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1. Executive Summary

pPasc € Pe
The repo ollow an investigation of the analogue and digital communication techniques.
The first section (Section 2) of the report will provide the research for the topic by using a
range of creditable sources to able the findings. The key areas Ee*es-ammﬁude—aﬂd
frequency modulation. This would then provide an understanding for the testing and analysis
of the behaviour of the responses in each experiment. The ADC converter was also
investigated this again gave the author an understanding of the behaviour and how they are
applied to everyday situations. By doing this, a sound knowledge was gained to provide an
overall analysis of the 4-bit and 8-bit converter, which was experimented on in the
experimental 2 section of the report. Section 3 of the report was an experiment to evaluate
the frequency modulation with a given carrier frequency (445 kHz) with an amplitude of
375mV. From this several theory methods were produced by using a technique to produce a
spectrum waveform. To check if the results were accurate a practical experiment was set up
to check each of the amplitudes. The second experiment (Section 4) involved analysing to
behaviour of the ADC converter. Two different types were investigated which were the 4-bit
and 8-bit. These would be analysed through different tests with a range of frequency inputs
to evaluate the changes. The final section of the report (Section 5) will have an overall
conclusion from what was learned from the report, and what the author can learned from the

research and experiments.
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2. Research into Analogue and Digital Communication
Systems and Techniques

2.1 Evaluation of Amplitude and Frequency Modulation Techniques

2.1.1 Amplitude Modulation Technigues

This is the process in which the wave signal is transmitted by modulating the amplitude of
the signal. This is most referred to as AM and is frequently used in transmitting a piece of

information through a radio carrier wave (Ju's, 2022).
This type of modulation is used in a few applications which include:

e Broadcast Transmission — AM is extensively used in broadcasting on the long,
medium, and short-wave bands. Reasoning being is that it is simple to demodulate
this means that the radio receivers are capable of demodulating amplitude
modulation which are cheap and easy to produce. This method is being reduced and
people are moving towards high quality transmission like frequency modulation
(Bharathuniv, 2022).

e Single Sideband (Figure 1) - HF radio links use the amplitude modulation in the
single sideband. By using the lower bandwidth and providing more effective use of
transmission of power this type of modulation is still widely used for point-to-point HF
links (Bharathuniv, 2022).

SR

NANANN
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—_—
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T = TIME

Figure 1 - Single Sideband (Shahjahan, 2020).



2.1.2 Frequency Modulation Technigues

The FM (Frequency Modulation) is the form of modulation in which the carrier wave changes
the frequency to correspond to direct changes in the baseband signal. This type of
modulation is considered as an analogue form of modulation, as the baseband signal is a
typical analogue waveform without the discrete, digital values (Instruments, 2022).

The modulation of the frequency modulation index in most cases is over 1 and usually

requires a high-bandwidth, with the range of 200 kHz. FM functions at a very high frequency

2022). XoT &4 mire® TO
ATHAL [AE QT

(1) /\ t
B g

SIANAAANAND
VVVVVVVVUY

(i) i

(i) Modulating signal
(ii) Carrier waveform
(iii) Frequency modulated signal

Figure 2 - Waveform of Frequency Modulation (Coach, 2(22).

Figure 2 is showing each of the waveforms. (i) is th§ g wave, is used to modulate

and to impress itself on the other two signals as they a he middle carrier (ii) is the
alteration of the carrier amplitude. This is the AM signal as it is an audible signal it wanes in
the amplitude and the carrier frequency remains the same. The bottom waveform (iii) is the

impressed upon the carrier by alteration of carrier frequency. The audible signal with FM

would rhythmically change frequency (warble) and the carrier loudness or amplitude will

remain unchanged (Gate, 2013). ?
é

Applications

Communication systems — touched on previously, the two types used are analogue and
digital frequencies. The data signal is continuously varying on the sine carrier wave. The

properties include frequency, amplitude, and phase. These are used to produce the AM, PM,
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and the phase modulation. The digital modulation works like analogue, the digital transmits
binary signals (0-1) (Heavy.Al, 2022).

Vibration Analysis — this is the process of measuring and analysis of vibration patterns with
signals and frequencies of machinery to detect abnormal vibrations and to analyse the
health of machines and the components. The process of demodulation can directly detect

modulation frequencies and can be used to recover infgrmation content from the modulated

carrier wave (Heavy.Al, 2022). C)ONT'E“"‘- “

2.2 Evaluation of the Development of Digital Communication Techniques

2.2.1 Analoque to Digital Converters (ADCS)

This component is very important when dealing with digital systems communicating with real
time signals. As the progress of IoT (Internet of Things) is ever more involved in everyday
life, the real-world/time signals must be processed by the digital systems to accurately

provide key information (Gudino, 2018).

An ADC is used when the need of an analogue sensors to communicate with a
microcontroller, it is not possible for a microcontroller to communicate directly as the
microcontroller only understands digital signals that are formed by 1’s and 0’s. Meaning that
this system needs an intermediate device that converts the analogue signals into digital for
the controller signals to understand. The integrated circuit (ADC) which can do this function
(Lakshan, 2020).

Continuous in time & Discrete in time & Discrete in time & Discrete in Time & Discrete in Time & Amplitude
Continuous in Amplitude Continuous in Amplitude Continuous in Amplitude Discrete in Amplitude Binary Form

oas | o P | [z E 1 o
s.nang SAMPLE HOLD QUANTIZE ENCODER §QE

ANALOG TO DIGITAL CONVERTER

Figure 3 - Block Diagram of an ADC (Technology, 2022).

Figure 3 is a typical block diagram, the sample block is where the analogue signal is applied
and where it is sampled to a specific frequency. The hold block is where the value is
maintained and held, which is an analogue value. The quantise block, is where the value is
guantised into a discrete value. The encoder will then convert the discrete amplitude into the

binary value (Technology, 2022).


Michael Hall


Michael Hall


Michael Hall


Michael Hall


Michael Hall


Michael Hall


Michael Hall


Michael Hall


Michael Hall


Michael Hall


Michael Hall


Michael Hall
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== Analog input
s Digital output ]
101+ : .

100 .
011

Amplitude/Value

010 : .
001+ 4

000t i | i | I i > . | -
0 0.1 0.2 0.3 04 05 0.6 0.7 08 0.9 1

Time (s)

Figure 4 - A Continuous Signal Turning into a Digital Signal (Angle, 2008).

Figure 4 is the best representation of what both signals look like. The analogue has a
continuous sequence throughout. These signals come from sound, temperature, light, and
motion. The digital value comes in the form of discrete values, the signal is broken down by

the determination of the time series or sampling rate (Gudino, 2018).

The sampling rate (also known as sampling frequency) can be linked to the ADCs speed.
The sampling rate is measured by samples per second (SPS) or frequency it would be Hz.
This shows how many samples can be taken within one second. More sampling the ADC

can produce the higher frequencies it can handle (Gudino, 2018).

2.2.2 PAM and PCM Techniques

Pulse Amplitude Modulation (PAM) - is the signal that is to be transmitted will be sampled
over certain intervals. The samples are made proportional to the modulating signals
amplitude. The PAM is mostly used for transmitting digital data and is widely used in

Ethernet communication (WatElectronics, 2020).

Equal intervals are used, and this is called the sample and hold method. The signal is read
and held for an instance. The value is then displayed in the waveform and is generalised
over a short period (Multiplexing, 2022).

Amplitude Amplitude
4 A

h

Time Time

a. Analog signal b. PAM signal

Figure 5 - PAM Response (Multiplexing, 2022).
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Pulse Code Modulation (PCM) — is a representation of the analogue signal which takes
samples of the amplitude of an analogue signal at a regular interval. The sampled analogue
value is changed to a binary value (Gartner, 2022).

Sine Wave
Input

_ THLTLM L o
Output

Figure 6 - PCM Response (Tutorialspoint, 2022).

Figure 6 is the PCM is showing the output and from this the analogue information is put into
a binary sequence and the response is showing this (Tutorialspoint, 2022).

The advantages are that it is very good over long-distance communication, efficiency of the
transmitter is very high and higher noise immunity. Disadvantages include bandwidth is very
high and the complexity of the process with encoding and decoding of the quantisation
circuit (BYJU's, 2022).

2.2.3 The Digital Communication Synchronous Digital Hierarchy (SDH)

Synchronous Digital Hierarchy (SDH) is a group of fibre optic transmission rates which
transport different type of signals with different capacities. This type allows a low-bit rate

data streams allowing a combination of high-rate data streams (Zola, 2022).

The functioning of SDH is that it combines the n signals with a bit rate of b and to from data
streams by n x b on the synchronously clocked network. This is inserted in higher hierarchy

levels and then removed, again use via add and drop (NFON, 2022).

i x1 x1 ATM 143780 xbit's
m.,,,.. : Cd [#m ey 13026 knivs
X x
X

\ (ANS))
«7 X

Figure 7 - SDH Diagram (Chapman, 2019).



3. Experimental Method for Experiment 1

3.1 The Set-up of the Experimental Procedure

el
D) B
va\r_.x | e,  ER=bsX
‘s@-—.jj—@} - o
-\‘t = I} L
f: Yomal Sowrce 1208 C it -
%
A
3
- —— oureur @)
( O) L\—w@—f
\

Figure 8 - Experiment 1 Set-up

Firstly, the mathematical part of this experiment was completed to ensure the modulation
index would be found, and from this the coefficients could be found (Section 3.2 and 3.3).

Shown in Figure 8 is the configuration of the equipment, by connecting a power supply to the
module, then to the signal source board and connected to a Picoscope which gave the
results for each of the tasks. The first task was to set-up the frequency modulated signal by
setting to Channel A. This gave the frequency and the peak-to-peak measurements. To
display the spectrum waveform, the Picoscope was set to spectrum analyser mode. The

scales were to set linear to get an accurate result for the waveform.

10


Michael Hall


Michael Hall


Michael Hall


Michael Hall


Michael Hall


Michael Hall


Michael Hall


Michael Hall


Michael Hall


Michael Hall


Michael Hall


Michael Hall



3.2 Determine the Maximum Frequency deviation and Modulation index

Maximum frequency deviation (Af)
Af = 20kHz x 2 = 40kHz

Modulation Index (mf)
S AYE
Af 40 )ToS
mf—E—E—‘l’M A momns

3.3 Using a Bessel Table Calculate Required Amplitudes and Produce a Spectrum Wave

The Bessel table (Table 1) this was to work out the amplitudes at different frequencies. As
the modulation index was 4kHz these carrier values were used to calculate each of the
amplitudes at different frequency points.

Modulation Sideband
index Carrier 1 2. | 3 [l | 5 6 7 (8|9 |10|1|12|13|14|15]| 16
0.00 1.00
0.25 0.98 012
0.5 094 024 003
1.0 077, 044 011 0.02
15 051 056 023 0.06 0.01 Appa_,t)(.*ﬁ
2.0 0.22 058 035 0.13 0.03

2.4 0 052 043 020 0.06 0.02
25 -0.05 050 045| 0.22 0.07| 0.02' 0.01
3.0 -0.26| 0.34 049] 031 0.13| 0.04 0.1
4.0 -0.40 -0.07| 0.36| 043 028 0.13 0.05/ 0.02
5.0 -0.18/ -0.33| 0.05| 0.36 0.39| 0.26/ 0.13| 0.05/0.02
Table 1 - Bessel Table (Andy, 2013).

As the carrier amplitude was 375mV, this was then multiplied by the carrier values in the
Bessel table to give the following coefficients. The modulation index determines the number

of coefficients, and the carrier will determine the amplitude of the carrier.

455 kHz=EC xj0=3.75x10-3 0.40=150mV
445 & 465 kHz=EC xj1=3.75 x10-3x0.07=26.25mV

435 & 475 kHz=EC xj2=3.75 x10-3x0.36=135mV
425 & 485 kHz=EC xj3=3.75 x10-3x0.43=161.25mV

415 & 495 kHz=EC xj4=3.75 x10-3x0.28=105my  JJppa™ =
405 & 505 kHz=EC xj5=3.75 x10-3x0.13=48.75mV
395 & 515 kHz=EC xj6=3.75 x10-3x0.05=18.75mV

385 & 525 kHz=EC %j7=3.75 x10-3%0.02=75mV

11
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From these values a table was formed and from this the spectrum wave can be analysed.

Frequency | Amplitudes
385 7.5
395 18.75
405 48.75
415 105
425 161.25
435 135
445 26.25 DIN.
455 150 A” pe
465 26.25
475 135
485 161.25
495 105
505 48.75
515 18.75
525 7.5

Table 2 - Amplitudes

Table of amplitudes (Table 2) is showing the values that were calculated and from this the

spectrum wave graph can be executed.

180

160

140

120

100

mV

80

60

40

20

Amplitudes
161.25 161.25
105
48.75 48.75
26.25 26.25
18.75 18.75

7.5 7.5
|

385 395 405 415 435 445 455 465 475 485 495 525

Frequency (kHz)

Figure 9 - Spectrum Wave

By plotting the graph (Figure 9) this can now determine the spectrum wave performance.
The bandwidth is calculated by 525 — 385 = 140 kHz. From this response it is evident that

the greater Modulation Index, the more sidebands it will have. By using the calculated

values, a comparison with a real time response can occur and compare each outcome.

12
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4. Testing, Results and Analysis for Experiment 1

4.1 Practical Activity to Confirm the Calculated Results

f,f_'"m //_"W I/_”'"_”_W T R

H00
[r]

Frequency - - Whole trace
Peak To Peak - - - - Whole trace
Frequency 4184 k.. 4184 k.. 4878k. 453kHz 352kHz 20 Whole trace
Peak To Peak 748.7 .. 748.7.. 7532.. 751mV 2301TmV 20 Whole trace

= = o

Figure 10 - 2V Peak to Peak Frequency

Figure 10 is showing the input of 2V this shows a narrow bandwidth, but the frequency has

an average of 453 kHz.

Capture Count. | Spar

Frequency Whole trace
B Peak To Peak |--- - [--- |--- ‘Whole trace
A Frequency  5195k.. 3839k. 5202k. 451.7k.. 69.63kHz 20 Whole trace
A

Peak To Peak 748.7.. 748.7.. 757.7.. 750.7.. 2713 mV 20 Whole trace

Figure 11 - 4V Peak to Peak Frequency

Figure 11 is showing the 4V input which has produced a lower average frequency which is
451.7 kHz. Little changed has occurred with doubling the input.
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Whole trace

--- --- Whole trace
Frequency  350.5 k.. 3503 k.. 551.3 k.. 460.7 k.. 1023 kHz 20 Whole trace
Peak To Peak 748.7.. 7487.. 7532.. 751mV 230TmV 20 Whole trace

Frequency

B
B Peak To Peak
A
A

Figure 12 - 6V Peak to Peak Frequency
By increasing the voltage by another 2V (Figure 12) has produced a greater carrier wave

frequency.

From the above responses it is evident that the signal change will produce a greater carrier
frequency. By increasing the input, it does not change the carrier wave amplitude. This
shows that the research is correct as the amplitude of the modulated wave stays the same.

200.0
1500
100.0

50.0

_;‘*.n.ﬁ._a_ﬂ.f\ﬂﬁ ]l n--J._Iﬂ!\.ﬁ.ﬂlnﬂnnﬁn nnnnn

300.0 400,00 500.0 6000

Figure 13 - Pico scope Response (Spectrum Wave)

Figure 13 is showing the Pico scope response of the spectrum wave. Carrying on from the
other task the Pico scope was set to “Spectrum Analyser Mode” and the output of the
modulation generator was set to 2V peak — peak. By linearising the scale, the graph
produced was very similar to the calculated. The sideband amplitudes are very accurate and

show the same trend as the calculated. _ NkKE
o coMmPNEE P
2" Bt
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5. Experimental Method for Experiment 2

o

O T = 1
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[
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Dats Source 52200=4

Figure 14 — Experiment 2 Set-up

Figure 14 is the experimental set up for the ADC this will involve several procedures to
analyse the performance and behaviour of this type of conversion. The Pico scope will be
used again in this task to analyse each of the responses. The specification of this type of

ADC is that the range is 5V P-P and a sampling rate of 10,000 samples/second.

By using the Feedback Ltd experimental kit, the first set-up was to set the ADC to 4-bit and
8-bit. A comparison was made to see the difference responses and the effect by having a

different number of bits.

The second part of the experiment was set if the frequencies were held at a constant. By
setting the kit to 4-bit and 8-bit this will have different input amplitudes to monitor the change

of the different frequencies and how each perform.
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6. Testing, Results and Analysis Experiment 2

6.1 Differences between the 4 Bit and 8 Bit Converters

[)i\‘()

Sheae

[ ]
r%m-»: bW [Tigge Ao <« AP A~ loE w4 s || e 0N R e | Ruders (0 docees 1Y

Figure 15 — 4-Bit ADC

The first ADC was the 4-bit (Figure 15) this was completed by setting the ADC to 4-bit.

Analysing the performance, the evidence shows that the 4-bit has a more stepped digital

signal (Red response). The analogue signal has stayed cautious without much interruption. 'Z

The resolution of this response is low.
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Figure 16 - 8-Bit ADC

The ADC was now set to 8-bit (Figure 16) this is showing a similar analogue signal as the 4-
bit, but the resolution is slightly better. On the other hand, the digital signal (Red response) is
far better than the 4-bit digital signal. (. HVAT Do 3 ' perre’ e

The difference between hawo are evident and this is down tg_the ré&solution of the 4-bit in

one part being 15 | and the 8-bit in one part is 255 he unknown continuous

analogue signal is conve into “n”-bit which is the binar;u:\}lmber of 2n bits. This is what

the analogue digital converter doéso achieve this resoluti

No 13 o HAT

7 HETE
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6.2 The Effect of Changing the Frequency of the Input with Amplitude Held Constant
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A eque A 900 A OO0 4.998 808 0 ole ace
B Frequency 5 kHz 4,999 k... 5.001 k... 5kHz 382 mHz 20 Whole trace
Running bl @ | Tigger Ao~ || A ~ |l [ [« [osaemv [ || [ [0 [0 )R« + | Measurements (23 (2 (3 | Ruters (3 Notes &3

Figure 17 - 5 kHz Input
The second part of the ADC testing is to look at the change in frequency input. The 8-bit
ADC will be used in this test. The set frequency is 5 kHz (Figure 17) this shows the response

being steady regarding the digital wave.

e |y 2 g [[Joowen ~v]|[aJes ][] a2 |» @ a0 DRm Qe s 98 pico
A (a]mae < Tv]loc = [ s [afame - To][oc ~ || ny]

egue 6.149 6.148 o] 6.149 80 0 ole ace
B Frequency 3.987 k... 3.346 k... 4.275k.. 3.895k.. 239.1Hz 20 Whole trace
Rl-mlng‘_}_l Tigger Aute v | A + |£\ \c|9@amv|»jl|<‘so% ‘v]& 4 + | Messurements £ (= (3| Aulers [ Motes (3

Figure 18 - Above 6 kHz Input
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When applying above a 6 kHz input (Figure 18) the distortion really occurs with the digital
output having greater steps. The analogue input stays consistent again. This example shows
a great amount aliasing as the image is greatly different from the original.
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Figure 19 - Above 7 kHz Input

Setting the input frequency above 7 kHz (Figure 19) this is showing the sampling rate is very
slow and the signal frequency is much higher (the wider waves in blue). Showing a
reconstruction of the original image is not possible, the digital output signal (red response) is
not as close to the original meaning that the sampling rate is not matching to keep up to date
with the analogue signal. This is another example of aliasing.

6.3 The Importance of Matching the Amplitude of the Input signal to the Range of an ADC

By matching the input signal, it will provide an ideal ADC. From the testing it is evident that
the bandwidth is mainly characterised by the sampling rate. As the larger the signal
frequency the slower it is. When the ADC is functioning to its capability the ENOB (effective
number of bits) are equal. By matching the amplitude and signal gives a better digital output

meaning a better resolution and better quality of signal.
Yoo wavesT  REAt
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6.4 The Relationship between the Input Signal Frequency and the Sampling Rate of the
ADC

The practical experiment shows that the sampling rate depends on the clock frequency. By
increasing the sampling rate, it increases the overall conversion and making it more
accurate. The importance of having this relationship between the two is that choosing the

correct input frequency will determine the functioning of the sampling rate and resolution.

6.5 Investigation into the Validity of the Nyquist Criterion

gegcow
This method requires the sampling rate to be twice the required input siqjal and if this does |
not occur the signal will be lost. By decreasing the sampling frequency by twice the amount | (yucews =
of the analogue signal, aliasing will occur. From the results (Figure 19) this is evident this ?

theory is accurate as the frequency was increased to almost double and the output signal

was getting lost which was Channel B in this task. —J
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7. Conclusions and Recommendations

To conclude the report, several findings were sourced and analysed. This was through the
method of research and practical elements. The first section was the research part of the
assignment, from this an understanding for the tasks were gained. The FM modulation was
analysed, the behaviour was that the carrier wave changes its frequency to correspond with
the baseband signal. This point was then applied to the testing as this gave an | ~po

1

understanding on how this type of modulation functions. Another section of research was o
: . o : : : : ALt
looking at digital communication techniques and the main point from this was the ADC D

converter. The learning from this is that it performs a key role in digital systems and
communication with real time signals. With the introduction of industry 4.0 and the IoT being
more evident this would play a major part any future communications. Also, the waveforms

were discussed for the ADC, and this could give the author an understanding of the

behaviour when analysing in Experiment 2. Overall, the research showed what each
modulation does through practical and application. Both are widely used in communication
including transmission links. The first experiment was to analyse the frequency modulation,
the calculations provided the foundation to compare with the practical. The practical results
shown that the theory was accurate in comparison. The peak-to-peak experiments showed
that increasing the input voltage would increase the size of the bandwidth. With assistance
from the research, it shows that this occurs, and the modulated wave stays the same. When
each of the peak-to-peak were investigated, the spectrum waveform was produced. A
comparison was made with the calculated and practical. Both waveforms were accurate as
they were very similar and from this it is evident that the greater value for the modulation
index would give more sidebands. When calculating the modulation index the value will give
an insight into how the waveform would behave before using the Bessel table. From this is
experiment it is clear the signal would rhythmically change frequency and the carrier
amplitude would stay the same. This shows that the research was correct, and the practical
element proved this theory. The second experiment was involving two types of ADCs which
were 4-bit and 8-bit. Looking at the two results the operating of the 4-bit had a low accuracy
as this only has 16 levels on the output. By increasing the bits (8-bit) more levels are
achieved which had 256 levels, meaning good accuracy. The taking from this is that the
optimum quantisation and resolution is achieved by the 8-bit ADC as the most levels
improves the accuracy. The second part of this section required to analyse the 8-bit with the
effect of changing the input frequency and keeping the amplitude constant. From the results
it is evident that sampling theorem was proved, as the increase in the input frequency

decreased as the 5 kHz input was at the maximum operating limit. When the input frequency
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was increased to 6 kHz the output frequency decreased to 2kHz. The findings show to
optimise the ADC as it should sample twice input frequency. When comparing experiment 1
with the research it shows that the frequency carrier waves change and corresponds with the
baseband signal. This was evident as the narrow bandwidth occurred at low frequency and
the more input being applied gave a greater bandwidth. The second experiment when
comparing with research is that the greater sampling rate on the ADC handles the frequency
better, by applying more bits (8-bit in the experiments case) the better accuracy. Overall, 7

what was learned is that frequency modulation requires a high frequency to perform best. An

ADC relies on a high number of bits to achieve the best accuracy.
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