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Abstract— Different modulation schemes are used in digital 

communication systems for various multipath fading 

channels. In this paper, detailed analysis has been carried over 

for the various multipath fading channels with different 

modulation schemes. Shift keying techniques as required 

great attention in the past two decades because it is more 

powerful against multipath fading channels. From the 

analysis it is observed that chaos shift keying has been 

utilized in digital communication to provide better 

performance over multipath fading channels. 
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I. INTRODUCTION 

Communication word possesses its significance since the day 

human exists, but day by day it is developing its form, the 

greatest change in communication is from analog to digital. 

And now for superior & secure performance chaotic 

communication is introduced in today’s traditional 

communication system. The utilization of chaotic signals in 

communication systems has gained great attention in the past 

few years. Chaotic systems are aperiodic and unstable, 

making them naturally difficult to recognize and to predict. 

Currently, many researchers have been analyzing the ways to 

make use of the characteristics of chaos in communication 

systems and have really obtained quite stunning results. This 

field of communication is known as Chaotic Communication. 

Chaotic communication signals are nothing but the spread 

spectrum signals, which makes use of wide bandwidth and 

have low power spectrum density. The analogue sample 

functions sent through the channel are weight sums of 

sinusoid waveforms and are linear in traditional 

communication systems. However, in chaotic 

communication systems, the samples are nonlinear and are 

segments of chaotic waveforms. Characteristics such as 

nonlinear, unstable and a periodic of chaotic communication 

have many features that create it interesting for the purpose 

of communication. It has wideband feature, it is resistant 

against multipath fading and it provides a affordable solution 

to conventional spread spectrum systems. The digital 

information to be transmitted is made directly onto a wide-

band chaotic signal in chaotic communications. Chaotic 

modulation has superior anti-interference ability with some 

features unlike others, such as low correlation, non-periodic 

signals, noise-like, deterministic and wideband. Differential 

chaos shift keying (DCSK) is introduced to solve the 

synchronization problem in chaotic communication systems, 

which can provide better performance over multipath fading 

channels.  In DCSK, a reference chaotic waveform x (t) is 

transmitted during the first half of each bit period. If the bit 

to be transmitted is 1, x (t) is transmitted again during the 

second half of the bit period. If the bit is 0, -x (t) will be 

transmitted. DCSK has low data rate and bandwidth 

efficiency because one half of the bit duration is spent on 

sending non-information-bearing reference samples. 

However, DCSK has low data rate and bandwidth efficiency 

because one half of the bit duration is utilized for transmitting 

non-information-bearing reference samples. Various 

methods have been introduced to handle this problem. M-ary 

DCSK, which utilizes orthogonal Walsh code sequences to 

send multi-bits, offers a great solution over an AWGN 

channel with non-coherent detection of chaotic signals. The 

square-constellation-based (s-c-b) M-aryDCSK 

communication system has greater bandwidth efficiency and 

peak-to-average-power ratio (PAPR) performance when 

compared to circle-constellation-based M-DCSK system. 

 
Fig. 1: General Block Diagram 

II. LITERATURE SURVEY 

A. T. Lakshmi Narasimhan et al (2015)  

Introduced a Generalized Spatial Modulation for MIMO 

systems. Generalized spatial modulation (GSM) for multiuser 

communication on the uplink in large-scale MIMO systems 

is proposed. An analytical upper bound on the average bit 

error probability in multiuser GSM-MIMO systems with ML 

detection has been derived. The bound was shown to be tight 

at moderate-to-high SNRs. Low-complexity algorithms for 

multiuser GSM-MIMO signal detection and channel 

estimation at the BS receiver based on message passing are 

also proposed in this paper. Numerical results revealed that, 

for the same spectral efficiency, multiuser GSM-MIMO can 

perform better than conventional multiuser MIMO by several 

dBs. 

Result - The bit error rate is 10−4 

Figure shows the performance of GSM-MIMO 

CPSC systems with estimated CSI for the same system and 

channel parameters. MMSE receiver (MMSE detector with 

MMSE channel estimator), MP-GSM receiver (MP-GSM 

detector with MMSE channel estimate and CHEMP-GSM 

receiver (CHEMP-GSM detector with the proposed estimate 

of J) are used for GSMMIMO. LAS receiver (LAS detection 

with MMSE channel estimator) is used for M-MIMO. We 
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observe that GSM-MIMO CPSC system performs better than 

M-MIMO CPSC system by about 11 dB at a BER of 10−4. 

 
Fig. 2: GSM-MIMO CPSC systems 

B. Md. Jahangir Hossain et al (2011)  

Propounded a new BICM design, which considers 

hierarchical (nonequally spaced) constellations, a bit-level 

multiplexer, and multiple interleavers. Bit-interleaved coded 

modulation (BICM) transceivers frequently utilize equally 

spaced constellations and a random interleaver. It is exhibited 

that this novel method improves the degrees of freedom that 

can be exploited in order to increase its performance. 

Analytical bounds on the bit error rate (BER) of the system 

in the aspects of constellation parameters and the 

multiplexing rules are created for the additive white Gaussian 

Noise (AWGN) and Nakagami-m fading channels. 

 Result – The bit error rate is 10-6. 

 
Fig. 3 

An exhaustive search over puncturing patterns is 

performed and found that for the SNR of interest. The result 

is shown above. In this case, and for a target BER of 10−6, 

the proposed system still offers gains of about 0.4 dB.     

C. Jeyadeepan Jeganathan et al (2009) 

Presented space shift keying (SSK) as an innovative 

modulation technique, which depends on spatial modulation 

(SM) notions. Fading is exploited for multiple-input multiple 

output (MIMO) channels to provide superior performance 

over typical amplitude/phase modulation (APM) methods. In 

SSK, it is the antenna index utilized at the time of 

transmission that relays information, rather than the 

transmitted symbols themselves. This non-appearance of 

symbol information removes the transceiver elements 

required for APM transmission and detection (such as 

coherent detectors). As well, the plainness associated with the 

modulation decreases the detection complexity as against 

SM, while obtaining nearly identical performance gains. 

Throughout the paper, we demonstrate SSK’s robustness by 

analyzing its interaction with the fading channel. 

Result – The bit error rate is 10-4.   

 
Fig, 4 

SSK-TuCM’s performance for M = 8 and M = 16, 

respectively. SSK is shown to outperform APM by 1.5 dB 

and 2 dB for M = 8 and 16, respectively (for six demodulator-

decoder iterations, and BER = 10−4). As well, the results are 

relatively close to capacity. For example, the results for 8-

SSK tend to BER = 10−5 at about 7 dB, which is 2 dB away 

from capacity. 

D. Mohammad Ismat Kadir et al (2013)  

Introduced OFDMA/SC-FDMA STSK technique can offer 

an improved performance in dispersive channels while 

supporting multiple users in a multiple-antenna-aided 

wireless system. Motivated by the recent concept of space–

time shift keying (STSK), which was developed for achieving 

a flexible diversity versus multiplexing gain tradeoff, we 

propose a novel orthogonal frequency division multiple 

access (OFDMA)/single-carrier frequency-division multiple-

access (SC-FDMA)-aided multiuser STSK scheme for 

frequency-selective channels. Furthermore, the scheme has 

the inherent potential of benefitting from the low-complexity 

single-stream maximum-likelihood detector. Both an 

uncoded and a sophisticated near-capacity-coded 

OFDMA/SC-FDMA STSK scheme were studied, and their 

performances were compared in multiuser wideband 

multiple-input–multiple-output (MIMO) scenarios. 

Explicitly, OFDMA/SC-FDMA-aided STSK exhibits an 

excellent performance, even in the presence of channel 

impairments due to the frequency selectivity of wideband 

channels, and proves to be a beneficial choice for high-

capacity multiuser MIMO systems. 

Result- The bit error rate is low. 
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Fig. 5 

The achievable BER performance of the three-stage 

RSC- and URC-coded OFDMA/SC-FDMA STSK (2, 2, 2, 2) 

binary phase-shift keying (BPSK) scheme that relies on 

interleaved subcarrier allocation strategy in the context of the 

wideband channel, where we employed a half-rate RSC code 

and the performance was observed to be similar to SC-

IFDMA in the coded scenario. 

E. Alireza Kenarsari-Anhari et al (2010)  

Propounded an analytical approach to assess the behavior of 

BICM transmission over frequency-flat fading additive white 

Gaussian noise channels. Bit-interleaved coded modulation 

(BICM) has initiated as a quasi-standard for bandwidth- and 

power efficient wireless communication. The statistic of the 

fading envelope is represented as Nakagami-m distributed, 

which spans a broad range of real time multipath fading 

scenarios through regulation of the m-parameter. For this, 

approximations for the bit-error rate (BER) and cutoff rate of 

BICM are derived. Unlike previously introduced techniques, 

our method is valid for common phase shift keying signal 

constellations and quadrature amplitude modulation and 

independent bit-to-symbol mapping rules, and it results in 

simple closed-form expressions. The performance of the 

introduced analytical approach is checked through numerical 

and simulation results for a number of BICM transmission 

examples. 

Result – The bit error rate is low. 

Fig. 6 

Selected numerical results have confirmed the 

accuracy of the proposed analytical results for SNR regions 

of interest for convolutional coded BICM. BER 

approximation predicts performance is significant after the 

first decoding iteration and the generalized harmonic mean 

enables optimization of the labeling rule.  

F. Lixia Xiao et al (2015)  

Opines generalized spatial modulation (GSM), which unifies 

spatial modulation (SM) and vertical Bell laboratories layered 

space-time (V-BLAST), is a new powerful multi-input multi-

output (MIMO) method. In this paper, a low-complexity near 

optimal detection scheme is introduced for GSM aided single 

carrier (SC) transmission over dispersive channels. The 

proposed scheme provides a maximum likelihood (ML) 

detection performance while avoiding complicated matrix 

operations, which allows it to exhibit a lower computational 

complexity as against conventional partial interference 

cancellation receiver with successive interference 

cancellation (PIC-R-SIC). Simulation results exhibit that the 

proposed scheme offers a great performance improvement as 

against PIC-R-SIC, mainly in rank-deficient channels 

scenarios. 

Result – The bit error rate is better with reduced complexity 

only in rank deficient channel. 

 
Fig. 7 

The performance of the proposed scheme is capable 

of approaching that of the ML detector as M increases, which 

is quite attractive for GSM SC systems, especially for the 

rank-deficient channels scenarios. The BER of ZP-aided 

GSM-SC system with different receiver antennas at K=128, 

where ML detection is impractical due to the large K. Hence, 

the proposed scheme is capable of achieving a balanced trade-

off between performance and complexity. 

G. Yuta Hori et al (2014)  

Proposed an optimization for the block interleavers in the 

framework of BICM-OFDM and analyzed its performance in 

the aspects of BER over frequency-selective block Rayleigh 

and Ricean fading channels. Simulation results have shown 

that the optimized block interleaver performs better than 

random and regular block interleavers. However, as the 

channels approach that of AWGN without fading (i.e., large 

Ricean factor K), that without interleaving performs better 

than others. We it is revealed that there is a balance achieved 

between the diversity effect offered by interleaving and the 
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noise correlation effect lost by interleaving. Nevertheless, the 

optimized block interleaver can obtain better performance for 

both cases and thus is a hopeful method when the channel 

interleavers cannot be dynamically switched based on the 

channel conditions. 

Result – It outperforms only in the absence of interleaver 

 
Fig. 8 

The optimization can significantly improve the BER 

performance over Rayleigh fading channels. The Ricean 

fading channels with different Ricean factors K that balance 

between Rayleigh and AWGN channels and investigate the 

corresponding BER performance of BICM OFDM with 

random and optimized block interleavers as well as without 

interleaving. The corresponding BER results for M = 256 are 

shown in above for K = 4 and 12. The optimized block 

interleaver outperforms the random interleaver.  

H. Wang et al (2016)  

Proposed an M-ary DCSK modulation system over multipath 

rayleigh fading channels. Differential Chaos Shift Keying 

(DCSK) modulation based on ultra-wideband (UWB) 

technology is in research of wireless personal area networks 

(WPAN) because of its unique characteristics of wide 

spectral carrier chaotic signals, low power and correlation 

with anti-interference ability. This modulation technique 

outperforms bit error rate performance which is attributed to 

its different structure and overcomes the difficult 

synchronization problem without knowing the channel state 

information (CSI) by the receiver. In the numerical 

simulation and analysis it is found that the influence of the 

spreading factor, multipath number, modulation dimension 

and the capacity bound are significant. There is a relatively 

broad range of code rates corresponding to the optimal system 

power in the capacity curve. Finally, it has been found that 

the M-ary DCSK system at optimal code rate is increasing, so 

it begins with the case of the single-path Rayleigh fading 

channel. The results are useful for designing power efficient 

coded M-ary DCSK systems.  

Result – The bit error rate is 10-6. 

 
Fig. 9 

The BER performance of the verification mechanism of the 

M-ary DCSK system over multipath fading channels without 

ISI and CSI, and distances of performance at BER=10-6. 

III. RESULT AND DISCUSSION 

 In general, BER increases with certain fixed value of input, 

the noise power increases and the degradation due to the 

increased noise power will overwhelm any gain. The gains 

depend on the fading parameter of the channel, the BER 

target, and the spectral efficiency increases in general when 

the fading is less severe. 

A. Performance analysis of existing methods: 

Methodology Bit Error rate 

Generalized Spatial Modulation 10-4 

BICM-OFDM 10-3 to 10-2 

Optimized BICM 10-3 

Space Shift Keying Modulation 10-4 to 10-3 

Zeropadded single-carrier spatial modulation 10-3 

IV. CONCLUSION 

In this paper, a review on modulation techniques used in 

communication system is performed. The paper provides 

performance of various methods utilized in communication 

systems. From the analysis it is observed that chaos shift 

keying produces better performance over the multipath fading 

channel and also improves the SNR value. 
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