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In this study, stabilization attitude control of a rigid satellite with on-off thrusters using pulse-width
pulse-frequency (PWPF) modulator is investigated in presence of sensor noise. The preferred regions of
the PWPF modulator parameters and stabilization control gain are obtained based on the two
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.
The design parameters are reduced by using the quasi-normalized equations of PWPF modulator.
Therefore, the preferred regions are extracted based on search method in terms of grouped parameters,
regardless of the value of each parameter, separately. In quasi-normalized form, the computational
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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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) iluainge b s3bo )l sloyal polis2 Jouor
Table 2 The values of stabilization parameters from optimization (Ty =
0.5)

Wref ka Uon Uoff AV N
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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, Tf = 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. 22 Fuel consumption and thruster firings versus u,, for two cases:

a-h=0.15 ¢ =005 T, =02, ks =5,b- h=0.1,¢ =001, Ty =

0.5, kg = 10

O orbyy wliwl Stahl ca p b by, Dlads g ES g bpas 22 S

h=-Ch=015 ¢ =005 Tf =02, kg =5 -l &> g0 lp amo
0.1,¢ = 0.01, T; = 0.5, k4 = 10

FB el mha g (ol les olgSs polie il mmlbs (Slewlxe jb
L K s v b j0 gileylaly lo il )by ogde a4y sl oolainl
sghare 4 Canl oad gl Sl S ok sl b e iz (siludinge By,
Sl Edlad g SS9 Bras 3 Sles slajlne (s3leiinn slaosl (S
30% yolis Bl g 5yl Gomimar by, eloly g ool ai8)F i o
ol ailonss glsl Sas s e b baosl o Shos sl lins VL
9 995 Sl 42U 98 5l o 4 (P 5 slaojl S9d o Sleiiny
oo}l zlpnl Jol> s o sa 09 pasete 5 Jod By SLlS o3l
b @l sl S g il S oz dmodd Djge
SVeal) ilopll Glosse 5 5ug elren 4 yho azye 09,5 S
Sae 4y ojlsale slaygly e ail)) (200)l590 (adsl slaygly e s
Sye s adl> plee 4 (gilujll ) (Al adl> (5399 aie
b @lajlogel 51 S o Lol saxi 4 azgi bl (g,4la
ool Camsgey 53 5 00 e gl ek Sz et aie Sy il
o 1y RSy ey e gl el ey Gl Gl o
39 el cdld g Co g Brae ymalS saims s aslie gl ojle
@iy o3l 5l @ 0 bl bl 4 cod oolpiiy ool
Ao eanlin Lylh can cov e L8 gyl adlas o ool
@ &b bl Slae sl Jsl 4o (85 Joe 092y b aiged y5b
by oexl® bzl g Ojge dw 4 Sl (Sen dl (53955
b ogdioe dbml i a4l Sy gl o (SeS asl (Sss
1o dil> [ s5la sl Jolow o4 098 o0 arogs adlllas (nl @l 4 4295
SRy Ojgo (oot Jolot 5l G (Seelins g (Sbil Jelos LS s
(Sl 5 (Sbisl Llow 40 bgye sloosl JUST )0) o ail)f (slaosly
iy JrS 8 00 9 S5 J5S lagty, b oS 550 Sl o
2 (Sandg S5 (A ail> Glae @) 5l 58 (A5 we S
b oyl polie a5 ool S obls andl sod eslitul (gg,ailis o5
ot DLl plo 5l Jol> laosl b pol (onz 5 slaol STl

B g0 ool

173

5

45

35

T,(s)
w

25

1.5

Fig. 21 Preferred regions of Ty versus k, for different values of h =
0.05,0.15,0.35,0.5 (u,, = 0.5, ¢ = 1072)
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Fig. 25 Preferred regions of h versus u,, for different values of T =

0.1,0.2,0.5,1 (kg = 10,¢ = 0.01)
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