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 Multiple-input multiple-output (MIMO) and orthogonal frequency division 

multiplexing (OFDM) are widely utilized in wireless systems and maximum 

data rate communications. The MIMO-OFDM technology increases the 

efficiency of spectrum utilization. The peak-to-average-power ratio (PAPR) 

minimization in MIMO-OFDM is a complex task in wireless 

communications systems. In this research, an adaptive tunicate swarm 

optimization with partial transmit sequence (ATSO-PTS) algorithm is 

proposed for a reduction of PAPR in MIMO-OFDM. The nonsquare-matrix-

based differential space time coding (N-DSTC) scheme is used for the 

encoding and decoding process of MIMO-OFDM. The N-DSTC encoding 

and decoding are linear error-correcting codes that are utilized for message 

transmission over noisy channels. The pre-specified quadrate phase shift 

keying (QPSK) symbol is deployed for the modulation and demodulation 

scheme. On the receiver side, the serial to parallel (S/P) conversion, and fast 

Fourier transform (FFT) are accomplished, alongside the received data bits 

being demodulated to obtain the output bits. The proposed ATSO-PTS 

method achieves better results according to performance metrices PAPR, bit 

error rate (BER) and signal-to-noise-ratio (SNR), with values of about 2.9, 

0.01 and 0.025, respectively. This ensures superior results when compared to 

the existing methods of twin symbol hybrid optimization applied to partial 

transmit sequence (TSHO-PTS), selective level mapping and PTS (SLM-

PTS), and particle swarm and grey wolf (PS-GW) with PTS, respectively. 
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1. INTRODUCTION 

The growing need for advancements in wireless applications has rendered the currently available 

radio frequency (RF) spectrum, inadequate to meet future service requirements [1]. Orthogonal frequency 

division multiplexing (OFDM) is majorly considered in wireless systems to attain maximum-rate data 

transmission due to its larger spectral efficiency, simple equalization, as well as low-complexity execution 

[2], [3]. Therefore, OFDM is also majorly utilized in wideband communications over mobile radio channels, 

digital audio broadcasting, high-bit-rate digital subscriber lines and optical systems [4]. Despite the OFDM 
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having number of advantages, it has one major limitation, which is that the transmitted signal has a high 

peak-to-average-power ratio (PAPR) [5]. On an summption of maximum PAPR, the OFDM signal is fasten 

when it forwards by non-linear high-power amplifier (HPA) and thus, the performance is degenerated, while 

in-band bias as well as out-of-band radiation also happens. Thus, the OFDM transmitters needs costly linear 

HPA with extreme dynamic range [6], [7]. Recently, a number of optimization algorithms are recommended 

to optimize the partial transmit sequence (PTS) technique for PAPR reduction in OFDM systems [8]. 

Between them, the most famous evolutionary algorithms are the genetic algorithm (GA), differential 

evolutionary algorithm (DE), and biogeographic optimization algorithm (BBO) which are majorly used for 

the reduction of PAPR [9]. However, the selection of the phase factor sequence in the PTS approach is a risk 

in non-linear optimization, which is caused by greater complexity and memory utilization if there are a 

greater number of non-overlapping sub-blocks [10], [11]. By embedding the pilot signal within the optical 

OFDM signal in the frequency domain minimizes the time domain signals [12]. A reduction of PAPR in 

MIMO-OFDM is a complex task in wireless communications, where the spectral efficiency is also reduced 

when the cyclic prefix enters in OFDM [13]. According to the literature and targetted at the limitations of an 

existing signal compounding transform methods, a novel approach is inroduced for combinely optimize the 

PAPR and bit error rate (BER) performance [14], [15]. 

Sarkar et al. [16] implemented a twin symbol hybrid optimization applied to partial transmit 

sequence (TSHO-PTS) to minimize PAPR in cyclic prefix-OFDM (CP-OFDM). The hybrid optimization 

algorithms of salp swarm (SS) as well as bald eagle search (BES) were produced to determine phase factor. 

The digital chaotic was utilized to certify physical layer security in data transmission for (DFT-S-OFDM) 

subcarrier allocation. A PTS method achieved the minimum PAPR in less processed and consumed time, but 

the efficiency of bandwidth was decreased by the system itself. Sidiq et al. [17] developed a hybrid method 

of selective level mapping and PTS (SLM-PTS) with ant bee colony (ABC) phase optimization for PAPR 

minimization. The SLM was initially enforced to the traditional farnesyl dimethyl chromanol (FDMC) signal 

and the PAPR signal was obtained with selected similar phase sequences. This method significantly 

minimized the PAPR by the minimum computational complexity by combining the SLM and PTS benefits. 

The SLM-PTS suffered from the interface between unsynchronized symbols in the closest bands. Kumar et 

al. [18] implemented a PTS over a hybrid of particle swarm and grey wolf (PS-GW) optimization for the 

performance of minimum PAPR, as well as low computational complexity. The PS-GW identified the phase 

rotational factors combination effectively. The PS exploitation was improved with the estimation capability 

in GW to develop multiple variations in quality. The PS-GW achieved better performance and minimum 

PAPR than the PS and GW. However, PAPR achievement was decreased using various channel constraints. 

Prasad and Jayabalan [19] implemented a particle swarm optimization (PSO) applied to the technique of PTS 

to identify the phase factor for reducing the PAPR. A scaling factor was established in the velocity updating 

equation of conventional PSO to enhance the inertia weight and particle velocity. The PSO-PTS achieved the 

efficient minimum PAPR and was most efficient for the applications using the 64-quadratic amplitude 

modulation (QAM) modulation scheme, but this method performed a low convergence rate. 

Şimşir and Taşpınar [20] implemented a discrete elephant herding optimization using PTS (DEHO-

PTS) to minimize PAPR in universal-filtered multi-carrier (UFMC) signals to the lowest levels. An advanced 

scheme of PTS was powered by an intelligent optimization which was enforced to UFMC waveform. This 

approach was majorly focused on decreasing the transmission signals in PAPR values and achieved better 

performance and low BER. The conventional PTS was a difficult method for systems to obtain efficient 

transmission powers with a smaller number of searches. Bai and Yang [21] developed an enhanced PSO 

called the discrete adaptive PSO (DAPSO) approach for solving the problem of high PAPR in UOWC. This 

method integrated PTS and DAPSO to minimize the PAPR in the UOWC system. The PTS was applied to a 

probabilistic approach for effectively defeating the performance of PAPR. Simultaneously, the two-

dimensional adaptive PSO effectively modified the comprehensive search for the phases of PTS. This 

method effectively solved the complexity of the calculation and also achieved a fast convergence speed. 

Abed et al. [22] introduced PSO-based dummy sub-carriers which were applied with data, without 

transmitting the side information for PAPR reduction. The fusion of suggested approach was employed by 

calculating a PAPR at an outcome of inverse fast fourier transform (IFFT). Later, this method added the six 

adaptive sub-carrier sequences to an IFFT input data. This method transmitted the data when the dummy sub-

carrier was in a significant threshold. Further, it utilized the additive white gaussian noise (AWGN) channel 

to explore the performance of PAPR and BER. This method achieved low computational complexity 

regarding the number of additions and multiplications, but it had a low convergence rate. Li et al. [23] 

developed a PTS-based discrete PSO with a threshold (PTS-DPSO-TH) and utilized to a filter bank multi-

carrier with quadratic amplitude modulation (FBMC/OQAM) for PAPR reduction. This method utilized the 

DPSO to identify an optimal solution and effectively minimize the PAPR in the OQAM approach, alongside 

reducing the complexity problem. Then, the threshold was established to minimize the iteration numbers, and 
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later decrease the system complication on the assumption of undertaking the PAPR reduction performance. 

The PTS-DPSO-TH effectively reduced the PAPR, but this approach had a low convergence rate.  

Şimşir and Taşpınar [24] introduced an efficient PAPR reduction method for the waveform of the 

UFMC system. This method initially introduced a novel discrete version of the invasive weed optimization 

(DIWO) approach and combined it with the traditional PAPR reduction approach called PTS deployed as the 

phase optimizer. By doing so, this method acquired a novel method known as DIWO-PTS. The DIWO was 

the method to optimize the phase sequences in the discrete phase. The DIWO achieved the best phase 

integration in a minimum number of searches. However, the DIWO had less population diversity and did not 

take the best member of the population during the process of optimization. Ali and Hamza [25] implemented 

a new optimization method, teaching-learning-based optimization (TLBO) for the reduction of PAPR in the 

OFDM signal. This approach introduced selective mapping (SLM) based TLBO for the effective reduction. 

The TLBO was performed to identify search factors in the SLM approach. This method effectively reduced 

the PAPR with low computational complexity and did not require certain parameters. However, this method 

consumed a larger memory storage space. To address these limitations of the existing methods, the MIMO-

OFDM systems are proposed in this research. Simultaneously, the synchronization, evaluation of channel, 

PAPR, larger memory storage, selection of antenna, and convergence rate were the specific limitations of the 

above-discussed existing methods which are examined through the OFDM signal. Therefore, for the 

reduction of PAPR, the novel adaptive tunicate swarm optimization with partial transmit sequence (ATSO-

PTS) with MIMO-OFDM approach is introduced to minimize PAPR in OFDM. Further, the proposed 

method is briefly discussed in the following section. This research’s major contributions are as follows: 

− This research offers the reduction of PAPR with faster convergence as well as minimized computational 

complexity as the foremost achievement. 

− The paper focuses on minimizing PAPR using quick convergence and minimizing computational 

complexity. The ATSO-PTS is developed for PAPR reduction in MIMO-OFDM. 

− Nonsquare-matrix-based differential space time coding (N-DSTC)approach is employed for encoding 

and decoding which helps to achieve better data broadcasting over the MIMO-OFDM. This research 

considers quadrature phase shift keying (QPSK) for modulation/demodulation because of its low error 

probability. 

The rest of the paper is arranged in the succeeding way: section 2 presents the proposed 

methodology which includes the MIMO-OFDM system with N-DSTC encoding and decoding approaches. 

Section 3 discusses the ATSO. Section 4 describes results and discussion and finally, section 5 describes the 

overall summary. 

 

 

2. PROPOSED METHOD 

In this research, an ATSO is proposed with the N-DSTC coding for minimizing PAPR while 

transmitting the data over MIMO-OFDM. The N-DSTC codes are linear error-correcting codes that are 

utilized for the transmission of messages over noisy channels. Figure 1 depicts the proposed method’s 

workflow.  

 

 

 
 

Figure 1. Workflow of the proposed method with MIMO-OFDM 

 

 

At the transmitter, the incoming binary data is first grouped and mapped according to the coding 

scheme of N-DSTC. The QPSK symbol is the pre-specified modulation scheme utilized, and then converted 

into parallel signals by serial-to-parallel block. After inserting some pilots, IFFT is additionally deployed for 
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transmitting a sequence of data to a time-domain signal. An ATSO is inserted into the time-domain OFDM 

symbol to reduce the inter carrier interface (ICI) and inter symbol interference (ISI). The transmitted signal 

passes by using the channel with AWGN noise after the converting the signal serial into parallel. The FFT is 

followed after the conversion of serial to parallel at the receiver. After FFT, some pilots are removed and the 

system is converted from parallel to a serial block. At last, the binary data is acquired after the demodulation 

using the QPSK modulation scheme, and decoding using the N-DSTC coding scheme. The QPSK provides a 

low error probability and good noise immunity, alongside the bandwidth required by the QPSK being 

reduced to half as compared to binary phase-shify keying (BPSK) for the same BER. Furthermore, IFFT is 

employed for transmitting the sequence of data to the time-domain signal, after inserting some pilots. 

 

2.1.  System model of MIMO-OFDM  

In this paper, a system model of MIMO-OFDM [26], having three major portions, namely, 

transmitter, channel, and receiver is introduced. This approach provides an efficient and robust system for 

data transmission in MIMO-OFDM. Figure 2 shows the system model of MIMO-OFDM. 

 

 

 
 

Figure 2. System model of MIMO-OFDM 

 

 

The system of IFFT and FFT MIMO-OFDM is implemented in this paper. This approach provides 

an efficient and robust system for data transmission in MIMO-OFDM. A baseband signal is described in (1) 

and a time domain sample in IFFT output is expressed in (2). 

 

𝑥(𝑡) = ∑ 𝑋(𝑘)𝑒𝑗2𝜋𝑘∆𝑓𝑡𝑁−1
𝑘=0  (1) 

 

𝑥(𝑛) = 𝑊𝐻𝑋(𝑘) (2) 

 

Where, 𝑁 is the number of subcarriers, 𝑋(𝑘) is the complex modulation symbol transmitted on 𝑘𝑡ℎ 

subcarrier, and ∆𝑓 is the subcarrier spacing. 𝑊 is the FFT integrated matrix of order 𝑁 × 𝑁. The CP of 

length 𝑔 is extended to remove ISI which is expressed in (3). The received signal is described in (4). 

 

𝑥′(𝑛) = 𝐶𝑟 × 𝑥(𝑛) (3) 

 

𝑦(𝑛) = ∑ ℎ𝑖𝑥
′𝐿−1

𝑖=0 (𝑛 − 𝑖) + 𝑧(𝑛), 𝑛 = 0,1, … , 𝑁 − 1 (4) 

 

Where, 𝑧(𝑛)~𝑁(0, 𝜎𝑧
2) – AWGN, 𝐶𝑟 – (𝑁 + 𝐺) × 𝑁 is the order matrix. The frequency channels are designed 

by utilizing 𝐿-tap finite impulse response (FIR) using taps [ℎ0, ℎ1, … , ℎ𝐿−1]. At the receiver side, the CP 

elimination exists that is denoted as a received signal multiplication by using a matrix 𝐶𝑅, and is expressed in 

(5) and (6). 

 

𝐶𝑅 = [𝑂𝑁×𝐺𝐼𝑁] (5) 

 

𝑌(𝑘) = 𝑊𝐶𝑅𝐻𝐶𝑇𝑊
𝐻𝑋(𝑘) + 𝑍(𝑘) (6) 

 

Where, 𝑍(𝑘) =  𝑊𝐶𝑅𝑧(𝑛) and 𝐻 =  𝑊𝐶𝑅𝐻𝐶𝑇𝑊
𝐻 . Therefore, the frequency domain received signal for 

OFDM is provided in (7). The received signal matric vector model is expressed in (8) and (9). 

 

𝑌 = 𝐻𝑋 + 𝑍 (7) 
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𝑌 = 𝐴ℎ + 𝑍 (8) 

 

𝐻 = √𝑁𝐹ℎ (9) 

 

Where, 𝐻 is the response of channel frequency, 𝑋 is the transmitted symbols, 𝑍 is the AWGN with 0 mean. 

𝑁𝑡 and 𝑁𝑟 is the number of transmit and receive antennas in MIMO-OFDM, ℎ is the received symbol, 𝑌 is 

minimum pilots. 𝐴 = √𝑁𝑑𝑖𝑎𝑔(𝑋)𝐹 and 𝐹- partial FFT matrix and CFR matrix. The transmitted MIMO-

OFDM system are provided to the N-DSTC system for the encoding and decoding processes of the OFDM 

signal. 

 

2.2.  Nonsquare matrix-based differential space-time coding 

In this section, the N-DSTC consisting of encoding and decoding approaches [27], [28] are 

discussed. This section encodes and decodes the input of the OFDM signal, where the N-DSTC scheme is 

majorly utilized to minimize the number of time slots. The space-time euphemism 𝑆(𝑖) 𝜖 𝐶𝑀×𝑀 is transmitted 

in 𝑀 slots by 𝑀 antennas. Enhancing a large amount of transmit antennas affects the enhancing of the 

number of essential time slots and ineffective for large scenarios of MIMO. Hence, a non-square matrix-

based DSTC is developed to minimize the amount of time slots. Particularly, it increase 𝑆(𝑖) through basis 

𝑒1𝜖 𝐶𝑀×1 to minimize the number of slots between 𝑀 and 1. 

 

2.2.1. Nonsquare differential encoding and decoding 

The set of estimating metrics {𝐸1, … , 𝐸𝑀/𝑇} are transmitted at the beginning of the transmission 

stream. Initially, the received symbol is denoted in (10). Hence, this requires 𝑀 number of time slots. 

Considering the 𝑊 blocks time transmission frame, the projection metrics are transmitted to the receiver. The 

subsequent data metrics 𝑋(𝑖) are encoded and expressed in (11). Mapped onto 𝑀 × 𝑇 nonsquare matrices by 

projection matrix 𝐸𝑖, as well as transmitted such that interrelated received signal is formulated in (12). 

 

𝑌(𝑖) = 𝐻(𝑖)𝐸𝑖 + 𝑉(𝑖), 𝑓𝑜𝑟 1 ≤ 𝑖 ≤ 𝑀/𝑇      (10) 

 

𝑆(𝑖) = {
𝐼𝑀  𝑖𝑓 𝑖 =

𝑀

𝑇
, 𝑜𝑟

𝑆(𝑖 − 1)𝑋(𝑖) 𝑖𝑓 𝑖 >
𝑀

𝑇
,
       (11) 

 

𝑌(𝑖) = 𝐻(𝑖)𝑆(𝑖)𝐸𝑖 + 𝑉(𝑖), 𝑓𝑜𝑟
𝑀

𝑇
< 𝑖 <= 𝑊     (12) 

 

The ratio among the number of transmit antennas 𝑀 and length of frame 𝑊 is, 𝜂 ≜ 𝑀/𝑊 which is 

denoted as an insertion ratio. For the task performance, this method sets 𝜂 = 5% such that 𝑊 = 200𝑀, but 

remark that the N-DSTC performance remains robust in high-speed mobile scenarios plan using 𝜂 = 1% or 

0.1%. Hence, the tree-based approach is utilized to achieve minimum PAPR between all sub-carriers in a 

limited computational process. In the process of phase factor, the proposed algorithm accumulates the phase 

factor yielding less PAPR. To achieve this, the proposed method uses the ATSO model for obtaining reduced 

PAPR values. The obtained results are provided to the optimization algorithm for the further processes. 

 

 

3. TUNICATE SWARM OPTIMIZATION  

The encoded data from the input signal is provided to the optimization process for improving the 

computational efficiency of the phase optimization algorithm. Tunicate swarm optimization (TSO) [29] is a 

meta-heuristic algorithm activated by marine tunicates' performance and jet propulsion over navigation as 

well as foraging. The tunicate is in the form of a millimeter scale and locates sources of food in the sea. The 

tunicate satisfies the three general conditions in propulsion which are: to eliminate the hit using the number 

of tunicates in search space, to obtain a suitable path to select an effective search location, and finally, to 

select a better search agent. Further, the tunicates change their positions to achieve better search, and the 

process is enhanced in every iteration. The TSO begins using population incidentally produces tunicate with 

generate variables permittable boundaries, as expressed in (13) where tunicates modify the location in 

iterations as depicted in (14). 

 

𝑇⃗ 𝑝 = 𝑇⃗ 𝑝
𝑚𝑖𝑛 + 𝑟𝑎𝑛𝑑 × (𝑇⃗ 𝑝

𝑚𝑎𝑥 − 𝑇⃗ 𝑝
𝑚𝑖𝑛) (13) 
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𝑇⃗ 𝑝(𝑥 + 1) =
𝑇⃗ 𝑝(𝑥)+𝑇⃗ 𝑝(𝑥 )

2+𝑐1
 (14) 

 

Where, 𝑇⃗ 𝑝 is the tunicate position, 𝑟𝑎𝑛𝑑, 𝑐1 denotes arbitrary number within the range [0,1]. 𝑇⃗ 𝑝
𝑚𝑎𝑥  and 𝑇⃗ 𝑝

𝑚𝑖𝑛 

are the lower and upper design variables, respectively, while 𝑇⃗ 𝑝(𝑥) is the updated position of tunicate’s food 

source as mathematically expressed in (15). 𝑆𝐹 is the source of food, 𝐴 is the arbitrary vector that avoids the 

tunicates from hitting one another and it is mathematically designed in (16). 

 

𝑇⃗ 𝑝(𝑥) = {
𝑆𝐹 + 𝐴 × |𝑆𝐹 –  𝑟𝑎𝑛𝑑 × 𝑇⃗ 𝑝|, 𝑖𝑓 𝑟𝑎𝑛𝑑 >= 0.5

𝑆𝐹 –  𝐴 × |𝑆𝐹 –  𝑟𝑎𝑛𝑑 × 𝑇⃗ 𝑝| 𝑖𝑓 𝑟𝑎𝑛𝑑 < 0.5
 (15) 

 

𝐴 =
𝑐2+𝑐3−2𝑐1

𝑉𝑇𝑚𝑖𝑛+𝑐1(𝑉𝑇𝑚𝑎𝑥−𝑉𝑇𝑚𝑖𝑛)
 (16) 

 

Where, 𝑐1, 𝑐2 and 𝑐3 – random number with range [0,1], 𝑉𝑇𝑚𝑖𝑛, while 𝑉𝑇𝑚𝑎𝑥  respectively reflect minimum 

and maximum speeds utilized to perform community communication denoted as 0 and 1. The obtained TSO 

outcome is provided in the next section for the efficient reduction of PAPR. The TSO algorithm procedures 

are given: 

− Initialize the population of tunicate 𝑇⃗ 𝑝according to (13). 

− Select initial parameters as well as a greater number of iterations. 

− Estimate the fitness value of the search agent. 

− The better tunicate is traversed in given search space. 

− Update the tunicate’s position utilizing (14). 

− Alter the updated tunicate that moves behind a boundary in the provided search space. 

− Calculate the updated fitness value of the tunicate. If it obtains the best solution than the preceding 

optimal solution, it is updated with a better solution. 

− If satisfied with an ending basis, then the algorithm ends or repeats steps 5 to 8. 

− Finally, the best solution has been obtained.  

 

3.1.  Adaptive tunicate swarm optimization 

The efficiency of the tunicate swarm algorithm (TSA) exhibits endurance with the local optimum 

solutions when compared to the most common algorithms. Moreover, this is not better choice for certain 

intricate solutions by various optimal solutions. In TSA, each tunicate finds the food source and finds it 

unfeasible to retrieve without knowing where the food source is located. Later, it achieves convergence when 

it is no longer able to design findings and ends functioning. Thus, an adaptive version of TSO (ATSO) [30] is 

implemented to defeat weaknesses in TSO as well as improve the algorithm’s search capacity and flexibility. 

The TSO is improved by using the two phases such as exploration and exploitation to enhance the search 

capability. Figure 3 shows the proposed method using ATSO. 

 

 

 
 

Figure 3. The proposed method using ATSO 

 

 

An efficient metaheuristic algorithm is essential to classify the process of search into multiple 

phases of exploration and exploitation. The metaheuristic algorithm is employed to find a good solution to an 

optimization problem that is complex and difficult to solve to optimality. Conversely, the exploitation 

denotes the optimization algorithm's capacity to identify near-optimal solutions. The exploitation permits the 

optimizer to focus on closets that compromise good quality solutions in the space of searching. As each 

iteration passes, TSO updates the candidate position solutions near individual points to the entire population 

in such a way that the TSO has a good capability of exploitation. Thus, its drawback is the absence of 

efficient global search, alongside rejecting an exploration capability. 
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Aiming to enhance the algorithm’s establishment and exploration capacity, the introduced ATSO 

carries out two major phases in every iteration. Initially, the candidate solution is selected incidentally in 

place of a better solution, and the location of the applicant solutions is updated based on arbitrary tunicate’s 

location. The optimizer employs an arbitrary operator to analyze diverse areas and search space for efficient 

exploration. Hence, in ATSO, two different incident numbers are calculated in a tunicate updating eqn. to 

generate solutions in different search space areas. An ATSO exploration phase is logically expressed in (17). 

 

𝑇⃗ 𝑝(𝑥 + 1) =  𝑇⃗ 𝑝(𝑟) – 𝑟𝑎𝑛𝑑1 × |𝑇⃗ 𝑝(𝑟)  − 2 × 𝑟𝑎𝑛𝑑2 × 𝑇⃗ 𝑝(𝑥 )| (17) 

 

Where, 𝑇⃗ 𝑝(𝑟) arbitrarily chosen tunicate that forms a new population. This process encourages exploration, 

as well as permits the TSO to perform many robust global searches using the entire space of search. In the 

last phase, the tunicate updates its positions according to the best tunicate position. Moreover, in the ATSO, 

the lowest tunicate using the greatest aiming function value is changed using an incidentally produced 

tunicate at every iteration. The exploration and exploitation of ATSO in search space are controlled by the 

inertia constant instead of using the mathematical equation. The ATSO algorithm eminently enhances the 

computational efficiency of the phase optimization algorithm. 

Eventually, the optimal phase factors are acquired by an optimization algorithm, and further, this 

algorithm provides the maximal optimal phase factors by the utilization of ATSO. However, the optimization 

algorithm consumes a minimum duration than the other methods and hence, the computational time is 

decreased by utilizing the ATSO algorithm. Further, the evaluation and implementation of this proposal is 

provided in the following sections. 

 

 

4. RESULTS AND DISCUSSION 

In this research, an ATSO-PTS method is proposed to reduce PAPR values in a waveform of OFDM 

signal. The proposed method is implemented on the MATLAB software, on a system operated with an i5 

processor and 6 GB RAM. The proposed ATSO-PTS method is utilized to perform an effective denoising 

and channel estimation for MIMO-OFDM. The performance of the proposed ATSO-PTS method is 

compared with the existing methods. The existing methods namely, OFDM, conventional-PTS (C-PTS), 

conventional-selective mapping (C-SLM), and PSO are utilized for the comparison. Furthermore, the 

performance metrics used in this research to evaluate the performance of the proposed ATSO-PTS are, BER, 

PAPR, complementary cumulative distribution function (CCDF), and symbol error rate (SER). The 

parameter settings of this model are depicted in Table 1. 

 

 

Table 1. Parameter settings of the ATSO-PTS method 
Parameter Value 

Number of iterations 100 

Population size 30 

User carriers 52, 104, 156, 208, 260 
Pilot carriers 12, 24, 48, 60, 72 

FFT size 64, 128, 256, 512, 1024 

Antenna 2 × 2, 2 × 4, 4 × 2, 4 × 4 

Number subcarriers 128, 256 

Cyclic prefix or guard time 0 to 2e-6s 

Modulation QPSK 

Modulation range 16 

MIMO-OFDM symbols 16 
Oversampling factor 1e6 HZ 

Channel type AWGN channel 

 

 

Table 2 represents the 𝐸𝑏/𝑁𝑜(𝑑𝐵) comparison for the proposed method against the existing 

methods when the value is taken as 30. The existing methods of OFDM, BPSK, QAM-8 and QAM-16 are 

measured and compared with the proposed method. Figure 4 shows the graphical representation of BER, with 

respect to 𝐸𝑏/𝑁𝑜(𝑑𝐵). 

In Table 2, the QPSK modulation is compared with previous modulations using BER. The 

maximum BER with respect to 𝐸𝑏/𝑁𝑜(𝑑𝐵) of QPSK modulation is 30 dB. The maximum BER with respect 

to BER of the QPSK of value is 30 dB. The PAPR reduction is achieved without downgrading the 

performance of BER, in contrast to the existing methods. Here, the AWGN noise channel is considered 
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where the 𝐸𝑏/𝑁𝑜(𝑑𝐵) ranges between -30 to 30. The BER values and error number are minimized because 

of its enhanced noise immunity and low error probability.  

 

 

Table 2. Performance analysis of BER in 𝐸𝑏/𝑁𝑜 (𝑑𝐵) = 30 
Methods BER 

OFDM 10−3.4 

BPSK 10−3.8 

QAM-8 10−3.4 

QAM-16 10−1.5 

QPSK 10−7.4 

 

 

 
 

Figure 4. Graphical representation of BER of the QPSK modulation in MIMO-OFDM 

 

 

Table 3 represents the 𝐸𝑏/𝑁𝑜(𝑑𝐵) comparison of the proposed method with that of the competitor 

approaches when the value is 30. The existing methods, which are OFDM, C-PTS, C-SLM, and PSO are 

measured and compared with the proposed method. Figure 5 represents the graphical representation of BER 

as to 𝐸𝑏/𝑁𝑜(𝑑𝐵). 
 
 

Table 3. Performance comparison of BER when 𝐸𝑏/𝑁𝑜(𝑑𝐵) = 30 
Methods BER 

OFDM 10−4.8 

C-PTS 10−5 

C-SLM 10−5.8 

PSO 10−6.5 

Proposed ATSO 10−8.2 

 

 

 
 

Figure 5. Graphical representation of BER of proposed ATSO-PTS method in MIMO-OFDM with respect to 

𝐸𝑏/𝑁𝑜(𝑑𝐵) 
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In Table 3, the proposed ATSO-PTS is compared with the existing modulations in terms of BER. 

The BER with 𝐸𝑏/𝑁𝑜(𝑑𝐵) of the ATSO-PTS value is set to 30 dB. Here, without downgrading the 

performance of BER, the PAPR reduction is achieved contrasting to other methods. Here, the AWGN noise 

channel is considered where the 𝐸𝑏/𝑁𝑜(𝑑𝐵) is in the range of -30 to 30. The values of the BER are reduced 

because of its enhanced noise immunity and low error probability. 

Table 4 represents the PAPR (dB) comparison of the proposed method QPSK with competitor 

approaches when 𝐶𝐶𝐷𝐹 = 10−2.5. The QPSK is compared with existing modulations, OFDM, BPSK, QAM-

8, and QAM-16. Figure 6 shows the graphical illustration of CCDF with respect to PAPR (dB). 

 

 

Table 4. Performance comparison of QPSK using PAPR (dB) when CCDF=10−2.5 
Methods PAPR (dB) 

OFDM 18.3 

BPSK 7.5 
QAM-8 9.1 

QAM-16 7 

QPSK 2.5 

 

 

 
 

Figure 6. Graphical representation of QPSK modulation and various existing methods based on CCDF 

 

 

In Table 4, the QPSK is compared with existing modulations in terms of CCDF with PAPR (dB). A 

maximum CCDF using PAPR of QPSK is 2.5 dB. The OFDM achieves 18.3 dB, BPSK achieves 7.5 dB, 

QAM-8 achieves 9.1 dB, and QAM-16 achieves 7 dB. The suggested ATSO-PTS method achieves the PAPR 

values multiple times better than the original OFDM. The PAPR range lies between 0 and 20.  

Table 5 represents the PAPR (dB) comparison of the proposed method ATSO with existing methods 

when 𝐶𝐶𝐷𝐹 = 10−2.5. The proposed ATSO-PTS is compared with previous modulations, OFDM, C-PTS, C-

SLM, and PSO. Figure 7 shows the graphical illustration of CCDF in terms of PAPR (dB). 

 

 

Table 5. Performance analysis of ATSO using PAPR (dB) in CCDF = 10−2.5 
Methods PAPR (dB) 

OFDM 18.5 
C-PTS 9.8 

C-SLM 8.5 

PSO 6.5 
Proposed ATSO 2.9 

 

 

In Table 5, the suggested ATSO-PTS is compared with previous modulations in terms of PAPR 

(dB). A CCDF in terms of PAPR of ATSO-PTS is 2.9 dB. The OFDM achieves 18.5 dB, C-PTS achieves  

9.8 dB, C-SLM achieves 8.5 dB, and PSO achieves 6.5 dB. The proposed ATSO-PTS method achieves the 

PAPR values multiple times better than the original OFDM. The PAPR range lies between 0 and 20.  
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Figure 7. Graphical representation of proposed ATSO-PTS and various existing methods 

 

 

Table 6 represents the 𝐸𝑏/𝑁𝑜(𝑑𝐵) comparison of the proposed method with competitor approaches 

at a value of 30. The QPSK modulation is compared with existing modulations named OFDM, BPSK, QAM-

8, and QAM-16. Figure 8 shows the graph of SER with respect to 𝐸𝑏/𝑁𝑜(𝑑𝐵). 

In Table 6 the QPSK modulation is compared with previous modulations in terms of SER. The 

maximum SER with respect to 𝐸𝑏/𝑁𝑜(𝑑𝐵) of QPSK modulation is 30 dB. The maximum BER in terms of 

BER of the QPSK of value is 30 dB. Without downgrading the performance of BER, the PAPR reduction is 

achieved compared to other methods. Here, the AWGN noise channel is considered, and the 𝐸𝑏/𝑁𝑜(𝑑𝐵) in 

the range between -30 to 30. The SER values are reduced because of its enhanced noise immunity and low 

error probability. 

 

 

Table 6. Performance comparison of SER when 𝐸𝑏/𝑁𝑜(𝑑𝐵)=30 
Methods SER 

OFDM 10−5.7 

BPSK 10−6.7 

QAM-18 10−3.7 

QAM-16 10−3.8 

QPSK 10−8.5 

 

 

 
 

Figure 8. Graphical representation of SER of the QPSK modulation in MIMO-OFDM 

 

 

Table 7 represents the 𝐸𝑏/𝑁𝑜(𝑑𝐵) comparison of the proposed method with competitor approaches 

at a value is 30. The proposed ATSO-PTS is compared with the existing modulations like OFDM, C-PTS, C-

SLM, PSO. Figure 9 shows the graphical representation of SER with respect to 𝐸𝑏/𝑁𝑜(𝑑𝐵). 

In Table 7, the proposed ATSO-PTS is compared with the existing modulations as to SER. The 

𝐸𝑏/𝑁𝑜(𝑑𝐵) of the proposed ATSO-PTS achieved the maximum SER value is 30 dB. Without downgrading 
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the performance of SER, the PAPR reduction is achieved compared to other methods. The values of the SER 

are reduced because of its enhanced noise immunity and low error probability. 

 

 

Table 7. Performance analysis of SER in 𝐸𝑏/𝑁𝑜(𝑑𝐵)=30 
Methods SER 

OFDM 10−4.5 

C-PTS 10−5 

C-SLM 10−5.8 

PSO 10−6.8 

Proposed ATSO-PTS 10−8.2 

 

 

 
 

Figure 9. Graphical representation of SER of proposed ATSO-PTS method in MIMO-OFDM 

 

 

4.1.  Comparative analysis 

This section demonstrates the comparative analysis of ATSO-PTS with the BER and PAPR as 

shown in Table 8. Table 9 represents the comparative analysis of ATSO-PTS with the 10 dB of BER and 

SNR. Existing research such as [16]–[18] are used for evaluating the ability of the proposed method. The 

proposed ATSO-PTS achieved a 2.9 PAPR compared to the TSHO-PTS method.  

 

 

Table 8. Comparative analysis of proposed method 

with existing methods with 30 PAPR 
Author Method PAPR (dB) 

Sarkar et al. [16] TSHO-PTS 5 

Sidiq et al. [17] ABC- SLM-PTS 5.6 
Kumar et al. [18] PSO-GWO 10.1 

Proposed ATSO-PTS ATSO-PTS 2.9 
 

Table 9. Comparative analysis of the proposed method 

with existing methods using 30 dB with BER and SER 
Author Method BER  SNR 

Sarkar et al. [16] TSHO-PTS 0.01 0.01 

Sidiq et al. [17] SLM-PTS 0.07 0.12 
Kumar et al. [18] PS-GW- PTS 0.03 0.02 

Proposed ATSO-PTS ATSO-PTS 0.01 0.025 
 

 

 

4.2.  Discussion 

This section discusses the obtained results of the proposed method compared with the existing 

methods. The OFDM approach’s values of the PAPR are reduced by the outcomes of existing methods as 

well as ATSO performance in PTS. In this proposed method, the number of parameters is carried out to 

reduce the PAPR rate in OFDM signals. The various simulations are carried out to identify a PAPR 

improvement for the determination and comparison of the sub-optimal PTS. A single OFDM is produced 

arbitrarily to minimize the PAPR as well and corresponding parameters are performed for the process of 

simulation. The obtained classification results of this research are represented in Tables 1 to 6. Figures 4 to 9 

shows the graphical representation of the reduction of BER, PAPR, and SER. Table 8 shows the comparative 

analysis of the proposed method with existing methods with 30 PAPR. In Table 8 the existing methods such 

as TSHO-PTS [16] have achieved a PAPR (dB) rate of 5. The ABC-SLM-PTS [17] have achieved a PAPR 

rate of 5.6, PSO-GWO [18] achieved the 10.1 PAPR (dB). The proposed ATSO-PTS method has achieved a 

better result with PAPR value is 2.9 respectively. Table 9 shows the BER and SNR reduction of the proposed 

method with existing methods. In Table 9, the existing method of TSHO-PTS [16] has achieved the 0.01 
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BER and SNR rate for 30 dB PAPR. The ABC-SLM-PTS [17] have achieved the BER rate 0.07 and SNR of 

0.12. The PSO-GWO [18] achieved a BER of 0.03 and SNR of 0.02. The proposed ATSO-PTS method has 

achieved better results on BER is 0.01 and 0.025 respectively. The proposed method achieves a fast 

convergence speed compared with the other methods.  

 

 

5. CONCLUSION 

MIMO and OFDM are majorly utilized in wireless systems and wired high-data rate communications. 

In this research, the ATSO-PTS algorithm is proposed for the PAPR reduction in the MIMO-OFDM signal. The 

phase optimization is taken out in the OFDM signal with PTS and the proposed method is tested with FFT in 

OFDM signal optimization. The proposed method achieved better PAPR reduction when compared to the 

existing research methods by utilizing the optimization ATSO technique. In the MIMO-OFDM signal, the 

ATSO optimization algorithm is applied to reduce the PAPR as well as reduce the computational complexity of 

the phase optimization. The ATSO-PTS achieved less PAPR, BER, and SNR compared to other methods. The 

proposed method has 10-2 CCDF in 2.9 PAPR as well as existing TSHO-PTS method obtained the 5.0 PAPR to 

achieve 10-2 CCDF. The future work of the proposed method involves combining multiple PAPR reduction 

techniques into a hybrid scheme which can potentially lead to better performance. 
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