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Abstract

This assignment explores modulation techniques, specifically digital modulation techniques including
ASK, BPSK, QPSK, and QAM.

Each technique varies a different property of the signals during the modulation stage.

ASK varies the amplitude, whilst BPSK and QPSK both e phase. However, the BPSK constellation
consists of two points, 180 degrees out gf ghase of ea® &, whereas, QPSK has four constellation
points, 90 degrees out of phase of each IVI varies the amplitude and phase, so combines ASK
and PSK, and comes in variants such as 16 QAM, and 64 QAM.

Low data rate applications would suit simpler techniques such as ASK and PSK, whereas higher data rate
applications would require more sophisticated techniques such as QPSK or QAM, increasing the order
level, e.g., 160AM %‘3 d/ etc., for increasing data rate requirements.

This assignment investigates how bit error rate changes with channel noise, or signal to noise ratio. Each
modulation technique was tested and compared to what was found out through background research.

The results showed that whilst PSK did have an increase in BER with noise, ASK and QPSK appeared to
show the reverse. This could be due to error analysis state. If the graphs had been configured to
show BER vs SNR, then the results observed would be as expected.
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1. Introduction

This aim of this assignment is to create various radio frequency (RF) modulation techniques using
MATLAB, and evaluate at what point these systems fail as they experience an increase in noise on the
channel. This will be determined by their bit error rate (BER) values.

This assignment involves a design stage and an analysis stage.
The overarching concepts explored in this report are modulation techniques and signals.

Modulation involves varying the properties of something like noise (for example, making something
louder).

Signals are used to carry information, and for the purpose of RF modulation, there are two types of
signals: carrier signal and message signal.

The carrier signal is usually a sinusoidal waveform used to convey data from a message signal. The
message signal is the signal bearing the data to be transmitted.

RF modulation involves varying at least one of a carrier signal’s properties (phase, amplitude, frequency,
for example), in relation to the message signal.

1.1 Design stage

The design stage is carried out using Simulink — a graphical-based modelling environment for simulating
and analsying, built on top of MATLAB.

1.2 Analysis stage

The analysis stage involves observing the spectrum output at various stage of the modulator and
demodulator of the systems designed, as well as observing the 1Q data.

There are two types of sampling signals observed in DSP: continuous time, where it can be an infinite
array of possible numbers, and discrete time, where it has to be a specific/ whole number.

|Q data describes a complex baseband signal with a discrete time series that can be transformed to a
corresponding real valued RF signal. The real component is in phase, and the imaginary component is
out of phase. [1].

1.3 Modulation techniques

There are two types of modulation techniques: analogue and digital. Analogue consists of techniques
such as Amplitude Modulation (AM), Frequency Modulation (FM) and Phase Modulation (PM).
Applications include radio transmission using AM and FM.
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The modulation techniques explored in this assignment are digital. and include the following techniques:

o  Amplitude-Shift Keying (ASK)

e Phase-Shift Keying (PSK)

e Quadrature-Phase-Shift Keying (QPSK)

e Quadrature Amplitude Modulation (QAM)
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2. Digital Modulation

ASKis a modulation technique that varies the amplitude of the message signal. ASK is used in binary
data transmission, for instance, data transmitted over an optical cable. The benefit of ASK is it is low cost
and simple to implement, thus it is used in low data-rate applications.

PSK is a modulation technique that varies the phase of the message signal. PSK is used in applications
such as Bluetooth and RFID. PSK is more efficient that Frequency Shift Keying (FSK) [2] and has a simpler
transmitter and receiver design due to there being no amplitude modulation. There are various types of
PSK including:

e Binary PSK (BPSK)

e QPSK

e Offset QPSK (O-QPSK)
e 8PSK

e 16 PSK

QPSKis a modulation technique that varies the phase ssage signal in four constellation points.
Each constellation point is 90 degrees out of phase of each over, with the possible carrier phase shifts
being 0,90,18, or 270 degrees. This allows for a higher data rat Jmple PSK or BPSK (As more data
can be transmitted over the same bandwidth link). However, ams required for high data rate,
low bit error rate (BER) applications QPSK is used in satellite communications and LTE. Data rate
requirements will determine what order QPSK is used or whether another modulation schema such as

QAM is used.

QAM is a modulation technique that essentially combines ASK and PSK, varying the amplitude and phase
of the message signal, but in 4 constellation points. Types of QAM include 16 QAM and 64 QAM. QAM is
used in telephone modems and LTE. Like with QPSK, what order level of QAM is used will depend on the
data rate requirements. The benefits of QAM over ASK and PSK is that it increases the number of bits
available, thus increasing the bit rate [3]. The negative of QAM is that it requires a more complex
transceiver that ASK or PSK as it needs to receive data from 4 different phases simultaneously. This adds
cost to the process.

As mentioned above, a modulated signal can be represented on a constellation diagram. Figure 1 shows
the constellation for 16 QAM. As shown, there are four constellation points per quadrant. Each
constellation point represents a symbol. Different modulation techniques have different number of bits
per symbol. With QAM, the number of bits per symbol is 2™, so for 16-QAM, this number is 2* which
equals 16, hence 16 QAM. Therefore, 16 QAM can hold 4 bits per symbol. For 64 QAM, it would be 2¢,
so 6 bits per symbol.

ASK and PSK are binary, so can only transmit either a 1 or 0 at one time. QPSK can transmit twice as
much, so 2 bits per symbol.
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4\ Constellation Diagram _ O X

MEASUREMENTS

In-phase

Figure 1 - 16-QAM constellation diagram
2.1.1 Choosing a digital modulation technique

When selecting a digital modulation technique, consideration should be afforded to power efficiency
and bandwidth efficiency [4].

Power efficiency is the number of bits per thermal noise energy unit (TNEU). This is the number of bits
transmitted within a signal that has the same power spectral density (PSD) as the AWGN received at the
receiver. [5]

Bandwidth efficiency is the rate of bits that can be transmitted per one hertz of bandwidth.
Other properties of a digital transmission include BER and SNR.

BER is the rate of bits that have errors at the receiver compared to the total number of bits transmitted.
External factors that affect BER include noise — a high noise channel can result in a high BER. BER needs
to be low for applications such as voice as a high BER will result in scrambled communications. BER is
calculated as energy per bit to the noise PSD, E, /N,.
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SNR is the relationship of signal gain to noise power, measured in db. A high SNR is required for high
data rate applications and for a good communications channel, both of which would require a low BER
as well.

QPSK can carry twice as much data as BPSK along a communications link of equal bandwidth as it can
hold two bits per symbol, whereas BPSK holds one bit per symbol. QPSK would therefore require a

higher SNR as it is a high data-rate modulation technique.
E17
Another measurement to consider PSWed within this section. PSD is the measure of a signal’s

power against frequency.
2.1.2 Channel Modes

As seen in the modulation models in section 3, additive white Gaussian noise (AWGN) channel is added
to the end of the modulators. This is a standard model that adds noise to the modulated signal passing
through it, enabling the model to experience characteristics typical in nature, and would not otherwise
be observed in a perfect medium, as experienced in simulation software. The PSD for white noise is
constant through all frequencies.
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3. Simulation Models
The digital modulation techniques were modelled and simulated on MATLAB Simulink.
The models all consisted of the following components:

Bernoulli Binary Generator — generates random binary numbers using Bernoulli distribution

e Demux — extract component of input signal and outputs separate signals

Product — provides mathematical operations to the simulation, used to multiply the message
signal with the carrier signal for most modulation techniques

e Sign —accepts signals of any data type, outputs a +/-, depending on sign of input signal
AWGN Channel

Deserialiser — converts the fast and scalar input data stream into a slower vector signal
Digital filter(s) — for removing unwanted noise, and filtering out any out-of-band signals

3.1 ASK
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Figure 2 - ASK model

For ASK, the message signal is determined by the formula, cos(2mf.t).

The ASK demodulator passes the signal through a low pass filter as you will need to remove the high
frequencies from the signal in order to obtain the message signal from the modulated signal.

2.2 PSK
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8

Figure 3 - PSK model

The PSK modulator consists of an oscillator, and a half wavelength delay to alter the phase of the
modulated signal to the value of n. For this model, a simple switch was used instead of a conventional
modulator.

The PSK demodulator consists of a low pass filter. Both the reference signal and the received modulated
signal must be in phase at this stage.

2.3 QPSK

[Falapsk1

Figure 4 - QPSK model
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Four-level PSK, or QPSK, the message signal, is comprised of four elements, each one determined by the
following formulas:

Caption required

s(t) = Acos(2mf,t
s(t) = Acos(2mf .t + __
s(t) = Acos(2mf .t + TTH ).

In the model, QPSK combines two BPSK signals in the modulation section. When the signal is
demodulated, it uses two low pass filters to remove out-of-band signals or spurious signals resulting
from the modulation stage.

2.4 QAM
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Figure 5 - QAM model

QAM combines ASK and PSK, with two signals, of varying amplitudes, using the same carrier frequency.

The message signal is determined by the formula, s(t) = d, (t)cos2#f- SE)sin2nf;t.
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4. Results

This section analyses the BER results for each modulation technique. In theory, a noisy commutations
channel results in less symbols being received compared to transmitted, therefore a higher BER. For the
following test, analysis was conducted into how BER changes as the noise within the AWGN channel
varies.

The first test was with no noise, to identify a benchmark BER figure, then the noise was gradually
increase, using AWGN, until system failure.

The graphs in the following section show how BER changes with SNR. BER is inversely proportional to
SNR, so the testing should reflect this by way of a line of positive correlation graph.

4.1 ASK

Graph of BER against Noise

BER

1 2 3 4 5 6 7
Noise (dB)

Figure 6 - ASK BER graph

4.2 PSK
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Graph of BER against Noise
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Figure 7 - PSK BER Graph

4.3 QPsSK

Graph of BER against Noise
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BER
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4.4 QAM

Due to the QAM demodulator not working, it was not possible to conduct the BER test for QAM.

g

14

However, background research suggests that QAM, which supports a higher data rate than ASK and PSK,

would require a lower BER than both of those techniques.




DSP Assignment 2111737 15

4.5 =12 methodology

The results were all captured into a table. For the BER evaluation, each noise level was executed five
times. The final column of the table featured a BER average and a standard deviation column.

stop time 10 sec

data rate 1 bps
noise{d®) runl  run2 3 nmd s BER std deviation
10 04545 05454 04545  0.6364 07273 " 0.56362 0118569
1] 0.5455 0.7273 0.6364 03634 0.4545 I 0.54546 '(-' 143773 1
10 D5556  0.6667 05556 D.4444  0,5556 " 055558 0.076595
15 D6667  0.4481 0778 0.4414  0.6667 " ne’o1anioe
16 0S5S6  0.5556  0.4444  0.4444 0,333 " 0.46666"0.093001
0 03333 02222 03333 03333 04844 " 033337 oomse
25 02122 02222 02222 0222 0.2212 " oz ] Graph of BER against SNR
Graph of BER against Noise

—a

BER

Figure 8 - BER testing spreadsheet
5. Discussion

These results show how the BER changes as noise is increased on the channel. If SNR was on the x-axi
then the graphs would be inversely proportional to the graphs shown in the previous section.

=13

The result for PSK shows a positive correlation with an increase in BER, however, the results for ASK and
QPSK show a negative or negligible correlation. This is contrary to what should have happened. It was
expected that ASK and PSK should have positive correlations, but would be outperformed by QPSK. This
could be due to the graphs for ASK and QPSK being configured to show EB/no (energy per bit) on the x -
axis. If this is correct, then these graphs would be closer to what was expected.

The testing was repeated five times for each noise level. To gain a greater fidelity of data, the testing
should be repeated more times.
514

* 15

Figure 9 [6] shows research by Abdul Hag, et al, of the expected BER vs Eb/NO for QPSK. As shown, there
is a negative correlation between BER and Eb/NO, until at a point where Eb/N0O = 13dB, the BER becomes
negligible.
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Figure 9 - Expected BER vs Eb/NO for QPSK [6]

6. Conclusion
There are various findings to report from this investigation.

Firstly, BER does increase with increase levels of RF noise on a communications link for at least one of
the modulation simulations, PSK. However, this trend appears to be reversed with QPSK and ASK. This
must be due to either modulator design errors, bit error rate calculator being incorrectly connected, or
an error in the analysis stage.

Background research revealed that most modulation testing analyses the BER against SNR, so the graph
would show a negative correlation, thus the graphs for QPSK and ASK would be correct, to varying
degrees of accuracy. Further investigation would have to be conducted into the BER analysis
spreadsheets to identify whether this had been inadvertently the case.

Ultimately, the type of digital modulation technique used depends on the application. A simple, low
power, low data rate application could suit an ASK or PSK deployment, which is likely to require a low
cost and simple option, afforded by these techniques.

Conversely, a high data rate application, such as LTE networks, would require a more sophisticated
technique capable of carrying more bits per symbol, such as QPSK or QAM.
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