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Proportional-Integral-Derivative controller for mitigation of seismic base excitation in
civil structures

Mary C. Ngoma, Courtney Peckens, PhD
Hope College Department of Engineering

Introduction

Acknowledgments

Future Steps

Quantification of Control Effectiveness

Civil infrastructures are at risk of damage due to external forces such as earthquakes. To prevent this 

risk, active control systems are executed. In this study, a  Proportional Integral Derivative (PID) 

controller was used to minimize the impact of an earthquake disturbance on a multi-story structure. 

The gains of the controller were obtained using Particle Swarm Optimization (PSO). The effectiveness 

of the  PID controller was validated in simulation on a  five-story structure.

Particle Swarm Optimization Algorithm
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Results

PID Control Algorithm

The PID controller integrates three terms to produce effective control results: the proportional term, 

Kp, an integral term, KI, and a derivative term, Kd. This results in the calculated control force, u(t),

Five cost functions1 were used to assess the effectiveness of the PID controller.

5-Story Benchmark Structure

Scenario 1:  Actuators on all floors and displacement information sent from all floors

KP: proportional gain matrix   KI: integral gain matrix   KD: derivative gain matrix e(t): error signal

Particle swarm optimization (PSO) was used to optimize the PID parameters.

Algorithm equations:

Application specific parameters:

• x - 1*15 vector containing [KP KI KD] ⇒ KP, KI, KD : 1x5 vectors with each entry corresponding to a

floor

• 50 particles are initialized in the search space

• Algorithm runs until a better solution is not found for 50 iterations

• Model actuator motor dynamics in order to investigate the performance of PID control in a more 

realistic environment

• Implement algorithm on a small-scale, experimental testbed

A five-story benchmark structure based on the Kajima Shizuoka 

building was implemented in simulation to validate the proposed 

PID-PSO control.

Structure Properties and Assumptions:

• Natural frequencies: 1.0, 2.82, 4.49, 5.80, 6.77 Hz

• 5% damping based on Rayleigh damping

• Transducer on each floor to measure inter-story displacement

• Ideal actuator on each floor

• Subject to seismic base isolation (El Centro earthquake)

Schematic of the Kajima Shizuoka building

PSO Objective Function: 

1 Ohtori et al., 2004 
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Scenario 2:  Actuators on floor 1 and displacement information from only floor 1

Results (continued)
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Scenario 3:  Actuators on floor 1 and displacement information from all floors

Conclusions
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• Scenario 1 was the most effective control with cost functions significantly below 1 which indicates

that the control of the PID was effective in counteracting the effects of the El Centro earthquake.

The total objective function is 9.811

• The cost functions of Scenario 2 were larger than Scenario 1 but less than 1. These results show

that while some control was achieved, Scenario 1 had a more effective control. The total objective

function for Scenario 2 is 16.126

• Scenario 3 had an ineffective control with most cost functions greater than 1. The total objective

for this scenario is 24.319

• From these results it is evident that PID control, when paired with the PSO algorithm, is effective

in reducing the seismic response for systems using a multi-input, multi-output framework
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