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[bookmark: _Toc99491385][bookmark: _Toc99576882]ABSTRACT
This document is an investigation into different digital modulation schemes and how they react to to noise. Only four methods are analysed in this document: ASK, PSK, QPSK and 16QAM.
Simulations were designed for each of the modulation techniques. Each comprised of 5 main sections:
· Random signal generator
· Modulator
· Noise channel
· Demodulator 
· Error calculation
Each modulation technique was tested with varying levels of noise, starting at a low signal to noise ratio and increasing until the system became compromised. 
The results show that 16QAM technique was the most susceptible to noise and most resilient was the QPSK. This was due to the symbol spacing and how closer symbol spacing is more susceptible to errors.

[bookmark: _Toc99491386][bookmark: _Toc99576883]INTRODUCTION
The focus of this investigation is to look at how modulation techniques are affected by noise. Modulation is the process of taking a source signal and converting the information within it into symbols  [1]. A symbol is a signal with specific property that is used to represent a portion of data that it has been mapped to. The symbols can vary in amplitude, phase, or frequency to represent the mapped data. The symbols are transmitted on a sinusoidal carrier wave. This carrier wave can be described in the form:

The variable ‘A’ represents the amplitude of the carrier, ‘f’ is the frequency and ‘’ shows the phase of the waveform [2]. These values can be changed to get desired characteristics required for the symbols in each of the modulation methods. 









[bookmark: _Toc99491387][bookmark: _Toc99576884]BACKGROUND INFORMATION
[bookmark: _Toc99491388][bookmark: _Toc99576885]MODULATION AND DEMODULATION
In digital signal processing, waveforms can be baseband or passband. Baseband signals are generally have a relatively low frequency and are often the source of information that is being sent.
Baseband signals however are not suitable for long distance transmission. When a baseband signal combined with a sinusoidal waveform of a higher frequency it becomes a passband signal. This combining of waves is called convolution. 
Figure 1 shows how baseband signal u(f) changes after convolution with a sinusoidal wave (fc). The frequency of the original signal u(f) has increased and is centered around the frequency of the sinusoidal wave it was combined with. The sinusoidal waveform is referred to as the carrier wave [3]. The process of changing from a baseband signal to a passband one is called modulation. 
[image: DiagramDescription automatically generated]
Figure 1 - Baseband/Passband Examples  [4]
Demodulation is the opposite of modulation and is when a passband signal is converted to a baseband one. This is done by convolving the transmitted passband signal with the same carrier wave that was used during modulation. This will generate more higher frequency components of the wave but also will generate a copy of the original waveform at the lower baseband frequencies. This signal can be low pass filtered to remove the higher frequency components and processed to retrieve the original data that was sent.  [5]
Figure 2 shows the general modulation/demodulation process. 
[image: DiagramDescription automatically generated]
Figure 2 - Modulation/Demodulation Block Diagram  [6]
[bookmark: _Toc99491389][bookmark: _Toc99576886]ASK
Amplitude shift keying is one of the most basic modulation methods. In this modulation technique the amplitude of the carrier wave is changed to encode the data. This can be seen in figure 3. Figure 3 - ASK modulation Example [9]

The amplitude and phase of the waveform can be plotted on a constellation diagram so show the different symbols and how they relate. The ASK constellation diagram shows two symbols. Each symbol has a different amplitude. The example is 2ASK so there are only 2 symbols to represent the data.

Figure 4 - ASK Constellation Diagram

[bookmark: _Toc99491390][bookmark: _Toc99576887]PSK
Another simple modulation technique is phase shift keying. This is when the phase of the carrier wave changed between the data values. This can be seen in figure 5. Figure 5 –PSK Modulation Example [9]

Figure 5 shows how the PSK symbols have the same amplitude, but they are 180° out of phase. The example is 2PSK which has 2 symbols. 

Figure 6 - PSK Constellation Diagram



[bookmark: _Toc99491391][bookmark: _Toc99576888]QPSK
Quadrature phase shift keying is an extension of PSK however there is an increase in the number of phases that the symbols can be. The amplitude remains constant. Figure 7 shows a 4QPSK constellation diagram. Each symbol contains two bits of data. To do this, the serial data is converted to a parallel form so two bits are processed at once. Each bit is modulated by a carrier wave, but one is 90° out of phase with respect to the current one. This 90° phase shifted wave is called the quadrature carrier. [7]

Figure 7 - QPSK Constellation Diagram
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16 Quadrature Amplitude is a mixture of ASK and PSK. This modulation method had 16 symbols, each representing 4 bits of data. This is achieved by changing both the phase and the amplitude of the carrier wave.

Figure 8 - 16QAM Constellation Diagram
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All simulations in this section have an input data frequency of 1Hz and a carrier frequency of 5Hz with an amplitude of 1. The simulations were all run for 600s. 
[bookmark: _Hlk99563325]An error calculation was done on all simulations shown in this document. This is done by comparing the sent signal with the received signal. The error rate is expressed as a ratio of error signals that were received to the total signals received. The error rate was used to see how the noise was affecting the modem simulations. 
To test the modems, the AWGN blocks was set to a low SNR value until the system operated reliably with 0 errors. The SNR was incrementally increased until errors appeared on the display block. Each system was tested until maximum error rate of ~0.5. 
[bookmark: _Toc99491395][bookmark: _Toc99576891]ASKFigure 9 - ASK Simulation

Figure 9 shows the ASK simulation that was carried out in Simulink. The Bernoulli binary block is used to generate a random square wave that is the data to be send over the system. This block is used in all simulations shown. Figure 10 shows the frequencies of the binary data to be transmitted. The clear peak at 0 kHz indicated the binary data.
[image: A screenshot of a computer

Description automatically generated with medium confidence]
Figure 10 – ASK Binary Data, Frequency Plot
The data is used to control a switch that will set the amplitude of the transmitted signal. When the data is 1 the carrier wave is connected, and the amplitude is at the maximum value. If the data bit is 0 then the switch connects 0 to the transmission line and the amplitude is at a minimum value. These maximum and minimum amplitude states are the symbols mentioned previously. Figure 11 shows the carrier wave and how it is represented as a delta function. The carrier and data convolution are shown in figure 12. This shows how the data has shifted to the frequency of the carrier wave.
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Figure 11 – ASK Carrier Wave, Frequency Plot
[image: Chart, histogram
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Figure 12 – ASK Data Convolution with Carrier, Frequency Plot
The signal is then connected to the AWGN block. This is used to simulate the transmission line and can add noise to the signal. For all simulations the noise value is adjusted to see how it affects each system. 
After transmission line the signal is multiplied by the carrier wave again. This convolution stage creates a copy of the original waveform in the baseband frequency range; however, it also creates more high frequency components. This can be seen in figure 13. 
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Figure 13 – ASK Transmission Demodulation Convolution, Frequency Plot
This signal is then low pass filtered to remove many high frequency components of the waveform, shown in figure 14.
[image: Graphical user interface, chart
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Figure 14 – ASK Post Filtered Signal, Frequency Plot
To regain the full original signal, the post filter signal is connected to another switch block. When the amplitude of the signal is above 0.2 it will output a 1 and when it is below a 0 is output. This signal should match the original data that was sent. 
The output is then connected to an Error Rate Calculation block. This will compare the original signal to the output of the demodulator to check for any errors. The error information is then connected to a monitor block so that it can be easily viewed. A time delay block has been added to the original signal connected to the error calculator to synchronize the transmit (TX) and receive (RX) inputs. The synchronization is required for error calculation. The delay is caused by the different blocks processing the carrier. 



[bookmark: _Toc99491396][bookmark: _Toc99576892]PSKFigure 15 - PSK Simulation

Figure 10 shows the PSK simulation. It is very similar in design to the ASK simulation however instead of modulating the amplitude of the carrier wave, the phase is modulated. This is done by replacing the 0 of the switch in the previous simulation with another sinusoidal wave that is 180° out of phase to the original one. 
When the received signal is multiplied by the carrier waveform, the amplitude of the in phase signals are increase and the out of phase signals amplitudes are decreased. This signal with can then be used to output the final signal as the positive phase can be used to drive a switch to output 1 or 0. 
[bookmark: _Hlk99570035]The rest of the modulator is the same as ASK. 

[bookmark: _Toc99491397][bookmark: _Toc99576893]QPSKFigure 16 - QPSK Simulation

[bookmark: _Hlk99573310]The QPSK modem shown in figure 16 initially parallelises the data from the Bernoulli binary block using a serial to parallel block and a multiplexer. The data is then sent to a subtractor block to minus 0.5 from the signal. This will cause signals to either be +0.5 or -0.5. The Signum block then increases the amplitude of each wave to either 1 if positive or -1 is negative. When this signal is multiplied by the first sine carrier wave is will either be 0° when positive or -180° when negative. The second carrier wave is 90° out of phase when compared to the first. This means that when multiplied by the positive and negative incoming wave it will be 90° out of phase with the first. These phase modulations allow for 2 bits of data to be encoded in any of the 4 unique symbols. 
After transmission the signal is multiplied by each quadrature carrier and filtered separately. This is to isolate the quadrature waves. The switches operate in the same way as PSK however it operates on two waves at the same time. 
The next stage is to serialise the data using a demultiplexer and a serialiser block. 
The error detection is the same as previous simulations, however time delay is set on the error rate detection block.   
[bookmark: _Toc99491398][bookmark: _Toc99576894]QAMFigure 17 - QAM Simulation

The QAM modulation is very similar to the QPSK one, however amplitude is also modulated. This is done by parallelising two more bits. These bits are used to control a switch that will decrease the carrier amplitude by multiplying it by 0.5 or 1. The rest of the modulation is the same as PSK. This allows for 16 unique symbols to represent the data (constellation diagram shown previously).
[bookmark: _Hlk99573318]The QAM demodulation is also very similar to QPSK, however the amplitude of the signal is also analysed to identify the bits associated with amplitude. This is done by squaring the wave to make all parts of the wave positive. If the amplitude is high then switch will be set to output 1 and set to 0 if low. This data then goes to the demultiplexer and is serialised again. Error rate calculation is the same as previous simulations. 

[bookmark: _Toc99491399][bookmark: _Toc99576895]RESULTS
The results of the simulations can be seen in figure 18. All modems were affected by an increase in noise, however the breakdown of each system occurred at different points.
The 16QAM modem was affected more by lower amounts of noise than the other systems. The QPSK modulator was the most resilient to noise.

Figure 18 – Simulation Results

[bookmark: _Toc99491400][bookmark: _Toc99576896]DISCUSSION
When noise is introduced to the system it will affect the carrier waves characteristics and there will be differences between the transmitted signal and the received signal. These changes can affect amplitude, phase and frequency. All of which are key to ensure the encoded symbols can be read correctly the demodulator. When these characteristics are changed, the symbols containing the information are changed. 
Figure 19 shows a constellation diagram of a 16QAM radio link with a carrier to noise ratio of 20dB (a) and 15dB(b). It is clear that the greater signal noise in b is causing the points to drift further away from their expected location on the constellation diagram. This deviation from the expected is where the errors will occur when receiving. If a point strays too far from the expected location then the demodulator can mistake it for the wrong symbol and decode the data incorrectly. 
[image: Graphical user interface

Description automatically generated with low confidence]
Figure 19 – Affects of noise on 16QAM [8]
The reason that the 16QPSK was more affected by the low levels of noise is that the symbols spacing was closer together than the other modulation schemes. This means less noise is required to move a carried into an error location.
The QPSK was the most resilient to noise for the opposite reason, the symbols are the furthest away from one another so more noise is required to get a carrier to move into a position where the incorrect symbol is decoded. 




[bookmark: _Toc99491401][bookmark: _Toc99576897]CONCLUSION
[bookmark: _Toc99491402]The results show that the spacing between symbols is key in determining how resilient a system is to noise. This has been shown from the results. 16QAM has the closest spacing of symbols and was the most sensitive to low levels of noise. This trend is true for the other modulators. The second most sensitive was the ASK modulator. This has the second closest symbol spacing of the remaining modulation schemes. This is followed by PSK and QPSK.
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	SNR
	R1
	R2
	R3
	R4
	R5
	MEAN

	-10000
	0.489185
	0.497504
	0.514143
	0.487521
	0.502496
	0.49817

	-1000
	0.497504
	0.454243
	0.505824
	0.542429
	0.519135
	0.503827

	-100
	0.510815
	0.510815
	0.505824
	0.515807
	0.480865
	0.504825

	-50
	0.507488
	0.497504
	0.492512
	0.477537
	0.514143
	0.497837

	-25
	0.484193
	0.449251
	0.459235
	0.480865
	0.429285
	0.460566

	-20
	0.494176
	0.480865
	0.437604
	0.482529
	0.427621
	0.464559

	-10
	0.331115
	0.306156
	0.324459
	0.296173
	0.309484
	0.313478

	-9
	0.284526
	0.287854
	0.284526
	0.306156
	0.311148
	0.294842

	-8
	0.27787
	0.261231
	0.251248
	0.242928
	0.257903
	0.258236

	-7
	0.229617
	0.207987
	0.25624
	0.206323
	0.241265
	0.228286

	-6
	0.199667
	0.214642
	0.18802
	0.209651
	0.194676
	0.201331

	-5
	0.186356
	0.198003
	0.156406
	0.173045
	0.184692
	0.1797

	-4
	0.171381
	0.134775
	0.169717
	0.164725
	0.154742
	0.159068

	-3
	0.104825
	0.116473
	0.109817
	0.116473
	0.131448
	0.115807

	-2
	0.106489
	0.09817
	0.113145
	0.103161
	0.104825
	0.105158

	-1
	0.074875
	0.074875
	0.081531
	0.076539
	0.088186
	0.079201

	0
	0.049917
	0.071547
	0.056572
	0.071547
	0.066556
	0.063228

	1
	0.046589
	0.048253
	0.048253
	0.054908
	0.039933
	0.047587

	2
	0.016639
	0.014975
	0.016639
	0.018303
	0.026622
	0.018636

	3
	0.014975
	0.011647
	0.011647
	0.016639
	0.016639
	0.014309

	4
	0.006656
	0.004992
	0.009983
	0.013311
	0.008319
	0.008652

	5
	0.001664
	0.001664
	0.006656
	0.003328
	0.004992
	0.003661

	6
	0.004992
	0.001664
	0.003328
	0.003328
	0.001664
	0.002995

	7
	0.001664
	0.001664
	0.001664
	0
	0.001664
	0.001331

	8
	0
	0
	0
	0
	0
	0

	9
	0
	0
	0
	0
	0
	0

	10
	0
	0
	0
	0
	0
	0
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PSK
	SNR
	R1
	R2
	R3
	R4
	R5
	MEAN

	-10000
	0.524126
	0.487521
	0.502496
	0.527454
	0.492512
	0.506822

	-1000
	0.494176
	0.537438
	0.494176
	0.497504
	0.480865
	0.500832

	-100
	0.500832
	0.509151
	0.497504
	0.500832
	0.487521
	0.499168

	-50
	0.492512
	0.489185
	0.487521
	0.47421
	0.505824
	0.48985

	-25
	0.445923
	0.439268
	0.430948
	0.445923
	0.430948
	0.438602

	-20
	0.386023
	0.392679
	0.374376
	0.397671
	0.397671
	0.389684

	-10
	0.164725
	0.156406
	0.168053
	0.183028
	0.1797
	0.170383

	-9
	0.161398
	0.153078
	0.159734
	0.148087
	0.154742
	0.155408

	-8
	0.138103
	0.139767
	0.131448
	0.126456
	0.113145
	0.129784

	-7
	0.114809
	0.113145
	0.103161
	0.079867
	0.111481
	0.104493

	-6
	0.106489
	0.088186
	0.076539
	0.086522
	0.08985
	0.089517

	-5
	0.083195
	0.074875
	0.075314
	0.09205
	0.079498
	0.080986

	-4
	0.069884
	0.063228
	0.0599
	0.06822
	0.061564
	0.064559

	-3
	0.061564
	0.046589
	0.034942
	0.043261
	0.046589
	0.046589

	-2
	0.03827
	0.039933
	0.033278
	0.039933
	0.048253
	0.039933

	-1
	0.028286
	0.014975
	0.021631
	0.024958
	0.023295
	0.022629

	0
	0.018303
	0.013311
	0.016639
	0.014975
	0.014975
	0.015641

	1
	0.004992
	0.011647
	0.009983
	0.009983
	0.006656
	0.008652

	2
	0.003328
	0.003328
	0.004992
	0.006656
	0.001664
	0.003993

	3
	0
	0
	0
	0
	0
	0

	4
	0
	0
	0
	0
	0
	0

	5
	0
	0
	0
	0
	0
	0

	6
	0
	0
	0
	0
	0
	0

	7
	0
	0
	0
	0
	0
	0

	8
	0
	0
	0
	0
	0
	0

	9
	0
	0
	0
	0
	0
	0

	10
	0
	0
	0
	0
	0
	0










[bookmark: _Toc99576901]QPSK
	SNR
	R1
	R2
	R3
	R4
	R5
	MEAN

	-10000
	0.524126
	0.487521
	0.502496
	0.527454
	0.492512
	0.506822

	-1000
	0.494176
	0.537438
	0.494176
	0.497504
	0.480865
	0.500832

	-100
	0.500832
	0.509151
	0.497504
	0.500832
	0.487521
	0.499168

	-50
	0.492512
	0.489185
	0.487521
	0.47421
	0.505824
	0.48985

	-25
	0.445923
	0.439268
	0.430948
	0.445923
	0.430948
	0.438602

	-20
	0.386023
	0.392679
	0.374376
	0.397671
	0.397671
	0.389684

	-10
	0.164725
	0.156406
	0.168053
	0.183028
	0.1797
	0.170383

	-9
	0.161398
	0.153078
	0.159734
	0.148087
	0.154742
	0.155408

	-8
	0.138103
	0.139767
	0.131448
	0.126456
	0.113145
	0.129784

	-7
	0.114809
	0.113145
	0.103161
	0.079867
	0.111481
	0.104493

	-6
	0.106489
	0.088186
	0.076539
	0.086522
	0.08985
	0.089517

	-5
	0.083195
	0.074875
	0.075314
	0.09205
	0.079498
	0.080986

	-4
	0.069884
	0.063228
	0.0599
	0.06822
	0.061564
	0.064559

	-3
	0.061564
	0.046589
	0.034942
	0.043261
	0.046589
	0.046589

	-2
	0.03827
	0.039933
	0.033278
	0.039933
	0.048253
	0.039933

	-1
	0.028286
	0.014975
	0.021631
	0.024958
	0.023295
	0.022629

	0
	0.018303
	0.013311
	0.016639
	0.014975
	0.014975
	0.015641

	1
	0.004992
	0.011647
	0.009983
	0.009983
	0.006656
	0.008652

	2
	0.003328
	0.003328
	0.004992
	0.006656
	0.001664
	0.003993

	3
	0
	0
	0
	0
	0
	0

	4
	0
	0
	0
	0
	0
	0

	5
	0
	0
	0
	0
	0
	0

	6
	0
	0
	0
	0
	0
	0

	7
	0
	0
	0
	0
	0
	0

	8
	0
	0
	0
	0
	0
	0

	9
	0
	0
	0
	0
	0
	0

	10
	0
	0
	0
	0
	0
	0
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	SNR
	R1
	R2
	R3
	R4
	R5
	MEAN

	-10000
	0.472175
	0.507589
	0.544688
	0.521079
	0.489039
	0.506914

	-1000
	0.53457
	0.472175
	0.49747
	0.468803
	0.487352
	0.492074

	-100
	0.468803
	0.510961
	0.505902
	0.50253
	0.492411
	0.496121

	-50
	0.514334
	0.477234
	0.504216
	0.527825
	0.49747
	0.504216

	-25
	0.480607
	0.49747
	0.499157
	0.487352
	0.467116
	0.486341

	-20
	0.445194
	0.458685
	0.453626
	0.463744
	0.448567
	0.453963

	-10
	0.340641
	0.337268
	0.362563
	0.3086
	0.338954
	0.337605

	-9
	0.315346
	0.305228
	0.281619
	0.328836
	0.328836
	0.311973

	-8
	0.278246
	0.288364
	0.320405
	0.274874
	0.284992
	0.289376

	-7
	0.273187
	0.247892
	0.259696
	0.264755
	0.283305
	0.265767

	-6
	0.224283
	0.232715
	0.251265
	0.224283
	0.236088
	0.233727

	-5
	0.229342
	0.200675
	0.224283
	0.204047
	0.205734
	0.212816

	-4
	0.198988
	0.220911
	0.178752
	0.224283
	0.183811
	0.201349

	-3
	0.192243
	0.160202
	0.17032
	0.18887
	0.17032
	0.176391

	-2
	0.163575
	0.158516
	0.177066
	0.158516
	0.163575
	0.16425

	-1
	0.13828
	0.155143
	0.13828
	0.146712
	0.126476
	0.140978

	0
	0.116358
	0.128162
	0.160202
	0.111298
	0.102867
	0.123777

	1
	0.129848
	0.13828
	0.109612
	0.118044
	0.129848
	0.125126

	2
	0.116358
	0.124789
	0.107926
	0.104553
	0.10118
	0.110961

	3
	0.118044
	0.111298
	0.094435
	0.107926
	0.128162
	0.111973

	4
	0.106239
	0.123103
	0.092749
	0.10118
	0.080944
	0.100843

	5
	0.104553
	0.10118
	0.099494
	0.077572
	0.111298
	0.09882

	6
	0.097808
	0.094435
	0.089376
	0.094435
	0.082631
	0.091737

	7
	0.079258
	0.075885
	0.094435
	0.086003
	0.089376
	0.084992

	8
	0.091062
	0.070826
	0.086003
	0.080944
	0.079258
	0.081619

	9
	0.079258
	0.064081
	0.070826
	0.092749
	0.084317
	0.078246

	10
	0.067454
	0.070826
	0.055649
	0.074199
	0.065767
	0.066779

	11
	0.072513
	0.070826
	0.075885
	0.057336
	0.060708
	0.067454

	12
	0.059022
	0.070826
	0.062395
	0.053963
	0.059022
	0.061046

	13
	0.042159
	0.052277
	0.059022
	0.048904
	0.047218
	0.049916

	14
	0.033727
	0.028668
	0.035413
	0.045531
	0.03204
	0.035076

	15
	0.037099
	0.025295
	0.033727
	0.028668
	0.042159
	0.03339

	16
	0.023609
	0.03204
	0.03204
	0.016863
	0.033727
	0.027656

	17
	0.024048
	0.024048
	0.02004
	0.028056
	0.022044
	0.023647

	18
	0.015177
	0.010118
	0.015177
	0.01855
	0.015177
	0.01484

	19
	0.015177
	0.001686
	0.010118
	0.010118
	0.008432
	0.009106

	20
	0.003373
	0.005059
	0.001686
	0.003373
	0
	0.002698

	21
	0.001686
	0
	0.001686
	0.001686
	0
	0.001012

	22
	0.001686
	0
	0.001686
	0.001686
	0
	0.001012

	23
	0
	0
	0.001686
	0
	0
	0.000337

	24
	0
	0
	0
	0
	0
	0

	25
	0
	0
	0
	0
	0
	0


























[bookmark: _Toc99576903]COMBINED DATA

	 
	BIT RATE ERROR

	SNR (db)
	ASK MEAN
	PSK MEAN
	QPSK MEAN
	16QAM MEAN

	-10000
	0.498169717
	0.506821963
	0.51256281
	0.506914

	-1000
	0.503826955
	0.500831947
	0.49748744
	0.4920742

	-100
	0.504825291
	0.499168053
	0.4958124
	0.49612142

	-50
	0.497836938
	0.48985025
	0.48341709
	0.50421585

	-25
	0.460565724
	0.438602329
	0.44154104
	0.48634064

	-20
	0.464559068
	0.38968386
	0.38358459
	0.4539629

	-10
	0.313477537
	0.170382696
	0.14137353
	0.3376054

	-9
	0.29484193
	0.155407654
	0.11959799
	0.31197302

	-8
	0.258236273
	0.129783694
	0.09313233
	0.28937605

	-7
	0.22828619
	0.104492512
	0.06599665
	0.26576728

	-6
	0.201331115
	0.089517471
	0.03852596
	0.23372681

	-5
	0.179700499
	0.080986362
	0.03082077
	0.21281619

	-4
	0.15906822
	0.064559068
	0.01005025
	0.20134907

	-3
	0.115806988
	0.046589018
	0.00770519
	0.17639123

	-2
	0.10515807
	0.039933444
	0.00268007
	0.16424958

	-1
	0.079201331
	0.022628952
	0.00234506
	0.14097808

	0
	0.063227953
	0.015640599
	0.00100503
	0.1237774

	1
	0.047587354
	0.008652246
	0
	0.12512648

	2
	0.018635607
	0.003993344
	0
	0.11096121

	3
	0.014309484
	0
	0
	0.11197302

	4
	0.008652246
	0
	0
	0.10084317

	5
	0.003660566
	0
	0
	0.09881956

	6
	0.002995008
	0
	0
	0.09173693

	7
	0.001331115
	0
	0
	0.08499157

	8
	0
	0
	0
	0.08161889

	9
	0
	0
	0
	0.07824621

	10
	0
	0
	0
	0.06677909

	11
	 
	 
	 
	0.06745363

	12
	 
	 
	 
	0.06104553

	13
	 
	 
	 
	0.04991568

	14
	 
	 
	 
	0.03507589

	15
	 
	 
	 
	0.03338954

	16
	 
	 
	 
	0.02765599

	17
	 
	 
	 
	0.02364729

	18
	 
	 
	 
	0.0148398

	19
	 
	 
	 
	0.00910624

	20
	 
	 
	 
	0.00269815

	21
	 
	 
	 
	0.0010118

	22
	 
	 
	 
	0.0010118

	23
	 
	 
	 
	0.00033727

	24
	 
	 
	 
	0

	25
	 
	 
	 
	0
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