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 In this paper, the preferred regions of pulse-width pulse-frequency (PWPF) modulator parameters are 
obtained based on zero-input, static, and dynamic analysis in the presence of sensor noise as an input 
noise to PWPF modulator. The design parameters are reduced to 3 by using the quasi-normalized 
equations of PWPF modulator. Therefore, the results are applicable for grouped parameters, regardless 
of the value of each parameter, separately. Moreover, the computational burden is considerably 
decreased, especially in a statistical analysis. The input noise of the modulator is constructed by a low 
pass filter driven by a white Gaussian noise. The fuel consumption and number of thruster firings are 
considered as performance indices. The modulator output frequency is also limited to 50 Hz. The 
preferred regions of quasi-normalized system are extracted based on eliminating the upper 30% (and 
10%) of the plotted graphs for the above-mentioned performance indices. Finally, the preferred regions 
can simply be viewed in our resulting curves, i.e., normalized hysteresis plotted versus normalized 
PWPF on-threshold for different values of modulator time constant. Each of these curves is plotted for a 
specified value of input noise power spectral density. 
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Fig. 1 PWPF modulator [3] 
1 [3] 

 

Fig. 2 Quasi-normalized PWPF modulator [17] 
2 [17] 
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Fig. 3 Quasi-normalized PWPF modulator with noise input    

3  

Fig. 4 Fuel consumption and thruster firings versus iterations for 
PSD=10-1 ( / = 0.5)  

4 
10-1 ( / = 0.5)  
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Fig. 5 Fuel consumption and thruster firings versus  with 
PSD=10-1,  ( = 0.35) 

5  
10-1 ( = 0.35)  

  
Fig. 6 Fuel consumption versus filter time constant for input noise with 
different PSDs ( = 0.3, = 0.2) 

6 
 ( = 0.3, = 0.2) 

  
Fig. 7 Fuel consumption versus  for input noise with different 
PSDs, ( = 0.2, = 0.35 ) 

7   

( = 0.2, = 0.35) 

  
Fig. 8 Fuel consumption versus /  for input noise with different 
PSDs, ( = 1, = 0.35 ) 

8 /  

( = 1, = 0.35) 

  
Fig. 9 Fuel consumption versus  for input noise with different PSDs, 
( = 0.5, = 0.35 ) 

9   
( = 0.5, = 0.35) 
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Fig. 10 Fuel consumption versus filter time constant and  for 
input noise with PSD=10-1  ( = 0.2) 

10  
10-1 ( = 0.2) 

  
Fig. 11 Fuel consumption versus filter time constant and  for input 
noise with PSD=10-1 ( / = 1)  

11  10-1

( / = 1)  

  
Fig. 12 Fuel consumption versus /  and  for input noise with 
PSD=10-1 ( = 0.35)  

12 /  
 10-1 ( = 0.35)  

 

Fig. 13 Thruster firings versus  for input noise with different PSDs, 
( = 0.3, = 0.2) 

13  
( = 0.3, = 0.2) 
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Fig. 14 Thruster firings versus /  and  for input noise with 
PSD=10-2 ( = 0.35)  

14 /  
  10-2 ( = 0.35) 

1 E=0 
  

Table 1 Preferred regions of modulator parameters when E=0 regarding 
fuel consumption 

(PSD)  /  /  
0.001 >0.03 >0.02 <0.98 
0.01 >0.05 >0.03 <0.95 
0.1 >0.12 >0.05 <0.9 
0.5 >0.4 >0.1 <0.48 

2 E=0   
Table 2 Preferred regions of modulator parameters when E=0 regarding 
thruster firings  

(PSD)  /  /  
0.001 >0.02 >0.02 <0.99 
0.01 >0.04 >0.03 <0.97 
0.1 >0.05 >0.04 <0.92 
0.5 >0.05 >0.06 <0.72 
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Fig. 15 Thruster firings versus filter time constant and  for 
input noise with PSD=10-1 ( = 0.1) 

15  
10-1 ( = 0.1) 
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Fig. 16 Preferred region of  parameter versus PSD 
( = 0.1) 

16   
( = 0.1) 

  
Fig. 17 Preferred region of  parameter versus PSD ( /

= 0.48)  
17   

( / = 0.48) 

  
Fig. 18 Preferred region of  parameter versus PSD, ( / =
0.48) 

18              
( / = 0.48) 

  
Fig. 19 Preferred region of  parameter versus PSD ( / =
0.48, = 0.1) 

 19       ( /
= 0.48, = 0.1) 

3 90% 
  

Table 3 Preferred regions of modulator parameters in static analysis for 
90% Performance Index 

(PSD)  /   h  
0.0001 >0.15 >0.12 >0.02 <0.46 
0.0005 >0.17 >0.15 >0.03 <0.45 
0.001 >0.18 >0.19 >0.035 <0.43 
0.005 >0.20 >0.23 >0.04 <0.42 
0.01 >0.22 >0.34 >0.05 <0.41 

4 70% 
 

Table 4 Preferred regions of modulator parameters in static analysis for 
90% Performance Index 

(PSD)  /   h  
0.0001 >0.15 >0.28 >0.04 <0.43 
0.0005 >0.17 >0.32 >0.05 <0.42 
0.001 >0.18 >0.35 >0.06 <0.41 
0.005 >0.20 >0.38 >0.07 <0.4 
0.01 >0.22 >0.58 >0.08 <0.39 
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Fig. 20 Preferred region of  parameter versus PSD 
( = 0.1, = 0.1) 

20   
( = 0.1, = 0.1) 

  
Fig. 21 Preferred region of U U  parameter versus PSD ( /

= 0.48, = 0.1) 
21   

( / = 0.48, = 0.1) 

  
Fig. 22 Preferred region of  parameter versus PSD ( / =
0.48) 

22    ( /
= 0.48) 
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Fig. 23 Preferred region of  parameter versus PSD ( / =
0.48, = 0.1) 

23   ( /
= 0.48, = 0.1) 

 .
  "24"   

 .
 .

"25"  .
"21" 

  
" 2425" 

 .

 .
 .

 .
   70% 

 .
  .

5 6 

 .

 .  
  

5  
90%  

Table 5 The range of modulator parameters in dynamic analysis with 
90% performance index 

(PSD)  /   h  
0.0001 >0.16 >0.21 <0.94 & >0.15 0.377 
0.0005 >0.165 >0.23 <0.93 & >0.2 0.357 
0.001 >0.17 >0.25 <0.92 & >0.22 0.333 
0.005 >0.175 >0.35 <0.9 & >0.27 0.307 
0.01 >0.18 >0.38 <0.89 & >0.3 0.289 

6  
70%  

Table 6 The range of modulator parameters in dynamic analysis with 
70% performance index 

(PSD)  /   h  
0.0001 >0.16 >0.33 <0.9 & >0.3 0.295 
0.0005 >0.165 >0.36 <0.86 & >0.34 0.259 
0.001 >0.17 >0.38 <0.84 & >0.38 0.220 
0.005 >0.175 >0.51 <0.7 & >0.43 0.130 
0.01 >0.18 >0.62 <0.6 & >0.47 0.068 

 

  
Fig. 24 Preferred region of  parameter versus PSD, 
( = 0.1, = 0.1) 

24   
( = 0.1, = 0.1) 
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Fig. 25 Preferred region of  parameter versus PSD, ( / =
0.48, = 0.1) 

25  ( /
= 0.48, = 0.1) 

 

Fig. 26 Preferred region of  parameter versus PSD in 
different frequency ( = 0.1, = 0.1) 

26    
 ( = 0.1, = 0.1) 

  
Fig. 27 Preferred region of  parameter versus PSD in different 
frequency ( / = 0.48) 

27     
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Fig. 28 Preferred region of PWPF parameters for input noise with 
PSD=10-3  

28 PSD=10-3 
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Fig. 29 Preferred region of PWPF parameters for input noise with 
PSD=10-2  

29 PSD=10-2 

Fig. 30 Preferred region of PWPF parameters for input noise with 
PSD=0.05  

30 PSD=0.05 

Fig. 31 Preferred region of PWPF parameters for input noise with 
PSD=0.1  

31 PSD=0.1 

Fig. 32 Preferred region of PWPF parameters for input noise with 
PSD=0.5  

32 PSD=0.5 

30%  
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