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Abstract 

This study introduces a novel system called Generalized Joint Permutation-

Carrier Index Modulation Based MC-DCSK (GJPC-IM-MCDCSK) aimed at 

enhancing energy efficiency, spectral efficacy, and data transmission rates of GCI-

DCSK technology by generating and utilizing permuted forms of the reference 

chaotic series with quasi-orthogonal properties to distribute the modulated bits 

across each operational carrier. Furthermore, rather than employing correlation 

detection, the receiving end of the proposed system utilizes greedy detection to 

streamline the process. Evaluating the data rate, spectral efficiency, and complexity 

of the proposed GJPC-IM-MCDCSK system against GCI-DCSK, CI-DCSK1, and 

MC-DCSK technologies illustrates the superior performance of the recommended 

design. To illustrate the proposed design's superiority, the simulated Bit Error Rate 

(BER) performance is evaluated for the GJPC-IM-MCDCSK scheme and compared 

with the GCI-DCSK, CI-DCSK1, and MC-DCSK systems under AWGN and multipath 

Rayleigh fading channels. 

Keywords: Active carrier, permutation, Index, greedy detection, correlation detection 

I.     Introduction 

Aperiodic chaotic patterns, which may be easily created by minimal power 

consumption and inexpensive devices, bring significant properties and qualities that 

motivate the utilization of chaos in the framework of radio communication and 

chaotic modulation schemes [XXXI]. Chaotic waves are useful for many spread-

spectrum modulating devices due to their broadband spectral features and significant 

cross and autocorrelation benefits. On top of that, it can withstand degradation caused 

by multipath fading conditions. Its noise-like signal and aperiodic nature also make it 
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a potential contender for usage in military applications, since they allow for safer 

communication [III]. The need for coherent or non-coherent communications 

networks based on a chaotic modulator is dictated by the requirements for receiver 

and transmitter synchronization and estimation for channel state. In order to be 

coherent, an arrangement such as chaotic shift keying (CSK) has to be able to 

synchronize and estimate channel information. Dealing with an obstructed channel 

might be challenging. However, because the receiving end does not require 

synchronization or estimation of the channel's details procedure in order to retrieve 

the message, non-coherent chaotic modulation schemes, including DCSK, which 

symbolizes differential chaos shift keying, have attracted a lot of attention [XXI]. 

There are actually two identical time intervals in the DCSK signal period [XVIII, 

XXXII]. The reference chaotic series is communicated in the primary time position, 

and either an identical or an opposite copy of the reference wave is delivered in the 

subsequent time interval. Since fifty percent of the signal period is utilized to deliver 

the signal used as a reference, the DCSK technology has poor spectrum and energy 

consumption, lowered data information rate, and lessened bit error rate achievement 

[XXI ]. Over the last several years, several proposals have been put up to advance the 

DCSK scheme's rate of data and energy usage, like a quadratic QCSK, which 

symbolizes chaos shift keying [XVI], HE-DCSK, which symbolizes high-efficiency 

DCSK [XXXVII], which symbolizes Reference-DCSK [XXXVIII], short reference 

based on DCSK (SR-DCSK) [XXIV], and its enhanced variants [XXXVI], and the 

Noise Reduction DCSK (NR-DCSK) scheme [II]. Also, in an effort to make the 

DCSK technology more practical and efficient, scientists attempted to remove lines of 

delay and accomplish legal data flows at greater rates. Multi-Carrier constructed 

using DCSK (MC-DCSK), a parallel development of DCSK, was established in [I-X] 

to enhance bandwidth and power consumption by broadcasting the chaotic reference 

pattern over a redirected carrier while supplying the modulating bits of data 

by using other carriers. An innovative method called Orthogonal Frequency Division 

Multiplexing DCSK (OFDM-DCSK) resolves delay line problems and improves 

information bit speed [XXVII]. One effective method for creating technologies with 

greater data transmission capacity than current systems is index modulation (IM). 

With its simplified hardware requirements, energy savings, and spectrum economy, it 

is seen as a formidable candidate for the next generation of communications 

networks. IM techniques can alter the state of various transfer entities, including radio 

frequencies, relays, send antennas, spreading codes, subcarrier networks, types of 

modulation, time slots, and more, in order to map data bit values. By transferring 

power from inactive communication items to active ones, we can reduce errors even 

more than with traditional systems. Without introducing any new hardware 

difficulties, IM can effectively boost an architecture's spectrum performance [XI-XX] 

efficiency, system complexity, and data rate are further examined in Section 4. In 

Section 5, we see the outcomes of the simulation and analyze them. Section 6 

concludes with a brief overview of the study. 

II.    Related Works 

Two versions of the CI-DCSK, which symbolizes Carrier index DCSK, 

technology were suggested in [X]; they combine IM with multi-carrier. One 

subcarrier carries the CI-DCSK1 reference chaotic signal. When DCSK modulates 
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the message bit and sends it over one working subcarrier while the others are 

dormant, the system's spectrum efficiency drops.  As an upgrade over its predecessor, 

CI-DCSK2 uses mapped bits to designate one subcarrier as dormant. The remainder 

of the subcarriers transport modulated words and reference patterns. A two-layer CI-

DCSK (2CI-DCSK) technology was introduced in [XIII] to advance the power 

consumption and spectrum of CI-DCSK1. A single subcarrier carries the reference 

sequence, and the bits of information are separated into two distinct sets according to: 

one set is combined with the reference sequence, while their Hilbert copy transfers 

the other set. An active subcarrier receives the modulated bit from each group's 

mapped bits. In the (CCI-DCSK) framework, IM maps further bits in different 

commutated forms of the reference chaotic waveform [XIX]. With this method, data 

can be transmitted in just one time period with improved spectrum and power 

consumption thanks to the orthogonality between reference and data patterns. To 

enhance privacy of data, energy conservation, and bandwidth effectiveness, the PI-

DCSK, which symbolizes Permutation Index DCSK, technology was suggested by 

[XX]. In the second time window, the localized bits are employed to obtain a 

permuted duplicate of the chaotic sequence, which spreads the modulated bit across 

specified reference permutations. Expanding PI-DCSK was done in [I, XXI-XXX] to 

make it more effective. A GCI-DCSK, which symbolizes Generalized CI-DCSK, 

approach was introduced in [X] that periodically alters both index bits and carriers to 

improve CI-DCSK.  When using this method, carrier indices are not restricted to 

orders of 2. Improved performance in power, bandwidth, and system mistakes is a 

result of this.  The basic DCSK approach was paired with dual-index modulation to 

create DCSK-DIM2 and DCSK-DIM1, as suggested in [VIII].  In DCSK-DIM2 and 

DCSK-DIM1, the localized bits in every layer are utilized as indices for the currently 

used or idle periods, respectively, rather than the subcarrier. This method is 

comparable to 2CI-DCSK. A disadvantage is that the system can only support a 

single carrier, rather than supporting multiple subcarriers. Presented the M-ary DCSK 

system that combines carrier-code index modulation and proposed it in [VI ].  

Because it is not coherent, this system can skip the steps of CFIM that involve 

equalizing and estimating data on channel state [II]. There is a drawback to this 

intricate process. An M-ary DCSK with IM (IM-MDCSK) gadget that reduces power 

consumption and increases data speed is introduced in [VII]. At both the initial and 

second periods of the information structure, the system provides chaotic reference 

pulses and data-bearing patterns. Finally, mixed-value mapping chooses an effective 

indication after M-ary DCSK indicates control sequences. The receiver may be able 

to pinpoint busy times by looking at the absolute values of the decision components. 

A high-data-rate modulation system called the HDR CI-DCSK is presented in 

[XXXIX]. It broadcasts numerous data phases with a reference chaotic phase. Walsh 

sequences modulate indices and convey them using different subcarriers. Energy, 

bandwidth, and information rate can be enhanced by adding or removing data waves. 

Noise is reduced through signal repetition. For MC-DCSK grouping according to IM, 

[XVII] suggested GSIM-DCSKI and GSIM-DCSKII. To handle chaotic sequences, 

each approach employs a single subcarrier. Each GSIM-DCSKI subgroup had a live 

carrier and modulated bit sent by CI-DCSK1 investigators, whereas GSIM-DCSKII 

made use of CI-DCSK2. When it comes to speed of data and energy savings, these 

schemes are better than CI-DCSK. The authors of [XXXV] suggested a hybrid IM-



 

 

 

J. Mech. Cont.& Math. Sci., Vol.-20, No.-11, November (2025)  pp 124-139 

Ban M. Alameri et al  

 

 

127 

 

MC-DCSK connection mechanism called HIM-MC-DCSK. The technology aims to 

efficiently transmit data while reducing energy use and optimizing spectrum usage. 

This setup uses signals that are orthogonal to each subcarrier to indicate whether it is 

active or not. To achieve rapid data transfers, frequency-time IM, which combines 

DCSK (CTIM-DCSK), utilizes both time and carrier equipment to convey additional 

bits, as proposed in [XV]. Presented DCSK communication with several dimensions 

of IM [XXX]. The maximization of efficiency in DCSK data transmission, power 

use, and spectrum utilization is the primary goal of this approach. As an indicator to 

send additional bits in addition to physical transmission bits, this strategy makes use 

of time slots, Walsh patterns, and carriers. To improve the system's power 

performance, spectrum usage, and data communication speed, an approach called 

grouping frequency-time IM-DCSK (GFTIM-DCSK-I) is suggested in [XLI], which 

uses the material of the carrier as an indicator factor. This method is an upgrade from 

the one described in [XV]. The NN-IM-DCSK discovery technique in [XIV] uses 

neural networks to enhance indexed bits in IM-DCSK and decrease BER. Pulse 

position modulation IM-DCSK, CI, and Code IM designs are all compatible with this 

approach. The system employs a bilayer long-term short-term memory portion and 

many completely connected layers to improve communication dependability while 

gathering IM-DCSK properties and interconnections. 

In this study, we extend the Generalized CI-DCSK (GCI-DCSK) technique from [X] 

by creating and using permuted copies of the reference chaotic series with quasi-

orthogonal characteristics to disperse the modulated bit in each operational carrier.  

Among the results is an improvement in the system's performance regarding energy 

and spectrum functionality, as well as a boost in the data rate. Because each variant of 

the chaotic sequence is selected using the permuted index bits. Additionally, instead 

of correlation detection, the receiving side of the suggested work uses greedy 

detection to simplify the given system.  Here, in brief, are the main contributions that 

this research has introduced. 

This study proposes a new system named Generalized Joint Permutation- Carrier 

Index Modulation Based MC-DCSK (GJPC-IM-MCDCSK) to progress the energy 

savings, spectral effectiveness, and data rate of the GCI-DCSK technology that was 

previously described in [X]. Once the 𝑁𝑐  busy carriers have been chosen using a 

combination function along with 𝑝𝑐carrier index bits, permutation techniques are used 

to generate 2𝑝𝑝  quasi-orthogonal forms of the reference chaotic pattern. From these 

versions, a single sequence is chosen for each busy carrier using  𝑝𝑝  permutation 

index bits to distribute its modulated bit beforehand it passes via the channel. The 

GJPC-IM-MCDCSK method increases the total amount of transmitted bits for the 

GCI-DCSK scheme to 𝑝𝑐 + 𝑁𝑐𝑝𝑝 + 𝑁𝑐  . 

For the purpose of reducing the level of complexity associated with the new system, it 

has been suggested that the greedy detection approach be used on its receiving side 

rather than the correlation detection technique. 

To more clearly show the superior performance of our design, we perform an analysis 

of the spectral efficiency, complexity, and data rate of the suggested GJPC-IM-
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MCDCSK system in comparison to the MC-DCSK, CI-DCSK1, and GCI-DCSK 

technologies. 

 To substantiate our design's superiority, we compute the simulated BER 

effectiveness for the suggested GJPC-IM-MCDCSK scheme and compare it to 

traditional technologies such as GCI-DCSK, CI-DCSK1, and MC-DCSK systems for 

AWGN and multipath Rayleigh fading channels. 

III.      The GJPC-IM-MCDCSK Scheme's System Model 

Figure 1 presents the block architecture of GJPC-IM-MCDCSK. In this 

framework, the overall amount of accessible subcarriers is 𝑁 + 1 , wherein 

𝑁𝑐  subcarriers from 𝑁  carriers will be engaged based on 𝑝𝑐  carrier index bits, 

computed using the floor value of the binomial operation, 𝑝𝑐 = ⌊𝑙𝑜𝑔2 𝐶𝑁
𝑁𝑐⌋, where 

⌊𝑁⌋  signifies the floor function and CN
Nc  represents the binomial coefficient. 

Subsequently, the 𝑝𝑐  bits are transformed into symbols via a binary-to-symbol 

(B2S) converter, which is then processed by a combinatorial methods block that 

converts these symbols into a vector of active carriers comprising Nc components, 

denoted as 𝐹 = [𝐹1, 𝐹2, 𝐹𝓂, ⋯ , 𝐹𝑁𝑐
] , where 𝐹𝓂 ∈ 1,2, … , 𝑁𝑐 ,  𝓂 = 1,2, … , 𝑁𝑐 , and 

𝐹𝓂1 ≠ 𝐹𝓂2 if 𝓂1 ≠ 𝓂2 [X-XX]. The suggested approach uses a reference chaotic 

wave of length 𝛽 that is normalized to have zero mean and one variance to distribute 

the modulated bit across every operational carrier. Afterward, the reference sequence 

was placed into a permutation producer block, which has many preset permutation 

operators, to generate a variety of permuted copies of the original sequence. Every 

busy carrier uses its permutation index bits 𝑝𝑝 for choosing the permutation operator 

that creates a permuted reference chaotic pattern. This permuted reference pattern is 

then utilized for spreading the modulated bit, which has been converted to 𝑏 =
[1, −1] rather than the original reference pattern. Then, it is carried through the live 

subcarrier through DCSK modification. To choose one of the preset permutation 

operators =  [𝑃1, 𝑃2, . . . , 𝑃𝑝, 𝑃2𝑝𝑝] , 𝑝 = 1,2, … , 2𝑝𝑝 , the permutation bits 𝑝𝑝  are 

mapped to a permutation symbol𝑝𝑠, which belongs to the set [1, 2𝑝𝑝]. In [XXVI], the 

authors provide a permutation approach that generates a suitable set of permuted 

chaotic sequences from the reference chaotic sequence, all of which have the quasi-

orthogonal quality to each other. The carrier indices pickers will provide a series of 

𝑑 = [𝑑1, 𝑑2, … , 𝑑𝑖, … 𝑑𝑁]  for each of the N  accessible subcarriers, using the 

modulated bits as their basis. Every modulated bit for each alive carrier is separated 

by the choice of permuted reference series and fed into the subcarrier 𝑑𝑖  if it is active; 

if otherwise, 𝑑𝑖  will be zero. For every symbol period in this suggested framework, 

the total amount of bits for transferring information is 𝑝𝑡 = 𝑝𝑐 + 𝑁𝑐𝑝𝑝 + 𝑁𝑐 . This 

paper utilizes the logistic map (𝓍𝑘+1 = 1 − 2𝓍𝑘
2), to produce the reference sequence 

𝓍𝓇(𝑡) , which is going to be delivered via the reference subcarrier at a central 

frequency of 𝑓0. 

 𝓍𝓇(𝑡) = ∑ 𝓍𝓇,𝑗𝔥(𝔱 − 𝑘𝑇𝑐)
𝛽
𝑗=1       (1) 
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Where 𝑇𝑐 stands for the time for each chip, and 𝔥(𝔱)  represents the pulse shaping 

filter's impulse response with a normalization energy. The GJPC-IM-MCDCSK 

scheme's communication signal may be represented as 

 𝓍𝑡(𝑡) = ∑ 𝑑𝑖
𝑁
𝑖=1 𝑐𝑜𝑠(2𝜋𝑓𝑖𝑡 + 𝜃𝑖) + 𝑥𝑟(𝑡)𝑐𝑜𝑠(2𝜋𝑓0𝑡 + 𝜃0)  (2) 

where 𝜃𝑖  is the carrier modulation's phase angle and 𝑓𝑖  is the 𝑖𝑡ℎ subcarrier's 

frequency. 

 

Fig. 1. The block layout for the GJPC-IM-MCDCSK scheme. 

The expression for the signal that is received from the above system when subjected 

to the AWGN channel and 𝐿 fading pathways is: 

  𝓎(𝑡) = ∑ ℷ𝑙𝛿(𝑡 − 𝜏𝑙)𝐿
𝑙=1 ⊗ 𝓍𝑡(𝑡) + 𝜔(𝑡)    (3) 

where ℷ𝑙  represents the 𝑙𝑡ℎ  channel component and 𝑙  represents the latency of the 

route, while 𝐿 represents the quantity of fading pathways. The broadband AWGN 

wave with a zero mean value and power spectral density of No/2 is denoted by 𝜔(𝑡), 

while the convolution assignment is represented by the symbol ⊗. It is expected that 

the channel coefficients ℷ𝑙 will follow a separate Rayleigh pattern and be a random 

variable. 

The signal received is processed sequentially at the receiver, including carrier 

recovery, matching filtering, and sampling processing. To create 2pp permuted copies 

for the obtained reference series, the discrete samples on the 𝑓0 carriers are inserted 

into a permutation block for each framework. These permuted signals are then stored 

in a matrix 𝒲 of size 2pp × 𝛽 , while the discrete sample sequences on the other N 

carriers are kept in a matrix 𝒵 of size 𝑁 × 𝛽. The indices for the effective carriers in 

this structure are found using the greedy detection approach. The energy values, 

𝐸1×𝑁, for the data-bearing sequences contained in matrix 𝒵 are calculated using this 

approach as follows:  

 𝐸 = 𝑆𝑢𝑚((𝒵.× 𝒵)𝑇) = [𝐸1, 𝐸2  , … , 𝐸𝑖 , 𝐸𝑁]𝑖 = 1, … , 𝑁,   (4) 

Afterward, the greatest energy indices of 𝑁𝑐  out of these values are defined; these 

indices represent the active carriers' locations. Then, they are sorted in ascendingly 

order to find the busy carrier index vector, 𝐹𝑐̂, which may be expressed as:   
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  𝐹𝑐̂  = 𝑠𝑜𝑟𝑡(𝑀𝑎𝑥(𝐸, 𝑁𝑐)) = [𝐹̂1, 𝐹̂2, 𝐹̂𝓂, ⋯ , 𝐹̂𝑁𝑐
] 𝐹̂𝓂 ∈ 1,2, … , 𝑁  (5) 

Lastly, the actual carrier index bits are determined by converting the previously 

acquired symbol 𝐹𝑐̂ into binary with 𝑝𝑐  bits using the inverse combinational approach.  

Knowing which data-bearing sequence is delivered across each passive carrier in 

matrix 𝒵 is the first step in calculating the permutation index for this network. Using 

the active carrier vector that was discovered, 𝐹𝑐̂ allows this to be achieved. 

Mathematical multiplication of the sequence of each active subcarrier by the matrix 

𝒲 , which contains the 2pp  permuted copies of the received reference sequence, 

yields the correlation matrix 𝒟1×2pp
𝑚  , 𝑚 ∈ 1,2, … , 𝑁𝑐, as: 

  𝒟1×2pp
𝑚 = 𝒲 × (𝒵(𝐹̂𝓂, : ))𝑇 = [𝒟1

𝑚 , 𝒟2
𝑚 , … . . , 𝒟2pp

𝑚 ]𝐹̂𝓂 ∈ 𝐹𝑐̂ , 𝓂 = 1,2, … , 𝑁𝑐   (6) 

To obtain its permutation index, the following procedure is to follow: for the 

𝑚𝑡ℎactive subcarrier, the greatest absolute value of the correlation matrix 𝒟1×2pp
𝑚  is 

computed as: 

  𝑝𝑠,𝑚̂ = Max(|𝒟1×2pp
𝑚 |) , 𝑚 = 1, . . . , 𝑁𝑐     (7) 

where 𝑝𝑠,𝑚̂  represents the symbol for the 𝑚𝑡ℎ  active carrier's permutation index, 

which was transformed to binary using 𝑝𝑝 bits. Finally, for every active subcarrier, 

the modulated bit is retrieved as:   

  𝑚𝑜𝑑𝑢𝑙𝑎𝑡𝑒𝑑 𝑏𝑖𝑡 = {
0    𝑖𝑓 𝑠𝑖𝑔𝑛 (𝒟1×2pp ,(𝑝𝑠,𝑚̂)

𝑚 ) = −1

1    𝑖𝑓 𝑠𝑖𝑔𝑛 (𝒟
1×2pp ,(𝑝𝑠,𝑚̂)
𝑚 ) = +1

  , 𝑚 = 1, . . . , 𝑁𝑐  (8) 

IV.    System Analysis  

It is possible to determine the data rate of any system by dividing the total 

number of bits that are communicated for each symbol by the total time interval that 

it takes to transmit that symbol. As a result, and in accordance with this definition, the 

data rate for the system that is being proposed is equal to 
pc+Ncpp+Nc

𝛽𝑇𝑐
, where 𝛽𝑇𝑐 is 

the time period for sending one symbol. Comparatively speaking, the data rate for 

traditional systems such as GCI-DCSK [X], CI-DCSK1 [XII], and MC-DCSK [XXII] 

is equivalent to 
pc+Nc

𝛽𝑇𝑐
 , 

log2(N)+1

𝛽𝑇𝑐
 , and  

N

𝛽𝑇𝑐
, respectively.  

Figure 2 illustrates the influence of the number of active carriers on the data rate of 

the suggested system, utilizing two distinct values of permutation index bits for each 

active carrier, in comparison to competing systems, the following parameters are set: 

𝑁 = 16, 𝑁𝑐  ranging from 2 to 14, 𝑝𝑝 = 2,3, and 𝛽 = 128. This figure indicates that 

the proposed system attains a higher data rate than existing systems, attributable to 

the employment of additional permutation index bits alongside working carrier index 

bits, which facilitates the transmission of more data within the symbol period than 

competing systems. This figure also indicates that, for a constant number of active 

carriers, the data rate for the proposed system increases as the number of permutation 

index bits per active carrier rises. In addition, the data rates of CI-DCSK1 and MC-

DCSK systems are the same for all values of 𝑁𝑐, as they are independent of it. 
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Fig. 2. Data rate for the suggested system in comparison with other conventional 

DCSK systems at different values of 𝑁𝑐 and 𝑝𝑝. 

Spectrum efficiency is a critical metric that quantifies the effectiveness of a system in 

utilizing the designated spectrum relative to conventional solutions. The calculation is 

derived from the ratio of bits transmitted per unit time within the designated spectrum 

of the system. Considering that each subcarrier's bandwidth is consistent and denoted 

by B, the spectral efficiency of the GJPC-IM-MCDCSK system is calculated as 
pc+Ncpp+Nc

𝛽𝑇𝑐(𝑁+1)𝐵
. In contrast, the spectral efficiencies for GCI-DCSK [X], CI-DCSK1 [X-

XX], and MC-DCSK [16] are 
𝑝𝑐+𝑁𝑐

𝛽𝑇𝑐(𝑁+1)𝐵
, 

log2(𝑁)+1

𝛽𝑇𝑐(𝑁+1)𝐵
, and 

𝑁

𝛽𝑇𝑐(𝑁+1)𝐵
 , respectively.  

Figure 3 shows the comparison of spectral efficiency between the suggested system 

and traditional systems, utilizing the identical parameters as those in Figure 2. The 

suggested strategy appears to utilize the spectrum more efficiently than the alternative 

schemes, as it transmits a greater number of data bits with each symbol.  Furthermore, 

as previously indicated, this performance improves with increasing 𝑁𝑐 and 𝑝𝑝. This is 

because when the number of active carriers and permutation bits increases, the 

amount of data bits transmitted in each symbol also escalates. 

The examination of computational complexity relies on the aggregate quantity of 

multiplications executed for spreading and despreading a single bit throughout one 

symbol period. In GJPC-IM-MCDCSK, the transmitter executes, 𝑁𝑐  𝛽  spreading 

operations to transmit a symbol that encompasses 𝑝𝑐 + 𝑁𝑐𝑝𝑝 + 𝑁𝑐  bits. Due to the 

implementation of greedy detection at the receiver, (𝑁𝛽 + 𝑁𝑐2𝑝𝑝𝛽) correlations are 

conducted to retrieve the symbol. Additionally, 𝑁𝛽 multiplications are necessary to 

ascertain the indices of the  Ncactive carriers are utilized to recover the carrier index 

bits. Conversely, 𝑁𝑐2𝑝𝑝𝛽  correlation is used to calculate the modulated bits and 

permutation index bits for each active carrier. Hence, the sum of all the 

multiplications needed for the GJPC-IM-MCDCSK system for one bit during one 

symbol duration is 
𝑁𝑐 𝛽+𝑁𝛽+𝑁𝑐2𝑝𝑝𝛽

𝑝𝑐+𝑁𝑐𝑝𝑝+𝑁𝑐
, whereas for GCI-DCSK [X], CI-DCSK1 [XII], 

and MC-DCSK [16], it is (
𝑁𝑐 𝛽+𝑁𝛽

𝑝𝑐+𝑁𝑐
,

𝛽+𝑁

𝑙𝑜𝑔2(𝑁)+1
), and 

2𝑁𝛽

𝑁
, respectively. The amount of 

multiplications per bit required for the suggested system, when utilizing correlation 
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detection, is expressed as (
𝑁𝑐 𝛽+𝑁2𝑝𝑝𝛽

𝑝𝑐+𝑁𝑐𝑝𝑝+𝑁𝑐
), resulting in increased complexity compared 

to greedy detection. 

 
Fig. 3. Spectrum efficiency for the proposed system in comparison with other 

conventional DCSK systems at different values of 𝑁𝑐 and 𝑝𝑝. 

Figures 4 and 5 contrast the proposed system's complexity against alternative DCSK 

architectures regarding the total number of multiplication operators and the total 

number of multiplications per bit, respectively, utilizing the same parameters as 

Figure 2. Figure 4 demonstrates that the proposed system employing greedy detection 

exhibits heightened complexity compared to alternative systems, due to the utilization 

of 𝑁𝑐2𝑝𝑝𝛽 multiplications on the receiving end to recover the permutation index bits 

for each active carrier, with this complexity intensifying as the number of 

permutation index bits per active carrier increases. This figure also indicates that the 

proposed system, utilizing a correlation detector, is more complex than employing 

greedy detection. This is because each carrier at the receiver side requires 𝑁2𝑝𝑝𝛽 

multiplications to ascertain the indices of active carriers and their permutation 

indices, whereas greedy detection necessitates only 𝑁𝛽 + Nc2𝑝𝑝𝛽 operations to 

recover the active carrier and permutation index bits. Conversely, as the 

multiplication required for each bit increases, Figure 5 illustrates that the proposed 

system exhibits greater complexity per bit than the GCI-DCSK scheme. This 

complexity escalates with the increase in the number of permutation index bits for 

each active carrier, despite the fact that the proposed system transmits more bits than 

the GCI-DCSK system. Furthermore, this figure indicates that the proposed system 

exhibits lower complexity per bit than MC-DCSK at two specific values of 

permutation index bits. This is attributed to the greater number of operations required 

at the transmitter for MC-DCSK, coupled with its reduced number of transmitted bits 

per symbol duration compared to the proposed system, resulting in a higher 

multiplication per bit for MC-DCSK. Moreover, the suggested system exhibits 

reduced complexity compared to CI-DCSK1 at 𝑝𝑝 = 2, as the quantity of transmitted 

bits per symbol duration exceeds that of CI-DCSK1. The complexity per bit of the 

suggested system utilizing a correlation detector is greater than that of greedy 

detection, and it diminishes as the quantity of transmitted bits per symbol increases 

with the rise in active carriers.   
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Figure 4. Number of multiplication operators for the proposed system in relation to 

other conventional DCSK systems at different values of 𝑁𝑐 and 𝑝𝑝. 

 
Fig. 5. Number of multiplication operators per bit for the proposed system in relation 

to other conventional DCSK systems at various values of 𝑁𝑐 and 𝑝𝑝. 

V.     Simulation Results 

This section presents the BER, symbolizing Bit Error Rate, performance of 

the suggested GJPC-IM-MCDCSK system under the influence of AWGN channel 

and Rayleigh fading channels with three routes. The system is characterized by an 

average power gain of 1/3 and chip time delays equal to 0, 2, and 5 for the first, 

second, and third paths, respectively. It also shows how this approach compares to 

GCI-DCSK, CI-DCSK1, and MC-DCSK regarding BER performance. The 

MATLAB software, namely version 2018a, is used to compute the numerical 

findings. 

With about the same amount of data bits conveyed over a single symbol period while 

dealing with the effects of AWGN and multipath channels, the BER performance of 

GCI-DCSK and the proposed system is contrasted in Figure 6. In contrast to the GCI-

DCSK system, which uses 17 bits, N=16, and 𝑁𝑐=5, the suggested systems use 16 

bits per symbol period, 𝑁𝑐=2, and 𝑝𝑝=4. The figure clearly shows that GJPC-IM-

MCDCSK outperforms GCI-DCSK in terms of performance. At BER equal to 
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10−2, for AWGN channels, the gain is approximately 2 dB, and for fading channels, 

it's about 1 dB. The reason is, achieving a certain performance for BER requires less 

energy when using permutation index bits for each activated carrier, which boosts the 

quantity of bits mapped on a single symbol and reduces the value of Eb/No. Fewer 

active carriers are required for broadcast data bits compared to GCI-DCSK, which 

results in fewer modulated bits transmitted for each symbol interval and less noise 

corruption. 

 
Fig. 6. BER Comparisons between GJPC-IM-MCDCSK and GCI-DCSK systems 

under AWGN and multipath channels and 𝛽 = 128. 

Table 1. Number of transmitted bits in each symbol duration. 

System No. of delivered data bits 

GJPC-IM-MCDCSK 
37 bits, at 𝑁𝑐 = 8, 𝑝𝑝 = 2, pc = 13 

45 bits, at 𝑁𝑐 = 8, 𝑝𝑝 = 3, pc = 13 

GCI-DCSK 21 bits, at 𝑁𝑐 = 8, pc = 13 

CI-DCSK1 5 bits, at pc = 4 

MC-DCSK 16 bits 

Figure 7 compares the BER results of the system that is suggested with those of the 

GCI-DCSK, CI-DCSK1, and MC-DCSK structures in the presence of AWGN and 

Rayleigh fading channels. With β=128 and N=16 subcarriers, the comparison is 

carried out. For each symbol duration, Table 1 lists the aggregate number of data bits 

delivered by each system. 

At the BER level 10−2 in the AWGN and multipath channels, this figure reveals that 

the effective BER of GJPC-IM-MCDCSK drops around 1 dB as 𝑝𝑝 increases. Not 

only that, but the figure clearly shows that the GJPC-IM-MCDCSK outperforms the 

competition. The reason is that, as demonstrated in Table 1, using permutation index 

bits for every active carrier reduces the BER value and causes a reduction in the 

energy consumption for the modulated bit. Additionally, it transmits more data per 

symbol duration than competing systems. Consequences of these outcomes can be 

developed with [XL-XLVI]. 

Fading 

Channel

 
AWGN 

Channel 
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Fig. 7. BER Comparisons between GJPC-IM-MCDCSK and other DCSK schemes. 

VI.    Conclusions 

This research presents a novel system that is referred to as GJPC-IM-

MCDCSK. The purpose of this system is to advance the efficiency of the GCI-DCSK 

technology in terms of energy savings, spectrum effectiveness, and data rate. The 

system employs permutation techniques to construct quasi-orthogonal versions of the 

reference chaotic pattern. A single sequence is selected for each busy carrier by 

making use of 𝑝𝑝  permutation index bits. The GJPC-IM-MCDCSK technique can 

enhance the total number of bits transferred for the GCI-DCSK scheme. The greedy 

detection strategy should be used to decrease complexity. The proposed system's 

examination regarding BER, spectral efficiency, and data rate demonstrates that it 

attains a greater data rate and spectral efficiency relative to current systems, in 

addition to outperforming the competition in terms of BER performance. This results 

from the utilization of supplementary permutation index bits in conjunction with 

operational carrier index bits. For future work, the time domain combined with the 

frequency domain is suggested to be used to convey more data bits than the proposed 

system. 
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