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Abstract - Nowadays, data communication has enhanced and improved wirelessly to satisfy professionally the needs of high 

data and to use specific applications for desired users. The newly advanced modulation called Asymmetric Phase Shift Keying 

(APSK) can be increased the productively and reliability of a wireless communication system, especially for future Fifth 

Generation (5G) standard. It is advanced by fast data rate, high performance, reducing the Bit Error Rate (BER), decreasing 

Peak to Average Power Ratio (PAPR), and increasing achievable Signal to Noise Ratio (SNR). APSK with its multiple symbol 

points are examined by MATLAB programs and the results are proved that the APSK modulation will be the best one 

compared to Quadrature Amplitude Modulation (QAM) and Phase Shift Keying (PSK) modulation. It combines 

simultaneously two modulations using both the Amplitude and Phase Shift Keying (ASK and PSK). APSK can be successfully 

alleviated the effects of multipath wireless propagation which lead to the Inter-Symbol Interference (ISI) and Inter-Carrier 

Interference (ICI) problems. It is made the performance of the wireless communication system more powerful of high data rate, 

less error and robust the system against the multipath fading. From the test results presented in this work, M-APSK modulation 

is the efficient method that increased capacity, quality, and reliability of wireless communication system by more than 40% 

BER improvement especially for the high size of modulation. 

 

Keywords - Asymmetric Phase Shift Keying (APSK), Bit Error Rate (BER), Euclidean Distance (ED), Ring Ratio (α) Peak to 

Average Power Ratio (PAPR), Signal to Noise Ratio (SNR), Quadrature Amplitude Modulation (QAM), Phase Shift Keying 

(PSK). 

 

I. INTRODUCTION 

 

Wireless communication system has become so 

attractive and popular due its ease and quick uses for 

various applications in lifestyle. It is flexible, efficient 

management and less cost than wires [1]. But, the 

multipath environment effects are the main issue in 

wireless communication which cause the Inter Symbol 

Interference (ISI) and Inter Carrier Interference (ICI) 

between the symbols of modulation. ISI happens during 

the communication process when one symbol interferes 

with the adjacent symbols, but ICI occurs when 

symbols are not properly synchronized. Both ISI and 

ICI phenomena can be mitigated by using the new 

modulation scheme called APSK in wireless 

communication. Consequently, the performance and 

communication link will be maintained the quality and 

improved the wireless communication. The objective 

of this work in this paper is to propose and analyze the 

M-APSK method to improve the BER performance of 

wireless communication. So, APSK technology will be 

discussed in detail, starting from the concepts of APSK 

technique with M symbols for different configuration 

schemes, and ending with the results which are 

simulated by using MATLAB to prove the ability of 

M-APSK modulation having capability and validity for 

several signal symbols. 

 

II. RELATED WORK 

 

Modulation is the change of the carrier features in 

accordance with the signal carrying information called 

modulating signal. In wireless communication system, 

the famous modulation schemes are ASK, PSK, and 

QAM which provide the map of symbols through the 

communication channel. But, the M symbols are faced 

some difficulties to reach its right place because of the 

implementation of modulation type is caused either the 

complexity or the spectral inefficiency of the system. 

To get rid of these problems, Fast Fourier Transform 

(FFT) and Inverse Fast Fourier Transform (IFFT) are 

implemented as a part of the modulation and 

demodulation process to reduce complexity and 

improve the spectral efficiency as in [1]–[2]–[3]–[4].  

By the time, APSK is created as a mixture of ASK and 

PSK modulations to get the features of both that 

allowed it to mitigate ISI, ICI, BER effects of 

communication link and simultaneously to handle 

system complexity and spectral inefficiency. APSK is 

considered as a super class of QAM modulation and 

has given more reliable performance if it designs 

carefully. However, the PSK, QAM and APSK are 

most widely used than ASK and Frequency Shift 

Keying (FSK) over communication band pass channels 

as in [1]–[7]. In fact, APSK modulation is classified as 

a bandwidth efficient and is provided the great 

performance than others. 

 

III. APSK TECHNOLOGY 

 

A. APSK Concepts 

 

APSK is an efficient method in modulation schemes. It 

combines simultaneously two modulations using both 

the amplitude and phase shift keying (ASK and PSK). 

APSK has ability to get the minimum errors to the 
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desired system and has the capability to provide great 

resistance to non-linear distortion in a radio channel. 

PSK is not recommended due to the power constraint 

and closely packed symbols but, APSK is so useful for 

high modulation order M = 2
k
 where k >3. Here is the 

general expression for a APSK signal is given by (1) 

below:  

 

                 (1) 

,

  
 

Where, ES(t) is the Energy of Signal Symbols. 

 

Depends on the how M=2
k
 symbols of APSK 

modulation are inserted in different circles and 

configured in such way to be proficiently detected, the 

best scheme can be selected to attain the effective BER 

performance of APSK by using mathematical 

relationship in (2): 

 

      
(2) 

 

Where, s1, s2 and s3 are the number of signal points on 

the concentric circles with radius r1, r2 and r3 

respectively. The number of symbols on outer ring 

should be greater than that in the inner ring to maximize 

the performance of the APSK system. Also, the 

optimum Ring Ratio (α) of the outer radius to the inner 

radius is so important parameter that should be 

precisely chosen to determine the best combination of 

APSK constellation.   

 

B. The BER Evaluation of APSK Behavior 

The theoretical BER for M-APSK modulation can be 

generally evaluated by (3) down: 

 

           (3) 

   

                        

Where d: Distance between two symbols, k: Number of  

bits per symbol and  =  : Noise Standard 

Deviation. 

 

There are different possible constellations for M = 8 

and 16 respectively. For examples, 8(2+6) APSK 

means 2 signal points on the first circle and the 

remaining 6 signal points on the outer circle and 

16-APSK, (4+12) represents 4 symbols in the first ring, 

12 symbols in the second ring as are shown in Fig. 1. 

And Fig. 2. Also, 32-APSK, (4+12+16) represents 4 

symbols in the first ring, 12 symbols in the second ring 

and 16 symbols in the outer ring depicted in Fig. 3. 

 
Fig. 1. APSK (a) (2+6), (b) and (c) (4+4) APSK. 

 

 
Fig. 2. 16-APSK (a) (4+12) APSK (b) (6+10) APSK. 

 
Fig. 3. 32-APSK (4+12+16) APSK. 

 

However, the received signal’s constellation is 

corrupted with noise and the detection is based on the 

probability of received symbols causing the symbol to 

be received outside the boundary which should be less 

than the distance between half the distance of adjacent 

symbols. This distance between symbols called 

Euclidean Distance (ED) to make the exact comparison 

between them. So, ED is the most significant single 

parameter and can be calculated to decide the receiver 

symbols as shown in (4): 

 

        (4) 

 

By this concept, APSK has given more reliable and 

maximum performance if it designs carefully to detect 

the BER depending on different types of its decision 

boundaries for various size of modulation. So, Additive 

White Gaussian Noise (AWGN) wireless channel is 

expected to gain fantastic performance due its low BER 

and efficient behavior in wireless environment. 
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IV. RESULTS 

 

BER curve is the most common error probability that 

can evaluate graphically the quality of digital 

communication. The parameters like the order and type 

of modulation schemes and the ring ratio are also the 

key factors in the BER performance to seek higher 

efficiency. The simulation results show that how are the 

response of APSK signals with special configurations 

compared to QAM and PSK modulations. Its BER 

performance has been calculated based on different M 

symbols, 4, 8, 16 and 32 as are illustrated from Fig. 4 to 

Fig. 7. The x-axis represents the diverse Eb/N0 values 

of APSK, QAM and PSK, while y-axis represents the 

corresponding BER values. Also, Fig. 8. demonstrates 

the relation between M- APSK symbols. TableI is 

extracted from the figures below to show the exact 

values of Eb/N0 for M-PSK, M-QAM and M-APSK 

schemes at BER=10
-6

. The efficiency of APSK 

compared to PSK and QAM is also computed to 

evaluate the performance of the system with different 

Bandwidth Efficiency (ηB). It is observed that when M 

symbols of APSK modulation is changed to higher 

order, the Eb/N0 is increased approximately between 

2.5 to 3.5 dB. For QAM modulation is raised by 2 dB, 

and between 3 to 5 dB for PSK modulation.  

 
Fig. 4.  Eb/N0 vs. BER in 4 Symbols for Different                                        

Modulations. 

 

            
Fig. 5.  Eb/N0 vs. BER in 8 Symbols for Different Modulations. 

 
Fig. 6.  Eb/N0 vs. BER in 16 Symbols for Different Modulations. 

 

 
Fig. 7.  Eb/N0 vs. BER in 32 Symbols for Different  Modulations. 

 

 
Fig.8.  Eb/N0 vs. BER in in M- Symbols for APSK                    

Modulations. 
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Table – 1 The Comparisoon of Different Schemes The at BER=10-6 . 

 

V. DISCUSSIONS 

 

PSK and QAM have been the most known modulation 

scheme candidates for wireless communication system 

but, APSK due its optimum approach becomes more 

reliable and effectible because of the BER reduction 

between modulation symbols has clear improvements. 

The comparison between APSK, QAM and PSK 

modulations at various M symbols are proven by 

MATLAB program shown that the BER performance 

is efficiently improvable and applicable for APSK 

modulation than others. Therefore, the APSK 

performance has enhanced the ability of the wireless 

system. Moreover, the APSK gets more accurate while 

number of symbols are increased as are verified from 

(M = 4 to 32). To be more specific, in AWGN wireless 

communication channel, at BER = 10
-6

, 4-APSK has 

grater performance compared to 4-PSK and 4-QAM 

about 6.5 dB gain as is shown in Fig. 4. Also, 8-APSK 

performs better than 8-PSK with the gain of 7 dB and 

with approximately gain 5 dB compared to 8-QAM as 

is shown in Fig. 5. Fig. 6. shows that 16-APSK gets 

gain around 9 dB than 16PSK and 5 dB compared to 

16-QAM. Finally, At M = 32, APSK has clearly 

distinguished in its performance by 11 dB and 4 dB 

reduction compared to PSK and QAM as is illustrated 

in Fig. 7. The average efficiency of M-APSK system is 

nearly between 40% to 50% compared to M-QAM and 

M-PSK respectively which indicates two important 

improvements one is decreasing the BER performance 

and other is increasing the reliability of wireless system 

as is depicted clearly in Fig. 8. 

 

VI. CONCLUSIONS 

 

The APSK system has significant features that work 

perfectly with the recent wireless communication 

standards to get high performance and throughput in 

the wireless networks. Those features are spectral 

efficiency, flexibility, and the robust the 

communication system from multipath effects. The 

results using MATLAB proves that the ability of 

M-APSK is an efficient and precise method in 

modulation schemes using both the amplitude and 

phase shift keying (ASK and PSK). M-APSK has 

ability to yield the minimum BER to the wireless 

system and has the capability to provide great 

resistance of PAPR distortion in a radio 

communication channel. Consequently, the BER 

performance and the AWGN wireless channel capacity 

using M-APSK approach schemes can be improved by 

more 40% and 50% compared to QAM and PSK 

modulations respectively. It is confirmed that the 

reliability of wireless system will be increased as 

number of symbols increased. In fact, APSK recently is 

a promised technique that converts the wireless system 

to be more flexible, reliable and stronger. 
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