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Abstract: Multiple Input Multiple Output (MIMO) is an advanced communica-
tion technology that is often used for secure data transfer for military and other
applications while transmitting data with high error and noise. To address this
issue, a step-by-step hybrid Quadrature Phase Shift Keying (QPSK) modulation
scheme in the MIMO system for a complex Very Large-Scale Integration (VLSI)
format is recommended. When compared to Binary Phase Shift Keying (BPSK),
this approach provides twice the data rate while using half the bandwidth. The
complexity is lowered through multiplication and addition, as well as error and
noise reduction in data transport, and MIMO detection is accomplished through
the combination of two techniques, Inverse Fast Fourier Transform (IFFT) and
Stepwise Exponential Companding (SEC). IFFT converts frequency to the time
domain, reducing complexity by 23.56 percent in multiplication and an extra
34.05 percent. Likewise, hierarchical high-speed mixing decreases difficult limits
by 13% and the addition problem by 25%. This technological outcome results in a
decreased Signal-to-Noise Ratio (SNR) and Bit Error Rate (BER).

Keywords: MIMO (multi-input multi output); QPSK (quadrature phase shift key);
IFFT (inverse fast fourier transform); SEC (stepwise exponential companding)

1 Introduction

Mobile transmission is an important component of everyone’s daily life in terms of communication.
Data is delivered to a long distance in wireless communication [1]. Without any cable or fiber, the data is
delivered between the sender and receiver [2]. Many applications rely on the wireless connection at the
moment. WIFI and WLAN are two examples of widely used wireless technologies. QPSK modulation
based on SEC and IFFT techniques is introduced to boost efficiency and throughput [3]. MIMO is a
cutting-edge technique that is widely employed in mobile transmission as well as sends data securely [4].
It’s strategies can be divided to two categories: hard spotting and soft spotting. The basic understanding
of hard-spotting is to make direct contact with the potential set for the index vector [5], which is coupled
to the communication signal vector and then output the spotting effect. The receiver in the MIMO
approach should be aware of the channel’s characteristics. Their knowledge of the channel can be
obtained based on the matrix value [6].
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The main problems in realizing the promise of MIMO systems [7] are to build detection algorithms with
high throughput and low complexity while obtaining near-optimal performance, as seen in Fig. 1. In this
thesis, a new strategy for reducing difficulty and obtaining a high throughput output signal is
implemented [8]. Although PROM chips and FPGA are similar, FPGA offers more benefits compared to
PROM (programmable read-only memory [9].

The single input single output strategy has poor performance, which is solved by utilizing a MIMO
technique. MIMO is an acronym that stands for multiple input multiple outputs, which means that one or
more antennas assist at both the transmitter and reception ends [10]. Multiplexing or diversity inhibits
spatial degrees of freedom in MIMO systems. Diversity refers to several copies of the same signal, often
known as redundant information. For example, one or more antennas utilized at the communication
system’s destination receive identical copies of signals [11]. However, the incoming data is wrecked due
to uncorrelation and the existence of noise, therefore the two signals are blended to recover the original
data with higher quality [12]. The similarity between this technique and others is that greater noise-
reduced information was obtained by evaluating both identical signals from several communication
receivers. The Space-Time Coding (STC) technique is one method for providing diversity at the source
side by using numerous antennas [13].

Spatial multiplexing is another MIMO technique for improving performance. It is capable of sending
data with less bandwidth and electricity. The number of transmitter and receiver antennas utilized in the
spatial multiplexing technique can improve the throughput of any system exponentially [14]. The various
combinations of data streams are transmitted by the transmitter antenna, and these bits are received as a
linear function of data by the destination antennas [15]. When the presence of scattering is high enough
to decode the number of signals received from distinct types of sending antennas, the matrix function of a
wireless channel is reversed [16]. The gain of multiplexing is improved as a result of the MIMO system’s
operation. MIMO systems always maintain a balance between multiplexing gain and diversity. The
MIMO transceiver can discover an operating point in the region of gain of multiplexing and diversity
based on wireless channel characteristics [17].

2 Literature Review

In a study titled Fully-Pipelined K-Best MIMO Detector with Successive Interference Cancellation,
Bello et al. [18] examined a new VLSI detection algorithm. This paper reports a finest inverter though
VLSI employment of an entirely tube-based inverter using 65-nm CMOS technology. The hybrid

Figure 1: MIMO structure
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K-optimized method combines continuous noise suppression detection at minor class of search trees to
reduce the problem of detecting low-level interference, with a target BER of 1033 and a 0.3-dB SNR
loss. The enforcement results show that hybrid detection reduces area and power consumption by about
16% and 38%, respectively, when related to an entirely searched K-Best detector. Despite its 137 MHz
clock frequency, the detector offers more than 3 Gbps performance, is compatible with wireless standards
with reduced latency, such as IEEE 802.11ac.

Wu et al. [19] study avoids using the matrix’s reverse function, which reduces the size of the complex.
Meanwhile, an optimal relaxation value has been suggested to further accelerate the proposed algorithm’s
accumulation speed, and 2 approaches for computing record-probability ratios (LLRs) have been
obtained. It has been demonstrated that the proposed approach for analysis and simulation outperforms
other low-complexity signal identification procedures. The proposed method integrates fast and reaches
its effectiveness only with a minimal number of MMSE algorithm performances.

Cai et al. [20], investigated A Low Complexity and High Throughput MIMODetection VLSI Design for
MIMO-OFDM Systems. The Linear Minimum Average Squared Error (MMSE) MIMO Detector Design for
MIMO-OFDM Systems Based on Application-Specific Tool-Package Processor is finding of the present
study (ASIP). The proposed MIMO detector, as part of the IEEE 802.11ac-compatible PHY baseband
transceiver, provides less latency, great performance, and material consumption. The concept incorporates
DSMC 40 Nm CMOS technology, with each QRT engine having about 245 K logic gates. It has a
bandwidth of 20/40/80 MHz and 4 local streams. In 80 MHz VHD mode (234 data subcarriers), the
detection delay is 750 Ns.

Kosasih et al. and colleagues [21] investigated Low Complexity Multi-User MIMO Detection for
Uplink SCMA System Using Expectation Propagation Algorithm. In this paper, they introduced the
Expectation Propagation System (EPA) for SCMA, a less difficult detection technique. Importantly, EPA-
SCMA resolves the complicated challenge of MPA-SCMA and allows SCMA to be implemented in large
MU-MIMO systems. When transmitting and receiving antennas are amplified, EPA can reach ideal
detection performance, and a rotating design in the SCMA codebook has also been shown unnecessarily.

Yang and colleagues [22] investigated Massive MIMO Detection VLSI Design. The given solution
reduces difficulty of MPD and enhances clear output. The belief propagation (BP) is intended to increase
output. The proposed MPD achieves 6.9× better throughput while using 49% less energy than the prior
art design. By using the same amount of energy, the present polar decoders produce a 1.35× increased
throughput.

Adeva et al. [23], investigated VLSI Architecture for MIMO. The key strategies for constructing the first
efficient operation of the SISO-TSD algorithm are provided in this article. A new representation was
employed, which greatly decreases the difficulty when compared to advanced operations that require
more than 10 bits. The legislative and architectural principles given enable the appropriate use of pipe
and connecting systems. The costs of processing source data are also considered. Implementation of high
performance, low-hardware-complexity, and low-power consumption are done in tandem with the
definition of appropriate configuration. The final implementation demonstrates the best restoration
receiver configuration.

3 Methodology

The pie chart in Fig. 2 provides a summary of this paper’s methodology. The data is gathered and
processed in a serial to parallel converter. For the next step, the output of the S/P converter is modulated
with QPSK. IFFT is used to convert the time domain to frequency domain in order to acquire correct
modulation values. SEC is used at the receiver end to recover the original signal.
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QPSK is important transition schemes in digital communication and the modulated waveform of the
QPSK signal is shown in Fig. 3.

3.1 Quadrature Phase Shift Keying (QPSK)

QPSK changes carrier signal to bits or symbols Consequently, the bandwidth required can only be half
of the actual range. In this approach, a phase shift between the four carrier phase shifts is chosen
(0; p

2 ; p; and 3p=2Þ:
This system is built with two carriers: an in-phase (I) carrier and a quadrature-phase (Q) carrier. The

phase range of the odd carrier will vary from 0 degrees to 180 degrees and °, while the phase range of
the even carrier will shift from 90 degrees to 270 degrees. This is how a two-bit binary code’s four
potential states are represented. Two bits are represented by four separate carriers based on their odd or
even capacities in this modulation. Each possible carrier in the modulation is given a symbol. These
symbols are placed in a circle in a constellation diagram. QPSK delivers double the data rate while
requiring half the bandwidth when compared to BPSK.

3.2 Channel Estimation

When a signal is sent from sender to receiver, channel state information is required to understand the
channel properties, such as scattering, reflecting, multipath propagation, power decay, near far problem,
noise, and error estimation in a noisy channel. This method is known as channel estimation, and it can be
supported in a variety of ways.

Figure 2: Major steps involved in the proposed method

Figure 3: Wave form
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� A parametric model

� Temporal relationship on a mobile channel.

� Flexible or non-flexible techniques are used.

In Time Division Multiple Access, for user’s full bandwidth is allocated at different times. The original
signal is protected by coding in the OFDM system. At the start of each OFDM signal, there is a guard
interval. The receiver can readily collect the signal if the echoes occur inside the guard period, but this is
not possible if they occur outside of the guard interval. The OFDM system employs a guard interval of
0.8 s. A 0.4 s guard period is introduced to the OFDM system to boost the data flow. This result has a
result of 18% in the data rate. Packet rate is considerable when guard interval is short. When data is
transferred too long an impact is happened in mobile system’s performance.

3.2.1 SEC (Step Wise Exponential Companding)
SEC aims to integrate the benefits of both EC and PC systems. This innovative technique is used in an

OFDM system to reduce the power value. Because the EC’s primary role is to diminish the input symbol’s
power by uniformly spreading its amplitude, it lessens the power by changing its insight. EC offers few
advantages, including the ability to maintain a constant average power level inside the nonlinear
Companding operation. We can obtain several types of power level lowering approaches by selecting the
suitable Pi and t values.

2Ptþ2
i þ ðt þ 2Þr2Pd

i � ðt þ 2ÞPt
CP

2
i þ tPtþ2

C � ðt þ 2Þr2Pd
C ¼ 0 (1)

The OFDM signal transmission is shown in Fig. 4.

3.2.2 Phases for Performing SEC in MIMO System
Phase 1: Database source: This is encoded on the Transmitter side to obtain the necessary format.

Overall, it is capable of producing messages as words, bytes, code, symbols, bits, sound signals, photos,
and videos. The source’s primary function is to generate desired information that must be communicated.
A symbol or data bit is the term used to describe the information in communication.

2nd Phase: Serial to parallel converter: Parallel transmission is utilized to avoid this type of problem. The
fundamental advantage of a serial to parallel converter is that numerous data streams can be delivered
simultaneously in various channels. As a result, parallel transmission is faster than serial transmission.
Two shift registers are used to achieve this operation.

Phase 3: Modulation with QPSK: The S/P converter gives the data to the QPSK modulator. This
modulates the signal with four phases. As an example, let us consider the QPSK signal with Tsym,

Figure 4: OFDM signal transmission
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mðtÞ ¼ Acos½2pfCt þ hn�; 0 � t � Tsym; n ¼ 1; 2; 3; 4 (2)

The carrier signal is modulated in each data stream. In BPSK, a single carrier modulates only one bit.
Two bits are changed to single bit in QPSK method.

We can readily see from Eq. (2) that QPSK sends twice as much data as BPSK. The signal is multiplied
by cos(2f c t), and the quadrature signal is multiplied by −sin(2f c t). By combining in-phase and quadrature-
phase signals, the original QPSK signals are obtained. This is shown in Eq. (3)

L ¼ 2fs
fc

(3)

fc -> carrier frequency

fs -> sampling frequency

Fig. 5 depicts the modulation of digital data transmission.

Phase 4: Pilot framing: Based on pilot criteria Pilot sequence generation is done. Let us consider pilot
arrangements yi, i = 1, 2, …, M. Pilot sequences can help in both multi-cell and single-cell situations. The
creation of multicell sequences is based on (CAZAC). Among these pilot sequences, chu sequences
played an important role in generating correlation parameters for transmitting pilot signals. Let y1m Xlk
be the pilot sequence spread by the mth user at the 1th cell, then y1m = [x] 0 k,…, [x] n k,…, [x] ρ − 1 k
where ρ is the length of pilot sequences. As a result, it is widely known that extending the pilot sequence
would increase channel accuracy, but the number of data to be communicated is relatively low because it
will take more bandwidth. When the training period exceeds (Ns/2), the total rate is greatly condensed,
and assume (Ns N smooth/2) Furthermore, the length of pilot sequences should not be smaller than K to
assure orthogonality.

Xl ¼ Xl 0 H ; Xl 1 H ; . . . ; Xl K � 1 H s � K:

Phase 5: Perform an Inverted Fast Fourier transform (IFFT): It is a quick procedure to find DFT and
IDFT values. IFFT has the complexity of N/2 log2 N. Frequency signals are changed to time domain
signals using this method. Time domain refers to data relation to time.

Figure 5: QPSK modulation
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X ðnÞ ¼ 1

N
�
XN�1

k¼0

X ðkÞ � ei�2�pi�n�
K
n (4)

Eq. (4) is used to find time domain signal representation.

The change of frequency domain to time domain is shown in Figs. 6a and 6b.

Frequency,

f ¼ how many cycles of an oscillation

second
(5)

The period of a wave,

T ¼ amount of time it takes a wave to vibrate

one full cycle:
(6)

f = 1/T and T = 1/f are inversely relative to each other.

Phase 6: Channel: Where signals can travel. There must be one feasible solution, which is CSI, to
generate the optimal channel or to know the optimum path correction. If several transmitters and
reception antennas are arranged, it is possible to accomplish coherent recognition and diversity combining
in OFDM. The signal is broadcasted over the channel. Channel estimate can be made significantly by a
lack of understanding of channel data. To achieve flawless communication in the OFDM scheme,
adequate channel selection is required.

Phase 7: DE-SEC is given by,

m�1ðxÞ ¼
x; jxj,Pi

1

sgnðxÞ
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
P2
i � r2

p
ln

ðjxjt � Pt
cÞ=

Pt
i � PC

t

� �
; jxj � P_i

(7)

8><
>:

Figure 6: (a) Time-domain, (b) frequency domain
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Sign function is denoted as sgn(*).

sgnðxÞ
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
P2
i � r2

q
ln

ðjxjt � Pt
cÞ=

Pt
i � PC

t

� �
(8)

We need parameter Pc to determine SEC function. Parameter Pi is expressed in Eq. (7)

2Ptþ2
i þ ðt þ 2Þr2Pd

i � ðt þ 2ÞPt
CP

2
i þ tPtþ2

C � ðt þ 2Þ2rPd
c ¼ 0 (9)

After de-companding function Pc and Pi are formed. Low power results are obtained by adjusting Pc, Pi, t.

Phase 8: BOQRM MLD: For detecting MMO signal, consider the below 4 × 4 matrix of MMO,

m1

m2

m3

m4

2
664

3
775 ¼

z11 z12 z13 z14
z21 z22 z23 z24
z31 z32 z33 z34
z41 z42 z43 z44

2
664

3
775

l1
l2
l3
l4

2
664

3
775þ

n1
n2
n3
n4

2
664

3
775 (10)

where,m1,m2,m3 The many transmit antennas, n1, n2, n3…, and Z11, z22, z33…, are the medium responses
from the ith broadcasting antenna to the jth receiving antenna, respectively. The short form of Eq. (10), is
expressed, m = Zl + n.

In full MLD technique 4 × 4 MIMO system, the replicate of a signal is calculated as follows,

cm1 ¼cm2 ¼cm3 ¼cm4 ¼

8>><
>>:

z11l1 þ
z21l1 þ
z31l1 þ
z41l1 þ

z12l2 þ
z22l2 þ
z32l2 þ
z42l2 þ

z13l3 þ
z23l3 þ
z33l3 þ
z43l3 þ

z14l4
z24l4
z34l4
z44l4

(11)

In this method, both the transmitter and the receiver have perfect channel knowledge. Hence it is
replaced by a product of Qd and Td, finally, the expression is expressed as, m =QdTdl + n

QH
d is multiplied on both sides, them the resultant equation,

QH
d m ¼ Tdl þ QH

d n (12)

where QH
d is the complex conjucate transpose of Qd, so QH

d m replace by ½m0
1;m

0
2; m

0
3; . . .�T

and QH
d n is replaced by ½n01; n02; n03; . . .�T

m0
1

m0
2

m0
3

m0
4

2
664

3
775 ¼

t11 t12 t13 t14
t21 t22 t23 t24
0 0 t33 t34
0 0 t43 t44

2
664

3
775

l1
l2
l3
l4

2
664

3
775þ

n01
n02
n03
n04

2
664

3
775 (13)

where tij denotes the component of Qd in the row j and column i.

[1] Step: The replica m0
3 and m0

4 as follows,

m̂0
3 ¼ t33l3 þ t34l4

m̂0
4 ¼ t43l3 þ t44l4

�
(14)

From Eq. (14), (m3, m4) are calculated by graded in climbing order by the sum of the replica of the
matrices (m̂0

3; m̂
0
4Þ. Manhattan-Chebyshev metric is used for selection and it leads to low calculation.
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X
j¼3;4

ðjReðm0
j � m̂0

jÞj þ jImðm0
j � m̂0

jÞj þmaxðjReðm0
j � m̂0

jÞj; jImðm0
j � m̂0

jÞjÞÞ (15)

where, Re (⋅) -> Real part of complex number

Im (⋅) -> Imaginary part of complex number

Max (⋅) -> which returns the maximum of inputs.

[2] Step: Replica m0
1 and m0

2 as follows,

m̂0
1 ¼ t11l1 þ t12l2 þ t13l3 þ t14l4

m̂0
2 ¼ t21l1 þ t22l2 þ t23l3 þ t24l4

�
(16)

(m1, m2) are calculated as the same steps followed in stage1.

Phase 9: Parallel to serial converter: converts multiple data into single data element.

Finally, the original signal is available at the output of the parallel to serial converter which is shown
in Fig. 7.

4 Result and Analysis

The system’s performance is evaluated upon the number of pieces used and the no. of addition and
multiplication operations required. FPGA is popular because of its less cost complexity. When compared
to other technologies the performance of FPGA has less complexity. FPGA offers a high running
capability, making it ideal for Real-Time applications.

Fig. 8 depicts the proposed method’s device use. The FPGA virtex2 chip is utilized to implement this
technique. Vertex FPGAs are commonly programmed using the Xilinx ISE in languages such as VHDL
or Verilog. Tab. 1 shows the detailed output of the generated output. Slices in the flip-flop are 5%,
whereas, in other techniques, this figure is less than 2%. 1 is 3% and it will also improve the efficiency.
In FPGA number of slices relates the number of flip-flops and LUT used. If the no. of slices gets
increased the performance of the design will be enhanced. It can be seen that the ICON consumes around
54% of the slices, 45% of the flip flips, and nearly 43% of the LUTs. In contrast to the available RAM of
8 MB, the FPGA implementation requires 0.0225 MBytes of RAM. The contrast between PSK and
QPSK detection is shown in Tab. 1. This method reduces the steps of addition and multiplication by 33%
when compared with full MLD.

The comparison of BER vs. SNR for OFDM utilizing PSK and QPSK is shown in Fig. 9, where the
QPSK has lower DER and SNR modulation than the PSK and has extremely strong noise immunity.
When compared to PSK, the bandwidth required for QPSK is half that of PSK for the same bit error rate.
This has a low chance of error. The SNR value increased while the BER value fell in PSK and QPSK
modulation.

Figure 7: Parallel-serial converter
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5 Conclusion

This research concludes by stating that the proposed Stepwise Exponential Companding technique
reduces the complexity of the MIMO system. MIMO detection is performed in this technique by merging
two techniques, IFFT and SEC. The QPSK detector with MIMO produces low SNR and BER. In the
QPSK modulation method, one complex symbol encodes two binary bits. QPSK receivers are more
advanced than PSK receivers due to the four states necessary to recover binary data information. QPSK is
a less power-efficient modulation technique than other modulation types due to the aforementioned
rationale, as two bits require more power to transmit. In the case of MIMO detection, however, overflow
and quantization mistakes induced by the inherently limited precision frequently result in BER
performance loss. As a result, the bit-resolution must be appropriately specified, and hardware complexity
must be taken into mind. It can be expanded in the future to determine the Bit Error Rates of these
complementary techniques when combined with another modulation technique.
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Figure 8: Device utilization

Table 1: Complexity comparison between PSK and QPSK

Modulation PSK QPSK

Multiplication Addition & sub Multiplication Addition & sub

Full MLD 2,300 3, 703 2758 2648

BORM-MLD SEC & de-SEC 927 520 645 457

IFFT 258 1283 447 11,28

Total 1443 2403 1092 1585
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Figure 9: BER vs. SNR for OFDM using PSK and QPSK
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