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Abstract: M-ary Phase Shift Key (MPSK) is an essential digital modulation scheme that supports high data rate
and Frequency Division Multiplexing (FDM). M-ary systems increase the bandwidth efficiency but higher
transmission power 18 required to obtain an acceptable Bit Error Rate (BER). The performance and constellation
diagrams of MPSK signals are analyzed. In this study a general theoretical approach 1s proposed to enhance
the performance of MPSK.. The probability of bit error is decreased when the signal is transmitted through dual
carrier frequencies and dual constellation diagrams to handle the higher data rate to be transmitted for hugh

order MPSK scheme.
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INTRODUCTION

Digital communication systems outperform analogue
systems in terms of robustness to channel impairments,
greater noise immunity, easier multiplexmng of different
types of information like, data, video, voice and flexibility.
Hence, there are a great investigation for a digital
communication systems with low Bit Error Rate (BER) and
efficient bandwidth at low Signal to Noise Ratio (SNR)
relatively. This has led to great mterest in M-ary digitally
modulated signals such as M-ary Phase Shift Keying
(MPSK) (Staley et al, 2001). The increasing of the
mformation rate 13 accompanied with the followmng
retardation: increased system complexity, increased
transmitted power, Inter Symbol Interference (ISI) and
difficulties n information signal detection. MPSK s
used for data transmission, Rradio Teletype (RTTY)
Transmission, ZigBees, WilF1 transmissions, satellite
communication, video conferencing, GSM, CDMA, radar
(Limin et ad., 201 0; Agrawal and Yadav, 2017), etc. MPSK
1s superior to all other digital modulated techruques that
1t reduces the ratio of peak to average power, when 1t 1s
used with Orthogonal Frequency Multiplexing (OFDM)
(Garcia-Armada, 2006). By Li et al. (2011), the performance
of MPSK 1s evaluated over extended Raylegh fading
channel. In Suthar ef af. (2009), the BER as a measure of
performance of M-ary modulation technicques in cellular
Mobil communication is investigated. By Ghosh et al.
(2012), MPSK-OFDM system was discussed, a
comparative study of BER agamst SNR had been analyzed
under multipath fading and AWGN channel. By Song and
Cheng (2014), the relation between the exact BER and the
approximate BER for MPSK signal had been realized
through fading channels.
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M-ary MPSK mathematical expression: In Binary Phase
shift Key (BPK), the symbol represents a data bit. In
MPSK, the symbol represents m = log,M data bits. The
carrier phase takes one of M possible symbol values. The
mathematical expression of MPSK is:

\/2E5
T
Where:

E, = The signal Energy per symbol

T = Symbol duration

f = The camer frequency which 13 equal to mteger
multiple of the symbol rate = n /T

(1)

cos(2mf +0,)0=t<T

K=1.2 ..M

8, = %(k -1 (2)

Therefore, each m-tuples of bmary data stream is
represented by a symbol with a particular phase (Haykin,
2001).

MPSK constellation diagram: The signal constellation is
a representation of M-ary digitally modulated signals. Tn
MPSK, it displays all possible symbols for a given
modulation scheme on two dimensions. Each symbol is
represented by two coordinates, the horzontal and
vertical. The polar representation of the signal 1s
(yE.8.). All the pomnts of signal are equally distributed
on a circle centered at the origin with radius E; and
angle with the horizontal axis. Gray coding is usually
applied to distribute the signal points in the constellation
with one-bit difference to any two adjacent points
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In-phase
Fig. 1: Constellation diagram of 32PSK (Scatter plot)

(Proakis and Salehi, 2008). Figure 1 shows the
constellation diagram of 32PSK using MATLAB as an
example.

BIT ERROR PROBABILITY OF MPSK
THROUGH AWGN CHANNEL

The Probability of Bit Error (PBE) 18 usually a measure for
the performance of modem digitally modulated signals.
Additive white Gaussian noise (AWGN) 1s the most
common type of noise which have the great influence
on the performance of MPSK systems. For coherent
MPSK, the symbol error probability is (Ziemer and

Tranter, 2002):
. W
sin{—
(M)}
Where:

erfc(.) = The complementary error function
N = The Noise spectral density

PSE —elfc( E, 3
N

0

0

The probability of bit error or the BER is easily
derived from Eq. 3 when the energy per bit:

__E )
log, M

E,

The probability of bit error for different schemes 1s
shown mn Fig. 2, using MATLAB.

Proposed system for MPSK technique: The performance
of MPSK 1s usually measured in terms of signal power and
bandwidth. Figure 2 shows the ncrease of E /N, which 1s
a form of signal to noise ratio at high value of M to
maintain an acceptable level of probability of bit error. The
proposed system 1s to divide the constellation diagram for
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Fig. 2: Bt error probability against E,/N,

high order MPSK to two parts which are transmitted with
two separated carrier frequencies according to Eq. 5 and

6:
5, = JzES cos(Znf t+0, ) 0<t<t
T
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where, fc,, fc, are the camrier frequencies to transmit
first and second part of constellation, respectively.
Then, as an example, 256 PSK can be divided to 2x128
{two constellation diagrams), each constellation can be
transmitted with different carrier frequency which exhibits
the improvement of energy per bit to noise ratio more than
5 dB at 10° probability of error as shown in Fig. 2. This
approachhas many advantage to improve the performance
of MPSK system especially at high data rate and improve
the detection and recogmition of signals but an accurate
and complicated synchromzation 1s requested for
coherent demodulation of signals.

CONCLUSION

The constellation diagram and the performance of
MPSK are mvestigated. The graphical representation of
bit error probability agamst E/N, exploits that the
higher order of M are more spectrally efficient but
high probability of bit error. System enhancement is
proposed, by using dual constellation and dual carrier
frequencies.
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SUGGESTIONS

The suggestion for future research is design of
coherent synchromzation and demodulation of the
proposed system also the application of proposed system
to M-ary QAM. The proposed system 1s considered as a
first step toward the hybrid MPSK-MFSK systems.
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