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Abstract: This article focuses on the modelling, modelling, and performance assessment of
MIMO-OFDM  (Multiple Input Multiple Output-Orthogonal Frequency Division
Multiplexing) systems used in wireless communication. The thesis begins with a brief
overview of wireless communications and their evolution, and it concludes with the design
and thorough testing of an end-to-end MIMO-OFDM system for picture transfer in a fading
scenario. In this paper, we present a quick overview of the development and operation of
MIMO. In addition to describing how MIMO- OFDM systems function, this study explains
their fundamental mechanisms and principles with an emphasis on the transmission of an
image across fading channels.
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Introduction

Wireless communication is a fast developing area. Nearly five billion people are expected to
use mobile devices by 2019. For some time now, telecommunication designers and engineers
have been aiming for wireless technology with increased system capacity, stable
performance, and rapid data transfer rates at sufficient Quality of Service (QOS). The
Multiple Input Multiple Output (MIMO) technology, in conjunction with Orthogonal
Frequency Division Multiplexing (OFDM), offers a viable air-interface option for 4G LTE
(Long Term Evolution) networks. Multiple-input multiple-output frequency division
multiplexing (MIMO-OFDM) has been used in third-generation (3G) mobile wireless
systems, fourth-generation (4G) mobile wirelessly systems, and WiFi local area networks
(WLANS). The key challenge for wireless communication systems is to provide high data
rates while maintaining acceptable quality of service (QoS). Due to spectrum’s scarcity and
adverse propagation conditions (due to fading and interruption from other users), improving
spectral efficiency and increasing link reliability is essential. MIMO wireless technology has
the potential to meet these needs because of the gains it can make in spectrum efficiency via
spatial multiplexing and in connection reliability through antenna diversity. MIMO systems
have advanced to a point where they may be employed in real-world systems; yet, there still
has much to learn about them conceptually and in regards to hardware implementation.

Pre-IEEE802.1 (by Airgo Networks) is one of the earliest MIMO-based devices to hit the
market in the world of wireless LANs. Engineers have developed numerous modulation
techniques that can support high-bandwidth applications on today's networks by providing
high data rates at beneficial pricing, increased system capacity, expanded coverage,
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bandwidth-agnostic operations, vastly enhanced spectral efficiency, decreased idle time,
reduced latency, decreased power consumption, additional antennas, and simplified
integration with the web and modern technologies. The end product of these efforts is known
as Multiple Input Multi Output Orthogonal Frequency Division Multiplexing (MIMO-
OFDM) systems. Since OFDM uses many carriers to transfer data, it is a very efficient
modulation technology. Due to the orthogonality of the carriers, Inter Symbols Interference
(ISI) and Inter Carrier Interference (ICI) are both eliminated when using Multiple-Input
Multiple-Output (MIMO) antenna technology for wireless communication. This smart
antennas technology helps eliminate disturbances and increase throughput when incorporated
into a communication system. MIMO-OFDM is the technology that makes LTE possible.
One of the most studied topics to date, MIMO-OFDM incorporates a number of benefits,
including robustness against multipath fading, high spectral efficiency, and the potential to
provide bandwidth-tunable transmissions. When both the sender and the receiver have
multiple antennas, the resulting communication system is called "multiple input multiple
output” (MIMO). MIMO technology enhances the performance of a wireless communication
system by reducing the overall BER. MIMO effectively generates spatial variety via the use
of many antennas. Diversity is employed to combat fading, and more specifically, the effects
of deep fades.In the case of MIMO systems

There are many business and non-commercial uses for wireless communication that are
growing in popularity. The need for faster data transfer rates without sacrificing quality has
thus grown over the last several years. There has been a massive development of new
communication systems, including new modulation schemes and antenna layouts, in order to
fulfil all these demands. Among the possible solutions, MIMO-OFDM schemes stand out as a
promising option for fulfilling the aforementioned needs. Multi-input, multi-output (MIMO)
technology makes use of several antennas to boost channel capacity without adding more
power or bandwidth. In this sense, OFDM is both a modulation and a multiplexing method.
By delivering the data to be transferred in parallel, OFDM is able to increase data speeds
without really reducing the time period by mitigating fundamental difficulties like Inter
Symbol Interference (ISI) and Inter Carrier Interference (ICI). As a result, the ISI issue is
mitigated. When combined with OFDM, MIMO maximises the benefits of each technology.
Bit Error Rate (BER) is only one of several metrics used to evaluate a communication
system's efficacy. This section analyses the MATLAB-created MIMO-OFDM system's
functionality across a multipath fading channel. When compared to more traditional systems,
the BER of the proposed MIMOOFDM system is clearly superior. The BER of the suggested
system has been increased by the use of bit-level scrambling. MATLAB has been used to
model the proposed system. The BER has been shown to drastically improve in the simulated
testing.

Convolutional Encoding

The purpose of coding theory is to develop effective methods of encoding and decoding data
for transmission through imperfect channels (noisy sources and receivers). Claude Shannon's
research on encoding principles was first published in 1948 in a Bell System technical
periodical under the title "A mathematical Theory of Communication." He studied several
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different fields, including entropy, source coding, channel capacity, etc. Huffman and
Hamming continued this line of research. Coding theory has become a theoretically and
technologically rich area with wide applications in communication engineering as a result of
the widespread use of digital communication. Channel coding is a kind of signal processing
used to improve a communication system's performance in the presence of noise interference
and fading.

There are three types of error-correcting codes: block codes like Hamming codes and Bose
Chaudhury-Hocquenghem (BCH) codes, convolutional codes like Reed Solomon codes and
Block/Product turbo codes (BTC or PTC), and turbo codes like BTC and Convolutional
Turbo Codes (CTC). These codes need less sophisticated technology and are easier to
generate than other error control schemes. Convolutional encoding and soft viterbi decoding
are used in this methodology. One kind of feedback-based channel coding is convolutional
encoding, as was previously mentioned. The transfer function of each convolutional encoder
is connected to a generator polynomial, turning the encoding process into a linear time
invariant discrete system. A convolutional encoder builds the code word using the constraint
length and the code rate (k/n), where k is the number of input bits and n is the number of
output bits. A convolutional encoder's "length” is represented as K, where K is the total
number of Kbit groups used to generate output symbols. It is possible, in theory, to generate
convolutional codes using a generator polynomial. The creation of a convolutional code may
also be represented by means of a state diagram.

To convolutionally encode the data, we use a finite phase shift register with L memory
elements, each of which holds one bit of the input sequence. The default starting point for a
memory register is 0. Since there are n adders in a modolu-2 adder, the encoder must have n
generating polynomials. Figure 1 depicts a convolutional encoder's basic structure. The input
bit value mj is sent to the rightmost register. The remaining register values and the generator
polynomials are used by the encoder to produce an n-bit code word. After bit shifting all the
register values to the left (mj becoming mj-1, mj-1 becoming mj-2, etc.), the next input is
brought in. If an encoder's input bits are exhausted, it will continue to transmit data until the
encoder's registers are reset to zero. The Viterbi method is the most popular decoding
technique currently in use. In 1967, Viterbi developed the viterbi decoding technique and
began researching it. The Veterbi decoder may consist of either a hard decision or a soft
decision viterbi decoder. While it is simple to build a hard decision viterbi decoder, it has
been shown that soft decision viterbi decoding performs much better.decoding is more
satisfying
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Figurel: Schematic of Convolutional Encoder.
Literature Review

Said El. Khamy et.al.,(2020) In this study, we offer a novel approach to MIMO-OFDM
channel estimation based on complimentary coding. The suggested approach takes into
account a MIMO-OFDM system with a 2x2 spatial time code. In this study, we investigate a
two-sided approach to channel estimation rather than the single-sided methods used in prior
research. The frequency-antenna code proposed here makes use of all available OFDM
subcarriers. This is an improvement of our technique over prior studies, which only made use
of a single subcarrier when estimating the channel.

Ami Munshi et.al.,(2019) In this research, we investigate the use of compressive sensing
(CS) in SISO and MIMO OFDM systems for channel estimation. We provide a new LS-CS
combined estimate method. We conclude that the broadcast data may be inferred from the
received data using the hybrid LS-CS estimation approach with just a small number of
channel coefficients sensed..

Madhusmita Sahooet.al.,(2019) This study proposes a sparse model-based diffusion least
mean square (DLMS) technique for efficiently monitoring the time-varying correlated
coefficients of MIMO channels in densely populated areas. The spatial channel models of
IEEE802.11, I-METRA, and 3GPP are considered throughout the experimental examination.
The effectiveness of the suggested estimate methodology under unclear CSI has also been
verified using several full rate &full diversity space-time block codes (STBC).

Multiple Input Multiple Output (MIMO) system

By sending several (preferably independent) copies of the broadcast signal to the receiver, several-
Input Multiple-Output (MIMO) technology may improve system diversity. Link dependability is
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increased thanks to MIMO technology's potent weapons against fading and interference. A simple
MIMO system is shown on Fig.1.4.
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Figure 2 Simplified block diagram for MIMO system.
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There is flexibility in the design space for MIMO systems. You may utilise them to increase
capacity or achieve a diversity boost to prevent signal fading. The three broad categories into
which MIMO methods fall are as follows:

e First class: This kind of MIMO uses techniques like delay diversity and space-time coding
to boost power efficiency..

e Second class: This subset of MIMO systems use a layered strategy, like the V-BLAST
system, to boost capacity.

e Third class: To improve channel capacity, this kind of MIMO system uses transmitter-side
channel information to deconstruct the channel coefficient matrix. In order to achieve
diversity gain, MIMO-based wireless communication often employs Space Time Spread
Encoding Methods for encoding and sending data over many routes.

Least Significant Bit Substitution Watermarking(LSB)

Due to its simplicity, efficiency, and low computational complexity, the LSB technique may
be considered for use in real-time information embedding applications. To embed a
watermark into an image, a group of pixels is chosen and their least significant bits are
replaced with watermark bits. In, the term is defined in further depth. LSB embedding of the
message "HELLO™ in the cover picture yielded the railway track image and watermarked
image shown in Fig. 3. The LSB of the selected picture pixels is what is used to do the
watermark extraction. The watermark is identified if the extracted bits are consistent with the
injected bits.
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Figure 3: Schematic of Least Significant Bit Substitution
OFDM Transmitter

The LSB approach is used to integrate medical data into the medical picture before
transmission. LSB. After that, OVSF encoding is applied to the data. The modulator, at the
heart of an OFDM transmitter, performs frame-by-frame modulation of the incoming data
stream. The quantity of symbols sent on a given carrier is called a "frame,"” and frames are
used to organise data. In most cases, the number of carriers is not a multiple of the entire
number of data symbols being sent. The modulator adds extra zeroes to the end of the data
stream before converting it from serial to parallel so that it may be stored in a 2-dimensional
matrix. The information is sorted into symbol size according to the PSK order selected by the
user. Inverse Fast Fourier Transform (IFFT) has been used to provide the necessary baseband
signal for OFDM modulator. Each data block has a cyclic prefix appended at its beginning to
reduce the likelihood of interference between blocks. To do this, the first 12.5% of each
block's symbols are prefixed at the beginning of the block. The information and its headers
and tailors are joined together before transmission. The data for Multi-Input Multiple-Output
(MIMO) transmission is encoded using an Orthogonal Space Time Block Encoder (OSTBC)
utilising an orthogonal space time block coding. This encoder performs a time-domain
mapping of the input symbols into concatenated code-word matrices. Fig. 4 below shows the
results of many computer simulation experiments conducted at the transmitter in the form of
various plots and graphs.
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Figure. 4(a):Input Watermarked Image Figure.4(b): Waveform of OFDM Signal
Figure.4: Transmitter Plots
OFDM Receiver

The encoded information is sent to an OSTBC combiner at the receiving end. In order to
decode the symbols encoded by the OSTBC encoder, the combiner mixes the input data from
all the receiving antennas and channel estimates the signal. An envelope detector is then used
to determine when individual data frames begin and stop. All parallel data streams have
12.5% of each symbol period cut from them. Once a time signal is recognised, its frames may
be demodulated into usable information. The information is deciphered for OVSF encoding.
After the data has been decoded, it is transformed back to an 8-bit word size so that it may be
utilised to create an output file. The obtained picture is then used to decode the watermark.
Modulation scheme performance with varying signal-to-noise ratios. It is worth noting that
QPSK modulation was used to create the picture in Fig. 4(a). QPSK is a modulation system
that employs four equally spaced points on the constellation diagram to encode data.
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Fig: 5.(a): Received Phases of MIMOOFDM Signal Fig 5.(b): BER Plot of Various modulation schemes

Conclusion

An effort to build and simulate a secure wireless communication system for an Internet of
Things—driven multiple-input multiple-output (MIMO) OFDM-based electronic health
record (eHR) configuration is provided and discussed. Transmitting a cover medical picture
with EPR contained in it successfully proved the functioning capacity of the proposed
system. LSB embedding, 1st ISB embedding, and 2nd ISB embedding are the three EPR
embedding strategies that have been used. The quality of the cover picture is degraded more
by ISB embedding than by LSB embedding, although it is resistant to LSB removal attacks.
This article's work ignores all estimating flaws since it assumes flawless channel estimation.
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