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[bookmark: _Toc59124769]Abstract

This report will look at four different digital modulation techniques and how they perform with varying amounts of noise. The techniques used in this report are ASK, PSK, QPSK and QAM. Each system was modelled on Simulink at varying levels of noise until it failed.
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[bookmark: _Toc59124770]Introduction

Digital signal processing is widely used to manipulate real world signals such as sound, video, temperature and pressure. These signals are digitised and manipulated to enable them to be sent and received and the data extracted back into useable signals. There are several ways the signals can be modulated and demodulated, those featured in this report are: ASK, PSK, QAM and QPSK. Each technique has its own advantages and disadvantages, the technique used to send the data depends on the application of the data. Noise is a big problem in digital signal processing and each modulation technique is susceptible to varying amounts of noise, this will affect which modulation technique is used.

[bookmark: _Toc59124771]Digital modulation
There are several different ways to process digital signals, some of these are detailed below.
[bookmark: _Toc59124772]ASK
In ASK (Amplitude shift keying) the carrier wave is modulated between two discrete values. The modulated wave can take one of two values, either a one or a zero. An ASK modulator can consist of a simple switch or a conventional modulator. The demodulator uses a copy of the carrier wave and a low pass filter. The low pass filter removes high frequencies, from which a digital output signal can be read. 

[bookmark: _Toc59124773]PSK
Phase shift keying (PSK) is one of the most widely used forms of digital modulation [1]. There are many uses for PSK, some of these are: contactless operations, RFID and Bluetooth communications and wireless LAN’s [2]. 
 PSK modulates the carrier wave between zero and π giving a 180-degree phase shift, 1 and 0 (or 1 and -1) are represented by the two polarities of the signal, thus giving the binary output. To help the receiver distinguish between to two phases a phase shift of π is used to make the phases differ as much as possible.  As the signal is changing between maximum and minimum this gives a sharp slope, this is undesirable as this could interfere with other signals. To reduce the slope the bit period is equal to one or more cycles of the carrier wave, and the transitions need to match the carrier wave.


[bookmark: _Toc59124774]QPSK
ASK and PSK both use two state modulation meaning one bit is transmitted per symbol, 1 or 0, QPSK (quadrature phase shift keying) transmits two bits per symbol. Rather than transmitting 1 or 0 QPSK can transmit 00, 01, 10 or 11, this type of data is called grey code. This is achieved by using four phase shifts rather than the two used in PSK. As with PSK the maximum separation between phases is desirable hence why π/2 or 90° is used. This two-bit per symbol increases the rate at which data can be transmitted, an advantage over PSK. QPSK also has high slopes and to mitigate this there are two versions of QPSK offset QPSK and π/4-QPSK. Offset QPSK uses a delay added to the signal to reduce the maximum phase shift to 90°, π/4-QPSK reduces the maximum shift to 135° [3].

[bookmark: _Toc59124775]QAM
Quadrature amplitude modulation uses phase and amplitude modulation to give a very effective form of data transfer. There are limited applications for analogue QAM such as AM radio, however for data transfer it is extensively used in data transmission. It has many applications from high speed data communications to mobile phones and WI-FI. A QAM modulator uses two carrier waves that are shifted in phase by 90° and combined, from this difference in phase they are in quadrature. These two signals are the I signal, in phase and the Q signal, quadrature signal. The output signal contains a mixture of I and Q signals which have amplitude and phase differences. Figure 6 shows the constellation diagram for 16-bit QAM. Because QAM modulates the phase and amplitude more data can be sent per symbol, common versions of QAM are 4, 8, 16, 32 and 64-bit QAM. As the amount of data increases there are more points on the constellation diagram, this increases the chance of noise on the signal, and therefore a greater chance of data errors. Lower order QAM is not used as two-bit QAM is the same as PSK and 4-bit QAM the same as QPSK. 16-bit QAM is the most used version as this gives a good signal to noise ratio. [4]



[bookmark: _Toc59124776]AWGN

Noise can be a big problem in digital signal processing and communications, as a signal is transmitted noise can interfere with the signal. This noise can cause errors in the signal or could lead to signal loss [4]. Noise comes from many natural sources such as radiation from earth, solar sources like the sun, short noise and the natural vibration of atoms in a conductor. [5] 
In the Simulink models an AWGN block is used to add varying levels of noise to the system. The block adds AWGN to the signal, the amplitude frequency response is flat, and the frequency response is linear. There is no phase distortion or amplitude loss therefore the only the noise added by the block is transmitted out of the block [6]. 


[bookmark: _Toc59124777]Bit error rate

The aim of digital signal processing and communications is to send and receive a signal, that signal could be interfered with by noise causing errors or a loss off the signal. To check if the received signal is correct a bit error rate (BER) calculator is used. BER provides a means of verifying that a signal has been received correctly. It does this by taking a copy of the transmitted signal and the received sign and comparing the two signals. It then divides the number of errors detected by the number of bits sent, giving a bit error rate. [7]





For the purpose of this report any system with a bit error ratio of 0.5 or more is deemed as a failure of the system as over half of the received data is incorrect.


[bookmark: _Toc59124778]Simulink modelling

All the models detailed in this report were built using Simulink within MatLab R2020a, Simulink is a MathWorks product part of the MatLab package. For each model a Bernoulli binary generator was used with the probability of zero set at 0.5. The Bernoulli binary generator creates a random dataset for transmission of ones and zeros. That data is modulated using the required technique, AWGN is then added at different levels before the data is demodulated. The data then passes into the bit error calculator which compares the output data to the input data. The results are shown on a display. 
Each model was run ten times at each noise level, this transmitted 11 symbols per run. The noise levels were chosen as they show each type of modulation from no failures to total failure. The levels of noise used are shown in Table 1. Each run of the simulation gave three outputs on the display, the number of bits received, the number of errors detected and the bit error rate. The display data for each run was input into an excel sheet to give easy comparison of each modulation technique at different levels of noise. An average bit error rate was taken from each noise level.
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[bookmark: _Toc59124779]ASK & PSK modelling

Figure 1 shows the ASK modulator and demodulator circuit. The data is passed through a switch which switches the data between a sine wave and zero. It then passes through the AWGN block which adds noise to the signal. Once the noise is added the signal is multiplied by the carrier wave. The data then passes through another switch that demodulates the data between one and zero. 
PSK’s model is almost identical to ASK however the first switch has two sine waves rather than a sine wave and zero. The second sine wave has a phase shift of π, thus giving the phase shift element to PSK. Both ASK and PSK have a delay at the bottom of the model to remove the delay the system places on the signal.
[image: ]
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Figure 2


[bookmark: _Toc59124780]QPSK & QAM modelling
The QPSK and QAM models had the same input of a Bernoulli binary generator input and BER calculator as ASK and PSK. However, the modulation and demodulation were carried out using predefined blocks within Simulink. These blocks automatically modulate or demodulate the signal into or out of the required data transfer technique. Although it is possible to manually model these modulators and demodulators a lack of experience and knowledge of Simulink prevented this. An attempt to model QPS was made as shown in Figure 4 however the predefined block was used to generate the results. 
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Figure 3
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Figure 5










[bookmark: _Toc59124781]Constellation diagrams

A constellation diagram is a graphical representation of a digital signal. The data is shown on a constellation diagram as a phase and magnitude. The greater the number of points on the diagram the more data the system can transmit. However, as the points on the constellation diagram increase as does the chance of noise interfering with the signal. [8]



[image: Ideal Constellation Diagrams][bookmark: _Ref59043541]Figure 6

























[bookmark: _Toc59124782]Results

Table 2 shows the average bit error rate for each of the models against varying levels of noise.  Figure 7 shows a graph of the results. 



	noise
	ASK
	PSK
	QPSK
	QAM

	15
	0
	0
	0
	0

	10
	0
	0
	0
	0

	8
	0
	0
	0
	0.090909

	7
	0
	0
	0
	0.109091

	6
	0
	0
	0
	0.109091

	5
	0
	0
	0
	0.109091

	4
	0
	0
	0
	0.172727

	3
	0
	0
	0.036364
	0.236364

	2
	0
	0
	0.109091
	0.327273

	1
	0
	0
	0.127273
	0.418182

	0
	0.018182
	0
	0.163636
	0.418182

	-1
	0
	0
	0.2
	0.436364

	-2
	0
	0
	0.236364
	0.636364

	-3
	0
	0
	0.181818
	0.663636

	-4
	0
	0
	0.190909
	0.672727

	-5
	0.2
	0
	0.281818
	0.672727

	-6
	0
	0
	0.4
	0.7

	-7
	0
	0.045455
	0.527273
	0.718182

	-8
	0
	0.045455
	0.581818
	0.736364

	-10
	0.236364
	0.163636
	0.590909
	0.790909

	-15
	0.245455
	0.254545
	0.645455
	0.9

	-20
	0.427273
	0.327273
	0.718182
	0.9

	-25
	0.463636
	0.454545
	0.727273
	0.9

	-30
	0.390909
	0.472727
	0.836364
	0.9

	-35
	0.554545
	0.327273
	0.872727
	0.909091

	-40
	0.6
	0.445455
	0.872727
	0.927273


[bookmark: _Ref59042612]Table 2

[bookmark: _Ref59043260]Figure 7




The following figures show the constellation diagram for the ASK, PSK, QPSK and QAM models.

ASK
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PSK
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Figure 9



QPSK
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Figure 10



QAM
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Figure 11










[bookmark: _Toc59124783]Discussion

The results shown in Table 2 show that none of the systems are greatly affected by AWGN in the positive domain. QAM is the only system affected by positive noise with it failing just below zero at negative 2. ASK had errors at zero and negative 5, these are spurious readings and can be disregarded as all other runs around those noise values show as zero errors. Figure 7 shows the signal to noise ratio of all the models. The graph shows that QPSK and QAM fail catastrophically after -7db and -2db. These failures are due to the extra data being transmitted per bit, as there are more symbols per bit the phase shifts are closer together making it easier for noise to interrupt the signal.
Figures 8 - 11 show the constellation diagrams for each of the models. Each diagram only shows one point however more points should be shown. The correct constellation diagrams are shown in Figure 6 and this is what was expected. There could be several reasons the diagrams aren’t showing the points correctly. However, as the author is not experienced in Simulink, he could not get the correct points to show on the diagrams. 
As these simulations were run in Simulink the results could vary if these modulation techniques were used in a real-world situation. They give a good general idea of the operating ranges of each technique, but this can change in the real world.



[bookmark: _Toc59124784]Conclusion

All four modulation techniques are affected by varying amounts of noise. From the graph shown in Figure 7 ASK and PSK are subject to noise however do not fail as badly as QPSK and QAM. From this graph we can see that ASK and PSK have an operating range of negative eight into the positive domain, this can be used to define what the techniques are used for. With QAM and QPSK they can transmit more data per symbol but are much more susceptible to noise than ASK and PSK. This means that QPSK and QAM from these simulations can only be used where there will noise above zero. Although other methods can be used to create QPSK and QAM a lack of understanding prevented the author of using these methods.






Bibliography

[1] 	OU, “1.6 Phase-shift keying (PSK),” OU, 2020. [Online]. Available: https://www.open.edu/openlearn/science-maths-technology/exploring-communications-technology/content-section-1.6. [Accessed 09 12 2020].
[2] 	tutorialspoint, “digital communication phase shift keying,” tutorialspoint, 2020. [Online]. Available: https://www.tutorialspoint.com/digital_communication/digital_communication_phase_shift_keying.htm. [Accessed 09 12 2020].
[3] 	a. a. circuits, “digital phase modulation,” all about circuits, 2020. [Online]. Available: https://www.allaboutcircuits.com/textbook/radio-frequency-analysis-design/radio-frequency-modulation/digital-phase-modulation-bpsk-qpsk-dqpsk/. [Accessed 10 12 2020].
[4] 	S. Mosey, advanced digital modulation, Swansea: UWTSD, 2020. 
[5] 	M. G. Sadeque, “Bit Error Rate (BER) Comparison of AWGN Channels for Different Type’s Digital Modulation Using MATLAB Simulink,” American Scientific Research Journal for Engineering, Technology, and Sciences (ASRJETS) (2015) , , vol. Volume 13, pp. No 1, pp 61-71, 2015. 
[6] 	noisecom, “what-is-awgn,” noisecom, 2020. [Online]. Available: https://www.noisecom.com/resource-library/articles/artmid/1867/articleid/1233/what-is-awgn. [Accessed 14 12 2020].
[7] 	N. K. a. L. Kansal, “Performance Comparison of MIMO Systems over AWGN and Rician Channels with Zero Forcing reciviers,” International Journal of Wireless & Mobile Networks (IJWMN), vol. Vol. 5, no. 1, February 2013. 
[8] 	M. A. R. P. P. Subrato Bharati, “Implementation of ASK, FSK and PSK with BER,” Department of EEE, Ranada Prasad Shaha University,, Bangladesh, Unknown.
[9] 	nuwaves, “constellation-diagrams,” nuwaves, 2020. [Online]. Available: https://www.nuwaves.com/2019/07/constellation-diagrams/. [Accessed 16 12 2020].




Signal to noise ratio of ASK, PSK, QPSK & QAM

ASK	-40	-35	-30	-25	-20	-15	-10	-8	-7	-6	-5	-4	-3	-2	-1	0	1	2	3	4	5	6	7	8	10	15	0.60000000000000009	0.55454545454545445	0.39090909090909098	0.46363636363636357	0.42727272727272725	0.24545454545454543	0.23636363636363633	0	0	0	0.19999999999999998	0	0	0	0	1.8182E-2	0	0	0	0	0	0	0	0	0	0	PSK	-40	-35	-30	-25	-20	-15	-10	-8	-7	-6	-5	-4	-3	-2	-1	0	1	2	3	4	5	6	7	8	10	15	0.44545454545454544	0.32727272727272727	0.47272727272727266	0.45454545454545447	0.32727272727272722	0.25454545454545452	0.16363636363636364	4.5454545454545456E-2	4.5454545454545456E-2	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	QPSK	-40	-35	-30	-25	-20	-15	-10	-8	-7	-6	-5	-4	-3	-2	-1	0	1	2	3	4	5	6	7	8	10	15	0.87272727272727268	0.87272727272727268	0.83636363636363631	0.72727272727272729	0.71818181818181825	0.64545454545454528	0.59090909090909094	0.58181818181818179	0.52727272727272723	0.4	0.28181818181818186	0.19090909090909092	0.18181818181818182	0.23636363636363633	0.2	0.16363636363636364	0.12727272727272726	0.10909090909090909	3.6363636363636362E-2	0	0	0	0	0	0	0	QAM	-40	-35	-30	-25	-20	-15	-10	-8	-7	-6	-5	-4	-3	-2	-1	0	1	2	3	4	5	6	7	8	10	15	0.92727272727272736	0.90909090909090917	0.9	0.9	0.9	0.9	0.79090909090909101	0.73636363636363644	0.71818181818181825	0.70000000000000007	0.67272727272727273	0.67272727272727273	0.66363636363636358	0.63636363636363635	0.43636363636363634	0.41818181818181815	0.41818181818181815	0.32727272727272727	0.23636363636363633	0.1727272727272727	0.10909090909090909	0.10909090909090909	0.10909090909090909	9.0909090909090912E-2	0	0	Noise db


Bit error rate




image2.png
P PSK_1 * - Simulink academic use

SIMULATION DEBU MODELII FORMAT APP f
1 Open ~ T Stop Time | 10.0 o
a8 s [ =] N q = B » =
New €T Libray Signal ~ [ Nomal Step  Run Step Data Logic T
~ & Prnt v Browser ewe Table 5§ Fast Restart Back v v Forward Inspector Analyzer
FILE LIBRARY. PREPARE SIMULATE REVIEW RESULTS ry
5 Psk_1 3
g 3
8 Fal s _1 i
T z
B 2
&
:
a
=
=]
(=]
O
L =z Fier Desgner
L yh-o8 AWGN j
Y ConsalarorBigrom
[—
= ™ Emor Rate
- Saciaion
]
«
Ready View 2 warnings 80% auto(VariableStepDiscrete)

L L Type here to search

o

0837
£ AGz®D) e 13/12/2020 % ‘




image3.png
P34 QPSK_1 * - Simulink academic use

SIMULATION DEBU MODELII FORMAT APP f
[ Open v~ @E Stop Time | 10.0 O
POo - @5 L B @ >
New e T Library Signal v [Noma  ~ Sm [ Step Data Logic e
~ S Prnt v Browser Y Table o Fast Restart Back v v Forward Inspector Analyzer
FILE LIBRARY. PREPARE SIMULATE REVIEW RESULTS =
Qpsk_1
Pal qpsk_1 -
Q
a
=
=]
&
01019
7
TxEversle 11
Caiculation
Rx
Binary
|
N
Constelation Diagram
@
»
Ready auto(VariableStepDiscrete)

L L Type here to search

o

0837
£ AGz®D) e 13/12/2020 %





image4.png
3 QPSK_lan - Simulink academic use -

SIMULATION DEBUG

FORMAT APP: o

[ Open v~ @E Stop Time | 10.0
op 5] ol = 4 @ =
New ESHE - Signal v [Noma  ~ Step  Run Step  Stop Data Logic e

Library
~ S Prnt v Browser Y Table o Fast Restart Back v v Forward Inspector Analyzer
FILE LIBRARY. PREPARE SIMULATE REVIEW RESULTS ry
5 QPSK_Tan >
g 3
g Pa Qpsk_tan v 3
T z
B 2
£ @ g
a
=
=]
&
Ay Y ==
« = o ] A
[rvrorvyoyed
=
) — o :1 [
=
I« 4|—: = - 1 oo
— = =
A N —
@
«
Ready View 3 warnings 60% auto(VariableStepDiscrete)
e 08:16
=i i A )
L Type here to search @ =i e - i @- * 4 ﬂ B a 7 mid) NG 13/12/2020 %




image5.png
P4 QAM_1 * - Simulink academic use

SIMULATION DEBUG MODELII FORMAT APP
[ Open v~ @E Stop Time | 10.0 O
W o = " , & <4 > =
New e T Library Signal v [Noma  ~ Sm [ Step Data Logic e
~ & Prnt v Browser Viewer Table 5§ Fast Restart Back v v Forward Inspector Analyzer
FILE LIBRARY. PREPARE SIMULATE REVIEW RESULTS ry
5 Qa1
g @ [Paloams -
3
?a
a
=
=]
&
O
=W —— WAL
Bernoulli
. General AWGN General
Binary "QAM QAM
Constellation Diagram
™ Error Rate 5
Calculation
0f
"
]
«
Ready auto(VariableStepDiscrete)
08:

135
£ AQ 7 ® D) NG 13/12/2020 %

o

- L Type here to search (o)





image6.png




image7.png
MODELI

FORMAT

APP:

BLOCK

Stop Time | 10.0 q& 6 u[>

|

L Type here to search

Save ~ - -
New &l save Library Signal Normal Step R Step Data Logic
~ @& Print v Browser Table 5§ Fast Restart Back v - Forward Inspector Analyzer
FILE LIBRARY PREPARE SIMULATE
g AsK [4] Constellation Diagram - [u] X 3
2 © [Palasc -z
H ® |Cal File Tools View Help ~ ES
2 (g |® Tocreate a connection, dlick a port, terminator, or line segment, and { @) - | & | @ > @ | 2 - & - K4 - | B2 2 jain x %
g
=
(B
=] |
|
L) e —
|
|
ConsTaTaTE Bagram
g oo
G 3
Channet
™
o
™ grorae I T
Ly o
[Ready T=10.000
@
«
Ready View 3 warnings auto(VariableStepDiscrete)
e 08:18
m = e i ~ = d)) ENG
© B ) % & 4 ﬂ 4o @ 7z md 13/12/2020 B




image8.png
SIMULATION

&b Dopen -
&l save ~

& Print

New

Model Browser

FILE

[C]

®

I

3]

—
E:

Ready

«

L Type here to search @ =l -

APPS.

7~

)

o Stop Time | 100 -
L5} .l

o Signal 4] Constellation Diagram

Browser B2 Fle Tools View Help

LIBRARY PREPARE 0 o &

REICIERCRERE
PSK_1
3
e [-o®

Ready

T=10.000

80%

Jopadsu Ayadoig

0820
~ b
Ly & 7B NG 1w BB





image9.png
]

SIMULATION

]

New

[C]

®

I

5]

2B

»

Ready

(Jopen ~
&l save ~

& Print v
FILE
QPsk_1

[P Qpsic_1

L5}

Library
Browser

LIBRARY

oD ORMA PP
& Constellation Diagram - o X
File Tools View Help .
o-aore &8 er
PREPARE

0.08091

g

1

Bermoul
Binary

L Type here to search

Ready T=10.000

Constellation Diagram

100%

08:22
A b
Ly @ 7 W D) NG 13/12/2020 B





image10.png
FORMAT

PREPARE

SIMULATION DEBUG MODELING
1 Open ~ s1 )
=) [}
Hswe -

New Library
~ & Prnt v Browser
FILE LIBRARY
N Qs
£ © [Palows
! w
=
=]
(Baf
Bermnoulli
Binary
(7]
«
Ready
.

L Type here to search

4. Constellation Diagram

File Tools View Help
CMENCLE

Quadrature Amplitu

Ready

IVIEW RESULTS

onstellation Diagram

0.09091
1
[

s
(‘
B
g)
]

R A A 7z m Q) NG

auto(VariableStepDiscrete)
0836
13/12/2020





image1.png
P ASK * - Simulink academic use

SIMULATION DEBUG MODELII FORMAT APP f
1 Open ~ T Stop Time | 10.0 e
a8 s [ =] N q = B » =
New €T Libray Signal v [Noma  ~ Sm [ Sz Data Logic e
~ & Prnt v Browser ewe Table 5§ Fast Restart Back v v Forward Inspector Analyzer
FILE LIBRARY. PREPARE SIMULATE REVIEW RESULTS ry
5 Ak v
{ £
-
H [Pa] ask 3
2 2
&
:
a
=
N
=] >
>
= -
o -
- |
7, ol
=z
L .
B > < .
Eror st i q
o —
. L 7
[
«
Ready View 3 warnings 80% auto(VariableStepDiscrete)

0837
£ AGz®D) e 13/12/2020 % ‘

o

- L Type here to search (o)





