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Quasi-Normalized Analysis of Satellite-Stabilization with Pulse-Width Pulse-
Frequency Modulator in Presence of Input Noise
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ARTICLE INFORMATION ABSTRACT
Original Research Paper In this study, stabilization attitude control of a rigid satellite with on-off thrusters using pulse-width
Received 02 November 2017 pulse-frequency (PWPF) modulator is investigated in presence of sensor noise. The preferred regions of
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: . the PWPF modulator parameters and stabilization control gain are obtained based on the two
Auvailable Online 05 January 2018

performance indices of the fuel consumption and the total number of thruster firings. The analyses
include tumbling, detumbling, and stabilization block as an internal loop of the satellite pointing mode.

Keywords: A . . N .

Saﬁ:ite Attitude Stabilization The design parameters are reduced by using the quasi-normalized equations of PWPF modulator.
Pulse-Width Pulse-Frequency Modulator Therefore, the preferred regions are extracted based on search method in terms of grouped parameters,
Sensor Noise regardless of the value of each parameter, separately. In quasi-normalized form, the computational

Quasi-Normalized Equations burden is considerably decreased, especially in the statistical analysis in the presence of sensor noise.

The parametric study is carried out with/without sensor noise. The parameters are also tuned using
multi-objective optimization with genetic algorithm for stabilization mode without sensor noise. In the
presence of sensor noise, the behaviors of the parameters are plotted versus the noise power spectral
density. In order to better specify the preferred regions, each quasi-normalized design curve is plotted
for a specified value of the input noise power spectral density. The parameters of the satellite attitude
control system are suggested to be tuned/optimized within the preferred regions of the parameters in the
stabilization loop as an internal loop.
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stabilization/tumbling with PWPF modulator
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Fig. 7 Fuel consumption versus on-threshold and hysteresis in quasi-
normalized form (k; = 0.5, T = 0.5)
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Fig. 8 Fuel consumption versus on-threshold and hysteresis without

reference input (k; = 1, T, = 0.2, ¢ = 1072)
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Table 1 Preferred regions of parameters in tumbling/stabilization
analysis without sensor noise

Wref kd Uon h uoff/uon
0.1 >0.003
0.5 >0.006
10 1 >0.018 >0.02 <0.99
15 >0.027
2 >0.036
0.1
0.5
50 1 >0.05 >0.02 <0.98
15
2
0.1
0.5
100 1?.5 50.05 >0.02 <0.97
2

(Tr = 0.5) iloainge b s3bo )l sloyal polas2 Jouor
Table 2 The values of stabilization parameters from optimization (Ty =
0.5)

Wref ka Uon Uof AV N
200 2.107 0.055 0.051 2.06 2
100 2.283 0.056 0.016 1.746 2
50 3.268 0.056 0.035 0.873 2
20 2.694 0.094 0.013 0.349 2
10 2.98 0.078 0.023 0.175 2
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Fig. 13 Preferred regions of u,, versus ¢ for different values of 7, =
0.1,0.2,0.5,1 in detumbling mode (k; = 1)
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Fig. 14 Preferred regions of h versus ¢ for different values of T, =
0.1,0.2,0.5,1 in detumbling mode (k; = 1)
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Fig. 10 Preferred regions of u,, versus ¢ for different values of Ty =
0.1,0.2,0.5, 1 without reference input (k; = 1)
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Fig. 11 Preferred regions of h versus ¢ for different values of T, =

0.1,0.2,0.5, 1 without reference input (k; = 1)
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Fig. 12 Preferred regions of h versus ¢ for different values of k; =
0.1,0.5,1, 1.5, 2 without reference input (T; = 0.5)
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Fig. 16 Preferred regions of u,, versus ¢ in tumbling mode for
different values of w,.¢ =1, 25, 100, 200 (k; = 0.2, T = 0.5)
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Fig. 17 Preferred regions of h versus ¢ in.tumbling mode for different
values of w,ef =1, 25, 100, 200 (k4 = 0.2, Ty = 0.5)
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Fig. 15 Fuel consumption versus on-threshold and hysteresis in
tumbling mode in normalized form (kq, = 1, Ty = 0.5, ¢ = 107")
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Fig. 20 Preferred regions of Ty versus k, for different values of ¢ =
107%,1073,1072,5 « 1072,107* (uo, = 0.3,h = 0.15)
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Fig. 18 Preferred regions of u,, versus ¢ as an internal loop for Ty =
0.5
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Fig. 19 Preferred regions of h versus ¢ as an internal loop for T, = 0.5
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Fig. 22 Fuel consumption and thruster firings versus u,, for two cases:
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Fig. 21 Preferred regions of Ty versus k, for different values of h =
0.05,0.15,0.35,0.5 (ug, = 0.5, ¢ = 1072)
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Fig. 25 Preferred regions of h versus u,, for different values of Ty =

0.1,0.2,0.5,1 (kg = 10,¢ = 0.01)
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Fig. 26 Preferred regions of h versus u,, for different values of 7, =

0.1,0.2,0.5,1 (k; = 1,¢ = 0.05)
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Fig. 23 Preferred regions of h versus u,, for different values of Ty =

0.1,0.2,0.5,1 (k; = 1,¢ = 0.01)
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Fig. 24 Preferred regions of h versus u,, for different values of Ty =
0.1,0.2,0.5,1 (kg =5,¢ = 0.01)
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Fig. 30 Preferred regions of h versus u,, for different values of Ty =

0.1,0.2,0.5,1 (kg = 5,¢ = 0.1)
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Fig. 31 Preferred regions of h versus u,, for different values of T, =
0.1,0.2,0.5,1 (kg = 10,¢p = 0.1)
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Fig. 32 Preferred regions of h versus u,, for different values of w..t =
10,20,40, 60 (k; = 10,¢ = 0.01, Ty = 0.5)
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