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1. Introduction, aims and Objectives

This assignment will look into Analogue to digital conversion (ADC) and pulse code
modulation (PCM). The assignment will be broken down into seven sections as
stated in the assignment brief. The first section will be this introduction. The second
section will be research into PCM techniques, the first part of the research will be
researching PAM and PCM techniques, the second part will look at PCM aliasing
and the third part will look at modulation schemes such as ASK,FSK,PSK,QPSK and
QAM 16.

The third section of the assignment will be the practical experiment, this will follow an
experiment sheet and investigate the limits of the in-built ADC. The first part of the
practical will look at changing the number of bits of the ADC, the second part will
look at changing the input amplitude for 8 but and 4 bit ADC’s with the frequency
held at a constant. The final part will look at the effects of changing the frequency of
the input with the amplitude held at a constant. The worksheet lays out what is
needed to do and all results will be recorded and discussed.

The forth section is the testing and results part were the test results for the practical
will be displayed and discussed, this will include the effect the number of bits, signal

amplitude and signal frequency has on the output.

The firth section will be the conclusion were all results and findings will be discussed,
concluded and critically analysed along with any recommendations. The sixth and
sevens parts are the bibliography and the annexe were all references and data
sheets will be citied and stored.




2. Research into PCM techniques

Pulse code modulation is a form of coding with the waveform, these PCM techniques
aim to encode an analogue signal into a digital signal code for a more reliable
efficient transmission. The analogue transmission is not a very good transition
method, the signal contains a lot of noise once the signal to noise ratio reduces and
this is caused by and attenuation of the signal. When this signal is amplified then
noise will also amplify with the signal and cause a lot of unwanted transmission
causing the signal to become unclear and maybe even un usable. The PCM method
will convert this signal into a digital signal which as stated above is much clearer and
cleaner way of signal transmitting, the more bits used in encoding will increase the
accuracy of the signal. PCM is a developed version of PAM which will be discussed
below. The PCM techniques will consist of a series or set of pulses were every pulse
will relate to the signal amplitude at the correct time of sample. (Technology UK,
2018)

(Technology UK, 2018) States that “Each analogue sample value is quantized into a
discrete value for representation as a digital code word. Pulse code modulation is the
most frequently used analogue-to-digital conversion technique, and is defined in the
ITU-T G.711 specification. The main parts of a conversion system are the encoder
(the analogue-to-digital converter) and the decoder (the digital-to-analogue

converter). The combined encoder/decoder is known as a codec”

The PCM encoder will perform three main functions, these are sampling, quantizing
and encoding. Human speech is in the range of around 100Hz to 10,000Hz but has
been found to contain most of the energy between 300-3400Hz, the bandwidth at
3400Hz is used. When the conversion from analogue to digital is carried out all
unwanted frequency is to be filtered out, making the conversion a lot simpler.
Limitations on the bandwidth used for ADC will help to remove or at least reduce the
aliasing, this aliasing is present when the amount of samples produced is not enough

to represent the waveform for the analogue value. (Technology UK, 2018).

The sampling function of the PCM will at set discrete time points, read the values
that have been produced by the analogue signal, called the sampling frequency. The

quantization function will assign a value from a set range of values that it could
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possibly be to the sample which has been selected. The number of bits will state
how many possible values that can be selected from and this quantization is done by
rounding the value up or down. The encoding function is where the value that has
been sampled is represented as a binary value from 0-n, with the n value being to
the power of 2. Figure 1 below shows the stages of ADC. (Technology UK, 2018).

Quantisation Noise

i
»
< 1001011 10111011
Encoding Stage
Sampling Stage
Quantising Stage

Figure 1: ADC process

Pulse Amplitude Modulation (PAM) is the technique of transmission through the use
of altering or varying the amplitude of the pulses in a set time period for the electrical
pulses. The pulse amplitudes are usually to the power of two and this is so that the
signal that is being outputted can be digital, this number however can be infinite if it's
an analogue PAM. PAM systems can have a amplitude for every pulse which is the
same as the modulating signal amplitude at an instantaneous moment when the
pulse happens. But other types of PAM systems this is not the case and the
amplitude for every pulse will be inversely proportional to the modulating signal when
the pulse happens. (Rouse, 2011).

Aliasing is the name given when samples are obtained for the analogue signals less
often than the rate of Nyquist states. Aliasing is when the high frequency signals are
mapped into a lower frequency, figure 2 below shows the aliasing effect when a high
sample frequency is present.
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Figure 2: Aliasing

The above screenshot of a graph shows the result of sampling a high frequency rate
at a value below its Nyquist value. (Horan, 2017). Aliasing will lead to a recovered
signal with some distortion, to stop this the sample frequency should be around two
times the bandwidth of the signal. (aeche, 2018).

ASK (Amplitude Shift Keying).

Amplitude shift keying is commonly referred to as the simplest method of digital
modulation. This method of modulation involves the amplitude of the analogue
carrier being directly modulated by a binary information signal, this method of
modulation has two output amplitudes and is very similar to a standard amplitude
modulation principle. To represent the symbol for binary 1, an amplitude carrier wave
with a frequency fixed for a duration is transmitted. When a value for 1 is present the
signal is transmitted but when the value of 0 is present this value is transmitted. ASK
has disadvantages is that it is prone to distortions, noise interference and conditions
of propagation coming from different sources or routes. The advantages are that this
method is cost effective and can be used to transmit data through digital fibre which
is a new technology. Below in figure 3 shows the ASK modulated waveform showing

the binary data in variations of the signal amplitude. (Tutorials Point, 2018).
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Figure 3: ASK output wave modulated (Tutorials Point, 2018)

FSK (Frequency Shift Keying)

Frequency shift keying is a modulation scheme where the frequency of the carrier is
shifted in respect to the binary data signal. Two carrier frequencies are used in FSK
to represent values for 1 — binary and O — binary. The advantages to FSK are that
the levels of signal to noise ratio is high, the probability of error is low, a constant
envelope means its less likely to be effected by noise and the FSK transmitter and
receiver are simple meaning a small data application rate. The disadvantages may
include that the bandwidth used is very large meaning it's not efficient in the
bandwidth and it has a poor bit error rate compared to the performance of other
modulations schemes. (Northeastern Univiersity , 2012).

QPSK (Quadrature Phase Shift Keying)

QPSK is basically QAM as below but with the amplitude part or component removed.
This method of modulation is an economical and robust system and is usually used
for the upstream areas. The QPSK will use the method of hopping through channels
until it finds a clear path for the signal to pass, this method is also referred to as 4
phase PSK as four values can be identified for the phase of the carrier. Below in
figure 4 shows the constellations of QPSK at 8PSK and 4PSK.
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Figure 4: Constellations of QPSK

Two bits are represented by each symbol which has been transmitted as follows, 00
— Acos wt, 01 — Acos wt + 90, 10 — Acos wt + 180, 11 — Acos wt + 270. This QPSK
method has the advantage of being resistant to noise and can work over very long
distances along with interfering sources not effecting it, but also has the
disadvantages of being less bit — efficient. QPSK can operate to 10Mbps in cables
systems and for each hertz of bandwidths will delivery around 1.5 bits. (Davis, 1997).

QAM (Quadrature Amplitude Modulation).

The QAM modulation scheme is a method of modulating or transmitting digital data
through a long range of channels by combining the ASK and PSK modulating
schemes together which will then increase the amount of states per symbol. A 16
QAM will carry four bits for every symbol as each symbol value will represent
multiple bits in the system. Alternatively a QAM — 256 will carry 8 bits for each
symbol with the same principle as above. To determine what level of QAM level is to
be used, the signal to noise ratio is used to calculate what QAM level will deliver the
most reliable outputs on the channel of transmission. The most common channel
levels are as stated above at QAM — 256 and QAM — 16 which are represented
digitally as 40Mbps and 20Mbps.




With the QAM - 16 the principle of QAM can be looked at and explained more
detailed, the QAM will separate the point’s frequently which will help to reduce and
sometimes prevent noise interference, With the QAM taking together 4 input bits
which will make one signal burst. Amplitude and phase can both be modulated in this
system and the odd number bits from the input side are brought together to create
pairs which will then make up one of the four levels to modulate the term for the sine.
The even number of bits are again brought together and will change the term for the
cosine, these terms for cosine and sine are then both brought together or combined.
The 1-Q diagram for QAM — 16 is shown below in figure 5. (Davis, 1997).
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Figure 5: 1-Q diagram

PSK

Phase shift keying is the modulation scheme were the phase of the carrier signal is
altered when the cosine and sine inputs are changed, this modulation technique is
used for contactless operations or wireless LAN’s and can also be used with
Bluetooth devices. PSK is represented by QPSK as above or BPSK which is binary
phase shift keying were the carrier wave will use two reversals of the phase like 180
degrees or 0 degrees. (Tutorials Point, 2018).




3. Experimental Method

Part two of the assignment is the practical deployment of pulse code modulation and
the limits of the in-built ADC. The practical used the apparatus in the work lab at
Coleg sir gar to investigate the sampling requirements, quantisation noise and
aliasing. The practical procedure is shown below in figure 6 and shows the three
main areas of the practical investigation.

Assignment 2 Worksheet

Investigate the limits of the in-built ADC.

Specification of ADC:  Sample rate = 10,000 samples/second and Range = 5Vp-p

» Effect of changing the number of bits of the ADC
s Setthe ADC to 8 bit.
s Set the input frequency to 100Hz @ 4V p-p and observe the output.
¢ Set the ADC to 4 bit and again cbserve the output.
¢ Screenshot and comment an results

» Effect of changing the input amplitude for 8 bit and 4 bit ADC’s with frequency held constant
s Setthe ADC to 4 bit.
o Set the input frequency to 100Hz @OV and observe the output.
o Slowly increase the amplitude to 6Vp-p and observe the output.
o Record the values at which a new quantisation level is needed
o Determine the resolution of the ADC and compare to calculated value
e Set the ADC to 8 bit and repeat.

# Effect of changing the frequency of the input with amplitude held constant.
+ Setthe ADC to 8 bit.
o Set the input frequency to 100Hz @ 4V p-p.
o Add measurements on PicoScope to show blue and red channel frequencies.
o Increase the frequency in decades (100Hz, 1KHz etc) by clicking the range buttons on
the function generator and cbserve the output at each.
o Record and comment on any significant changes.
¢ Set the function generator to 4KHz.
o Usethe dial to increase the frequency in 200Hz steps to 6KHz, then in 500Hz steps
to 10KHz.
o Observe the waveforms and comment on any significant changes.

Figure 6: Practical worksheet procedure




The first part of the procedure is the effect of changing the number of bits of the
ADC, the numbers of bits used will be 4 bits and 8 bits. The first part will be to set the
machine up to work on 8 bits, the research can be referred to for the representation
of bits and what happens. Once the 8 bit set up is running this will be observed and
commented upon, next the machine will be changed to operate with 4 bits and the
results will again be observed and explained.

The next part will be the changing of the signals amplitude, this section will keep the
frequency at a constant of 100Hz and increase the peak to peak voltage form Ov to
6v peak to peak. This part will provide screenshots and evaluation of to what is

happened when the amplitude is changed.

The last part will be investigating the effect of changing the signal frequency, this will
involve setting the machine up to a starting frequency of 100Hz and an amplitude of
4v p-p then increasing the frequency to 1Khz while screenshotting and commenting

on the results. The last part will set the function generator up to 4 KHz then increase
the frequency in 200Hz steps to 6 KHz and then 500Hz steps to 10 KHz. The results
will be screenshotted and commented upon.

A conclusion will be written at the end of the practical to discuss the findings of the

experiment and how it compared to the research. The experimental results are
shown in the next section for testing and results.
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4. Testing and Results

The first step of the practical was to set the machine up to the requirements as per
the assignment brief, figure 7 below shows the input frequency being set up to the
100Hz.

Chares | Mlamn

B Frequency

Figure 7: 100Hz set up

Figure 8 below shows the experiment being set up to the required amplitude peak to

peak voltage of 4\ as requested in the practical procedure.

= =T

9911Hz 201 mHz 20 Whole trace

B Peak ToPeak 4071V 4071V 4116V 4073V  102mV 20 Whole trace
Figure 8: 4v P-P set up
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Below shows the experiment set up for 8 bits, this was done by selecting the 8 bit
setting on the practical hardware used for the experiment, the switch on the machine
can change it to range between 4 bits and 8 bits. 8 bits below has given a smooth
frequency output which would back up the theory that more bits should give a

smoother modulation.
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Figure 9: 8bits set up

Below in figure 10 shows the results of changing the bits from 8 to 4, as shown and
expected the frequency output is not as smooth as 8 bits and the steps can be
clearly seen in the screenshot below, this would prove a 8 bit ADC would produce a
better output.

=== Whole trace
B Peak To Peak - --- - Whole trace

Figure 10: 4 bit ADC
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The second part of the practical is to follow and is for the change in amplitude as
stated in the experimental procedure. The ADC was set to 4 bits as per the
procedure with the frequency at 100Hz and 500mv which represents the Ov as this is
the lowest the machine would measure. The measured frequency was at 101.4Hz

but in the tolerance for 100Hz. Figure 11 below shows the Ov peak to peak.

T

G G o

I I e — ..
Frequency 1014 Hz 1014 Hz 1016 Hz 1014 Hz 23984 mHz 20 Whole trace
Peak To Peak 556.8.. 5476.. 5614.. 5552. 3736mv 20 Whole trace

Figure 11. Ov P-P

Figure 23 below is for 1v P-P.

E———a—

r— T o T — I
Frequency 1014 Hz 1014 Hz 101.5Hz 1014 Hz 25.87 mHz 20 Whole trace
Peak To Peak 1.019V 1.019V 1.037V  1.027V 5066 mV 20 Whole trace

Figure 12: 1v P-P
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Figure 13 below is for 2v P-P, showing an improvement in the steps.

T

] 1 Cater ot |t

Frequency 1014 Hz 1014 Hz 101.5Hz 1014 Hz 2341 mHz 20 Whole trace
B Peak ToPeak 2043V 2043V 2.043V 2043V 0OV 20 Whole trace

Figure 13: 2v P-P

Figure 14 below is for a 3v P-P amplitude again showing a bigger increase in steps.

| Costo Com | S

P - e -
Frequency 1014 Hz 1014 Hz 1015Hz 1014 Hz 2331mHz 20  Whole trace
B Peak To Peak 3V v 3v 3V ov 20 Whole trace
Figure 14: 3v P-P
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Figure 15 below shows the 4v P-P amplitude.

I Cotn Lot | fpan

B 1014 Hz 1014 Hz 101.5Hz 1014 Hz 30.19 mHz 20 Whole trace
B Peak To Peak 4071V 4071V 4116V 4073V 102mV 20 Whole trace

Figure 15: 4v P-P

Figure 16 below is for 5v P-P, amplitude change.

[

Them =

B Frequency 1014Hz 101.4Hz 101.5Hz 1014 Hz 14.74 mHz 20 Whole trace

=T

B Peak ToPeak 5031V 5031V 5123V 5102V 37.79mV 20 Whole trace
Figure 16: 5v P-P
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The final screenshot below shows the results for 6v P-P amplitude and as shown
indicated that as the amplitude increase so does the step, a higher amplitude is

giving a better output as the amplitude in increased.

e

A I T 2= O | Cagtare
1014 Hz 1014 Hz 101.5Hz 1014 Hz 20.44 mHz 20 Whole trace
EB  Peak To Peak 5946V 5946V 5946V 5946V 0V 20 Whole trace

Figure 17: 6v P-P

The next stage of the practical was to increase the step numbers from 1 and view
the change in voltage. This is to find out the values at a new quantisation level is

needed. Figure 18 below shows that one step is giving a voltage of 0.55v P-P.

Cotr ot |

B Frequency 1014 Hz 1014 Hz 1016 Hz 1014 Hz 39.84 mHz 20 Whole trace
B Peak To Peak 5568.. 5476. 5614.. 5552.. 3736mV_20 Whole trace

Figure 18 1 step
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Figure 19 is for 2 step changes, step changes are done by increasing the amplitude

finely and looking for the change of steps.

- S~ Fat Fa

20 Whole trace
B  Peak ToPeak 6074 .. 6028.. 6166.. 6083.. 3534mv 20 Whole trace
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Figure 19: 2 steps 0.6v P-FP

Figure 20 below shows the three step changes and a voltage of 0.71 P-P.

Thiren |

— o o = v i —
B Frequency 1014Hz 1014Hz 101.5Hz 1014 Hz 26.99 mHz 20 Whole trace
B Peak ToPeak 7224 .. 7132. 72ITmV 7188.. 3532mV 20 Whole trace

Figure 20: Three step change 0.71 P-P
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The seven screenshots below show the increasing of step inputs labelled in the
figure names.

B 1015 Hz 1014 Hz 101.5Hz 1014 Hz 1945 mHz 20 Whole trace
B Peak ToPeak 1276V 1276V 1276V 1276V 0V 20 Whole trace

Figure 21: four steps 1.28v P-P

Frequency 101.5Hz 1014 Hz 1015 Hz 1015 Hz 23.9 mHz Whole trace
B Peak ToPeak 1423V 1276V 145V 1393V 5633mv 20 Whole trace

Figure 22: Five steps at 1.45v P-P
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3 Frequency 1014 Hz 1014 Hz 101.5Hz 1014 Hz 21.( (
B Peak ToPeak 1878V 1878V 1.878V 1878V 0V 20 Whole trace

Figure 23: six steps at 1.89v P-P

Frequency 1014 Hz 1014 Hz 101.5Hz 101.5Hz 2547 mHz 20 Whole trace
B Peak ToPeak 2117V 2117V 2117V 2117V 0V 20 Whole trace

Figure 24: Seven steps at 2.2v P-P
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Frequency 101.5Hz 1014 Hz 101.5Hz 101.5Hz 2262 mHz 20

B Peak ToPeak 2632V 2632V 26BAV 2636V

Figure 25: 8 steps at 2.63v P-P

Whole trace

1283 mV 20 Whole trace

A

I
/

i
{1
|

% i
\
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i
\

101.5 Hz 1014 Hz 101.5Hz 1014 Hz

B Frequency
B Peak To Peak 3258V 3258V 3295V 3274V

129 mHz 20 Whole trace
1715mv 20 Whole trace

|

Figure 26: Eight steps at 3.3v P-P
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| Whole trace
FB  Peak To Peak 3.887V 3887V 3933V 389V  1024mV 20 Whole trace

Figure 27: Nine steps at 3.9v P-P

Figure 27 above shows the maximum steps recorded as the signal is smoothed out
and is at 9 steps with a 3.9v P-P. These screen shots shown the levels of voltage at
which new quantisation levels are needed.

The resolution is calculated below for the 4 bit and 8 bit type.

4 bits = 10/16 = 0.625

8 bits = 10/256 = roughly 0.039

For 4 bits the change or resolution should theoretically be every 0.625 volts

The 8 bit experiment cannot be repeated as the resolution will be too small to

accurately record any results.
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The last part of the experiment was the change in frequency as explained in the

practical procedure. The experiment was first set up at 100Hz and reconrded below
in figure 28.
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B Peak To Peak 4.025V 4025V 4071V 4034V 1879mV 20 Whole trace
B Frequency 101.5Hz 1014 Hz 101.5Hz 1015 Hz 26.28 mHz 20 Whole trace
FA  Frequency 101.5Hz 101.3Hz 101.7 Hz 101.5Hz 1041 mHz 20 Whole trace

Figure 28: Frequency at 100Hz

Figure 29 below was recorded at 1 KHz, a new experiment was set up and that is
why the waves are different from figure 28.

1

A Frequency  1.069 kHz 1.068 kHz 1.069 kHz 1.069 kHz 257.8 mHz 20  Whole trace
: eque 0 0 84.4 0 ole trace

A Peak ToPeak 4071V 4071V 4071V 4071V 0V 20 Whole trace

Figure 29: 1Khz

22




o LS
] . a8 ™ 0z ° oz o o s '
e -

A Frequenc 2.522 kHz | 2.52 kHz 2.523 kHz 2.521kHz 8129 mHz 20  Whole trace

eque 66 0 88 ole tra

A Peak To Peak 4071V 4071V 4071V 4071V 0V 20 Whole trace

Figure 30: 2.5Khz frequency

Figure 30 above shows a 2.5 KHz frequency and the steps have decreased showing

a deterioration of the signal.

e
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o

A Frequency 5001 kHz 4.999 kHz 5.005 kHz 5002 kHz 1.689Hz 20  Whole trace

B Frequency 5kHz 4.999 kHz 5.001 kHz 5 kHz 5254 mHz 20  Whole trace
A PeakToPeak 4071V 4071V 4071V 4071V 0V 20 Whole trace

Figure 31: 5 KHz

Figure 31 above shows the frequency at 5 KHz with the channel over range warning
meaning the sample limit is being reached. The sample limit = 5K input = 5k output.
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A Frequency  5185kHz 5182 kHz 5.187 kHz 5.185 kHz 1.356Hz 20  Whole trace

aaue !

A Peak ToPeak 4071V 4071V 4071V 4071V 0V 20 Whole trace
Figure 32: 5.1Khz

5.1 frequency lock is lost

Alias signal is what it thinks it is (in this case it's 4.989 not 5.185)

~ ~ A~ ~ R o
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A Frequency  5595kHz 559 kHz 5.598 kHz 5.594 kHz 2.082Hz 20 _Whole trace

Frequency 4443 kHz 4021 kHz 4447 kHz 44kHz 1052Hz 20  Whole trace

A Peak To Peak 4071V 4071V 4071V 4071V 0V 20 Whole trace
Figure 33: 5.5 kHz

The last screenshot figure 33 above shows that at 5.5 KHz the signal is deteriorating
and this increase in frequency has become too much and lost the signal.
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The function generator was set to 4Khz and the frequency was increased to 10Khz

as shown below in figures 34, 35 and 36.

: Peak To Peak 4025V 4025V 4025V 0V Whole trace
B Frequency 1044 k.. 1044 k.. 1044 k.. 1044 k.. 8187 mHz 20 Whole trace
A Frequency 437.6Hz 4375Hz 4386 Hz 4382 Hz 4586 mHz 20 Whole trace

Figure 34: A = 10Khz, B = 437Hz

o3 2 TERY 2 '..-'—U'h ole trace
B Frequency 6.653k. 6653k. 6.655k. 6.654k. 642mHz 20 Whole trace
A Frequency 4309 k.. 4305k.. 4315k. 431kHz 3265Hz 20 Whole trace

Figure 35: A = 4.3Khz, B = 6.7Khz

25




Rars. |Castar Gt |t

- T 0o Tham T

Peak To Peak 3.979V 3979V 3979V 3979V 0OV 20 Whole trace
Frequency 37.28k.. 3727 k.. 3729k.. 3728k. 3964Hz 20 Whole trace
Frequency 3828 k.. 3823 k. 3836k. 3829k. 4051Hz 20 Whole trace

o
B
B
A

Figure 36: A = 3.8Khz, B = 37.3Khz

Overall the experiment has found that by changing the number of bits from 4 to 8 the
signal can be improved and will provide a smoother output, the increasing in
amplitude will also provide a better signal. But an increase in frequency may cause
the signal to deteriorate as shown above.
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5. Conclusions

Task 1

This part looked at researching into a range of PCM techniques and modulation
schemes. A wide range of creditable sources were used for this section to build a
correct level of knowledge on modulation techniques. The first section looked at
PAM and PCM techniques, this research heled gain a good knowledge of what
modulation is and then is taken further to research the aliasing part and the different
types of modulation schemes.

The research of the aliasing was taken from credited source and was used to then
refer back to the PAM and PCM fundamentals. The modulation schemes were next
to be researched, there is a wide variety of modulation techniques and the once in
the assignment brief were used to cover all that was asked. A number of different
sources were used and advantages and disadvantages of all the methods were
discussed to give a good critical analysis on why different schemes would be used
for different purposes. Overall the research gave a good understanding of the
subject and a suggestion would be to not list the types of modulations schemes
needed to be researched, an alternative would be to ask for a number of schemes to
be research so the report writer can choose a number of their own schemes.

Part 2 was the practical part of the experiment, this looked at changing different parts
of the modulation such as the amplitude, frequency and number of bits. The
experiment was a success and worked as expected, theory from the research was
used to understand what was happening in the practical such as aliasing. The results
showed that a higher number of bits produces a better signal, the higher amplitude
can smooth out the signal and a frequency too high can deteriorate the signal.

Overall the assignment gave a good understanding of the subject mainly through the
research but also with the practical development onto the equipment in the lab. An
overall recommendation would be to use a more advanced practical set up of
equipment and programs.
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