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[bookmark: _Toc149915348]Introduction
Information can be passed between different systems using a variety of methods if using physical electrical connections; protocols such as I2C and SPI have been developed to enable efficient communication. For wireless communication it’s not possible to use these protocols alone due to their digital nature and we must instead modulate the digital signal with an analogue sinusoidal signal that can be transmitted over radio waves.
Digital data can be modulated in different ways depending on the system requirements and the transmission reliability that is needed. This report will look at the performance of Amplitude Shift Keying (ASK) and Phase Shift Keying (PSK) systems and how the reliability of both systems degrades with the introduction of Additive White Gaussian Noise (AWGN) into the transmission medium.  	Comment by Matthew Prentice (2116359): No QPSK or QAM as requested in the assignment brief?


"You are required to create models of ASK, PSK and advanced variants such as QPSK, and QAM, using Simulink and compare their performances" 
Amplitude Skift Keying (ASK) is a process by which a carrier wave is transmitted or suppressed based on the binary signal being fed into the modulator. Upon receiving a binary 1 the modulator transmits the carrier wave, and upon receiving a binary zero the modulator suppresses the carrier wave, this is known as On-Off keying. ASK modulation can also be achieved by the transmission of a carrier wave at two different amplitudes, known as Binary ASK [1]. It is also possible to design a modulator with multiple carrier amplitudes, allowing for more symbols to be transmitted at the same time and thus increasing the efficiency of the system. ASK modulation is only used today for low data rate systems and is widely used by the amateur radio community in the form of morse code.
[image: ]
Figure 1 - example of On-Off Keying (top) and Binary ASK (bottom) for the same data source [2]


Phase Shift Keying (PSK) transmits a constant amplitude, but switches between two carrier waves out of phase with each other by 180.  This modulation technique is also known as Phase Reversal Keying (PRK) [2].  PSK was employed in the 1980’s within public landline telephone networks and is widely used today within the Wi-Fi and Bluetooth communication protocols. 
[image: ]
Figure 2 - example of Phase Shift Keying [4]


[bookmark: _Toc149915349]Simulation Models
To enable the investigation into modulation performance, two systems were developed within Mathworks Simulink. The ASK system was designed with a random binary input as a data source into the modulator and the demodulator outputting to an oscilloscope and an Error Rate Calculator. The Additive White Gaussian Noise module can be seen inline with the system transmission line, simulating a transmission line of increasing noise levels to test the reliability of the system.	Comment by Matthew Prentice (2116359): You should always include a caption on figures, equations and tables to allow you to refer to them in your text. 
e.g. An illustration of this can be seen in figure 2. The relationship of the variables is shown in equation 2. Table 1 shows the results of the first experiment where the control variable, temperature in degrees celsius is shown in the first column.... 
[image: ]
Figure 3 - Block diagram of the ASK Modulator and Demodulator designed within Mathworks Simulink
A similar test setup can be seen below in Figure 4 for the PSK system, with a random binary data source fed into the modulator then the demodulator outputting to an oscilloscope and an Error Rate Calculator.

[image: A computer screen shot of a computer program

Description automatically generated]
[bookmark: _Ref164079109]Figure 4 - Block diagram of the PSK Modulator and Demodulator designed within Mathworks Simulink
[bookmark: _Toc149915350]ASK ModulatorFigure 5 - The ASK Modulator in more detail

The block diagram for the Amplitude Shift Keying Modulator is very simple, comprising a carrier wave of 10Hz, 5 times that of the binary input data rate of 2bit per second, with an amplitude of 1 fed into a product multiplier which provides the output.  When the binary input generates a 1, the product multiplier outputs the carrier wave, and when a binary 0 is generated the product multiplier outputs nothing.	Comment by Matthew Prentice (2116359): This seems a little slow - it does not meet the brief in the assignment


"Your carrier wave should be at least five times the source data rate." 
The demodulator (seen in Figure 6) passes the received signal, and a local oscillator signal of the same frequency and amplitude as that of the modulator, through a product multiplier and then a filter to produce a clean signal, void of any high frequency noise. The signal is then passed into a switch with a amplitude threshold of 0.5 to translate the signal into a clean binary data stream. The filter is designed with an Fpass of 1.25Hz and an Fstop of 4Hz and 80dB of rejection with an order of 920.	Comment by Matthew Prentice (2116359): not sure what is going on with this line of text 
[bookmark: _Ref149913139][image: A computer screen shot of a computer

Description automatically generated]
[bookmark: _Ref164081284]Figure 6 - The ASK Demodulator in more detail
The process of modulating, demodulating and more specifically filtering the signal as part of the demodulation does introduce a delay to the system, therefore when viewed on an oscilloscope a time delay of 434ms is seen between the inputted binary data stream and the output. Therefore for the purposes of testing the system additional delays are added in line with the test wires breaking out the signal to the Error Rate Calculator module. 	Comment by Matthew Prentice (2116359): should be 460ms if your filter order is 920 and sample rate 1/1000 seconds 
[bookmark: _Toc149915351]PSK Modulator
The block diagram for the PSK modulator can be seen in Figure 7 with two local oscillators π radians out of phase from each other at 10Hz inputting into a switch with a threshold of 0.5. The switch has the binary data source as its input, and outputs the carrier wave of one phase or the other dependant on the binary 1 or 0.	Comment by Matthew Prentice (2116359): This seems a little slow - it does not meet the brief in the assignment


"Your carrier wave should be at least five times the source data rate." 

The demodulator can be seen in Figure 7 and features two of the same local oscillators which are of the same frequency and phase coherent with the oscillators in the modulator. The received signal is passed into two product multipliers and then a subtraction block before being passed through a filter and a binary switch in the same method as with the ASK demodulator. To reduce the delay  imparted on the signal by the demodulator, and specifically the filter,  a lower order filter was designed with an Fpass of 1.25 and an Fstop of 4 and 80dB of rejection, resulting in a order of 920 and a time delay of only 434ms.	Comment by Matthew Prentice (2116359): Caption should be directly under the image.  	Comment by Matthew Prentice (2116359): So all your demodulators used different filters? That hardly makes it a fair test as the filter is a key part of the demodulators' ability to reject noise.  You should have kept the same filter for all your simulations - that would have made it a fair test. [bookmark: _Ref149913896]Figure 7 - PSK Modulator (Left) and Demodulator (Right) in more detail


[bookmark: _Toc149915352]Results
[image: ]
[bookmark: _Ref164114628][bookmark: _Toc149915353]Figure 9 - Graph showing the error rate of the ASK and PSK demodulation as the noise on the transmission line increases	Comment by Matthew Prentice (2116359): Your X-axis has uneven spacing. I think you may have used the wrong graph type in excel. You should use an XY scatter graph, not a line graph. 
Discussion	Comment by Matthew Prentice (2116359): Where is the rest of the discussion?  
As seen in the results in Figure 9, both systems suffer a reduction in reliability as the noise on the transmission line is increased and the signal to noise ratio decreases. Not only does the Mean Bit Error Rate increase in step with the transmission line noise, but the standard deviation of results, indicated by the vertical bars, also increases up till approximately -30dB at which point it seems to stabilise.  
I’m unable to account for the dips seen at just below -10dB  and -40dB which, while must more significant on the PSK plot, also shows on the ASK plot. 
The difference in performance between the two techniques seems to match as the signal noise increases, indicating that neither signal is negatively affected by the filter design. 


[bookmark: _Toc149915354]Conclusion
The Amplitude Shift Keying modulation technique is shown to be the more reliable data transmission technique, being able to cope with an extra 5 – 10dB of noise on the transmission line when compared to the same Mean Bit Error Rate of the Phase Shift Keying modulation.
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Noise (dB)

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

Mean BER

10

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

0

0

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

0

-5

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

0

-10

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

0

-12

0.05 0.05 0.05 0.05 0.05 0.00 0.00 0.05 0.00 0.00 0.00 0.05 0.05 0.00 0.05 0.05 0.00 0.05 0.00 0.05

0.028572

-14

0.10 0.10 0.10 0.05 0.10 0.14 0.10 0.05 0.05 0.05 0.00 0.05 0.10 0.00 0.05 0.00 0.05 0.05 0.10 0.14

0.066672

-15

0.10 0.05 0.14 0.14 0.14 0.19 0.14 0.05 0.14 0.05 0.05 0.10 0.10 0.05 0.14 0.10 0.05 0.10 0.14 0.10

0.10238095

-17

0.10 0.14 0.19 0.10 0.10 0.10 0.14 0.14 0.14 0.19 0.10 0.05 0.10 0.14 0.10 0.29 0.19 0.24 0.19 0.19

0.1452381

-18

0.10 0.10 0.14 0.05 0.33 0.14 0.10 0.24 0.14 0.24 0.14 0.14 0.24 0.10 0.10 0.33 0.10 0.10 0.14 0.24

0.15952381

-19

0.19 0.19 0.24 0.24 0.24 0.14 0.24 0.24 0.19 0.05 0.00 0.19 0.38 0.19 0.14 0.24 0.24 0.24 0.19 0.14

0.1952381

-20

0.14 0.10 0.24 0.14 0.33 0.14 0.14 0.19 0.24 0.29 0.24 0.29 0.24 0.10 0.33 0.19 0.29 0.24 0.29 0.14

0.21428571

-25

0.29 0.38 0.33 0.29 0.19 0.24 0.38 0.29 0.33 0.29 0.14 0.29 0.33 0.38 0.29 0.29 0.38 0.24 0.38 0.33

0.30238095

-30

0.33 0.43 0.48 0.38 0.38 0.38 0.38 0.29 0.24 0.48 0.38 0.29 0.24 0.29 0.19 0.43 0.19 0.38 0.33 0.29

0.33809524

-35

0.48 0.33 0.43 0.38 0.48 0.29 0.48 0.33 0.52 0.48 0.43 0.38 0.38 0.19 0.33 0.29 0.38 0.33 0.29 0.48

0.38333333
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0.48 0.14 0.43 0.43 0.24 0.57 0.43 0.52 0.24 0.38 0.57 0.48 0.33 0.52 0.24 0.29 0.38 0.48 0.33 0.38

0.39285714

-45

0.62 0.43 0.48 0.48 0.48 0.62 0.48 0.67 0.33 0.52 0.33 0.33 0.43 0.43 0.43 0.48 0.62 0.52 0.48 0.43

0.47857143

-50

0.62 0.43 0.67 0.38 0.48 0.48 0.62 0.67 0.57 0.71 0.57 0.24 0.57 0.43 0.62 0.57 0.48 0.48 0.48 0.33

0.51904762


Microsoft_Excel_Worksheet.xlsx
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ASK Mean Bit Error Rate



Mean BER	0	0	0	0	2.3328940310266989E-2	4.0971713852364033E-2	4.3317631901572021E-2	5.7291473407218761E-2	8.0072246289524932E-2	7.6635604473481347E-2	7.2998617698837559E-2	6.4373837307598922E-2	8.3706646815461777E-2	8.4481880948619928E-2	0.11748980753786029	9.3404977361585886E-2	0.11847481242499699	0	0	0	0	2.3328940310266989E-2	4.0971713852364033E-2	4.3317631901572021E-2	5.7291473407218761E-2	8.0072246289524932E-2	7.6635604473481347E-2	7.2998617698837559E-2	6.4373837307598922E-2	8.3706646815461777E-2	8.4481880948619928E-2	0.11748980753786029	9.3404977361585886E-2	0.11847481242499699	10	0	-5	-10	-12	-14	-15	-17	-18	-19	-20	-25	-30	-35	-40	-45	-50	0	0	0	0	2.8572000000000004E-2	6.6671999999999995E-2	0.10238095238095238	0.14523809523809525	0.15952380952380954	0.19523809523809524	0.21428571428571427	0.30238095238095231	0.33809523809523806	0.3833333333333333	0.39285714285714279	0.47857142857142854	0.51904761904761909	White Gaussian noise on Transmission Channel (dB)







Mean Bit Error Rate











20sASK

						Runs

				Noise (dB)		1		2		3		4		5		6		7		8		9		10		11		12		13		14		15		16		17		18		19		20				Mean BER		Std Deviation

				10		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00				0		0

				0		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00				0		0

				-5		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00				0		0

				-10		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00				0		0

				-12		0.05		0.05		0.05		0.05		0.05		0.00		0.00		0.05		0.00		0.00		0.00		0.05		0.05		0.00		0.05		0.05		0.00		0.05		0.00		0.05				0.028572		0.0233289403

				-14		0.10		0.10		0.10		0.05		0.10		0.14		0.10		0.05		0.05		0.05		0.00		0.05		0.10		0.00		0.05		0.00		0.05		0.05		0.10		0.14				0.066672		0.0409717139

				-15		0.10		0.05		0.14		0.14		0.14		0.19		0.14		0.05		0.14		0.05		0.05		0.10		0.10		0.05		0.14		0.10		0.05		0.10		0.14		0.10				0.1023809524		0.0433176319

				-17		0.10		0.14		0.19		0.10		0.10		0.10		0.14		0.14		0.14		0.19		0.10		0.05		0.10		0.14		0.10		0.29		0.19		0.24		0.19		0.19				0.1452380952		0.0572914734

				-18		0.10		0.10		0.14		0.05		0.33		0.14		0.10		0.24		0.14		0.24		0.14		0.14		0.24		0.10		0.10		0.33		0.10		0.10		0.14		0.24				0.1595238095		0.0800722463

				-19		0.19		0.19		0.24		0.24		0.24		0.14		0.24		0.24		0.19		0.05		0.00		0.19		0.38		0.19		0.14		0.24		0.24		0.24		0.19		0.14				0.1952380952		0.0766356045

				-20		0.14		0.10		0.24		0.14		0.33		0.14		0.14		0.19		0.24		0.29		0.24		0.29		0.24		0.10		0.33		0.19		0.29		0.24		0.29		0.14				0.2142857143		0.0729986177

				-25		0.29		0.38		0.33		0.29		0.19		0.24		0.38		0.29		0.33		0.29		0.14		0.29		0.33		0.38		0.29		0.29		0.38		0.24		0.38		0.33				0.3023809524		0.0643738373

				-30		0.33		0.43		0.48		0.38		0.38		0.38		0.38		0.29		0.24		0.48		0.38		0.29		0.24		0.29		0.19		0.43		0.19		0.38		0.33		0.29				0.3380952381		0.0837066468

				-35		0.48		0.33		0.43		0.38		0.48		0.29		0.48		0.33		0.52		0.48		0.43		0.38		0.38		0.19		0.33		0.29		0.38		0.33		0.29		0.48				0.3833333333		0.0844818809

				-40		0.48		0.14		0.43		0.43		0.24		0.57		0.43		0.52		0.24		0.38		0.57		0.48		0.33		0.52		0.24		0.29		0.38		0.48		0.33		0.38				0.3928571429		0.1174898075

				-45		0.62		0.43		0.48		0.48		0.48		0.62		0.48		0.67		0.33		0.52		0.33		0.33		0.43		0.43		0.43		0.48		0.62		0.52		0.48		0.43				0.4785714286		0.0934049774

				-50		0.62		0.43		0.67		0.38		0.48		0.48		0.62		0.67		0.57		0.71		0.57		0.24		0.57		0.43		0.62		0.57		0.48		0.48		0.48		0.33				0.519047619		0.1184748124

				Difference between transmitted and received data, returned as a column vector of the form [R; N; S], where:



				R is the error rate.

				N is the number of errors.

				S is the number of samples compared.
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Noise (dB) 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 Mean BER

20 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05

10 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.04761905

0 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.04761905

-5 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.04761905

-10 0.10 0.14 0.14 0.10 0.14 0.14 0.10 0.14 0.10 0.10 0.14 0.14 0.10 0.05 0.05 0.10 0.14 0.10 0.05 0.14 0.10952381

-12 0.14 0.14 0.05 0.19 0.05 0.19 0.05 0.10 0.10 0.14 0.14 0.05 0.05 0.10 0.10 0.14 0.14 0.14 0.05 0.05 0.1047619

-14 0.14 0.10 0.14 0.14 0.14 0.10 0.05 0.05 0.10 0.14 0.10 0.19 0.05 0.19 0.05 0.14 0.10 0.10 0.10 0.10 0.10952381

-15 0.14 0.24 0.14 0.24 0.24 0.24 0.24 0.14 0.19 0.10 0.10 0.19 0.24 0.14 0.10 0.14 0.14 0.19 0.14 0.29 0.17857143

-17 0.33 0.10 0.29 0.10 0.29 0.19 0.24 0.19 0.33 0.29 0.29 0.19 0.19 0.24 0.19 0.14 0.24 0.33 0.29 0.19 0.23095238

-18 0.29 0.14 0.38 0.33 0.24 0.33 0.19 0.33 0.29 0.19 0.14 0.14 0.33 0.14 0.19 0.19 0.29 0.29 0.29 0.24 0.24761905

-19 0.19 0.33 0.19 0.29 0.24 0.14 0.24 0.29 0.38 0.10 0.24 0.29 0.33 0.14 0.33 0.24 0.33 0.29 0.14 0.29 0.25

-20 0.19 0.29 0.29 0.43 0.29 0.24 0.24 0.33 0.24 0.33 0.19 0.19 0.33 0.24 0.29 0.33 0.38 0.19 0.29 0.19 0.27380952

-25 0.33 0.33 0.48 0.43 0.48 0.43 0.43 0.48 0.33 0.48 0.24 0.38 0.57 0.33 0.29 0.33 0.43 0.29 0.33 0.33 0.38571429

-30 0.57 0.52 0.48 0.38 0.52 0.57 0.33 0.52 0.52 0.57 0.52 0.57 0.43 0.38 0.52 0.48 0.48 0.33 0.38 0.43 0.47619048

-35 0.62 0.43 0.43 0.43 0.52 0.48 0.48 0.52 0.57 0.57 0.43 0.67 0.52 0.38 0.57 0.38 0.43 0.52 0.52 0.43 0.4952381

-40 0.29 0.62 0.38 0.52 0.57 0.52 0.38 0.43 0.43 0.48 0.57 0.48 0.52 0.43 0.48 0.43 0.48 0.43 0.52 0.48 0.47142857

-45 0.57 0.57 0.62 0.43 0.48 0.57 0.67 0.57 0.57 0.48 0.48 0.67 0.52 0.62 0.57 0.52 0.43 0.62 0.62 0.62 0.55952381

-50 0.43 0.57 0.48 0.52 0.52 0.57 0.33 0.71 0.71 0.57 0.62 0.62 0.81 0.48 0.57 0.67 0.43 0.52 0.38 0.71 0.56190476
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PSK Mean Bit Error Rate



Mean BER	2.0816681711721685E-17	2.0816681711721685E-17	2.0816681711721685E-17	3.4006802040680191E-2	4.9026810195176213E-2	4.2857142857142802E-2	5.6091518997094025E-2	7.1070531221901281E-2	7.4687557815991013E-2	7.6598609248311536E-2	6.7132724666055479E-2	8.2341030789479533E-2	7.8246079643594216E-2	7.7371794329866225E-2	7.5141589705044975E-2	7.0429521227376196E-2	0.12009066869446193	2.0816681711721685E-17	2.0816681711721685E-17	2.0816681711721685E-17	3.4006802040680191E-2	4.9026810195176213E-2	4.2857142857142802E-2	5.6091518997094025E-2	7.1070531221901281E-2	7.4687557815991013E-2	7.6598609248311536E-2	6.7132724666055479E-2	8.2341030789479533E-2	7.8246079643594216E-2	7.7371794329866225E-2	7.5141589705044975E-2	7.0429521227376196E-2	0.12009066869446193	10	0	-5	-10	-12	-14	-15	-17	-18	-19	-20	-25	-30	-35	-40	-45	-50	4.7619047619047637E-2	4.7619047619047637E-2	4.7619047619047637E-2	0.10952380952380954	0.10476190476190475	0.10952380952380954	0.17857142857142858	0.23095238095238096	0.24761904761904763	0.25	0.27380952380952384	0.38571428571428557	0.47619047619047628	0.49523809523809526	0.47142857142857142	0.55952380952380953	0.56190476190476191	White Gaussian noise on Transmission Channel (dB)







Mean Bit Error Rate











20sPSK

						Runs

				Noise (dB)		1		2		3		4		5		6		7		8		9		10		11		12		13		14		15		16		17		18		19		20				Mean BER		Std Deviation

				20		0.05		0.05		0.05		0.05		0.05		0.05		0.05		0.05		0.05		0.05		0.05		0.05		0.05		0.05		0.05		0.05		0.05		0.05		0.05		0.05

				10		0.05		0.05		0.05		0.05		0.05		0.05		0.05		0.05		0.05		0.05		0.05		0.05		0.05		0.05		0.05		0.05		0.05		0.05		0.05		0.05				0.0476190476		2.08166817117217E-17

				0		0.05		0.05		0.05		0.05		0.05		0.05		0.05		0.05		0.05		0.05		0.05		0.05		0.05		0.05		0.05		0.05		0.05		0.05		0.05		0.05				0.0476190476		2.08166817117217E-17

				-5		0.05		0.05		0.05		0.05		0.05		0.05		0.05		0.05		0.05		0.05		0.05		0.05		0.05		0.05		0.05		0.05		0.05		0.05		0.05		0.05				0.0476190476		2.08166817117217E-17

				-10		0.10		0.14		0.14		0.10		0.14		0.14		0.10		0.14		0.10		0.10		0.14		0.14		0.10		0.05		0.05		0.10		0.14		0.10		0.05		0.14				0.1095238095		0.034006802

				-12		0.14		0.14		0.05		0.19		0.05		0.19		0.05		0.10		0.10		0.14		0.14		0.05		0.05		0.10		0.10		0.14		0.14		0.14		0.05		0.05				0.1047619048		0.0490268102

				-14		0.14		0.10		0.14		0.14		0.14		0.10		0.05		0.05		0.10		0.14		0.10		0.19		0.05		0.19		0.05		0.14		0.10		0.10		0.10		0.10				0.1095238095		0.0428571429

				-15		0.14		0.24		0.14		0.24		0.24		0.24		0.24		0.14		0.19		0.10		0.10		0.19		0.24		0.14		0.10		0.14		0.14		0.19		0.14		0.29				0.1785714286		0.056091519

				-17		0.33		0.10		0.29		0.10		0.29		0.19		0.24		0.19		0.33		0.29		0.29		0.19		0.19		0.24		0.19		0.14		0.24		0.33		0.29		0.19				0.230952381		0.0710705312

				-18		0.29		0.14		0.38		0.33		0.24		0.33		0.19		0.33		0.29		0.19		0.14		0.14		0.33		0.14		0.19		0.19		0.29		0.29		0.29		0.24				0.2476190476		0.0746875578

				-19		0.19		0.33		0.19		0.29		0.24		0.14		0.24		0.29		0.38		0.10		0.24		0.29		0.33		0.14		0.33		0.24		0.33		0.29		0.14		0.29				0.25		0.0765986092

				-20		0.19		0.29		0.29		0.43		0.29		0.24		0.24		0.33		0.24		0.33		0.19		0.19		0.33		0.24		0.29		0.33		0.38		0.19		0.29		0.19				0.2738095238		0.0671327247

				-25		0.33		0.33		0.48		0.43		0.48		0.43		0.43		0.48		0.33		0.48		0.24		0.38		0.57		0.33		0.29		0.33		0.43		0.29		0.33		0.33				0.3857142857		0.0823410308

				-30		0.57		0.52		0.48		0.38		0.52		0.57		0.33		0.52		0.52		0.57		0.52		0.57		0.43		0.38		0.52		0.48		0.48		0.33		0.38		0.43				0.4761904762		0.0782460796

				-35		0.62		0.43		0.43		0.43		0.52		0.48		0.48		0.52		0.57		0.57		0.43		0.67		0.52		0.38		0.57		0.38		0.43		0.52		0.52		0.43				0.4952380952		0.0773717943

				-40		0.29		0.62		0.38		0.52		0.57		0.52		0.38		0.43		0.43		0.48		0.57		0.48		0.52		0.43		0.48		0.43		0.48		0.43		0.52		0.48				0.4714285714		0.0751415897

				-45		0.57		0.57		0.62		0.43		0.48		0.57		0.67		0.57		0.57		0.48		0.48		0.67		0.52		0.62		0.57		0.52		0.43		0.62		0.62		0.62				0.5595238095		0.0704295212

				-50		0.43		0.57		0.48		0.52		0.52		0.57		0.33		0.71		0.71		0.57		0.62		0.62		0.81		0.48		0.57		0.67		0.43		0.52		0.38		0.71				0.5619047619		0.1200906687

				Difference between transmitted and received data, returned as a column vector of the form [R; N; S], where:



				R is the error rate.

				N is the number of errors.

				S is the number of samples compared.





Sheet1

		0

		0.0476190476				1

		0.0952380952				2

		0.1428571429				3

		0.1904761905				4

		0.2380952381				5

		0.2857142857				6

		0.3333333333				7

		0.380952381				8

		0.4285714286				9

		0.4761904762				10

		0.5238095238				11

		0.5714285714				12

		0.619047619				13

		0.6666666667				14

		0.7142857143				15

		0.7619047619				16

		0.8095238095				17

		0.8571428571				18

		0.9047619048				19

		0.9523809524				20

		1				21






image1.png




image2.png
Y

1822 - 2022




