COMPARATIVE PERFORMANCE OF ADVANCED MODULATION SCHEMES


COMPARATIVE PERFORMANCE OF ADVANCED MODULATION SCHEMES
Communications and Protocols



Contents
Introduction	2
Literature review	2
Modulation and Demodulation	2
ASK- Amplitude Shift Keying	2
PSK- Phase Shift Keying	3
QPSK- Quadrature Phase Shift Keying	3
QAM- Quadrature Amplitude Modulation	4
SNR, Eb/ N0 and Es/N0	5
Simulation Design	6
ASK	6
PSK	10
QPSK	12
Results and Findings	17
ASK and PSK	18
QPSK	18
BER Graph	19
Hamming Code	20
Conclusion	21
Reference	22
Bibliography	23
Appendix	24




















[bookmark: _Toc9111526]Introduction 
Through the course of this paper multiple modulation methods will be investigated. The paper will look at what is modulation? The paper will document how three particular modulation methods work, ASK, PSK and QPSK. These modulation methods will be developed and tested in Simulink and there performances compared.

[bookmark: _Toc9111527]Literature review
[bookmark: _Toc9111528]Modulation and Demodulation 
Modulation is when an information signal is imposed upon a carrier signal. The carrier wave is more powerful than the original signal so it can travel further and is less susceptible to corruption.  After a signal has been modulated, sent and received the signal then has to be demodulated. Demodulation is the opposite of modulation. During demodulation, the carrier wave is filtered out leaving just the original signal that contains all the information. [1]

There are multiple variants of modulation method such as ASK, PSK, QPSK and QAM. During this assignment only ASK, PSK and QPSK will the simulated and tested, however, the QAM method will still be acknowledged in the literature review section.  

  
[bookmark: _Toc9111529]ASK- Amplitude Shift Keying 
Amplitude Shift Keying is when a transmission circuit converts the high parts of a digital signal into an analogue signal and leaves the low parts as 0v. This is so the digital signal can be transmitted through the air. See example in figure 1 below.     



[image: ]
Figure 1 [2]



[bookmark: _Toc9111530]PSK- Phase Shift Keying
Phase Shift Keying is when a transmission circuit converts a digital signal in to a full analogue signal. The binary information is conveyed through phase changes in the signal. The signal representing the low parts of the binary signal would be a set wave form and then the high parts of the binary signal would be represented as the same waveform as the low parts but phase shifter by 180 degrees. See example in figure 2 below. 

[image: ]
Figure 2 [3]
[bookmark: _Toc9111531]QPSK- Quadrature Phase Shift Keying

Quadrature Phase Shift keying is a variant of Phase Shift Keying. It works in the same way but instead of the information source being binary (either on or off) the source has four possible states (00, 01, 10 and 11). This means that the analogue wave must have four different variants in order to be able to decode the signal after transmission. This is achieved by having four different phase changes. For example, the signals would be out of phase with the 00 signal by different amounts, 00 = 0 degrees, 01 = 90 degrees, 10 = 180 degrees and 11 = 270 degrees.  See example in figure 3 below. 

[image: ]
Figure 3

[bookmark: _Toc9111532]QAM- Quadrature Amplitude Modulation

QAM is a systematic procedure that combines two amplitude-modulated signals into a single channel. This multiplies the bandwidth by a factor of two. An example of the use of QAM is within a wireless digital system such as ‘pulse amplitude modulation’.

QAM is a combination of all of the above. It combines ASK and QPSK. QPSK represents multiple number using different phase shifts. QAM uses this but it also shifts the amplitude. This allows even more information to be transferred at a quicker rate. [4]

 In figure 4 you can see two polar graphs showing the difference between QPSK and QAM.  [5]

[image: ]
Figure 4

In figure 5 you can see what a QAM wave physically looks like. [6]
[image: ]
Figure [7] 
[bookmark: _Toc9111533]SNR, Eb/ N0 and Es/N0


SNR stands for signal to noise ratio. It is the ratio of the signal that is transmitted compared to the noise that has corrupted it. The SNR is useful to predict where it is viable to transmit information across a certain area. In the figure below you can see two waveforms. The top one is the ASK signal before transmission. The bottom one is the ASK signal with a signal to noise ratio of 1:1. This mean that the noise is as big as the original signal making it difficult to filter out.
If the SNR has a negative value then the noise is bigger than the signal which can result in a high bit to error rate (BER). However even if the signal is “buried” deep within the noise you can still transmit a signal. It is likely that this signal would be corrupted.       


[image: ]




Eb/N0 stands for energy per bit over the spectral noise density. This is used in working out the SNR of systems that are transmitting binary code such as ASK and PSK modulations. Es/N0 stands for energy per symbol over the spectral noise density. This is used in calculating the SNR of systems that are transmitting M-ary information that has more than two states  such as QPSK and QAM. 
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In the figure below is a screen shot of the ASK Simulink diagram. 

[image: ]
Figure 6

The Binary waveform which contains the information is fed into a product module along with a sinewave. The two waveforms are multiplied together. When the binary signal is at 0V the product output is 0V, and when the binary output is 1V the product output is the sinewave. This is the modulation stage. Below in figure 6 is a screen shot of the waveform. 
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Figure 7

After the binary wave have been modulated it is then transmitted. During transmission noise occurs which corrupts the signal. This is simulated with the AWGN module. See noise at SNR 10 in Figure 8 below. 
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Figure 8
After this the waveform is received, it needs to be demodulated in order to convert it into the binary waveform that was originally sent. The first stage of this is to put the waveform through the product module again, along with the original sign wave (that was added to the binary wave to modulate it). The same original sinewave is multiplied over the top of the received signal. The parts of the signal that have the sinewave in them are multiplied by themselves. This results in these parts of the signal being converted from a bipolar wave to a polar wave that is only positive. See screenshot in Figure 9 below. 

[image: ]
Figure 9
 
Before this step the average AC voltage of the sign was 0V. Now there is a change is the average voltage. The sections that were originally binary 0V have an average AC voltage of 0 and the sections that were originally binary 1V have an average voltage of 0.5V AC.  The means that if the signal is put through a low pass filter it will clean off the high frequency noise without filtering out the actual information. 
After this the signal is then sent through a low pass filter. 
Below in figure 11 is a screenshot of the filters parameters. It is a low pass FIR filter. It passes frequencies below 11Hz and it blocks frequencies above 20Hz. The binary signal is 1Hz. See binary generator parameters in figure 10 below. Noise is normally high frequency cutting the out noises about 20Hz should be more than fine.  
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Figure 10
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Figure 11

Example of filtered waveform in figure 12 below. 
[image: ]
Figure 12

After filtering the signal there will still be some noise but for the most part the signal should look similar to the original binary signal. Before it can be used it must be a totally digital signal. The first step to do this it to put it though a module called sigum. This turns the signal into a digital bipolar signal. Any positive signal it turns into 1V and any negative signal it turns into -1V. Before the signal can go through this it must be bipolar. this is achieved by adding a constant voltage to the waveform of -0.2V. This move the waveform down and makes it bipolar. See in figure 13 below. The top waveform is signal after filter, middle waveform is signal after constant added and bottom waveform is signal after Sigum module.  

[image: ]
Figure 13

The final step is to put the waveform through a bipolar to polar converter. This converts the waveform from negative and positive to just positive.  See in Figure 14 below. 
[image: ]
Figure 14
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In Figure 15 below is a screen shot of the PSK Simulink diagram. 

[image: ]
Figure 15


The Binary waveform is fed into switch module along with two sinewaves. The sinewave are out of phase with each other by pi. The binary signal control which sinewave is connected to the circuit. When the binary signal is at 1V the switch connects the first sinewave (out of phase by 0 pi), and when the binary signal is at 0V the switch connects the second signal (out of phase by pi) to the circuit. This is the modulation stage for the PSK. Below in figure 16 is a screen shot of the waveform. 

[image: ]
Figure 16
After the binary information has been modulated it is transmitted. During transmission noise effects the signal. See ASK Simulation Design section for more information on noise. 

Now the waveform is received, it needs to be demodulated. The first stage is to put the waveform through a product module, along with the original sign wave that had a phase of 0pi. This is multiplied over the top of the received signal. The parts of the signal that have the sinewave with 0pi phase in them are multiplied by themselves and the other parts (phase of pi) are multiplied by the opposite of themselves. The sinewave that has a phase of 0pi shifts to being only positive and the sinewave that has a phase of pi shifts to being only negative. See screenshot in Figure 17 below. 

[image: ]
Figure 17
After this the signal is then sent through a low pass filter. The filter is the same as the one used for the ASK for more information see ASK Simulation Design section. See signal after filter in Figure 18 below.

[image: ]
Figure 18

After filtering the signal there will still be some noise but for the most part it should look similar to the original binary signal. All that is left to do is to tidy up the signal. In order to do this it needs to be sent through the Sigum module and then through the Binary to Polar module. Unlike in the ASK there is no constant added to the signal as it is already bipolar.  For more in-depth explanation on what these module do refer to ASK Simulation Design. 
See Figure 19 below, top signal is just after filter, second filter is just after Sigum module and the bottom filter is after binary to polar module. 
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Figure 19
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In Figure 20 below is a screen shot of the QPSK Simulink diagram. 

[image: ]
Figure 20

The QPSK doesn’t transmit a binary signal like the ASK and PSK. It transmits a M-ary signal. This is a signal that has more states than no or off. Even though the name ‘Quadrature Phase Shift keying’ suggested that you work with four M-ary integer you can actually have QPSK with any number as long as it’s not binary. With this simulation four integers were used. 

An integer waveform is fed into a integer to binary converter. This splits the four integer signal into two binary waveforms and puts them on top of each other. One of the binary signals represents the most significant bit and the other represents the least significant bit. See example in Figure 21 below. The top signal is the original information signal and the bottom waveform is after the integer to binary converter. One of the binary signals is yellow (the most significant bit) and the other is blue (the least significant bit).  


[image: ]
Figure 21
After this proposes the signal is fed through a de-multiplexer. This splits the two binary wave forms. See in Figure 22 below. Top waveform was yellow and bottom waveform was blue. 

[image: ]
Figure 22
The binary waveform are then sent down two parallel paths and both sent into unipolar to Bi polar converters. 

[image: ]
Figure 23
The bipolar waveforms are separately multiplied by two sinewave. The top one as seen in Figure 23 is multiplied by a sinewave and the bottom one is multiplied by a cos wave. This means that binary 00,01,10,11 is now represented in phase changes. See example in Figure 24. 
[image: Image result for qpsk]
Figure 24
https://en.wikipedia.org/wiki/Phase-shift_keying

Figure 25 shows original binary wave (top), most significant sign wave (second down), lest significant coz wave (third down) and the two waves multiplied together (bottom).  

[image: ]
Figure 25
The signal is now transmitted. 


When the signal is received it needs to go through a demodulation process. 
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Figure 26
The signal is split again in to parallel paths. They both go through multipliers. The top one as seen in Figure 26 is multiplied by the same sinewave as previously and the bottom one is multiplied by the same cos wave used previously. This proses cancels out the opposite wave to what it is being times by so the top signal is just the sign with the most significant information in it wave and the bottom signal is just the cos wave with the lest significant information in it. Like the PSK that sections of the waveforms that represent 1V/ high become only positive and the sections of the waveforms that represent 0V/ low become only negative ass seen in Figure 27 below. The top sign if the raw receive signal, the middle signal is the sinewave with the most significant bits and the bottom signal is the cos-wave with the least significant bits. You can see the relation of how this presses works better in the appendix. 

[image: ]
Figure 27
After this the signals are sent though two identical filters. This filters are the same as the ones used for ASK and PSK. See in Figure 28 signals after filtering. 

[image: ]
Figure 28


The next two steps are the same as with PSK and ASK. The signals need housekeeping, so they are sent through the Sigum module to clean up the lines and make the strait and the corners 90 degrees. They are then sent through Binary to Unipolar modules to make them all positive. See Figure 29. Top signal is Sin after Sigum, second one down is cos after Sigum, third one down is sin after Binary to Unipolar and the last one is coz after Binary to Unipolar.

[image: ]
Figure 29

After this the two signals are sent in to a multiplexer. This does the opposite to the de-multiplexer earlier and it lays the signal on top of each other. See in Figure 30 below. 

[image: ]
Figure 30
 After this the signal is sent in to a bit to integer converter. The number of bits to integers was set to two. As the make binary number we have is 11 which takes up two bits. 

[image: ]
Figure 31



The signal is now finally demodulated. See Figure 32 below. The top signal is the original M-ary number and the bottom signal is the transmitted and then demodulated M-ary number. There is a small time delay but it is not big enough to course any errors. 
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Figure 32
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In order to compare the communication systems efficiency against each other there BER/change in (Eb/N0 or Es/N0) were compared. The test started at 35 Eb/N0 or Es/N0 as there were no errors detected for any of the modulation systems.  The Eb/N0 or Es/N0 was decreases by 5 every new test until 10 ass all three modulation systems fails at this point. Each test was run five time of which the average was taken.
Every time the simulation ran 100 bits were transmitted and compared. This means that for each test the average BER was taken for 500 bits.

 The test was simulated using Simulink and the results were stored on excel.  

[image: ]
Figure 33
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Figure 34
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Figure 35
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Below are the result tables for the ASK and PSK modulation systems. Both these modulation systems are using Eb/N0 as they are only transmitting one bit at a time. 

	Eb/N0
	ASK %
	 
	 
	 
	 
	Average

	35
	0
	0
	0
	0
	0
	0

	30
	4
	2
	1
	1
	2
	2

	25
	14
	14
	13
	14
	22
	15.4

	20
	26
	23
	29
	34
	29
	28.2

	15
	42
	41
	39
	39
	39
	40

	10
	44
	51
	44
	49
	47
	47






	Eb/N0
	PSK%
	
	
	
	
	Average

	35
	0
	0
	0
	0
	0
	0

	30
	0
	1
	1
	1
	1
	0.8

	25
	10
	9
	8
	7
	10
	8.8

	20
	30
	20
	24
	28
	24
	25.2

	15
	37
	45
	42
	33
	40
	39.4

	10
	40
	34
	37
	38
	49
	39.6
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 Below is the result table for the QPSK modulation method. This modulation used Es/N0 as it is transmitting more than one bit at a time. 

	Es/N0
	QPSK%
	
	
	
	Average

	35
	0
	0
	0
	0
	0
	0

	30
	0
	0
	0
	0
	0
	0

	25
	0
	0
	0
	0
	0
	0

	20
	11
	11
	8
	11
	9
	10

	15
	31
	31
	34
	37
	36
	33.8

	10
	53
	54
	50
	54
	53
	52.8
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Below is the graph that was produced from the test. 




Figure 36


From this graph it is clear that the most effective modulation system is the QPSK as this has less than 20% BER from 20 Es/N0 and up. The PSK is the second most efficient modulation system as it has only 10% BER from 25 Eb/N0 and up. The ASK falls in last place as it has only 10% BER after about 27 Eb/N0. 

These rates could be improved using error correction code. The Hamming error correction code 















[bookmark: _Toc9111542]Hamming Code 
The hamming code is a binary code that is add to an information stream before it is modulated. The Hamming code usually adds three extra binary bits to every four bits of data that is in the information stream. These extra three bits are modulated and then demodulated with the stream of data. When the data is demodulated these three extra bits allow the software to know if there is a mistake in the line of code or not. It can detect up to three errors in the code and it can correct up to one error. If there is more than one error in the code then the system will request a resent of the data. Below is the modulation side of the transmission process. The hamming encoder has been implemented after the binary generator. After the Hamming encoder is a un-buffer. 

[image: ]
Figure 37
In the figures below you can see what the hamming code does to the original signal. In figure 38 it should the original M-ary numbers. In figure 39 it shows the M-ary numbers after passing through the Hamming encoder. 

[bookmark: _30j0zll][image: ]
Figure 38
[image: ]
Figure 39

In figure 39 the four oscilloscope windows most right are the same signals as in figure 38.  Whereas the windows most left show three new signals. These three new signals are the binary digits that the hamming code has added to the front of the original code. 

To de-modulate this a buffer and a hamming decoder would be needed. Unfortunately issues occurred with the filter which prevented the Hamming coder from being fully developed in Simulink.   


[bookmark: _Toc9111543]Conclusion 

The transmission methods ASK, PSK and QPSK transmitted information to a satisfactory degree. These transmission methods are effective if they are transmitted through an area where the noise is smaller than the signal. If the Hamming simulation on Simulink worked and the same tests were run as before but this time with the Hamming code the signals would be expected to cope with much larger noise levels before data corruption occurred.  
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A test was also performed comparing the SNR;
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	AWGN
	ASK
	PSK
	QPSK

	5
	0
	0
	0

	1
	0
	0
	0

	-5
	0.126
	0
	0

	-10
	0.315
	0.099
	0.05

	-15
	0.396
	0.3114
	0.28

	-20
	0.387
	0.459
	0.41











In order to get a better understand of what was mathematically happening in the QPSK modulation and demodulation an Excel spread sheet was made that mimicked the proses. Below you can see a screen shot of a table. This these tables are numeric versions of the waveform that are seen on the oscilloscopes. 

[image: ]

Below is a sign wave, this is the waveform with no phase shift. 








Below is a cos wave. This represent the waveform in the QPSK modulation that is out of phase by pi. 

Below is that two waveform added together just like in the modulation process for the QPSK.
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These next graphs represent the demodulation process. Below there are two graphs. The first one shows what happens when the incoming waveform is multiplied by the original sinewave. The second graph show what happens when the incoming waveform is multiplied by the original cos-wave. These graphs show how the waveform is separated into their two original separate forms.




Below you can see a screen shot of the Hamming code Simulink block diagram. 
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ASK, PSK and QPSK BER Data Coruption Comparision  

ASK	35	30	25	20	15	10	0	2	15.4	28.2	40	47	PSK	35	30	25	20	15	10	0	0.8	8.8000000000000007	25.2	39.4	39.6	QPSK	35	30	25	20	15	10	0	0	0	10	33.799999999999997	52.8	Eb/N0 and Es/N0 


BER Percentage




BER/SNR

ASK	5	1	-5	-10	-15	-20	0	0	0.12599999999999997	0.315	0.39600000000000002	0.3869999999999999	PSK	5	1	-5	-10	-15	-20	0	0	0	9.8999999999999977E-2	0.31139999999999995	0.45900000000000007	QPSK	5	1	-5	-10	-15	-20	0	0	0	0.05	0.28000000000000003	0.41000000000000003	



Sinewave

1.0000549999997221E-4	0.18190000449999996	0.34552000359999996	0.49096000279999996	0.61822000209999994	0.72730000149999996	0.81820000100000001	0.89092000059999998	0.94546000029999999	0.98182000010000003	1	0.98182000010000003	0.94546000029999999	0.89092000059999998	0.81820000100000001	0.72730000149999996	0.61822000209999994	0.49096000279999996	0.34552000359999996	0.18190000449999996	-1.0000549999997221E-4	-0.18190000449999996	-0.34552000359999996	-0.49096000279999996	-0.61822000209999994	-0.72730000149999996	-0.81820000100000001	-0.89092000059999998	-0.94546000029999999	-0.98182000010000003	-1	-0.98182000010000003	-0.94546000029999999	-0.89092000059999998	-0.81820000100000001	-0.72730000149999996	-0.61822000209999994	-0.49096000279999996	-0.34552000359999996	-0.18190000449999996	1.0000549999997221E-4	0.18190000449999996	0.34552000359999996	0.49096000279999996	0.61822000209999994	0.72730000149999996	0.81820000100000001	0.89092000059999998	0.94546000029999999	0.98182000010000003	1	


Coswave

1	0.98182000010000003	0.94546000029999999	0.89092000059999998	0.81820000100000001	0.72730000149999996	0.61822000209999994	0.49096000279999996	0.34552000359999996	0.18190000449999996	-1.0000549999997221E-4	-0.18190000449999996	-0.34552000359999996	-0.49096000279999996	-0.61822000209999994	-0.72730000149999996	-0.81820000100000001	-0.89092000059999998	-0.94546000029999999	-0.98182000010000003	-1	-0.98182000010000003	-0.94546000029999999	-0.89092000059999998	-0.81820000100000001	-0.72730000149999996	-0.61822000209999994	-0.49096000279999996	-0.34552000359999996	-0.18190000449999996	1.0000549999997221E-4	0.18190000449999996	0.34552000359999996	0.49096000279999996	0.61822000209999994	0.72730000149999996	0.81820000100000001	0.89092000059999998	0.94546000029999999	0.98182000010000003	1	0.98182000010000003	0.94546000029999999	0.89092000059999998	0.81820000100000001	0.72730000149999996	0.61822000209999994	0.49096000279999996	0.34552000359999996	0.18190000449999996	-1.0000549999997221E-4	


Sine+Coswave

1.0001000055	1.1637200046	1.2909800038999999	1.3818800034000001	1.4364200030999998	1.4546000029999999	1.4364200030999998	1.3818800034000001	1.2909800038999999	1.1637200046	0.9998999945	0.79991999560000004	0.59993999670000009	0.39995999780000002	0.19997999890000007	0	-0.19997999890000007	-0.39995999780000002	-0.59993999670000009	-0.79991999560000004	-1.0001000055	-1.1637200046	-1.2909800038999999	-1.3818800034000001	-1.4364200030999998	-1.4546000029999999	-1.4364200030999998	-1.3818800034000001	-1.2909800038999999	-1.1637200046	-0.9998999945	-0.79991999560000004	-0.59993999670000009	-0.39995999780000002	-0.19997999890000007	0	0.19997999890000007	0.39995999780000002	0.59993999670000009	0.79991999560000004	1.0001000055	1.1637200046	1.2909800038999999	1.3818800034000001	1.4364200030999998	1.4546000029999999	1.4364200030999998	1.3818800034000001	1.2909800038999999	1.1637200046	0.9998999945	


sin(sin+cos)

1.0001550110000246E-4	0.21168067407347999	0.44605941559505591	0.67844781033852797	0.88802357733296378	1.0579305843637998	1.17527884797284	1.231144533458256	1.2205699548745879	1.1425635750327441	0.9998999945	0.78537745015998406	0.56721926945996404	0.35633236147995201	0.16362363529996005	0	-0.12363163533991603	-0.196364361639776	-0.207291269819568	-0.14550545079927996	1.0001550110000246E-4	0.21168067407347999	0.44605941559505591	0.67844781033852797	0.88802357733296378	1.0579305843637998	1.17527884797284	1.231144533458256	1.2205699548745879	1.1425635750327441	0.9998999945	0.78537745015998406	0.56721926945996404	0.35633236147995201	0.16362363529996005	0	-0.12363163533991603	-0.196364361639776	-0.207291269819568	-0.14550545079927996	1.0001550110000246E-4	0.21168067407347999	0.44605941559505591	0.67844781033852797	0.88802357733296378	1.0579305843637998	1.17527884797284	1.231144533458256	1.2205699548745879	1.1425635750327441	


cos(sin+cos)

1.0001000055	1.1425635750327441	1.2205699548745879	1.231144533458256	1.17527884797284	1.0579305843637998	0.88802357733296378	0.67844781033852797	0.44605941559505591	0.21168067407347999	-9.9995498899941969E-5	-0.14550545079927996	-0.207291269819568	-0.196364361639776	-0.12363163533991603	0	0.16362363529996005	0.35633236147995201	0.56721926945996404	0.78537745015998406	1.0001000055	1.1425635750327441	1.2205699548745879	1.231144533458256	1.17527884797284	1.0579305843637998	0.88802357733296378	0.67844781033852797	0.44605941559505591	0.21168067407347999	-9.9995498899941969E-5	-0.14550545079927996	-0.207291269819568	-0.196364361639776	-0.12363163533991603	0	0.16362363529996005	0.35633236147995201	0.56721926945996404	0.78537745015998406	1.0001000055	1.1425635750327441	1.2205699548745879	1.231144533458256	1.17527884797284	1.0579305843637998	0.88802357733296378	0.67844781033852797	0.44605941559505591	0.21168067407347999	


27

image3.png
1v

ov

1v

ov

-1v

e UL

Input binary sequence

ASK Modulated output wave




image4.png
o
£

g

8

2

g

g

ES

2

z
el

-

5

E
— 13 TT=

=

5 = 5

= 5 2 a8 3

BPSK Modulated output wave




image5.png
Carrier / Channel

Modulating value from two bits
2 a 3
oo) (10) (01) (12)

Modulated
Result




image6.png
sm2rft A sin 2z ft 4
e *
. .
* o .
)
¢ 0 .
. > >
cos2r ft ¢ o . cos2r ft
.
. . * e .
] «

16 QPSK 16 QAM




image7.png
Amplitude (in volts)

Waveform of the received signal after modulation using first 16-QAM.

01

02

03 04 05 06 07
Time (in sec)

08

09

10?2




image8.png
) NG

w09





image9.png
@ ASK” - Simulink academic use

Fle Edt View Display Diagram Simulation Analysis Code Tools Help

E-o-8 Pk AM=NMEERINCRRCNN7 AT ) @
)
© |Palask =
Q
1
=
1=}
3
[
] s ;
Ly r S LP Error Rate
Bemoull x AWGN X me > o Spoare ol g Caictlaton [——>1 i
Binary = Converter
T
02
=

-

s

»

View ¢ wornings 1255 [ —
=]





image10.png
Simulati

231

P MmO € Q
ReraDone 200





image11.png
Simulati

240

P MmO € Q
ReraDane 220





image12.png
nulation  Help

MIHRE 3% N

p Editing

=0
o9

% @ 7 4) NG

|o e





image13.png
i)

Fle Edt View Display Diagram Simulation Code Tools Help

= R ~E - ~ [100 Normal v b
Ask
® [Falask -
«q
(o5
=
=]
lock Parameters: Bernoul Binary Generator x
Bemoull Binary Generator
Generate random Bernoulli distributed binary numbers. :
Source code
Parameters
T
3 f Error Rate
semot Probabilty of zero: (0.5 : nur:\(z) R - gt =
Binary Source o ntial seed: [Auto - —t M Conarer "
Filer!
Bemoull Binary | Sample time: 1 f o
Generator
‘Samples per frame:  [1
Output data type: |double -
T
‘Simulate using: | Interpreted execution -
oK Cancel Help Apply
o
-F|
»
auto(VariableStepDiscrete)

View 4 warnings 125%

=9 e




image14.png
i)

Fle Edt View Display Diagram Simulation Analysis Code Tools Help

O M=k v [100 Norma| 40 Fitter Designer - [UAMATLAB\coms\fuizdefT.fda ] - o x
s Fie tot v T Vew Window Hep
o [Ese PEEER |~ 00| EHHUE 40 B0 -
cy -Current Fiter Information ———— —Magnitude Response (dB)-
2] [
= —~
- Structure: Direct-Form FR. 5
et S .
o B E
Source; Dasgmed 2
g
2 0
Sror o 0 20 a0 40 w0 w0 0 w0 900
Fiter Wtanager Frequency (Hz)
— —= e
o = ey B | 5
hu g Lowpass O specity order: [& H @
P ]| O sopess == [0
E— T ES || OBanastop Fpass: |10 Rate
Bernoull x Lol 7 awen 7] Astop: 80 jation [——> kil
Binary O [oiteentetor 5 —
FE3]| |- oesion Hetnoa. v
|| O Buterworn  ~
|| @ nsow B
.Jb = e
Designing Filter __ Done.
(@ Filter
Restsaton
[ Wiars
»
— T = T

=9 e




image15.png
nulation  Help

MIHRE 3% N

p Editing

2z
T AT NGy K

P B O € | /0o





image16.png




image17.png
nulation  Help

MIHRE 3% N

p Editing

0019

AT NG g K

|o e





image18.png
¥ PSKchoc * - Simulink academic use
Fle Edt Viw Disphy Diagram Simultion Analsis Code Tools Help

E-=-8 Pk AM=NMEERINCRRCNN7 AT ) O @~

Pskcnoc
® [Falpskchoc -
@
(o5
=
=
(=]
[m]
b T T
i ™ Emor Rate
Bermoul M0 > Awen < wn || Gpolrto gy Calulation [——1 kil
y g 1 = Converter
Fiteri0
J"‘IU R
T T
>
— 10
S l—‘
F\IIerDesgneL\ 1
@
-F|
»
Ready 3 warnings 125% sutoVariablestepDiscrete)

0 0) e




image19.png
% @ 71 9) NG

15:25
18/04/2019

[m]





image20.png
L
1

15:43

T AT NG oy K





image21.png
Simulation  Help

MIHRE 3% N

55
w9

® € W - W) 1 4) ENG





image22.png
JON

% @ Q) NG

w9





image23.png
P4 QPSK2 - Simulink academic use
Fle Edt Viw Disply Diagram Simultion Analsis Code Tools Help

E-o-d8 Fel- M=NME-R Y CN N7 e ooz 7@ -

®

Balorse

&
a
=
=]

My
L Ny

e « - —
P v I S
Rande Integer to Bit N F T Filter ™ mor Rate
e g e o g S
Unptaro N s [
Lo Bhonr | 7, X ff Pl sl

i53
0

»
100% VariableStepAuto

0 e





image24.png
Tool: View Simulation Help
@-|BO® ENMERIEREIZE

s 0 s B 3 0 3 0
f 0 B ® € W <) u FEpome o





image25.png
Tools  Vie

JON

Simulation  Help

S|l |G- F @

E)

* @ Q) NG

18/04/2019





image26.png
i QPSK2 * - Simulink academic use
Fle Edt Viw Oisply Diagram Simultion Analsis Code Tools Help

E-=-8 BEe-EH-wd® P = [ [0 ) o

©® |Palorske -
Q
a
=
1=}
4
awon
L L e
(el e ML e ] B 5
e alculation [
Sr s —-l I |—> e
Lo Ca?w., — A= = = e
(@
»
Ready B 1005 sutovarablstepDiscrete)

0 e




image27.png




image28.png
File

JON

% @ 71 9) NG

2014
18/04/2019





image29.png
i QPSK2 * - Simulink academic use

Fle Edt View Display Diagram Simulation Analysis Code Tools Help

B-o-8 Be-E-ed®P = - Nomal 7 @

sz
© [Eose -
@
(o5
=
=
|
Unipolar to x J"‘Iu s B
. polar to
» ng"p\zz;r > x by mm@ L b =L Ulipolar
1 Converter W
Ly ¥ e «
andom »| megeriosit ,I: N — AWGN Fiter Bitto Saelision
nteger orverter —l itto Integer
g Comverier [—P[?*
Unipolar to Bipolar to
Lol Bloar . —» x numz) hipor
x > =1 Unipolar
Comerter My T Converier
oy Fiert
@
» e >
View 3 warnings 125% sutovariablestepDiscrete)

Ready
=]




image30.png




image31.png
few  Simulation  Help

FREICL - [[n

2135

RooE
18/04/2019

* @ Q) NG





image32.png
Tools View Simulstion Help
@- 3O S|l |C- | F -

2143

P @D NG g

P D B O € W@ <) Roos





image33.png
Tool: View Simulation Help
@-|BO® ENMERIEREIZE

21:50
18/04/2019

S 0 M ® € W <) i





image34.png
i)

Fle €t View Display Diagram Simuiation Code Tools Help
- -E=- - [s0 = |-
s
©® |Palorske =
Q
]
=
1=}
lock Parameters: Bit to Integer Converter] X
Bit to Integer Converter (mask) (link)
Map a vector of bits to a corresponding vector of integer values. M defines
how many bits are mapped for each output integer.
The input length must be an integer multiple of M.
Parameters
Number of bits per integer(M):
El
pr— N Input bit order: | MSB first -
. P . . =
cer bit packing,tret resulting integer values as: |Unsign - 5
J—— ,I: Lf o . = - Ly gt —
e ey Output data type: | Inhertt via internal ule - —
Unipols r i
Lf vgee Ly El
9 [ Cancel Help Apply

“y

View 6 warnings

100%

=9 e

auto(VariablestepDiscrete)





image35.png
JON

Simulation  Help

S|l |G- F @

B

RooE

* @ Q) NG

21:56
18/04/2019





image36.png
@ ASK” - Simulink academic use

Fle Edt View Display Diagram Simulation Analysis Code Tools Help

E-=-8 Ee-E-wd®P = [ [w ) | @ -| & -

© [Falasc

hl..i _
> r‘ll“i TxEverale 9
Bernoull x x » e > Bipolar to Calculation — 01
ot i — o
Y Converter
e

T =

auto(VariablestepDiscrete)

125%

View 4 warnings

=4 e





image37.png
i)

Fle Edt View Display Diagram Simulation Analysis Code Tools Help

= = - [0 Normal R
asc
© [palasc -
@
(o5
=
=]
x
AWGN Channel (mask) (ink)
Add white Gaussian noise to the input: signal. The input signal can be real or
complex. This block supports multichannel processing.
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.
.
Parameters O
J"‘Iu Initial seed: [67
g
P vode: [sgnai o nise ratio (E0iNo) - - 9
Ly ¥ T Error Rate
Bemoull x AWGN Eb/No (dB): [35 Bipolarto goCalculation > 1ot
Binary Gonverter
Number of bits per symbol: [1 :
ANGN
Channel Input sgna power, referenced to 1 ohm (watts): [1
Symbol period (5): [1
oK Cancel Help Apply
]
-F|
»
View 4 warnings 125% autovarisblestepDiscrete

=4 e




image38.png
P4 ASK_and_hamming * - Simulink academic use. - X
Fle Edt View Disphy Diagram Simuation Analysis Code Tools Help
E-=-8 He-E- 4O = - Normat GRIORd]--Re
ASK_and_amming
©® |PaASK_and_hamming -
x r'y 3
Q
3]
=
1=}
(=]
O
+
=
b AWGN 13
B L Ly x num(z) —
Bernoull .y X > g 1 >
Binary *—»  Hamming Encoder —>
Filter1 |
0.2
>JM > Ts:1
-
L5}
» | > v
Ready View 7 warnings 175% autoarablestepDisrete

% @ T ) NG




image39.png
Picture T

=i Gmpp lopm Rames vim At e RO G s Sara Vork (1704018) S, Share
K - P D Find +

BES [memnn i s e b 119 s s e o v e o T s e e e wooa [ 27 | By S
BB Cory © BeReplace

Paste - 3 - W - - lo Spacing leading 7  Subtle Em. ‘mphasis  Intense Strong Quote Intense Q... Subtle Ref... Intense Re. ook Title T List Para... T Caption Createand Share Request

e o e B T U wex o A A NoSpacing Heading7 SubtleEm., Emphasis _IntenseE.. _ Strong fe IntenseQu. SubteRe InenseRev, BookTile 1 LitPoass 1 Copt B | CEEEER T

Clipboard r. Font & Paragraph 5 Styles 5 Edting Adobe Acrobat -~

Appl.. ™ %
Style Name:
Normal 5

@ scopes

File

@- 0P @

Tools View Simulation Help

-l - £ @

Reapply | | Mo

V] AutoComplete.

‘Sample based Offset=0_[T=5.000

Page 21 of 24 words [[F _English (United Kingdom) E




image40.png
ST — - -
0 <K & e e o
% Replace

. T U x| A-®- ba.. 1Caption Creste and Share | e
7 Format Painter a ¥ B G ool View Simubtion Help N i N Selects | haonepor St

@z fo LY IR e eating et

v X =]

Sty Name
Nomal |+
Reapy | | o

AutoComplete

Ready
4 Scope? - o x
File Tools View Simulation Help -

@ - S| - F -

Ready ‘Sample based

3 ) EN

18/05/2019




image41.png
Insert

Page Layout

Formulas

Data

Revi

ew  View  Acrobat

Sage

Team

Tell me what you want to do.

=

Sara Vonk (1704018) £ Share

Ex’(“' Calibr -[n W ®-  SwepTet - E} Normal Bad Good Neutral Calculation gﬂﬂ EX 5 X Autosum - A d p
E.E::ammm Iu- Merge & Center ~ PR ] ;(:,:‘da‘:,‘::‘. s Explanatory ... [Input Linked Cell Note o sert Delee Format E:LW G e
Clipboard 5 Font 5 Alignment 5 Number 5 stles celts Editing -
P10 - % -
A 3 c o | E F s o ) K L™ N o 3 a R s T u v w X [
1 |AWGN B AWGN s AWGN s Format Shape o
2 AsK Psk apsk SO '
3 Error Rate Bits transferred Error Rate Bits transferred Error Rate Bits transferred AWGN  ASK PSK. QPsK
4 1 0 n 1 0 1 1 0 10 5 ) ) ) o
5 2 0 1 2 0 1 2 0 10 1 0 0 0
6 3 o 11 3 o 11 3 o 10 -5 0.126 o o b Line
7 4 0 1 4 0 1 4 0 10 0 0315 00% 005
s 5 0 1 5 0 1 5 0 10 5 039% 0314 028
B 5 0 1 5 0 1 5 0 10 0 0387 o4 041
10 7 0 1 7 0 1 7 0 10
11 s 0 1 s 0 1 s 0 10
12 B 0 1 B 0 1 B 0 10
13 10 0 1 10 0 1 10 0 10
14 Average 0 1 Average 0 1 Average 0 10
15
16 AWGN 1 AWGN 1 AWGN 1 BER
17 05
18 Error Rate Bits transferred Error Rate Bits transferred Error Rate Bits transferred
19 1 o 11 1 o 11 1 o 10 > o4
20 2 0 1 2 0 1 2 0 10 0
21 3 0 1 3 0 1 3 0 10
22 4 o 11 4 o 11 4 o 9 0z
2 5 0 1 5 0 1 5 0 10 o
2 5 0 1 5 0 1 5 0 10
25 7 0 1 7 [ 1 7 [ 10 S S
26 8 o 11 8 o 11 8 o 10 K4 ks Ed 0 + ] ¥ 1
27 9 o 11 9 o 11 9 o 10 01
2 10 [ 1 10 0 1 10 0 10 oA —e—PSK —e—QPSK
29 |Average 0 1 Average 0 1 Average 0 10
30
31
32 |AWGN s AWGN s AWGN
3
34 Error Rate Bits transferred Error Rate Bits transferred Error Rate Bits transferred
35 P n 1 0 1 1 0 10
36 2 oo 1 2 0 1 2 0 10
37 3 o 1 3 0 1 3 0 10
8 4 oo 1 4 0 1 4 0 10
20 s a1 o a1 o 1 -
Sheet1 ® < v
Ready Calculate i M - 1 + 100%





image42.png
=

Inset  Pagelsout  Formuas  Data  Review  View  Acobat  Sage  Team Tell me what you want to do Sora Vonk (1704018) 3, Share
ﬁ ‘EX’E“' . Calibr -[n W ®-  SwepTet General - Q Normal Bad Good Neutral Calculation & EX il é:‘f“”‘ Ay p
Paste E‘raww . Iu- s 3 Condiional Formatas Explanatory ... [IApUL Unked Cell __ [Note | nser Delete Format (“ | soa Fnda
B ormat Painter oo o - . & Fitter - Select~
Gipboard 5 Font 5 Aignment 5 wme 6 syies Cets diting ~
P10 - fo v
A 3 c b | & 3 ® " 3 K L™ N » Q s u w x [
3 Format Shape o
32 AWGN 5 AWGN 5 AWGN O /\_\ IE
£
E Error Rate Bits transferred Error Rate Bits transferred Error Rate Bits transferred -
35 1 oo 1 1 o 1 1 o 10
6 2 oo 1 2 o 1 2 o 10  Line
a7 3 o 1 3 o 1 3 o 10
8 Y 1 4 o 1 4 o 10
39 5 008 1 5 o 1 5 o 10
w0 5 005 1 5 o 1 5 o 10
4 7 008 1 7 o 1 7 o 10
2 s 005 1 s o 1 s o 10
s s 005 1 s o 1 s o 10
a 10 o 1 10 o 1 10 o 10
45| Average 0126 1 Average o 1 Average o 10
%
4
48|AWGN 10 AWGN 10 AWGN 10
4
50 Error Rate Bits transferred Error Rate Bits transferred Error Rate Bits transferred
51 1 oss 1 1 o 1 1 01 10
s2 2 o3 1 2 oo 1 2 o 10
52 3 o 1 3 008 1 3 o 10
4 4 o3 1 Y] 1 4 01 10
55 5 o 1 5 008 1 5 01 10
56 6 o027 1 5 005 1 5 02 10
s7 7 o3 1 7 008 1 7 o 10
£ s 03 1 s o 1 s o 10
B s o027 1 s 005 1 s o 10
0 10 o 1 10 o 1 10 o 10
61 |Average 0315 1 Average 0.099 1 Average 005 10
o
5
54 |AWGN s AWGN 15 AWGN 15
65
£ Error Rate Bits transferred Error Rate Bits transferred Error Rate Bits transferred
o7 1 oss 1 1 o 1 1 01 10
8 2 os 1 2 oz 1 2 01 10
o P n F— n a o 0 -
Sheet! | @ >
Ready Calculate i) M - 1 + 100%





image43.png
=

(=i Bmslomm Gepeis Be R my Asdm o Smp T i Sara Vork (1704018) £, Share
ﬁ ‘EX’E“' . Calibr -[n W ®-  SwepTet General - E} Normal Bad Good Neutral Gleulation ] - gﬂﬂ il é:‘f“”‘ Ay p
Paste E‘raww . Iu- s 3 Condiional Formatas Explanatory ... [IApUL Unked Cell __ [Note | nser Delete Format (“ | soa Fnda
- ormat Painter Formatting - Table ~ - - - Ll Fifter~ Select -
Clipboard 5 Font 5 Alignment 5 Number 5 stles celts Editing ~
P10 - E v
A 5 c o | E F s o ] K L™ N 3 a s u w X[+
61 |Average 0315 1 Average 0.099 1 Average 0.05 10 Format Shape v
& OO
)
54 |AWGN ED AWGN 15 AWGN 15 S
6
66 Error Rate Bits transferred Error Rate Bits transferred Error Rate Bits transferred =]
o7 1 oas 1 1 o036 1 1 01 10
68 2 ose 1 2 o2 1 2 01 10
59 3 oas 1 3 os 1 3 os 10
70 4 03 1 4 0009 1 4 04 10
7 5 03 1 5 00ss 1 s 03 10
2 5 oas 1 s 027 1 5 03 10
7 7 o3 1 7 o2 1 7 03 10
7 EI Rt 1 s 027 1 5 01 10
75 s o2 1 s o3 1 El 03 10
76 10 027 1 0 036 1 10 02 10
77 |Average 0.3% 1 Average 03114 1 Average 028 10
7
7
20 [AWGN AWGN AWGN 20
1l
2 Error Rate Bits transferred Error Rate Bits transferred Error Rate Bits transferred
£ 1 o036 1 1 oss 1 1 02 10
4 2 o 1 2 o2 1 2 04 10
5 3 o3 1 3 oas 1 3 03 10
6 4 03 1 4 oas 1 4 os 10
&7 5 03 1 5 03 1 s os 10
8 5 009 1 5 o0sa 1 5 06 10
9 7 oe 1 7 oas 1 7 02 10
%0 s oas 1 s 027 1 5 os 10
£ s o3 1 s o2 1 El 03 10
2 0 036 1 10 o045 1 10 03 10
93 |Average 0387 1 Average  0.459 1 Average o041 10
o
o
%
o7
£
o -
Sheet! ® >
Ready Calculate i M - 1 + 100%





image44.png
sinewave spred sheet - Excel

=

Inset  Pagelayout  Formulas  Data  Review  View Sage  Team  Q Tellmewhat youwantto do SoraVork (1704018) 9, Share
g(’c“' Calibr EERErS W ®-  SwepTet General - D Normal Bad Good Neutral Calculation gﬂﬂ 5 X Autosum - A d p
Paste E,:"Ww o BIU- s 3 Condiional Formatas Explanatory ... [IApUL Unked Cell __ [Note © Insert Delete Format ?2‘” | soa Fnda
ormat Painter Formatting - Table~ - - &l e Seect-
Gipboard 5 Font Aignment 5 wme 6 styies Cets ating ~
N3 - % S
A 3 c o 3 3 ® H 3 K L M N o 3 Q R s T u v w x v z A | m | s
ilsin cos  sinecos sin(sinscos) _cos(sin+cos) o )
2| 00001 1 10001 o.01818 0.0001000151.000100006 sin(sin+cos) sinewave
3| o0is1 oseis2 11672 0211680674 1142563575 14 15
4| 0552 034585 129098 0.446053416 1.220569955 12
5| 04%0% 0.8%0% 138188 0.67844781 1231144533 . B
6| osls2 08182 143682 0.888023577 1175278848
7| omn omm  1asis 1057530584 1.057930584 08 os
8| 0812 o612 143682 1175278848 0888023577 05 .
9| 089092 04909 138188 1231144533 067844781 04 1357 onnnUnN BT snBsThesgss
10| 0sasas 038552 129098 1220569955 0446053415 0 s
11| oss2  os1s 116372 1142563575 0.211680674 .
2 1 00001 09999 0.999899995) -9.99955€-05) 1357 9un1RighnsrnnnsRshiesgs 1
13| ossis2 -0s15 079992 0.78537745 0145505451 02
14| 094545 -038552 0599 0567215269 -0.20729127 04 15
15| 083092 -0.45096 039996 0.356332361 -0.196364362
16| oss2 0.163629635] 0.0296316%) cos(sin+cos) Coswave
17| oz o o s 15
18| 061822 0123631635 0.163623635 »
13| 0.43096 196364362 0356332361 1
20| 04552 -0 020729127 0567219269 B
21| 01819 -0ss1s2 -0.79%%2 145505451 078537745 08 os
22| -0.0001 4 -Looor 0.0001000151.000100006 05 .
23| 01819 -0s8182 -L16372 0211680674 1142563575 0 s 53750 01 65 05 47 15 0
24| -0.34552 -0.34586 -1.2908 0.446053416 1.220569955
25| -0.4905 -0.89052 -138188 0.67844781 1231144533 02 o
26| 061822 -0.8182 143682 0.888023577 1175278848 0 .
o 0723 0723 -Lasasl 057930584 1057930584 . vennsrndsgunassgs
28| 08182 061822 143682 1175278848 0888023577 s s
20| -0.89052 -0.4909 -13818 1231144538 067884781
30| -0.34546 125098 1220569955 0446053415 Sine+Coswave
31| 08182 16372 1142563575 0.211680674 N
2 1 -0.99%9 0599899995 -9.99955€-05
33| 0182 0819 -0.79%9%2 0.78537745 0145505451 15
34| -0.3a546 0567215269 -0.20729127 N
35| -0.89092 0.356332361 -0.196364362
36| -08182 0.163623635 -0.123631635 o3
37| 0727 o o o
38| 061822 123631635 0.163623635 1357 snnsNeansrennbrsassgss
20l 0 sees P p— o -

Ready Calculate





image45.png
& ASK_and_hamming * - Simulink academic use
Fle Edt Viw Disply Diagram Simultion Analsis Code Tools Help

b&-a Eeg-EH-wd®P = [ ) | @ -| & -

ASK_and_hamming

© [Balask_and_pomming

BUES

O &

— [e—]
— % T T

—
1<[um]
O
‘ (—
A e | J—
E=H ] T * < |t Hfﬂa |
. =

Sinary Haming Encoder
T

vy,

i

05

7}

Fiter Dosigners | ]

= e

»

auto(VariablestepDiscrete)

[EEVIEY

View 7 warnings 100%

Ready





image1.png




image2.png




