Fuzzy Controller Design for Fuel Saving in Sun Pointing Mode for
KOMPSAT - 1

Hong-Taek Choi*, Jung-Youp Han**

Abstract

The mission life of a satellite determines the amount of fuel required on-board, while
the totad mass requirement limits the fuel to be loaded. Hence, for the design of
thruster control loop, not only the satellite pointing accuracy but the saving of fuel is
to be considered. In this paper, a two-step fuzzy controller is proposed for the thruster
control loop to save fuel consumption. This approach combines requirements for
pointing control accuracy with minimum fuel consumption into a fuzzy controller
design. To demonstrate this approach, we have designed a fuzzy contraller for the Sun
Pointing Mode of KOMPSAT-1. The performance of this fuzzy controller design is
compared with that of PD controller used for KOMPSAT-1.
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1. Coordinate and Orientation of KOMPSAT
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3. Location and Oriention of Thruster for 2. S/C Inertia and thruster Forces
KOMPSAT Fmen(
max .
Axes Inertia[kg-m2] (BOL
3 4 R F (BOL) [kg-m2] (BOL)
1 Roll 445 282
Pitch 445 118
1. Generated Torque w.r.t Each Asis Yaw 445 213
Actuation axis Torque generated by
by torque Thruster set combining thrusters oD
+Roall 12 + 03052 F .
-Roll 34 - 03052 F ® (Proportional
+Pitch 14 + 02481 F Gain) , | |
-Pitch 23 - 02481 F (Differentia
+Yaw 13 + 0.0649 F Gain)
-Yaw 24 - 00649 F

a = 0.080[m], bP = 0.092[m], bR =0.156]m],
c = 0973 [m], a = 12[deg]
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4. Fuzzy Attitude Controller Block Diagram
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3.2 Basic Rule Sets

Basic Rule Sets

Basic Rule Sets

(Error) (CError)

[rt, 1], [t/ 200, 1t/ 200]
(Membership Function)
, Positive, Zero, Negative ,
Phase Plane Look-up Table

(Positive Big, Positive Mid, Zero, Negative Mid,
Negative Big) ,

Basic Rule Sets

(Rule surface)

5. Rule Surface of the Basic Rule Sets
3.3 Penalty Rule Sets

Pendty Rule Stts

Basc Rule Sts
Penalty .
Penalty Rule Sets ,
(Error)
(CError)  2-norm .
Smadl, Mid, Big
Penalty
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6. Rule Surface of the Penalty Rule Sets

3 Pendty Rule Sets

3. Fuzzy Rule Base for Penalty Rule Sets

If ||Error ||z is Smadl and || CError || - is Big,
Then Jet Seledtion is Bad.

If ||Error||2 is Sndl and || CError || 2 is Mid,
Then J&t Sedion is Normal.

If ||Eror]2is9ndl and || Caror |2 is Sndl,
Then Jt SHedtion is Good.

If ||Error |2 is Mid and || CError || is Big,
Then J&t Sedion is Normal.

If ||Error||2 is Mid and || CError || is Mid,
Then Jet Sdlection is Good.

If ||Error] 2 is Mid and || CError ||z is Small,
Then J&t Sedion is Normal.

If ||Error||. is Big and || CError ||2 is Big,
Then Jet Sdlection is Good.

If ||Error||2 is Big and || CError |2 is Mid,
Then Jet is Normal.

If ||Error ||z is Big and || CError |- is Small,
Then Jet Seledtion is Bad.

PD Basic Rule Sets
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8. Attitude Angle for Pitch Axis
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10. Angular Rate for Roll Axis
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11. Angular Rate for Pitch Axis
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12. Angular Rate for Yaw Axis
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13. PWM Output for Roll Axis
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14. PWM Output for Ptich Axis
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15. PWM Output for Yaw Axis
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(Attitude Hold Mode)

PD 21 ~ 28[%
3. Total Firing Time and Fuel Saving Rate
Comparision among PD, Pure Fuzzy, and

Proposed Fuzzy Controller
Axes Applied thal Firing Percentage
Controller | Time [sec] [%]
PD 11.35 100.00
Pure Fuzzy 1050 9251
Roll Proposed
8.89 78.32
Fuzzy
PD 1240 100.00
Pitch Pure Fuzzy 1167 A.11
Proposed | 591 | 720
Fuzzy
PD 26.00 100.00
Pure Fuzzy 2484 9553
Yaw
Proposed 2009 7726
Fuzzy
5.
PD
: 4[HZ]
30[msed], 250[msec]
10 * 8[deg]
PD

21 ~ 28[%4

(Sun Mode) (Manuever

Mode) ,

(Del-v

Mode)

. TRW, Contract for the KOMPSAT System
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