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A Study on Vibration Control of Structures with Time Delay
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ABSTRACT

The vibration control of a one-degree-of-freedom system was performed in this study using Deep

Deterministic Policy Gradient (DDPG), a reinforcement learning method. A delayed control force

compared to the target control force is applied to the system due to the dynamic characteristics of

an actuator, such as a pneumatic spring. Reinforcement learning is a learning method that finds bet-

ter behavior by learning by itself according to a reward function that is directly related to the learn-

ing goal without using a complex mathematical model for the system. Since the accelerometer is the

most commonly used sensor in vibration measurement, we proposed a suitable learning excitation

force and compensation function based on the acceleration data. The final learned policy was used to

simulate the superior performance of the control force for various external forces. It was found from

the numerical simulation that the vibration control based on the DDPG and reinforced learning is ef-

fective in suppressing vibrations.
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Table 1 Parameters for reinforcement learning

Natural frequency w, [rad/s] 10n
Damping ratio ¢ 0.01
Sampling time[s] 0.01
Simulation time[s] 15
Actor learning rate 5%x10™
Critic learning rate 1x107
Gradient threshold 1

Target smooth factor 1x107
Experience buffer length 1x10°
Mini batch size 514
Discount factor 0.99
Noise variance 0.4
Noise variance decay rate 1x10°
Training
input force
/vwn d
I
- -
. » 4 2
E g;?;i /:* s2+2;’sw,,s+wf, ;: buffer

7'y A F
Model |

: Reward
saturation
—/_ block

fen
reward

observation

DDPG agent

Fig.2 SIMULINK block diagram for reinforcement
learning
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Fig. 3 Training input force
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Fig. 6 Result of case 2
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0 5 tmeis) 10 15
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Fig. 7 Result of case 3

Trans. Korean Soc. Noise Vib. Eng., 33(1) : 51~57, 2023 | 55



Soo-Min Kim et al.; A Study on Vibration Control of Structures With Time Delay With Reinforcement Learning-based ...

20
15
10

Acc.(m/s’)
o

-10 F
-15 F
-20

0 5 ime(s) 10 15

(a) Uncontrolled vs. controlled acceleration

Disturbance Force Control Force

Force(N)
o

0 5 time(s) 10 15

(b) Disturbance vs. control force

Fig. 8 Result of case 4
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