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[bookmark: _Toc59054413]Introduction
The purpose of this lab report is to compare the performance of amplitude shift keying (ASK), phase shift keying (PSK), Quadrature phase shift keying (QPSK) and Quadrature amplitude modulation (QAM) with the addition of white gaussian noise (AWGN) within MATLAB. Each of these techniques is a form of signal modulation and this experiment will determine which of the methods performs best when put under increasing amounts of AWGN. The bit error rate (BER) will be calculated by comparing the demodulated data created by the channel with the source data given off by the Bernoulli random number generator. This will then be compared against the signal to noise ratio of each channel to create reportable results.
[bookmark: _Toc59054414]Background Information
[bookmark: _Toc59054415]Digital Signals Processing
Digital signals processing (DSP) is the alteration of an existing digital signal into an analogue form which can be used in another device. For example, a piece of music recorded and digitised to be played through a speaker system. Mosey states that DSP allows you to replace analogue parts of a signal’s processor such as amplifiers, and that the waveform to be processed goes through the following process “filtered, sampled, converted to digital representation and input to the signal processor” [1]. Ikimi lists four key components that DSP must have, “computing engine, data memory, programme memory and input and output” [2]. The computing engine controls the processing and computing of the maths analysis of the signal, data memory holding the required data until required by the computing engine for manipulation, the programme memory containing the commands for the computing engine and dictating the tasks and functions of the DSP and the input and output parts for the unprocessed and processed data to enter and exit the unit [2]. Orfanidis provides a diagram visualising the basic concept of how a digital signals processor works: Figure 1.
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[bookmark: _Ref56344780]Figure 1 - Typical digital signals processing system [3]
Orfanidis also gives three stages to Digital processing of analogue signals. These are:
1. The analogue signal is first digitised, as seen in Figure 1, it is sampled and quantised into bits. This is also known as A/D conversion
2. These newly digitised samples are processed by the DSP
3. The signal is then reconstructed into analogue form by the analogue reconstructor (A/D conversion) [3].
[bookmark: _Toc59054416]Amplitude-shift keying
Amplitude-shift keying is a form of digital modulation, being a “carrier signal that varies in accordance with the message signal” [4]. ASK is a digital signal which shows a change in the amplitude of the carrier wave while phase and frequency are kept constant. This change is demonstrated digitally between two discrete values, 1 and 0. When the digital bit is 0, the carrier wave is not transmitted, when the data bit is 1 then the carrier wave can be transmitted. In Figure 2 digital bits (i) are seen influencing the carrier wave (ii) to produce the ASK modulated wave (iii) [5].
[image: ]
[bookmark: _Ref56352342]Figure 2 - Waveforms of amplitude phase keying (ASK) [5]
[bookmark: _Toc59054417]Phase-shift keying
PSK or Phase shift-keying is another form of digital modulation which utilises changing phases rather than amplitude. Penttinen states “Another way to modulate digital data onto an analogue carrier is to apply data-dependant phase shifts to the carrier signal” [6]. We can see in Figure 3 that the phase changes from 0 to 180 degrees depending on the digital data being transmitted. [7]. 
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[bookmark: _Ref57053467]Figure 3 - BPSK Modulated signal [7].
[bookmark: _Toc59054418]Quadrature phase-shift keying
Quadrature phase-shift keying (QPSK) is another form of modulation which unlike ASK and PSK can display two bits per symbol, instead of a 1 or a 0, it can display 00, 01, 10 and 11 as seen in Figure 5. In ASK there are only two amplitude options 1 and 0. In QPSK there are four and these are determined by phase [8]. In a phase there is 360 degrees of phase, meaning the phase can be split into 4 phase states spaced at 90 degrees apart (Figure 5). Frenzel states “The modulator produces two sine carriers 90 degrees apart. The binary data modulates each phase, producing four unique sine signals shifted by 45 degrees from one another” [9].
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Figure 4 - (a) phasor diagram, (b) constellation diagram. Showing QPSK Modulation
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[bookmark: _Ref57562744]Figure 5 - QPSK modulation showing phase differentiation
[bookmark: _Toc59054419]Quadrature amplitude modulation
Quadrature amplitude modulation (QAM) is described by Alencar as “a versatile scheme that uses sine and cosine orthogonality properties to allow the transmission of two different signals in the same carrier, using a common bandwidth” [10]. QAM is a signal whereby two carrier signals are shifted in phase by 90 degrees (sine and cosine) and then modulated and combined, one signal being referred to as the in phase signal, the other being referred to as the Q signal. This new modulated signal incorporates phase and amplitude variations [11]. QAM serves to increase the channel bandwidth by using two input signals and can transmit two different message signals in the same channel [12].
[bookmark: _Toc59054420]Simulation Models
[bookmark: _Toc59054421]Amplititude-shift keying (ASK)
[image: ]A generic diagram of how each DSP system will work can be seen in Figure 6. However the components that make up each of these systems may differ. These components can be found in the annex. ASK will be explained in detail in this section, the following sections for different systems will show the different components and settings for the other systems.Figure 6 - Generic DSP diagram
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[bookmark: _Ref58087381]Figure 7 - ASK simulation on Matlab
[image: ]Figure 7  shows amplitude shift keying, the sine wave generators are created with the settings in Figure 8. It should be noted that a signal delay was created to compare transmitter data with receiver data, this is due to the transmitter data being slightly delayed by the filter.




[bookmark: _Ref58087458]Figure 8 - Sine Wave settings
[image: ]The upper yellow line in Figure 10 shows how the signal is delayed by the filter. As the simulation lasts 10 seconds, meaning the change in data should be on the second. Here we see a delay of 0.051 seconds, this will be the delay that is inputted into the transport delay seen in Figure 9.
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[bookmark: _Ref58164726]Figure 9 - Transport delay time delay input

[bookmark: _Ref58164717]Figure 10 - Scope readings showing delay of filtered signal




The filter in Figure 11 blocks out signals that are not of interest and focuses on the correct signals to complete the experiment. For this filter a low pass configuration has been chosen as the signal being looked at will start at zero and then continue to grow. The F pass and F stop have been set up in such a way to lower the order to 102, which means there will be 102 samples delay between the input and output of the filter. As a whole the cycle from 0 to 1 and back again will take two seconds, our frequency is 0.5hz, so a value of greater than 0.5 can be selected for the F pass category.
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[bookmark: _Ref58166281]Figure 11 – Filter design for demodulating component of ASK modem.
Once the ASK modem has been built, then the simulations commenced. This was done by changing the signal to noise ratio in the AWGN box seen in Figure 12. The higher the number input into this box the more signal will come through. Conversely the lower the number the more noise was be added to the signal.
[image: ]
[bookmark: _Ref58169817]Figure 12 - Signal to noise ratio
As a new binary sequence is generated each time, the author will run a simulation five times at each SNR value and take the average bit error rate (BER) of those five to plot against the corresponding SNR. As a control the simulation is run without the AWGN box to give a clean signal with zero chance of noise.




[bookmark: _Ref58172266]Figure 13 - Scope showing different signal readings taken at different parts of the modem[image: ]
	Waveforms numbered top to bottom
	Waveform description

	1
	Carrier wave

	2
	Binary signal from Bernoulli generator

	3
	Modulated Signal

	4
	Modulated signal with AWGN

	5
	Pre filtered signal

	6
	Filtered signal

	7
	Received data

	8
	Transmitted data










[bookmark: _Ref58172359][bookmark: _Ref58172349]Table 1 - Table explaining the signals shown in Figure 13
According to Table 1 any errors should be seen in row seven of Figure 13, as this image was taken from an ASK simulation with no AWGN, there are no errors showing here.
The author will use the same SNR values for each simulation to show where the signal begins to be clouded by noise more comparatively between systems.







[image: ]Phase-shift keying (PSK)
[bookmark: _Ref58688858]Figure 14 - PSK simulation on Matlab
Figure 14 shows a simulation in Matlab of a phase shift key modem. The author will briefly discuss the differences between the two systems.
The first difference is the value of the phase section within the sine wave circled in Figure 14. It has been set to pi, as seen in Figure 15.
[image: ]
[bookmark: _Ref58689523]Figure 15 - Sine wave configuration settings
[image: ]The other difference is the filter settings seen in Figure 16. The order is different due to the Frequency specifications in the circled area.






[bookmark: _Ref58689756]Figure 16 - Filter design settings for PSK

[bookmark: _Toc59054423][image: ]Quadrature phase-shift keying (QPSK)
Figure 17 - QPSK simulation on MATLAB
Due to unfamiliarity with the MATLAB component system, the author has elected to use QPSK modulator and demodulator baseband boxes to fulfil the simulation requirement for QPSK.
[bookmark: _Toc59054424][image: ]Quadrature amplitude modulation (QAM)
Figure 18 - QAM simulation on MATLAB
Again, due to unfamiliarity with the MATLAB component system, the author has elected to use pre-made QAM modulator and demodulator components.
[bookmark: _Toc59054425]Results
[bookmark: _Toc59054426]ASK
	SNR
	BER (Average of 5)

	N/A - Control
	(0 + 0+ 0 + 0+ 0) / 5 = 0

	0
	(0 + 0.09091 + 0 + 0.09091+ 0) / 5 = 0.036364

	-1
	(0 + 0.09091 + 0 + 0 + 0) / 5 = 0.018182

	-2
	(0.09091 + 0.09091 + 0 + 0.09091 + 0.09091) / 5 = 0.072728

	-3
	(0.2727 + 0.2727 + 0.1818 + 0.2727 + 0.09091) / 5 = 0.218162

	-4
	(0.09091 + 0.1818 + 0.2727 + 0.1818 + 0.2727) / 5 = 0.199982

	-5
	(0.09091 + 0.2727 + 0.2727 + 0.1818 + 0.1818) / 5 = 0.199982

	-6
	(0.1818 + 0.2727 + 0.1818 + 0.1818 + 0.09091) / 5 = 0.181802

	-7
	(0.1818 + 0.09091 + 0.1818 + 0.09091 + 0.09091) / 5 = 0.127266

	-8
	(0.1818 + 0.1818 + 0.2727 + 0.2727 + 0) / 5 = 0.1818

	-9
	(0.1818 + 0.09091 + 0.2727 + 0.1818 + 0.4545) / 5 = 0.236342

	-10
	(0.4545 + 0.1818 + 0.1818 + 0.1818 + 0.3636) / 5 = 0.2727

	-15
	(0.09091 + 0.1818 + 0.2727 + 0.2727 + 0.2727) / 5 = 0.218162

	-20
	(0.6364 + 0.1818 + 0.1818 + 0.6364 + 0.3636) / 5 = 0.4

	-25
	(0.6364 + 0.2727 + 0.4545 + 0.4545 + 0.3636) /5 = 0.43634

	-30
	(0.4545 + 0.4545 + 0.2727 + 0.4545 + 0.5455) / 5 = 0.43634

	-50
	(0.6364 + 0.4545 + 0.5455 + 0.8182 + 0.4545) / 5 = 0.58182


[bookmark: _Ref58790764]Table 2 - Table showing signal to noise ratio versus bit error rate for ASK


[bookmark: _Ref58790789][bookmark: _Ref58790777][image: ]Graph 1 - Signal to noise ratio versus Bit Error Rate for ASK
As seen Table 2 and Graph 1 bit error rate increases as signal to noise ratio is decreased (more noise in system). There are some inconsistencies in this curve, but as the sequence is random each time, this may lead to a recorded error rate that is lower.
[bookmark: _Toc59054427]PSK
	SNR
	BER (Average of 5)

	N/A - Control
	(0 + 0 + 0 + 0 + 0) /5 = 0

	0
	(0 + 0 + 0 + 0 + 0) /5 = 0

	-1
	(0 + 0 + 0 + 0 + 0) /5 = 0

	-2
	(0 + 0 + 0 + 0 + 0) /5 = 0

	-3
	(0 + 0 + 0 + 0 + 0) /5 = 0

	-4
	(0 + 0 + 0 + 0 + 0) /5 = 0

	-5
	(0 + 0 + 0 + 0 + 0) /5 = 0

	-6
	(0.09091 + 0 + 0 + 0.09091 + 0) / 5 = 0.036364

	-7
	(0 + 0.09091 + 0.09091 + 0.09091 + 0) /5 = 0.054546

	-8
	(0.09091 + 0 + 0.09091 + 0.09091 + 0) /5 = 0.054546

	-9
	(0.09091 + 0.2727 + 0.09091 + 0.09091 + 0.1818) / 5 = 0.145446

	-10
	(0.1818 + 0.1818 + 0.1818 + 0.2727 + 0.2727) / 5 = 0.21816

	-15
	(0.2727 + 0.3636 + 0.1818 + 0.3636 + 0.4545) / 5 = 0.32724

	-20
	(0.3636 + 0.3636 + 0.09091 + 0.4545 + 0.2727) /5 = 0.309062

	-25
	(0.4545 + 0.2727 + 0.3636 + 0.4545 + 0.4545) / 5 = 0.39996

	-30
	(0.5455 + 0.4545 + 0.3636 + 0.6364 + 0.3636) / 5 = 0.47272

	-50
	(0.5455 + 0.2727 + 0.5455 + 0.4545 + 0.3636) / 5 = 0.43636


[bookmark: _Ref58791661][bookmark: _Ref58791650]Table 3 - Table showing signal to noise ratio versus bit error rate for PSK




[bookmark: _Ref58791633][image: ]
Graph 2 - Signal to noise ratio versus Bit Error Rate for PSK
Graph 2 and Table 3 show that it isn’t until the SNR reaches negative six that errors begin to creep into the system. Again, this appears to be subject to the random nature of the signals given out by the Bernoulli generator. The increase is BER also seems to be steeper from negative five to negative fifteen SNR.
[bookmark: _Toc59054428]QPSK
	SNR
	BER (Average of 5)

	N/A - Control
	(0 + 0 + 0 + 0 + 0) / 5 = 0

	0
	(0.09091 + 0.1818 + 0.09091 + 0.2727 + 0.1818) / 5 = 0.163624

	-1
	(0.1818 + 0.09091 + 0 + 0.1818 + 0.1818) / 5 = 0.127262

	-2
	(0.2727 + 0.1818 + 0 + 0.2727 + 0.09091 / 5 = 0.163622

	-3
	(0.09091 + 0.09091 + 0.1818 + 0.3636 + 0.1818) / 5 = 0.181804

	-4
	(0.09091 + 0.2727 + 0.09091 + 0.2727 + 0.1818) / 5 = 0.181804

	-5
	(0.4545 + 0.3636 + 0.1818 + 0.3636 + 0.3636) / 5 = 0.34542

	-6
	(0.4545 + 0.3636 + 0.4545 + 0.2727 + 0.3636) / 5 = 0.38178

	-7
	(0.4545 + 0.5455 + 0.3636 + 0.4545 + 0.5455) / 5 = 0.47272

	-8
	(0.5455 + 0.5455 + 0.5455 + 0.5455 + 0.4545) / 5 = 0.5273

	-9
	(0.6364 + 0.6364 + 0.6364 + 0.6364 + 0.6364) / 5 = 0.6364

	-10
	(0.4545 + 0.4545 + 0.4545 + 0.5455 + 0.4545) / 5 = 0.4727

	-15
	(0.6364 + 06364 + 0.5455 + 0.7273 + 0.7273) / 5 = 0.65458

	-20
	(0.7273 + 0.7273 + 0.5455 + 0.4545 + 0.4545) /5 = 0.58182


[bookmark: _Ref58793888]Table 4 - Table showing signal to noise ratio versus bit error rate for QPSK






[bookmark: _Ref58793902]Graph 3 - Signal to noise ratio versus Bit Error Rate for QPSK[image: ]
As can be seen in Table 4 and Graph 3 in comparison to PSK and ASK the BER is much greater at lower SNR. Breaking the 50% error rate at an SNR of negative eight. The SNR was not raised any further as the BER was greater than 50%.
[bookmark: _Toc59054429]QAM
	SNR
	BER (Average of 5)

	N/A - Control
	(0 + 0 + 0 + 0 + 0) / 5 = 0

	0
	(0.3636 + 0.3636 + 0.3636 + 0.3636 + 0.3636) / 5 = 0.3636

	-1
	(0.4545 + 0.4545 + 0.4545 + 0.3636 + 0.4545) / 5 = 0.43632

	-2
	(0.4545 + 0.4545 + 0.4545 + 0.6364 + 0.6364) / 5 = 0.52726

	-3
	(0.7273 + 0.8182 + 0.6364 + 0.6364 + 0.5455) / 5 = 0.67276

	-4
	(0.6364 + 0.7273 + 0.7273 + 0.6364 + 0.6364) / 5 = 0.67276

	-5
	(0.7273 + 0.7273 + 0.6364 + 0.6364 + 0.6364) / 5 = 0.67276


[bookmark: _Ref58797634][bookmark: _Ref58797622][image: ]Table 5 - Table showing signal to noise ratio versus bit error rate for QAM
[bookmark: _Ref58797609]Graph 4 - Signal to noise ratio versus Bit Error Rate for QAM

As seen in Graph 4 and Table 5, only a minor increase in the SNR causes an increase in Bit error rate. Logging a 36% error rate at a zero SNR. An increase of SNR to negative two causes the error rate to increase above 50%. This is the least robust system when additive white gaussian noise is added.
[bookmark: _Toc59054430]Discussion
ASK and PSK were far more robust when AWGN was added than QPSK and QAM. PSK in particular did not react to additional noise until SNR reached -6, although after this BER rose sharply before beginning a steadier incline at -10 SNR. ASK proved to be the next most effective system at resisting the effects of noise, although the ASK system began displaying BER as soon as SNR was at zero gradually raised it took until -50 SNR for it to breach the 50% BER ceiling. QPSK begun with a 16% BER at 0 SNR before breaching 50% BER ceiling at -8 SNR, reaching this level much quicker than ASK or PSK. ASK breached the 50% BER ceiling at -50 SNR and PSK did not breach at all throughout the experiment. QAM was by far the worst affected by AWGN, starting at 36% BER for 0 SNR and breaching the 50% BER ceiling at only -2 SNR. These results are reflected in a similar study by Sadeque who noted that in Simulink BPSK outperformed QPSK and QAM [13]. It should be noted that the author selected pre made and configured modulation and demodulation components for building the QPSK and QAM circuits and that had the same method of construction been applied to PSK and ASK simulations the results may have turned out differently.
[bookmark: _Toc59054431]Conclusion
In conclusion as a means of transferring data in a Simulink setting, PSK appears to be the system of choice, followed by ASK, QPSK and QAM. However, author unfamiliarity with the workings of MATLAB and Simulink may have led to a defective experiment in that different components could have been used to build the QPSK and QAM circuits and have led to different results.
[bookmark: _Toc59054432]Appendices
Annex A: Component parts to simulated DSP systems.
[image: ]Bernoulli Binary Generator. Used to generate random sequences of binary code. The “Random signal generator”. Used in ASK, PSK, QPSK and QAM simulations





[image: ]Modulator in ASK and PSK system. Consists of sine wave generator (carrier wave), switch set to allow zero through 50% of the time. A constant set to zero.




Additive white gaussian noise generator. This generates the signal noise and is constantly changed to add noise to each DSP system. Used in ASK, PSK, QPSK, QAM.
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Demodulator for ASK and PSK DSP system. Consists of sine wave generator, a product to multiply sine wave generator and signal moving through AGWN generator. A filter designer component. A Switch with 1 and 0 constant inputs into them.
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Error rate calculator with delayed carrier signal moving into the transmit input and the delayed carrier wave going into the receive input. The readout shows from top to bottom: Bit Error rate, number of errors detected, number of symbols compared.
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[image: ]Signal delay. Containing transport delay and signal specification blocks
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The transmitted signal for the same bit series as in the 2-ASK example is shown in Figure
7.14. Note that during each transmission time interval the signal phase indicates whether a 0
ora 1 is transmitted.

Broadband Telecommunications

Technologies and Management ot 1 ° ' 1 °

By Riaz Esmaizaden |

phase shift keying co YN
|

. \\ ) |
LI /
About this book 1Ay ITRTA 1]

\
L
T

» My library Modulated

sgna
» My History . e i
Figure 7.14 BPSK modulated signal
Books on Google Play In a manner similar to ASK, additive noise and interference result in erroneous detection of
transmitted data. The addition of noise and the distribution of the received signal are shown
in Figure 7.15. Again, some received signal points cross the detection boundary and therefore
are detected erroncously. The probability of error s similarly caleulated to that of ASK, taking

Terms of Service

Pages displayed by permission of John Wiley the normal probability distribution and the area under the curve from -e to 0.
&Sons. Amplitude Amplitude
(Quadrature) (Quadrature)
// g
, Ampliude /  Ampiude
3 SR (nphase) ~_x H p -phase)
(180°) o (180°) ©

H L Type here to search





image4.png
mulerjen|cslbelsalacicalEalme mx + 00 X B S oo @

L . o . File  Home Insert Design Layout WGSISEWSM Mailings Review View Help Q@ Tellme
<« C @ electronicdesign.com/technologies/communications/article/217... ¥ @l-, * =
a- Im Search - ABC
. . - gt [ | B B B 7
= ElectroncheSIgn LOGIN  REGISTER  SEARCH et ¢ ez o Citations & | Captions | Index | Tableof | Acronyms
Contents ~ Footnote Bibliography - - - Authorities -
Table of Contents Footnotes 15| Research Insights ~

Figure 3a illustrates QPSK with a phasor diagram where the phasor represents the carrier

sine amplitude peak and its position indicates the phase. A constellation diagram in Figure 3b

shows the same information. QPSK is very spectrally efficient since each carrier phase —
represents two bits of data. The spectral efficiency is 2 bits/Hz, meaning twice the data rate Figure 3 - 8PSK Modulated signal 7).
can be achieved in the same bandwidth as BPSK. Quadrature phase-shift keying

Quadrature phase-shift keying (QPSK) is another form of modulation which unlike ASK and PSK can
display two bits per symbol, so instead of a 1 or a 0, it can display 00,01,10 and 11. In ASK there are
only 2 amplitude options 1 and 0. QPSK there are four and these are determined by phase [8]. In a

90° phase there is 360 degrees of phase, meaning the phase can be split into 4 phase states spaced at 90
degrees apart. Frenzel states “The modulator produces two sine carriers 90 degrees apart. The
binary data modulates each phase, producing four unique sine signals shifted by 45 degrees from
one another” [9].

180° 0° 180°
(a) 270° (b)

3. Modulation can be represented without time domain waveforms. For example, QPSK can be represented with a phasor diagram (a) or a

constellation diagram (b), both of which indicate phase and amplitude magnitudes.

Data Rate And Baud Rate
The maximum theoretical data rate or channel capacity (C) in bits/s is a function of the

channel bandwidth (B) channel in Hz and the signal-to-noise ratio (SNR):
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We can intuitively determine what these four possible phase shifts should be: First we
recall that modulation is only the beginning of the communication process; the
receiver needs to be able to extract the original information from the modulated
signal. Next, it makes sense to seek maximum separation between the four phase
options, so that the receiver has less difficulty distinguishing one state from another.
We have 360° of phase to work with and four phase states, and thus the separation
should be 360°/4 = 90°. So our four QPSK phase shifts are 45°, 135°, 225°, and 315°.

458 135° 225% , 315°

(Note: The phase-shift-to-digital-data correspondence shown above is a logical
though arbitrary choice; as long as the transmitter and receiver agree to interpret
phase shifts in the same way, different correspondence schemes can be used.)

There’s another reason why it makes sense to choose 45°, 135°, 2257, and 315°: they

are easily generated using 1/Q modulation techniques because summing I and Q
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Figure 3 - BPSK Modulated signal [7).

Quadrature phase-shift keying

Quadrature phase-shift keying (QPSK) is another form of modulation which unlike ASK and PSK can
display two bits per symbol, so instead of a 1 or a 0, it can display 00,01,10 and 11. In ASK there are
only 2 amplitude options 1 and 0. QPSK there are four and these are determined by phase [8]. In a
phase there is 360 degrees of phase, meaning the phase can be split into 4 phase states spaced at 90
degrees apart

Quadrature amplitude modulation
Advantages and Disadantages of DSP methods

Simulation Models
Amplititude-shift keying (ASK)

Phase-shift keying (PSK)

Quadrature phase-shift keying (QPSK)
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The aim of this assignment is to critically compare the performances of variants of
amplitude shift keying (ASK) and phase shift keying (PSK) in the presence of additive
white Gaussian noise (AWGN).

You are required to create models of ASK, PSK and advanced variants such as QPSK, and
QAM, using Simulink and compare their performances.

Random Signal Generator > Moduator

2
Noisy Channel

BER Calculation [« Demodulator [«

Create modulator and demodulators for ASK, PSK, QPSK and QAM using Simulink. Using
the basic setup shown in the figure. You should use a Bernoulli Random Binary generator
as a source, and compare the demodulated data with the source data to calculate the Bit
Error Rate. Your carrier wave should be at least five times the source data rate.

Perform a number of simulations, firstly with no noise and then with gradually increasing
levels of additive white Gaussian noise until system failure occurs. Use the Bit Error Rate
as your measurement and plot graphs of BER against signal to noise ratio of the channel
for your models.

You are required to present a formal laboratory report containing detailed design
information, detailed simulation results and your analysis of the problem. You should
include the following sections in your report: Introduction, background information,
simulation models, results, discussion, conclusion, references.
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Digital Signals Processing

Digital signals processing (DSP) is the alteration of an existing digital signal into an analogue form
which can be used in another device. For example, a piece of music recorded and digitised to be
played on through a speaker system. Mosey states that DSP allows you to replace analogue parts of
a signals processor such as amplifiers, and that the waveform to be processed goes through the
following process “filtered, sampled, converted to digital representation and input to the signal
processor” [1]. Ikimi lists 4 key components that every DSP must have the following “computing
engine, data memory, programme memory and input and output” [2], the computing engine,
processing and computing the maths analysis of the signal, data memory holding the required data
until required by the computing engine for manipulation, the programme memory containing the
commands for the computing engine and dictating the tasks and functions of the DSP and the input
and output parts for the unprocessed and processed data to enter and exit the unit [2]. Qrfanidi:
provides a diagram visualising the basic concept of how a digital signals processor works

Amplitude-shift keying

Phase-shift keying

Quadrature phase-shift keying
Quadrature amplitude modulation
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1.1 Introduction

Digital processing of analog signals proceeds in three stages:

1. The analog signal is digitized, that is, it is sampled and each sample quantized to
a finite number of bits. This process is called A/D conversion.

2. The digitized samples are processed by a digital signal processor.

3. The resulting output samples may be converted back into analog form by an ana-
log reconstructor (D/A conversion).

A typical digital signal processing system is shown below.

oo Hootoro

N ampler | o' aigial | fior AN

> and > Signal | analog -
analog | quantizer | gigial | processor | digital | | analog
input input output output

‘The digital signal processor can be programmed to perform a variety of signal pro-
cessing operations, such as filtering, spectrum estimation, and other DSP algorithms.
Depending on the speed and computational requirements of the application, the digital
signal processor may be realized by a general purpose computer, minicomputer, special
purpose DSP chip, or other digital hardware dedicated to performing a particular signal
processing task.

‘The design and implementation of DSP algorithms will be considered in the rest of
this text. In the first two chapters we discuss the two key concepts of sampling and
quantization, which are prerequisites to every DSP operation.

1.2 Review of Analog Signals
We begin by reviewing some pertinent topics from analog system theory. An analog

signal is described by a function of time, say, X (t). The Fourier transform X (€2) of x(t)
is the frequency spectrum of the signal:
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COMPARISONS

In the figure given below, we can see waveforms of amplitude shift keying. Bridge Rectifier

Point Contact Diode
Gunn Diode
Filter
PIN Diode
Bo
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Human-Machine Interface (HMI) in
SCADA

Intelligent Electronic Devices (IED) in
SCADA

SHARES Remote Terminal Unit (RTU) in SCADA
(i) = Digital bit sequence
(ii) = Carrier wave

(iii) = ASK modulated wave Introduction to SCADA System

Electronics Coach

SCADA System Architecture

Bode Plot Construction with Example

Here, (i) figure represents a message signal represented in the for, Joe Menicholas (ackpotiobo@hotmailcom) is signed in

bitstream, (i) shows the carrier wave; whose amplitude is to be varied according to
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