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1. INTRODUCTION

Figure 1. Liquid sloshing
system applications
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Figure 1. Different approaches of liquid sloshing models
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1. INTRODUCTION
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2. MODELING

2.1 Mathematical Model
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2. MODELING

2.2 Flat output of the liquid sloshing

Euler-Lagrange equation of motion: M(q)q + C(q,q) + G = Qu

Ignoring inertial cross-coupling
terms, and small nonlinear

terms. Setting Inspired by [4]
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p Ys Osx6  Afas|lZs2
— 3
Uyr =Y1+ Vi
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polynomial matrices." Systems & control letters 48.1 (2003): 69-75.



2. MODELING

2.3 Flatness-based traj ector
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2. MODELING

2.3 Flatness-based trajector

flat

[M(q)q + C(q, CI) + G(q) — Qu } transformation { B Ay.z n Byv J_

flat domain optimization problem \
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2. MODELING

2.4 Comparing different motion planning approaches
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Figure 2. Container position and sloshing height - feed-forward control
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3. CONTROL METHODOLOGY
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3. CONTROL METHODOLOGY
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3. CONTROL METHODOLOGY
TSMC-CBF

Quadratic Programming (QP):

u* = arg min|lu — urgycll®
ueC

Constraint Constraint

subject to
violate h < 0 | fulfilled A > 0

H=LgH + LzHu > —ag, . H
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4. NUMERICAL SIMULATION

4.1 First scenario
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Figure 3. Container position and sloshing height - time optimal trajectory
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4. NUMERICAL SIMULATION

4.2 Second scenario

—LMPC-TSMC-CBF

Figure 4. Container position and sloshing height - output constraint

HUST

15



4. NUMERICAL SIMULATION

4.3 Sloshing height constraint for rest-to-rest trajector
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6. Conclusion

Main contribution:

* Novel flatness modeling

* Flatness-based Rest-to-rest and Time-optimal trajectory planning
» Flexible and stable control via LMPC:

* Robust control strategy with TSMC-CBF:

Disadvantage:

« Offline trajectory generation
* Model dependency

« Computationally expensive

* The control methodology is not validated through an experiment
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