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Abstract – 	Comment by George Keith Tucker (1906898): Define 
A report detailing the use of Simulink models to investigate the susceptibility of Amplitude-Shift Keying (ASK), Binary Phase-Shift Keying (BPSK), and Quadrature Phase-Shift Keying (QPSK) modulation techniques in the presence of increasing Additive White Gaussian Noise (AWGN).  
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1. Introduction 
This report details the findings of an investigation into the susceptibility, to noisenoise susceptibility o, of three different data modulation techniques. The three techniques that were investigated are Amplitude -Shift Keying (ASK), Binary Phase - Shift Keying (PSK), and Quadrature Phase - Shift Keying (QPSK). The aim of this report is to evaluate each method by measuring how the bit error rate varies when Additive White Gaussian Noise (AWGN) is added to the channel in increasing amounts. Below can be found further details on ASK, PSK, and QPSK in the background information section, including the basic principles onf how they operate and where they are used. The methodology outlines the simulations used to investigate the performance, followed by the simulation results, discussion and conclusionsThis is followed by a detailed breakdown of the models used in the investigation, the method applied, results, discussion, and concluding thoughts. 	Comment by George Keith Tucker (1906898): Noise susceptibility?
2. Background Information
What is modulation? Information that is expressed in binary, that is a series of 1’s and 0’s, can be expressed by a digital signal using a wave with 2 discrete values. For example, a series of on-off amplitudes can to represent the data (Fig 1.a). This digital signal can be used to modify a continuous analogue signal in a variety of different ways – this is modulation. [1]	Comment by George Keith Tucker (1906898): can
There are several different characteristics to a wave that can be used to modulate a signal, however for the purpose of this report only ASK, PSK and QPSK will be explored in any detail.
2.1 ASK 
This method of modulation changes only the amplitude aspect of the carrier frequency in order to modulate the signal for transmission. The simplest example of ASK is “On-Off Keying” (OOK), where a carrier wave is transmitted to represent logic 1, and no signal is transmitted to represent logic 0. [2]  - see belowsee figure 1.	Comment by George Keith Tucker (1906898): I was always told to include figure numbers for this
[image: ]
Figure 1 - ASK digital signal modulation [2]
Additionally, two different non-zero amplitude levels can be used to represent logic one and logic zero, this is known as Binary Amplitude Shift Keying (BASK). [3]
The disadvantages to ASK as a modulation technique are that it is not very bandwidth efficient and is highly susceptible to noise. [4]
ASK modulation can be used in applications such as long-distance short-wave radio broadcasts [1] and transmitting data through optical fibres [3].
2.2 BPSK
BPSK, also known as PSK (phase – shift keying) is a modulation technique where binary values are represented by different phases of the carrier frequency. For example, a 0 degree phase shift to represent binary 1, or a 180 degree / π radian phase shift to represent binary 0 [5]. 
[image: ]
Figure 2 - BPSK modulated waveform [2]
This form of mModulation is found to require thea  smallestlower signal to noise ratio when compared to amplitude- – shift keying for successful data reception or frequency – shift keying. Allowing Therefore, this allows it to be operated over channels with worse noise conditions than ASK. [6]	Comment by George Keith Tucker (1906898): Caps?	Comment by George Keith Tucker (1906898): Don’t think this works as a sentence. Maybe put therefore, this allows it to be
BPSK can be found in applications such as optical communications or wireless communications., Ffor example Bluetooth. [7]
2.3 QPSK 
QPSK, is a more complex method than BPSK however it does have its advantages. QPSK makes use of 4 different symbols in order to represent two bits of data per symbol period. [8]
    [image: ]
Figure 3 - QPSK bits per symbol representation
This allows for two bits of data to be transmitted for each phase symbol, effectively doubling the data transmission rate compared to BPSK for the same timeframe. Alternatively, the same rate of data can be transmitted using half the bandwidth of BSPK [9].





The modulation of the carrier wave for this modulation technique can be seen in figure 4 below:
[image: ]
Figure 4 - QPSK modulated signal [10]
Compared with BPSK, it is a method that is slightly more susceptible to noise, however this countered by the advantages of transmitting two bits per symbol period. [10]
QPSK modulation is found in wireless, mobile, and satellite communications. [11]
2.4 Constellation diagrams
Modulation techniques can be represented using a constellation diagram, this is a type of graph that maps received symbols as points with a location that is determined from the amplitude and phase shift of the received symbol. Each constellation point represents one symbol, and each symbol represents one bit in the case of ASK/BPSK, or 2 bits in QPSK. [12] A grey coding technique is used with QPSK to reduce the chance of a 2-bit error by maximising the distance between each point. [13].
Interference in the signal is represented by the deviation in location of a point in the diagram. [12]
See below for example diagrams of each technique:
[image: ]
Figure 5 - Constellation diagrams, note QPSK grey-coding layout 	Comment by George Keith Tucker (1906898): Reference for image?



3. Simulation Design  
For this investigation models for each modulator/demodulator systems were created using the Simulink environment within MATLAB. Each model represented either ASK, PSK or QPSK, with each of these requiring a slightly different block layout in order to run successfully. All simulation models used a Bernoulli random binary generator as a data source followed by the necessary components to implement the three different modulation techniques.
3.1 ASK Model
The ASK model below makes use of an oscillating sinusoidal wave source, coupled with a switch instructed to transmit the signal when a binary data bit of value 1 is detected, and to transmit nothing when a binary bit value of 0 is detected. Following this the AWGN block alters the Ssignal to Nnoise Rratio (SNR) to add noise to the transmitted signal. At the receiver, the signal is multiplied by the original carrier wave again, before being passed though a filter block (see control variables below for details). The filtered signal is then passed through another switch to neaten up the signal. A delay was used to ensure errors were not registered due system delay in the received signal – in this case, a delay of 4.2X10-3s was used. Finally, the bit error rate calculator takes inputs from the original data signal and the received signal, comparing the two in order to calculate the error rate.
[image: Diagram, schematic

Description automatically generated]
Figure 6 - ASK Simulink model

3.2 BPSK Model
The BPSK model is similar to the ASK version in its design, especially from the AWGN block onwards. The filter set-up is the same, as is the delay to account for the receive delay in the system. The key difference is in the modulator section of the model. Here, instead of using a switch to alternate between transmitting the carrier signal or transmitting no signal, the switch transmits the carrier wave, or a phase altered version of it. A product block with the constant of -1 allows for the carrier signal to be transmitted for a binary value of 1, or for a 180o (π/2 rad) out of phase signal to be transmitted to represent a binary value of 0. 
[image: ]
Figure 7 - BPSK Simulink model
3.3 QPSK Model
The QPSK model is the most complicated of the three. After the Bernoulli random binary generator, a serial to parallel converter (de-serializer) will alternately send data bits down one of two routes. The data is multiplied by two and then has 1 subtracted from it. From here, it can be thought of as two parallel BPSK models running in tandem. With one using a carrier wave 90o (π/4 rad) out of phase of the other. These carrier waves are then added together before being transmitted. Post noise addition, the received signal is multiplied by either of the two carrier waves, before being filtered, passed through a comparator switch, and serialized back into the original signal. This signal can then be compared with the original (as with the other two models) in order to calculate the bit error rate. Unlike the other models, a receive delay of 4 samples is applied to the calculator. T, this delay is due to the action of the de-serializer and the serializer.    
[image: ]
Figure 8 - QPSK Simulink model
   






4. Method
Simulations would be run until a BER of 0.5 or 50% was reached, as this indicates that half of the transmitted data has been erroneously received and any message can therefore be deemed to be irretrievable. Several step changes were to be made after a BER of 0.5 was reached in case the failure value was reached due to an anomalous reading pushing a system over the threshold.   
4.1 Variables
Independent variable - this was the Signal to Noise Ratio ( SNR) ratio value, altered by editing the Additive White Gaussian Noise block. A step change of -5 decibels was used between each SNR setting.	Comment by George Keith Tucker (1906898): Don’t think you have defined this
Dependent variable - this would be the Bit Error Rate for each run, which was computed using an Error Rate calculator block within Simulink. 
Control Variables
· Source data rate – the number of bits being produce by the Bernoulli random binary generator each second. This was set to a value of one bit per second.
· Carrier frequency – This was required to be at least 5 times the source data rate (5) and was set to 150Hz for each carrier wave within the simulation.
· Sample rate – the number of this was set to 1/10000, exceeding the recommended value of twice the carrier frequency.
· Filter block parameters – the filters used in each simulation were altered to have the same settings in order to ensure unequal filtering of received signals did not affect results. Each filter block was designed as a low pass frequency with an Fpass value of 1.2 and an Fstop value of 145, and a sample frequency of 10000 HzZ. This created a 76th order filter.
· Run time – this would affect how many data bits would be generated over the course of the simulation, it was set to 100 in each simulation in the interest of improving the reliability of the result from each simulation run.
· Number of runs – each SNR value was run 10 times in the interest of reliability. 
5. Results
See below for the results of the simulations. Several graphs are displayed, one showing a clear comparison of the different models, whilst the others have been included to more clearly indicate the variance of results.

Figure 9 - comparison of average BER across ASK, BPSK and QPSK models

Figure 10 - Graph showing mean BER against SNR for ASK, with error bars for each value.

Figure 11 - Graph showing mean BER against SNR for BPSK, with error bars for each value.

Figure 12 - Graph showing mean BER against SNR for QPSK, with error bars for each value.


6. Discussion
From figure 9 it can be seenis shown that each model breaches the BER failure threshold of 0.5 at the same value of noise: -45dB. 	Comment by George Keith Tucker (1906898): It is shown
At SNR values leading up to failure, ASK exhibits the highest BER of all models. QPSK exhibits the lowest BER, with BPSK lying between these two. As the SNR level approaches the failure value, the BER for each technique begins to converge. These results appear contradictory to the established theory explained in the background, which state that BPSK should be the most noise immune channel [10]. The reason for this difference could be down to several reasons, for instance the QPSK method receives 4 less bits per simulation run due to the receive delay. When coupled with the fact that a symbol can possibly account for 2 bit errors, this has the potential to create a larger variance in results which is reflected in the larger error bars on the QPSK graph when compared to the BPSK graph. Additionally, the BPSK BER is only higher than the QPSK BER initially. As the SNR approaches the failure threshold, BPSK exhibits better noise immunity than the QPSK value. In terms of reliability, the results from the BPSK model exhibited the least variance, with an average standard deviation of 0.033884, as seen by the error bars on the graph. This was followed by ASK with a value of 0.036957, and finally, QPSK with a value of 0.039664. Again, this supports the notion of how the QPSK may be deviating from results we would expect based on the theory. 

7. Conclusion
From the simulations it can be deduced that ASK is the most noise susceptible modulation technique out of ASK BPSK and QPSKthe three. The data recorded also indicates that performance of all techniques decreases to a similar level as the BER approaches the failure threshold of 0.5, and so benefits to using one technique over the other are only seen at lower noise levels (higher SNR). Also, it can be concluded from the results that QPSK appears to outperform BPSK in terms of BER. However, BPSK has more consistent levels of deviation in each result and begins to outperform QPSK at higher noise levels (lower SNR) suggesting it would have better performance in noisier environments. 	Comment by George Keith Tucker (1906898): The three 
In order to improve the validity of results, the simulation run time could be extended to reduce the variance of each run. Additionally, run time could be adjusted to allow for the same amount of received data to be gathered in the bit error rate calculation block for each method (with QPSK receiving 4 less symbols compared to ASK and BPSK). And finally, the number of runs performed for each SNR value could be increased, to further increase the reliability of results. 
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9. Appendix A
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Table 1 - BER data for ASK model


[image: ]
Table 2 - BER data for BPSK model
[image: ]
Table 3 - BER data for QPSK model

BER against SNR

ASK	10	5	0	-5	-10	-15	-20	-25	-30	-35	-40	-45	-50	-55	-60	-65	-70	-80	-90	0	1.48506E-2	5.4456000000000004E-2	0.11979100000000001	0.23958000000000004	0.31185000000000002	0.43064999999999998	0.46037999999999996	0.47621999999999998	0.47323000000000004	0.47820000000000001	0.51090999999999998	0.50298999999999994	0.48712	0.51188	0.48812	0.50990999999999997	0.50298999999999994	0.5	BPSK	10	5	0	-5	-10	-15	-20	-25	-30	-35	-40	-45	-50	-55	-60	-65	-70	-80	-90	0	1.5840100000000003E-2	4.1583000000000002E-2	0.102965	0.16136999999999999	0.20889000000000002	0.31976999999999994	0.42706	0.46135999999999999	0.48611000000000004	0.47919	0.50500999999999996	0.48414999999999997	0.50197999999999998	0.49107000000000001	0.49108999999999997	0.5033399999999999	0.52673999999999999	0.50495000000000001	QPSK	10	5	0	-5	-10	-15	-20	-25	-30	-35	-40	-45	-50	-55	-60	-65	-70	-80	-90	0	0	0	0	1.7278999999999999E-2	0.10927400000000001	0.25670999999999999	0.36907999999999996	0.47731999999999991	0.47936999999999996	0.48557000000000006	0.54125000000000001	0.50112000000000001	0.46804000000000007	0.44783699999999999	0.51030999999999993	0.48968	0.49485000000000001	0.51030999999999993	SNR (dB)


BER




Mean BER against SNR - ASK

Mean	0	6.999885732400693E-3	9.6256442208646903E-3	1.2736357799622398E-2	3.6983563916961504E-2	4.0751993816253704E-2	4.1807236215755765E-2	6.1992074762290399E-2	4.6577648430694028E-2	3.6709521925516804E-2	4.6482613236922612E-2	4.1830543067635791E-2	3.9033758893211049E-2	5.8110848097981553E-2	5.0321981059749415E-2	5.9079622356425318E-2	3.2791884158533298E-2	4.4513529778409305E-2	6.559083608079512E-2	0	6.999885732400693E-3	9.6256442208646903E-3	1.2736357799622398E-2	3.6983563916961504E-2	4.0751993816253704E-2	4.1807236215755765E-2	6.1992074762290399E-2	4.6577648430694028E-2	3.6709521925516804E-2	4.6482613236922612E-2	4.1830543067635791E-2	3.9033758893211049E-2	5.8110848097981553E-2	5.0321981059749415E-2	5.9079622356425318E-2	3.2791884158533298E-2	4.4513529778409305E-2	6.559083608079512E-2	10	5	0	-5	-10	-15	-20	-25	-30	-35	-40	-45	-50	-55	-60	-65	-70	-80	-90	0	1.48506E-2	5.4456000000000004E-2	0.11979100000000001	0.23958000000000004	0.31185000000000002	0.43064999999999998	0.46037999999999996	0.47621999999999998	0.47323000000000004	0.47820000000000001	0.51090999999999998	0.50298999999999994	0.48712	0.51188	0.48812	0.50990999999999997	0.50298999999999994	0.5	SNR (dB)


BER



Mean BER against SNR - BPSK

Mean	0	9.5642396509079634E-3	1.5340887305932884E-2	2.1483436125950165E-2	1.3241185747507659E-2	3.0046314249837607E-2	4.123019524571836E-2	5.0228438160070082E-2	4.9237320984978628E-2	4.2412247968927293E-2	4.0778601414630848E-2	4.6321616024390944E-2	3.7214132620103701E-2	3.4356975678568935E-2	3.2775941379819012E-2	5.4911554137337899E-2	4.7562408125185036E-2	7.0788012167785949E-2	4.0190083077517751E-2	0	9.5642396509079634E-3	1.5340887305932884E-2	2.1483436125950165E-2	1.3241185747507659E-2	3.0046314249837607E-2	4.123019524571836E-2	5.0228438160070082E-2	4.9237320984978628E-2	4.2412247968927293E-2	4.0778601414630848E-2	4.6321616024390944E-2	3.7214132620103701E-2	3.4356975678568935E-2	3.2775941379819012E-2	5.4911554137337899E-2	4.7562408125185036E-2	7.0788012167785949E-2	4.0190083077517751E-2	10	5	0	-5	-10	-15	-20	-25	-30	-35	-40	-45	-50	-55	-60	-65	-70	-80	-90	0	1.5840100000000003E-2	4.1583000000000002E-2	0.102965	0.16136999999999999	0.20889000000000002	0.31976999999999994	0.42706	0.46135999999999999	0.48611000000000004	0.47919	0.50500999999999996	0.48414999999999997	0.50197999999999998	0.49107000000000001	0.49108999999999997	0.5033399999999999	0.52673999999999999	0.50495000000000001	SNR (dB)


BER



Mean BER against SNR - QPSK

Mean	0	0	0	0	2.3322404321453081E-2	1.8940735759497604E-2	3.3835597625380555E-2	3.7277780096042316E-2	3.7354601085036666E-2	2.6281765964680192E-2	4.4397999204168349E-2	4.86576989454564E-2	5.7718373735463097E-2	4.5625655550846002E-2	0.14899903549650534	5.4164963050133193E-2	5.0559773206242387E-2	3.6698569454407901E-2	5.4602674944651194E-2	7.4851441016337311E-2	0	0	0	0	2.3322404321453081E-2	1.8940735759497604E-2	3.3835597625380555E-2	3.7277780096042316E-2	3.7354601085036666E-2	2.6281765964680192E-2	4.4397999204168349E-2	4.86576989454564E-2	5.7718373735463097E-2	4.5625655550846002E-2	0.14899903549650534	5.4164963050133193E-2	5.0559773206242387E-2	3.6698569454407901E-2	5.4602674944651194E-2	7.4851441016337311E-2	10	5	0	-5	-10	-15	-20	-25	-30	-35	-40	-45	-50	-55	-60	-65	-70	-80	-90	-100	0	0	0	0	1.7278999999999999E-2	0.10927400000000001	0.25670999999999999	0.36907999999999996	0.47731999999999991	0.47936999999999996	0.48557000000000006	0.54125000000000001	0.50112000000000001	0.46804000000000007	0.44783699999999999	0.51030999999999993	0.48968	0.49485000000000001	0.51030999999999993	0.47485999999999995	SNR (dB)


BER
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image9.emf
BER

SNR R1 R2 R3 R4 R5 R6 R7 R8 R9 R10 Mean Sdiv

10 0 0 0 0 0 0 0 0 0 0 0 0

5 0.0198 0.009901 0.0297 0.0198 0.009901 0.009901 0.009901 0.009901 0.0198 0.009901 0.014851 0.007

0 0.05941 0.05941 0.06931 0.0396 0.05941 0.0495 0.0396 0.05941 0.05941 0.0495 0.054456 0.009626

-5 0.1188 0.09901 0.1089 0.1188 0.1485 0.1188 0.1287 0.1188 0.1188 0.1188 0.119791 0.012736

-10 0.2079 0.2376 0.2673 0.1881 0.2277 0.2772 0.1881 0.2574 0.2475 0.297 0.23958 0.036984

-15 0.3465 0.297 0.2475 0.3168 0.3762 0.297 0.2574 0.3564 0.3069 0.3168 0.31185 0.040752

-20 0.3564 0.4653 0.4455 0.4752 0.4158 0.4752 0.3762 0.4653 0.4158 0.4158 0.43065 0.041807

-25 0.4653 0.4059 0.4752 0.4653 0.4554 0.505 0.3366 0.5644 0.505 0.4257 0.46038 0.061992

-30 0.4653 0.5644 0.4455 0.5149 0.4356 0.396 0.4851 0.4653 0.505 0.4851 0.47622 0.046578

-35 0.4257 0.4653 0.4356 0.4356 0.495 0.5446 0.4554 0.495 0.4851 0.495 0.47323 0.03671

-40 0.4554 0.495 0.4752 0.495 0.4158 0.396 0.4653 0.5347 0.5248 0.5248 0.4782 0.046483

-45 0.5149 0.4851 0.505 0.4653 0.5347 0.5941 0.505 0.5149 0.4455 0.5446 0.51091 0.041831

-50 0.4455 0.5644 0.5248 0.505 0.5347 0.4554 0.4554 0.5149 0.505 0.5248 0.50299 0.039034

-55 0.5347 0.5248 0.4554 0.4554 0.4356 0.5347 0.4059 0.5941 0.4851 0.4455 0.48712 0.058111

-60 0.4752 0.5149 0.4653 0.4851 0.5842 0.4851 0.5545 0.4356 0.5446 0.5743 0.51188 0.050322

-65 0.505 0.5149 0.5347 0.3762 0.5248 0.4851 0.495 0.5644 0.396 0.4851 0.48812 0.05908

-70 0.4851 0.5248 0.4851 0.5743 0.5347 0.495 0.5149 0.4554 0.5248 0.505 0.50991 0.032792

-80 0.5149 0.5347 0.5545 0.5446 0.4554 0.4158 0.5347 0.505 0.505 0.4653 0.50299 0.044514

-90 0.5545 0.5743 0.5644 0.4257 0.4752 0.5446 0.5347 0.3762 0.4653 0.4851 0.5 0.065591


image10.emf
BER

SNR R1 R2 R3 R4 R5 R6 R7 R8 R9 R10 Mean Sdiv

10 0 0 0 0 0 0 0 0 0 0 0 0

5 0.0198 0.0198 0.0297 0.0198 0 0.0198 0.009901 0.0198 0.0198 0 0.01584 0.009564

0 0.0495 0.0297 0.0297 0.05941 0.0297 0.05941 0.0198 0.0297 0.0495 0.05941 0.041583 0.015341

-5 0.09901 0.07921 0.1386 0.07921 0.1188 0.07921 0.1089 0.1089 0.08911 0.1287 0.102965 0.021483

-10 0.1584 0.1485 0.1584 0.1782 0.1584 0.1485 0.1485 0.1683 0.1881 0.1584 0.16137 0.013241

-15 0.2574 0.2277 0.198 0.2277 0.1584 0.2376 0.198 0.1881 0.2178 0.1782 0.20889 0.030046

-20 0.3564 0.2574 0.3663 0.3663 0.3069 0.2871 0.2574 0.3366 0.3267 0.3366 0.31977 0.04123

-25 0.4455 0.4554 0.4653 0.3564 0.3465 0.4158 0.4095 0.4455 0.4158 0.5149 0.42706 0.050228

-30 0.4554 0.4554 0.5248 0.4851 0.505 0.3465 0.4257 0.4554 0.4752 0.4851 0.46136 0.049237

-35 0.4752 0.4554 0.5644 0.4851 0.5446 0.4752 0.4158 0.4851 0.495 0.4653 0.48611 0.042412

-40 0.5446 0.5149 0.4752 0.4653 0.5248 0.4455 0.4257 0.495 0.4257 0.4752 0.47919 0.040779

-45 0.4554 0.5842 0.505 0.505 0.4356 0.5748 0.4851 0.4851 0.5149 0.505 0.50501 0.046322

-50 0.4356 0.5347 0.505 0.495 0.4257 0.4752 0.4455 0.5149 0.495 0.5149 0.48415 0.037214

-55 0.5644 0.5149 0.4653 0.4752 0.5347 0.5347 0.4653 0.4752 0.4851 0.505 0.50198 0.034357

-60 0.4554 0.5248 0.4851 0.4851 0.5347 0.4455 0.495 0.4554 0.495 0.5347 0.49107 0.032776

-65 0.4059 0.5545 0.5446 0.5446 0.4356 0.5446 0.505 0.4752 0.4356 0.4653 0.49109 0.054912

-70 0.5446 0.4455 0.5248 0.5842 0.5248 0.4455 0.4554 0.5149 0.5284 0.4653 0.50334 0.047562

-80 0.5347 0.4752 0.5149 0.4554 0.4851 0.6139 0.5545 0.5545 0.4257 0.6535 0.52674 0.070788

-90 0.4356 0.495 0.5248 0.5149 0.4653 0.5743 0.5446 0.4851 0.5248 0.4851 0.50495 0.04019


image11.emf
BER

SNR R1 R2 R3 R4 R5 R6 R7 R8 R9 R10 Mean Sdiv

10 0 0 0 0 0 0 0 0 0 0 0 0

5 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0

-5 0 0 0 0 0 0 0 0 0 0 0 0

-10 0.01031 0.01031 0 0 0.01031 0.01031 0.01031 0.06062 0 0.06062 0.017279 0.023322

-15 0.1134 0.134 0.134 0.09278 0.1031 0.1031 0.07216 0.1237 0.1031 0.1134 0.109274 0.018941

-20 0.299 0.2268 0.2784 0.1856 0.2887 0.268 0.2577 0.2474 0.2784 0.2371 0.25671 0.033836

-25 0.3196 0.4227 0.3402 0.3918 0.3196 0.4021 0.4124 0.3505 0.3608 0.3711 0.36908 0.037278

-30 0.4639 0.4742 0.5052 0.4639 0.5464 0.4433 0.4433 0.4742 0.5258 0.433 0.47732 0.037355

-35 0.4948 0.433 0.4845 0.5052 0.433 0.4845 0.5052 0.4742 0.4948 0.4845 0.47937 0.026282

-40 0.4536 0.5464 0.4845 0.4021 0.4845 0.5155 0.5258 0.4742 0.4433 0.5258 0.48557 0.044398

-45 0.6598 0.5052 0.5155 0.5361 0.5567 0.5361 0.5258 0.5567 0.4742 0.5464 0.54125 0.048658

-50 0.5361 0.4948 0.5989 0.4948 0.4948 0.3918 0.4948 0.433 0.5361 0.5361 0.50112 0.057718

-55 0.4845 0.433 0.4948 0.5258 0.3918 0.4948 0.4639 0.5155 0.4021 0.4742 0.46804 0.045626

-60 0.05567 0.5464 0.3814 0.5052 0.4742 0.5567 0.4536 0.5464 0.5258 0.433 0.447837 0.148999

-65 0.4845 0.5258 0.5052 0.5567 0.5361 0.4845 0.5567 0.5876 0.4639 0.4021 0.51031 0.054165

-70 0.4639 0.4845 0.4433 0.4845 0.4639 0.5567 0.4227 0.5876 0.5155 0.4742 0.48968 0.05056

-80 0.4845 0.4639 0.4845 0.4124 0.4948 0.5155 0.5258 0.5052 0.5258 0.5361 0.49485 0.036699

-90 0.5052 0.5464 0.5361 0.4639 0.5876 0.5464 0.4536 0.4742 0.4227 0.567 0.51031 0.054603


