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1. Research

For both methods of modulation these are the components seen below that are
needed to do so.
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Figure 1 Modulation components

(ROHM, 2020)

Amplitude modulation

Amplitude modulation (AM) to change the amplitude of the carrier, the power level or the
voltage of the message is increased or decreased. Throughout this process the frequency of
the carrier keep constant. Without any modulation the carrier wave is transmitted by itself,
when a sine wave of the message is applied it then increases and decreases in accordance
to the message. These principles can be seen in the figure below. (direct, 2021)
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Figure 2 Amplitude modulation
(direct, 2021)
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Figure 3 AM with 100% modulation

(academy, 2023)

AM is the cheapest option of two modulation options. From using lower carrier frequencies,
AM is able to transmit audio signals over long distances. There are some disadvantages to
this method, as there could be noise on the amplitude, this can modulate the signal, which is
interference. (academy, 2023)

Amplitude Carrier

Lower sideband Upper sideband

. n | oF Benl®

il s, -

Bandwidth is twice the Frequency
maximum audio frequency

Figure 4 Sideband

(EDN, 2022)

When at 100% modulation. There are two sidebands either side of the carrier. These
sidebands can absorb 35% of the power. (EDN, 2022)
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Amplitude Modulation
Disadvantage Advantage
The use of bandwidth is inefficient The method is cheap
Detectors can pick up noise interference The form is straightforward
The power consumption is inefficient The circuit is simple to build

(academy, 2021)

Frequency modulation
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Figure 5 Frequency modulation

(ByJus, 2023)

The method of frequency modulation uses a carrier wave similarly to AM but uses the
frequency of the carrier for the information of the incoming signal. As this was modulated by
the transmitter, in line with the incoming signal, the carrier wave’s frequency increases and
decreases. (notes, 2023) Depending on the deviation, this signal depends on this. The
maximum deviation signifies the maximum distance the FM wave can be from the initial
frequency. Frequency modulation has a higher efficiency, because the modulation index is
directed by which signal can be modulated, which can be bigger. However, there is a
compromise between performance and efficiency, as from increasing the level of modulation.
This in turn increases bandwidth. Where signal levels can vary such as in mobile applications,
the frequency modulation method has a resilience to static/ interference. (IOP, 2023)
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Frequency modulation

Disadvantage Advantage

The demodulator can be more complex than | The transmitter modulation can be employed

amplitude modulation at a lower stage
Filters are often needed Can deal with noise better than AM
Spectral efficiency can be lower differently to Able to use nonlinear amplifiers
other forms

(Petervis, 2023)

Comparison
AM FM
Uses a sine wave, but amplitude changes Uses a sine wave, but frequency changes
and frequency are persistent and amplitude are persistent
Operates at 450-1750 MHz Operates at 75-110 MHz
Can be prone to noise Can deal with noise better.

(wireless, 2023)

Analogue to digital converters

The variables related to the ADCs quality are sampling frequency, resolution (samples per
second), Analogue to digital convertors exist in different simple architecture, however many
variations exist for each variation. Different ADCs are needed for different types of test
equipment. An example for this is an oscilloscope., it needs high digitising speeds but can
sacrifices resolution. Some PCS’s plug in digitisers is a bit slower but provides better
resolution. (DEWE, 2023)
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Figure 7 ADC comparison chart
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The figure above shows the ADC comparison chart. It shows the relationship between the
sampling rate on the X axis and resolution on the Y axis. It is clear to see from the chart that
there is an overlap between architecture of ADCs. This indicates their relevance for several
applications. Nonetheless, to select the most appropriate ADC the key factor such as required
resolution and sampling frequency are important. (Arrow, 2022)

According to (Spectrum, 2023) ,"Digitizers convert the samples of an analogue signal into
digital values using analogue to digital converters (ADCs). The resolution of the ADC is the
number of bits it uses to digitize the input samples. For an n bit ADC, the number of discrete
digital levels that can be produced is 2n. Thus, a 12-bit digitizer can resolve 212 or 4096 levels.
The least significant bit represents the smallest interval that can be detected and in the case
of a 12 bit digitizer is 1/4096 or 2.4 x 10-4.” The higher resolution used the more accurate the
ADC is; however, this compromises the processing power. This may conclude in slowing down
the ADC and cause interference. When considering which ADC resolution to select, a
consideration into how much processing power is available is needed.

8 Bit 256:1 3.92mv
10 Bit 10241 0.98 mV
12 Bit 4096:1 0.244 mV
14 Bit 1638411 61 v

16 Bit 65536:1 15 pv

Figure 8 ADC resolution steps
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2. Planning and Reflection

The assignment’s purpose is to research and identify methods of modulation and analogue to
digital converters and understand them. These systems are typically used in modern
manufacturing industries. There will be multiple tests taken. The system is in Coleg Sir Gar
will be researched and modified; this is in room G8 in the college. When working as a team,
all genders and ethnicities will be respected. How to evaluate, design, implement and test
ADCs and modulation using Mulltisim has been understood after conducting the assignment.
And the effect of changing certain parameters will affect the characteristic of the adc.
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3. Experiment 1 Method - Frequency Modulation

Test 1

The values given for the assignment are below.

Frequency modulation
Symbol Value
Frequency carrier Fc 455 KHz
Carrier amplitude Ec 375 mA
Frequency of Fm 10 KHz
message
Amplitude of the Em 2V
message

The calculation for maximum frequency deviation is below.

Afc =Emx (fmx Em) = 2x (10x10% x 2) = 40KHz

The maximum and minimum frequency and modulation index calculations are below.

fmax = fc+ Afc = 455 KHz + 40 KHz = 495 KHz
fmin = fc+ Afc = 455 KHz — 40 KHz = 415 KHz

_ Afc 40KHz
~ fm  10KHz

The coefficients from the Bessel table below are used to calculate the amplitude

values.
Modulation

index  Carrier
0.00 100
0.25 098
0.5 0.9
1.0 077
1.5 051
20 022
PR 0
2.5 -0.05
30 -0.26
40 -0 40

012
024
044
056
058
052
050
034

-0.07

003
on
023
035
043
045
049
036

Bessel Function Tablel

002
006
013
020
022
0N
043

0o
0.03
006
o.o7
013
028

Sideband

5 6 7 8.9 W0 N 12 3 4 15 W
Figure 9 Bessel
table

002

0oz o0

004 001

013 005 002

The eight coefficients have been taken from modulation index 4.
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jO=375x10"3x — 040 = —0.15
j1=375x10"3x 0.07 = 0.0263
j2=375x10"3x 036 = 0.135
j3=375x10"3x043 = 0.161
j4=375x107%x0.28 = 0.105
j5=375x10"3x0.13 = 0.049
j6=375x107% x0.05 = 0.019
j7=375x10"%x0.02 = 0.008

Below is the calculation for the bandwidth.

BW = (Frequency Amplitude values x 2) x Fm = (7x 2) x 10 KHz = 140 Khz

Calculated value
180

1613 161.3
160

140

150
135 135
2 105 105
10
48.8 488
263 %63
18.8 18.8
7.5 II II 7.5
, = o

o

@
o

[*1]
(=]

N
o

rN
o

385 395 405 415 425 435 445455 465 475 485 495 505 515 525

W Amplitude mV
Figure 10 Calculated FM values
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Figure 11 Equipment for FM test

Test 2

The values given for the assignment are below.

Frequency modulation

Symbol Value
Frequency carrier Fc 455 KHz
Carrier amplitude Ec 375 mA
Frequency of Fm 5 KHz
message
Amplitude of the Em 2V
message

The calculation for maximum frequency deviation is below.

Afc =Emx (fmx Em) =2x (5x10% x 2) = 20KHz

The maximum and minimum frequency and modulation index calculations are below.
_Afc 40KHz g

Sensitivity: general
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The coefficients from the Bessel table below are used to calculate the amplitude

values.
Bessel Function Tablel
Modulation Sideband
index 'Cagrior 1 2 3 4 5 6 7 89 10 " 12 13|14 15 1%
0.00 1.00
0.25 098 012
0.5 0% 024 003 Figure 12
1.0 077 044 011 002 Bessel table
15 051 056 023 006 009
2.0 022 058 035 013 003
2.4 0 | 052 043 020 006 002
2.5 -005 050 045 022 007 002 001
3.0 026 034 049 031 013 004 009
40 040 -007 036 043 028 013 005 002
5.0 -018 -033 005 036 039 026 013 005002
5.53 0 |-03 -013 025 D40 032 019 009003001
6.0 015-028-024 011 036 03 025 013006002
1.0 030 000-030-017 016 035 034 023013006002
8.0 017 023 -0 -029-010 019 03 032022013006 003

The eight coefficients have been taken from modulation index 8.

j0=375x10"3x0.17 = —0.06375
j1=375x1073x0.23 = 0.08625
j2=375x10"3x—0.11= —0.04125
j3=375x10"3x—0.29 = — 0.10875
j4=375x10"3x — 0.10 = —0.0375
j5=375x10"3x0.19 = 0.07125
j6 =375x 1073 x 0.34 = 0.1275
j7=375x10"3x032= 0.12

j8 =375x 1073 x 0.22 = 0.0825

j9=375x10"2x0.13 = 0.04875
j10 =375x 1072 x 0.06 = 0.0225
j11 =375x 1073 x 0.03 = 0.01125

13
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Below is the calculation for the bandwidth.

BW = (Frequency Amplitude values x 2) x Fm = (11x 2) x 5KHz = 110 Khz

Calculated value
140
1275 127.5
120 120

120
108.8 108.8

100

82.5 %3 o 82.5

&0 71.3 713
63.8

60
48.8 48.8

40
22.5 225

20 4935 11.25

0
400 405410 415 420 425 430 435 440 445 450 455 460 465 470 475 480 485 490 495 500 505 510

Figure 13 Calculated FM values
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4. Experiment 2 Method — Analogue to Digital Conversion

v A = "ﬂl\\‘

Figure 14 ADC test setup

The test board includes the ADC which can vary from 8-bit and 4-bit. The conversion can be
seen through the Picoscope.

The test will outline the differences in the quality of conversion between 4-bit and 8-bit
convertors. It is important to match the amplitude of the input signal to the range of an ADC.

The test board had a sample rate of 10,000 samples/second and Range = 5Vp-p

The testing will also show the relationship between the input frequency and the ADC sample
rate and the Nyquist Criterion validity.

15
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5. Results

Frequency modulation

Test 1
2-volt peak to peak 10kHz message wave (test 1)

5 pass 8 =
e [ Jew  Aesssrent.  Jook  bHep L
e m i a[(oww o) [lms o]l wen @] 0 PNOGR& DA pico
O TorrEaocE —
e - | T erere— ey
| s
1 1 |
I S ——— b 1 L
Whole trace
Peak To Peak 202V 202V 2038V 2022V 5636mV 20 Whole trace
B  Frequency 10.51k. 1051k. 1051k. 1051k. 4352.. 20 Whole trace

reees [ [T e~ |28 - SIS ey eI et @ @ e @ e D

Figure 15 FM test 1

Carrier wave centre frequency of 455kHz, 32kHz deviation (test 1)
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R e e
I|I [ II

m l} || |( \ {' \ | |'

A

e ( ‘ / \ | ‘ || II

= O Coptwt et | e
448 kHz 3247 k... 20 Whole trace
B Peak To Peak - - - Whole trace
B Frequency s s - = Whole trace
o W [ Tawe s - |2]|% - S]] Pl a8y b | sty ([ 3 0 #des ) ot

Figure 16 FM test 1
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Frequency spectrum (test 1)

s - 8 x
D [ Ywen  Masswrent ook e
wcnfll i+ al[Jowe -1 wen v @[fe iaeassaal pico
O D PR CEE D e
= e
- [
[
.
[
[
[
o .
[
[
o [
[
[
[
o 1
[
[
380 | |
[
[
o : :
[
[
|-t
[
[
[
[
[
}

e fos il 1
-

-

Tuesn b W T bt - B8 - | [% S| t]] [ Ry v ] aees

Figure 17 FM test 1

454.8 kHz 465.0 kHz 10.14 kHz g Figure 18 FMtest 1
61.14 mV 1513 mV 460 mV 6

Test 2
Carrier wave at 5kHz

A Restcopat - 8 x
[N ey 1
MO nem <o ll[a]ws Tef[la] wen <,J e aas=s pi.L‘.O
aafa o T ]ioc - [[8,[« o - [s] | ] —
w0
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oan

] {x"T A — [
— | |

Whole trace
B Frequency - - --- - Whole trace
A Frequency 421.5kHz 421.5kHz 488.2 kHz 448.5kHz 31.75k.. 20 Whole trace

Figure 19 FM test 2
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Message Frequency changed from 10 to 5kHz
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Figure 20 FM test 2

Frequency spectrum.
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Figure 21 FM test 2

4499 kHz 4549 kHz 5.074 kHz b

13.09 mV 25.86 mV 12.76 mV b

Figure 22 FM test 2
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ADC
The figures below show the difference between the 4-bit and 8-bit converters. With a input
frequency of 100 Hz and peak to peak voltage of 4 V

Bran 2 a|foe Tl L wee @] 0 PEaaEas9]a pico
nlalame ~LE)C - |IBaltlame = LEdec * ||

A 101.2 Hz 394 mHz 2 Whole trace

A Peak To Peak 3981V 3981V 4026V 3993V 1986mV 20  Whole trace

B Frequency 101.3Hz 101Hz 1013 Hz 101.2Hz 130 mHz 20 Whole trace

B Peak To Peak 3.88V 388V 388V 388V ov 20 Whole trace
Figure 23 4-bit ADC

Bn || # @[ e o] [a]me [3)|[] waw [+j@f«[ [P0 an s 9 |e pico
7 s O P e O -
B :

101.2 Hz 24.78 mHz 20 Whole trace

Frequency 1013 Hz 101 Hz 101.3Hz 101.2Hz 1214 mHz 20 Whole trace
Peak To Peak 4106V 4106V 4151V 4108V 101mV 20 Whole trace

A
A PeakTo Peak 3981V 3981V 3981V 3981V 0V 20  Whole trace
B
B

Figure 24 8-bit ADC

The images above show the 4-bit and 8-bit converters and their waveforms. The two follow a
sine wave which is the input signal. Despite this the 8-bit ADC performs well as it follows and
matches. The two have a square wave characteristic.

19
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The figures below show the effect of changing input amplitude 100Hz from 4V peak to peak
to 6v peak to peak. The test was done in increments of 2V peak to peak. Using a 4-bit ADC.
However, the figure below shows some errors due to inaccuracies with the Picoscope.

pico

13.86 Hz Whole trace
Peak To Peak 199.5 mV 197.7 mV 2139 mV 205 mV  5.099 mV Whole trace
Frequency 101 Hz 1007 Hz 2349 Hz 1258Hz 33.72Hz 20  Whole trace
Peak To Peak 374.1 mV 369.6 mV 540.9 mV 402.5 mV 6143 mV 20 Whole trace

Tareirg b @ | Trggw lutr = || % - || [0 |unew| v ][e s v ]m + | Mimrsserrts ([ @ 3] Mo 2 et 3

Figure 25 4-bit 4 p-p amplitude

N R T 3 0 T ) | Y T ) AT O N Y ST,

Whole trace
A Peak To Peak 6.129V 6.129V 6.129V 6.129V 0V 20 Whole trace
B Frequency 101Hz 101Hz 101Hz 101Hz 17.04 mHz 20 Whole trace
B Peak To Peak 4918V 4873V 4918V 4895V 2317mV 20  Whole trace

heoer [ B T s - ] % - | e P Lt | Mooty @ @ 3| b D et D

Figure 26 4-bit bottoming out

The figure above shows the effect of the ADC’s range being exceeded. Which is 0-5V. As the
input reaches over 6V. The signal is clipped and bottoms out.
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The figures below show the effect of changing input amplitude 100Hz from 4V peak to peak
to 6v peak to peak. The test was done in increments of 2V peak to peak. Using a 8-bit ADC.
However, the figure below shows some errors due to inaccuracies with the Picoscope.

w2 [ [sme < [o]|[+Jws s]|[s] maz |+ @ 0 Diamaasas I'\ig_‘\)

A Whole trace
A Peak To Peak 185.1 mV 185.1 mV 224.6 mV 201.9mV 9.551 mV 20 Whole trace
B Frequency 3717 Hz 37.17Hz 2303 Hz 151.2Hz 4024Hz 20 Whole trace
B Peak To Peak 351.6 mV 189.3 mV 365.1 mV 2752 mV 49.8mV 20 Whole trace

fin e |l 2 & |[me =R PR E el e s s 2l pico

A 101.8 Hz 25.26 mHz Whole trace

A Peak To Peak 6.039V 6.039V 6039V 6.039V 0V 20 Whole trace

B Frequency 101.8Hz 101.8Hz 102Hz 101.9Hz 108.9 mHz 20 Whole trace

B Peak To Peak 5.189V 5189V 5189V 5189V 0V 20 Whole trace
Forning b W | Tiggw na = @[+ g [a [mim ][0 us [0 |m e L

Figure 28 8-bit bottoming out

The figure above shows the effect of the ADC’s range being exceeded. Which is 0-5V. As the
input reaches over 6V. The signal is clipped and bottoms out. However, every sample withing
range has been quantised.

The results from the over range testing shows that when the signal amplitude is increased, it
is over the equipment capability. This shows that when choosing an ADC for a specific
application, the matching of signal amplitude with the ADCs range is paramount. If not, some
of the signal will be lost.
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The testing for the investigation into the relationship between the input signal frequency and
the sampling rate of the ADC is important and consequently investigate the validity of the
Nyquist Criterion can be seen below.

I D | pico

e e i
Peak To Peak 3.981V 3.981V . 3.995V

Frequency 102 kHz 1.019k.. 1.02kHz 1.02kHz 2378 mHz 20 Whole trace
B Peak To Peak 4061V 4015V 4106V 4067V 221mV 20 Whale trace
B  Freguency 1.034 k... | 1kHz 1.034 k.. 1.022 k.. 16.6 Hz 20 Whole trace

bunning b W [ Tigge baan = | 2|8+ gl | [0 [ [ ||[a s |6 | I

Figure 29 Effect of changing the input frequency in 1TkHz at 1KHz
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Peak To Peak 4.026V 3.937V 4.026V 29.06 mV 2 Whoale trace
A Frequency 4.022k. 4017 k. 4024k. 402kHz 1964Hz 20 Whaole trace
B Peak ToPeak 3.745V 3.745V 38925V 3824V 6014mV 20 Whole trace
B Frequency 4.001k. 4kHz 4285k.. 4111k. 1384Hz 20 Whale trace

roers QW | T o < ] % < gL B Lt | Merees @ @ @] 4o 3 n D

Figure 30 Effect of changing the input frequency in TkHz at 4KHz
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Peak To Peak 3.981V 3937V 4.026 V 3986V 3216 mV Whole trace
A Frequency 7.013kHz 7.009 kHz 7.022 kHz 7.016 kHz 2975Hz 20 Whole trace
B PeakToPeak 379V 3158V 4106V 3835V  1925mV 20 Whoale trace
B | Frequency 3.323 kHz 2.513 kHz 3.326 kHz 3.158 kHz 3304 Hz 20 Whole trace
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Figure 31 Effect of changing the input frequency in 1kHz at TKHz
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Peak To Peak 3.981V 3937V 4026V 3963V 2681 mV 20 Whole trace

A

A Frequency 10kHz 9997 kHz 10.01kHz 10kHz 2393 Hz 20 Whole trace
B Peak To Peak 90.33mV 4501 mV 9033 mV 67.85mV 1964 mV 20 Whole trace
B Frequency - --- --- --- 20 Whole trace
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Figure 32 Effect of changing the input frequency in 1TkHz at 10KHz

The four figures above show the input frequency and the effect it has on the sampling
of the ADC converter.
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6. Analysis

Frequency modulation

The readings taken from the frequency modulation frequency spectrum match, however there
are discrepancies with the amplitude levels in test one and two. It was measured in test one
at JO the amplitude level was 61.14 mV, differently to the 150-mV calculated. Also, J1 was
measured at 15.13 mV where it was calculated as 26.3 mV. It was measured in test one at JO
the amplitude level was 13.09 mV, differently to the 63.8 mV calculated. Also, J1 was
measured at 25.86 mV where it was calculated as 86.3 mV. The amplitude readings do not
match; however, they do follow the correct trend. Despite this the bandwidth of both tests is
correct as they match up with calculated and the spacing between follows the theory of
succeeding the frequency of the message, which was 10KHz in test one and 5KHz in test two.
This proves the theory. There may be some errors due to the signal source as this itself is an
ADC.

ADC

If there were more bits to be used to increase the resolution. The sine wave would be a lot
smoother, however there would have to be higher processing power to handle sampling rate
the data and a higher bandwidth. Using the same principle, the less sampling the less
processing power is needed, making it more efficient, however you may have step outs as
seen in the 4-bit example.

The results from the over range testing shows that when the signal amplitude is increased, it
is over the equipment capability. This shows that when choosing an ADC for a specific
application, the matching of signal amplitude with the ADCs range is paramount. If not, some
of the signal will be lost. This is why it's important to match the input signal with the range.

From the testing for the relationship between the input signal frequency and the sampling rate.
The testing was taken at 1KHz increments starting from 100Hz up to 10KHz. It shows the
sampling at 100 Hz was consistent, however there's discrepancies in the rest of the tests. If
the testing was correct, it should've shown that the input frequency should be at least double
the highest frequency contained, if not there may be aliasing.
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7. Conclusion

From researching FM and AM it was found that the modulation of frequency is the
better option as it is much more efficient, and it hinders interference and static and
AM doesn’t. Though AM is a cheaper option. If FM is chosen, wider channels are
needed as it increases the sidebands with a higher modulation index.

It was found through the frequency modulation testing that by changing the
frequency of the message, the distance between the amplitude values on the
frequency spectrum, this change is proportional. Also, by changing the frequency
of the message the deviation frequency changes. And by changing the amplitude
of the message changes how far the deviation goes. The higher the modulation
index the more amplitude values, which in turn results in a higher bandwidth. The
practical tests were successful however there were some errors leading from the
signal source being an ADC itself.

The ADC testing was successful as it lined up to theory, despite some of the testing
having some discrepancies. It was found that depending on the resolution of the
ADC, the higher it is the better sine wave it produces as the range for quantising is
higher. The sample rate also plays a part, but this is set. However, the higher
sample rate and higher resolution in turn creates a lot of data to produce. It was
also found the importance of matching the input signal and the range of the ADC,
as some of the signal can be lost if It goes out of range. Also’ the input frequency
should be at least double the biggest frequency contained otherwise there could
be aliasing.

A recommended to be considered is the use of a higher bit ADC, such as a 14-bit
ADC to provide a smother digital sine wave. This due to the 16384/1 dynamic
range. However, this may cause processing problems.
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8. Executive Summary

The purpose of this assignment is to research into ADC methods and signal modulation
methods. The initial research saw an insight into amplitude modulation and frequency
modulation. The advantages and disadvantages of both were found. It was found that AM is
a cheap alternative to FM, also AM is susceptible to noise, but FM isn’t.

Through calculations and simulations, frequency modulation theory was proven. However,
there were some discrepancies in the amplitude values, but these could have been affected
by the signal source, as this is an ADC. Despite this, the bandwidth and frequencies were
correct and the spaces between amplitude values relating to the message frequency theory
was proven.

The testing was done on a 4-bit and 8-bit ADC. With a sample rate of 10,000 samples per
second. It was proven that by increasing the number of bits introduced, the smoother digital
signal it produces. It was also found that the input signal must not exceed the range of the
ADC. It was found that the input frequency should be at least double the highest frequency
contained, if not there may be aliasing.
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