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Abstract: The integration of multiple input multiple output (MIMO) - orthogonal frequency division multiplexing
(OFDM) has massively received attention due to its reliability, spatial multiplexing gain and improved spatial diversity
gain. However, the MIMO-OFDM is affected because of the errors that occurred during the communication such as
inter symbol interference, and inter carrier interference (ICI). In this research, the error correction using hybrid coding
algorithm (EC-HCA) is proposed for correcting the errors that occurred during the data transmission. The combination
of quasi cyclic low-density parity check (QC-LDPC) and space time block coding (STBC) approaches are used in the
hybrid coding which helps to achieve better data broadcasting over the MIMO-OFDM. Here, the interference among
the transmitting antennas is avoided by using the STBC. Therefore, the ICI and inter symbol interference (ISI) that
occurred in the MIMO-OFDM is minimized by the EC-HCA and it leads to achieving less BER. The performance of
the EC-HCA method is analyzed by means of the bit error rate (BER) and peak signal to noise ratio (PSNR). The
existing researches such as AED, PC-CC and TC-OPA are used to evaluate the performance of the EC-HCA method.
The PSNR of the EC-HCA for 2 x 2 MIMO-OFDM is 10.24 dB which is high when compared to the AED, PC-CC
and TC-OPA.
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1. Introduction

Nowadays, MIMO is considered an auspicious
approach because of its effective spectrum usage,
higher data rate, and transmission capacity through
the multipath fading channel [1]. MIMO is the
reliable approach that can handle the increasing
wireless data traffic of the future generation of a
wireless communication network [2]. Moreover, the
connection of multiple transmitters and receivers at
both ends of the MIMO system is used to increase the
channel capacity [3, 4]. OFDM is the essential
approach for the mobile communication network
because of its higher spectral efficiency [5, 6].
Generally, the OFDM separates the frequency-
selective fading channel into various flat fading
subchannels. After dividing the channels into
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subchannels, the cyclic prefix (CP) is incorporated
before each OFDM symbol as the guard interval (GI)
that performs an effective elimination of inter-
symbol interference (ISI). Since, the OFDM is
utilized in the various applications of wireless
communication such as broadband internet access,
mobile, satellite TV, and more wireless networks.
Hence, the MIMO is combined with the OFDM to
simultaneously enhance the system capacity and data
rate [7 - 9].

The main features of the MIMO-OFDM through
the single carrier system are resistance to channel
fading, robustness against impulse interference, less
nonlinear distortion, large power spectral efficiency,
ability to handle very strong echoes, uniform average
spectral density, and utilization of small guard
intervals [10]. Since the wireless channel generates
the inherent noise in the communication system
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which affects the data broadcasted over the channel.
These added noises either reflective, additive, or
power absorbing in nature produced an identical
effect over the broadcasting data in the wireless
channel. The aforementioned noise categories have
one parameter in common that is denoted as BER
[11]. The constructive addition of numerous
subcarriers leads to an increase in the PAPR of the
system. Thus, adverse effects such as BER
minimization and inter-modulation interference are
caused in the OFDM signal [12 - 14]. Therefore, the
forward error correction codes are developed for
identifying and correcting the errors that occurred in
the channel while transmitting the data without any
retransmission of the data [15].

The contributions of this paper are concise as
follows:

e The combination of quasi cyclic low density
parity check (QC-LDPC) and space time
block coding (STBC) approaches are used in
the hybrid coding helps to achieve better data
broadcasting over the MIMO-OFDM.

o Here, the interference among the transmitting
antennas is avoided by using the STBC.
Therefore, the ICI and IS that occurred in the
MIMO-OFDM are minimized by the EC-
HCA and it leads to achieving less BER.

This research paper is arranged as follows: The
existing works about the BER minimization in
MIMO-OFDM are provided in section 2. The
explanation of the proposed method is provided in
section 3. Section 4 provides the outcomes of the
proposed method whereas the conclusion is presented
in section 5.

2. Related work

Yavasoglu [16] implemented the concatenation
of Bose Chaudhuri Hocquenghem (BCH) and
convolutional code (CC) for OFDM with a multipath
fading channel. The interferences were avoided and
orthogonality between subcarriers was maintained by
using the cyclic prefix (CP) with BCH-CC. Moreover,
the impact of interferences was minimized by using
the interleaver and CP. The performance of the BCH-
CC-OFDM mainly depends on the coding rate of the
CC.

Lee [17] presented an iterative schemes-based
analog precoding matrix for the MIMO-OFDM
system. Additionally, one suitable precoding matrix
with higher power than the hybrid precoding matrix
was chosen for obtaining the optimal performance.
Here, the iterative algorithm was adopted by the
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hybrid precoding matrix. The value of mean square
error (MSE) among optimal and hybrid precoding
matrices for both the sub and full-connected
architectures were used to update the analog and
digital precoding matrix during the iterative process.
Subsequently, the precoder with the high power was
identified by performing the analog precoding in each
iterative process which was used to improve the
performance. However, the higher order of FFT
affected the performance of the MIMO-OFDM.

Ghazi-Maghrebi and Akbarian [18] implemented
the cyclic delay diversity (CDD) and discontinuous
doppler diversity (DDoD) based Alamouti encoding
and decoding (AED) for enhancing the capacity and
reliability. The developed CDD and DDoD-based
AED was analyzed using the second-generation
terrestrial video broadcasting system. Moreover, the
information about the CDD and DDoD wasn’t
required in the receiver. However, the BER of the
DDoD with Alamouti coding has high BER than the
conventional Alamouti coding.

Agarwal, and Mehta [19] examined the
probability of combining polar codes (PC) and CC for
obtaining the error correction in MIMO-OFDM. Here,
the PC-CC was analyzed under various modulation
schemes such as binary phase shift keying (BPSK),
guadrature amplitude modulation (QAM)-16, QAM-
64 and quadrature phase shift keying (QPSK). The
interference that occurred during the communication
was minimized by using PC-CC. However, this work
failed to consider the mapping of rectified bits during
the communication.

Pyla [20] presented the optimal power allocation
(OPA), coding, and channel estimation for enhancing
the capacity and BER. The statistics of SNR using the
singular value decomposition and water filling
algorithm were used to perform the adaptive
distribution of power in OPA. Here, a less amount of
channels was chosen for OPA, when the system has
less SNR. The comb-type pilot channel estimation
was done by using the minimum mean square error,
least mean square (LMS) and least square estimators.
The coding was done by using the turbo code (TC)
with the coding rate of 1/2 and 1/3 which was used
to minimize the errors. However, the step size
increment in LMS affected the performance of
MIMO-OFDM.

3. EC-HCA method

In this research, the EC-HCA method is
developed for correcting the errors that occurred
during the data transmission. The combination of
QC-LDPC and STBC approaches are used in the
hybrid coding helps to achieve better data
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Figure 1. Block diagram of the EC-HCA with MIMO-OFDM

broadcasting over the MIMO-OFDM. Here, the
interference among the transmitting antennas are
avoided using the STBC. Therefore, the ICI and ISI
that occurred in the MIMO-OFDM are minimized by
the EC-HCA and it leads to achieving less BER. Fig.
1 shows the block diagram of the EC-HCA with
MIMO-OFDM.

3.1 MIMO-OFDM system model

The system model of MIMO-OFDM generally
has three portions such as a transmitter, a channel,
and a receiver. Consider the MIMO-OFDM system
has N, amount of transmitting antennas and N,
amount of receiving antennas and N, amount of
OFDM subcarriers. Each data frame is encoded using
the EC-HCA method followed by the QAM
modulation which is performed over the encoded bits.
Subsequently, the serial data is transformed into
parallel data and inverse fast fourier transform (IFFT)
is employed for converting the symbols into time-
domain samples s, which is expressed in Eq. (1).

j21Tk
Se () = =SNES, (e M0<k<N-1
1)

Where the transmitting antenna’s index is
represented as a, consider & = 1,2; FFT’s length is
expressed as N which is equal to 256; the index of
subcarriers is expressed as k and OFDM symbol is
denoted as n.

The guard interval is incorporated for minimizing
the inter-symbol and inter-carrier interferences. After
multiplexing, the symbols are transformed into a
serial stream followed by the signal broadcasting
which is accomplished through the AWGN channel.
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Subsequently, the signal is traversed in the wireless
channel and is collected by the receiver. The signal
gathered by the MIMO-OFDM receiver (Y3) is

expressed in Eqg. (2).
Y3 (k) = X% He,p(K)Sq (k) + W (k) )

Where the receiving antenna’s index is
represented as 8, consider § = 1,2, and noise that
occurred through the wireless channel is W (k).

On the receiver side, the cyclic prefix is neglected
and symbols are again converted into the frequency
domain using the fast fourier transform (FFT) as
shown in Eq. (3).

LNy (e " osnsN -1 @3)

Where, yz is the discrete time domain signal.
After converting the symbols to the frequency
domain, QAM demodulation and EC-HCA decoding
are performed to get the input signal in the receiver.
A detailed explanation of the error correction code is
given in the following section.

3.2 Error correction using hybrid coding
algorithm (EC-HCA)

The EC-HCA is the combination of QC-LDPC
and STBC approaches. Initially, the data is given as
input to the EC-HCA where the encoding is done to
minimize the errors. In EC-HCA, the data is given to
the QC-LDPC followed by the encoded data from
QC-LDPC is given as input to the STBC. In general,
the LDPC is a linear block code having the ability for

DOI: 10.22266/ijies2022.1231.55



Received: August 25, 2022.  Revised: October 5, 2022.

avoiding burst errors. This LDPC is represented by
using a very sparse parity check matrix that has
mainly 0’s and few 1’s. The multiplication among the
uncoded word u of [ bits length and the generator
matrix of (G;xg) IS generated the codeword v of bits
length BL, hence the code rate is R =1/BL. The
parity check matrix H; pp. of the size M x BL, where
M = BL — 1 represents the set of parity check
expressions that are required to satisfy the
authentication of codeword as shown in Eq. (4).

HLDPC X UT =0 (mod@) (4)

Further, the parity check matrix of QC-LDPC has
square sub-matrices Z x Z through the Galois field
that are either zero matrix or identifies matrix’s cyclic
permutation. Here, the parity check matrix of QC-
LDPC is developed from M, X BLyyo and
prototype matrix H,,, in that, each entry of Hy,.,; is
swapped by using Z x Z cyclic shift matrix P€ is
expressed in Eq. (5).

P = [I5,[P]; forc>0 (5)

Where, c is the number of equivalent inputs in the

matrix Hy,o¢ and P1 is expressed in the following Eqg.

(6).

1, (imodZ2)+1=j
0, Otherwise

[P'];; = { (6)

Where j represents the parity bit; PO =1,; I
denotes the identity matrix and P~ = 0.

The following condition (7) is required to be
satisfied by the all Hy.,. . The prototype matrix
values of the parity check matrix are required to be
less than the cyclic shift matrix values for all code
word and parity bits.

[Horot],, <Z (Vi) )

The QC-LDPC’s parity check matrix of the size
M =Z X Mpyo; and BL = Z X BLy, . Here, the
messages are iteratively transmitted among the linked
variable nodes and check nodes during the QC-LPDC
decoding process. The ratio of posteriori probability
log-likelihood for bit i of a broadcasted codeword c;
expressed in Eq. (8) is given as input to the QC-
LPDC.

P(ci=0]Y;
L(e)) = log (F=3112) ®)

Where the channel output for c; is Y;.

International Journal of Intelligent Engineering and Systems, Vol.15, No.6, 2022

621

The encoded data from the QC-LDPC is given as
input to the STBC for further encoding of data. Each
information collected from the antenna is integrated
using this STBC which is chosen because of its easy
computation and high diversity gain. Consider, m is
the encoded data from the QC-LDPC and this data is
again encoded using the Alamouti STBC for the data
symbols q through the duration D and D + 1. Eq. (9)
summarizes each data’s time instance along the
varied duration.

m1(D) = q(D)

my(D) =q(D + 1)

m(D+1)=q"(D+1)

m,(D +1) = q*(D) )

Where, the complex conjugate is denoted by
using *.

Similar to the transmitter, the channel response
over the receiver CR;; fromjth transmitter and ith
receiver is included in the output of STBC Eg. (10).

r1i(D) = CRyq(D) + CR;q(D + 1) + W(D)
r1;(D) = —CRyq*(D + 1) + CR;3q" (D)
WO +1)  (10)

Where, output from STBC is r; q defines the data
symbols and W defines the noise that occurred in the
system. Therefore, the development of EC-HCA i.e.,
QC-LDPC with STBC is used to minimize the errors
that occurred during communication. Thus, the BER
of the MIMO-OFDM is minimized while
transmitting the data by correcting the numerous
errors that occurred in the communication.

4. Results and discussion

This section provides the outcomes of the EC-
HCA method. The implementation and simulation of
EC-HCA with MIMO-OFDM are done using the
MATLAB R2018a software. This simulation is
accomplished with the system configuration of an i5
processor and 6GB RAM. The EC-HCA is analyzed
with different antenna configurations such as 2 x
2,2%X 4, and 4 x 4. The modulation and channel
model used for this EC-HCA method is 16 QAM and
AWGN channel whereas the simulation parameters
are mentioned in Table 1.

The performance of the proposed EC-HCA

Table 1. Simulation parameters

Parameter Value
Antenna configurations 2%X2,2x4and4 x4
Modulation type 16 QAM
Number of frames 10,000
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Table 2. Comparative analysis of BER for EC-HCA with 2x2 MIMO-OFDM

SNR (dB) | AED[18] | PC-CC[19] | TC-OPA[20] | EC-HCA
1 5.0238x102 | 2.5119x10* | 2.5119x10?% | 1.0048x102
2 2.0000x102 | 1.0000x10! | 1.0000x10? | 4.0000x10
3 7.9621x10° | 3.9811x102 | 3.9811x10° | 1.5924x10°
4 3.1698x107%° | 1.5849x102 | 1.5849x10° | 6.3396x10*
5 1.2619x10° | 6.3096x10° | 6.3096x10* | 2.5238x10*
6 5.0238x10* | 2.5119x10° | 2.5119x10* | 1.0048x10*
7 2.0000x10* | 1.0000x10° | 1.0000x10* | 4.0000x10°
8 6.3246x10° | 3.1623x10* | 3.1623x10° | 1.2649x10°
9 2.0000x10° | 1.0000x10* | 1.0000x10° | 4.0000x10
10 6.3246x10 | 3.1623x10° | 3.1623x10° | 1.2649x10®
100 Table 3. Comparative analysis of PSNR for EC-HCA
‘ o e Meth\cl)v(;tsh XD OFI?STIR (dB)
AED [18]
~6—TC-OPA [20] AED [18] 3.8
10 —e—EC-HCA PC-CC [19] 29
TC-OPA [20] 5.3
7 \\ EC-HCA 10.24
)

10%— : ' :

2 4 6 8 10
SNR in dB

Figure. 2 BER of EC-HCA for 2 x 2 MIMO-OFDM

PSNR (dB)
- o

[N)

0 l l I
AED [18] PC-CC [19] TC-OPA [20] EC-HCA

Methods

Figure. 3 PSNR of EC-HCA for 2 x 2 MIMO-OFDM

method is analyzed with three different existing types
of research namely AED [18], PC-CC [19] and TC-
OPA [20]. The EC-HCA method is analyzed in terms
of BER and PSNR.

4.1 Performance analysis of EC-HCA for 2x2
antenna

The BER and PSNR of the EC-HCA method for
2 x 2 antenna configuration are analyzed in this
section. In this analysis, both the transmitter and
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receiver are initialized with the 2 antennas. Fig. 2 and
Table 2 show the BER of EC-HCA with AED [18],
PC-CC [19] and TC-OPA [20] for a 2 x 2 antenna.
From the figures and tables, it is known that the EC-
HCA has lesser BER when compared to the AED
[18], PC-CC [19] and TC-OPA [20]. The hybrid QC-
LDPC and STBC of EC-HCA are used to minimize
the errors that occurred while transmitting the data
frames. Specifically, the space orthogonal pattern
minimizes the errors that occurred between the
transmitting antennas. Thus, the BER of the EC-HCA
method is lesser than the AED [18], PC-CC [19] and
TC-OPA [20].

Moreover, the PSNR of EC-HCA with AED [18],
PC-CC [19] and TC-OPA [20] for the 2 X 2 antenna
is shown in Fig. 3 and Table 3. Accordingly, the
minimization of error increases the PSNR of the EC-
HCA method more than the AED [18], PC-CC [19]
and TC-OPA [20].

4.2 Performance analysis of EC-HCA for 2x4
antenna

This section shows the analysis of the EC-HCA
method with 2 X 4 antenna configuration. Here, the
transmitter is fixed with antennas, and the received is
fixed with 4 antennas. The BER of the 2 x 4 antenna
for EC-HCA with AED [18], PC-CC [19] and TC-
OPA [20] is shown in Fig. 4 and Table 4. From the
analysis, it is known that the BER of EC-HCA is less
when compared to the AED [18], PC-CC [19] and
TC-OPA [20]. The combination of QC-LDPC and
STBC in the EC-HCA creates a reliable data
transmission which results in less errors. The errors
of ISI and ICI are minimized by using developed
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Table 4. Comparative analysis of BER for EC-HCA with 2x4 MIMO-OFDM
SNR (dB) | AED[18] | PC-CC[19] | TC-OPA [20] EC-HCA
1 2.3148x102 | 1.0000x10! | 8.1169x10° | 4.9092x10°®
2 5.8146x10° | 2.5119x102 | 2.0389x107 1.2331x10°3
3 7.3201x10* | 3.1623x10% | 2.5668x10* | 1.5524x10*
4 1.8387x10* | 7.9433x10* | 6.4475x10° | 3.8995x10°
5 3.6687x105 | 1.5849x10“ | 1.2864x10° | 7.7805x10°
6 5.8146x10° | 2.5119x10° | 2.0389x10° | 1.2331x10°
7 1.1602x10° | 5.0119x10° | 4.0681x107 | 2.4604x107
8 1.8387x107 | 7.9433x107 | 6.4475x10® | 3.8995x10°
9 2.3148x10® | 1.0000x107 | 8.1169x10° | 4.9092x10°
10 2.3148x10° | 1.0000x10% | 8.1169x10° | 4.9092x101°
0 Table 5. Comparative analysis of PSNR for EC-HCA
) —a-PCCC [19] with 2 x 4 MIMO-OFDM
AED [18] Methods PSNR (dB)
y 4 TG-OPA [20] AED [18] 22.01
—A—EC-HCA PC-CC [19] 19.46
TC-OPA [20] 24.76
5 10 EC-HCA 28.33
i)
10° , i
d —e—PC-CC [19]
g AED [18]
—6—TC-OPA [20]
10— ; ‘ ‘ 10" —e—EC-HCA
2 4 6 8 10
SNR in dB 5
Figure. 4 BER of EC-HCA for 2 x 4 MIMO-OFDM m
1071
30 )
5
25 10_15 | | | |
2 4 6 8 10
20 SNR in dB

PSNR (dB)
>

AED [18]

PC-CC [19] TC-OPA [20]
Methods

Figure. 5 PSNR of EC-HCA for 2 x 4 MIMO-OFDM

EC-HCA

hybrid coding that is used to achieve less BER.

Fig. 5 and Table 5 show the PSNR analysis of
EC-HCA method for antenna configuration of 4 x 4.
This evaluation shows that the EC-HCA method
achieves higher PSNR when compared to the AED
[18], PC-CC [19] and TC-OPA [20]. In EC-HCA, the
errors that occurred over the MIMO-OFDM are less
because of the error correction done by using a hybrid
QC-LDPC and STBC algorithm. Accordingly, the

International Journal of Intelligent Engineering and Systems, Vol.15, No.6, 2022

Figure. 6 BER of EC-HCA for 4 x 4 MIMO-OFDM

EC-HCA results in a higher PSNR over the MIMO-
OFDM.

4.3 Performance analysis of EC-HCA for 4x4
antenna

The BER and PSNR of the EC-HCA method for
4 x 4 antenna configuration are analyzed in this
section. In this analysis, both the transmitter and
receiver are initialized with the 4 antennas. Fig. 6 and
Table 6 show the BER of EC-HCA with AED [18],
PC-CC [19] and TC-OPA [20] for a 4 X 4 antenna.
From the figures and tables, it is known that the EC-
HCA has lesser BER when compared to the AED
[18], PC-CC [19] and TC-OPA [20]. The interference
among the antennas is avoided by using the
developed EC-HCA, therefore, the ICI and ISI that
occurred in the MIMO-OFDM are minimized than
the AED [18], PC-CC [19] and TC-OPA [20].
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Table 6. Comparative analysis of BER for EC-HCA with 4x4 MIMO-OFDM

SNR(dB) | AED[18] | PC-CC[19] | TC-OPA[20] | EC-HCA

1 8.3116x10% | 5.0119x102 | 7.1293x10° | 2.2792x1073

2 1.6584x10° | 1.0000x107? 1.4225%x10° | 4.5475x10*

3 1.6584x10* | 1.0000x10° | 1.4225x10* | 4.5475x10°

4 5.2442x10% | 3.1623x10° | 4.4983x10° 1.4381x10°

5 2.0878x107 | 1.2589x10° | 1.7908x107 | 5.7250x10°

6 1.6584x10° | 1.0000x107 | 1.4225x108 | 4.5475x10°

7 5.2442x10° | 3.1623x10° | 4.4983x10° | 2.4381x10°

8 5.2442x101° | 3.1623x10° | 4.4983x101° | 3.4381x101°

9 1.6584x101* | 1.0000x10%° | 1.4225x101' | 4.5975x10*2

10 1.6584x101 | 1.0000x10%2 | 1.4225x101® | 4.7775x10%4
. communication. Thus, the BER of the MIMO-OFDM
is minimized while transmitting the data by
w0l correcting the numerous errors that occurred in the
communication. From the results, it is concluded that
=1 the EC-HCA provides better performance in terms of
B BER and PSNR than the AED, PC-CC and TC-OPA.
; The PSNR of the EC-HCA for 2 x 2 MIMO-OFDM
2sf is 10.24 dB which is high when compared to the AED,
ol PC-CC and TC-OPA. However, PAPR minimization
is also a challenging task, so in the future, an effective
st PAPR reduction can be developed for improving the

performances of MIMO-OFDM.
AED [18] PC-CC [19] TC-OPA [20] EC-HCA

Methods

Figure. 7 PSNR of EC-HCA for 4 x 4 MIMO-OFDM

Table 7. Comparative analysis of PSNR for EC-HCA
with 4 X 4 MIMO-OFDM

Methods PSNR (dB)
AED [18] 25.79
PC-CC[19] 22.46
TC-OPA [20] 23.55
EC-HCA 34.48

Moreover, the PSNR of EC-HCA with AED [18],
PC-CC [19] and TC-OPA [20] for the 4 X 4 antenna
is shown in Fig. 7 and Table 7. Generally, the PSNR
of the MIMO-OFDM is inversely proportional to the
BER. The less BER of EC-HCA automatically results
in higher PSNR than the AED [18], PC-CC [19] and
TC-OPA [20].

5. Conclusion

The hybrid coding used for the error correction is
the combination of QC-LDPC and STBC approaches.
Initially, the data is given as input to the QC-LDPC
followed by the encoded data from QC-LDPC which
is given as input to the STBC. The guard interval is
incorporated for minimizing the inter-symbol and
inter-carrier interferences. Therefore, the
development of EC-HCA i.e., QC-LDPC with STBC
is used to minimize the errors that occurred during
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Notation list
Parameter Description
S Time-domain samples
a Transmitting antenna’s index
N Length of FFT
k Index of subcarriers
n OFDM symbol
Ys Received signal
B Receiving antenna’s index
W (k) Noise
Vg Discrete time domain signal
u Uncoded word
l Length of uncoded word
Gixpy, Generator matrix
BL Length of generator matrix
% Codeword
H,ppc Parity check matrix
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ZXZ Square sub-matrices
Hpror Prototype matrix
P° Cyclic shift matrix
c Number of equivalent inputs
I Identity matrix
m Encoded data from the QC-LDPC
q Data Symbols
D Duration
CR;; Channel response
r Encoded data from the STBC
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