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In the modern age of digital communication, information needs to be continuously transmitted and received without the information being changed or distorted. Large amount of information needs to transmit, therefore, requires high performing modulators to transmit the information accurately and without interruption. 

This tends to happen from outside interference such as noise.  If there is too much noise in the signal, then the information can be lost, or the wrong message is received. 

[bookmark: _Toc59171594]Background


There are several techniques to send out a digital signal between the transmitter and the receiver. The most basic method involves modulating the carrier wave by changing either the Amplitude, Frequency or the Phase. These are known as Amplitude Shift Keying (ASK), Frequency Shift Keying (FSK) and Phase Shift Keying (PSK). From these three, this report looks at the ASK and PSK. The other two modulators that this report investigates are Quadrature Phase Shift Keying (QPSK) and Quadrature amplitude modulation (QAM). These two types of modulators are more complicated as they are able to send more data at a given time.

[bookmark: _Toc59171595]ASK

Amplitude Modulation (AM) is an analogue form of modulation where the amplitude is changed in the carrier signal, which is used for long-distance communication, e.g. Radios. However, ASK modulators transmits a carrier signal and data signal. The data signal is transmitted at a higher amplitude to the carrier signal, which can be represented in a binary form. For example, when a when no data signal is sent, it is defined as a zero, and ones for when it produces a data signal is produced. This type of modulation is also known as on-off keying (OOK). [1]. The figure below shows how the change in the data signal changes the carrier wave.

[image:  ask-modulation-waveforms]
[bookmark: _Toc59171605]Figure 1: ASK waveform [2]
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PSK modulation is very similar to ASK, but rather than a change in the amplitude to produce a binary signal, it requires a shift in the phase. When the carrier signal changes in phase of 180° it indicates either a one or a zero to be transmitted. 

[image: Phase Shift Keying (PSK) | SpringerLink]
[bookmark: _Toc59171606]Figure 2: PSK Waveform [3]
PSK modulators are also known as Binary PSK (BPSK) as there only two phases to switch between. However, it is possible to increase the number of phases that it can shift too, to increase the number of bits that can be transmitted. These modulators are also known as Quadrature Phase-Shift Keying QPSK.

[bookmark: _Toc59171597]QPSK

QPSK uses the same principles as PSK, as it uses the change in phase to signify data. However, QPSK makes use of using two carrier signals that ‘have the same frequency but differ in phase by 90°’ [4]. Using two carrier signals instead of one means that QPSK can transmit two bits at a time. These two waves are referred to as I (In-phase) for the one that is 0° phase and Q (Quadrature) for the other. When the two I and Q carrier wave are applied together, four phase values can represent data value can be represented as 00, 01, 10, or 11

[bookmark: _Toc59171598]QAM

QAM is another form of quadrature modulation that uses two carrier signals, but unlike QPSK, the two signals are shifted 90° out of phase as one is Sine and the other Cosine. As in QPSK, the waves are known as the I and Q, which is able to carry a two-bit signal. To create the data in the signal 

[image:  Quadrature amplitude modulation concept]
[bookmark: _Toc59171607]Figure 3: QAM Waveform [5]
[image: ]

[bookmark: _Toc59171599]Simulation Models

To fully explore the effects of white noise on digital signals, several digital modulators were designed and simulated in a computer program known as MATLAB, which also made use of Simulink. Simulink allowed the design of the modulator and demodulator of each type of digital signal that was created in simple block diagrams. The advantage of using MATLAB and Simulink is that it has the capability of being able to adjust the parameters on each of the component blocks.

The four different digital modulators were built and tested for comparison. Two of the modulators that were used were ASK and PSK, which uses a binary signal, whereas the other two modulators that were simulated were QPSK and QAM, which uses a quadrative signal. To create the ASK and PSK, the modulator and demodulator were broken down into individual components. Were as the quadrative signals were made using specific block components. 

To create each data signal, a Bernoulli Binary Generator was used. Using this produced random data bits of zeros and ones to replicate a real communication signal.  This was used in each modulator set up, so the parameters stayed the same each time. 
[image: ]
[bookmark: _Toc59171608]Figure 4: Bernoulli Binary Generator Parameters
To imitate the white Gaussian noise, the AWGN channel was added to the circuit. Figure 5 show the parameters that were applied. After the ten simulations, the SNR value was changed.
[image: ]
[bookmark: _Toc59171609]Figure 5: AWGN Channel Parameters
At the end of each run, the Error Rate and the number of Error Detection was recorded using the Error Calculation. 

Figures … show the block diagrams for each of the modulator that was created in MATLAB.
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[bookmark: _Toc59171610]Figure 6: ASK Simulink Model
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[bookmark: _Toc59171611]Figure 7: PSK Simulink Model
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[bookmark: _Toc59171612]Figure 8: QPSK Simulink Model
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[bookmark: _Toc59171613]Figure 9: QAM Simulink Model
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Once all modulators were run at the varying SNR ten times, the results were collected, and the Bit Error Rate (BER) was calculated. This was done using the average number of bit errors that occurred in each simulation divided by the total number of bits, as shown in the formula below.
 [6]
The table below shows the calculated BER of each the modulator. The full results can be found in Appendix A.
	 
	-50
	-45
	-40
	-35
	-30
	-25
	-20
	-15
	-10
	-5
	0
	5
	10
	15

	ASK
	0.5273
	0.5091
	0.5182
	0.4364
	0.4455
	0.4727
	0.4273
	0.3091
	0.2273
	0.1818
	0.0636
	0.0000
	-
	-

	PSK
	0.5000
	0.4545
	0.4727
	0.4091
	0.4455
	0.3818
	0.2909
	0.2273
	0.2000
	0.0000
	-
	-
	-
	-

	QPSK
	0.6636
	0.6455
	0.6727
	0.6455
	0.6273
	0.6455
	0.6455
	0.6636
	0.5727
	0.3455
	0.1636
	0.0273
	0.0000
	-

	QAM
	0.9182
	0.9000
	0.8909
	0.8909
	0.9273
	0.8909
	0.8818
	0.9091
	0.8364
	0.7000
	0.4182
	0.1455
	0.0545
	0.0000


[bookmark: _Toc59059082][bookmark: _Toc59171604]Table 1: BER vs SNR
Using the results that are shown in the table, the following graph was produced that plots the BER vs SNR.

[bookmark: _Toc59059081][bookmark: _Toc59171614]Figure 10: BER graph


[bookmark: _Toc59171601]Discussion

[bookmark: _Hlk59150460]After compiling the results together, it is clear to see that some clear trends occur. Out of all the modulator that was tested in this report, the PSK was less susceptible to the white noise and was able to transmit the majority of the data that was generated. PSK also managed to achieve 0 errors at -5dB whereas the as ASK, which was the second-best performing modulator, didn’t achieve 0 errors until it was tested at 5dB. QPSK and QAM were the most susceptible to noise and occurred more errors at the lower SNR and took longer to reach a point where there were 0 errors. 

Both the PSK and QPSK performed better in the presence of noise compared to the ASK and QAM

[image: ]
[bookmark: _Toc59171615]Figure 11: Constellation Diagram of BPSK, QPSK and 16QAM [7]
 

[bookmark: _Toc59171602]Conclusion

In this report, four digital modulators were simulated in Simulink to identify how the effects of white noise have on the signal. The results show that PSK was less susceptible to the noise as it has the most significant separation between the digital states of one and zero. However, if large amounts of data is needed to be transmitted, a quadrature modulator is required even though they are more affected by noise. The inclusion of a well-designed low pass filter can significantly reduce noise in a signal.

If the author of the report could revisit this investigation, they would run more SNR values and increase the amount of time they would run. The main issue the author had was lack of experience with the software. Having prior knowledge of how to build the modulator and knowing how to set up the parameters for each of the components would have significantly improved the outcome. 



References

[1] 	“Exploring communications technology,” OpenLearn, [Online]. Available: https://www.open.edu/openlearn/science-maths-technology/exploring-communications-technology/content-section-1.4. [Accessed 16 12 2020].
[2] 	“Amplitude Shift Keying : Circuit Diagram, Working and Its Applications,” ElProCus - Electronic Projects for Engineering Students, [Online]. Available: https://www.elprocus.com/amplitude-shift-keying-ask-working-and-applications/.
[3] 	S. Faruque, “Phase Shift Keying (PSK),” in Radio Frequency Modulation Made Easy, Springer, Cham, 2016, pp. 69-83.
[4] 	C. Maxfield, “Electrical Engineering,” Amsterdam, Newnes, 2008, p. 872.
[5] 	electronics notes, “What is QAM: Quadrature Amplitude Modulation » Electronics Notes,” Electronics-notes.com, [Online]. Available: https://www.electronics-notes.com/articles/radio/modulation/quadrature-amplitude-modulation-what-is-qam-basics.php. [Accessed 17 12 2020].
[6] 	electronics notes, “What is Bit Error Rate: BER Definition & Tutorial » Electronics Notes,” [Online]. Available: https://www.electronics-notes.com/articles/radio/bit-error-rate-ber/what-is-ber-definition-tutorial.php. [Accessed 17 12 2020].
[7] 	“Transmitter Simulink Study,” Faculty.jacobs-university.de, [Online]. Available: https://www.faculty.jacobs-university.de/jwallace/xwallace/courses/dsp/labs/01_sl_tx/. [Accessed 17 12 2020].




BER

ASK	-50	-45	-40	-35	-30	-25	-20	-15	-10	-5	0	5	10	15	0.52727272727272723	0.50909090909090904	0.51818181818181819	0.43636363636363634	0.44545454545454549	0.47272727272727272	0.4272727272727273	0.30909090909090908	0.22727272727272727	0.18181818181818182	6.363636363636363E-2	0	0	0	PSK	-50	-45	-40	-35	-30	-25	-20	-15	-10	-5	0	5	10	15	0.5	0.45454545454545453	0.47272727272727272	0.40909090909090912	0.44545454545454549	0.38181818181818183	0.29090909090909095	0.22727272727272727	0.2	0	0	0	0	0	QPSK	-50	-45	-40	-35	-30	-25	-20	-15	-10	-5	0	5	10	15	0.66363636363636358	0.64545454545454539	0.67272727272727273	0.64545454545454539	0.62727272727272732	0.64545454545454539	0.64545454545454539	0.66363636363636358	0.57272727272727275	0.34545454545454546	0.16363636363636364	2.7272727272727271E-2	0	0	QAM	-50	-45	-40	-35	-30	-25	-20	-15	-10	-5	0	5	10	15	0.9181818181818181	0.9	0.89090909090909098	0.89090909090909098	0.92727272727272725	0.89090909090909098	0.88181818181818172	0.90909090909090906	0.83636363636363631	0.70000000000000007	0.41818181818181815	0.14545454545454548	5.4545454545454543E-2	0	



image1.png




image2.png




image2.jpeg
==l




image3.gif
Voltage
N
Data 1 0 1 0
» Time
4
Carrier Frequency
Before Modulation
» Time

After Modulation

Carrier Frequency t

»> Time





image4.jpeg
nnnnnnnnnnnnnnnnnnnnnn





image5.png
4 point OAM

16 point QAM

@

64 point OAM




image6.png
Fle Edt View Display Diagram Simulation Analysis Code Tools Help

- < - [100 Normal -l -
Askiznis
© [paasciaone -
@
= Block Parameters: Bernoulli Binary Generator X
- Bernoull Binary Generator

(Generate random Berouli distrbuted binary numbers.
= Source code
Parameters
o Probabilty of zero: 0.5

Source of initial seed: |Auto -

Sample 1 >

e time:
>
Samples per frame: |1
Output data type: | double - >
>
Simulate using: |Interpreted execttion - >
Sine Wave
oK Cancel Help Apply 4
E— T Filter Designer
Bomouli NN »| AWGN L» 7>43\
inary X > > > K 5 Tx
- — Error Rate
Bg i Calculation >
——»Rx
0
0 Iy
=

-]
«
Ready 193% Varisblestepiuto

73 4) ENG





image7.png
P ASK12018 - Simulink academic use
Fle Edt View Display Diagram Simultion Analysis Code Tools Help
- o= - [mo Normal o
Block Parameters: AWGN Channel x
AWGN Channel (mask) (1ink)
'Add white Gaussian noise to the input signal, The input signal can be real or
complex. This block supports multichannel processing.
4
My When using either of the variance modes with complex inputs, the variance
values are equally divided among the real and imaginary components of the
input signal.
oot b T Filter Designer
emoul
Y {i>03 AWGN "
—>
ey Mode: |Signal to noise ratio (SNR) -
ch
0 el J"'LU SNR (dB):
45
’J\V N | | mput signal power, referenced to 1 ohm (watts): [1
oK Cancel Help Apply
«
126% Variablestepauto

T 0) e

H P Type here to search




image8.png
= % P ASK- Simulink academic use

§ Library and Leaming Resources | X | @ Frequency Shit Keying - Tutorizl X | @ Dashfurdd 1Q/1Q Dashboard X | Th Course: S - Digitl Signal Proce: X Moonpig x +
SMULATION
<« C 0 @ moonpig.com/uk/delivery-page/index/vg43nge-2/?addressNo=1 % @ K »
zE = StopTime | 100
it Apps @ UWISD @ Dashfwdd1Q/IQ..  mm BECNews [ Hoifax @ The Eye|Filelising @ Google Scholar Q) Ourbeginner half.. @) RWs 12-weeksub-. G Spada AirForceOn.. T Weekend Meal Pre.. @ Start | Zoogle: Verif | =0 . 2 d @ b = A & .
Py Signal Momel w1 G hn s o = =
Browser ce Table o Fast Restart Back v - Forward Inspector Analyzer
Edit address details x UBRARY PREPARE SmuLATE REVIEW RESUTS z
. s =3
Title % ® [Falask -] §
Please select E H
2la H
a > H
Fis "
irst name - N
oli
=
= >
Surname* o »|
Parker »!
cancel >
»
fLLLLJ 1 »!
Filter Designer Tx
Bernoulli d Error Rate
Binary ' ¢ AN Calculation
> > Rx
o
@ =
i
-]
«
Ready 2s0% Varisblestephuto

P search





image9.png
P PSK12018 - Simulink academic use
Fle £t Vew Disply Doaom Simuatin Anais Code Tooks Help

E-=-8 Ee-E-® 4@ P = [ o0 ] [om RRCRI-~ e
Q
1
=
= >
&)
o >
>
>
ﬁu . >
>
1 >
> T~ 7 Filter Designer
Bernoulli | ‘\ =P
f ——e——» 0.5 AWGN S
Binary e x ool
—p—0
P T Error Rate
Calculation [
ﬁu JﬁlLUJ 0 —»Rx
> J\/ > Ts
(@
’
«
cesdy 2o Variblesiphuto

H L Type here to search t ¢ £ Q) ENG




image10.png
Insert  Page Layout

Formulas.

Data

View

Help

ults - B

Load Test

Acrobat

Sage

Team

Luke Jam

Q Tell me what you want to do

% o o b = = X AutoSum - A,
Calibri R Z o Bwept Genersl - ¥ B == x Y
B e & | e 97 S
. «g o Condtional Formstas Cell Insert Delete Format ort & Fin
~ Iu- Merge & Center ~ &7+ 9. GRS & Clear~
omatting - Table- Slesw <+ v Fiter - Select~

Cliboard 15 Font 5 Algnment 5 wme 6 sty cets Editing
(@ UPDATES AVAILABLE Updstes for Office e ready tobeintalled, bt fstwe need o closesome apps. | _ Updotenow x
amz % v

v m AB | AC | AD | AE | AF | AS | A | A | A am a 20 | A | Aa | AR [ A | AT [ s
1 QPSK QAM
2 Noise -7ab Noise 200
3
) Runi TRon2 [run3 [rund [runs Jruns [Run7 TRune [runs [Ranio Runi Tunz [un3 [rund [runs Jruns Jrur
5 [Erormate 03636|_05¢55] 06364] 0630a| 063s| 05455| 05655 03636| 0sé5s| 03636 [Erormate 0655[_05¢55| _oases| ozs| oa| o0sess)
6 [rrors detected Ao T e e[ s o 4 sz [rrors detected o o s o o ¢
7 [Num Symbols EEY R Y I N N IV NV RO R\ N1 [oum Symbols EEY B Y Y N Y Y MY
s
9 Noise -sdb Noise -1db
0
[ Runi TRon2 [run3 [funé [runs Jruns [Run7 TRune [Runs [anio Runi Tunz [un3 [rund [runs [runs Jrur
2 [Erormate 03636|_04545] 04se5] 036%| 036%| 0esés| 03636| 045é5| 03636 04ses [Erormate 04545[_05¢55] 03636] 05455] 05e55] 0.458)
Bl o [rrors detected A s S| e e s e[ s[4 5| s [rrors detected S o o o ]
18 [Num Symbols EEY Y I N N T M) N\ T\ N\ [oum Symbols EEY YA Y N Y Y B Y
15
G Noise -5ab Noise )
i
1 Runi TRunz [run3 [fund [runs Jruns [run7 TRune [Runs [Ranio Runi Tun2 [un3 [rund [runs Jruns Jrur
19 [Erormate 03636|_02727] 0s63| 02727] o3w%| oasis| 0ases| o7z oarai| osess [Erormate 04545[_04545| 05455 036%| 03636| 0.45%5]
0 17 [rrors detected A s s e o s s 3[4 ss [rrors detected 5 I I I N R
2 [Num Symbols EEY Y I N Y N ¥ M) RO R\ N1 [oum Symbols EEY R Y Y N Y Y B Y
2
f) Noise -4db Noise 100
)
25 Runi TRon2 [un3 [funé [runs Jrun6 [Run7 TRune [Runs [Ranio Runi Tunz [un3 [rund [runs [runs Jrur
b5 [Erormate 01518 02727] o0z727] oass| 00s0s1| 0| oas1s| oasis] oarai| oammy [Erormate 04545[_03636] 0a7a] 05455] oess| oarai]
27 2s [rrors detected A s s o o 3 o[ 3 3 u [rrors detected 5 I I R
) [Num Symbols EEY Y I N N I M) R\ T\ N1 [oum Symbols EEY YR Y N Y Y B Y
2
30 Noise -3db Noise 200
5
2 Runi TRun2 [fun3 [rund [runs Jruns [Run7 TRune [Runs [Ranio Runi Tun2 [un3 [rund [runs [runs Jrur
3 [Erormate o1018] 0| 0z7a7] ozrai] 00som| oass| o0sost] 005051 oasts osess [Erormate 02727 oa727] _ose3s] o3e%| ozmar] ozese)
EI Y [rrors detected Ao s s i o i 1 o 4 s [rrors detected B I I I N N
3 [Num Symbols EEY Y I I Y ¥ N ¥ N RO\ N\ N1 [oum Symbols EEY B Y Y N Y Y N Y
3
3 Noise 200 Noise 3b
3
39 Runi TRunz [run3 [rund [runs Jruns [Run7 TRune [Runs [Ranio Runi Tun2 [un3 [rund [runs Jruns Jrur
2 [Erormate 0.1518] 00309 02727] 009091] 02727] oass| o0sos1| oas1s] o] oosos [Erormate 03636]_0727] oae18] 036%| oe3s| o02721]
I [rrors detected A sl A s o i oo 3] s [rrors detected P I I N N
a2 [Num Symbols EEY Y N N N N N N\ T\ N1 [oum Symbols EEY B YR Y N Y Y MY
P
“ Noise -1db Noise 4ab
as

T T T T T
Sheet1 ® < v

Rescy ] i — + oo

P QPSKI2018 - Simulink scademic use

File

Edit View Display Diagram

E-o-8

Simulation  Analysis

Ee-=2- 240

Code

Tools

Help

Normal

@ -les -

Bermoulli

Binary

>

QPSK

»

AWGN

>

QPSK

T Error Rate

Calculation

Rx

Ready

143%

(=K

auto(VariablestepDiscrete)

NG





image11.png
P& QAMIZ018 - Simulink academic use - o x

Insert  Pagelaout Formuls Dats Review View Help LosdTet Acobat  Sage Team  Q Tell mewhatyouwanttodo File Edit View Display Diagram Simulation Analsis Code Tools Help

¥ s -8 E 6 - > 0 | [Noma B ol
?QC t Calbri MR 2 Wrap Text General - g‘d Normal Bad Good Neutral| % 8 i e 240 P oo ] ©
E@) Copy -
- Iu- - S-A- Merge & Center = - 9 » | 3 93 Condional Formatas [TFSNINN Explanatory Linked g AMI2018
¥ Format Painter Formatting ~ Table~ © [ralownzos -
Clipboard 5 Font 5 Alignment 5 Number 5 sttes
(@) UPDATES AVAILABLE Updates for Office are ready to be installed, but firt we need to close some apps. Update now cy
52 - £ 7 @
+lask Pk =
i T e o o e o o T o o o o o s o I P T P P o s o v )
E e st e 4] [

L

-

Tx

N e T e 2 B A ™ i 9
P s B B . RS o W I B - - | SR Bernoulli

Error Rate
e e e T L e e B Sinary Ggr;\e’\;la\ AWGN GceJrAe“;a\ Caloulation ] 9

R 0 2 s Rx

0

Sheet! ® »

Ready Ready 172% auto(Variablestepiscrete)

H P Type here to search T3 9) EN





image12.png
Q  BPSK QPSK (4QAM) Q  160AM
51 50 8 5 51 50
@-14 @ 14 o o e o
ST 6. 5. 84
o1 00
o o e o o
1 4 ® 1
0 bl s s 55
o
2 on 2
® 1 .1




