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Due to its effectiveness and practicality, the proportional-integral-derivative
(PID) controller remains a cornerstone of industrial control systems. The
precise tuning of controller parameters significantly impacts system
dynamics, influencing key performance metrics such as rise time, settling
time, overshoot, stability, and steady-state error. While conventional
methods effectively tune PID parameters in linear systems, they are
inadequate for nonlinear processes due to the complexity of dynamic
equations. This study proposes applying the particle swarm optimization
(PSO) algorithm for tuning PID controller parameters in a three-degree-of-
freedom satellite attitude simulator. The simulator incorporates reaction
wheel actuators for attitude control, providing a robust platform for
implementing control algorithms and optimizing onboard computational
processes. The PSO-based optimization algorithm was executed for various
performance criterion functions, demonstrating advantages such as rapid
convergence to optimal values and straightforward implementation in
nonlinear control systems. PID parameters derived from the conventional
Ziegler-Nichols method were also applied to the simulator to benchmark the
nonlinear optimization performance. Experimental results comparing
different PID parameter sets were analyzed based on time response
characteristics during a predefined maneuver. The comparative analysis
identified the optimal PID parameters, which were subsequently
implemented for enhanced simulator performance.
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Table 1. Reaction wheel specifications.

Value Feature
0.123 N.m Maximum torque
063 N.m.sec Angular mo_mentum
capacity
3000 rpm (rated engine speed is I\_/Ia_><|mum
permissible angular
up to 9000 rpm) .
velocity
Wheel power

About 12 watts at 3000 rpm -
consumption

Disk moment of
inertia

0.002 Kg.m?

Diameter: 120 mm

maximum thickness: 25 mm Disk dimensions

Wheel mounting
angle
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Fig 1. Coordinate axes and installation position of platform
components.
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Table 2. Overall simulator specifications.

Value Specification
90 mm :Diameter ] .
150 mm Height Total Dimension
Suspended part
55 kg Approx. Weight
Three degrees of freedom
with a limit of 40 degrees in
. S Movement
the roll and pitch directions limitations
and 360 degrees in the yaw
direction
About 2 hours based on
power consumption Work continuity
limitations
Attitude
Deg with AHRS sensor 0.5 Detemination
accuracy
Attitude
1 Deg Detemination and
Control accuracy
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station.
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Fig 4. Roll angle variation curve of simulator.
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Table. 3. Time response specifications of roll curve.

Rise time Settling Overshoot PID
(Sec) time percentage | controller
(Sec) with cost
function
2.8 25 21 ISE
2.36 50 76 ITSE
2.75 35 16 IAE
231 35 82 ITAE
2.36 32 67 ZN
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Table. 4. Time response specifications of pitch curve.

Rise time | Settling | Overshoot PID
(Sec) time percentage | controller
(Sec) with cost
function
2.4 15 32 ISE
3 25 37 ITSE
8 80 9 IAE
22 20 43 ITAE
23 30 37 ZN
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Table. 5. Time response specifications of yaw curve.

Rise Settling | Overshoot PID

time time percentage controller

(Sec) (Sec) with cost

function

6.4 80 33 ISE
7.2 70 42 ITSE
10 10 0 IAE
5.8 30 51 ITAE
5.8 60 47 ZN
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Table 6. PID controller coeffeients in roll axis.

K, K, Kp Cost function
6.54 0.052 5.93 ISE
1.99 0.31 4.89 ITSE
9.76 0.056 12.54 IAE
4.15 1.23 4.72 ITAE
3.62 0.64 4.98 ZN
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Table 7. PID controller coeffeients in pitch axis.

Kp K, Kp Cost
function
10.33 2.06 6.63 ISE
6.89 0.72 3.44 ITSE
1.2 0.022 0.48 IAE
8.19 2.69 8.14 ITAE
3.72 0.62 4,98 ZN
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Fig 6. Yaw angle variation curve of simulator.
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