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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 ) 
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( = 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) 
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Fig. 11 Fuel consumption versus filter time constant and  for input 
noise with PSD=10-1 ( / = 1)  
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Fig. 12 Fuel consumption versus /  and  for input noise with 
PSD=10-1 ( = 0.35)  

12 /  
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Fig. 13 Thruster firings versus  for input noise with different PSDs, 
( = 0.3, = 0.2) 
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( = 0.3, = 0.2) 
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Fig. 14 Thruster firings versus /  and  for input noise with 
PSD=10-2 ( = 0.35)  
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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) 
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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. 21 Preferred region of U U  parameter versus PSD ( /
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Fig. 22 Preferred region of  parameter versus PSD ( / =
0.48) 

22    ( /
= 0.48) 

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
95

.1
6.

12
.6

3.
8 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
5-

19
 ]

 

                             8 / 12

https://dorl.net/dor/20.1001.1.10275940.1395.16.12.63.8
https://mme.modares.ac.ir/article-15-8193-en.html


    

      

13951612  463  

  
Fig. 23 Preferred region of  parameter versus PSD ( / =
0.48, = 0.1) 
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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 
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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    
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Fig. 27 Preferred region of  parameter versus PSD in different 
frequency ( / = 0.48) 
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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%  
 . 

  
 .

 50 
100  

-10  
[1] R. Wertz, Spacecraft Attitude Determination and Control, pp. 206-210, 

Boston: Kluwer Academic Publisher, 1978. 
[2] A. E. Bryson, Applied optimal control: optimization, estimation and control, 

Florida: CRC Press, 1975. 
[3] M. J. Sidi, Spacecraft Dynamics and Control, A Practical Engineering 

Approach, First Edition, pp. 260-273, Cambridge: Cambridge University 
Press, 1997. 

[4] T. C. Anthony, B. Wie, S. Carroll, Pulse-modulated control synthesis for a 
flexible spacecraft, Journal of Guidance, Control and Dynamics, Vol. 13, No. 
6, pp. 1014–1022, 1990. 

[5] B. Wie, Space vehicle dynamics and control. pp. 451-457, Reston: American 
Institute of Aeronautics and Astronautics, 1998. 

[6]  R. S. McClelland, Spacecraft Attitude Control System Performance Using 
Pulse-Width Pulse-Frequency Modulated Thrusters, Master Thesis, Naval 
Postgraduate School Monterey CA, 1994. 

[7] M. P. Topland, Nonlinear attitude control of the micro-satellite ESEO, 55th 
International Astronautical Congress, Vancouver, Canada, 2004. 

[8] G. Arantes, L. S. Martins-Filho, A. C. Santana, Optimal on-off attitude 
control for the Brazilian multi mission platform satellite, Mathematical 
Problems in Engineering, Vol. 2009, No. 1, pp. 1- 17, 2009. 

[9] S. Moghadaszadeh Bazaz, V. Bohlouri, S. H. Jalali Naini, Attitude Control of 
Rigid Satellite with Pulse-Width Pulse-Frequency Modulation Using 
Observer-based Modified PID Controller, Modares Mechanical Engineering, 
Vol. 16, No. 8, pp. 139-148, 2016  (in Persian ). 

[10] G. Song, B. N. Agrawal, Vibration Suppression of Flexible Spacecraft 
During Attitude Control, Acta Astronautica, Vol. 49, No. 2, pp. 73-83, 2001.  

[11] Q. Hu and G. Ma, Flexible spacecraft vibration suppression using PWPF 
modulated input component command and sliding mode control, Asian 
Journal of Control, Vol. 9, No. 1, pp. 20–29, 2007. 

[12] B. N. Agrawal, R. S. Mcclelland, and G. Song, Attitude control of flexible 
spacecraft using pulse-width pulse-frequency modulated thrusters, Space 
Technology-Kedlington , Vol. 17, No. 1, pp. 15–34, 1997. 

[13] G. Song, N. Buck, B. N. Agrawal, Spacecraft Vibration Reduction Using 
Pulse-width Pulse-Frequency Modulated Input Shaper, Journal of Guidance, 
Control and Dynamics, Vol. 22, No. 3, pp. 433-440, 1999. 

[14] T. Krovel, Optimal Tuning of PWPF Modulator for Attitude Control, Master 
Thesis, Norwegian University of Science and Technology, 2005. 

[15] M. Navabi, H. Rangraz, Comparing optimum operation of Pulse Width-Pulse 
Frequency and Pseudo-Rate modulators in spacecraft attitude control 
subsystem employing thruster, 6th International Conference in Recent 
Advances in Space Technologies, pp. 625–630, 2013. 

[16] S. H. Jalali Naini, Normalizing the Single-Axis Spacecraft Attitude Control 
Equations with Pulse-Width Pulse-Frequency Modulator, The 13 th Iranian 

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
95

.1
6.

12
.6

3.
8 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
5-

19
 ]

 

                            11 / 12

https://dorl.net/dor/20.1001.1.10275940.1395.16.12.63.8
https://mme.modares.ac.ir/article-15-8193-en.html


    

      

  

466  13951612  

Aerospace Society Conference, Tehran, Iran,  March 1-3, 2014. (in 
Persian ) 

[17] S. H. Jalali Naini, Sh. Ahmadi Darani, Parametric Optimization of Spacecraft 
Attitude Control with Pulse-Width Pulse-Frequency Modulator Using Quasi-
Normalized Equations, The 13 th Iranian Aerospace Society Conference, 
Tehran, Iran,  March 1-3, 2014. (in Persian ) 

[18] R. Farquhar, S. U. Aeronautics, S. Astronautics,  Analog studies of the limit-

cycle fuel consumption of a spinning symmetric drag - free satellite, 
Technical Report, 1996. 

[19] A. Bellar, M. K. Fellah, M. Arezki, A Cold Gas Thruster Microsatellite 
Attitude Control. Revue Roumaine des Science Techniques-Series Electro 
technique et Energetique, Vol. 58, No.4, pp. 395-404, 2013. 

[20]L. Wilfried, K. Wittmann, W. Hallmann, Handbook of space technology, Vol. 
22, pp. 332-361, New York: John Wiley & Sons, 2009. 

[21] M. M. Abid, Spacecraft sensors, pp. 95-135, New York: John Wiley & Sons, 
2005. 

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
95

.1
6.

12
.6

3.
8 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
5-

19
 ]

 

Powered by TCPDF (www.tcpdf.org)

                            12 / 12

https://dorl.net/dor/20.1001.1.10275940.1395.16.12.63.8
https://mme.modares.ac.ir/article-15-8193-en.html
http://www.tcpdf.org

