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Abstract:

Orthogonal Frequency Division Multiplexing (OFDM) is used to enhance Bit Error Rates
(BER) performance for error free transmission in free space in free pace. OFDM-based systems
operate in the hostile multipath radio environment, which allows efficient sharing of limited
resources. This research work was designed, developed and simulated an FFT-OFDM based
System using the basic blocks of Simulink in MATLAB/Simulink software, to enhance BER for
error free transmission. The system was design using Fast Fourier transform (FFT) and Inverse
Fast Fourier transform (IFFT).

This was achieved in backing of collection and review of high-quality research papers, which
reported the latest research developments in OFDM communications networks, and its
applications in future wireless systems. The research mitigated the noise enhancement effect.
And many critical problems associated with the error transmission in wireless communication
networks in the future. An error transmission in wireless systems is global issues and challenges
that are still looking for efficient solutions. This research work would overcome the global issues
and challenges facing the wireless communication network.
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1. Introduction

Currently, the need of error free transmission network becomes high due to many issues related to
wireless transmission and broadband and multimedia applications in which OFDM technologies
is the answer to these issues. A summary of major research in significant stages are noted that used
of OFDM systems to replace the used of single-carrier modulation techniques are necessary [11].
Other contributions of multi-carrier modulation techniques include the limitations of bandwidth,
and the speed of the data rates or power of transmission which need significant increase. However,
OFDM transmit different sub-carriers; between sub-carriers is guard-band to avoid interference
that is to eliminate or reduce inter-symbol interference (ISI) and inter-carrier interference (ICI).
The sub-carriers are designed to be orthogonal, these allows sub-carriers to overlap and saved
Bandwidth, that achieving higher data rate signals and improve BER performance.
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Moreover, if you send single carrier frequency and the carrier frequency may become useless, due
to either fading or other interference like ISC and ICI one station loses of service. But since OFDM
takes one-word carrier and spreads it over several smaller carriers, so even if you have one fading
in one specific frequency the station still has other useful channels, which can still convey the
information. So instead of numerous adjacent symbols being destroyed, only some symbols are
little bit distorted, spectral overlapping among sub-carriers is allowing improved spectral
efficiency and used of steep band pass filter is eliminated [9]. In OFDM transmission where
subcarriers are orthogonal to each other in frequency domain, it also distributes data over many
numbers of carriers that are spread out at precise frequencies. This spacing gives the orthogonality
in this method that prevents the demodulators from detecting other frequencies rather than their
frequency. This process is demonstrated in figure 1 below by the guard interval and cyclic prefix.
Cyclic prefix it reduces or even eliminates the ISI.
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Figure 1: Guard Interval and cyclic Prefix [4].'

The main aims and objectives of this research work are:
1) To design and develop OFDM systems
2) To enhance BER performance for error free transmission.
3) Finally, to achieve error free transmission in wireless network on the simulation results,
that can be expanding and be used in wireless communication network.

2. Literature Review

This would section would provide an overview on the other research works that have been done
on OFDM systems, which indicate the importance of OFDM systems in reducing or even
eliminating noise effect and interference. Many researchers would give different design solution
to the challenges associated with error in transmission. Many studies have been getting desired
results which can be used to improve the system performance and reduce the effect of ISC and ICI
which still need further enhancement.

2.1. The concept of OFDM

The concept of OFDM was designed in earlier 1960s; it was not able to be achieved until the
emergence of Fast Fourier transform (FFT) with the emergence of inverse Fast Fourier transform
(IFFT) was made possible to generate OFDM using the digital domain for orthogonality of sub
carriers [3]. The idea of using Multi-Carrier High-speed data rates technologies such as OFDM
parallel-data transmission and frequency division multiplexing (FDM) was earliest initiated in the
middle of 1960s [8]. The basic concept was to make used of parallel data and OFDM with
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overlapping sub-channels to avoid the used of higher speed equalization to avoid impulse noise
and multiphase distortion and fully utilize bandwidth. This technology has been examined as the

next generation transmission scheme for mobile wireless communications networks, as it most
widely used communication technology in Wi-Fi and LTE [7].

Different users’ data transmit different sub-carriers; between sub-carriers is guard-band to avoid
interference. In multi-carrier FDM the data of the user can be separated into multiple sub-stream
and transmit them in parallel, to make the data rate high. While OFDM the sub-carriers are
designed to be orthogonal, these allows sub-carriers to overlap and saved Bandwidth, that make
data rate higher [1]. In OFDM the carriers are all generated by single transmitter in a special way
that allow them to be tight much closer together and spend a much wider Bandwidth that means
we can reduce or eliminate Guard-Band. And sub-carriers can be packed tightly without
interference with each other and fall offset at band edges.

2.2. Related Works

Wireless channels can be considered as frequency selective when the bandwidth of signal is very
wide, can reduction of ISI and ICI. And support multi user technique where it can accept many
number of users showing spectral efficiency. Therefore, multiple streams can be transmitted in
parallel while maintaining the relative phase and frequency connection between them. In a model
system, some of these subcarriers can be saved as a guard band to avoid adjacent channel
interference.

Below is the simplified OFDM system design which carried out using Simulink to simulate the
FFT OFDM and DWT OFDM. The Simulink models for the two systems are illustrated in figures2.
The first circuit designed using QPSK modulation scheme and second used QAM modulation
scheme as can be seen the figures bellow. BPSK and QAM simulations the modulators and
demodulators are placed in transmitter and receiver side accordingly in other OFDM system
designs [5].
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Figure 2: Simplified OFDM Simulink Model for DWT and FFT [5]

Figure 3 below demonstrated the plots of the simulation results of BER performance of the FFT
based OFDM and the DWT based OFDM system for the different modulation schemes of BPSK,
QPSK and QAM in all the various cases the initial phase angle of the Oscillators is set as zero and
the impairment variation in terms of v is in traduced [6].
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Figure 3: BER Performance of OFDM using DWT and FFT for BPSK [4]

However, OFDM could be designed using a Discrete Wavelet Transforms (DWT) to replace in a
position of FFT for frequency translation. The OFDM model for both DWT-OFDM and FFT-
OFDM based system using 16-QAM, 32-QAM, 64- QAM and 128-QAM modulation techniques
have been used in the developed OFDM model system. This paper has achieved better performance
in terms of BER in DWT-IDWT based OFDM transmitter and that all the wavelet has better
performance over the IFFT-FFT implication [2].

The parameters used includes: number of subcarriers of 64 (for FFT and DWT), modulation
Scheme were 16-QAM and 64-QAM and channel was AWGN. Figure below shows the BER
Performance of 16-QAM FFT/DWT OFDM system. To confirm the consistency of the
MATALAB/Simulink simulations, OFDM symbols are made to get each BER value in the
simulations. The simulation result showed in figure below which illustrates the performance of
DWT-OFDM is much better than that of FFT-OFDM. In case of FFT-OFDM a BER of 0.0020 is
achievable at 12 dB SNR, while DWT-OFDM gives BER of 0.0017 at 9 dB SNR. Table 1 shows
numerical result of the simulation for 16-QAM FFT and DWT-OFDM system [2].

Table 1: BER Performance for 16-Qam FFT/DWT OFDM system [2]

SNR(dB) BER of FFT-OFDM BER of DWT-OFDM
0 0.4968 0.1195
6 0.4300 0.0172
9 0.1544 0.0017
12 0.0020 0
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Figure 4: BER Performance 16-QAM FFT/DWT OFDM system [2]

Both OFDM and SC-FDE transmission schemes were adopted by the standard and the BER are
obtained for each repetition of the process of the energy per bit to noise power spectral density
ratio (En/No) as illustrates in figure 5 below of the OFDM Simulink model system [3]

S — S —
: : | e Mo 1O imbalances |7
100 BT e RRL R : : Siririziiiiiizizziiizocs ==0dB Ap=22 E
Fi: EE T DIiiiiiil ] e c=0dB Aag=ae E

i —— ==0dB Ap=5"
— B ==0dB ag=8°
==0dB Ap=10" H

BER

i i i i i i
s} = E 5} 10 1z 1 11

=
EbiN0e [dE]

Figure 5: BER performance of OFDM vs 1/Q Imbalances Phase Mismatch [3]
2.3. Summery

Many categories of OFDM system design were illustrated in the above review research works in
which different modulations were used in their various designs which they used to obtain their
various results for the effectiveness and desired results. However, | would like to conclude that,
the results obtained in this research work of OFDM model system designed is much better than
any of the above-mentioned results obtained by others work, in terms of BER performance.

3. Methodology

This section shows the techniques approached adapted to carry out the research work, by designing
and developing of OFDM systems, as well as reviewing of various high-quality research papers
that would be used in developing the system. The designed circuits would be simulated on
MATLAB/Simulink software, to investigate the performance of OFDM in term of reducing or
even eliminating error for error free transmission success.
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3.1. OFDM Systems

The system would be designed and simulated on MATLAB/Simulink software to investigate the
performance of OFDM in term of reducing or even eradicating error for error free transmission
success.

3.2. Constellation Plots

The constellation plot in the data received with noise, the transmitted constellation diagram
without Noise. It is believed that channel induced noise affects the received signal. Thus, errors
are introduced in the demodulation and decoding processes. As expected, the received
constellation plot does not return errors introduced by the channel. Hence, the points are
incompatible with the lookup table QAM demodulation has been affected both phase and
amplitude of the signal. The situation was mitigated after correcting some parameters in the
transmission channel.

3.3. BER Performance

The BER was very higher due to channel induce error Base on the simulation results obtained a
constant error has been observed, which results in the strait lines in BER plot. That happens
because OFDM transceiver designed in the first time does not have channel estimation. But after
applying channel estimation on the OFDM system designed, the big degradation in BER was
achieved. Therefore, it is important to include channel estimation to enables higher system
performance.

4. Implementation

After the systems are designed and simulated this section provides comprehensible explanation
about the final stages of the search work, and simulation results obtained by the system. The final
stages of the project implementation are the BER performance of the simulation results as it can
be seen clearly in figures below using different modulation schemes. The first stage of the design
is flow chart which can be seen in figure 6 below.

QOFDM Wodel with BPSK, QPSK, W-PSK
and QANM under AWGHK Channel

Check BER Performance for the
Modulations Scheme

0

Perform Analysis for BER vs SMR

Figure 6: Flow Chart
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The second stage of the design is the FFT-OFDM system which can be seen in figure 7 below
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Figure 7: OFDM System design using QAM
4.1. Simulation Results for BER Performance

The simulation results shows that the higher the SNR in the OFDM system, the lower the BER as
can be seen from tables 2, 3 and 4 and figures 8, 9 and 10 below which represent BPSK, QPSK,
8-PSK, 16-PSK and 32-PSK simulation results. 4-QAM, 8-QAM, 16-QAM and 32-QAM
simulation results and BPSK, QPSK and QAM simulation results respectively. However, BPSK
has better BER performance than QPSK and QPSK has better BER performance than QAM under
the same transmission rate.

BPSK, QPSK and PSK Modulation

Table 2: BER vs SNR of (BPSK, QPSK, 8-PSK, 16-PSK and 32-PSK)
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SNR BER

- BPSK QPSK 8-PSK 16-PSK | 32-PSK
0 0.01611 0.0231 0.02845 | 0.0389 0.0399
1 0.01141 0.0198 0.02661 | 0.034 0.03897
2 0.00898 0.0138 0.0206 0.02984 | 0.03374
3 0.006871 | 0.008101 | 0.01748 | 0.02601 | 0.03001

[20]


http://www.ijetmr.com/

[Abdullahi *, Vol.6 (Iss.2): February 2019] ISSN: 2454-1907
DOI: 10.5281/zenodo.2585472

Figure 1

L

; BER FOR BPSK, QPSK, 8-PSK, 16-PSK 32-PSK UNDER AWGN
10° F_j T T T T T T T T 'I'_"

BPSK
QPSK
B-PSK
16-PSK
32-PSK

o
L -2
& 107

10730

Figure 8: BER of (BPSK, QPSK, 8-PSK, 16-PSK and 32-PSK)
4-QAM to 32-QAM Modulation

Table 3: BER vs SNR (dB) for (4-QAM, 8-QAM, 16-QAM and 32-QAM)
SNR BER

- 4-QAM | 8-QAM | 16-QAM [ 32-QAM
0.02939 |0.0355 |0.0371 | 0.0489
0.0241 | 0.02899 [ 0.0300 | 0.0458
0.0198 [0.0226 |0.0257 |0.0422
0.0140 |0.0199 |0.0204 | 0.04091
0.00904 |0.0154 |0.0161 | 0.0358

AW INFL|O

4 0.005718 | 0.006478 | 0.009598 | 0.0212 0.02740

5 0.004674 | 0.00534 | 0.008091 | 0.0193 0.0244

6 0.0030078 | 0.00450 | 0.00698 | 0.01518 | 0.02109

7 0.002598 | 0.00368 | 0.005701 | 0.01024 | 0.0186

8 0.00197 0.002701 | 0.004599 | 0.00877 | 0.0164

9 0.001599 | 0.002149 | 0.00390 | 0.00758 | 0.0133

10 0.001079 | 0.001978 | 0.003264 | 0.006008 | 0.01018
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5 0.00798 | 0.00991 | 0.0129 0.0351

6 0.00498 | 0.00898 | 0.00941 | 0.0304

7 0.00420 | 0.0078 | 0.007989 | 0.02699

8 0.00389 | 0.00614 | 0.00646 | 0.0241

9 0.003109 | 0.00521 | 0.00598 | 0.0211

10 0.00284 | 0.00481 | 0.005523 | 0.01919
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Figure 9: BER of 4-QAM, 8-QAM, 16-QAM and 32-QAM
BPSK, QPSK and 16-QAM Modulation

Table 4: Comparison of BER for BPSK, QPSK and16-QAM

SNR BER

- BPSK QPSK [ 16-QAM
0 001611 |0.0231 |0.0371
1 0.01141 [0.0198 | 0.0300
2 0.00898 | 0.0138 | 0.0257
3 0.006871 | 0.008101 | 0.0204
4 0.005718 | 0.006478 | 0.0161
5 0.004674 | 0.00534 | 0.0129
6 0.0030078 | 0.00450 | 0.00941
7 0.002598 | 0.00368 | 0.007989
8 0.00197 | 0.002701 | 0.00646
9 0.001599 | 0.002149 | 0.00598
10 0.001079 | 0.001978 | 0.005523
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Figure 10: Comparisons for BER Performance of BPSK, QPSK and QAM

4.2. Constellation Plots

The transmitted and received constellation plots for the BPSK, QPSK,8-PSK and 8-QAM
Constellation Plots on the modulation results can be seen clearly in figures11, 12, 13 and 14 below,
the transmitted constellation plot transmits without noise, while the received constellation plot do
not return errors introduced by the channel.

BPSK Constellation Plots
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Figurell: BPSK (Transmitted Constellation Plots Figure: Received Constellation Plbts)
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8-PSK Constellation Plots
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8-QAM Constellation Plots
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Figure 14: 8-QAM (Transmitted Constellation Plots Figure: Received Constellation Plots)

Http://www.ijetmr.com©lInternational Journal of Engineering Technologies and Management Research [24]


http://www.ijetmr.com/

[Abdullahi *, Vol.6 (Iss.2): February 2019] ISSN: 2454-1907
DOI: 10.5281/zen0d0.2585472

5. Conclusion

The test carryout and results obtained considering the two stages the simulation results obtained
can be concluded the system performance. First the BER performance plots obtained when
compared with theory and BER-Tool curve and analyzed the results, the results confirm to be
succeeded where by a BER of 0.0010 is achievable at 10 dB SNR using FFT-OFDM.

Second stage is considering results of constellation diagrams obtained in both transmitter and
receiver sides, which used to investigation and analyzed the level of error. The required result is
obtained and aims were achieved, there the results obtained can used and be expanding and be
used in wireless communication network.

6. Recommendations for Future Work

Under different modulations schemes, there were numerous recommendations for improving the
OFDM system design. However, on the other research work an OFDM system design using DWT -
OFDM system simulated results obtained was analyzed in terms of BER vs SNR. And investigated
the performance of both DWT-OFDM and FFT-OFDM in the presence of phase noise; better result
was achieved in terms of BER in DWT-OFDM system over the FFT-OFDM system. | therefore
recommended the use of DWT-OFDM system in the next OFDM system design for better BER
performance.
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