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ABSTRACT

The aim of this assignment was to design and compare the performances of the different Amplitude Shift Keying (ASK) and Phase Shift Keying (PSK) when Additive White Gaussian Noise (AWGN) is present in the circuit. The designed systems were required to contain a random signal generator, modulator & demodulator, a noisy channel (AWGN) and a Bit Error Rate (BER) calculator. These circuits were constructed on MATLab using Simulink to access the available components.
The circuits designed were made using mainly switches, low pass filters, constants i.e. 1 or 0, mathematical functions such as product and sum, and sin wave generators to produce the carrier waves and also assist in the shift keying. 
To limit any variations between the systems when comparing the same filter was used for the ASK & PSK, the QPSK & QAM also shared the same filter design. On completion of the comparison of the systems it was found that the QPSK had the highest noise to signal ratio before passing the failure BER threshold of 0.5, the PSK & QAM followed a similar trend and failed at the same signal to noise ratio, the ASK failed in between both.

INTRODUCTION

Digital signal processing is the name given to various techniques of improving the reliability and accuracy of transmitting digital data, and works by clarifying and standardizing the states or levels of a digital input signal (1). DSP systems has 3 major subfields; audio signal processing, digital image processing and speech processing (2). The goal of a DSP system is mostly to measure and/or filter real-world analogue signals, this usually involves 2 conversion steps, from analogue to digital, and then back to digital from analogue, this allows the DSP system to process the analogue signal, remove any noise and provide an output.

Modulation 
the main aim of modulating a signal is to get as much data into the least amount of spectrum as possible (4) by modulating one of more of the parameters of the carrier wave. The carrier wave has 3 basic parameters which can vary, these are the Amplitude, the Phase and the Frequency.
To show modulation the systems produced are ASK and PSK, which deals with amplitude and phase. 

De-modulation 
Demodulation is the reverse of modulation, it takes the modulated signal and converts it back into a demodulated signal using by multiplying it with a sin wave and then passing it through a filter.

ASK 
Amplitude shift keying is when the input signal is digital and the carrier wave is used to increased the amplitude of the signal (3).
ASK requires 2 input signals, the digital signal which is being processed, in the case of this assignment it is a random binary generator, and the carrier wave, which is a sin wave, carrier wave has a bigger amplitude/voltage range than the input binary generator signal.
The advantages of an ASDK system are (5);
· High bandwidth efficiency 
· Can be used on optical fibre systems
· Inexpensive system when compared to other types of DSP 
Disadvantages;
· Low power efficiency 
· Most susceptible to noise – although my test results show different 
Uses;
· Transmit morse code over radio frequencies 
· Audio and video equipment. (6)

PSK
Phase shift keying conveys data by changing the phase of a input signal with a constant frequency, and is more efficient for use in radio signal transmission than other forms of modulation (7). It works by changing the phase of the carrier wave at the beginning of a pulse between discrete values.
There are multiple forms of PSK, these include;
· BPSK - Binary Phase Shift Keying
· 8 PSK – 8-point Phase Shift Keying
· QPSK – Quadrature Phase Shift Keying 
PSK is widely used as a digital form of modulation but can

Advantages (8);
· More power efficient 
· Carries signals over RF more efficiently 
· Less susceptible to errors compared to ASK 

Disadvantages;
· Lower bandwidth efficiency 
· Multi-level systems are more susceptible to phase variations 

Uses (7);
· Radio communications systems
· wireless LANS 
· Bluetooth communication 



QPSK
Quadrature phase shift keying is a form of modulation technique which comes under PSK. unlike a PSK, a QPSK transmits two bits per symbol, so the symbols do not represent 0 or 1, instead it represents 00, 01, 10, or 11. This is possible because the carrier signal is not limited to 2 states, this is due to the carrier wave varying in phase, not amplitude (9).

Advantages (10);
· Very good noise immunity 
· Low error probability 
· Carrier power almost remains constant

Disadvantages;
· Less power efficient 
· More complex due to the 2 bit per symbol transfer  
Uses (11);
· Satellite transmission 
· Cable modems 
· Mobile phones 

QAM
Quadrature Amplitude modulation uses both amplitude and phase. QAM is a signal in which two carriers shifted in phase by 90 degrees are modulated and combined to give an output signal. As a result of this modulation the signals have a 90⁰ phase difference, this means they are in quadrature (13).

Advantages;
· Increased efficiency for transmission of radio communications 
· Higher data rates (14)
· Low error value probability
· High noise immunity
Disadvantages;
· Amplitude changes are more susceptible to noise
· Higher power consumption 
· Higher order QAMs have more closely spaced constellation points – meaning they can produce more errors
Uses;
· Microwave digital signal transmission (12)
· TV networks
· Wireless communications networks 

SIMULATION MODELS & RESULTS

FILTER – ASK & PSK 

For the ASK & PSK the same filter was used, this was a lowpass 21st order window filter operating at a frequency of 50Hz, shown in figure.1 
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Figure.1


ASK

For the ASK the modulator was made of a sine wave, a 0 constant and a switch with the threshold set at 0.5, this means any signal above or below 0.5 will cause the switch to cycle between high and low giving an output signal of either 0 or 1. The noise is then added using a AWGN, this the variable parameter used to take readings, the range went from 5dB to -50dB for the tests but was stopped before if the system failed. The system is then demodulated using 2 constants, 1 & 0, and a switch acting on the same principal as the modulation part.
Finally, the error calculation is done using an error rate calculator, the output signal is fed straight in, then the source signal is fed through a delay so both waves are in the same phase to allow for the error calculation, the system can be seen in figure.2. 
As seen in figure.3, the ASK system failed at -40dB signal to noise ration.
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Figure.2

Figure.3




PSK

The PSK system is almost identical to the ASK, using the same filter and demodulator, but instead of a 0-constant used at modulation, it is replaced by a sin wave, this allows the phase of the signal to be shifted accordingly, the rest of circuit functions the same way as the ASK system. The complete PSK system can be seen in Figure.4.
Unlike the ASK the PSK failed at a lower noise to signal ratio of 30Db as can be seen in figure.5.
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Figure.4


Figure.5






















FILTER QPSK & QAM 

The filter used for the QPSK and QAM systems was also the same, this was a lowpass 33rd order equiriplle filter operating at a frequency of 100Hz, shown in figure.6

[image: ]Figure.6

QPSK

For the QPSK the signal must first go through a deserialiser, then a demux. the deserialiser splits the signal into bytes, then the demux block extracts the components of the signal and splits it into separate signals for outputs. The signal is then modulated using 2 sine wave generators. The resulting signal is combined and passed through the AWGN before being split again and multiplied by 2 carrier waves. The signal then passes through a filter and a switch with a constant of 1 and 0. The signal is then demodulated and passed through a mux which then combines the signal. A serialiser is used to get the signal to match the input. A delay is not required between the input signal and error calculator as the input and output signals have no delay.
The completed system can be seen in figure.7.
The QPSK had the highest failure ratio of -50dB as shown in figure.8.
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Figure.7



Figure.8

QAM

The QAM system is another system which is almost the same as the QPSK, but instead of the DEMUX and MUX splitting the signal into 2 and merging 2 signals, the DEMUX now splits the signal into 4 and MUX merges 4 signals to give the single output signal. The completed circuit can be seen in figure.9.
The QAM system failed at -30dB, as shown in figure.10 making it tied lowest with the PSK.
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Figure.9

Figure.10


DISCUSSION 

From this assignment it can be seen that out of the 4 DSP systems used, the QPSK operated most efficiently with respect to the noise error ratio, this is because out of the 4 systems the QPSK has the best noise immunity and also the lowest probability of producing errors, when this is compared to the QAM it can be seen in figure.11 that the failure ratio is almost half of the QPSK, this is due to the input signal being split into more carrier signals, this allows for a higher chance of error.

Further comparison shows that the PSK also fails at the 30dB mark, which is unexpected as the assumption from research was that the ASK was more susceptible to errors, this difference in researched and tested data is most likely due to the random input signal. The assumption made from this is that if more tests were taken, i.e. instead of repeating 10 times repeat 100, this would have increased the failure rate on the PSK, and decreased on the ASK. 

As expected the failure rates of all the systems varied, and were not the most representative of what I had researched, but the systems were also working off random generated inputs, using random inputs generally decreases the accuracy of an experiment which can be seen through completing this assignment. This inaccuracy can also be seen in figure.11 for the ASK system, where a linear graph is expected, there are 2 results, -25dB & -35dB which are lower than expected.

If repeated, the best route to get more accurate results would be to increase the number of times the test is repeated and use a steady known signal, this will allow all systems to be compared against the same input, rather than a randomly generated one.







Figure.11


CONCLUSION

In this experiment it was determined that there are many different types of signal modulation and demodulation, all of which have their own uses, advantages and disadvantages. Some forms are more suited to be implemented into specific styles of data transmission, for example PSK is more suited for more localised transmission such as over Bluetooth or radio, where as the QPSK is better suited for satellite transmission. DSPs are a cost effective and easy to manufacture part of modern-day life, everything from mobile phones, car radios, to satellites and TVs require a form of digital modulation to operate as required, without digital signal modulation, the transmission of complex data over long distances or wirelessly would not be possible today.
Another point to consider about selecting a type of signal modulation is that they all have a wide variety of uses and choosing which modulation system you want to implement before fully understanding what signal modulation is required is ill advised. 
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