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1 RESEARCH

1.1 PAMAND PCM

Pulse-Amplitude Modulation or PAM is the process of encoding information as an amplitude of a
signal at regular intervals as is shown in Error! Reference source not found.1. Demodulation of a
PAM signal is the reversal of the process by Sampling (measuring) the amplitude at a set period
().5.Chitode, 2009).
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Figure 1.1: MATLAB representation of PAM

In Sampling, the analogue signal is measured every T seconds, and the sampling rate is defined as
fs= I/Ts-
In PAM there are three types of sampling methods which are;

* ‘Ideal’ - when specific instant (point) is sampled,

‘Natural’ —=when a short pulse of varying amplitude is sampled,
‘Flat Top” = which is short pulse, but the amplitude is fixed during the sampling.
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Figure 1.2: Sampling Types

Pulse-Code Modulation or PCM takes PAM a step further by digitally representing an analogue signal
by sampling, quantizing, and then encoding (Bill Waggener, 1995).
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Figure 1.3: Quantization Process

During the sampling process, the magnitude of the analogue signal is sampled at regular uniform
intervals (frequency). The sampled magnitudes are then converted into binary values in Error!
Reference source not found., there are equally distributed steps. There will be times where the
analog signal is not quite as close to the quantization level, so the point is simply set to the nearest,
the difference being called the ‘quantizing error’.
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Figure 1.4: Quantizing and Analogue Signal




1.2 AUASING

The term Aliasing refers to the appearance of a misinterpreted sound signal, which is the result of a
low sampling rate that insufficiently samples the whole of the original higher frequency signal.
According to Nyquist’s Theorem (Nyquist Rate), the sampling frequency must be more than double
that of the highest frequency of the original signal to ensure a sufficient number of sampling points,
thus preventing and Aliased signal, that is providing that the original signal is a sine-wave.

To satisfy the Sampling Theorem, an Anti-Aliasing filter may be used to restrict the bandwidth of the
signal so that the frequency may be adequately sampled (Smith, 2003).
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Figure 1.5: Aliased Signal




1.3 MODULATION SCHEMES

131 AsK

Amplitude Shift Keying Modulation (ASK) is the digital signal is modulated into an analogue carrier
signal, so that an amplitude of the output analogue signal represents a binary 1 or 0. In this method
of modulation, the frequency remains constant.

ASK modulation can be represented by the following equations;
Binary1-5(t) = A2 x cos(2 X [T X fp x t)
Binary 0-s(t) = A1 x cos(2 X IT X fe x t)

The benefits of ASK are that digital signals can be sent through fibre optic cabling, and that there is a
simple design regarding the receiver.

Disadvantages include poor power efficiency, and noise interference can result in a corruption of the
binary 0 state (Xiong, 20086).
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Figure 1.6: ASK

132 FSK
In Frequency Shift Keying (FSK), the binary states are represented by variation in frequency of the
input signal, so in this case amplitude is inconsequential.

FSK modulation can be represented as;
Binary1-s(t) = A xcos(2xITx f; xt)
Binary 0-s(t) = Axcos(2xITx f;, xt)

The benefit of FSK is that voltage spikes or interference noise can be ignored (high Signal-to-Noise
ratio). The significant disadvantage however is that a greater bandwidth is required than ASK (Xiong,
2006).




Frequency shift keying (FSK)

Figure 1.7: FSK

1.3.3 BPSK
With Binary Phase Shift Keying (BPSK), the phase of the analogue signal in manipulated (180°
difference) to represent binary 1 and 0.

The following equations represent the binary states in PSK;
Binary 1-s(t) = Ax cos(2 x IT X f; x t)
Binary0-s(t) = Axcos(Z2 X T X f, x t +1I)

The significant benefit of BPSK is that the same frequency range as ASK can be occupied, but with
less interference errors than ASK due to the shifting of Signal Phase. The disadvantage is that the
detection of binary states is estimated and requires very complex algorithms to detect and decode
the binary data (Xiong, 2006).
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Figure 1.8: BPSK




134 QPSK

In a similar manner to BPSK, Quadrature Phase Shift Keying (QPSK), represents binary states using
shifts in phase, however instead of one binary digit being represented, it is two (00,01,11,10). To

represent the four binary values, the whole of a 360° phase is divided up into 45°, 135°, 225° and
315°,

This method of modulating is much more effective than BPSK, as more bits of data can be
transmitted due to the additional identified which effectively increases the bandwidth efficiency
(Xiong, 2006).

Binary Bits Phase Shift
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0 I 00 11 225°
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Figure 1.9: QPSK

135 QAMB8+

Simply called Quadrature Amplitude Modulation (QAM), this means of modulation is typically used
in radio transmission applications and exists in 8, 16, 32, 64, 128 and 256 variations which increase
data rates with added constellation points on the quadrature. If the energy of the transmission is not
increased, then the constellation points on the quadrature are packed more densely, increasing the
bit rate higher than is desired. When deploying QAM method, it vital to consider the trade-off
between the amount of data to be transmitted, and the potential error resulting from the
modulation. In the UK uses QAM 16 and 64 are used for terrestrial television transmission of data
(Xiong, 2006).

FSK QPSK

16 QAM 64 QAM

Figure 1.10: QAM Variation




2 EXPERIMENTAL METHOD

2.1 Setup

The Goal of this experiment is to practically demonstrate the limitations of Analogue to Digital
Conversion by observing the resulting signal output depending on the input amplitude, frequency,
and quantization bits.

The voltage range was set at 5V peak to peak, with a sampling rate for this experiment was fixed at
10,000 samples per second.

As shown in Figure 2.1, the Data Source was linked to the Data Receiver, and a Low Pass Filter was
linked to the Data Receiver. An Picoscope (Oscilloscope) was linked to both the Data Source and
Receiver to observe both the input and output signals, and a Function Generator was linked to the
Data Source.

|
]
ol 8
® RL‘-I s)

Figure 2.1: Experiment Setup

2.2 15" TeST (QUANTIZATION)

The first test entailed changing the quantization for the source signal with a fixed frequency of
100Hz and 4.2V peak to peak amplitude. Starting at 8-bits, readings were recorded before setting to
a lower 4-bit size and recording readings again. The expected result would be a better-defined sine
wave when set to a higher bitrate.

2.3 2" TEST (AMPLITUDE)

In this test, the ADC was fixed at 4-bits with a fixed frequency of 100Hz. The Function Generator was
set as low as possible before ramping up the signal to the maximum amplitude, all the while
recording the readings from the Picoscope. The expected result would be a poorly defined sine wave




at lower amplitude with fewer quantization stepping, improving with increased signal amplitude,
until the maximum amplitude was reached, the signal would ‘flatten’ out.

2.4 3 TesT (FREQUENCY)

The final test entailed setting the ADC to 8-bits with a fixed source signal amplitude. The frequency
was set to 100Hz, increasing to 6KHz and then to 10KHz, all the while recording the resulting output
waveforms according to input signal frequency. The expected result was that at lower frequency
there would be minimal difference between input and output, but at increasing frequencies, the
distortion between input and output would increase.




3 TESTING AND RESULTS

3.1 1 TesT (QUANTIZATION)
Starting at 8-bits, the following Sine Wave was recorded. Set amplitude was 4.2V peak-to-peak at
100Hz.
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Figure 3.1: 8-bits at 4.2V peak-to-peak at 100Hz
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The expected result happened with increased stepping resulting from the reduced quantization. This
is verified with the following calculations;

2% = 312.5V resolution for 4-bit

S = 19.5mV for 8-bit
2

So, with increasing quantization, the resolution increases in sensitivity, meaning a more accurate
output waveform was produced.

3.2 2" TEST (AMPLITUDE)
The Function Generator was set as low as it could be tuned for amplitude, and the frequency was

fixed at 100Hz with the ADC set to 4-bit.
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Figure 3.3: Lowest Amplitude at fixed 4-bit and 100Hz frequency

There are only two distinct quantization levels present due to the low amplitude source signal,
resulting a significant quantization error where the curve is effectively lost.
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Figure 3.4: Amplitude increased to maximum

With the Amplitude increased to a little above the maximum 5V peak-to-peak, the resolution has
greatly increased as the source signal is more measurable, however there is a ‘flattening” at the top
of the output signal where some of the original amplitude is lost.
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Figure 3.5: Amplitude at three quantization levels

With the amplitude of the source signal turned back down, to show three levels, a better
representation is shown than of the original reading.
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At 1V peak-to-peak, the quantization levels increase further, however the bottom of the source
signal is lost due to poor resolution.
g PicoScope 5 ] m] x

File Edit Views Measurements Tools Help
e L |y | 2 A |[« [smaiav [0 ][ [« 16 |»|“1| Rof32 b (g)ll e s a9
aefawe  ~]r]oc ~|le,[«Jawe - ]n]loc - |I»1‘ Nz

1.0

02
0.2,
-0
-a @10
-25.0 -20.0 -15.0 -10.0 -5.0 oo 5.0 10.0 15.0 20.0 250
EEN s EXH

A Peak To Peak 1386V 1368V 1395V 1382V

A aTe ~ () () o Ly ) () b : L) () ()

B Peak To Peak 1285V 1221V 1285V 1.268V
<[ u | [>
ilpbi) ;‘ = |Tn'gga e | 2|4 ¥ |g\ [ [« [oo33my] >]|'[4 [so% [r]m |« y |Musulem¢nis

Figure 3.7: Five quantization levels

At 1.3V peak-to-peak, the resolution has improved, and the output is getting closer to the source.
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Trigger [|Au

An inaccuracy occurs at 1.71V peak-to-peak with the ADC representation of the maximum amplitude

being excessive, though it is likely that with better resolution, the excessive output peak would
disappear.

Looking back at the results recorded, there was a distinct improvement in the output waveform as
the amplitude of the source signal was increased. Knowing that the resolution of the ADC was set at
4-bit, the resolution was verified under these conditions as 312.5mV. By calculating with the

resolution value, it should have been possible to calculate how close the resulting waveform was in
amplitude.

quantization steps X resolution = output amplitude
2 x 312.5mV = 625mV compared to 675ml/ measured
3 x 312.5mV = 937.5V compared to 1.04V measured
4 x 312.5mV = 1.250V compared to 1.386V measured
5x312.5mV = 1.563V compared to 1.71V measured

The results of these calculations show a level of inaccuracy in the Analogue to Digital Conversion;
however, this could be down to noise interference or poor re-calibration of the test equipment.
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3.3 3" TEsT (FREQUENCY)
The source signal was fixed at 4V peak-to-peak with the ADC set to 8-bit for 256 quantization levels.
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Figure 3.9: 100Hz

At 8-bit conversion at 100Hz, an accurate conversion of source analogue signal to digital has been
achieved.
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Figure 3.10: 1KHz
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At 1KHz frequency, stepping occurs in the output waveform. This is a result of the higher frequency
of sampling resulting in fewer amplitude points being sampled. This issue should exacerbate with
increased frequency.
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Figure 3.11: 2KHz

The sampling has deteriorated further as the higher frequency has yielded fewer samples taken. The
frequency will now be pushed further.
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Figure 3.12: 8KHz and Aliasing

The expected Aliasing has occurred at 8KHz. With fewer samples taken, an alternative waveform has
been produced from the lack of definitive points required for an accurate conversion.
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4 CONCLUSIONS

From research and practical investigation, it has been shown that ASK and FSK has its limits, which is
detrimental for transmission of large amounts of accurate data within a set time. Considering this,
ASK and FSK certainly have their applications where accuracy is not a pressing requirement as the
user may simply want an indication of binary state (on/off).

QAM shows a strong advantage due to its resistance to noise interference and data capacity, despite
the complexity of algorithms required to demodulate the received signal from a transmission source.

The risks of using too high a frequency for a bit conversion rate is also evident from the observation
of the Aliasing effect resulting from too few samples being taken over time.

An improvement to the investigation could be to either improve the sampling rate or bit conversion
of the ADC, to produce a more accurate output waveform.
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