AC Coupling Circuits shown in Fig. 3 to
ensure isolation from mains voltage.

A. Channel Impulse and Frequency Response

Several channel transfer function measurements were
acquired with the help of Rohde and Schwarz ZVL13
Vector Network Analyzer (VNA) for both idle and moving
elevator states for frequency values ranging from 9 kHz to
500 kHz. The effect of the 12 m extension cable, as well as
the two couplers depicted in Fig. 2, has been eliminated by a
de-embedding process before processing the data. Figure 4
shows 50 separate measurements of the channel transfer
function corresponding to the idle and moving states of the
elevator. The channel experiences a sudden change in
attenuation for frequencies less than 281 kHz as the elevator
starts moving while maintaining a relatively consistent
attenuation for the 281 kHz-500 kHz frequency range.
Consequently, data transmission in this study was conducted
in the frequency range of 281 kHz-488 kHz. Instantaneous
measurements, as well as average channel responses for the
idle and moving states of the elevator, have also been
illustrated.

[H(f)I(dB)

-30

-35

40

45 1 1 1 L L 1
25 3

Frequency (Hz)

x10°
Fig. 4. Channel magnitude responses for idle and moving states of the
elevator.

The propagation of the multipath signal for the power line
channel stretching from the elevator control panel to the
cabin can be expressed using the multipath signal
propagation model depicted in [1], [32], [33]. Thus, the
power line channel transfer function can be expressed as in
)

H(f)=> " g xe ®ralhe izri@in, )

The weight factor, length, and delay of the path i are
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represented by the parameters gi, di, and di/vp, respectively.
The parameter N denotes the number of dominant paths,
while ap, a, and k denote the attenuation factors
corresponding to a particular power line channel. vp is the
speed of propagation of a signal through the power line
cable that is dependent on the dielectric constant g of the
insulating material. It has a value equal to c¢/e: where ¢ is
the speed of light in a vacuum. The ¢, for the insulating
material of the flexible cable in this elevator system is
determined to be 4. The parameter settings to model the
power line channel of the elevator system are given in Table
.

TABLE |. CHANNEL RESPONSE MODELLING PARAMETERS.

Path Parameters
(For N=2,k=0.7936, a = 5.878 x 10* m%, a; = -2.889 x 10 s/m)

i i di(m)
1 0.4322 150
2 -0.2602 450

A two-path model representation of the average power
line channel corresponding to the elevator system clearly
shows very small variations from the measured channel
magnitude and phase responses, as shown in Figures 5 and
6.

o T T T T T T
Measured

—#— Modelled

.30 L 1 1 1 1 L 1 1 I
25 3 3.5 4

Frequency (Hz)
Fig. 5. Measured and modelled channel magnitude responses.

Phase(rad)

25 3
Frequency (Hz)

Fig. 6. Measured and modelled channel phase responses.

For the narrowband power line communication frequency
range (up to 500 kHz), the impulse response is sampled at a
period Ts = 1 pus. The peak values of the impulse response,
which are indicative of the presence of multipath, help to
determine the channel modelling parameters in Table | by
adopting the steps described in [1]. Figure 7 shows the
measured and modelled channel impulse responses.

The power delay profile (PDP) characterizes multipath
channels by expressing the distribution of the power of the
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received signal over a multipath channel as a function of
propagation delay. The PDP distribution corresponding to
the average measured power line channel provided in Fig. 8
describes the power of the signal along each multipath with
respect to the time delays. The formula used to determine
the PDP from the measured channel impulse response is
expressed as in (3) [34]

P(t) = h(®h"(t) =|h@)[". ©)

T
—©— Measured
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Fig. 7. Measured and modelled channel impulse responses.
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Fig. 8. Power delay profile.

The mean delay spread and the root mean square (RMS)
delay spread of the channel can be expressed as in (4) and
(5), respectively [23], [35]:

N-1 2
2o Kln|
=T x kil P
Zk:o'hkl
N-1 2 N-1 2
Zk:O k® |hk| _ Zk:o k|hk|
N-1 2 N-1 2
Zk:o'hk| Zk:o|hk|
The parameters Ts, N, and hy are the sampling time, the
length of the impulse response, and the impulse response of
the power line channel. For this channel, with Ts = 1 ps and

N = 21, the mean and RMS delay spread values are Tmean =
1.8326 ps while tms = 1.2482 ps.

mean

®)

rms S

B. Channel Noise

Several noise samples were measured with the Tektronix
MDO3022 Mixed Domain Oscilloscope (MDO). Power
spectral density (psd) plots of 20 measured noise samples
corresponding to both idle and moving states of the elevator
provided in Fig. 9 were measured in peak detector mode.
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During the elevator moving state, harmonic noise is
introduced into the channel. The THYFREC VT240EL
inverter shown in Fig. 3 above supplies power to the motor
and it is set to a carrier frequency of 8 kHz, hence
generating harmonic noise components with 8 kHz
fundamental frequency when the elevator is in motion.

25
Frequency (Hz)

Fig. 9. Spectral density of noise power.

From the detailed description provided in the previous
subsection, it is evident that for the 281 kHz-488 kHz
frequency range the plc channel transfer function appears to
be consistent regardless of the state of the elevator. By
systematically selecting subcarrier frequencies that do not
coincide with the harmonic noise components, a total of 77
subcarriers are utilized for data and pilot transmissions. The
power spectral density of the transmitted signal having
133 dBpV transmit power for the elevator moving state is
estimated using the Welch’s method, as shown in Fig. 10.
The selection of the subcarrier frequencies mainly depends
on the carrier frequency setting of the inverter. Different
sets of subcarrier locations can be chosen to get more
favorable results.
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Fig. 10. Power spectral density of the transmitted signal at 133 dBuV.
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C. Channel Capacity

The channel capacity is a parameter that corresponds to
the theoretical upper bound of the bit transmission rate for a
given channel. Due to the additive nature of the channel
capacity over independent transmission channels, the total
channel capacity is just the aggregate of the channel
capacities of all the subcarriers. The capacity of the k™
subcarrier depends on both the subcarrier spacing Af and the
signal-to-noise ratio of the k™ subcarrier (SNRy). For a
given N number of subcarriers, the total capacity (Cio) is
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expressed as in (6)

Co =AF x> log,(1+SNR,). (6)

For 133dBuV signal transmit power, independent
channel capacities for the worst-case scenario of the channel
(i.e., moving state of the elevator) with respect to N = 77
subcarrier frequencies mentioned in the previous section are
given in Fig. 11. The total channel capacity is 145.44 kbps.
Different results can be achieved by varying parameters
such as the subcarrier spacing or by systematically
increasing the number of subcarriers. Increasing the transmit
power can also lead to an increase in the total channel
capacity.
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Fig. 11. Channel capacity versus frequency with an overall channel
capacity of 145.44 kbps.

IV. OFDM TRANSCEIVER SIMULATION AND DISCUSSIONS

Orthogonal frequency division multiplexing (OFDM) is a
multi-carrier transmission technique that promotes the
efficient utilization of the available bandwidth by dividing it
into several orthogonal subcarriers. It is widely adopted in
modern signal transmission systems for many reasons,
including high spectral efficiency, robustness against
frequency-selective fading channels, and resilience against
multipath delay spread. Possible inter-symbol interferences
(1SI) are mitigated by adding an appropriate length of cyclic
prefix onto the transmitted signal.

The transmitter section of the OFDM transceiver
illustrated in Fig. 12 is comprised of separate blocks such as
channel coding, modulation, Inverse Fast Fourier Transform
(IFFT), etc. This work utilizes concatenated Reed Solomon
(RS) and Convolutional codes. The implemented RS coding
has a block length of n = 255 and message length of k =
239, thus capable of correcting up to t erroneous symbols
where 2t = n - k. A convolutional code with a %2 code rate is
used for the simulation along with the Viterbi decoder. The
incorporation of an interleaver that spreads the transmitted
data helps to mitigate burst errors due to frequency-selective
fading affecting a few neighboring frequencies.

The coded input data is modulated with binary phase-shift
keying (BPSK). One of the advantages of pilots in OFDM
data transmission is that they can be adopted later by the
receiver to characterize the nature of the transmission
channel. In this work, 7 evenly spaced pilots are included.
To effectively mitigate ISI, the cyclic prefix (CP) duration
must be considerably larger than the delay spread
highlighted in Section Il1-A above. A CP length of 32 is
inserted before delivering the data to the PLC channel.

The average measured channel transfer function and
measured noise for the moving state of the elevator (i.e.,
worst-case scenario) provided in Section IlI-A above are
used for simulating the OFDM transceiver system. The
channel estimation at the receiver is also accomplished
using the Least Squares (LS) method described in the same
subsection. The Bit Error Rate (BER) is determined by
comparing the output of the Viterbi decoder followed by an
RS decoder with the transmitted data.

The basic flow chart for the simulated OFDM transceiver
system is given in Fig. 12.

A comparative analysis of the BER performance for
different channel coding scheme combinations is given in
Fig. 13. It is evident from the graph that interleaving
reduces BER by spreading the erroneous bits. The
convolutional code displays a considerable reduction in bit
error rates when accompanied by an interleaver.
Concatenated RS and convolutional codes ensure a reliable
transmission for SNR values greater than 4 dB.

TRANSMITTER
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Channel
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Estimation

— Remove
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Fig. 12. OFDM transceiver block diagram.
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The simulation parameter settings are compiled in Table
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TABLE Il. OFDM TRANSCEIVER SIMULATION PARAMETERS.

Simulation Parameters Value
Sampling Frequency 1 MHz
FFT size 512
Cyclic Prefix Length 32
Subcarrier Spacing 1.9531 kHz
Total Subcarriers 77
Data Subcarriers 70
Pilot Subcarriers 7
Channel Coding RS (255, 239), Convolutional
Interleaving Block interleaver
Modulation Technique BPSK
Channel Estimation LS

Frequency Range 281 kHz—488 kHz

10°

T T T T
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* ¥ § 2:2 -O- o-a Ry 8 — -©— - Convolutional
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Fig. 13. BER versus SNR.

V. CONCLUSIONS

Data transmission over existing power lines has been a
critical research area that has received widespread attention
with new technologies emerging to facilitate reliable signal
propagation. The main problems surrounding power line
communication (PLC) technology are the varying channel
response, as well as the noise introduced onto the received
signal. One of the main interests of this work is
characterizing the PLC channel for the AC power line
stretching from the elevator control panel to the cabin, as
well as characterizing the nature of the noise affecting data
transmission. Video, voice, or data can be transmitted over
AC power lines. The narrowband PLC frequency range is
considered for analysis. This PLC channel has shown
notable channel response variations for frequencies less than
281 kHz, while remaining relatively consistent for the
281 kHz-500 kHz frequency range. The main source of
noise is determined to be the inverter that supplies power to
the motor. It generates harmonic noise components with a
fundamental frequency equal to the carrier frequency. This
work has also managed to simulate an OFDM-based
transceiver system by carefully selecting appropriate
subcarrier frequencies. RS and Convolutional codes with
interleaving are used to evaluate the BER performance of
the system. As with any other PLC channel, elevator power
lines are affected by the presence of disruptive signals from
the surrounding. Additional protective circuit elements are
included in PLC modems to effectively reject unwanted

signals from reaching the circuit elements of PLC devices.
Previous studies involved in characterizing the PLC channel
and noise considered different areas like residential,
institutions, etc. Unfortunately, no notable research has been
done on an elevator PLC system. As there is no standard
model for PLC channel and noise, the findings of this study
can act as cornerstones for future experimentation that could
aid standardizing the PLC channel and noise model of an
elevator system. Consequently, further expansion of
experimental scenarios can be employed, which may include
the adoption of different types of elevator inverters with a
varying number of floors. Future research can also include
comparative analysis of different communication systems
used for elevator systems. Simulation parameters of the
transceiver system such as modulation technique, FFT
length, number of subcarriers, etc. can also be altered to
accommodate the transmission capacity of interest.
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