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[bookmark: _Toc59199743]Figure 1 - Elements of a communication system [1]
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This report investigates the performance of  various DSP modulation techniques under varying levels of Additive White Gaussian Noise.
Simulink models are included.
Recommendations for future study are included.
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[bookmark: _Toc59199673]Introduction
[bookmark: _Toc59199674]Task Description
The author was tasked with critically comparing the performances of various methods of Digital Signal Processing (DSP) under a range of noise conditions, with an emphasis on amplitude shift keying (ASK) and phase shift keying (PSK) using additive white Gaussian noise (AWGN) in varying levels. 
The systems are to be modelled in Simulink and analysed. It has also been required to investigate more advanced models such as Quadrature Phase Shift Keying (QPSK) and Quadrature Amplitude Modulation. Each system shall consist of a modulator and a demodulator (modem) and data shall be obtained via a scope connected at various points to the system.
The analysis criteria will be met by collating data from each simulation and calculating the bit error rate (BER).

[bookmark: _Toc59199675]Background Information
Digital signal processing is the method of converting an analogue stream of data (represented by a waveform) into digital form (represented by a series of discrete values, High and Low, or 1 and 0) by the use of an analogue-to-digital converter (ADC), transmitting the digital data to a receiving source, and converting the digital data back into an analogue form using a digital-to-analogue converter (DAC) [2]. 
[image: ]
[bookmark: _Toc59199744]Figure 2 - Basic Elements of a Digital Communication System [3]
Historically, long distance communications were sent via wire, but these techniques are vulnerable to disruption and data loss through distortion caused by imperfections in the communication medium, interference with said medium, and sometimes the sheer distance travelled using a prohibitively large amount of power to make the signal be ‘heard’ at the other end.
To this end, and with increasing requirement for secure and accurate transmission of data, it was discovered that data can be compressed and encoded in a much more efficient way. This allows for the time taken to exchange such data to be dramatically decreased, in turn reducing the chance of loss, and increasing the accuracy of the received signal [4]. As the signal is broken down to only two possible states (0 or 1, off or on), the potential for misinterpretation is reduced as the data is recognised as ‘close enough’ to be interpreted as the correct state.
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[bookmark: _Toc59199745]Figure 3 - Interpretation of digital signals. (a) Transmitted signal. (b) Received distorted signal (without noise). (c) Received distorted signal (with noise). (d) Regenerated signal (delayed). [5]
Other advantages of communicating digitally include lower cost, ease of design, reduced chance of decryption by an outside source (privacy), and reduced chance of interference (by the use of spread spectrum technique [6]).
[bookmark: _Toc59199676]Conversion of an Analogue signal to Digital – Carrier Waves
In order to transmit data digitally, a transmission media is generated in the form of a carrier wave. This is created by an electronic oscillator and takes the form of a sinusoid wave (plotted voltage against time), generally of a much higher frequency than the original data. This is then modulated by the original wave to form an impression on the carrier and transmitted.
This wave can be expressed with the equation [7]:


Where:






[bookmark: _Toc59199677]Fourier Transfom
The still analogue carrier wave is expressed as a function of time (t) and is constantly changing. It can then be translated into a function of frequency (f) by a process know as the Fourier Transform. This is a mathematical process that converts a function into its constituent parts [8]. In this case, the process can be expressed as:



So the resulting spectrum of the sinusoid can be seen as shown in Figure 4 where the amplitude of the original signal gives the height of the transformed peak, and the frequency translates to the offset from zero.
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[bookmark: _Toc59199746]Figure 4 - Spectrum of two sine waves before and after the Fourier Transform [9]
This has the effect of changing a continuous wave into a series of one-dimensional spectra, with amplitude as it’s only variable.
[bookmark: _Toc59199678]Sampling
As this new format of spectra does not move in the time domain, in order to encode the variable signal, it is necessary to take a series of ‘snapshots’ of the waveform, in a process known as sampling. 
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[bookmark: _Toc59199747]Figure 5 - The sampling process. (a) Analogue signal. (b) Instantaneously sampled version of the analogue signal. [1]
Samples are taken at a uniform time period (Ts) to recreate the original data signal. If Ts is smaller and thus of a higher frequency, the signal is more accurate but requires more processing power to process the higher number of samples. If Ts is larger (lower frequency) the waveform is replicated less accurately, and more errors are likely to occur at demodulation.
As an example:
[image: ]
[bookmark: _Toc59199748]Figure 6 - Sampling a low frequency signal (arrows indicate sample instants). [2]
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[bookmark: _Toc59199749]Figure 7 - Sampling a high frequency signal (same sample instants as Figure 6). [2]
If the sample rate stays the same, the output signal will be shown as the dashed line, which is significantly different to the actual signal. As a result, a convention is used for efficient sampling known as the Nyquist-Shannon sampling theorem. This states that the sampling frequency must be at least twice that of the initial waveform [10].
Sampling is key to DSP and allows for the production of a binary code representing the voltage in the analogue domain. [11]
[bookmark: _Toc59199679]Methods of DSP
As a wave has three characteristics (Amplitude, Frequency and Phase), the manipulation of an individual characteristic (or ‘modulation’) allows for translation into discrete states, or ‘bits’.
[bookmark: _Toc59199680]Amplitude Shift Keying (ASK)
Modulation of the amplitude of a signal into discrete signals (0 or 1) means that the amplitude of the signal shall be represented as Figure 8, where a ‘1’ is represented by the carrier signal being transmitted as normal, and a ‘0’ is represented by a stop in the transmission. Due to this, this method is also known as ‘ON-OFF’ keying.
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[bookmark: _Toc59199750]Figure 8 - ASK modulation waveforms [12]
ASK applications are limited, as this method of modulation does not allow for changes in amplitude.
[bookmark: _Toc59199681]Frequency Shift Keying (FSK)
With FSK, two separate carrier signals are transmitted for modulation of the data signal. Each has its own individual frequency, and the discrete levels are transmitted by switching between the two frequencies. The waveform for this is shown as:
[image: ]
[bookmark: _Toc59199751]Figure 9 - FSK modulation waveforms [13]
This method is a much more versatile method of modulation than ASK, and as such is used more widely, however it requires more bandwidth and has a limited data rate, so it is really only used in low-speed modems [14].
[bookmark: _Toc59199682]Phase Shift Keying (PSK)
The third characteristic that can be modulated is phase. Like FSK, two carrier waves are transmitted, but they are out of phase with each other, and the state switch is identified as the transition between phases. The waveform for this can be seen as:
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[bookmark: _Toc59199752]Figure 10 - PSK modulation waveforms [15]
PSK allows for more data to be transmitted more efficiently compared with FSK, although it is not as bandwidth efficient as ASK. This method is also more secure and less vulnerable to interference than the previous two methods [16]. This is also known as Binary Phase Shift Keying (BPSK) as it is still a 1-bit transmission.
[bookmark: _Toc59199683]Advanced methods – Quadrature Phase Shift Keying (QPSK)
PSK opens up the possibility of sending more than one additional carrier wave form out of phase, which allows for a higher number of discrete states. QPSK modulates two bits simultaneously, with 4 different phase offsets at 90̊ between each. This doubles the rate at which information can be transmitted on a single channel, and the waveform is shown as:
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[bookmark: _Toc59199753]Figure 11 - QPSK modulated waveforms [17]
The advantages of this method are the increased data transmission rate, half the bandwidth of BPSK, and is less vulnerable to noise or errors. However, building the circuit itself is much more of a complex task than other methods. [17]
[bookmark: _Toc59199684]Quadrature Amplitude Modulation (QAM)
QAM, similarly to BPSK/QPSK, allows for multiple transmissions to utilise the same channel by modulating data to different amplitudes. 
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[bookmark: _Toc59199754]Figure 12 - Input carrier waves for QAM [18]
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[bookmark: _Toc59199755]Figure 13 - QAM output waveform [18]
With this method, a very high data rate can be achieved as multiple levels of QAM can be transmitted along the same channel, increasing the number of bits that can be transmitted simultaneously.
The bit positioning of QAM can be shown on a constellation diagram.
[image: ]
[bookmark: _Toc59199756]Figure 14 - 16QAM Constellation Diagram [1]
[bookmark: _Toc59199685]Simulation Models
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[bookmark: _Toc59199757]Figure 15 - ASK Modem
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[bookmark: _Toc59199758]Figure 16 - PSK Modem
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[bookmark: _Toc59199759]Figure 17 - QPSK Modem
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[bookmark: _Toc59199760]Figure 18 - QAM Modem
[bookmark: _Toc59199686]Results

[bookmark: _Toc59199761]Figure 19 - ASK model results (See Appendix for detailed results)


[bookmark: _Toc59199762]Figure 20 - BPSK model results (See Appendix for detailed results)

[bookmark: _Toc59199763]Figure 21 - Overlay of ASK and BPSK results
[bookmark: _Toc59199687]Discussion
During the performance of these experiments, the author found considerable difficulties. The experiments for ASK and BPSK ran to an acceptable level, with results indicated in the section above, and generally running in line with established research:
[image: ]
[bookmark: _Toc59199764]Figure 22 - BER vs SNR of different modulation schemes [19]
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[bookmark: _Toc59199765]Figure 23 - BER Performance of different modulation schemes with SNR [20]
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[bookmark: _Toc59199766]Figure 24 - BER vs SNR curve [21]
Errors were discovered in each run as shown below:
[image: ] 
[bookmark: _Toc59199767]Figure 25 - errors indicated in Port 7 scope view – ASK @ 0dB
However due to the sampling rate, very few of these were picked up at low noise, and as previously discussed, ASK has a greater chance of correctly calling the data point as here it is still quite easy to say ‘close enough’. For a more accurate view of error rate, the sample time should be increased, however as discussed earlier, this would increase the processing time required.
[image: ]
[bookmark: _Toc59199768]Figure 26 - Noise seen as SNR increasing - ASK @ -10dB)
As shown in Figure 26, noise is being seen quite rapidly increasing and even after the filter (Port 6), the signal is becoming unrecognisable. Should this experiment be run again, a smaller, more defined range of noise levels should be studied to more closely understand the increase in BER as the noise increases.
The author found that any increased AWGN above 100dB resulted in no real change, implying that the threshold of BER is around 50%. Each level of AWGN was run ten times for each model, and the time of transmission was increased from 10 seconds to 100 seconds for a larger sample size. The data input rate was 1 bit/sec, which is a glacially slow bit rate (minimum acceptable BER for telecommunications is 10-9 and to obtain a figure of this order would take a billion seconds, or nearly 32 years per run). If this experiment was to be run again, it would be advisable to increase the number of bits sampled for a more eclectic range of samples.  
During the simulation involving the QPSK modem, no useable data was discovered, as there was a total spread of approximately 2% between the lowest and highest results. The following warning was displayed during each run:
[image: ]
[bookmark: _Toc59199769]Figure 27 - Error message obtained during QPSK simulation
This indicates an issue with the data entering the Error Rate calculator block, and is supported by the scope results:
[image: ]
[bookmark: _Toc59199770]Figure 28 - typical scope view - QPSK simulation
As can be seen, Port 2 is returning a constant 0V signal, hence the constant ~0.75 BER. As there is a 25% chance for the data to turn up a 0 read, this seems correct, given the results. Whilst the author has identified where the issue lies, unfamiliarity with the software prevents finding a fix. It was considered that the filter design my be at fault, but as a 29th order filter, this consideration was discarded.
[image: ]
[bookmark: _Toc59199771]Figure 29 - Filter Design – QPSK simulation
Should this experiment be run again, more training and orientation with MATLAB would be essential.
Similar issues were found with the QAM simulation, as all results were coming back at about a 0.9 BER. The author successfully managed adjust certain settings within the blocks to remove warnings (also the Random Integer generator was not generating random integers, but the same stream of data each time), but was still unable to obtain meaningful results as seen below:
[image: ]
[bookmark: _Toc59199772]Figure 30 - typical scope view - QAM simulation
There seems to be a discrepancy in the received signal (Port 2) as there doesn’t seem to be an even spread of received data (no data between levels 4 and 8).
[bookmark: _Toc59199688]Conclusion
In conclusion, the author was disappointed in the lack of results, but several improvements have been identified for future experiments. The main issue would be the lack of knowledge of the software, and the inability to successfully troubleshoot the problem blocks. Also a more focussed approach to the SNR and an increased but more refined approach to sampling would improve the data output.
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Many of the digital circuits have almost common encoding techniques and hence similar
devices can be used for a number of purposes.

The capacity of the channel is effectively utilized by digital signals.

Elements of Digital Communication

The elements which form a digital communication system is represented by the following block
diagram for the ease of understanding.
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Basic Elements of a Digital Communication System

Following are the sections of the digital communication system.
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Figure 2 - Basic Elements of a Digital Communication System [3]

Historically, long distance communications were sent via wire, but these techniques are
vulnerable to disruption and data loss through distortion caused by imperfections in the
communication medium, interference with said medium, and sometimes the sheer
distance travelled using a prohibitively large amount of power to make the signal be
‘heardat the other end.

To this end, and with increasing requirement for secure and accurate transmission of data,
it was discovered that data can be compressed and encoded in a much more efficient way.
This allows for the time taken to exchange such data to be dramatically decreased, in tum
reducing the chance of loss, and increasing the accuracy of the received signal [4]. As the
signal is broken down to only two possible states (o or 1, off or on), the potential for
misinterpretation is reduced as the data is recognised as ‘close enough’ to be interpreted
as the correct state.

Other advantages of communicating digitally

include lower cost, ease of design, reduced
chance of decryption by an outside source (privacy), and reduced chance of interference
(by the use of spread spectrum technique [5]).

Conversion of an Analogue signal to Digital - Carrier Waves

In order to transmit data digitally, a transmission media is generated in the form of a
carrier wave. This is created by an electronic oscillator and takes the form of a sinusoid
wave (plotted voltage against time), generally of a much higher frequency than the
original data. This is then modulated by the original wave to form an impression on the
carrier and transmitted.

This wave can be expressed with the equation [6]:
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Fourier Transfom

‘The still analogue carrier wave is expressed as a function of time (t) and is constantly
changing, It can then be translated into a function of frequency (f) by a process know as
the Fourier Transform. This is a mathematical process that converts a function into its
constituent parts [7]. In this case, the process can be expressed as:
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So the resulting spectrum of the sinusoid can be seen as shown in Figure 3 where the
amplitude of the original signal gives the height of the transformed peak, and the
frequency translates to the offset from zero.
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changing, It can then be translated into a function of frequency (f) by a process know as
the Fourier Transform. This is a mathematical process that converts a function into its

Figure 2 - Basic Eleme ital Commu

constituent parts [7]. In this case, the process can be expressed as:

Historically, long distance communications were sent via wire, but these techniques are

9() ©6()
vulnerable to disruption and data loss through distortion caused by imperfections in the

communication medium, interference with said medium, and sometimes the sheer r
distance travelled using a prohibitively large amount of power to make the signal be G(F) =Flg®)]= f g(t)e

‘heard' at the other end.

To this end, and with increasing requirement for secure and accurate transmission of data,

it was discovered that data can be compressed and encoded in a much more efficient way. So the spectrum of the sinusoid can be seen as shown in FIGURE
This allows for the time taken to exchange such data to be dramatically decreased, in tum

reducing the chance of loss, and increasing the accuracy of the received signal [4].

Other advantages of communicating digitally include lower cost, case of design, reduced
chance of decryption by an outside source (privacy), and reduced chance of interference
(by the use of spread spectrum technique [5]).

Conversion of an Analogue signal to Digital - Carrier Waves

In order to transmit data digitally, a transmission media is generated in the form of a
carrier wave. This is created by an electronic oscillator and takes the form of a sinusoid
wave (plotted voltage against time), generally of a much higher frequency than the

original data. This is then modulated by the original wave to form an impression on the

o moanomie. [:] S. Haykin, Digital Communication Systems, New Jersey: Wiley, 2014.

This wave can be expressed with the equation [6]: [2 M. Parker, Digital Signal Processing - Everything you need to know to get started,
Massachusetts: Elsevier, 2010.

Acos(2nf,t+68) —oo<t<4o
frequency

Acos (w, +
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To this end, and with increasing requirement for secure and accurate transmission of data,
- it was discovered that data can be compressed and encoded in a much more cfficient way. So the resulting spectrum of the sinusoid can be seen as shown in Figure 3 where the
289 | of 802 -+ A Readaloud | W Draw v W Highlight v & Erase | @ & [ # This allows for the time taken to exchange such data to be dramatically decreased, in turn ovplitade of the orginal sgnal fves the height of the oaneformed ook, nd the
reducing the chance of loss, and increasing the accuracy of the received signal [4]- frequency translates fo the offset rom
. Other advantages of communicating digitally include lower cost, case of design, reduced
6.2 Sampling Theory 269 Chanc ofdecypion oy an v s vy, e e o it
(by the use of spread spectrum technique [s]).
Conversion of an Analogue signal to Digital - Carrier Waves
L (o transmit data digitally, a transmission media is generated in the form of a
carrier wave. This s created by an electronic oscillator and takes the form of a sinusoid
wave (plotted voltage against time), generally of a much higher frequency than the
g([) g (1) original data. This is then modulated by the original wave to form an impression on the
0 carrier and transmitted.
This w be expressed with th on [6
his wave can be expressed with the equation [6] Figure 3 - Spectrum of two sine waves before and after the Fourier Transform [5]
() = Acos(2nfet +6) This has the effect of changing a continuous wave into a series of one-dimensional spectra,
£(6) = Acos (wg +6) with amplitude as it’s only variable.
‘Where:
0 ! t 0 ¥ !
— T, |—
Sampling D. Kammler, A First Cousre in Fourier Analysis, Illinois: Cambridge University
As this new format of spectra does not move in the time domain, to encode the 2007.
(a) (b) variable signal, it is necessary to take a series of ‘snapshots’ of the waveform, in a process
known as sampling. [8 B. Duggan, “Processing; the fourier transform,” o5 1 2015, [Online]. Available:
http://sopnmr blogspot.com/2o15/x1/processing-fousier-transformhtml. [Accessed 18
H 3 3 3 12 2020]
Figure 6.1 The sampling process. (a) Analog signal. (b) Instantaneously sampled version of the !
analog signal. -
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Fourier Transfom i I ] Pt
The still analogue carrier wave is expressed as a fanction of time (t) and is constantly ¥ l l
changing, It can then be translated into a function of frequency (f) by a process know as e
the Fourier Transform. This is a mathematical process that converts a function into its
. constituent parts [7]. In this case, the process can be expressed as: »
Time
avl g(t) © G(f) Figure 5 - The sampling process. (a) Analogue signal. (b) Instantaneously sampled version of
axis the analogue signal. [1]

=Flg®)] = f g()e™ Samples are taken at a uniform time peried (T.) to recreate the original data signal. If T, is
= smaller and thus of a higher frequency, the signal is more accurate but requires more
Processing power to process the higher number of samples. If T, s larger (lower
frequency) the waveform is replicated less accurately, and more errors are likely to occur

So the resulting spectrum of the sinusoid can be seen as shown in Figure 4 where the at demodulation.
amplitude of the original signal gives the height of the transformed peak, and the

frequency translates to the offset from zero. As an gample;

Figure 3.1: References
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2 | of27t - + @ A) Read aloud V¥ Daw v ¥ Highlight v & Erase (=) B | # changing. It can then be translated into a function of frequency (f) by a process know as
the Fourier Transform. This is a mathematical process that converts a function into its
constituent parts [7]. In this case, the process can be expressed as "
/ /i 9(®) = 6(f) Figure 5 - The sampling process. () Analogue signal. (b) Instantaneously sampled version of
\ 1 . the analogue signal. ]
1 I \ I 60 =Flo®l = [ g0 Samples are taken at a uniform im (T.) to recreate the original data signal. If T, is
\ - smaller and thus of a higher frequency, the signal is more accurate but requires more
] i processing power to process the higher number of samples. If T, is arger (lower
\ ] frequency) the waveform is replicated less accurately, and more errors are likely to occur
\ 1 So the resulting spectrum of the sinusoid can be seen as shown in Figure 4 where the at demodulation
| | 1 amplitude of the original signal gives the height of the transformed peak, and the )
\ 1 frequency translates to the offset from zero. As an gxample;
\ I tine
\ | I axis
1 I 1 | Figure 4 - Spectrum of two sine waves before and after the Fourier Transform [§]
\ 1 This has the effect of changing a continuous wave into a series of one-dimensional spectra,
\ ' with amplitude as it's only variable.
\ /A / Sampling Figure 6 - Sampling a low frequency signal (arrows indicate sample instants).
y \ As this new format of spectra does not move in the time domain, in order to encode the
variable signal, it is necessary to take a series of ‘snapshots’ of the waveform, in a process
known as sampling.
Figure 3.2:
Sampling a high-frequency signal (same sample instants).
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Figure 7 - Sampling a high frequency signal (same sample instants as Figure 6). [2]

If the sample rate stays the same, the output signal will be shown as the dashed line,
which is significantly different to the actual signal. As a result, a convention is sed for
efficient sampling known as the Nyquist-Shannon sampling theorem, This states that the
sampling frequency must be at least twice that of the initial waveform [10].

Sampling is key to DSP and allows for the production of a binary code representing the
voltage in the analogue domain. [x]
4 Methods of DSP

As awave has three characteristics (Amplitude, Frequency and Phase), the manipulation
of an individual characteristic (or ‘modulation’) allows for translation into discrete states,
or bis.

Amplitude Shift Keying (ASK)

Modulation of the amplitude of a signal into discrete signals (o or 1) means that the
amplitude of the signal shall be represented as Figure 8, where a 1 is represented by the
carrier signal being transmitted as normal, and a o' is represented by a stop in the
transmission. Due to this, this method is also known as ‘ON-OFF keying.
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Figure 7 - Sampling a high frequency signal (same sample instants as Figure 6). [2]

If the sample rate stays the same, the output signal will be shown as the dashed line,
which is significantly different to the actual signal. As a result, a convention is sed for
efficient sampling known as the Nyquist-Shannon sampling theorem, This states that the
sampling frequency must be at least twice that of the initial waveform [10].

Sampling is key to DSP and allows for the production of a binary code representing the
voltage in the analogue domain. [x]

Methods of DSP

As awave has three characteristics (Amplitude, Frequency and Phase), the manipulation
of an individual characteristic (or ‘modulation’) allows for translation into discrete states,
or bis.

Amplitude Shift Keying (ASK)

Modulation of the amplitude of a signal into discrete signals (o or 1) means that the
amplitude of the signal shall be represented as Figure 8, where a 1 is represented by the
carrier signal being transmitted as normal, and a o' is represented by a stop in the
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Figure 8 - ASK modulation waveforms [12]
ASK applications are limited, as this method of modulation does not allow for changes in
amplitude.
Frequency Shift Keying (FSK)
‘With FSK, two separate carrier signals are transmitted for modulation of the data signal.
Each has it’s own individual frequency, and the discrete levels are transmitted by
switching between the two frequencics. The waveform for this is shown as:
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Modulation of the amplitude of a signal into discrete signals (o or 1) means that the
amplitude of the signal shall be represented as Figure 8, where a 1 is represented by the

carrier signal being transmitted as normal, and a o' is represented by a stop in the v T m DRI AR A
transmission. Due to this, this method is also known as ‘ON-OFF’ keying. o —\[\[\f I
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Figure 9 - FSK modulation waveforms [

‘This method is a much more versatile method of modulation than ASK, and as such is
used more widely, however it requires more bandwidth and has a limited data rate, so it is
really only used in low-speed modems [14]

B i 6 R. Pickholtz, D. Schilling and L. Milstein, “Theory of Spread-Spectrum
3 1y of Spread-Sp

] Communications-A Tutorial,” IEEE TRANSACTIONS ON COMMUNICATIONS, Vols.
COM-30, n0. 5, pp. 855-884, 1082.

Phase Shift Keying (PSK)

‘The third characteristic that can be modulated is phase. Like FSK, two carrier waves are

transmitted, but they are out of phase with each other, and the state switch is identified as

the transition between phases. The waveform for this can be seen as [8 D. Kammler, A First Cousre in Fourier Analysis, Illinois: Cambridge University Press,

| 1 2007.

7] 5. Mosey, Communication Principles, Swansea, 2020.
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‘This method is a much more versatile method of modulation than ASK, and as such is
used more widely, however it requires more bandwidth and has a limited data rate, so it is
really only used in low-speed modems [14]

Phase Shift Keying (PSK)

‘The third characteristic that can be modulated is phase. Like FSK, two carrier waves are
transmitted, but they are out of phase with each other, and the state switch is identified as
the transition between phases. The waveform for this

v

oV

v

Figure 10 - PSK modulation waveforms [15]

PSK allows for more data to be transmitted more efficiently compared with FSK, although
it is not as bandwidth efficient as ASK. This method is also more secure and less
vulnerable to interference than the previous two methods [16]. This is also known as
Binary Phase Shift Keying (BPSK) as it is still a 1-bit transmission.

Advanced methods - Quadrature Phase Shift Keying (QPSK)

PSK opens up the possibility of sending more than one additional carrier wave form out of
phase, which allows for a higher number of discrete states. QPSK modulates two bits

simultancously, with 4 different phase offsets at 06 between cach. This doubles the rate at
which information can be transmitted on a single channel, and the waveform is shown as:
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Phase Shift Keying (PSK)

‘The third characteristic that can be modulated is phase. Like FSK, two carrier waves are
transmitted, but they are out of phase with each other, and the state switch is identified as
the transition between phases. The waveform for this can, be seen

v

oV

v

Figure 10 - PSK modulation waveforms [15]

PSK allows for more data to be transmitted more efficiently compared with FSK, although
it is not as bandwidth efficient as ASK. This method is also more secure and less
vulnerable to interference than the previous two methods [16]. This is also known as
Binary Phase Shift Keying (BPSK) as it is still a 1-bit transmission.

Advanced methods - Quadrature Phase Shift Keying (QPSK)

PSK opens up the possibility of sending more than one additional carrier wave form out of
phase, which allows for a higher number of discrete states. QPSK modulates two bits

simultancously, with 4 different phase offsets at 06 between cach. This doubles the rate at
which information can be transmitted on a single channel, and the waveform is shown as:
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Figure 11 - QPSK modulated waveforms [17]
‘The advantages of this method are the increased data transmission rate, half the
bandwidth of BPSK, and is less vulnerable to noise or errors. However, building the circuit
itselfis much more of a complex task than other methods. 7]
Quadrature Amplitude Modulation (QAM)
QAM, similarly to BPSK/QPSK, allows for multiple transmissions to utilse the same
channel by modulating data to different amplitudes. |
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