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Abstract
The aim of this report is to compare the outcomes of various digital signal-processing systems such as Amplitude Shift Keying (ASK), Phase Shift Keying (PSK), Quadrature Phase Shift Keying (QPSK) and Quadrature Amplitude Modulation (QAM). All the systems had Additive White Gaussian Noise (AWGN) added to them. The systems were created using Matlab [1] and Simulink software. A Bernoulli Random Generator was used for the source of the system and then the data demodulated was compared with the source data. When the systems were created, they then had to be tested to make sure the correct signals were being achieved. When this was done to satisfaction, the scopes were then removed, and the systems rate of correct data sent was measured by using a Bit Error Rate calculation. The carrier wave used had to be a minimum five times the data rate of the source.
Starting with a Signal to Noise Ratio (SNR), of 20dB, the noise was then increased to around -30dB, which would then give an average bit error rate of around 0.5. This is the number to acquire system failure and give an error reading that was sent.
Around six readings per dB, level was recorded and graphs of the average fail rate was created to compare each system. 
It was found in this experiment that the QAM system had the lowest level of signal to noise ratio when it reached failure.


















Introduction
For a digital processor, for example a PC, it requires an input of digital signals to either store, process or transport the data. Many processes can take place when a signal is converted to a number, such as encoding, transmissions, calculation etc. The opposite has to be done. A Digital to Analog convertor would be required. This is useful for the user, as it takes the digital output to analog. [2]
The process of modulating a digital signal is to convert the digital data to a band pass, or higher frequency analog signal. The carrier signal will perform as a foundation for the signal of information. [2]
As shown in figure 1, the modulation is the change of an identity of the analog signal, this is typically a sinewave, and is centered on the data from a digital signal. Characteristics of a sinewave are defined by phase, amplitude and frequency.
For the ASK, the representation of a “1” or “0” is from variation of the carrier signals strength. For demodulation, the determination of whether the sinewave is present or not is used. They are used to send digital signals over optical fiber. [3]
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Figure 1 shows Amplitude Shift Keying signal [3]
For the PSK, as shown in figure 2, the representation of a “1” or “0” is from phase variation of the carrier signals strength. For the demodulation, the phase of the sinewave received has to be determined to a phase of reference. Application for PSK will include wireless Bluetooth. [3]
[image: ]
Figure 2 shows Phase Shift Keying signal [3]

The QPSK is a PSK that will have a shift in phase through 90°. This will give four different signals. They will represent two bits each .An advantage of this is that it has higher rate of data, but the bandwidth used will be the same. Many Radio communications will use QPSK. [3]

[image: ]
Figure 3 shows QPSK signal constellation. Each point spaced out in equal distances from one another with A as the radius. By using (+/- A sqrt (2), +/-A sqrt (2)). [4]
QAM uses signaling that is two-dimensional. By which its takes two signals of amplitude modulation into one channel. Thus, doubling the bandwidth. This system is used widely in telecommunication systems.
[image: ]
Figure 4 shows QAM constellation. The amplitude is modulated along with phase so that the points align in grid form. [5]










Simulation Models
Amplified Signal Keying (ASK)
Modulation

The build included a modulator and de modulator that was connected together. It also include an additive white Gaussian noise transmission line.
The Binary generator gave out a “0” or a “1” to transmit the data. The random data to transmit. Because random data is transmitted through a transmission line with noise, it cannot be run just once, to record the bit error rate. [6]
Due to it being an ASK system, there was a Sine wave into one source, and a constant into the other source. This had a value of “0”. [7]
The carrier wave was five times the source data rate. The source data rate was in the Binary generator. With a sample time of 1.
This meant that the data coming out was either “1” for a second or “0” for a second, then change. This meant that the sine wave needed to be 5Hz. As shown in figure 5.
Formula for Hz to rad per secs = 2 π f.
Figure 5
At this point, it was a continuous wave because the sample time was 0. A sample rate had to be set for it, as shown in figure 6
5Hz is 0.2 seconds per cycle
For 10 samples per cycle = 0.02
Figure 6
Filter
A filter had to be added for the output. Sample rate of the sine wave was 50Hz. The calculation for this is shown in figure 7.
1/0.02 = 50Hz
Figure 7

This was a choice to have 10 samples per period. A 5 Hz Sine wave that had to be removed from the 0.5 Hz of data. Therefore, the pass was at 1 Hz and stop was at 2.5 Hz.
This was because for the data frequency, the bit period was 1 sec. It meant for a complete cycle of “1” to “0” then back will take 2 secs. This means it had a frequency of 0.5Hz.  The maximum frequency was 0.5Hz. Therefore, the cut off frequency was slightly above that. The 5Hz carrier wave was to be removed. 
For a 10Hz carrier wave, with 0.5 Hz data, there would be more room for the filter. Because the frequencies are, further apart. This would improve the bit error rate. The carrier frequency was 5Hz, but there was 10 cycles per sample on that. Which makes 50Hz. The higher the carrier frequency, compared to data rate, would give you a lower bit error rate. This is due to increasing the available bandwidth of the system. [8]

[image: ]
Figure 8 shows filter added with attenuation down to 25dB @5Hz

As shown in figure 8, the filter designed very short. But at 5hz the attenuation is down to 25dB
The sample rate was 50Hz. This could be incresed to 100Hz. This will allow to add in the transmitted or original data that was transmitted. The original data had a sample rate period of one sample per second.
The received data was based on the sine wave that was sent from the carrier wave. Which had 50 samples per second. The original data had a sample rate period of one sample per second.
The complete ASK system is shown in figure 14.

Phase Shift Keying (PSK)
The same Binary generator generating the data that is controlling a switch was used in the system. This had a carrier wave and an opposite phase of the carrier wave at 180°. [9]
This was achieved by setting the phase in radians to π.
White noise was added into the demodulator, which had a copy of the original sinewave that was multiplied by the received signal. A low pass filtered added, squared and resampled. This also included delays and error rate calculation.
The system was identical to that of the ASK, apart from the addition of the carrier wave. The complete PSK system is shown in figure 15.

Quadrature Phase Shift Keying (QPSK)
Modulator

For the modulation, the source came from the Binary generator. This was then connected to a de-serializer to take the input data and convert it into two-bit chunks. The output vector had a ratio of 2. This was connected to a demultiplexer. This took the data into separate channels.
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Figure 9 shows modulation of the QPSK 1.Input data 2. & 3. Outputs from the demultiplexer module.
As shown in figure 9, the data came out after 2 secs. Therefore, there was a delay.
The two data streams were put through a sub tractor. 0.5 was subtracted from both. A positive 1 and negative 1 was then added to the respective signals. For the carrier wave, a sinewave was used with the following stimuli:
With a data rate of one, the frequency is shown in figure 10,
2 x π x 5 to give 5Hz.
Figure 10 shows calculation of frequency
Due to frequency at 5HZ, sample was 100Hz; sample time was 100th of a second. This gave a good number of samples per cycle .The other sinewave had to be 90°out of phase with the first one. This was done by changing the phase in radians, as shown in figure 11. [10]

Figure 11 shows equation for radians

Demodulation
The received signal was split then multiplied by the same sinewaves from the modulated side of the system. This would give two different results.

Filter
Sample rate was 100hz.This had to match the sample rate of the signal. So, 10Hz was required to be filtered out. The filter was set to 8Hz. This would give a wide filter response, with an Order of 33. As shown in figure 12.
[image: ]
Figure 12 shows filter response
The filtered data had to be squared up with a switch, with a threshold at zero. With two constants one and zero. This would then be put back through a multiplexer. In addition, a serializer with the ratio at 2. Input sample time to 2. 
The complete QPSK system is shown in figure 16.
QAM
The QAM system followed the QPSK design, but had to allow amplitude varying. This was to give additional points as seen in figure 4. 
Modulator
The modulation side of the system was similar to that of the QPSK. The difference being the addition of a multiplier on both the in-phase and quadrature channels. This was fed by a switch connected to a constant with the value of 0.5 and 1 respectively. 
Due to 4 bits being transmitted, this would be a 16 QAM. How these four data bits interact with one another will give the constellation layout. [11]
Demodulation

[image: ]
Figure 13 shows the two channels after filtering. This resulted in a swing from +0.4 to -0.4
As shown in figure 13, four levels of amplitude were present. 0.3, +0.15, -0.15, -0.3. These had to be decoded into two lines per channel. Due to the changes of phase in the modulator, the signal is negative or positive. 


Due to the switches added in the  modulator, high or low amplitude was present. The top and bottom switches in the demodulator detected the amplitude; the two in the middle were for the phase. The amplitude was determined and was split. This was then all fed back into the multiplexer at the end of the system.
The complete QAM system is shown in figure 17.




Circuit Diagrams
ASK
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Figure 14 shows full ASK system, including Binary Random Generator for the modulation through the noise generator into the demodulation side through a filter and then connected to bit error rate calculation



PSK
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Figure 15 shows full PSK system, including Binary Random Generator for the modulation through the noise generator into the demodulation side through a filter and then connected to bit error rate calculation. This system was identical to the ASK system apart from the addition of another sinewave at the start of the system. This was to give a phase shift. 






QPSK
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Figure 16 shows full QPSK, including Binary Random Generator for the modulation through the noise generator into the demodulation side through a filter and then connected to bit error rate calculation. Two-phase channels were created for this system.







QAM

[image: ]

Figure 17 shows full QAM system. An additional two channels are added from the demultiplexer at the modulation stage and fed back into the demodulated side. There will be four channels in total. Two for amplitude and two for phase. The filtered channels are then split to determine amplitude and phase.







Results
ASK
Signal to Noise Ratio against Bit rate Error was measured by starting at 10dB and working down until the system failed and showed a bit rate error ≥0.5. A high signal to noise ratio would give a low bit rate error. This was due to lots of signal errors and no noise errors. As the signal to noise decreased, the bit error rate would increase slowly. [12]

[image: ]FAILURE @ 26dB
BIT RATE FOR SYSTEM FAILURE

Figure 18 showing signal to noise against bit error rate for ASK
As shown in figure 18, the ASK system was run until the systems bit error rate reached ≥ 0.5. Starting at 10 dB, and working down linearly in steps of -2db, the system failed at around - 27dB. Average bit rate readings of > 0 started to show around 2dB. 
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Figure 19 showing stages throughout the system to show the signals achieved. 1 Random data, 2. Carrier wave, 3. Transmitted ASK signal, 4. Received ASK signal. 5. Post demodultor.6. After filtering. 7. Final ouput.
As shown in figure 19, the signals show the random data being transmitted from the generator, then onto the carrier wave signal. The transmitted ASK signal was followed by the received ASK signal. This was then followed by the filtering stage, which then had to be squared off with a switch that gave out the final signal in binary logic of either a “0” or “1”.



PSK

[image: ]FAILURE @ 24dB
BIT RATE FOR SYSTEM FAILURE. >0.5

Figure 20 showing signal to noise against bit error rate for PSK

As shown in figure 20, starting at 10 dB, and working down linearly in steps of -2db, the system failed at around - 24dB. The PSK showed a steeper slope to that of the ASK with regards to failure rate. The graph also shows that the bit rate started producing results > 0 at a lower level than the ASK of around -3dB.
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Figure 21 showing stages throughout the system to show the signals achieved. 1 Original data, 2. Carrier wave, 3. Carrier wave in opposite phase, 4. Combined phases. 5. Sinal received.6. Signal multiplied by carrier. 7. Filtered 8. Signal squared

As shown in figure 21, the original data being transmitted in binary logic. The carrier waves are out of phase with one another due to the sinewaves being setup with 180° shift from one another. When the signal was then multiplied by the carrier wave. This is then low pass filtered, but finally has to be level shifted and squared to return back to binary logic.




QPSK

[image: ]FAILURE @ -32dB
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Figure 22 showing signal to noise against bit error rate for QPSK
As shown in figure 22, starting at 10 dB, and working down linearly in steps of -2db, the system failed at around - 32dB. This was lower than the ASK and PSK respectively. The graph also shows that the bit rate started producing results >0 at around -3dB. The same level to that of the PSK.
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Figure 23 shows the modulated state of the QPSK system. 1. Original data 2. Deserialised to in-phase channel 3.Deserialised into quadrature channel 4. Multiplied in-phase channel from sinewave 5.Multiplied quadrature channel from sinewave 6. Both channels
Figure 23 shows the modulator side of system with the original binary signal from the generator. These were then deserialsed and split into two channels, in-phase and quadrature, when they were multiplied by the sinewave. The two opposing sinewaves are then amalgamated and summed at the final position ready for demodulation.
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Figure 24 shows the demodulation side of the QPSK system 1. Original data (in-phase) 2. Modulated signal (in-phase)  3. Demodulated signal (in-phase) 4. Original data (quadrature) 2. Modulated signal (quadrature 3. Demodulated signal (quadrature)
Figure 24 shows the demodulation of the QPSK system that includes the original signal that was sent through the channel. This was then modulated then demodulated that included the step. This signal was a higher frequency. The first three signals was the in-phase channel and the next three were the quadrature channels. There is one cycle per block, then two cycles per block. This was doubled by the multiplication of the sinewaves.






QAM

FAILURE @ -22dB
BIT RATE FOR SYSTEM FAILURE. >0.5

Figure 25 showing signal to noise against bit error rate for QAM
As shown in figure 25, starting at 10 dB, and working linearly in steps of -2db, the system failed at around - 22dB. This was lower than the all the other systems. The graph also shows that the bit rate started producing results >0 at around 5dB.













Combined Systems


Figure 26 is a graph showing all four systems laid over one another for comparison
As shown in figure 26, the system reaching ≥0.5 at the earliest stage was the QAM. This also had the steepest climb. .  By having smaller steps with the SNR, the plots on the graph would have been smoother and given less of a ‘step’ look.











Discussion
Signal to Noise is the level of unwanted levels of voltage or noise that is transmitted. The Bit error Rate is the error that was detected in the sent data. This can come from poor decoding and reception that is very noisy. 
Even though the Bit Error Rates were only a few decibels’ apart, what has to be taken into consideration is that they are on a logarithmic scale. The scale will double every -3dB.
ASK
For the ASK system, the amplitude will vary to produce” 0” or “1” in the signal. The frequency and phase will remain a constant. The level of voltage is totally in the layout of the system. However, unlike the PSK, its signaling is either on or off.
The system failed at around -26dB. This is due to it having susceptibility to noise. The noise will have a big impact on the amplification. It also has a low bandwidth efficiency. So is not ideal for transmitting data at a high rate. [13]
PSK
The PSK system failed at -24dB. The system is less susceptible to noise like the ASK. This is due to it using discrete signals to alter the phase of the carrier wave. This will greatly reduce the risk of noise effecting the signal. However, the downside to this is that it offers less in its bandwidth. [14]

QPSK
With the QPSK, the failure level was one of the higher levels at -32dB. This is due to the system carrying two bits rather one. This is achieved by the two-bit binary change determined by a phase shift of 90° of the carrier. This is how the bit rate is double the rate of the symbol. With that rhetoric, this system is not completely efficient for power, due to the transmission of two bits will require more power taken up, but is very efficient with bandwidth.

QAM
The QAM failed at around -22dB.This was the lowest of the systems to fail. The complexity of the QAM is higher than the other systems, but has a higher bits per symbol over the QPSK, almost double. QAM will be used when high data rates are required. Therefore, at a lower level of signal it will have the same rate of data. [14]







Conclusion

In this experiment, it has been determined that:-
· For digital signal processing, if you multiply in the frequency domain, it will be the same as convolving it in the time domain. 
· [bookmark: _GoBack]When the filter is designed. There is a tradeoff. You can have a good filter with a long delay or a small low order filter, which contains bad signals.
· Three tradeoffs for design are

1. Data rate to carrier frequency
2. Sample rate to computation time
3. Filter length (A long filter will have will have good signals but big delays. A short filter will have a bad signal but less delay.)
· When comparing Signal to Noise Ratio against Bit error rate, when the SNR lowers, the BER raises up.  Due to there being a high signal with very little in the way of errors from the noise, a low BER is from the high level of SNR.
· When a digital filter is designed, coefficients are produced. To get a good resolution you need a high sample rate. This means lots of processing, but will give a better result.
· Considering the sample rate of the system, it was controlled by setting the value of the sinewave generators
· QAM had the lowest of the fail rates (-22dB). This was the most complex system, but could move data bits at higher rate due to the constellation points. But could be more susceptible to noise due to the state being close together.
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