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1. Executive Summary

The aim of the investigation is to find out the effects of changing the characteristics of an FM
transmitter and an analogue to digital convertor. Research is done to find out what needs to be
looked at on both devices and to find out how the systems work. Calculations are done before the
practical experiment to give a guideline for expected values.

The practical tests are under taken to vary the setup of the FM transmitter to find out that the
amplitude of the signal varies the frequency of the carrier and the frequency of the input varies the
rate of change of the carrier. With the ADC the tests included changing the number of bits, adjusting
signal amplitude and adjusting signal frequency. It was found that changing the number of bit gave a
better resolution. Increasing the signal amplitude cut parts of the wave form off. Decreasing the
wave form give a bad conversion. Decreasing the frequency gave unnecessary data from over
sampling and increasing frequency cause aliasing.




2. Research

The two main types of analogue modulation is amplitude and frequency. These are used to send a
message physically

Amplitude modulation (AM)

Amplitude modulation is the easiest way to transmit a signal. It works by firstly emitting an oscillating
sin wave form at a set frequency. This waveform is called the carrier. The frequency of the carrier
determines the channel that the signal will be emitted onto.
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Figure 1 AM signal and Carrier combined (Crecraft, 2002)

The signal originally looks like a simple analogue with form. The signal then gets overlaid onto the
carrier so that the amplitude changes in ratio to the signal amplitude. This is the signal that then gets
transmitted. Ideally the amplitude of the carrier needs to be just bigger than the signal that is being
transmitted the comparison of the signal size and carrier amplitude is called modulation index and the
ideal value is to be just under 1. If the signal is greater than the carrier then it will clip off the extremes
of the signal and distortion will occur. This is suggested by Crecraft (2002).

This method of signal transfer is only ideally used for short distance signal transfer as it is a very weak
signal.

Frequency Modulation (FM)

Crecraft (2002) states, “In frequency modulation the amplitude of the modulated wave is kept fixed,
but the frequency is varied by the modulating signal.” The advantage of this as apposed to AM is that
even when the amplitude is low of the input signal a strong high amplitude wave form is still
transmitted. This is shown below, note that the dotted line is input signal and the constant line is the
carrier.
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Figure 2 FM amplitude effect to carrier frequency (Crecraft, 2002)

Another advantage of using FM is that if there are spikes or noise in the waveform very little unwanted
data will be transmitted as the FM signal is tuned into a specific bandwidth an will only look at
frequency and change in frequency in order to produce the analogue wave form to feed a speaker.
The chances of noise being at the exact same frequency as the carrier is very small making the FM
signal very strong and reliable. The bandwidths are limited when broadcasting to prevent two
channels crossing.

Analogue to digital convertors (ADCs)

Its found that the number of bits sets the resolution of the ADC the more bits the higher
the resolution as there more possible digital values for the ADC to have.

The range of the ADC requires the signal to be with in the required scale otherwise
quantisation will occur according to Crecraft (2002). Below shows the difference between
analogue scale and a digital scale.
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Figure 3 Quantisation (Crecraft, 2002)




Shannon (1948 ) states, “The Nyquist criterion requires that the sampling frequency be at
least twice the highest frequency contained in the signal, or information about the signal
will be lost. If the sampling frequency is less than twice the maximum analogue signal
frequency, a phenomenon known as aliasing will occur.”

This suggest that when the sampling rate is too low then the ADC will not convert the
waveform correctly

Pulse-Amplitude Modulation (PAM)
Pam works by having a continuous constant pulsating wave form which every pulse is its sample

of the wave form. The amplitude of the signal will be the value of the pulse. This is illustrated
below.

Sinusoidal modulating signal
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Figure 4 PAM Elpocus (2019)

Pulse-Amplitude Modulation (PAM)

Computerhope (2019) states “It is an analogue signal that's sampled at uniform intervals and
converted to a digital binary number”

Pulse Code Modulation (PCM)
| ]
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Figure 5 PCM (computerhope, 2019)

This is done by the system evaluating if the analogue value is greater or less than the
current value and adding or subtracting 1 until the value is the same.




QPsk

This is used to change the state of a signal to represent binary bits so instead of a simple
Sv or Ov signal for example with 5v giving the value for 1 and Ov giving the value for 0 the
Qpsk uses one phase for example 90dgrees for state 1 signal and another for example 180
for state 0.

(gaussianwaves, 2019) states, “QPSK is a form of phase modulation technique, in which
two information bits (combined as one symbol) are modulated at once, selecting one of
the four possible carrier phase shift states.”

(Systems, 2001)“Quadrature means the signal shifts among phase states that are
separated by 90 degrees”

(PDH, SDH)

These are used is systems where large amount of data transfer is required. The SDH has replaced the
PDH in modern day systems.




3. Experimental method
Freguency Modulation Experiment

The maximum frequency deviation is firstly calculated to obtain the modulation index. The
Fc = 455KHz

Ec = 375KHz

Fs = 5KHz

Es=2V

FM transfer characteristic of 20KHz/V

Frequency Diviation (8fc) = 20KHz x 2 = 40KHz

A
Modulation Index (B) = f—’:
L, 40KHz
Modulation index (B) = ORI

Modulation index (B) = 4

The Bessel table is now used to find the amplitudes of the side bands.

x Bessel-function order, n
n.’l JG -"I J) ,l‘s Jl !5 jni j} rl jﬂ ;!O ;!l f:z ’I“ -’IJ LS "Iﬁ

000 (100 | — - - - —_ —_ —_ - - - — — — — —_ —_

025 | 098 | 012 ( — - - —_ - —_ - —_ —_ —_ - —_ - - —_

0.5 094 | 0.24 | 0.03 _ - - - —_ —_ - —_ —_ —_ —_ - -_ -

1.0 | 077 | 044 | 011 | 002 | — — — — — — — — — — — = =

1.5 | 051 | 0.56 | 0.23 | 0.06 | 0.01 | — — — — — — = = - — - —

20 | 022|058 |035]013(003| — — — — — — — = = = — —

241 L] 0.52 | 043 | 0.20 | 0.06 | 002 | — — - - — — - —_ - — —

25 | =05 | 050 | 0.45 | 0.22 | 0.07 | 0.02 | 0.01 - - - - - - - - — —

30 | =26 | 034 | 049 | 0.31 | 013 | 0.04 | 0.1 - - - - - - - - — —

4.0 -40 | =07 | 0.36 | 0.43  0.28 | 0.13 | 0.05 | 0.02 -_ - —_ - —_ —_ - - -

5.0 18 .33 | 005 | 0.36 | 0.39 | 0.26 | 0.13 | 0.05 | 0.02 — — — —_ — — — =

Figure & side band table

The side band values are:
JO=375X10n-3 X0.4 =0.15v
J0=375X10"-3 X0.07 =0.02625v
J0=375X10"-3 X0.36 =0.135v
J0=375X10"-3X0.43=0.16125v
J0=375X10/-3 X0.28 =0.105v
J0=375X107-3 X0.13 =0.04875v

J0 =375 X107-3 X 0.05 =0.01875v
JO=375X107-3X0.02=7.5X10"3 v




These values are then placed onto a spectrum analyser graph
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Bandwidth = 140kHz

The practical test can now be under taken. The Feedback “analogue Communications Systems” will
be used on this experiment with the connections as shown below

J‘.\ S /
™
5

Figure 7 FM set up

This experiment demonstrates the effects of changing characteristics of an FM wave form. A signal
generator inputs a square wave form onto the circuit board, this will be varied through the tests. The
Pico scope is connected to the input and output of the board to compare the results.
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A signal generator is connected to the input of the ADC and the Pico scope is connected to the
output the first test will require a constant amplitude and frequency of input value and the effect of
changing the number of bits of the ADC will be noted.

The second test will find out what the effect of using the minimum and maximum ends of the range
in the ADC effect the quality of the output.

The final test will require the frequency of the signal generator being turned up to make the
sampling rate less than 2 times the frequency of the signal to test the theory found in the research.

Below shows how the Pico scope is connected to the ADC board.

Figure 8 ADC setup
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4. Testing, results and analysis
Frequency Modulation Tests

The first test consisted of changing the amplitude of the messaged which should vary the frequency
according to the research.

6v pk to pk square waveform inputted to the FM transmitter board
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Figure 9 6V pk to pk signal

The FM transmitter varies its frequency to transmit change in amplitude. The frequency deviation is
103.3KHz.
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Figure 10 FM at 6v pk to pk
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4y pk to pk
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Figure 11 4v pk to pk

The input to the board is reduced to 4v pk to pk this reduces the frequency deviation down to
72.26KHz
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Figure 12 FM at 4V pk to pk
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2v pk to pk input
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Figure 13 2V Pk to PK
The frequency deviation was measured at 35KHZ
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Figure 14 FM at 2V pk to pk

The test clearly shows that reducing the amplitude of the input signal decreases the frequency
deviation of the output. The effect of this change is quite linear as when the input was 1 third
smaller in amplitude the output frequency was 1 third smaller. This is expected from the research.
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with a PK to PK input of 6v the B control was fine tuned so that frequency deviation is 60KHz.
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Figure 15 6V 60KHz

The PK to PK voltage is reduced to 4v and the frequency deviation is 40khz
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Figure 16 4V 40KHz

15




The pk to pk is then reduced to 2v and a frequency deviation of 20khz is given
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Figure 17 2V 20KHz
This shows how the input voltage can be used to vary the frequency deviation

The input frequency is raised to 10Khz
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Figure 18 10KHz signal
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Then to 100KHz
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Figure 19 100KHz signal

The change of frequency isn’t sensibly related to the true value because its changing so fast the Pico
scope cannot keep up with the rate of change and the human eye can’t physically see it either. This
test also shows that the frequency deviation is remained at a constant when the input signal has a
constant PK to PK value which proves the frequency deviation is a true relation to PK to PK input
value only.

The side frequencies are then displayed with the Pico scope set to spectrum analyser mode.
Frequency =455KHz

Modulation generator output = 20KHz at 2v PK to PK

R —

B b e emeween Sk i
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N [1) 8 [ e+ 2] : ¥ID . I B

Figure 20 spectrum
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These values are used to compare the system against the calculated values. The graph looks very
similar with side bands only being slightly out showing that the calculations are a good way to find
the sidebands. Only significant sidebands are considered to filter out the unimportant ones.

Spectrum analyser 2v pk to pk

pico

o ~ -— PN . . £ 44 — \ — ~ - -

By b, W |lggw e - [ el [ e | s 3 |

Figure 21 spectrum 2

Frequency deviation of the above system is measured at 20KHz the ratio between input frequency
and frequency deviation is linear in this scenario.
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Figure 22 20KHz
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The following shows the output with the minimum input amplitude. The frequency of the output is
low
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Figure 23 low signal amplitude

When the maximum amplitude of the input is used the frequency is increased.

Ay Punbiape § - a L3
[t fmn yos smscmerm Joen per ]
|E"“" o| 2 @[ twer <leffa]ws [aflfe] men [+ i@|l [ojpgnG s s oa ].,i,__,(‘
afefaas  <la)joc + |n, 0 = v |8 5

Whole trace

1845k.. 20

Figure 24 high signal amplitude
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When the frequency of the input is increased the rate of change of the carrier is increased. The two
following images show the frequency change of the signal carrier. The first image being at the peak
of the input signal and the second being at the troth.
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Figure 26 low amplitude
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ADC test

The image below shows the set up of the system and Pico scope.

Figure 27 ADC test
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The ADC is set to 8 bit with an input frequency of 100HZ at 4v pk to pk. The wave form shows a good
representation of the analogue wave form with very little lag.
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Figure 28 8 bit 4v

The ADC is set to 4bit which makes the wave form worse giving rough edges and error in the PK to
PK value and on the smoothness of the wave form.
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Figure 29 4bit 4v

The number of bits of an ADC effects the smoothness of the waveform.

22




The input amplitude was set to 0 and the output is shown below.
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Figure 30 4 BIT ADC at 100HZ OV

The effect of changing the input amplitude at a low amplitude the ADC gives a rough version of the
wave form with pk to pk errors. This is set at 2v pk to pk (4bit)
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Figure 31 2v 4 bit

When the input is increased to 6v pk to pk the ADC goes out of range and cuts off the peaks and
troughs of the wave form. This is why it is important to have an ADC that is scaled for the
application. Otherwise an incorrect output is given.
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Figure 32 6v 4 bit

Quantisation is the scaling of the ADC. Theses are the increments that the ADC goes up in. it is ideal
to include as many as possible without cutting off the to and bottom of the wave form.

The resolution is the size of each vertical step. This is a constant with an ADC and should be specified
when buying an ADC for an application. If a low amplitude application then a high resolution is
required. If higher amplitude then a lower resolution is acceptable.
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Figure 33 resolution demonstration
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2 VP PK-PK 8 bit ADC a smoother waveform is given as the resolution is increased as more steps are
available. This helps on the smaller amplitudes
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Figure 34 2v 8 bit

6V PK-PK the scaling is still the same from increasing the number of bits so the scaling is still not high
enough for this application
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Figure 35 6v 8 bit
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The effect of changing the frequency of the signal of an ADC is now tested by having a start
frequency of 100hz at4vp-p
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Figure 36 4v 100HZ 8 bit

The waveform shows a good representation of the analogue waveform with very little lag

The frequency is increased by a factor of 10 so it runs at 1KHz
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Figure 37 4v 1KHZ 8 bit

The wave form is very rough with a lot of lag. This is due to the sample rate being to low.
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The frequency is again increased but this time up to 5khz. This has early signs of aliasing where the
waveform is starting to show a different wave form. Although the frequency is still the same of the
output at this stage
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5.001 kHz 4.999 kHz 5.001 kHz 5 kHz 8944 mHz 20 Whole trace
B Frequency 5.009 kHz 5.004 kHz 5.011 kHz 5.008 kHz 1.58 Hz 20 Whole trace

Figure 38 4v 5KHZ 8 bit

e B x

T ] 1 3 | Y ) (KRN LN Y pico

Cagtam Conml. | S

81.08Hz 20  Whole trace
B Frequency 7.403 kHz 7.401 kHz 7.405 kHz 7.403 kHz 918 mHz 20 Whole trace

Figure 39 4v 7KHz 8 bit
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B Frequency 10.73 kHz 10.73 kHz 10.73 kHz 10.73 kHz 1.134Hz 20  Whole trace
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Figure 40 4v 10KHz 8 bit

This is very bad aliasing due to a sampling rate that is too small. The sampling ideally needs to be at
least 2 times the frequency which is not the case in this example. The wave form begins to represent
an incorrect wave form which although still has the correct amplitude the frequency is 15 times less
on the ADC than the original input.
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Figure 41 4v 4KHz 8 bit

Increasing 500hz to 6khz
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Figure 42 4v 4.5KHz 8 bit
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Figure 434v 5kHz 8 bit
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Figure 44 4v 5.5KHz 8 bit
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Figure 45 4v 6KHz 8 bit
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A Frequency 9 kH: 97 kHz 347.2 Hz ‘Whole trace
B Frequency 7.115kHz 7.064 kHz 7.154kHz 7.121kHz 2459 Hz 20 ‘Whole trace
Figure 46 4v 7KHz 8 bit
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Figure 47 4v 8KHz 8 bit
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Figure 48 4v 9KHz 8 bit
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Figure 49 4v 10KHz 8 bit

This shows the steps of aliasing and the importance of the correct sample rate of ADC being used.
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5. Conclusions and Recommendations
The results show that the FM behaved as expected from the research where the amplitude
of the signal adjusted the frequency deviation of the carrier and the frequency of the signal
changed the rate of change of the carrier. It was proved that the calculations gave accurate
values to represent the sideband frequencies of the system and proved the system worked
correctly. ADC test results show a large difference between the 4-bit and 8-bit ADC where
their resolution of the 4 bit is very poor and gives bad representations of the analogue
waveform. The tests also showed the importance to have an ADC with the correct scale to
the application it is used for. This prevented parts of the wave form being cut off on systems
which had to large of an input signal and a poor conversion for systems which had too small
of an input signal. The sample rate appeared to be the most important factor of the ADC
where if too high of a sampling rate is used an necessary data is recorded from the system
but if too low of a sampling rate is used then the system will portray a different wave form
than is actually being inputted. The Nyquist criteria was proven as it was when the sampling
rate was under 2 times the maximum frequency that aliasing occurred.

A good further learning in this subject would be to look more into other types of data transfer
such as AM and develop a system that can transfer a signal across for analogue
transmissions. For the digital signals it would be useful to look into converting a digital signal
back into an analogue form for use with end devices such as a speaker or an actuator.

The assignment improved knowledge and understanding on data transfer on digital and
analogue applications. The importance of specifying the correct ADC was the biggest thing |
learned and how having the wrong one can give spurious values that don’t match the input.
On analogue communications | learned how sensitive an FM convertor is and how slightly
incorrect settings can communicate the incorrect signal message.
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ENGAGEMENT WITH LITERATURE

(

There was evidence of further reading and research




i#

and some in text referencing. Your references were
mainly appropriate to the task, however the
reference list was short and you should increase the
breadth of your research for future assignments.
Your referencing conventions were not consistent -
just use Harvard.There was a heavy reliance on
information gained from the course notes.

KNOWLEDGE AND UNDERSTANDING

(

i#

The knowledge and understanding of the subject
demonstrated by this assignment was generally
adequate. The circuits worked and the explanation
of how this was achieved was included, but only to a
descriptive level, there was little evidence of any
critical understanding. Your report lacked depth and
detail at times and didn’t really extend your
knowledge beyond that contained in the course
notes. Further work — Research results need to be
in much more detail and written in a more logical and
clearer way.

COGNITIVE AND INTELLECTUAL

16

[

Iﬁ

Your analysis of the task was mainly descriptive and
superficial and lacked a lot of the required detail.
Your conclusions were also mainly descriptive and
there were several instances of flawed
understanding. There was little evidence of critical
analysis with most results accepted uncritically as
fact and without explaining the underlying principles.
You did however demonstrate some basic analytical
skills and your approach to the task was logical.



PRACTICAL APPLICATION

[

yi

Your application of practical skills for this task was
generally adequate. You used the resources
appropriately when carrying out the experiments and
you used appropriate options for testing and
evaluating the circuit performance. You managed to
setup a circuit that functioned within the
specification and achieved this by only asking for
assistance when appropriate thus demonstrating
some basic problem solving skills. Your results were
adequate and allowed for a reasonable conclusion
to be attempted.

TRANSFERABLE SKILLS FOR LIFE

12

[

iﬁ

In this assignment you have demonstrated skills in
working individually and also collaboratively. Your
written report was generally good and contained
most of the required detail, it was also written in a
coherent and logical way. The available word count
was in the main effectively used.
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