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Abstract: To improve the error quality of a single-relay two-way half-duplex cooperative 
communication system based on a Joint Grouping Subcarrier and Permutation Index Modulations 
DCSK (GSPIM-DCSK), a novel multi-relay two-way multi-user half-duplex cooperative communication 
system is offered in this work. The GSPIM-DCSK scheme serves as the foundation for this system's 
architecture.  In this system, many relays are established, but during the relaying phase, only one relay 
is used to transmit network-coded data to the consumers. Every relay node in this network is assumed 
to be using the protocol method called Decode and Forward (DF). To determine which relay should 
be chosen, the max-sum (𝑀!), max-min (𝑀"), and max-product (𝑀#) relay-selection methodologies 
are employed. Particularly, these requirements are used at the relay's reception to produce two 
judgment numbers, which are subsequently subjected to further processing via procedures such as 
sum, product, or min. The parameters of all relays are then compared to see which one is more 
reliable for relaying after this process. The performance of the novel system is evaluated by acquiring 
and applying the simulation findings at multipath Rayleigh fading channels. Furthermore, a 
comparative analysis is conducted between the cooperative system-based DCSK and GSPIM-DCSK 
that utilizes a single relay and a novel cooperative-based GSPIM-DCSK system that utilizes multiple 
relays. The average bit error rate (BER) performance is included in this. Moreover, an examination 
shows how the suggested cooperative system raises the effectiveness of traditional cooperative 
systems. 
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1. Introduction 

Radio communications use chaotic system-instituted 
modulation techniques because of their minimal objection 
risk, flexibility, and signal fading. These systems are capable of 
producing an infinite number of chaotic sequences by 
adjusting the beginning circumstances, supporting many 
users, and utilizing simple circuit designs for both modulation 
and demodulation (Aboltins et al., 2023; Bai et al., 2019; Que et 
al., 2021; Rasool, M., & Belhaouari, , 2023). Because non-
coherent chaotic modulation is simpler and does not require 
complicated synchronization or channel state estimation, it is 
a more attractive option than coherent modulation. 
Differential chaos shift keying (DCSK) is an important system, 
however it is inefficient since it needs delay lines for the 
demodulation process and uses half of the symbol time and 
energy to broadcast a reference chaotic sequence. Through 
the removal of delay lines and the achievement of legitimate 
data transfers at faster speeds, researchers are increasing 
efficiency and practicality (Chen et al., 2021; Kaddoum, 2016). 
By expanding DCSK in parallel, the Multi-Carrier DCSK (MC-
DCSK) improves both spectrum and energy efficiency 
(Kaddoum et al., 2013). To improve the data bit rate and 
handle delay line problems, the Orthogonal Frequency 
Division Multiplexing DCSK (OFDM-DCSK) system is introduced 
in (Li et al., 2015). Multiple-antenna systems and other 
diversity devices are frequently used in wireless networks to 
reduce signal fading, but their deployment can be expensive 
and challenging. By sharing antennae, users can connect 
thanks to cooperative diversity (Xu et al., 2010). Research has 
suggested collaborative strategies that employ a variety of 
modulation techniques to accomplish performance 
objectives. The Physical Layer Network Coding (PNC) scheme 
between two nodes is presented in (Kaddoum &  El-Hajjar,, 
2015). It employs the same spreading sequence and 
bandwidth, but the influence of multipath fading channels 
causes performance degradation. To solve this problem, two 
alternative networking coding systems are presented, which 
enable every client to transmit their data at an independent 
frequency or time. To increase performance, the investigation 
in (Cai et al., 2017) adds equal gain aggregating methods and 
uses the DF protocol for data decoding and XOR in a 
cooperative two-relay, two-way DCSK modulation system. The 
max-sum (𝑀!), max-min (𝑀"), and max-product (𝑀#) 
methods were also included as options for selection for 
improving performance. Its proposal for three-way relay 
network coding systems, based on DCSK, proposes two 
physical layer network coding (PLNC) systems for transmission 

between three-users (Hasan, 202). First, data from each user 
was sent to the relay using three different time slots; second, a 
multiple-user approach using QPSK modulation in the second 
phase and Gram Schmidt in the first, boosts system 
throughput. In contrast to conventional SR-DCSK and DCSK 
cooperative systems, the CIM-SR-DCSK-CC system, which was 
proposed in (Fang et al., 2022), is a high-throughput 
cooperative system with code index modulation (CIM) and 
short reference (SR), increasing system throughput. A novel 
two-way half-duplex cooperative network constructed around 
a Joint Grouping Subcarrier Permutation Index Modulation 
DCSK (GSPIM-DCSK) is presented in ((Nazar & Hasan, 2023b; 
Nazar & Hasan, 2024a; Nazar & Hasan, 2024b) where two 
parties wish to interact with each other over a single relay 
to boost energy consumption, data capacity, and BER quality. 
To enhance error performance in a two-way half-duplex 
cooperative communication system based on a GSPIM-DCSK 
modulation scheme, we suggest in this study replacing a 
single relay in a multi-user cooperative communication 
system with a multi-relay. Instead of using a single relay to 
transmit network-coded data, the system employs many 
relays. The system chooses the relay by utilizing relay selection 
algorithms, from reference (Cai et al., 2017). Our study is built 
upon the GSPIM DCSK method first presented in reference 
(Nazar et al., 2023a). Below is a summary of the contributions 
of our research: 

• A cooperative system with a multi-relay-based 
GSPIM-DCSK modulation scheme is presented in this 
paper. This network allows multi-users to 
communicate with each other via relays in a two-way 
half-duplex mechanism with decode and forward 
protocol (DF) in each relay. To eliminate the 
interference between users, each user transmits their 
information data to the relay at a different time. Not 
all relays are used for transition just one is chosen 
which makes the overall performance of the network 
better. The criteria proposed in (Cai et al., 2017) are 
used for choosing the relay that provides reliable 
communication between users in the network. Based 
on this criterion, three relay methods for selection are 
developed: the max-sum (𝑀!), max-min (𝑀"), and 
max-product (𝑀#). Particularly, these standards are 
used at the relay's reception to produce two deciding 
values, which are subsequently subjected to further 
processing via procedures such as sum, product, or 
min. The parameters of the two relays are compared 
to see which is more dependable for transmission 
after this process. 
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• The performance of the novel system is evaluated by 
acquiring and applying the simulation findings at 
multipath Rayleigh fading channels. Furthermore, a 
comparative analysis is conducted between the 
cooperative system-based DCSK and GSPIM-DCSK 
that utilizes a single relay and a novel cooperative-
based GSPIM-DCSK system that utilizes multiple 
relays. The average bit error rate (BER) performance 
is included in this.  

The paper is structured as follows: An overview of the GSPIM-
DCSK technology may be found in the next section. The novel 
multi-relay, two-way, multi-user GSPIM-DCSK cooperative 
network with relay-selection algorithms is described in 
Section 3. Section 4 presents the system performance 
regarding link spectral efficiency, throughput, and average 
BER. The findings of the research are given in the last part. 

2. An Overview of GSPIM-DCSK Scheme 

To broadcast a chaotic reference signal out of a total of (2𝔭 +1) 
ones, the GSPIM-DCSK transmission technique employs a 
single subcarrier at frequency 𝑓%	. Grouping subcarrier index 
modulation is another technique used by this modulation 
system to accomplish its objectives. The sender side divides 
up each of the G sets of input bits, which include modulated, 
carrier, and permutation bits. Each group's active and inactive 
subcarriers are identified among 2𝔭& subcarriers by the carrier 
index bits. This gives rise to two distinct GSPIM-DCSKI and 
GSPIM-DCSKII schemes, each with a unique mechanism for 
selecting active and inactive subcarriers. A permuted 
representation of a reference sequence is generated by a 
permutation function that is determined by the permutation 
index bits. After that, a modulated data bit is distributed using 
this permuted form and sent via efficient subcarriers. A chaotic 
function is used to construct the reference signal, which has a 
length of β chips. It is then passed to the permutation unit, 
which generates 2𝔭' quasi-orthogonal permuted replicas of 
the original signal (Lau et al., 2003). In the GSPIM-DCSKI model, 
there are (𝔭1 + 𝔭2 + 1) bits in each group. Therefore, a total 
of 𝐺(𝔭1 + 𝔭2 + 1) bits are sent at each 𝔪()  symbol time. Each 
group has a single modulated and carried bit, designated by 
𝔭1 and 𝔭2, respectively, for the carrier index and permutation 
index bits. The conveyed data bits for the 𝕘()	group and for the 
𝔪()	symbol time are,  	𝒮𝔪	

𝕘 :	/𝔞𝔪,(𝕘/&)𝔭!1&, … , 𝔞𝔪,(𝕘/&)𝔭!1𝔭!3	, 𝕘 
=1,…., G For each 𝕘()  group, the carrier bits 
(𝔞𝔪,(𝕘/&)𝔭!1&, … . , 𝔞𝔪,(𝕘/&)𝔭!1𝔭&) are translated to a character 
𝑒𝔪
𝕘 ∈ [1,	2𝔭&]. This character designates one of the 2p1carriers 

in that band as an effective carrier. The permuted form of the 

reference signal is obtained by mapping the permutation bits 
(𝔞𝔪,(𝕘/&)𝔭!1𝔭&1&,… . , 𝔞𝔪,(𝕘/&)𝔭!1𝔭&1𝔭',) to the symbol 𝑝𝔯𝔪

𝕘 ∈ 
[1,	2𝔭'], which selects one operator from the set of 
2𝔭'	permutation operators, 𝒫𝔯 = [𝒫𝔯&	, 𝒫𝔯', … , 𝒫𝔯𝕦	, 𝒫𝔯'𝔭#	] ,	𝕦 
=1,…,	2𝔭'. The last data bit in 𝒮𝔪

𝕘 , (𝔞𝔪,(𝕘/&)𝔭!1𝔭!), is modulated 
and converted to 𝔟𝔪

𝕘 = (1,−1) via a polarity conversion. This 
modulated bit is then separated by the permuted form of the 
chaotic reference pulse chosen by the 𝔭2 bits. The presently 
picked carrier in each group then sends the modulated bit. For 
every group, the sequence 𝔯 =1,..,2𝔭&, 𝕘 =1,.., G is produced. If 
the 𝔯()	subcarrier is alive, 𝑑𝔪,𝔯

𝕘  equals to	𝔟𝔪
𝕘 ; if not, it equals 

zero. Figure 1 shows the block layout of the GSPIM-DCSKI 
transmitter architecture. The system of chaos used to create 
the chaotic reference wave with 𝛽 chips is the logistic map 
𝓍𝔪,41& = 1 − 2𝓍𝔪,4' . The pulse shaping block's resultant 
signal is as follows: 

𝓍𝔪(𝑡) = ∑ 𝓍𝔪,4	𝔠(𝑡 − 𝑘𝑇𝔠)
6
47&                                 (1) 

where 𝑇𝔠	 is the chip time and 𝔠(𝑡) is the square-root cosine 
filter. By multiplying the data-bearing pulse in each block of 
the GSPIM-DCSKI structure by the coefficients weight, 𝑑𝔪,𝔯

𝕘 , it 
may be modulated on the subcarriers with matching 
frequencies and combined to form the transmitted signal for 
the 𝔪()	GSPIM-DCSKI symbol's period. This may be said in the 
following way: 

𝒮𝕋(𝑡) = ∑ ∑ 𝑑𝔪,𝔯
𝕘'𝔭$

𝔯7& 𝑐𝑜𝑠K2𝜋𝑓(𝕘/&)'𝔭$1𝔯𝑡 +9
𝕘7&

																𝜑(𝕘/&)'𝔭$1𝔯N + 𝓍𝔪(𝑡)𝑐𝑜𝑠(2𝜋𝑓%𝑡 + 𝜑%)                       (2) 

where the angle of phase 𝜑(𝕘/&)'𝔭$1𝔯	and carrier frequency 
𝑓(𝕘/&)'𝔭$1𝔯for the 𝔯()	carrier in the 𝕘()	block are supplied, 
respectively. The signal received among the 𝕁 distinct Rayleigh 
distribution routes in the receiving section, each with 
coefficients ℷ𝕛 and a time delay 𝜏𝕛 (Cheng et al., 2016), (Hasan, 
2021), is represented as follows: 

𝕪(𝑡) = ∑ ℷ𝕛𝛿(𝑡 − 𝜏𝕛)
𝕁
𝕛7& ⊗𝒮𝕋(𝑡) + 𝜁(𝑡)                   (3) 

The zero mean wide-band AWGN wave with ℕ</2 power 
density (PSD) is represented by ζ(t), and the convolution 
operator is represented by ⊗. The received GSPIM-DCSKI 
technique's block arrangement is shown in Figure 2. In this 
setup, the processor multiplies the sinusoidal frequencies (2𝔭 
+1) that occur concurrently with the entering signal, 𝕪(𝑡). 
Matching filters are employed to filter and sample the resulting 
(2𝔭 +1) strings at regular intervals of 𝑘𝑇𝔠. After that, the 
recovered reference chaotic wave is permuted using a 
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permutation device into 2𝔭'	variations, which are then 
recorded in an 𝓐'%#×6matrix. The	𝕘()  𝓑'𝔭$×6

𝕘 	matrix contains 

the 2𝔭& data strings for each block.	𝒵𝔪
𝕘 , 𝕘 = 1, . . , 𝐺, the 

𝕘()	correlation matrices, are ultimately determined to be: 

𝓩𝔪
𝕘 = 𝓐× (𝓑𝕘)> =

									\
𝒵𝔪,(&,&)
𝕘 ⋯ 𝒵𝔪,(&,'𝔭$)

𝕘

⋮ ⋯ ⋮
𝒵𝔪,('𝔭#,&)
𝕘 ⋯ 𝒵𝔪,('%#,'&$)

𝕘
_

>

, 𝕘 = 1, . . , 𝐺                     (4) 

To get the recognized effective carrier, 𝑒̂𝔪
𝕘 	, and permutation, 

𝑝𝔯a 𝔪
𝕘 , indexes, the largest magnitude value 𝒵𝔪,(𝕦,𝔯)

𝕘 , 𝕦 =1,…,	2𝔭' 

, 𝔯 =1,..,	2𝔭&	is obtained in the 𝕘()	block. This value may be 
expressed as follows: 

(𝑝𝑟c𝔪
𝕘, 𝑒̂𝔪

𝕘) = arg max
𝕦7&,..,'𝔭#,𝔯7&,..,'𝔭$

ij𝒵𝔪,(𝕦,𝔯)
𝕘 jk                 (5) 

The binary creation of such indices is accomplished by 
utilizing opposite mapping to transform the symbol shape 
into binary code. Take l𝔞m𝔪,(𝕘/&)𝔭(1', . . . , 𝔞m𝔪,(𝕘/&)𝔭(1𝔭&nas an 
example. (𝑒𝔪

𝕘 ), = Opposite Mapping, where 𝕘 = 1, . . , 𝐺. Finally, 
the modulated bit found in the 𝕘()  sub-block is obtained using 
the following formulation: 

	𝔞a𝔪,(𝕘/&)𝔭!1& = o
0				𝑖𝑓	𝑠𝑖𝑔𝑛 i𝒵𝔪,(@AB𝔪

𝕘 ,Ĉ𝔪
𝕘)

𝕘 k = −1

1				𝑖𝑓	𝑠𝑖𝑔𝑛 i𝒵𝔪,(@AB𝔪
𝕘 ,Ĉ𝔪

𝕘)
𝕘 k = +1

		           (6) 

When using the GSPIM-DCSKII method, the permuted version 
of the reference sequence distributes one bit to each effective 
carrier in the 𝕘()	block. The 𝔭1 bits are used by each block to 
determine whether of the 2𝔭&	carriers is unoccupied. The 
block's total number of bits broadcast is (𝔭1 + (2𝔭& −
1)(𝔭2 + 1))	bits, while the technique's total number is 
𝐺(𝔭1 + (2𝔭& − 1)(𝔭2 + 1))	bits. The symbols for the 
modulated bits and permutations are (2𝔭& − 1) and 𝔭2(2𝔭& −
1). Equations (2) and (3) explain the waves that are broadcast 
and received respectively. Both transmitter and receiver unit 
designs may be used to define the transceiver structure for the 
GSPIM-DCSKII system. Finding the index of the non-active 
carrier in the 𝕘()  block requires determining the greatest value 
of correlation matrices 𝓩𝔪

𝕘 	for each carrier 𝔯, 𝔯 =1,…, 2𝔭&, 𝕘 
=1,.., G. For every carrier, the greatest value is denoted as 
𝒵t𝔪,(𝕦E,𝔯)
𝕘 	𝔯 = 1,… , 2𝔭&, 𝕦′ = 1,2. The passive carrier index, 

𝓂a𝔪
𝕘 , is calculated by taking the minimum of the biggest 

magnitude values and expressed using the subsequent 
formula: 

  w
𝒵t𝔪,(&,𝔯)	
𝕘

𝒵t𝔪,(',𝔯)	
𝕘 x = arg max

𝕦7&,..,'&#
ij𝒵𝔪,(𝕦,𝔯)

𝕘 jk	                            (7) 

𝓂a𝔪
𝕘 = arg min

𝔯7&,..,'&$
ij𝒵t𝔪,(&,𝔯)

𝕘 jk	                                 (8) 

The modulated bit for the 𝔯()	carrier in the g^th block, 
represented as 𝔞m𝔪,𝔯

𝕘 , and the (2𝔭& − 1)(𝔭2)permutation 
mapped bit indexes, marked as 𝑝𝑟c𝔪,𝔯

𝕘 , are represented by the 
indexes 𝒵t𝔪,(',𝔯)	

𝕘 as: 

 	𝑝𝔯a 𝔪,𝔯
𝕘  = 𝒵t𝔪,(',𝔯)	

𝕘   𝔯 = 1,… , 2𝔭& ,	𝔯 ≠ 𝓂a𝔪
𝕘                          (9) 

𝔞"𝔪,𝔯
𝕘 = $

0				𝑖𝑓	𝑠𝑖𝑔𝑛 ,𝒵.𝔪,(),*+,𝔪,𝔯
𝕘 -	

𝕘 / = −1

1				𝑖𝑓	𝑠𝑖𝑔𝑛 ,𝒵.𝔪,(),*+,𝔪,𝔯
𝕘 -

𝕘 / = +1
		
𝕘 = 1, . . , 𝐺																					
𝔯 = 1, . . , 2𝔭), 𝔯 ≠ 𝓂;𝔪

𝕘 (10) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. GSPIM-DCSK design's transmitter side unit arrangement. 
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Figure 2. The GSPIM-DCSK design's receiver side unit arrangement. 

3. A Novel Multi-Relay Two-Way Cooperative Network 
for Multiple Users using GSPIM-DCSK 

In this part, a multiple-user cooperative system employing the 
GSPIM-DCSK techniques (GSPIM-DCSKI and GSPIM-DCSKII) is 
presented enabling 2-way, semi-duplex interaction among 
two and three clients through two relays. Users can 

communicate without being connected directly due to the 
relays that help with information transfer. 

3.1. Two-user cooperative network based on multi-
relay GSPIM-DCSK: 

Two users (𝕌1 and 𝕌2) and two relays (ℝ1	𝑎𝑛𝑑	ℝ2), each with 
one antenna, constitute this network. To achieve optimal 
effectiveness, the network employs the GSPIM-DCSK 
technique. Users 𝕌1 and 𝕌2 broadcast their information bits 
to the relays during distinct time periods, T1 and T2, so as to 
minimize disruption. Every relay node uses the protocol 
method known as Decode and Forward (DF). Broadcasting 
and relaying are the two steps that construct the 
communication channel. Figure 3 illustrates the two-step 
broadcasting and relaying architecture of the cooperative 
network based on multi-relay GSPIM-DCSK. 𝒮𝕋F,4   indicates the 

signal delivered from users 𝕌𝑖	(i ∈ {1,2})to relay ℝ4	(k ∈
{1,2}). This signal is identical to that in (2), except instead of 
𝑑𝔪,𝔯
𝕘  and 𝓍𝔪, the parameters 𝑑𝕞,𝔯,F

𝕘	,4  and 𝓍𝔪,H. The signal from 
users 𝕌𝑖	(i ∈ {1,2}) is received by the relay node ℝ4	(k ∈
{1,2}) via 𝕁F,4	distinct routes of the Rayleigh distribution. This 
may be represented as follows. 

	𝕪F,4(𝑡) = ∑ ℷF
𝕛
,4
𝛿(𝑡 − 𝜏F,

𝕛
4
)𝕁),+

𝕛7& ⊗𝒮𝕋F,4	(𝑡) + 𝜁F,4(𝑡)      (11) 

where 𝜁F,4(𝑡) indicates the AWGN for the connection from 𝕌𝑖 
to ℝ4, and ℷF

𝕛
,4
	and 𝜏F,

𝕛
4

 signify the fading coefficient and the 

latency of the 𝕛()	path. The GSPIM-DCSK (GSPIM-DCSKI, 
GSPIM-DCSKII) demodulation is used by the relay nodes 
ℝ4	(𝑘 ∈ {1,2}) to decode the data provided by the two users. 
When the GSPIM-DCSKI modulation scheme is used at the 
relay nodes and for each 𝕘()  sub-block, the formula in “Eq.4” 
is first used to determine the largest magnitude value 
(	𝓩𝔪,(𝕦,𝔯)

𝕘,F,4 ) for each user at each relay. The lowest of the 

greatest magnitude values (	𝓂a𝔪,F,4
𝕘 ) for each user at each relay 

is first determined using the same method in (8) in the case of 
utilizing the GSPIM-DCSKII modulation scheme in the relay 
nodes and for each sub-block 𝕘 =1,.., G. In order to keep things 
simple, (	𝓩𝔪,(𝕦,𝔯)

𝕘,F,4 ) and (	𝓂a𝔪,F,4
𝕘 ) are expressed as 𝒳F,4	,which is 

the reliability indicator for the active and inactive carriers in 
each sub-block of the GSPIM-DCSKI and GSPIM-DCSKII 
schemes, respectively, and can be expressed as follows: 

𝒳𝕘
F,4 	=

	�
𝓩𝔪,(𝕦,𝔯)
𝕘,F,4 𝑓𝑜𝑟	𝑟𝑒𝑙𝑎𝑦	𝑤𝑖𝑟ℎ	𝐺𝑆𝑃𝐼𝑀 − 𝐷𝐶𝑆𝐾𝐼	𝑠𝑐ℎ𝑒𝑚𝑒	

	𝓂a𝔪,F,4
𝕘 𝑓𝑜𝑟	𝑟𝑒𝑙𝑎𝑦	𝑤𝑖𝑟ℎ	𝐺𝑆𝑃𝐼𝑀 − 𝐷𝐶𝑆𝐾𝐼𝐼	𝑠𝑐ℎ𝑒𝑚

     (12) 
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Then, for each system sub-block, the following three relay-
selection techniques are developed (Cai et al., 2017): 

• Max-Sum (𝑀!
𝕘) Relay-Selection 

Two indicators, 𝑀!
𝕘1=𝒳𝕘

&,& +𝒳𝕘
',& and 𝑀!

𝕘2=𝒳𝕘
&,' 

+𝒳𝕘
','	are utilized in the 𝑀!

𝕘	relay selection process to decide 
which relay should be chosen. We define the max-sum 
choosing procedure as follows: 

ℝ𝕘
4  = arg max

47&,'
K𝑀!

𝕘𝑛N                                         (13) 

• Max-Product (𝑀#
𝕘) Relay Selection:  

The parameters 𝑀#
𝕘1=𝒳𝕘

&,& ×𝒳𝕘
',& and 𝑀#

𝕘2=𝒳𝕘
&,' ×

𝒳𝕘		gar were employed for deciding which relay should be 
chosen in the 𝑀#

𝕘 relay decision. The definition of the max-
product choosing approach is: 

ℝ𝕘
4  = arg max

47&,'
K𝑀#

𝕘𝑛N                                           (14) 

• Max-Min ( 𝑀"
𝕘 )Relay Selection:  

𝑀"
𝕘 1=𝑀𝑖𝑛{𝒳𝕘

&,&,𝒳',&} and 𝑀"
𝕘 2=𝑀𝑖𝑛{𝒳𝕘

&,' ,𝒳𝕘
','} are 

utilized in the 𝑀"
𝕘 	 relay selection to decide which relay should 

be chosen. The definition of the max-min choosing procedure 
is: 

ℝ𝕘
4  = arg max

47&,'
K𝑀"

𝕘 𝑛N                                       (15) 

In the decision-making process, ℝ𝕘
& is chosen if 𝑀𝕘1 ≥ 𝑀𝕘2, 

where 𝑀4 ∈ 	 {𝑀!
𝕘𝑘,𝑀#

𝕘𝑘,𝑀"
𝕘 𝑘}	𝑎𝑛𝑑	𝑘	 ∈ 	 {1, 2}. If not, ℝ𝕘

'is 
chosen. Subsequently, at every sub-block, the designated 
relay node employed the XOR functioning, as indicated by ⊕, 

to combine the signals obtained from users 1 and 2 (𝒮𝕞,&,4
𝕘� , 

𝒮𝕞,',4
𝕘�,)	to generate network-coded bits of data (𝒮𝕞,I

𝕘 ) . These 
bits were subsequently transmitted to the central unit, which 
gathered the network-coded information bits from every sub-
block. The goal was to distribute these bits, via the relaying 
phase, to every subscriber in just one slot, utilizing the GSPIM-
DCSK (GSPIM-DCSKI, GSPIM-DCSKII) modulation framework. 
To sum up, the two phases have a total of three-time slots, or 
𝕋 = 3𝛽𝑇𝔠 in duration. Moreover, 𝒮𝕋𝑐(𝑡)	provides the signals 
that the center unit transmitted to the two users; this is 
equivalent to “Eq.2”, but the parameters are 𝓍𝔪,Iand 
𝑑𝕞,𝔯
𝕘	,I	rather than 𝑑𝔪,𝔯

𝕘  and 𝓍𝔪, respectively. User1 and User2's 
signals from the relay along 𝕁I,F  distinct routes of the Rayleigh 
distribution may be represented by the following: 

	𝕪I,F(𝑡) = ∑ ℷI
𝕛
,F𝛿(𝑡 − 𝜏I,

𝕛
F
)𝕁,,)

𝕛7& ⊗𝒮𝕋I	(𝑡) + 𝜁I,F(𝑡)            (16) 

The parameters of the 𝕛()	link for the center unit are 
represented as ℷI

𝕛
,F 	for users 1 and 2, while 𝜁I,F(𝑡)denotes the 

AWGN. At user 1, the self-information bit and the observed 
data bits 𝒮𝕞,I�  from the center unit will be combined to find the 
user 2 data bits. Specifically, the self-information bit for user 1 
and the recognized data bits from the center unit will be 
XORed to obtain the anticipated data bits for user 2, which are 
expressed as follows: 

	𝒮𝕞,'� =𝒮𝕞,I� ⊕𝒮𝕞,&                                           (17) 

Figure 3. GSPIM-DCSK modulation scheme-based multi-relay 
cooperative system with two users 

3.2. Three-user cooperative network based on multi-
relay GSPIM-DCSK 

There are two relays (ℝ1	𝑎𝑛𝑑	ℝ2) and three-users (𝕌1,	𝕌2, 
and 𝕌3) in this network. There is one antenna per node. The 
cooperative relaying infrastructure's terminals are outfitted 
with the GSPIM-DCSK scheme, which comes in two variations: 
GSPIM-DCSKI and GSPIM-DCSKII, to enhance network 
functioning. To prevent disruptions, the three-users send their 
information bits to the relays (ℝ1	𝑎𝑛𝑑	ℝ2) at different 
periods (𝕋1, 𝕋2, and 𝕋3). In the network, the relay point uses 
the Decode and Forward (DF) protocol. The relaying phase 
and the broadcasting procedure are required to establish a 
communication link between the users. Figure 4 depicts the 
overall architecture of the proposed GSPIM-DCSK 
cooperative network. The signal delivered to the relay ℝ4	(k ∈
{1,2}) from users 𝕌𝑖	(i ∈ {1,2,3}) is represented by 𝒮𝕋F,4, 

which is identical to “Eq.2” but uses 𝓍𝔪,H	and 𝑑𝕞,𝔯,F
𝕘	,4 as 

parameters rather than 𝑑𝔪,𝔯
𝕘  and 𝓍𝔪, respectively. Relays 

nodes ℝ4	(k ∈ {1,2}) employ GSPIM-DCSK demodulation to  
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decode data sent by the three-users via 𝕁F,4different paths of 
the Rayleigh distribution. These data are comparable to 
“Eq.11”. The GSPIM-DCSKI modulation method uses the 
formula in “Eq.4” to determine the maximum magnitude value 
(	𝓩𝔪,(𝕦,𝔯)

𝕘,F,4 )for each user at each relay for each 𝕘()  sub-block. On 

the other hand, the GSPIM-DCSKII modulation scheme uses 
the same method in “Eq.8” to get the minimum of the greatest 
magnitude values (	𝓂a𝔪,F,4

𝕘 ) for each user at each relay. 

(	𝓩𝔪,(𝕦,𝔯)
𝕘,F,4 ) and (	𝓂a𝔪,F,4

𝕘 ) are expressed simply as 𝒳F,4, which 

may be expressed as “Eq.12”. This indicates the dependability 
of the active and inactive carriers in each sub-block of the 
GSPIM-DCSKI and GSPIM-DCSKII schemes, respectively. For 
every system sub-block, the following three relay-selection 
techniques are developed : 

• Max-Sum (𝑀!
𝕘𝑘, 𝑛) Relay Selection 

Four parameters are employed in the 𝑀!
𝕘𝑘, 𝑛 relay selection 

process to choose the relay that will send data to every user 
during the first and second relaying phases, where 𝑛 ∈ 	 {1, 2}. 
The relay node for 𝕌1,	𝕌2 is selected using 𝑀!

𝕘1,1=𝒳𝕘
&,& 

+𝒳𝕘
',& and 𝑀!

𝕘2,1=𝒳𝕘
&,' +𝒳𝕘

','and for 𝕌1,	𝕌3, the relay 
node is selected using 𝑀!

𝕘1,2=𝒳𝕘
&,& +𝒳𝕘

J,& and 𝑀!
𝕘2,2=𝒳𝕘

&,' 
+𝒳𝕘

J,'. The definition of the max-sum choosing process is: 

The selected relay node for 𝕌1,	𝕌2 : 

ℝ𝕘
4  = arg max

47&,'	,K7&
K𝑀!

𝕘𝑘, 1N                                   (18) 

The selected relay node for 𝕌1,	𝕌3: 

ℝ𝕘
4  = arg max

47&,',K7'
K𝑀!

𝕘𝑘, 2N                                  (19) 

• Max-Product (𝑀#
𝕘𝑘, 𝑛) Relay Selection:  

Four indicators are utilized in the 𝑀#,K
𝕘  relay selection process 

to evaluate which relay should be chosen. The relay node for 
𝕌1,	𝕌2 is selected using 𝑀#

𝕘1,1=𝒳𝕘
&,& ×𝒳𝕘

',& and 
𝑀#
𝕘2,1=𝒳𝕘

&,' ×𝒳𝕘
','; the relay node for 𝕌1,	𝕌3 is selected 

using 𝑀#
𝕘1,2=𝒳𝕘

&,& ×𝒳𝕘
J,& and 𝑀#

𝕘2,2=𝒳𝕘
&,' ×𝒳𝕘

J,'. The 
definition of the max-product choosing approach is: 

The selected relay node for 𝕌1,	𝕌2 : 

ℝ𝕘
4  = arg max

47&,',K7&
K𝑀#

𝕘𝑘, 1N                                  (20) 

The selected relay node for 𝕌1,	𝕌3 : 

ℝ𝕘
4  = arg max

47&,',K7'
K𝑀#

𝕘𝑘, 2N                                  (21) 

Max-Min ( 𝑀"
𝕘 𝑘, 𝑛)Relay Selection: 

𝑀"
𝕘 1,1=𝑀𝑖𝑛{𝒳𝕘

&,&,𝒳',&} and 𝑀"
𝕘 2,1=𝑀𝑖𝑛{𝒳𝕘

&,' ,𝒳𝕘
','} are 

used in the 𝑀",K
𝕘 relay choice procedure to decide which relay 

to be picked for 𝕌1,	𝕌2, and 𝑀"
𝕘 1,2=𝑀𝑖𝑛{𝒳𝕘

&,&,𝒳J,&} and 

𝑀"
𝕘 2,2=𝑀𝑖𝑛{𝒳𝕘

&,' ,𝒳𝕘
J,'} are used for deciding which relay 

to be picked for 𝕌1,	𝕌3. The definition of the max-min 
choosing policy is: 

The selected relay node for 𝕌1,	𝕌2 : 

ℝ𝕘
4  = arg max

47&,',K7&
K𝑀"

𝕘 𝑘, 1N                                  (22) 

The selected relay node for 𝕌1,	𝕌3 : 

ℝ𝕘
4  = arg max

47&,',K7'
K𝑀"

𝕘 𝑘, 2N                                  (23) 

The choosing procedure is as follows: if if 𝑀𝕘1,1 ≥ 𝑀𝕘2,1, and 
if 𝑀𝕘1,2 ≥ 𝑀𝕘2,2, where 𝑀4,K ∈ 	 /𝑀!

𝕘𝑘,𝑀#
𝕘𝑘,𝑀"

𝕘 𝑘3, 𝑘	 ∈
	{1, 2},and 𝑛	 ∈ 	 {1, 2}, then ℝ𝕘

&is chosen; if not, ℝ𝕘
'	 is 

selected. As ((𝒮𝕞,&,L� , 𝒮𝕞,',L�	and	𝒮𝕞,J,L)�  , the data broadcasted 
by the three-users and decoded by the relay node may be 
represented. Using the XOR technique displayed by ⊕, the 
chosen relay node combines the signals from users 1 and 2 
and users 1 and 3 to generate two network-coded bits of 
information (𝒮𝕞,I,&

𝕘  and 𝒮𝕞,I,'
𝕘 ). These bits are subsequently 

transmitted to the central unit to gather the network-coded 
data bits from every sub-block so that they can be delivered to 
both users in a two-time slot through the two relaying phases 
using GSPIM-DCSK (GSPIM-DCSKI, GSPIM-DCSKII) modulation 
scheme. 𝕋 = 5𝛽𝑇𝔠	is the entire duration of the two phases, 
which together include five- time slots. Moreover, 
𝒮𝕋𝑐, 1(𝑡)	and 𝒮𝕋𝑐, 2(𝑡) indicate the signals that the center 
unit delivered to the three-users at the first and second 
relaying periods, respectively. These are identical to “Eq.2”, 
but at the first relaying phase, the parameters are 𝑑𝕞,𝔯

𝕘	,I,& and 
𝓍𝔪,I,&, and at the second relaying phase, they are 𝑑𝕞,𝔯

𝕘	,I,' and 
𝓍𝔪,I,', rather than 𝑑𝔪,𝔯

𝕘  and 𝓍𝔪. The signals received by the 
three-users via 𝕁I,F 		different paths of the Rayleigh distribution 
from the center unit during the first and second relaying 
periods are represented by the following: 

	𝕪I,&,F(𝑡) = ∑ ℷI
𝕛
,&,F𝛿(𝑡 − 𝜏I,&,

𝕛
F
)𝕁,,$,)

𝕛7& ⊗𝒮𝕋I,&	(𝑡) +
																									𝜁I,&,F(𝑡)                                                                         (24) 

𝕪I,',F(𝑡) = ∑ ℷI
𝕛
,',F𝛿(𝑡 − 𝜏I,',

𝕛
F
)𝕁,,#,)

𝕛7& ⊗𝒮𝕋I,'	(𝑡) +
																											𝜁I,',F(𝑡)                                                                       (25) 
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The parameters of the relay in the first and second-time slots 
for each of the three users are represented by ℷ𝕛,I,&,F  and 
ℷ𝕛,I,',F 	for the 𝕛()	link.Both 𝜁I,&,F(𝑡) and 𝜁I,',F(𝑡)show AWGN. 
The self-data bit will be combined with the observed data bits 
(𝒮𝕞,I,&� 	, and 𝒮𝕞,I,'�)	obtained from the center unit at 𝕌1 to 
identify the data bits of 𝕌2 and 𝕌3 at 𝕌1. More specifically, the 
information bits from the center unit and the personal data bit 
at user 1 will be XORed to create the estimated information 
bits for 𝕌2 and 𝕌3, which are as follows: 

	𝒮𝕞,'� =𝒮𝕞,I,&� ⊕𝒮𝕞,&	                                       (26) 

 𝒮𝕞,J� = 𝒮𝕞,I,'� ⊕𝒮𝕞,&										                             (27) 

 
Figure 4. GSPIM-DCSK modulation scheme-based multi-relay 

cooperative system with three-users. 

4. Results of Simulation Achievement and Discussions: 

Under the influence of three routes of Rayleigh fading 
channels, the BER performances for the proposed Multi-Relay 
Multiuser Cooperative network based on GSPIM-DCSKI and 
GSPIM-DCSKII systems are provided in this section. 
Additionally, these systems' performance comparisons with 
single relay two and three-users cooperative networks based 
on two different types of GSIM-DCSK and DCSK systems are 
presented. Table 1 and Table 2, respectively, provide the 
average power gain and delay time for each route of the 
Rayleigh fading channel.  

 

The total number of sub-carriers and mapping bits (carrier and 
permutation indices) that were ultimately selected for the 
Multi-Relay Two-way Multi-users cooperative-based GSPIM-
DCSK with its two distinct variants (GSPIM-DCSKI and GSPIM-
DCSKII) structures with spreading factor β=128 is equal to (𝔭 
=6,	2M+1=65), 𝔭1 =2, and 𝔭2=2, respectively. Figures 5 and 6 
illustrate how the average bit error rate performance of single 
relay two-user cooperative systems using two types of GSPIM-
DCSK and DCSK systems is compared to that of two relay two-
way two-user cooperative networks using GSPIM-DCSKI and 
GSPIM-DCSKII with Max-Product, Max-Minimum, and Max-
Sum relay selection algorithms.  

Figure 5. Two relay two-users cooperative networking  
based on GSPIM-DCSKI along with other cooperative  

platforms are contrasted for average BER. 

 

 

Figure 6. Two relay two-users cooperative networking  
based on GSPIM-DCSKII along with other cooperative  

platforms are contrasted for average BER. 
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Nodes Average Power Gain Chips Time Delays 

𝕌1 to ℝ& 

𝐸Kℷ&,𝕌&→ℝ$
' N 𝐸Kℷ',𝕌&→ℝ$

' N 𝐸KℷJ,𝕌&→ℝ$
' N 𝜏&,𝕌&→ℝ$  𝜏',𝕌&→ℝ$  𝜏J,𝕌&→ℝ$  

1/3 1/3 1/3 0 2 5 
𝐸Kℷ&,𝕌&→ℝ#

' N 𝐸Kℷ',𝕌&→ℝ#
' N 𝐸KℷJ,𝕌&→ℝ#

' N 𝜏&,𝕌&→ℝ#  𝜏',𝕌&→ℝ#  𝜏J,𝕌&→ℝ$  
1/2 2/5 1/10 0 1 4 

𝕌2 to ℝ4  

𝐸Kℷ&,𝕌'→ℝ$
' N 𝐸Kℷ',𝕌'→ℝ$

' N 𝐸KℷJ,𝕌'→ℝ$
' N 𝜏&,𝕌'→ℝ$  𝜏',𝕌'→ℝ$  𝜏J,𝕌'→ℝ$  

1/10 2/5 1/2 0 3 6 
𝐸Kℷ&,𝕌'→ℝ#

' N 𝐸Kℷ',𝕌'→ℝ#
' N 𝐸KℷJ,𝕌'→ℝ#

' N 𝜏&,𝕌'→ℝ#  𝜏',𝕌'→ℝ#  𝜏J,𝕌'→ℝ#  
2/5 1/10 1/2 0 4 8 

ℂ to 𝕌1 & 𝕌2 
𝐸Kℷ&,ℂ→𝕌' N 𝐸Kℷ',ℂ→𝕌' N 𝐸KℷJ,ℂ→𝕌' N 𝜏&,ℂ→𝕌 𝜏',ℂ→𝕌 𝜏J,ℂ→𝕌 

1/3 1/5 7/15 0 5 7 

Nodes Average Power Gain Chips Time Delays 

𝕌1 to ℝ& 

𝐸Kℷ&,𝕌&→ℝ$
' N 𝐸Kℷ',𝕌&→ℝ$

' N 𝐸KℷJ,𝕌&→ℝ$
' N 𝜏&,𝕌&→ℝ$  𝜏',𝕌&→ℝ$  𝜏J,𝕌&→ℝ$  

1/3 1/3 1/3 0 2 5 
𝐸Kℷ&,𝕌&→ℝ#

' N 𝐸Kℷ',𝕌&→ℝ#
' N 𝐸KℷJ,𝕌&→ℝ#

' N 𝜏&,𝕌&→ℝ#  𝜏',𝕌&→ℝ#  𝜏J,𝕌&→ℝ$  
1/2 2/5 1/10 0 1 4 

𝕌2 to ℝ4  

𝐸Kℷ&,𝕌'→ℝ$
' N 𝐸Kℷ',𝕌'→ℝ$

' N 𝐸KℷJ,𝕌'→ℝ$
' N 𝜏&,𝕌'→ℝ$  𝜏',𝕌'→ℝ$  𝜏J,𝕌'→ℝ$  

1/10 2/5 1/2 0 3 6 
𝐸Kℷ&,𝕌'→ℝ#

' N 𝐸Kℷ',𝕌'→ℝ#
' N 𝐸KℷJ,𝕌'→ℝ#

' N 𝜏&,𝕌'→ℝ#  𝜏',𝕌'→ℝ#  𝜏J,𝕌'→ℝ#  
𝐸Kℷ&,𝕌'→ℝ$

' N 𝐸Kℷ',𝕌'→ℝ$
' N 𝐸KℷJ,𝕌'→ℝ$

' N 𝜏&,𝕌'→ℝ$  𝜏',𝕌'→ℝ$  𝜏J,𝕌'→ℝ$  

𝕌3 to ℝ4  

𝐸Kℷ&,𝕌J→ℝ$
' N 𝐸Kℷ',𝕌J→ℝ$

' N 𝐸KℷJ,𝕌J→ℝ$
' N 𝜏&,𝕌J→ℝ$  𝜏',𝕌J→ℝ$  𝜏J,𝕌J→ℝ$  

3/5 1/10 3/10 0 3 6 
𝐸Kℷ&,𝕌J→ℝ#

' N 𝐸Kℷ',𝕌J→ℝ#
' N 𝐸KℷJ,𝕌J→ℝ#

' N 𝜏&,𝕌J→ℝ#  𝜏',𝕌J→ℝ#  𝜏J,𝕌J→ℝ#  
4/5 1/10 1/10 0 5 8 

ℂ to 𝕌1, 𝕌2 and 𝕌3 at 
First Relaying Phase 

𝐸Kℷ&,ℂ,&→𝕌' N 𝐸Kℷ',ℂ,&→𝕌' N 𝐸KℷJ,ℂ,&→𝕌' N 𝜏&,ℂ,&→𝕌 𝜏',ℂ,&→𝕌 𝜏J,ℂ,&→𝕌 
1/3 1/5 7/15 0 5 7 

ℂ to 𝕌1 , 𝕌2 and 𝕌3 at 
Second Relaying Phase 

𝐸Kℷ&,ℂ,'→𝕌' N 𝐸Kℷ',ℂ,'→𝕌' N 𝐸KℷJ,ℂ,'→𝕌' N 𝜏&,ℂ,'→𝕌 𝜏',ℂ,'→𝕌 𝜏J,ℂ,'→𝕌 
1/5 2/15 2/3 0 3 8 

Table 1. System parameters for two-relay two-user cooperative system. 

Table 2. System parameters for two-relay three-user cooperative system. 
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It also contrasts the single relay three user cooperative system 
based on two types of GSPIM-DCSK and DCSK systems with 
the average bit error rate performance of two relay two-way 
three-user cooperative networks using GSPIM-DCSKI and 
GSPIM-DCSKII with Max-Product, Max-Minimum, and Max-
Sum relay selection algorithms, as shown in Figures 7 and 8. 
These figures show that the cooperative system with the relay 
selection algorithm performs better than the other systems 
that just have one relay. Whereas the cooperative system 
based on GSPIM-DCSKI for two users obtained SNR about 4 dB 
with Max-Product, Max-Minimum relay choosing technique, 
and 0.5 dB with Max-Sum relay choosing technique at average 
BER = 10/J compared to the cooperative system based on 
GSPIM-DCSKI with just one relay, and at average BER = 10/' 
obtained SNR about 7.5 dB with Max-Product, Max-Minimum 
relay choosing technique, and 6.5 dB with Max-Sum relay 
choosing technique compared to the cooperative system 
based on DCSK scheme, as Figure 5 displays. Additionally, the 
two-user cooperative system based on GSPIM-DCSKII gained 
SNR of about 4 dB with the Max-Product, Max-Minimum, and 1 
dB with the Max-Sum relay choice techniques at average BER 
= 10/J compared to the cooperative system based on GSPIM-
DCSKII with a single relay and at BER = 10/' gained SNR about 
5 dB with relay choosing approaches compared to the 
cooperative system based on DCSK scheme, as shown in 
Figure 6. Figure 7 illustrates how the three-user cooperative 
system based on GSPIM-DCSKI increased SNR by 
approximately 3.2 dB with Max-Product, Max-Minimum relay 
selection method, and 2 dB with Max-Sum relay selection 
method compared to the three-user cooperative system 
based on GSPIM-DCSKI with single relay at average BER = 10/J 
and against the three user cooperative systems based on 
DCSK scheme, at BER = 10/' achieved SNR about 7dB with 
Max-Product, Max-Minimum relay choosing technique, and 
approximately 5.25 dB with Max-Sum relay selection method. 
Additionally, the three-user cooperative system based on 
GSPIM-DCSKII gained SNR by approximately 3.5 dB with the 
Max-Product, Max-Minimum, and 1 dB with the Max-Sum relay 
choices at average BER = 10/Jcompared to the cooperative 
system based on GSPIM-DCSKII with a single relay and at BER 
= 10/'	acquired SNR by approximately 5 dB with relay 
choosing techniques compared to the cooperative system 
based on DCSK scheme, as shown in Figure 8. Furthermore, of 
the three relay choosing techniques, the cooperative system 
utilizing the Max-Product and the Max-Minimum decisions 
based on the GSPIM-DCSKI scheme executes more effectively 
than the Max-Sum choosing, with an average BER = 10/J for 
the systems based on the GSPIM-DCSKI with Max-Product and 
the Max-Minimum decisions obtained SNR by approximately 2 
and 0.5 dB at two and three users, respectively, compared to 
the system with Max-Sum procedure as shown in Figure 5 and 
7 respectively.  

 

 

Figure 7: Two relay three-users cooperative networking  
based on GSPIM-DCSKI along with other cooperative  

platforms are contrasted for average BER. 

 

 

 

 

 

Figure 8. Two relay three-users cooperative networking  
based on GSPIM-DCSKII along with other cooperative  

platforms are contrasted for average BER. 

The GSPIM-DCSKII cooperative system exhibits consistent 
performance up to SNR = 21 dB. Subsequently, the two and 
three-user systems with the Max-Product and Max-Minimum 
decisions exhibit comparable error performances and 
outperform the Max-Sum selection. At an average BER of 10/J, 
the two and three-user systems based on GSPIM-DCSKII 
gained approximately 1 and 0.5 dB at the two and three-user, 
respectively, compared to the Max-Sum mechanism depicted 
in Figures 5 and 7, respectively. However, because the Max-
Sum decision uses straightforward addition and comparison 
procedures, it has the least complexity. In addition, the GSPIM-
DCSK cooperative system is a multi-carrier system that splits  
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into groups which allow for the transmission of more 
information than the collaborative network based on DCSK at 
a single symbol length. In the cooperative structure based on 
GSPIM-DCSKI, every user passes 80 bits, whereas in the 
cooperative system based on GSPIM-DCSKII, 176 bits. The 
cooperative network based on the DCSK system delivers only 
a single bit, which results in the cooperative system based on 
DCSK scheme performing worse than other systems due to the 
fact that it consumes more energy to send just one bit from 
every customer. Moreover, the number of time slots that spent 
for the two phases of the cooperative process is different, 
where the two-user and three-user cooperative system based 
the two type of GSPIM-DCSK spend three-time slot equal to 
3βT and five-time slot equal to 5βT respectively, while two and 
three-user cooperative network based DCSK system demands 
six and ten time slots respectively to complete the 
cooperation process. 

5. Conclusion 

This study proposes a unique Multi-Relay Two-Way Multi-User 
half-duplex cooperative network to enhance the error 
reliability of a Single-Relay Two-Way half-duplex cooperative 
communication network based on a GSPIM-DCSK. The design 
of this system is based on the Joint Grouping Subcarrier-
Permutation Index Modulation-DCSK (GSPIM-DCSK) scheme. 
Although numerous relays are set up in this system, only one 
relay is used for supplying network-coded data to the clients 
during the relaying phase. It is projected that every relay node 
in this network makes use of the Decode and Forward (DF) 
protocol technique. Not all relays are employed, just one relay, 
which improves network performance overall and offers 
dependable communication between users is selected for 
transition. The max-sum (𝑀!), max-min (𝑀"), and max-
product (𝑀#) relay techniques are the three that are employed 
for selection. The average BER performance of the novel 
system is evaluated by acquiring and applying the simulation 
findings at multipath Rayleigh fading channels. Furthermore, 
a comparative analysis is conducted between the two and 
three-users cooperative system-based DCSK and GSPIM-DCSK 
that utilizes a single relay and a novel cooperative-based 
GSPIM-DCSK system, with two and three users, that utilizes 
multiple relays. Simulation results show that the cooperative 
system with the relay selection algorithm performs better than 
the other systems that just have one relay. Furthermore, the 
cooperative system utilizing 𝑀#  and 𝑀"	decisions based on 
the GSPIM-DCSK scheme executes more effectively than the 
𝑀! choosing mechanism. However, because the 𝑀! decision 
uses straightforward addition and comparison procedures, it 
has the least complexity. In addition, the GSPIM-DCSK 

cooperative system is a multi-carrier system which allow for 
the transmission of more information than the collaborative 
network based on DCSK at a single symbol length, which 
results in the cooperative system based on DCSK scheme 
performing worse than other systems due to the fact that it 
consumes more energy to send just one bit from every 
customer. 
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