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Abstract: The Orthogonal Frequency Division Multiplexing (OFDM) linear frequency modulation (LFM) waveform has become the focus 

of much research due to its possible usage in Multiple-Input, Multiple-Output (MIMO) radar; nonetheless, its efficient design remains a 

hurdle. The OFDM-LFM signals are utilized to extensively examine the pulse compression feature of dynamically generated signals. In 

the most recent research, several coupled optimization methodologies have been developed to improve radar communication systems’ 

overall efficiency. However, it comes with shortcomings such as calculations that are hard to understand, a substantial miss rate, and 

decreased efficacy. To enhance the pulse compression qualities and suppress grating sidelobes, the suggested study aims to develop a 

hybrid Particle Swarm integrated Grey Wolf Optimization (PS-GWO) mechanism for generating OFDM-LFM signals with suppressed 

grating side lobes. In this case, the intended LFM waveform is modified to enhance its periodic frequency steps whilst retaining orthogonal 

and sidelobe properties that are symmetrical. Through simulation research, the performance and results of the proposed PS-GWO based 

joint optimization model have been evaluated and compared using various pulses compression features. When compared to the most recent 

methods already in use, the findings of the investigation demonstrate that the suggested optimization model provides more effective results. 

Keywords: Multiple inputs and outputs (MIMO), Radar Communication, Spatial Synthesis Signals, Orthogonal Frequency Division 

Multiplexing (OFDM), Particle Swarm Integrated Grey Wolf Optimization (PS-GWO), and Linear Frequency Modulation (LFM). 

1. Introduction 

Multiple inputs and outputs (MIMO) radar employs a wide 

range of waveforms for transmission and has the ability to 

receive signals that have been collaboratively processed by 

a variety of receiving antennas [1-3]. It makes use of widely 

spread transmitters and receivers to simultaneously view the 

target from a number of distinct angles, creating spatial 

variety that can improve radar detection effectiveness. In 

order to improve the MIMO radar [4] technique's 

performance when generating waveforms, orthogonal 

properties that can reduce evaluation factors can be 

enhanced with low interference and high resolution, 

increased detection capabilities. Recently, many application 

systems [5-7], including target detection, jamming 

recognition, and radar imaging applications, use Linear 

Frequency Modulated (LFM) signals. The ability to transmit 

a long-duration, low-peak-power pulse [6, 8, 9] and then 

compress it into a considerably shorter, compressed pulse 

with a significantly greater peak output makes pulse 

compression essential to radar signal processing. 

Additionally, it is crucial in scenarios where a radar system's 

ability to transmit high peak power is either difficult or 

unfeasible, such as in millimeter-wavelength radar, space-

borne radar, and phased array radar that uses semiconductor 

devices. Both the signal-to-noise ratio (SNR) [10-12] of the 

return signal and the range resolution of radar can be 

enhanced via pulse compression. As a result, pulse 

compression is a fundamental building block for 

contemporary radar applications like target detection, 

navigation, radar system imaging, and many others. In the 

past, pulse compression has been accomplished by utilizing 

the well-known matched filter approach, which may be 

utilized to increase the output SNR of the radar signal in a 

white Harmonic noise environment. However, the matching 

filtering will also produce adversely high lower order 

harmonics [13, 14]. As a result, whenever a weak scatter 

falls in an area with high sidelobes of a strong scatter, it may 

be covered, which has an adverse effect on the effectiveness 

of target recognition and monitoring. Fig 1 (a) shows the 

general block representation of the MIMO radar 

communication system, and the graphical representation of 

the proposed framework is shown in Fig 1 (b). 
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Fig 1 (a). MIMO communication system 

 

 

(b) 

Fig 1 (a) MIMO communication system (b) Graphical 

representation of the proposed model. 

In order to improve the design of OFDM-LFM waveforms 

with higher pulse compression property, the proposed work 

aims to create a new joint optimization model [25, 26]. 

Additionally, the suggested system aims to achieve 

orthogonality, a constant envelope, and a lower sidelobe 

level. The key contributions of this paper are as follows: 

• The suggested framework efficiently uses Linear 

Frequency Modulated (LFM) signal to improve the 

performance of radar communication. 

• A hybrid and novel Particle Swarm Optimization 

integrated with Grey Wolf optimization mechanism, 

named as PS-GWO is used to generate an optimal 

OFDM-LFM signal. 

• Using joint optimization, the PSO integrated 

Sequential Quadratic Programming (SQP) technique is 

used to effectively eliminate the side lobes. 

• An extensive simulation is conducted with different 

parameters in order to verify the effectiveness and 

feasibility of the proposed communication model. 

The remaining portions of this article are split into the 

following categories: In Section 2, various optimization 

approaches are examined in order to enable effective radar 

communication in MIMO-OFDM systems. Section 3 

presents a comprehensive overview of the PS-GWO based 

communication system. In Section 4, the simulation and 

comparison findings of the proposed hybrid optimization 

based communication mechanisms are validated using 

different parameters. In Section 5, the overall paper is 

summarized together with its future scope. 

2. Related Works 

This section examines a few of the traditional optimization 

methods that are employed in MIMO-OFDM 

communication systems to ensure a successful radar 

transmission. Additionally, it examines each mechanism's 

benefits and drawbacks in light of its distinguishing 

characteristics and primary purposes. 

Li, et al [27] designed a multi-carrier phase code signal for 

solving the problem of radar anti-jamming  problem. Here, 

the authors mainly focused on improving the 

communication efficiency of the radar system with reduced 

interferences. Huang, et al [28] introduced a joint 

optimization model by incorporating the functions of Semi 

Definite Relaxation (SDR) for minimizing the output signal 

interference of the radar system. For validating this system, 

the different types of characteristics such as beam pattern, 

signal to noise ratio, computational complexity, and 

waveform properties. Here, the transmit waveform was 

optimized for minimizing the signal interference without 

distortions. Moreover, the constrained waveform was 

designed with constant envelope and energy characteristics. 

Zhao, et al [29] deployed a Non-continuous Piecewise Non-

Linear Frequency Modulation (N-PNLFM) waveforms in 

the radar systems. Here, the signal optimization was 
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performed by using an efficient PSO technique. Also, this 

paper objects to minimize the repetitive sidelobes by using 

the optimization model. The benefits of this work were 

increased efficiency, optimized performance, and error rate. 

Xenaki, et al [30] implemented a distributed optimization 

methodology for enhancing the spatial sampling of MIMO 

systems. The purpose of this work was to utilize the SAS 

geometry in a strip map mode for optimizing the reflectivity 

function. Li, et al [20] suggested a Riemannian Geometric 

optimization methodology for maximizing the output signal 

ratio with improved target detection performance. The 

purpose of this work was to implement the manifold 

optimization mechanism for enabling an efficient data 

transmission in radar system with reduced iteration 

complexity. The advantages of this work were increased 

efficiency, detection performance and easy to understand. 

Qian, et al [31] constructed a constrained maximization 

problem for improving MIMO radar communication. Here, 

the performance and efficacy of the suggested model has 

been validated in terms of SINR and cross ambiguity 

functions. The key merit of this work was, it attained a 

reduced channel estimation error with ensured robustness. 

Wang, et al [32] deployed a sparse array optimization 

technique for embedding the communication information 

with the MIMO radar. The unique phases induced by 

antenna displacements in a sensor array enable array 

configuration for symbol embedding. A hybrid selection 

and permutation technique is used in this case to perform 

waveform-antenna paring with array reconfiguration for 

communication symbol embedding in MIMO radars, which 

can result in a high data rate and much lower symbol error 

rate. 

Rihan, et al [33] suggested an interference alignment 

approach for an enabling an effective spectrum sharing in 

radar and communication systems. Here, an iterative 

algorithm has been deployed to improve the SINR of the 

radar system. By alternately optimizing the two sub-

algorithms, the main iterative algorithm is suggested to 

jointly optimize transmit and receive beam forming filters 

of both systems. Here, the central control unit (CCU), the 

foundation of such architecture, may be functionally 

connected with the radar control center, which is typically 

equipped with remarkable computational power, to carry 

out complex processing tasks. The primary advantage of this 

work was, it has a better convergence speed for strong and 

weak interference channels. However, high computational 

complexity and processing time are the major problems of 

this work. Shi, et al [34] introduced a new pulse 

compression method, named as, Offset Quadrature 

Amplitude Modulation (OQAM) based OFDM system for 

MIMO communication. 

 

 

3. Proposed Methodology 

This section provides the complete explanation for the 

proposed hybrid PS-GWO based MIMO communication 

system with its overall work flow and clear explanations. 

This work's key contribution is the creation of an effective 

joint optimization method that combines the capabilities of 

hybrid PS-GWO and Sequential Quadratic Programming 

(SQP) mechanisms to create the best possible OFDM-LFM 

waveforms. Additionally, it intends to determine the 

frequency codes and phases for optimal orthogonal sidelobe 

suppression for high grating sidelobes. 

3.1. OFDM-LFM based Radar Signal Model 

To reduce the peak power of radar, pulse compression is one 

of the widely utilized mechanisms in communication 

systems. Because the longer pulse is used at the transmitter 

side during regulating operations, it enables the proper 

usage of long pulses. The OFDM coded waveform can be 

sent by the transmit antennas in MIMO systems using a 

variety of carrier frequencies. The primary purpose of the 

OFDM-LFM waveforms is to exchange fixed frequency 

signals. The sample LFM signals from the two separate 

LFM models that were produced using the matched filtering 

technique are shown in Fig. 2. In most cases, the LFM 

signals are made up of inphase and quadrature band signals, 

which are totally dependent on the chirp signal's scientific 

conditions. It is also known as the frequency balanced 

waveform, where the carrier frequency can change over a 

specific time period.  

 

(a) 
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(b) 

Fig. 2. Sample LFM signals (a) and (b) 

By utilizing these waveforms, the energy in this model is 

evenly distributed over the frequency ranges. Then, the 

expression is mathematically written as follows: 

𝑤𝑎(𝑡) = 𝑟(𝑡)𝑒𝑗2𝜋(𝑓𝑐𝑡+(1/2)𝜇𝑡2)        (1) 

 

𝑟(𝑡) = {
1, −

𝑇

2
≤ 𝑡 ≤ 𝑇/2

0,                     𝐸𝑙𝑠𝑒
        (2) 

 

𝜇 = 𝑀𝐵𝑤/𝑇          (3) 

 

𝑓𝑐 = 𝑓𝑝 + 𝑐𝑎∆𝑓                        (4) 

   

Where, 𝑤(𝑡) indicates the OFDM-LFM waveform, 𝑟(𝑡) is 

the rectangular window, 𝑇 denotes the time period, 𝑎 =

1,2, … 𝐴, 𝜇 represents the chirp rate, 𝑀𝐵𝑤 defines the 

modulated bandwidth, 𝑓𝑐 is the carrier frequency, 𝑓𝑝 

indicates the centre frequency, 𝑐𝑎 is the code of frequency, 

and ∆𝑓 is the frequency step. According to the signal 

processing structure of radar communication system, the 

receiver beamformer by the space time matched filtering 

technique are as follows:  

𝑓(𝜃, 𝜃ℎ, 𝜏) =  ∫ 𝑦(𝜃, 𝑡)𝑦∗(𝜃ℎ, 𝑡 − 𝜏)
∞

−∞
𝑑𝑡          (5) 

Where, 𝜏 indicates the delay time, and 𝜃ℎ is the direction of 

beam. If 𝜃ℎ = 𝜃, the pulse compression rate is obtained that 

is corresponding to the autocorrelation model of spatial 

synthesis signal. Else, the cross correlation function is 

obtained that lies in two different locations. By using the 

function 𝑓(𝜃, 𝜃ℎ, 𝜏), the process of target detection is 

enhanced for instance, the autocorrelation sidelobes may 

leads false detection, which creates the interference among 

various targets. 

The best way to analyze and optimize the autocorrelation 

function is the tuning of compression property for target 

detection as mentioned in equ (5). 

3.2. Pulse Compression Analysis  

A type of spread-spectrum technology called OFDM uses a 

single communication path to transmit the carriers. 

Likewise, each sub carrier might carry a tiny portion of the 

overall signal. 

Typically, the modulation strategy with the chosen number 

of bits, such as Binary Phase Shift Keying (BPSK), 

Quadrature Phase Shift Keying (QPSK), and Quadrature 

Amplitude Modulation (QAM) is used to form the OFDM 

signals. The fundamental block representation of OFDM 

system is shown in Fig 3. 

Based on the signal model, the results of pulse compression 

of the spatial synthesized signal are analyzed, and the results 

are given in below: 

 `            (6) 

where, 

          

(7) 

          

(8) 

          

(9) 

The equ (5) represents the main lobe, while the last two 

terms portray the left and right side lobes respectively.  

Then, the frequency code  is set as , hence 

the carrier frequency at  position is represented as 

. Based on these models, it is analyzed that the 

same frequency step and modulation bandwidth can create 

the grating sidelobes at disparate positions.  

3.3. Particle Swarm Optimization (PSO) 

Generally, the PSO [35] is a population based meta-heuristic 

that produce more suitable solutions in a respectably 

practical amount of time and prevents a solution from being 

trapped to a local optimum. It is a well-known technique for 

resolving various engineering optimization issues. 

Moreover, a particle is defined as a hypothetical resolution, 

where the value of each particle's fitness is provided by the 

objective function. Also, the initialization of the particles is 

random, and each particle goes randomly through a 

multidimensional search space in search of a higher fitness 

value. Based on data from the particle's personal/local best 
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position and global best position, its position is updated. 

Each iteration involves repeating this process, and the 

updated velocity is aided by inertia weights. Furthermore, 

the particle is subject to boundary limitations to ensure that 

the particle solution stays within the permitted range. PSO 

was initially thought of as a mathematical approach to 

handle optimization issues with optimized variables. Any 

values that provide the absolute answers without exhibiting 

any limits can be used for these optimized variables.  In 

PSO, every possible solution is denoted as a particle with 

‘x’ position vector, ‘w’ represented as a phase weighting 

factor and velocity is represented as ‘v’. The steps involved 

in the PSO mechanism are illustrated in below: 

Step 1: Initialization of particles; 

Step 2: N set of phase vectors are generated with the length 

of PTS sub-blocks (i.e. the swarm population size is 

represented as N).  

Step 3: Then, the velocity υi is initialized as zero, and the 

size of both velocity and position components are 

same; 

Step 4: Consequently, the particle fitness is estimated, and 

each particle’s l best is fixed, where the estimated 

objective value is same as its current location. Then, 

gbest is fixed as the best position; 

Step 5: All particles are updated throughout the iterations 

based on the following models: 

 
         (10) 

         

(11) 

Where, r1 and r2 are random values and c1 and c2 are local 

and global learning coefficients. 

 

Fig.3. Structure of OFDM 

3.4. Grey Wolf Optimization (GWO) 

 In nature, grey wolves have a leadership structure and 

a hunting system. The Grey Wolf Optimizer (GWO) 

algorithm imitates these features. For the purpose of 

mimicking the leadership hierarchy, four different varieties 

of grey wolves, including alpha, beta, delta, and omega, are 

used. The goal of the grey wolf optimization algorithm is to 

imitate the wolf leadership hierarchy and predatory behavior 

while using the grey wolf abilities of search, encirclement, 

hunting, and other predation-related tasks. The 

administration order and pursuit mechanism of wolves are 

copied by the GWO computation. To simulate the authority 

chain of command, four separate grey wolves - alpha, beta, 

delta, and omega must be taken into account. Hunting 

involves three crucial steps: looking for prey, surrounding 

prey, and attacking the prey. The three of these are used to 

carry out optimization techniques, which are denoted as 

. The velocities are determined by 

using the following equations:  

                         

(12) 

                         

(13) 

                                      

(14)  

Then, the positions are updated by using the following 

models: 

            

(15)   

                         

(16) 

                         

(17) 

Where, B and C are the vector coefficients which are 

calculated by using the following models: 

           

(18) 

                                      

(19) 

           

(20) 

The hybridization is performed based on the following 

models: 

(21) 

          (22) 
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          (23) 

Consequently, the position updation is performed by using 

the following models:  

                        

(24)   

          

(25) 

          

(26)    

Where, B and C are the vector coefficients estimated by 

using the following models: 

           

(27) 

                                      

(28) 

           

(29) 

                              

(30) 

3.5. Particle Swarm integrated Grey Wolf Optimization 

(PS-GWO) 

In this work, the PS-GWO technique is mainly used to select 

the frequency steps based on the process of optimization. 

This approach enhances the strength of both types by 

improving the exploitation in particle swarm optimization 

and the exploration in the grey wolf optimizer.  On the basis 

of this, this work introduces the PS-GWO algorithm, which 

combines the grey wolf and particle swarm optimization 

techniques. There are three primary concepts for 

improvement in this algorithm. First, it uses Tent mapping 

to initialize the population. Next, it uses a nonlinear control 

parameter strategy to coordinate the ability to explore and 

exploit. Finally, it is inspired by the PSO algorithm and uses 

a new position update equation of individuals that 

incorporates the knowledge of each individual's historical 

best solution to hasten convergence. Here, the joint 

optimization model based on a hybrid PS-GWO mechanism 

is implemented to design an OFDM-LFM waveforms. In 

which, the PS-GWO technique is used to perform 

optimization, and the SQP model is utilized to select the 

phases. Here, the different types of frequency codes are 

considered, where the PS-GWO is used to attain the better 

quality of design. By using a hybrid optimization 

techniques, two variables are perfectly optimized in a 

successive way. The PS-GWO based algorithm is given as: 

 

PS-GWO Algorithm  

Step 1: Phase vector initialization; 

Step 2: Generate N random phase vectors in between 0 to 2

 as the elements of and treat  as present phase 

vector; 

Step 3: Initialize the frequency coding sequence and 

generate  different frequency coding sequences 

through stochastic permutations as the initial 

number of swarms;  

Step 4: With fixed phase vector  evaluate the fitness value 

using the cost function of each swarm in  

according to cost function equation (24). Select  

best swarms and form  new current number of 

swarms; 

Step 5: Sort the  swarms according to their fitness values 

and then apply SQP to the Q individuals. If the finer 

phase vectors  exists then update . Like 

this select top 3 swarms α, β and δ; 

Step 6: After selecting best three swarms update the position 

of each swarms (

) using the equations from (15) to (23) by comparing 

each swarm with best three; 

Step 7: After updating the positions of all coding sequences 

and phase vectors in the present iteration calculate 

the fitness function for newly updated positions of 

all swarms. And go to step 5 and repeat the process 

till step 7 for all iterations; 

Step 8: Find the optimal frequency coding sequence is the 

best swarm in all swarms and the resultant phase 

vector is the current phase vector ; 

4. Results and Discussion 

This section compares and validates the simulation results 

of the suggested radar communication approach using a 

variety of evaluation metrics. Additionally, certain design 

examples are used to illustrate how effective and efficient 

the proposed PS-GWO performs the joint optimization 

process. This method was designed primarily for frequency 

code and phase optimization to reduce high grating 

sidelobes, with a focus on pulse compression to enhance 

reliable transmission.  
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(a) 

 

(b) 

Fig. 4. Average pulse compression results (a) Bs = 

2.16MHz and (b) Bs = 2.79MHz 

Here, a modified optimization approach is used to reduce 

the sidelobes of the grating. The initial population, the 

number of particles for phase optimization, and the best 

global function are the general parameters taken into 

account by the PSO process. Two LFM waveforms are 

created here for comparison, with Bs = 2.16 MHz and 2.79 

MHz, respectively. For the proposed PS-GWO based joint 

optimization technique, the average sidelobes of the 

waveforms are first calculated as shown in Fig 4.  

 

(a) 

 

(b) 

 

(c) 

 
(d) 

Fig. 5. Average pulse compression analysis Bs = 2.16MHz 

(a) Conventional spatial synthesized signals (b). Joint 

optimization based spatial synthesized signals (c). 

Modified spatial synthesized signals, and (d). PS-GWO 

based spatial synthesized signals. 

In this case, the number of grating sidelobes produced by 

the traditional optimization processes may occasionally 

exceed that of the suggested model. Small peaks in the 

waveforms might occur as a result of the suggested model's 

incorporation of sink-like functions.      

Furthermore, the PS-GWO model is used in the suggested 
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model to synthesize the erroneous detection's waveforms, 

which are primarily generated by the grating sidelobes. In 

this investigation, the target detection performance of the 

optimization model is primarily estimated from the pulse 

compression features of the spatial synthesis signals. 

Additionally, the target detection performance at various 

targets is estimated using the spatial cross correlation 

functions.  

In order to prove the effectiveness of the proposed PS-GWO 

mechanism, the pulse compression properties of the existing 

(i.e. convention, joint optimization, modified synthesized), 

and proposed PS-GWO techniques are separately validated 

and compared with Bs = 2.16GHz and Bs = 2.79GHz in Fig 

5 and Fig 6 respectively. 

 

(a) 

 

(b) 

 

(c) 

 

(d)  

Fig .6. Average pulse compression analysis Bs = 2.79MHz 

(a) Conventional spatial synthesized signals (b). Joint 

optimization based spatial synthesized signals (c). 

Modified 

Similarly, the average cross correlation analysis of the 

existing and proposed optimization strategies for the two 

synthesized signals with Bs = 2.16 MHz and 2.79 MHz, 

respectively, is shown in Fig 7(a) and (b). In this 

investigation, the developed waveforms' cross correlation 

levels are examined, and it is found that the property is not 

improved by the existing approaches when compared to the 

suggested model. Consequently, the average cross 

correlation is separately estimated for the traditional 

(conventional, joint optimization, modified synthesized 

signals) and proposed PS-GWO techniques with Bs = 

2.16MHz and Bs = 2.79MHz in Fig 8 and Fig 9 respectively. 

Overall, the obtained results indicate that the hybrid PS-

GWO technique outperforms the other existing models with 

improved cross correlation results for both LFM signals.  

 

(a) 



International Journal of Intelligent Systems and Applications in Engineering IJISAE, 2024, 12(2), 160–174 |  168 

 

(b) 

Fig.7. Average cross correlation analysis (a) Bs = 

2.16MHz and (b) = 2.79MHz 

 

(a) 

 

(b) 

 

(c) 

 

(d) 

Fig.8. Average cross correlation results with Bs = 

2.16MHz (a) Conventional spatial synthesized signals (b). 

Joint optimization based spatial synthesized signals (c). 

Modified spatial synthesized signals, and (d). PS-GWO 

based spatial synthesized signals 
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(a) 

 

(b) 

 

(c) 

 

(d) 

Fig  9. Average cross correlation results with Bs = 

2.79MHz (a) Conventional spatial synthesized signals (b). 

Joint optimization based spatial synthesized signals (c). 

Modified spatial synthesized signals, and (d). PS-GWO 

based spatial synthesized signals 

 

(a) 

 

(b) 

Fig.10. Transmit beam pattern analysis (a). Bs = 2.16 MHz 

and (b). Bs = 2.79 MHz 
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Similar to the autocorrelation analysis, the tweaks made 

throughout the optimization procedure are what suppress the 

grating loves. The proposed technique performs better in the 

cross correlation analysis thanks to the specified 

waveforms.  

As illustrated in Fig. 10, the transmit beam pattern analysis 

is carried out in a manner similar to that to ascertain the 

disparity between the joint optimization model and 

orthogonality. The results show that the transmit beam 

patterns of the present and suggested models are completely 

orthogonal. Although it is not satisfied in the modified 

waveform due to the relaxation of frequency steps, they are 

roughly orthogonal in the omnidirectional pattern. The pulse 

compression analysis is displayed in Fig 11 to demonstrate 

how grating sidelobes operate. According to the analysis, 

sidelobes can be removed by utilizing the joint optimization 

model to increase the variety of the frequency step and 

modulation bandwidth. 

 

(a) 

 

(b) 

Fig 11. Pulse compression analysis (a) T f=2 and (b) T

f=3 

By using the proposed PS-GWO optimization model, the 

time duration, bandwidth, arbitrary numbers and frequency 

steps are efficiently optimized for designing the OFDM-

LFM waveforms. The correlation properties considered in 

this analysis maximum ASP, minimum ASP, and mean CP 

as shown in Table I, and it also encompasses the parameters 

of autocorrelation sidelobes, mean cross correlation peals, 

and mean ASPs. Based on the results, it is determined that 

the proposed PS-GWO algorithm could effectively reduce 

the ASPs at varying modulation bandwidths. Hence, the 

performance of the proposed joint optimization mode is 

superior than the existing optimization mechanisms. As a 

result, the suggested joint optimization mode performs 

better than the current optimization procedures. Table II 

compares the radiation dull depth of the conventional and 

proposed optimization techniques. When compared to the 

other optimization methods [36], it is analyzed that the 

proposed GW-PSO optimization technique performs the 

best with a least radiation null notch at 126.9dB.With the 

help of our developed discrete valued phases, it is possible 

to create a beam forming network and obtain great 

performance at a reasonable price. Table III to Table V 

presents the comparative analysis of the conventional and 

proposed optimization techniques based on the parameters 

of Autocorrelation Sidelobe Peak level (ASP), Cross 

correlation (CP), Auto Correlation Sidelobe Energy 

(ACSE), and Cross Correlation Energy (CCE). For fair 

comparison [37], ASP and CP are normalized to the 

sequence length as shown in Fig 12. Based on the results, it 

is found that the proposed mechanism is capable of 

achieving the best ASP (20.5 dB) and ASLE (0.3524) 

among all, so assures the high range of resolution of the 

radar communication system. 

TABLE I COMPARATIVE ANALYSIS 

Method Bs, 

MHz 

2.72 2.44 2.16 1.81 1.46 

Conventi

onal[14] 

Max 

ASP 

0.64

99 

0.41

33 

0.52

08 

0.20

60 

0.33

99 

Mean 

ASP 

0.64

20 

0.41

02 

0.52

08 

0.19

94 

0.32

61 

Mean 

CP 

0.56

74 

0.64

05 

0.53

41 

0.65

25 

0.63

67 

Joint 

Optimiza

tion[14] 

Max 

ASP 

0.20

61 

0.17

45 

0.13

02 

0.11

48 

0.13

84 

Mean 

ASP 

0.20

36 

0.17

24 

0.12

88 

0.11

38 

0.13

73 

Mean 

CP 

0.55

39 

0.53

38 

0.52

92 

0.53

12 

0.53

66 

Modified

[14] 

Max 

ASP 

0.23

81 

0.17

66 

0.13

76 

0.12

84 

0.12

32 
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Mean 

ASP 

0.22

37 

0.17

48 

0.13

54 

0.12

74 

0.12

14 

Mean 

CP 

0.44

29 

0.36

39 

0.35

27 

0.35

03 

0.38

29 

Optimiza

tion 

Modified

(PSO-

SQP) 

Max 

ASP 

0.18

25 

0.16

02 

0.12

56 

0.10

53 

0.11

26 

Mean 

ASP 

0.18

56 

0.15

25 

0.11

56 

0.10

17 

0.10

21 

Mean 

CP 

0.42

51 

0.35

41 

0.34

21 

0.33

85 

0.35

92 

Optimiza

tion 

Modified

(PS-

GWO-

SQP) 

Max 

ASP 

0.14

51 

0.13

24 

0.09

56 

0.08

53 

0.08

76 

Mean 

ASP 

0.14

73 

0.12

97 

0.09

18 

0.08

05 

0.08

15 

Mean 

CP 

0.38

14 

0.32

17 

0.31

36 

0.30

59 

0.32

83 

 

TABLE II 

Optimized radiation depth analysis 

Techniques Radiation null depth (dB) 

Enhanced Simulated 

Annealing (ESA) 

-70 

Phase Only Variable Metric 

Method (POVMM) 

-105 

Jaya Optimization -124.4 

Modified PSO-SQP -125.8 

Proposed GW-PSO -126.9 

 

TABLE III 

AVERAGE ASP ANALYSIS 

Optimization 

techniques 

Average ASP 

Normalized value In dB 

SA with iterative 

search 

0.1525 -16.33 

GA with iterative 

code selection 

0.1471 -16.64 

ACO with hamming 

scan 

0.1293 -17.77 

Jaya optimization 0.1223 -18.25 

Modified (PSO-SQP) 0.1142 -19.4 

Proposed GW-PSO 0.1045 -20.5 

TABLE IV 

Average CP analysis 

Optimization techniques Average CP 

Normalized 

value 

In dB 

SA with iterative search  0.2798  -10.45 

GA with iterative code 

selection 

 0.2666  -11.48 

ACO with hamming scan 0.2068    -13.68 

Jaya optimization  0.2078  -13.64 

Modified (PSO-SQP)  0.1989 -14.02 

Proposed GW-PSO 0.1824 -15.06 

 

TABLE V 

Average ASP and CP analysis 

Optimization algorithm Average 

ASLE 

Average CCE 

SA with iterative search 0.4398 0.4852 

GA with iterative code 

selection 

0.4299 0.4754 

PSO with Hamming scan 0.4306 0.4681 

ACO with hamming scan 0.3993 0.4442   

Jaya optimization 0.3828 0.4558   

Modified (PSO-SQP) 0.3745 0.4352 

Proposed GW-PSO 0.3524 0.4028 

 

Fig.12. Comparative analysis based on ASLE and CCE 
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Cross correlation (CP), Auto Correlation Sidelobe Energy 

(ACSE), and Cross Correlation Energy (CCE). For fair 

comparison [37], ASP and CP are normalized to the 

sequence length as shown in Fig 12. Based on the results, it 

is found that the proposed mechanism is capable of 

achieving the best ASP (20.5 dB) and ASLE (0.3524) 

among all, so assures the high range of resolution of the 

radar communication system.  

5. Conclusion 

This work introduces a new joint optimization model that 

combines the PSO and GWO techniques, named as, PS-

GWO for constructing the OFDM-LFM waveforms. Here, 

the optimization approach is mainly used to improve the 

pulse compression characteristics of generated signals. 

Conventionally, various existing works are paying close 

attention to analyze that how to improve the pulse 

compression feature in MIMO radar communication 

systems. One of the best methods for choosing frequency 

codes and phases optimally in order to get rid of grating 

sidelobes with the perfect orthogonal property is to use joint 

optimization. Here, increased convergence rate, processing 

speed, and the ability to find the best solution with the 

fewest repetitions are the main benefits of adopting the 

hybrid PS-GWO mechanism. The proposed mechanism's 

effectiveness is verified through simulation and contrasted 

with the common joint optimization strategies based on the 

correlation features. The results show that the proposed PS-

GWO optimization mechanism works better than the 

existing methods with better pulse compression qualities. 

This study can be expanded in the future by using a new 

hybrid optimization methodology to boost the functionality 

of MIMO radar systems. 
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