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Abstract

:

This paper presents a modification to the dingo optimization algorithm (mDOA) to solve the non-linear set of equations of the selective harmonic elimination (SHE) control technique widely applied in multilevel inverters. In addition, said modification is conducted to the survival criteria by including a local search to provide a better balance when replacing vectors (dingoes) with a low survival rate. The proposed method is also benchmarked with some unimodal functions to illustrate its better exploitation capabilities. Finally, the SHE optimization results were calculated and compared with three well-known state-of-the-art metaheuristics, where the modified version of the dingo optimization algorithm showed very competitive results. The significant difference between the mDOA results and the rest of the algorithms is determined by the Wilcoxon rank-sum non-parametric statistical test with a 5% degree of significance. The p-values confirm the meaningful advantage of the mDOA compared to other bio-inspired algorithms for many modulation indexes. Experimentally, the proposed algorithm is validated through the implementation of a three-phase 11-level inverter.
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1. Introduction


Due to the incremental use of renewable energy systems, (photovoltaics arrays, wind, fuel cells, just to mention a few), there is a need for power conversion systems that can transform their electrical output to the specific characteristics needed for a load to work [1]. Inverters are power electronic devices capable of transforming a direct current (DC) power source to an alternative current (AC) at a desired electrical characteristics output [2]. A multilevel inverter (MLI) is an inverter-type capable of generating a staircase output waveform synthesized at different voltage levels, where the levels are controlled by the correct angle switching of the MLI power switching devices. Due to their better electromagnetic compatibility, high power quality, low switching losses, and lower total harmonic distortion, they have been extensively used as industrial drivers, compensators, medium and high voltage inverters, and as an interface to renewable energy systems [3].



The multilevel inverters main advantage lies in the use of separate DC sources that are ideal for fuel cells and photovoltaics arrays applications. They can be classified in three basic types, cascaded H-bridge, diode clamped, and capacitor clamped inverters. Cascaded H-bridge inverters (CHBMLI) consist of a series of H-bridge cells connected in series, where the addition of each cell voltage is used to synthesize the desired output waveform [4]. Continuous research has aimed to reduce the MLIs harmonic content and to improve their structure by designing new topologies [5,6]. On the operation of an MLI, the harmonic reduction mostly depends on the modulation strategy selected to control the inverter [6]. Selective harmonic elimination [4,7,8] (SHE) is a pulsed modulation (PWM) control strategy aimed to suppress low-order harmonics by determining the angles to control the switching sequence of the MLI power semiconductor devices. Then, the typical staircase output waveform is generated. The SHE-PWM formulation relies on the Fourier decomposition of this periodic output voltage waveform, giving a series of non-linear equations as a function of the inverter’s switching angles for each level of the DC voltages [9,10]. Finding the solution of these equations has been conducted by applying several methods such as iterative [11], stochastics [9], and metaheuristics [12,13,14], with the latter being highly used due to their ability to find the local optima and to avoid stagnation. On the metaheuristics side, many of them have been developed in recent years and can be classified as swarm-based, evolutionary, physics-based, human-based, and maths-based algorithms [15]. Several metaheuristics have been applied to solve the SHE-PWM formulation. Prasad et al. in [16] compared the flower pollination algorithm against particle swarm optimization (PSO), teaching learning-based optimization (TLBO), and cuckoo search algorithm (CSA) to establish the effectiveness of FPA in solving the selective harmonic elimination problem. Similarly, in [17,18], the whale optimization (WOA) and modified version of the grey wolf optimization (GWO) were applied to solve the SHE formulation. In [19], they show that bio-inspired intelligent algorithms can effectively eliminate the undesired lower harmonics from the SHE-PWM control strategy. Researchers in [20] applied the asynchronous particle swarm optimization to solve the SHE-PWM formulation. Nowadays new optimization algorithms such as the black widow [21], harmony search [22], and the bacterial foraging algorithm [23] have been proposed to solve the SHE set of non-linear equations.



Currently, no algorithm can efficiently and effectively solve every optimization problem in all engineering and research fields. The scientific community is still searching for new algorithms, which are then compared to those existing in the literature to prove their reliability. Good results can be achieved in a particular application but fail to find the global optimum in others [24,25]. The main difference between metaheuristics algorithms lies in the recombination functions. Said recombination functions are calculated based on the bio-inspired mathematical model inspiration. In order to show the advantages of the proposed method compared with the WOA, GWOA, and the BWOA algorithm, the Wilcoxon rank-sum non-parametric statistical test with a 5% degree of significance was implemented. This work proposes a modification to the standard dingo optimization algorithm (mDOA), where the main advantage lies in the dingo survival evaluation criterion, a procedure not available in the remainder of the algorithms part of this study. It gives an opportunity to substitute vectors with low dingoes’ survival rate (fitness with worse values) before moving to the next iteration. The modified algorithm is used to solve the SHE set of equations for a three-phase 11-levels symmetric cascaded H-bridge MLI.




2. Materials and Methods


2.1. Selective Harmonic Elimination Method


In cascaded H-bridge inverters, the staircase voltage output is a consequence of the addition of each DC source (  V  d c   ) from each H-bridge cell (m), where the number of cells are equal to the numbers of sources (s). The relationship between the number of levels (n) and number of sources is given by   2 s + 1  . Figure 1 shows an ideal single phase sine voltage waveform (  f   ( t )  v   ) and the multilevel inverter staircase voltage output for un period (T). Where, the peak phase voltage is equal to   s  V  d c     and the angles, defined for a quarter-wave symmetry are subjected to:


  0 ≤  α 1  ≤  α 2  ≤ … ≤  α  ( s − 1 )   ≤  α s  ≤  90 ∘  .  



(1)







By applying Fourier analysis [10], the MLI staircase output showed in Figure 1 is defined as follows:


  f   ( t )  V  =        4  V  d c     n π   cos  ( n  α 1  )  + … + cos  ( n  α n  )      for  odd  n      0    for  even  n .       



(2)







SHE aims for the elimination of low-order harmonics as it keeps the fundamental component equal to a given amplitude. In a three-phase system, as in this study, the triplen harmonics are canceled out. Thus, Equation (2) is solved to eliminate the fifth, seventh, eleventh, and thirteenth harmonics while keeping the amplitude of the fundamental component equal to M. Then, Equation (2) can be rewritten as:


     cos (  α 1  )     + cos  (  α 2  )  +  ⋯ + cos  (  α 5  )  = M       cos ( 5  α 1  )     + cos  ( 5  α 2  )  +  ⋯ + cos  ( 5  α 5  )  = 0       cos ( 7  α 1  )     + cos  ( 7  α 2  )  +  ⋯ + cos  ( 7  α 5  )  = 0       cos ( 11  α 1  )     + cos  ( 11  α 2  )  +  ⋯ + cos  ( 11  α 5  )  = 0       cos ( 13  α 1  )     + cos  ( 13  α 2  )  +  ⋯ + cos  ( 13  α 5  )  = 0     



(3)




where   M =  (  V 1  )  /  ( 4  s  V  d c   π )    is defined as the modulation index for   0 ≤ M ≤ 1   and   V 1   is equal to the desired fundamental component [26]. Then, subjected to Equation (1), Equation (3) can be expressed as an optimization problem [10,17] as follows:


     min f (  α 1  ,  α 2  , ⋯ ,  α 5  ) =        ∑  i = 1  5  cos  (  α i  )  − M  2  +           ∑  i = 1  5  cos  ( 5  α i  )   2  + ⋯ +    ∑  i = 1  5  cos  ( 13  α i  )   2  .     



(4)







Once the objective function is defined, and previous to the definition of the modified dingo optimization algorithm (mDOA), the standard DOA is described in the next section.




2.2. Standard Dingo Optimization Algorithm (DOA)


The dingo optimization algorithm (DOA) is a novel bio-inspired algorithm for global optimization that mimics dingoes hunting strategies. These strategies are attacking by persecution, grouping tactics, and scavenging behavior [27]. The Australian dingo dog is at risk of extinction. So, in this algorithm, dingoes’ survival probability is also considered. The overall flow is shown in Figure 2.



The mathematical models taken from [27], are described as follow:



Strategy 1: Group attack. Dingoes usually gather in groups when hunting. Dingoes can find the location of the prey and surround it. This behavior is represented by Equation (5):


    x →  i   ( t + 1 )  =  β 1   ∑  k = 1   n a      [    φ k   ( t )   →  −   x i  →   ( t )  ]   n a   −   x *  →   ( t )    



(5)




where    x →   ( t + 1 )    is the new position of a search agent (indicates dingoes’ movement),   n a   is a random integer number generated in the invertal of   [ 2 ,   S i z e P o p  2  ]   , where   S i z e P o p   is the total size of the population of dingoes.     φ →  k   ( t )   , is a sub-set of search agents (dingoes that will attack) where   φ ⊂ X  , X is the dingoes’ population randomly generated,     x →  i   ( t )    is the current search agent,     x →  *   ( t )    is the best search agent found from the previous iteration, and   β 1   is a random number uniformly generated in the interval of   [ − 2 , 2 ]  , it is a scale factor that changes the magnitude and sense of the dingoes’ trajectories [27].



Strategy 2: Persecution. Dingoes usually hunt small prey, and chased until the prey is caught individually. The following Equation models this behavior [27]:


    x →  i   ( t + 1 )  =   x →  *   ( t )  +  β 1  ∗   e   β 2   ∗  (   x →   r 1    ( t )  −   x →  i   ( t )  )   



(6)




where    x →   ( t + 1 )    indicates the dingoes’ movement,     x →  i   ( t )    is the current search agent,     x →  *   ( t )    is the best search agent found from the previous iteration,   β 1   has the same value as in Equation (5),   β 2   is a random number uniformly generated in the interval of   [ − 1 , 1 ]  ,   r 1   is the random number generated in the interval from 1 to the size of maximum of search agents (dingoes), and     x →   r 1    ( t )    is the   r 1  -th search agent selected, where   i ≠  r 1   .



Strategy 3: Scavenger. Scavenger behavior is defined as the action when dingoes find carrion to eat, when they are randomly walking in their habitat. Equation (7) is used to model this behavior [27].


    x →  i   ( t + 1 )  =  1 2   [   e   β 2   ∗   x →   r 1    ( t )  −   ( − 1 )  σ  ∗   x →  i   ( t )  ]   



(7)




where    x →   ( t + 1 )    indicates the dingoes’ movement,   β 2   has the same value as in Equation (6),   r 1   is the random number generated in the interval from 1 to the size of maximum of search agents (dingoes),     x →   r 1    ( t )    is the   r 1  -th search agent selected,     x →  i   ( t )    is the current search agent, where   i ≠  r 1   , and  σ  is a binary number randomly generated.



Strategy 4: Dingoes’ survival rates. The dingoes’ survival rate value is provided by Equation (8).


  s u r v i v a l  ( i )  =   f i t n e s  s  m a x   − f i t n e s s  ( i )    f i t n e s  s  m a x   − f i t n e s  s  m i n      



(8)




where,   f i t n e s  s  m a x     and   f i t n e s  s  m i n     are the worst and the best fitness value in the current generation, respectively, whereas   f i t n e s s ( i )   is the current fitness value of the i-th search agent. The survival vector in Equation (8), contains the normalized fitness in the interval of   [ 0 , 1 ]  . Equation (9) is applied for low survival rates, e.g. for survival rates values equal or less than 0.3 [27].


    x →  i   ( t )  =   x →  *   ( t )  +  1 2   [   x →   r 1    ( t )  −   ( − 1 )  σ  ∗   x →   r 2    ( t )  ]   



(9)




where     x →  i   ( t )    is the search agent with low survival rates that will be updated,   r 1   and   r 2   are random numbers generated in the interval from 1 to the maximum size of search agents (dingoes), with    r 1  ≠  r 2   ,     x →   r 1    ( t )    and     x →   r 2    ( t )   , are the   r 1  ,   r 2  -th search agents selected,     x →  *   ( t )    is the best search agent found from the previous iteration, and  σ  is a binary number randomly generated.




2.3. Modified Dingo Optimization Algorithm (mDOA)


In this paper, an improved algorithm is proposed for the features of the standard DOA algorithm. The main improvement is an incorporation of a local search procedure in the survival criteria. The local search is associated with an exploitation mechanism in the search space of solutions. It consists of enhancing the best solution obtained so far by looking for other alternatives around it. All bio-inspired algorithms must have a good balance between exploitation (local search) and exploration (global search). So, Equation (9), proposed in [27], is associated to global search whilst Equation (10) is associated to local search.


    x →  i   ( t )  =   x →  *   ( t )  + w a l k    1 2  − ε    



(10)




where     x →  i   ( t )    is the search agent with low survival rates that will be updated,     x →  *   ( t )    is the best search agent found from the previous iteration, and   w a l k   is a pseudo-random number uniformly distributed in the interval (−2, 2). Whereas,  ϵ  is a normally distributed pseudo-random number in the interval of (0, 1).



The proposed criterion consists of: If the content of the indexed vector has a survival rate less than 0.3 and if the index number is even, then a global search will be applied; otherwise, for odd index numbers, a local search will then be used. The survival criteria is summarized in Algorithm 1 and depicted in Figure 3. In all of the benchmark functions, the mDOA overtops the classic DOA in the majority of the tests.



The proposed approach was benchmarked with four unimodal functions associated with exploitation (local search), shown in Equation (11), and compared with the standard DOA algorithm. All functions have a dimension of 30 (number of variables) and each variable in the interval [−100, 100] with the best known value   F  m i n    = 0:


     F 1 = F 1  (  x →  )  = F 1  (  x 1  , …  x 30  )  =   ∑  i = 1  n    x i 2        F 2 = F 2  (  x →  )  = F 2  (  x 1  , …  x 30  )  =   ∑  i = 1      (   ∑  j − 1  i    x j  )  2        F 3 = F 3  (  x →  )  = F 3  (  x 1  , …  x 30  )  = m a  x i      x i   , 1 ≤ i ≤ n          F 4 = F 4  (  x →  )  = F 4  (  x 1  , …  x 30  )  =   ∑  i = 1  n         x i  + 0.5     2   .     



(11)







The importance of the survival criterion is that it replaces (repairs) vectors with low fitness by incorporating a local search strategy in addition to the global search it previously had to improve the standard DOA algorithm. The result of these tests are summarized in Figure 4.



	Algorithm 1 Survival procedure



	1: Begin procedure

2: for   i = 1   to sizePopulation do

3:     if   s u r v i v a l ( i ) ≤ 0.3   then

4:         if i is Even then

5:            Strategy 4:    x →  i   search agent updated by Equation (9).

6:         else

7:            Strategy 4:    x →  i   search agent updated by Equation (10).

8:         end if

9:     end if

10: end for

11: End procedure








Pseudo Code for mDOA


The pseudo code of the mDOA is described below (Algorithm 2).



	Algorithm 2 Modified Dingo Optimizer Algorithm (mDOA)



	1: procedure DOA Taken from [27] and updated with our approach

2: Initialization of parameters

3:   P = 0.5  , probability of hunting or scavenger strategy

4:   Q = 0.7  , probability of Strategy 1 (group attack) or Strategy 2 (persecution attack)

5: Generate the initial population

6: while iteration < Max Number of Iterations do

7:     if   r a n d o m < P   then

8:         if   r a n d o m < Q   then

9:            Strategy 1: Group Attack Procedure, Equation (5).

10:         else

11:            Strategy 2: Persecution, Equation (6).

12:         end if

13:     else

14:         Strategy 3: Scavenger, Equation (7).

15:     end if

16:     Update search agents that have low survival value, Algorithm 1, Equation (9) or (10).

17:     Calculate   x  n e w   , the fitness value of the new search agents

18:     if    x  n e w   <  x *    then

19:            x *  =  x  n e w    

20:     end if

21:       i t e r a t i o n = i t e r a t i o n + 1  

22: end while

23: Display   x *  , the best optimal solution

24: end procedure











3. Experimental Setup


Previously, the modified version of the dingo optimization algorithm (mDOA) upgraded capabilities were tested with four unimodal testbench functions from the literature, showing superior results than the classic DOA. The selective harmonic elimination formulation is tested and compared with the whale optimization (WOA) [17], modified gray wolf (GWOA) [18], black widow optimization algorithm (BWOA) [21], and the mDOA. All tests were conducted with a population size of 100 and 250 iterations. The best optimal computed angles are then fed to a Simulink program to determine the correct elimination of the desired harmonics, following the methodology illustrated in Figure 5 and described in [21]. Once the best angles are calculated, they are fed to control the triggering of the IGBTs of a three-phase 11-levels cascaded H-bridge multilevel inverter simulated in Simulink. Once the staircase output waveform is determined, Fourier analysis is conducted to determine the harmonic content and the total harmonic distortion, see Figure 6.




4. Results


In order to verify the mDOA capabilities to solve the non-linear set of equations of the selective harmonic elimination technique, three tests were conducted for each of the selected algorithms. As stated in Equation (4), the modulation index M can vary between 0 and 1. Thus, three modulation index analysis at 0.6, 0.8, and 1 are then proposed. It is worth emphasizing that say values are widely used in multilevel inverters. As previously mentioned, all tests were run for a population size of 100 and 250 iterations. Table 1, Table 2 and Table 3, summarize the experimental tests conducted, where the modified version of the dingo optimization algorithm outperforms the other algorithms by obtaining the best fitness for all of the selected modulation indexes. The near-optimal obtained angles are then used in a Fourier analysis to determine the total harmonic distortion and the corrected elimination of the fifth, seventh, eleventh, and thirteenth harmonics for the three selected modulation indexes. As the mDOA algorithm showed the best fitness, Figure 7 shows the Fourier spectrum calculated by using the mDOA angles summarized in Table 1, Table 2 and Table 3, where the correct elimination of the selected low order harmonics is appreciated.



In order to show the advantages of the proposed method compared with the WOA, GWOA, and the BWOA algorithm, the Wilcoxon rank-sum non-parametric statistical test with a 5% degree of significance was implemented at 21 modulation indexes running from 0.5 to 1, see Table 4. This test returns a p-value that establishes the significance level of the two algorithms. In this work analysis, an algorithm is statistically significant if and only if the p-values are less than 0.05. For many cases (bold numbers), the Wilcoxon rank-sum test p-values obtained confirm the meaningful advantage against the WOA and GWOA. Specifically at modulation indexes ranging from 0.65 to 0.8 and from 0.875 to 0.95 when compared with the WOA. Whereas when compared to the GWOA, it shows statistical advantage for modulation indexes between 0.65 and 0.9. Moreover, the Wilcoxon analysis against the BWOA shows competitive results at modulation indexes of 0.5, 0.55, and 0.7. It is to be noted that at a modulation index of 1, the mDOA results are statistically significant compared with the BWOA, WOA, and GWOA.



On the other hand, from the convergence graph, it is confirmed that the mDOA outperforms the rest of the algorithms part of this work by minimizing the objective function more optimally, see Figure 8. The near-to-optimal firing angles calculated using the mDOA at different modulation indexes typically used in multilevel inverters are shown in Figure 9.



The experimental results are summarized in Figure 10, where the harmonic spectrum and output waveform for an 11-level inverter at three modulation indexes are illustrated. Each of the Fourier spectrum is shown at 10% of the magnitude of the fundamental component. The mDOA angles used for the experimentation are summarized in Table 1, Table 2 and Table 3. The agreement between the theoretical and experimental total harmonic distortion and the minimization of the desired harmonics can be seen. The instantaneous waveforms and harmonic spectrum of the output voltage were obtained using a Fluke 427 series II Power Quality and Energy Analyzer, see Figure 11 for the experimental setup.




5. Conclusions


This paper proposed a modification to the dingo optimization algorithm, which incorporates a local search procedure in the survival criteria to improve the exploitation abilities over the solution search space. This modification was tested with some unimodal benchmark functions, where the upgraded version gained better results than the standard dingo optimization algorithm. From statistical analysis, the Wilcoxon rank-sum test p-values confirmed the advantage of the mDOA for a modulation index equal to 1 over the rest of the algorithms that were a part of this study. In terms of the BWOA, it shows competitive results at modulation indexes of 0.5, 0.55, and 0.7. Whereas when compared to the GWOA, it also showed a statistical advantage for modulation indexes between 0.65 and 0.9. Additionally, a meaningful advantage against the WOA at modulation indexes ranging from 0.65 to 0.8 and from 0.875 to 0.95 was identified. The mDOA was applied to solve the non-linear equations of the selective harmonic elimination control strategy. Specifically, it was used to eliminate the fifth, seventh, eleventh, and thirteenth harmonics for modulation indexes of 0.6, 0.8, and 1.0, finding a better global minima solution than the rest of the algorithms. Moreover, the calculated and experimental total harmonic distortion are in close agreement. These results confirm that the mDOA can effectively be used to solve the SHE mathematical formulation.
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Figure 1. MLI staircase phase voltage output (black lines) and its relationship with an ideal pure sine waveform (red-dashed lines). 
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Figure 2. DOA flowchart. 
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Figure 3. Survival rate proposal. 
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Figure 4. DOA and mDOA unimodal functions (   F 1   to   F 4   )    convergence graph. 
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Figure 5. Selective harmonic elimination formulation and Fourier analysis flowchart. 
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Figure 6. Simulink simulation workflow. 
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Figure 7. Fourier Spectrum calculated from the mDOA angles summarized in Table 1, Table 2 and Table 3. 
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Figure 8. Convergence graph for a modulation index of 1. 
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Figure 9. Optimized firing angles as a function of the modulation index. 
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Figure 10. Sub-figure a to c show the experimental output waveform and harmonic spectrum of a three-phase eleven-level inverter at modulation index of 0.6, 0.8 and 1. 
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Figure 11. Three-phase 11-level inverter experimental setup. 
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Table 1. Algorithms results for modulation index = 1.
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Algorithm

	
Angles

	
THD

	
Fitness




	
   α 1   

	
   α 2   

	
   α 3   

	
   α 4   

	
   α 5   






	
mDOA

	
7.84

	
19.37

	
29.63

	
47.66

	
62.90

	
5.01

	
1.22 × 10    − 28   




	
BWOA

	
7.86

	
19.37

	
29.65

	
47.68

	
63.21

	
5.01

	
1.29 × 10    − 28   




	
GWOA

	
0.49

	
14.74

	
25.61

	
40.57

	
89.16

	
5.71

	
16.04 × 10    − 02   




	
WOA

	
4.19

	
20.29

	
22.12

	
41.97

	
61.15

	
6.90

	
3.93 × 10    − 02   
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Table 2. Algorithms results for modulation index = 0.8.
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Algorithm

	
Angles

	
THD

	
Fitness




	
   α 1   

	
   α 2   

	
   α 3   

	
   α 4   

	
   α 5   






	
mDOA

	
9.71

	
33.42

	
43.28

	
61.16

	
83.59

	
5.62

	
3.01 × 10    − 29   




	
BWOA

	
9.70

	
33.43

	
43.30

	
61.18

	
83.60

	
5.63

	
3.05 × 10    − 29   




	
GWOA

	
10.32

	
31.83

	
44.74

	
62.23

	
85.65

	
6.73

	
3.37 × 10    − 03   




	
WOA

	
33.27

	
44.50

	
52.91

	
64.49

	
76.64

	
5.56

	
3.93 × 10    − 02   
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Table 3. Algorithms results for modulation index = 0.6.
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Algorithm

	
Angles

	
THD

	
Fitness




	
   α 1   

	
   α 2   

	
   α 3   

	
   α 4   

	
   α 5   






	
mDOA

	
35.42

	
46.94

	
58.57

	
72.67

	
87.85

	
6.79

	
4.15 × 10    − 27   




	
BWOA

	
35.44

	
46.95

	
58.58

	
72.61

	
87.86

	
6.82

	
4.19 × 10    − 27   




	
GWOA

	
35.29

	
46.80

	
58.45

	
72.46

	
87.74

	
6.87

	
2.78 × 10    − 04   




	
WOA

	
35.35

	
46.89

	
58.49

	
72.44

	
87.70

	
6.87

	
8.17 × 10    − 05   
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Table 4. The p-values of the Wilcoxon rank-sum test with 5% significance for mDOA vs. BWOA, WOA, and GWOA. p-values ≤ 0.05 are shown in bold.
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	Modulation Index
	BWOA
	WOA
	GWOA





	0.5
	0.023841866
	0.334842127
	0.994383367



	0.525
	0.202618429
	0.688240195
	0.363836258



	0.55
	0.013480336
	0.402207261
	0.805389527



	0.575
	0.893601743
	0.568549239
	0.805389527



	0.6
	0.838240614
	0.320922266
	0.418205544



	0.625
	0.915906103
	0.228686857
	0.08715687



	0.65
	0.677905357
	0.035311051
	0.007632168



	0.675
	0.70908377
	0.010609836
	0.00027332



	0.7
	0.046355344
	2.63975 × 10    − 05   
	2.98839 × 10    − 05   



	0.725
	0.116466135
	2.12542 × 10    − 07   
	1.97051 × 10    − 07   



	0.75
	0.587796526
	0.006175451
	0.002648716



	0.775
	0.442907971
	0.008647429
	0.002096522



	0.8
	0.251208826
	0.006725085
	0.000673813



	0.825
	0.617218971
	0.084591112
	0.010609836



	0.85
	0.783673018
	0.103929294
	0.010188301



	0.875
	0.174273548
	0.007958048
	0.001428464



	0.9
	0.927085867
	0.039156639
	0.049531746



	0.925
	0.418211405
	0.00455584
	0.27522748



	0.95
	0.161263208
	0.000547578
	0.126625679



	0.975
	0.257065744
	0.133768379
	0.169847032



	1
	0.023843633
	0.022149345
	0.000321759
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