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Quasi-Normalized Static and Dynamic Analysis of Pulse-Width Pulse-Frequency
Modulator in Presence of Input Noise
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ARTICLE INFORMATION ABSTRACT
Original Research Paper In this paper, the preferred regions of pulse-width pulse-frequency (PWPF) modulator parameters are
Received 10 September 2016 obtained based on zero-input, static, and dynamic analysis in the presence of sensor noise as an input

Accepted 12 November 2016

Available Online 18 December 2016 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

Keywords: . . o X . . .

pu?lse_width Pulse-Frequency Modulator decreased, especially in a statistical analysis. The input noise of the modulator is constructed by a low
Input Noise pass filter driven by a white Gaussian noise. The fuel consumption and number of thruster firings are
Quasi-Normalized Equations considered as performance indices. The modulator output frequency is also limited to 50 Hz. The

Satellite Atitude Control 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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SE b g il Ugn/KUp, 5 Sloy clf sy S350 8 a0 10 JS&
(Uoff/Uon = 0~2) 107156-:-!9

12 o plads 16 055 1395 il s rde ilSe e



B9l 3139 9 HHU N> Saes S

53909 J393 99983 )3 ully S 5 9 g )93V e SSaeliad 9 S Ll Sy Ay Julxs

3Y9de (29> 5B ol addllas )5 waigh Ghgeldmnls; Wil
L ol,l5 Cige g, 5l oolatul b Judos .ol oo dgame 35,0 50 jlade 4
Gl jlogel 5 arulos j550e 5 Shas (sl jlre 5 oud pll |21 1, 100
S o (St Sl 5l Jol @l 5l slaigad 395 00 o absiye
Sl sl @ el el loges (JSb cnl y3 el oad pemy "1
e psbolen o9 e onnliv je¥sne xld Sloj <ol 5 Uon/KUp,
Callad IS sig, ey (s nSame b alte S o
oMoy, abl ke el s Gley ol lade el L sl
LS g0 4 50 sladnlie g suxie (sla;loges sy 5l G el siul3dl
LS sl o sl ool "19 1 16 sla IS5 o o Sl Ll ol
528 Olg heb (JBz Jlaie e j5iVs00 sla el )ly 58 BB 4l
Gim laly ys¥sae sl ol o5l Sl g, el o0 _aseie
b ST slajlages 1o i a5 ol o Shae Jlxs VL (30% L) 10%
o loged cpl ;0 50 Sile 4 .ol o ools ioles (70% L) 90%
J5d B eagazme lyie 4 0 Slae JLae by (70% L) 90% od90xs
5 Sy Spae 3 Sles Jlre 93 2 sl Jly; cnl ol ead Sl
sl s BB 4l Jlg; cnl Glhe ol ould Jloel piuls cullad
909 29 ek ISx oy (Sbsl Jelos 0 Uon/ KUy sl )y
16 Jso” o Uogf/Uon = 0.1 (5,3 L 5 90% 5 70% JLxs 90 (sl
Sere il Jood JB aml g0 Jlatl a5 joblen el oul )|
90% 5 70% ,Lixe g0 bl cde .0l 90% 4>l 5l Sanws 2L 70%
STl b culgs s ol (K00 T0% Jloas 5 45 5,50 4 a5 el o]
BB 0305t (catan g (Salins o Slinl Jlowi a3 gl (slaojly
e bl 130 ol ansls (STal ol b g osds Szl Joud
Jlal caled 0 oS wese Cowy Jll 2 ln s mms o5k 90%
boo Rl 5T de Jolow an )3 STsl 3s2g
o Uott/Uon o)y lp Jod JE 4>l "17 IS5 0
YL 4l 5 IS8 cal o el oud e 5 (53959 st b S
PAL IS nladle b jlne 51 S 2 sl 58 BB 4l Lo loges
S5 ol s 5l eoliiud b el oa gl Ugn/KU,, = 048

500 A
I
450 . | / /(‘
i
400 \\\ Il
1 ‘H
350 ‘\ | |
|
300 \
> 250
200 |
150 o Il
% |
100 S I
50 '@:é'o.‘%’o.:;:{g,{g,g'l,
0 S

T(s) 1 1

U /KU
on m
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Table 1 Preferred regions of modulator parameters when E=0 regarding
fuel consumption

Uon — off/KUm Uon/KUm Tf ¢0(PSD)
<0.98 >0.02 >0.03 0.001
<0.95 >0.03 >0.05 0.01
<0.9 >0.05 >0.12 0.1
<0.48 >0.1 >0.4 0.5
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Table 2 Preferred regions of modulator parameters when E=0 regarding
thruster firings

Uon — Uoff/KUm Uon/KUm Tf ¢0(PSD)
<0.99 >0.02 >0.02 0.001
<0.97 >0.03 >0.04 0.01
<0.92 >0.04 >0.05 0.1
<0.72 >0.06 >0.05 0.5
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Table 3 Preferred regions of modulator parameters in static analysis for
90% Performance Index

h Uoff/Uon Uon/KUm Tf ¢0(PSD)
<0.46 >0.02 >0.12 >0.15 0.0001
<0.45 >0.03 >0.15 >0.17 0.0005
<0.43 >0.035 >0.19 >0.18 0.001
<0.42 >0.04 >0.23 >0.20 0.005
<0.41 >0.05 >0.34 >0.22 0.01

70% sl (Stind ol 13 5950 (sla iy e 15 ol 4 Jo
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Table 4 Preferred regions of modulator parameters in static analysis for
90% Performance Index

h Uoff/Uon Uon/KUm Tf ¢0(PSD)
<0.43 >0.04 >0.28 >0.15 0.0001
<0.42 >0.05 >0.32 >0.17 0.0005
<0.41 >0.06 >0.35 >0.18 0.001
<0.4 >0.07 >0.38 >0.20 0.005
<0.39 >0.08 >0.58 >0.22 0.01
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Table 6 The range of modulator parameters in dynamic analysis with
70% performance index

h Uoff/Uon Uon/KUm Tf ¢0 (PSD)
0.295 <0.9&>0.3 >0.33 >0.16 0.0001
0.259 <0.86 & >0.34 >0.36 >0.165 0.0005
0.220 <0.84 & >0.38 >0.38 >0.17 0.001
0.130 <0.7 &>0.43 >0.51 >0.175 0.005
0.068 <0.6 & >0.47 >0.62 >0.18 0.01
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Fig. 24 Preferred region of U,,/K U,, parameter versus PSD,
(Uoff/Uon =01, Tf = 01)
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Fig. 23 Preferred region of T, parameter versus PSD (U,,/KU,, =
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Table 5 The range of modulator parameters in dynamic analysis with
90% performance index

h Uoff/Uon Uon/KUm Tf %o (PSD)
0.377 <0.94 &>0.15 >0.21 >0.16 0.0001
0.357 <0.93 &>0.2 >0.23 >0.165 0.0005
0.333 <0.92 &>0.22 >0.25 >0.17 0.001
0.307 <0.9 & >0.27 >0.35 >0.175 0.005
0.289 <0.89 &>0.3 >0.38 >0.18 0.01
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Fig. 26 Preferred region of U,,/K U,,, parameter versus PSD in

different frequency (Uyg/Uon = 0.1, Tp = 0.1)
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