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Data-driven PID tuning for liguid slosh-free motion using
memorv-based SPSA algorithm

Nik Mohd Zaitul Akmal Mustapha', Mohd Zaidi Mohd Tuman *, Mohd Helmi Swd’,
Faja Mohd Taufika Raja Ismail', Mohd Ashraf Ahmad'

! Faculty of Electrical and Electronics Enginesring, Universiry Malaysia Pahang
* Faculty of Engineering Technolozy, Universiti Teknikal Malaysia Melaksa
mashraflump.edo.my

Abstract. This stndy proposes a data~drven PID tuning for lquid slesh suppras-
sion based on enhanced stochastic approximation. In pardcular, a new version of
Simultanecns Permorbation Stochastc Approximanon (3F5A) based on memory
ope function is intreduced. Tis memory-based SPEA (M-5P5A) algorithm has a
capability to obtain better optimization accuracy than the comventonal SPSA,
since it is able to keep the best design parameter during the mming process. The
effectivensss of this algonthm is fested to data-drve PID tuning for liquid slosh
problem. The achievement of the M-5P5A based alporithm is assessed i terms
of trajectory wacking of wolley position, slosh angle reduction and also compu-
fation tirme The cutcome of this stady shows that the PID-numed M-5P5A is able
o provide better conirol performance acoaracy than the other vanant of SPSA
bazed method

Kevwords: Data-droven control, PID conimeller, Stochastic approximation.

1 Introduction

Fecently, hquid slosh problems have become atiractive research topics due to thewr
safety 1z5ue 1n vehicle transporfatons and numercus number of applicatons In vanous
mdusties. Neverthelass, there are sfill a lot of challenges that nead to be considered
controlling such systems. The confrol strategies for iqud slosh reduction can be cluster
mnto two main parts, which are mechanical design part and control design part. In me-
chamical design part, the researchers are inferested to mprove the whole mechanical
structure of tank or vehicle to reduce houid slosh motion. For example, they may pro-
pose different shape of tank or mtroduce some kinds of damper inside the tank. Mean-
while, 1n the control design part, they are mierested 1n developing an efficient contral
algonithm to suppress the slosh. For such a case, they must clearly observe the slosh
behaviour through availlable sensors to detect the slosh. Perhaps, the sensor design for
detechng slosh also became very interesting topics to be discovered.

Research on mmproving the mechameal design of tank or camer has started earlier
than the controller design part. It 15 started fom 1960 by Budianskwy [1], which 15 the



