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Abstract
The task was to create a modulator and a demodulator for the following digital modulation techniques:
· Amplitude-Shift Keying (ASK)
· Phase-Shift Keying (PSK)
· Quadrature Phase Shift Keying (QPSK)
· Quadrature Amplitude Modulation (QAM)
The task was completed using MATLAB. The task required digital oscilloscopes to read the delay between input signal via the Bernoulli Binary Generator, where the design had to consider the noise the system could face, and direct the input signal into a channel, where the demodulator would send the same signal as the input. The Bit Error Rate Calculator (BER) would take the output from the demodulator and give a value of how many errors the system makes, which would give a set of results.
Introduction
ASK Circuit
What is it?
Amplitude Shift Keying is a type of amplitude modulation which presents binary data into variations of the same amplitude signal. The binary signal gives a value of 0 when input is low and a value of 1 when input is high. 

What they do?
In the circuit, there is a wave generator that creates a constant signal. The message is sending a binary sequence that the modulator carries through and assigns the correct bits into 1 or 0; High or Low. The high signal closes the switch, allowing the wave. This means that the output will be the carrier signal at high input. When there is a low input in the signal, the switch opens disallowing voltage to appear which makes the output low.

Example 
· Low-Frequency RF applications
· Industrial network devices
· Tire monitoring pressuring monitoring systems
· Wireless base stations
PSK Circuit
What is it?
PSK is another technique in digital modulation, which the phase carrier is changed by correcting the sine and cosine inputs in a particular time. This is also referred to as Binary Shift Keying, or Phase Reversal Keying and as mentioned above, performs in the same way, by carrying the sine wave and takes two phase reversals such as 0° and 180°

What they do?
The modulation of the PSK is done using a balance modulator which multiplies the two signals, applied at the input. For a zero binary input, the phase will be 0° and for the high input, 180°
Example 
· Raft Radio Systems
· Wireless LANs
· Bio-metric 
· Bluetooth
QPSK Circuit
What is it?
Quadrature Phase Shift Keying is a modulation technique that transmits 2-bits per symbol. It doesn’t just represent 0 or 1; it represents 00, 01, 10 or 11. This is mainly possible, because in QPSK the carrier wave isn’t governed by two states or in this case it isn’t limited to 2 states. It’s governed by phase, not frequency and there are 4 possible phase shifts in the technique.

What they do?
From the name itself, and the explanation above, it’s depicted in four separate states in the phase, which is 360/4 = 90 making the locations of the 4 phases in 45°, 135°, 225° and 315°, which is essentially is cut into a pie or a cake.
Example 
· Satellite transmission
· Cable modems
· Cellular phone systems
QAM Circuit
What is it?
Quadrature Amplitude Modulation is very similar in design to QPSK, but it still carries the signal in 90° phase differences which is able to provide modulation at high levels in the spectrum and also usage efficiency.

What they do?
Basic Signals exhibit only two positions which allow the transfer of either a 0 or 1. However, with QAM there are many more points that can be utilised in the design, with defined values in the phase and amplitude. This is also known as a constellation diagram.

Example 
· AM Stereo
· Wi-Fi
Simulation Models 
ASK
The modulation technique below is an Amplitude-Shift Key, which takes an input signal via a binary message which is should then receive the same message with an ideal bit error correction.
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The Bernoulli Binary Generator which gives a random number sequence when being run each time.
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This is the single channel that the modulated travels to, which is helps to simulate noise in the system. The AWGN channel has been set to 100dB which in this circuit isn’t low enough to show failure in the design.
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In the Digital Filter Design block, the filter had been specified to 21 and the reponse type was being described as a Lowpass filter. This was also set as a 50Hz or a cut off 50 with its Fs at 50.
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This is another switch which has the threshold of 0.3 due to the design showing the amplitude to be between 0.5 and 0 hence the decision to use 0.3. Other factors also include the time constants next to the switch which keeps the message between 2 data bits of either 1 or 0.
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The design also added a delay element so the message removes some of the natural latency when the carrier signal leaves the input into the BER calculator.
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Finally, in the display will measure the amount of failure where 0.5 is a catastrophic failure in the system, how many times the system fails within the sample time and finally the sample time or Stop time is set to 1000s.
[image: ]

PSK
The design and architecture is very similar to ASK and also uses the same type of messaging system, in that it follows the rules of a Binary bit of High or Low; 1 or 0. The main difference is that it uses an extra wave generator which is where you get the sine and cosine of the design or also the ability to change the phase from 0° or 180°.
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As stated above, the design is very similar to the ASK which is also the case for the Bernoulli Binary Generator. The main difference is the two wave generators you see in the system. 
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The values the wave generator shows that it’s tasking our sample of 5 to get the ration of the frequency. The main difference is the Phase in the second sine wave generator where ‘pi’ is written due to the difference in the phases- 0° and 180°.

[image: ][image: ]Fig: Sine Wave (Low) 

Fig: Sine Wave (High)













The data that we’re measuring is the same as the ASK in that we’re looking for the failure rate of 0.5 or close to that value and finally would need to denote how many failures there were with the same sample time of 1000s.
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To show the value above, the SNR had to be changed in the AWGN block. The failure rate is already unusable in most commercial products, but if you look closely at the AWGN, the value of SNR is -10 dB which already sees the 0.2098 as the failing point, or hallway to catastrophic failure. 
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QPSK
QPSK modulates 2-bits in this design which is similar to the message operation that PSK and ASK use, but the difference is that the design can accommodate 00, 01, 10 or 11, because the bits are being carried via the change of phase.
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In the first part of the design, we needed a serial to parallel port, which takes the input signal from Bernoulli Binary Generator and splits it into 2. The signal then travels through to the Demux which is the part of the Signal routing in the first part of the design.  
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The serializer Ratio input is the value of ‘2’ due to having only one input signal, and the design requires the signal to split into two parts. This is where the first two phases will come from. This is also because the Demux only has two ports which is why we’re also keeping the ratio at ‘2’. This would also show a delay of a 2 bit period.
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The figure below illustrates the delay of the approximate 2 bit period of when the input signal is put through and when the output signal is released.
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The next part of the design is once again, cutting the signal in half. The two subtract modules subtract half of the input signal and the constant block of 0.5 is telling the subtract modules at value they should make the cut off, hence why the subtract modules are able to cut the input signal in half.
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The modulator then adds an ‘add’ block which adds the signal back together from the input signal. 
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The next block in the design is the demodulator. This next block takes the received sign and splits it and multiplies it from each of the sine waves to give the two different answers. 
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QAM
The QAM is a circuit that uses both amplitude and phase variations in a carrier signal at the same time. This is very similar to what we see with QPSK and a lot of the same design is incorporated in to QAM. This circuit should allow for higher data rates within the same signal, or bandwidth. The parts of the phase the QAM encompasses is at 90° angles of phase, starting with 45° then moves to 135°, 225° and lastly 315°.
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In the first part of this design, we see our Demux needing another 2 ports. 
[image: ] 
The next step in the circuit, is the addition of two more switches. These switches will be accompanied by two other constant modules, which is between 1 and 0.5. This is so that when the input travels towards the switch, it can only choose between 1 and 0.5.
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Another main difference in the QAM than the QPSK and the other designs, is the 4 port mux. A note during the design, the demux and the mux when finishing the modulation and the demodulation of the circuit, is that when being wired up to bring the signal closer to the output; the wires from demux need to be in the same order as the mux.



[image: ]Fig: Demux w/ switches 1

[image: ]Fig: mux 1














Results
ASK

PSK

QPSK

QAM

All designs

To Note:
· In the QAM circuit, the biggest outlier, is between -20dB and -10dB.
· The differences in the graphs are most likely due to the sampling chosen, when picking the values for the SNR.
· The QAM was using a different sampling rate when going down the SNR in its readings, which is again, another cause of the discrepancy of the QAM readings.


	
	

Discussion
In the results for each graph ASK and PSK have very similar failure points of 0 to -5dB and commercially fail at -5dB with a 0.1 BER. Catastrophic failure reaches past -27dB and -30dB.

Note; when commercial failure is mentioned, it is to explain that most commercially sold products pertaining these modulation techniques have a failure tolerance of 0.1 BER

QPSK doesn’t experience failure till 0dB and doesn’t reach commercial failure till -10dB and catastrophic failure at -30dB. The design also lends itself to failing later than both ASK and PSK.

QAM seems to be the design that experiences failure the earliest, with failure at 10dB and reaches commercial failure at 0dB and catastrophic failure at -25dB and -30dB. 

From the results, it seems that that at low noise ratio’s, ASK and PSK start failing but are better at keeping the higher signals rather than the lower signals. The two of the also fail quicker than the other designs, at a failure between -25dB.

QPSK is able to retain the lower signals for a little longer than PSK and ASK and also fails later than the 2 designs before another -5dB is added onto its signal, reaching failure at -10dB. The design also has a more curved and smoother slope than its two other counterparts, that sees drastic change in failure the more –dB is added.

QAM starts to fail at 10dB making it seem to be the most sensitive of all the other systems. It also reaches commercial failure at the same time as both PSK and ASK, however, arguably retains its message for longer than PSK and ASK. The gradient curve that we see on QAM is much more gradual than all the other designs, and sees catastrophic failure at -25dB.
[bookmark: _GoBack]Appendices
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BER vs SNR
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Noise
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Block Parameters: Bernouli Binary Generator

Bernoulli Binary Generator

‘Source code

Parameters

Generate random Bernoulli distributed binary numbers.

Probabilty of zero:

Source of initial seed:  |Auto

‘sample time: 1
‘Samples per frame: 1
Output data type: double
Simulate using: Interpreted execution

oK

cancel Help Apply
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Block Parameters: AWGN Channel x
AWGN Channel (mask) (1ink)

‘Add white Gaussian noise to the input signal. The input signal can be real or
‘complex. This block supports multichannel processing.

When using either of the variance modes with complex inputs, the variance
values are equally divided among the real and imaginary components of the
input signal.

Parameters
Initial seed: [67
Mode: [Signal to noise ratio (SNR) -
SNR (dB):

100
Input signal power, referenced to 1 ohm (watts): [1

oK cancel Help Apply
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Block Parameters: Transport Delay
Transport Delay.

‘Apply specified delay to the input signal. Best accuracy is achieved when

the delay is larger than the simulation step size.
Parameters
Time delay:

Initial output:

o

Initial buffer size:

1024

[ Use fixed buffer size
[ Direct feedthrough of input during linearization
Pade order (for linearization):

o

Q oK Cancel

Apply
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Block Parameters: Bernoul
Bernoulli Binary Generator

Il Binary Generator

Generate random Bernoulli distributed binary numbers.

‘Source code
Parameters
Probabilty of zero: o5}
Source of inital seed: |Auto
‘sample time: 1
‘Samples per frame: 1
Output data type: double
Simulate using: Interpreted execution

oK

Apply
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Block Parameters: Sine Wave X

Sine Wave

Output a sine wave:
O(t) = Amp*Sin(Freq*t+Phase) + Bias

Sine type determines the computational technique used. The parameters in
the two types are related through:

‘Samples per period = 2*pi / (Frequency * Sample time)
Number of offset samples = Phase * Samples per period / (2*pi)

Use the sample-based sine type if numerical problems due to running for
large times (e.g. overflow in absolute time) occur.

Parameters
Sine type: [Time based -
Time (t): |Use simulation time -
Amplitude:

Interpret vector parameters as 1-D

Q oK Cancel Help Apply
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Block Parameters: AWGN Channel x
AWGN Channel (mask) (link)

‘Add white Gaussian noise to the input signal. The input signal can be real or
‘complex. This block supports multichannel processing.

When using either of the variance modes with complex inputs, the variance
values are equally divided among the real and imaginary components of the

input signal,

Mode: [Signal to noise ratio (SNR)

SNR (dB):

10

Input signal power, referenced to 1 ohm (watts): [1

oK cancel Help Apply
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