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Proposal for Improvement of Information
Transmission in OFDM Systems Using the
CBEDE Methodology

Reinaldo Padilha, Yuzo Iano, Ana Carolina Borges Monteiro and Rangel Arthur

Abstract — In a world where people are
increasingly connected, one of the Kkey
challenges is better quality data transmission,
just as the increase in demand increases the
need for attention to choose the best
technology according to each transmission
need, mainly by voice and video. The
Orthogonal Frequency Division Multiplexing
(OFDM) modulation technique has emerged as
technological evolution, wherein a
conventional transmission system, the symbols
are sent in sequence through a single carrier,
whose spectrum occupies the entire available
frequency range, however OFDM consists in
the parallel transmission of data in several
subcarriers, with PSK modulation and with
sub-carrier transmission rates as low as the
number of them. Based on that, the present
study implements a model based on discrete
events applied to a broadcasting system, using
the Simulink of the MATLAB software, aiming
to improve the transmission of content,
through the pre-coding process of bits
applying discrete events in the signal before
the modulation process. This proposal brings a
different approach, in which the signal
transmission on the channel is realized in the
discrete domain with the implementation of
discrete entities in the process of bit
generation. The results show  better
computational performance related to memory
utilization relative to the compression of the
information, showing improvement of more
than 22%.

Index Terms — discrete events, OFDM,

DPQSK, memory, simulation, bits.
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I. INTRODUCTION

In the area of telecommunications, new
applications are coming up with a lot of speed,
which requires a big compromise between the
transmitted bit rate and the bandwidth, which can
be seen in the current multimedia systems, bit
rates vary from a few kbps (for voice), up to 20
Mbps, to HDTV (High Definition Television), the
high definition television. Thus, when facing such
challenges, the first point to consider is how to
transmit a large number of bits/s, guaranteeing the
quality of the service, that is, what modulation, as
well as the best and most appropriate system, can
meet, in the best way, the contradictory
commitments (bit rate and bandwidth) [1].

A solution horizon that could be the use of
equalization techniques in the receiver; however,
there are practical difficulties with the way this
real-time equalization operates at rates of the order
of Mbps, and the use of compact and low-cost
hardware. Therefore, a very promising technology
that eliminates the need for complex equalizers is
OFDM  (Orthogonal = Frequency  Division
Multiplexing), being a modulation technique that
uses multiple carriers [2].

Nowadays the demand for bandwidth is
increasing, especially for mobile devices, in that
way OFDM is introduced as one of the solutions
to enable bandwidth efficiency and robustness,
because this technology is a basic building block
for many of the current modulation schemes
including 802.11 WLAN, 802.16 WiMAX, and
3GPP LTE, as well as others [2] [3].

The principle of OFDM technology is to divide
the high data rate stream into parallel low rate data
streams using Fast Fourier Transform (FFT), this
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scheme is widely used in wireless communication
system, such as IEEE 802.11 standard, cellular
communication (eg, WIMAX and LTE Advanced)
and digital broadcasting standard (e.g., DVB-T),
and considering that OFDM technology is
combined by modulation with more bits per
symbol, thus increasing data transmission
throughput [2] [4].

OFDM is a digital multi-carrier modulation
scheme that extends the concept of single
subcarrier modulation by using multiple
subcarriers within the same single channel, i.e., is
a multichannel modulation-based transmission
system, also called a parallel or multiplexed
transmission system, which then appears as an
alternative to alleviate the problems of the serial
system, which uses simple carrier modulation [5].

Rather than transmit a high-rate stream of data
with a single subcarrier, OFDM makes use of a
large number of closely spaced orthogonal
subcarriers that are transmitted in parallel. Each
subcarrier is modulated with a conventional digital
modulation scheme (such as QPSK, 16QAM,
DQPSK, as well as any others) at the low symbol
rate. Generating a technological advantage of
parallel or multi-carrier transmission, on the serial
transmission, reducing the sensitivity of the
system to channel delay spread, and therefore,
interference between symbols [6] [7].

The technique of Discrete Event is focused on
its use in the representation of a given system,
which analyzes this as a sequence of operations
performed through entities of certain types such as
data packets, in this case for a telecommunications
system. These entities are discrete items of interest
in modeling and simulation with the discrete event
technique, being their respective meaning
depending on what is modeled and the type of
system, in the same way, can have attributes that
affect the way they are handled or changing the
entity flows through the process [8] [9].

Discrete events are the results of actions
occurring through the system, an event has the
property of changing the system state, being these
intentional actions, spontaneously controlled or
with the verification of a condition. The technique
has been used a lot in the modeling of concepts
with a high level of abstraction, that is to say,
patients in a hospital in context of a healthcare
system, people in a queue, transaction systems for
databases, communication  protocols in
telecommunication’s systems, people in call
centers, vehicles in intelligent transport systems,
process control in control engineering, military

equipment in defense systems, emails on a server,
data packets being transmitted in communication
system , among others [8] [9] [10].

Thus, in this research, the authors developed
an OFDM transmission model for broadcasting
using an AWGN (Additive White Gaussian Noise)
channel with advanced modulation format
DQPSK (Differential Quadrature Phase Shift
Keying) in simulation environment [42], with the
objective of to increase the transmission capacity
of information content through the channel related
to the lower memory consumption.

The proposal comes from the bit treatment
with discrete events methodology, named
CBEDE (Coded of Bits for Entities by means of
Discrete Events), modeled in the step of bit
generation, with the added differential of the use
of discrete events applied in the physical layer of
a transmission channel, being this a low-level of
abstraction, reaching the second objective this
research.

The present paper is organized as follows:
Section 2 discusses traditional OFDM modeling,
showing the modeling of AWGN transmission
channel. Section 3 presents and presents the
proposed framework of this paper, presenting the
CBEDE methodology. Section 4 presents the
results and, finally, in Section 5, the conclusions
and the potential of the research are presented.

II. TRADITIONAL MODEL

The basic concept of OFDM is the property of
multiple narrow-band channels, with the ability to
send samples concurrently using multiples
orthogonal sub-channels whereas in other
techniques they are only wide-band channel
sending the only sample using the entire band,
OFDM is better due to the characteristic of
multiple sub-channels (sub-carriers) carry samples
sent at a lower rate, being almost same bandwidth
with wide-band channel, and only some of the
sub-channels are affected by interferers, and with
the additional do not need guard bands [11].

OFDM is, therefore, a multiplexing scheme
which divides the data stream from the
narrowband data channel, sharing the bandwidth
available, OFDM  has subcarrier  that
orthogonality, unlike its predecessor Frequency
Division Multiplexing (FDM) [11] [12].

This method is then based on the well-known
FDM technique, wherein it different streams of
information are mapped onto separate parallel
channels, each of these channels being separated

This open access article is distributed under a Creative Commons Attribution (CC-BY) license.
http://www.set.org.br/ijoe/ doi: 10.18580/setijbe.2019.6 Web Link: http://dx.doi.org/10.18580/setijbe.2019.6

47




SET INTERNATIONAL JOURNAL OF BROADCAST ENGINEERING - SET IJBE V.5, 2019, Arficle 6, 9p.
2019 SET - Brazilian Society of Television Engineering / ISSN (Print): 2446-9246/ISSN (Online): 2446-9432

from the others by a frequency guard band thus
reducing interference between adjacent channels.
Since the OFDM scheme differs from traditional
FDM in interrelated ways like multiple carriers
(called subcarriers) carry the information stream,
its subcarriers are orthogonal to each other, and a
guard interval is added to each symbol to
minimize the channel delay spread and
intersymbol interference [13].

OFDM is a relatively new spectrally efficient
digital modulation scheme employing multiple
carriers that are mutually orthogonal to one
another over a given time interval, which each
carrier, consisting of a pair of sine wave and a
cosine wave, is referred to as a subcarrier ', and
the available transmission bandwidth is equally
divided among the N sub-carriers. Each of them,
upon data modulation, may be categorized as a
narrowband modulated signal but the overall
OFDM signal is a wideband signal for a moderate
or large value of 'N'. As the modulation operation
1s carried out at its baseband level, and
consequently the baseband modulated signal is
translated in the frequency domain by frequency
up-conversion to the required radio frequency
band, as well as another desired type [5] [14].

In this way, the data bits are converted from
serial to parallel and each subcarrier is modulated
using phase or amplitude modulation, in which the
frequency domain, multiple adjacent tones or
subcarriers are independently modulated with
complex data, this is called the symbol mapping,
where each subcarrier is independently modulated.
An interesting and particular practical feature of
the OFDM modulation scheme consists of that
shaping pulse is not necessary for the modulating
signals due to a group of orthogonal carriers, when
modulated by random pulse sequences, have
sketched spectral characteristics [15].

Then, all the modulated signals are carried by
OFDM carrier where they use IFFT module
(performed on the frequency-domain subcarriers
to produce the OFDM symbol in the time-domain)
to create complex signal containing all subcarrier.
The data parallel stream is converted to serial
stream and real and image signal respectively are
processed on Digital to Analog Converter. Then,
they are quantized by Analog to Digital Converter
ADC and the signal is calculated by a Fast Fourier
Transform (FFT) module. The data symbols are
then demodulated by symbol mapping block
according to the modulation used, and the parallel
data stream is converted into data serial to obtain
the desired data [7] [15].

The importance of orthogonally of the OFDM
signal is described as a set of closely spaced FDM
subcarriers, wherein the frequency domain, each
transmitted subcarrier results in a sync function
with side lobes producing overlapping spectral
between subcarriers, which has reducing
properties of interference between a subcarrier and
increase spectrum efficiency utilization [5] [16].

Resulting in subcarrier interference with the
exception of orthogonally spaced frequencies,
where the individual peaks of subcarriers all line
up with the nulls of the other subcarriers, not
interfering so with the system's ability to recover
the original signal (the receiver correlates the
incoming signal recovering the original set of bits
sent) [5] [15] [16].

This modulation has another important issue
with regard to the effect of the transmission
channel, having high spectral efficiency, favored
data transfer at high rates (typically beyond
1Mbps) in wireless networks. In this way, the use
of orthogonal subcarriers allows more subcarriers
per bandwidth, which results in an increase in
spectral efficiency, and prevents interference
between overlapping carriers [5] [17].

OFDM has a wide range of applications in
modern wireless digital transmission systems
asynchronous digital subscriber line (ADSL),
high-speed DSL, very high-speed DSL use OFDM
for high-speed data transfer transmission, as well
as Digital Audio Broadcasting (DAB) and Digital
Video Broadcasting (DVB), still considering IEEE
802.11a, IEEE 802.11g and HYPERLAN?2
wireless Local Area Network (WLAN) standards
include OFDM for supporting higher bit rates and
IEEE 802.16 Wireless Metropolitan Area Network
(MAN) standard [18].

The AWGN channel is a practical and efficient
model of communication system widely used
related to its simplicity and mathematical
treatment, implying in a large set of physical
channels, which introduces in the transmitted
signals a noise modeled statistically as a white
Gaussian additive process [19].

In the context of wireless communications, the
main source of thermal noise is the addition of
random signals arising from the vibration of atoms
in the receiver electronics, where the AWGN has
properties of statistically characterizing these
random radio noise present in the signal. Still
taking into consideration that systems operating in
AWGN conditions can be exemplified as space
communications with highly directional antennas
and some point-to-point microwave links [20] [21]
[22].
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The modulation format DQPSK (Differential
Quadrature Phase Shift Keying) is widely used in
satellite broadcasting, for Digital Video and Radio
Broadcasting, having a wide scope of performance
in various cellular wireless standards like GSM,
CDMA, LTE, 802.11 WLAN, 802.16 fixed and
mobile WIMAX, as well as CABLE TV
applications. In the same way, it has properties for
higher bit rates of HD video and a high satellite
bandwidth [23] [24].

In DQPSK, each set of bits is represented by a
symbol, causing a determined phase variation in
the carrier signal, the bits for the data symbols are
determined by the phase change of the previous
symbol, there were four possible states 0, m, +m/4,
-n/4, where each symbol represents two bits of
information. The division of the binary pattern is
equal to QPSK (Quadrature Phase Shift Keying),
except that a bit string is shifted in phase with
respect to m / 4 or m / 2 depending on the system
being implemented. That is, there are 8 ideal state
positions in the DQPSK constellation, being ideal
state positions for symbols alternating between the
four states of 45 degrees and four states on the
axis, due to this alternation, the ideal trajectory
between symbols never crosses zero [23] [24].

This session is presented to broadcasting
OFDM system modeled with an AWGN channel
with DQPSK modulation. Thus, was used the

Simulink  simulation environment of the
MATLAB® software in its version 8.3 of 64 bits
(2014a).

In a digitally implemented OFDM system, the
input bits are generated frame-based, 16-ary
random integers with 960 samples/frame, grouped
and mapped to source data symbols that are a
complex number, after are modulated with
DQPSK modulation, then shaping of OFDM
symbols, before 960 samples/frame and are now
converted into a 48x20 array, creating an efficient
FFT size, and thus appends zeroes to increase the
column size to 64, which modifies the indices of
the array for input to the Inverse Fast Fourier
transform (IFFT). With the column size set at 64,
the OFDM modulation is implemented using a 64-
point IFFT, and a gain is applied which applies a
normalization of 1/N64 = 1/8 [5] [25].

And then the Cyclic Prefix, whose parameters
are basically added to appends 16 symbols for the
cyclic prefix and expands the output array to
80x20 are added. Passing through a digital-to-
analog conversion, which modifies the 80x20
array to a single dimension for input to the Saleh

model, which characterizes the power amplifier
[26] [27] [28].

This model is operated with AM/AM = [1 0]
and AM/PM = [0 0], thereby forcing the OFDM
signal to remain within the linear region of the
power amplifier, causing the OFDM signal to
remain in the nonlinear region of the power
amplifier [26] [27] [28].

The setting of the AWGN channel follows a
signal-to-noise ratio of 15 dB, initial seed of 67,
power input signal of 1 watt and sample time of 1
second. And then the signal again is converted
into a single dimensional vector back to an 80%20
array, analog to digital conversion, removing the
Cyclic Prefix, following the gain normalization at
1/N64 = 1/8, and a 64-point FFT is performed,
making the way back to the original state of the
signal, again producing the frame-based signal,
removing the inserted zeros, producing the 48x20
array [26] [27] [29].

Performing a conversion again on the signal to
which this signal with 48x20 array back to the
960-sample frame for insertion into the DQPSK
demodulator [30].

What this complex process described above
accomplishes is that the generated bits, as well as
the OFDM symbols, are treated by the transmitter
as though they are in the frequency domain and
are the inputs to an IFFT that transforms the data
into the time-domain [5] [31].

The IFFT takes in N source symbols at a time
where N is the number of subcarriers in the
system. Each of these N input symbols has a
symbol of T seconds. Recall that the output of the
IFFT is N orthogonal sinusoids. These orthogonal
sinusoids each have a different frequency and the
lowest frequency is DC [5] [31].

The IFFT output is the summation of all N
sinusoids. Thus, the IFFT provides a simple way
to modulate data onto N orthogonal subcarriers.
The N output samples from the IFFT make up a
single OFDM symbol. After some additional
processing, the time-domain signal that results
from the IFFT is transmitted across the AWGN
channel. At the receiver, an FFT is used to process
the received signal and bring it into the frequency
domain which is used to recover the original data
bits, as shown in Figure 01 [5] [32].
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TRADITIONAL

Bit Stream

Bit Stream

Figure 01 — Traditional Model

III. PROPOSAL

The modeling of the pre-coding process
according to the discrete events is similar to that
shown in the previous section. Differentiating that
in this model, was added the discrete events of
pre-coding with discrete events.

In this way, discrete entities were generated in
the bit generation process, corresponding to bits 0
and 1, then a conversion of an event-based data
signal to a time-based data signal is performed,
where these bits are maintained in accordance
with the discrete domain of interest, the value of
the signal before the conversion being identical to
that of the converted signal.

Both time-based signals and event-based
signals will be in the time domain.

A Zero-Order Hold (ZOH) is responsible for
defining the sampling in a practical sense, being
used for discrete samples at regular intervals,
affecting the final effect of the conversion of the
signal to the time domain, causing its
reconstruction and maintaining each sample value
for a specific time interval and identical to the
original.

The differential of this research is in the use of
discrete events applied in such low-level of
abstraction, being the bit generation.

PROPOSAL

Bit Stream

OFDM Add Cyclic
- Modulator > > IFFT > ! —
[ ] Symbok et
< Demodulator OFDM FET Re.move ]
Symbols Cyclic Prefix

Digital to
Analog
Converter

Analog to

Digital
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And after applying the technique in the step of
generating bits as discrete entities, the signal flow
is identical to that shown in the previous section,
passing through the respective OFDM steps, being
modulated in DQPSK, passing through the
AWGN channel, and then the signal is
demodulated.

The model presented in Figure 02, incorporates
the traditional modeling with the proposed
methodology, as well as highlights the part
modeled according to the approach of discrete
events, in blue, as previously described.

In Figure 03, in the simulation environment
10000 seconds were used, where for the
comparative criterion the flows of transmission of
the modulated signal in DQPSK signal related to
OFDM with the proposal (below) and OFDM
traditional model (top) were placed, noting that
both methodologies generated the same result.

OFDM
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Symbols
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Digital to
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Figure 02 — Model with the proposal
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Figure 03 —Transmission Flow DQPSK OFDM

For the same comparative purpose, the
Constellation Diagram was used to view the
constellation of the modulated digital signal
OFDM also being useful for comparing the
performance of one system with another.

In Figure 04 is shown the results for
visualization of the constellations with 15 dB,
according to signal related to OFDM with the
proposal (right) and OFDM traditional model
(left).

OFDM TRADITIONAL

OFDM WITH PROPOSAL

Quadrature Amplitude
Quadrature Amplitude

In-phase Amplitude In-phase Amplitude

Figure 04 — DQPSK OFDM Constellations

IV. RESULTS

In this section, the results will be presented in
relation to the evaluations of memory
consumption of the models according to the
studied techniques, modeled and presented in the
previous session. Also, it is presented the
performance comparison between them, simulated
on a physical machine with hardware
configuration, being an Intel Core 13 processor
and 4GB RAM.

The  "sldiagnostics"  function  displays
information about the modeling system in
Simulink, being responsible for calculating the
sum of all the memory consumption processes
used in the model in simulation, by the
ProcessMemUsage parameter, which counts the
amount of memory utilized in each phase of the
model, during the entire simulation, displaying the
total amount in MB [33].

In the same way, it was analyzed the first
simulation of both models, being observed the
first simulation regarding their —memory
consumption [33], having the comparative of
better performance as shown in TABLE I and
related with the Figure 05, with respect to them
and that it is important to be in the first simulation
that the variables are allocated, and the memory
reserved for the execution of the model

TABLEI. COMPUTATIONAL IMPROVEMENT

Memory Consumption
traditional | proposal
Broadcasting DQPSK 60,3672 49,3359

OFDM

In this way, it can be understood that in a
transmission channel including the proposal and
in another one only traditional methodology,
where it is transmitted the same information
content (quantity of bits), without any loss (signal
and constellation). The results related to the
memory consumption of the proposal are relative
to the compression of the information [33], as
shown in TABLE I and related with Figure 05.
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OFDM Memory Consumption (i3)

m TRADITIONAL
m PROPOSAL

Figure 05 — OFDM First Memory Consumption

V. CONCLUSIONS

OFDM is a modulation and data transmission
technique that uses its bandwidth divided into
multiple orthogonal carriers, called subcarriers, for
modulation, using the frequency spectrum with
advanced techniques, in which it allows high data
rate transmissions without problems with the ISI,
by the use of orthogonality between the carriers,
unlike the single carrier system, when frequency
selective fading occurs only the symbols
transmitted on the carriers affected by fading are
lost. These subcarriers are called orthogonal
because they do not have frequency overlap, thus
not interfering with each other. It has a basic
principle the conversion of a serial data stream of
high transmission rate into multiple parallel sub-
streams of the low transmission rate. Its main
advantage over single carrier techniques is that it
can achieve the same transfer rate due to the
parallelism of low rate subcarriers with greater
resistance to poor conditions of the medium such
as high frequency attenuation, inter- symbol,
interference caused by multiple paths (common in
wireless networks, due to reflection).

Thus, the use of discrete events applied in a
low-level of abstraction such as the bit, in
generation phase in a broadcasting system which
uses OFDM, was the differential of this research
since it does not apply discrete events in this way.
Where evaluating the results, it is shown that the
simulation models of broadcasting systems take a
different approach from what is normally done, a
proposal containing a concept of a technique
naturally applied at higher levels, in a lower
abstraction level, in bits in the transmission of a
channel, provides positive results with a 22.36%
improvement to a naturally powerful technique
(OFDM), which strengthens it even more.

Although taking into account that an extension
of the results of this research, the compression of

the information, strongly affects similar methods
performed in higher layers, for example, format
types such as HEVC, MPEG-4, AVC/H.264, as
well the others, can improve them even more since
this proposal acts on the bits.
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