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Abstract
The paper presents a study of the effect of modulation schemes 
on the parameters that affect the signal in the wireless medium. 
Theimportant parameters that have been consideredare BER, SNR, 
Fading, bandwidth efficiency. These help to identify the strength 
or quality of a signal in any wireless channel.
The modulation schemes that have been considered are BPSK, 
QPSK, MSK and QAM. Every modulation scheme has been 
studied under AWGN, w.r.t BER, SNR. The theoretical and 
simulated values ofBERhave been compared in MATLAB. 
The performance of the modulation schemes under various 
parametric quantities and depending on the application, a suitable 
scheme is chosen that provides the best performance of the wireless 
system when realized.
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I. Introduction
 Some of the important parameters that help to identify the strength 
or quality of a signal in any wireless channel areBit Error Rate 
(BER), Signal to Noise Ratio (SNR), fading and bandwidth 
efficiency.Rayleigh, Rician, Additive White Gaussian Noise 
(AWGN), Nakagami are the most important fading channels.
In absence of a direct line of sight communication between the 
transmitter and receiver, the signal will attenuate, reflect, refract, 
and diffract in the environment before it arrives at the receiver. 
This particular fading of the signal is called Rayleigh fading.
Rayleigh fading is dependent on the mobility of the receiver and/
or transmitter. 
Rician fading occurs when there is a direct line of sight between 
the sender and the receiver. The strongest component of the signal 
generally undergoes maximum fading. 
Nakagami is comparatively new as compared to the previous two 
types of fading. This has been used to classify the wireless signals 
that fade due to traversing multiple paths.
AWGN or Additive White Gaussian Noiseis a noise model 
that imitates the effect of random processes that occur in the 
environment [7].
Only AWGN channel has been considered in this paper.
The modulation schemes that have been considered are BPSK, 
QPSK, MSK and QAM. Each of these modulationschemes has 
been studied under AWGN fading channel w.r.t BER, SNR. The 
theoretical and simulated values of the modulation schemes have 
been compared in MATLAB.  After studying the performance 
of the modulation schemes under various parametric quantities 
and depending on the application, a suitable scheme is chosen 
that provides the best performance of the wireless system when 
realized.
The remaining factors that affect a wireless system such as power 
consumption delay, noise, path loss, equipment complexity have 
not been studied w.r.t to the effect on the modulation schemes.
The overall performance of any modulation scheme is compared 
w.r.t all the factors mentioned above. This will help to develop 

a better understanding of the modulation schemes and their 
dependence on the parametric quantities.
Thereafter, the simulated and theoretical results are compared to 
draw a final conclusion. 

II. Digital Communication With Respect to Wireless 
Access
Digital modulation is used to modulate the signal for transmission 
over satellites, cable pairs and so on. Digital communication is 
advantageous as compared to wired communications due to a 
number of factors. Wireless communication is used to transmit 
information in terrains that maybe physically inaccessible and 
hence restricts the use of wired communication. Wireless mode 
is easier to use and is more flexible.
However, wired communication is less susceptible to radio 
interference and is faster than wireless in transmitting information. 
There are high losses in transmitting information over wireless 
network due to the problem of multipath propagation. There are 
security and software compatibility issues in wireless mode of 
communication. In addition to these is the restriction on the user 
mobility [2]. 
The commonly used wireless applications are Wi-Fi, Bluetooth, 
Radio, Satellite, and walkie-talkie, cellular telephony, Zigbee,radio 
technology and so on.

III. Modulation Schemes Used In Digital Communi-
cation

A. BPSK
In the Binary Phase Shift Keying or Phase Reversal Keying 
(PRK)modulationscheme, the carrier phase is shifted by ±π/2. 
The phase depends on +1 or −1being sent, respectively. There 
are two different interpretations of BPSK. The first one is to view 
BPSK as a PAM (Pulse Amplitude Modulation),here the basis 
pulses are rectangular pulses with amplitude of 1.The second 
one is for BPSK as aphase modulation. In this the data stream 
influences the phase of the transmit signal. Figure 1 shows the 
block diagram for the BPSK modulator.

B. QPSK-
In the Quadrature Phase Shift Keying or QPSK, the carrier has 
four changes in phase. This can be represented by 2 binary bits 
of data per symbol, which effectively doubles the bandwidth of 
the carrier [6].
Fig. 3 shows the block diagram for the QPSK modulator.

C. MSK-
Minimum Shift Keying or MSK is different from the above two 
modulation schemes. MSK has phase continuity in the modulated 
form as well. As a result of this, MSK is less susceptible to co 
channel and inter-channel interference. 
MSK modulated signals have varying Signal to Noise Ratio (SNR) 
and signal power when transmitted through an AWGN channel 
[4].
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With a modulation index of 0.5 the minimum frequency spacing 
allows two FSK signals to be coherently orthogonal. The term 
minimum shift keying means that the minimum frequency 
separation that allows orthogonal detection. Figure 5 shows the 
block diagram for the MSK modulator.

D. QAM-
Quadrature Amplitude Modulation or QAM is a modulation 
scheme which has two sinusoidal carriers, 90 degrees out of 
phase with respect to the other. Each carrier can be modulated 
independently, be transmitted over the same frequency band, and 
separated by demodulation at the receiver. Figure 7 shows the 
block diagram of the QAM modulator.
QAM is used as a DSBC signal occupies twice the bandwidth of the 
message from which it is derived. This is considered as a wasteful 
expenditure of resources. QAM restores the balance by placing 
two DSBSC in the same spectrum as one DSBSC without any 
degradation in the BER. The bandwidth imbalance is eliminated. 
Hence, QAM has the highest bandwidth efficiency and is used in 
both mobile radio and satellite communication systems [1].

IV. Awgn Channel and the Effect on Modulation 
Schemes
AWGN channelattenuates the transmit signal, causes phase 
rotation and adds white Gaussian noise tothe signal that passes 
through this channel. The AWGN model does not take into account 
various other parameters such as fading, frequency selectivity, 
interference, nonlinearity or dispersion, which adversely affect the 
quality of a wireless signal. The only limitation in the schemes is 
the deterioration of signal by a linear additionof wideband or white 
noise with a constant spectral density and a Gaussian distribution 
of amplitude. Hence, AWGN channel has been consideredSNR 
per sample is theparametric quantity that measures the relative 
power of noise in an AWGN channel.

 
Fig. 1: BPSK Modulator Block Diagram

V. Important Parameters to be Considered During 
Transmission of Signal

A. BER-
Bit Error Rate or Bit Error Ratiois one of the important parameters 
to assess a system that is required to transmit and receive signals. 
BER is applicable to both the wired and wireless systems. BER 
measures the change in the bits that are received after travel 
through a particular medium. Lower the BER better is the quality 
of the signal. However, an increased number of bits and time 
measurement improve the BER estimate. This parameter measures 
the end to end performance of the system-transmitter, receiver 
and the medium [4-5].

BER= (Number of errors in the signal)/ (Total number of bits 
transmitted).

BER can be influenced at various points in the system-at the 
transmitter, in the medium and at the receiver.
The factors that adversely affect BER are fading, phase jitter, 
reduced bandwidth, and adjacent channel interference.

B. SNR-
It is extremely difficult to have a real time system that has no 
background noise. SNR or Signal to Noise ratio is a parameter 
to decide the quality of the signal in presence of noise. SNR 
is one of the methods to measure the sensitivity performance 
of the receiver in the system. Noise introduced in the signal at 
the transmitter gets amplified as the signal proceeds towards the 
receiver. While the unwanted noise can be reduced, it can never 
be eliminated [8].

SNR=Psignal/Pnoise.

SNR is measured in decibels. The signal and power should be 
calculated the same point in the system, and should have the same 
system B.W. SNR and BER are inversely related.

Fig. 2 :BER Probability Curve for BPSK

C. Noise
Noise is of various types, such as phase noise, Gaussian noise, 
White noise. However, not all the noise in a signal is unwanted. The 
noise may also be random signals that have no useful information. 
These may not interfere with the useful signal and may have been 
added intentionally. Most of the noise in a system is internal such 
as shot noise, thermal noise and so on [8]. External sources of 
noise such as atmospheric noise, industrial noise can be reduced 
to a negligible amount.
Noise in digital modulation schemes affects the information 
transmitted and received.

D. Delay
Delay in a wireless communication system refers to the propagation 
delay (tpd) or a delay spread (td).The propagation delay is defined 
as the time required by a signal (digital or analog) to be transmitted 
and received successfully. Generally every system has a certain 
amount of time lag, which is measured in microseconds or 
nanoseconds. A delay of more than the estimated amount adversely 
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affect the other parameters of the system such as accuracy, output. 
In a wireless system, there are certain factors that affect propagation 
delay immensely. These are line of sight, atmospheric conditions, 
noise at the transmitter or receiver et cetera.

 
Fig. 3: QPSK Modulator Block Diagram

Fig. 4: BER Probability Curve for QPSK.

Delay spread decides the Inter Symbol Interference (ISI). If the 
delay spread of a signal is much smaller than the duration of 
the signal, the ISI is negligible and the signal quality is close to 
ideal.

E. Fading
Fading of a signal in a wireless channel refers to a reduction in 
the strength of the signal. Fading of a signal is determined by the 
line of sight (l.o.s) between the transmitter and receiver, the signal 
strength while transmitting, objects in the l.o.s. Fading can be fast 
or slow, single or multipath and affects the signal frequency as 
well as phase. Causes of fading can be physical phenomenon such 
as reflection, diffraction, Doppler shift, scattering.

F. Path Loss
This parameter is calculated for a signal traversing the wireless 
channel. Path loss is an important in the analysis of a link budget. 
The causes of path loss primarily are absorption refraction, 
diffraction, and reflection from obstructing objects in the l.o.s.

Fig. 5: MSK Modulator Block Diagram

G. Bandwidth Efficiency
The spectral or bandwidth efficiency is restricted in a wireless 
channel. This is one of the major drawbacks of using wireless 
communication. To improve the performance of the network, the 
bandwidth and energy efficiency of the system must be increased. 
However, there is a tradeoff between these two factors. The power 
consumption of the network has to be reduced for improving the 
efficiency. 
Energy consumption can be reduced at the receiver and the 
transmitter side. This reduction in energy consumption at the 
transmitter affects the efficiency more than that at the receiver 
[9].

VI. Result Analysis
The various modulation schemes have been compared with respect 
to BER, theoretically and after simulation in MATLAB.  It has been 
observed that for each of the modulation schemes, the theoretical 
and simulated values are either very close to each other (QPSK, 
BPSK) or are the same (MSK).This indicates that other than the 
AWGN, the system does not have any other source of interference. 
The result is as expected. In certain cases, like QAM, the simulated 
values may vary by a significant margin. This is due to additional 
noise in the system, which is negligible.

 
Fig. 6: BER Probability Curve for MSK
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Fig. 7: QAM Modulator Block Diagram

VII. Conclusion
The paper presented a study on the effect of different modulation 
schemes on BER. The modulation schemes were selected as 
these are some of the most commonly used schemes in wireless 
communication. BER is an important parameter in wired and 
wireless communication. BER decides the quality of signal 
transmitted and received. The remaining parameters have not 
been studied in detail. The effect of modulation schemes can be 
studied with respect to these in the future.

Fig. 8: BER Probability Curve for QAM.

 
Fig. 9: BER Probability Curve for all of the Above Modulation 
Schemes
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