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Abstract - The bit-error-rate (BER)is an important factor that
decides the performance of different modulation techniques of
bio-medical wireless system since the objective of any
transceivers system is to receive the information with lowest
errors because errors reduces the system performance. In this
work, BER performance of some of digital modulation schemes
(PAM, PSK, DPSK and FSK) are evaluated in additive white
Gaussian noise (AWGN) and Rayleigh fading channels at
different modulation order. The system is implemented in
MATLAB 2018b Simulink environment. The results shows
clearly that at 15 dB, FSK modulation scheme at higher
modulation order 32 gave better performance with lowest errors
(4.91x 10"®) for biomedical RF transceivers system. The mean
BER obtained at this highest modulation order is 0.0102 which is
very low compared to PAM, PSK and DPSK modulation
schemes. Hence, FSK at modulation order 32 would enhance the
performance of the Bio-medical wireless system.
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[. INTRODUCTION

he bit error rate is the ratio of the number of bit errors to

the total number of transferred bits during a studied time
interval. The performance of digital wireless signal
(transmission and reception) is very important in a mobile
communication environment and the accomplishment of this
communication system depends on the unpredictable
characteristics of the radio channel which is slowly varying
with time and this makes the design of wireless
communication system difficult [1]. This characteristics
property of the channel results to event called fading which
induce swift amplitude fluctuations in the received signal and
this might lead to performance degradation. Digital
modulation schemes have greater capacity to convey large
amounts of information than analog modulation schemes but
channel is the most important issue for any kind of
communication system. These channels include; Additive
white Gaussian noise (AWGN) channel, Rayleigh Fading
channel, Rician Fading channel [2]. These channels are
important parameters which are used to compare the
performance indices and the parameters also help to analyze

the detection and decoding of the signal power and strength.
In an ideal channel, the transmitted signal will pass through
channel up to the receiver, where it is demodulated to get an
infallible representation of the original signal. But in reality,
the received signal consists of mixture of path loss and
reflected version of the transmitted signal [3]. In addition to
these, the channel adds various types of noise to the signal.
This affects the Bit Error rate (BER) and signal-to-noise ratio
(SNR) of the Bio-signal wireless system. Hence, this work
seeks to study the key characteristics of communication
channel and compares the performances of four different
digital modulation schemes (PSK, DPSK, PAM and FSK) in
the presence of AWGN at different order of modulation. The
study also recommends the modulation scheme that enhance
the performance of bio-medical wireless transceivers.

II. THEORETICAL BACKGROUND
(4) Modulation order

The modulation order of a digital communication
scheme is obtained by the number of the different symbols
that can be transmitted using it. The simplest forms of digital
modulation are of second order because they can transmit
only two symbols (usually denoted as “0” and “1” or as “-1”
and “1”). They are called binary shift keying (BSK).
Modulations which have an order of 4 and above usually are
termed as higher order modulations e.g. QPSK and its
generalization as m-ary quadrature amplitude modulation (m-
QAM) [4, 5, 6].

(B) Additive White Gaussian Noise (AWGN)

The term AWGN means that the noise is simply
superimposed or added to signal that there are no
multiplicative mechanisms at work. It is one of the channel
model in which the only impairment to communication is a
linear addition of white noise with a constant spectral density
and a Gaussian distribution function of amplitude. This model
does not account fading, interference, non-linearity or
dispersion but produces simple and tractable mathematical
models which are very useful to gain the insight into the
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underlying behaviour of a system. The channel capacity C for
AWGN channel is given as [7]

S
C =Bl (1 —) 1
0g, |1+ N 1
In AWGN channel with background noise n(t), the
transmitted signal s(t) is given as [5]
S(t) = Re[u(t)e/*™<] 2)

The received signal which passes through the AWGN channel
is

r(t) = s() +n(t) 3)
The value of the noise follows the Gaussian probability

distribution function

P(x) = e~G-m? 4)

2mo?
(C) Bit Error Rate (BER)

BER is the number of bit errors that occur for a given number
of bits transmitted. It is related to the error probability because
is the ratio of bit errors to bits transmitted while the energy
per bit is the amount of power is a digital bit for a given
amount of time. The BER performance of any digital
modulation scheme in a slow flat fading channel can be
evaluated by the following integral [8]

[oe]

P, = f P, AWGN () Pay (y)dy )

o
whereP, AWGN (y) is the probability of error of a particular
modulation scheme in AWGN channel, y = h? Ep / N which
o

is the specific signal to noise ratio, E”/ N 1s the ratio of bit
o

energy to Nosie power density in a non-fading AWGN
channel, h? is the instantaneous power of the fading channel
and Pgs(y)dy is the probability density function of y due to
the fading channel.

(D) Energy per bit to Noise ratio (Eb/No)

Energy per bit to noise ratio is the ratio of
information (i.e. without channel coding) bit energy per
symbol to noise power spectral density in decibels. To
improve the reliability of data transmission, the designer will
have to increase the signal power or to maximize the value of
the ratio Eb/No. The mathematical expression of energy per
bit is

E, = B XT, (6)
where Ps = average signal power, Tb = bit duration.

In a noisy channel, the BER may be expressed as a
function of signal to noise ratio denoted as Eb/No and it is
given as [7][8]
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1
BER = serfc /Eb/NO )

(D) Rayleigh Fading

Rayleigh fading is the name given to the form of
fading that is often experienced in an environment where
there is a large number of reflections present. The Rayleigh
fading channel refers to a multiplicative distortion h (t) of the
transmitted signal s (t). It is given as, [9, 10]

y(©) = h®[s() + n(®)] 8

where y(t) is the received waveform and n (t) is the noise.
Rayleigh fading is the specialized model for stochastic fading
when there is no line-of-sight propagated signal and is
sometimes considered as a special case of the more
generalized concept of Racian fading. In Rayleigh fading the
amplitude gain is characterized by a distribution.

II1. METHODOLOGY

In this paper, simulations of digital modulation technique was
carried out using MATLAB R2018b and a real time
simulation model was created using Simulink. The flowchart
for obtaining the BER Vs Eb/No key characteristics of
communication channel and compares the performances of
different digital modulation schemes (PSK, DPSK, PAM and
FSK) in the presence of AWGN and Rayleighchannels with
diversity order of (4, 8, 16 and 32) for transmission of the
modulated signals is shown in figure 1.

Fading Channel

v

Digital modulation order 4. 8. 16. 32

v

Compute values of BER

AWGN

v

Demodulation

v

Compute the BER for fading channel

Compute BER and Eb/No

Fig. 1: Flow-chart for obtaining BER Vs Eb/No plot.
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IV. RESULTS AND DISCUSSION

Figure 2 to 5 depicts the BER against energy per bit-to-noise
ratio, Eb/No. It was observed that generally, for all the digital
modulation considered, the BER decreases with increase in
the signal power with respect to AWGN noise energy Eb/No.
At lower modulation order (order 4), PSK gave better
performance but at higher modulation order (8, 16 and 32),
FSK gave better performance. At Eb/No of 15 dB, the BER of
PSK, DPSK, PAM and FSK obtained were 0.0162, 0.0435,
0.0657 and 4.91x 10respectively. It was also noted that the
BER of only FSK modulation scheme decreases with increase
modulation order (inverse relations) in both AWGN and
Rayleigh fading channels. The BER of other modulation
schemes considered in this work shows a direct relations with
modulation order in AWGN channel as shown in figure 6. . .
The work shows clearly that FSK modulation scheme at 1078 5 10 15
higher modulation order (32) shows better performance with Eb/No (dB)

lowest errors for biomedical RF transceivers system. The
BER obtained at this highest modulation order is 0.0102.
Hence, FSK at modulation order 32 will enhance the 10° g
performance of the system. Table 1 shows the comparison
between modulation schemes at different modulation order.
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Fig. 4: A graph of BER against Eb/No at modulation order 16
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Fig. 2: A graph of BER against Eb/No at modulation order 4

Fig. 5: A graph of BER against Eb/No at modulation order 32

3]

o . . .
10 Table 1: Comparison between modulation schemes at different

modulation order

10T Modulation Mean BER
Order FSK | PAM | DPSK | PSK
10710 4 0.0215 | 0.0372 | 0.0360 | 0.0135
E 8 0.0154 | 0.0746 | 0.0613 | 0.0304
10718 16 0.0122 | 0.1245 | 0.1028 | 0.0623
32 0.0102 | 0.1701 | 0.1520 | 0.1073
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Fig. 3: A graph of BER against Eb/No at modulation order 8
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Fig. 6: Mean BER of the modulation schemes at different modulation order in
AWGN channel

Figure 7 shows the comparison of BER performance of the
four digital modulation schemes considered at Rayleigh
fading channel. It is obvious from the figure that FSK
modulation technique shows better performance compared to
PSK, DPSK and PAM. Generally, for all the modulation
schemes, it was observed that an Additive white Gaussian
noise (AWGN) channel shows low BER compared to
Rayleigh Fading channel. Hence, the performance indices of a
bio-medical RF system would be excellent by suing FSK
modulation scheme at modulation order 32, this would also
help to analyze the detection and decoding of the signal
strength.
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Fig. 7: Mean BER of the modulation schemes at different modulation order in
Rayleigh channel

V. CONCLUSION

In this work, evaluation of four digital modulation schemes,
that is, PSK, PAM, FSK and DPSK in terms of BER is
performed on AWGN and Rayleigh channels of bio medical
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RF transceivers. It was noted that the BER of only FSK
modulation scheme decreases with increase modulation order
(inverse relations) in both AWGN and Rayleigh fading
channels.The BER of other modulation schemes considered in
this work shows a direct relations with modulation order. The
work shows clearly that at 15 dB, FSK modulation scheme at
higher modulation order 32 gave better performance with
lowest errors (4.91x 107*) for biomedical RF transceivers
system. The mean BER obtained at this highest modulation
order is 0.0102 which is very low compared to PAM, PSK
and DPSK modulation schemes. Hence, FSK at modulation
order 32 would enhance the performance of the Bio-medical
wireless system performance.
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