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L1 Adaptive Control Scheme
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Abstract

Magnetic Suspension and Balance System (MSBS) demonstrates the capacity to levitate an experimental
model absent any mechanical contact using magnetic forces and moments. It allows precise control of
position and attitude of the model, and measures external forces and moments acting on the model. For the
purpose of acquisition of reliable experimental results under stable and safe conditions, the performance and
robustness of the position and attitude control system of MSBS needs to be improved. To this end, Iterative
Feedback Tuning (IFT) and L1 adaptive output feedback algorithm were employed to automatically increase
command following performance and to ensure robust operation of MSBS with failure of electric power
supply. The applicability was validated using computational simulation.
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Fig. 3 Block diagram for gradient experiment of
iteration feedback tuning
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Table 2 Performance Index (/) and Control
Parameters (Kp and Kp) at Each

Iteration

[teration

DOF | Val. |Initial
Ist | 2nd | 5th | 10th | 15th

J 10.0082| 0.0022| 0.0012| 0.0009| 0.0009| 0.0009

X KP 1.2000{ 1.1896| 1.1860| 1.2011| 1.2118] 1.2186

KD 0.0100{ 0.0199 0.0267{ 0.0314| 0.0312] 0.0311

J ]0.0084| 0.0020| 0.0012| 0.0011| 0.0011| 0.0011

Y KP 1.2000| 1.1920| 1.1953| 1.2138]| 1.2138| 1.2138
KD 0.0100] 0.0225| 0.0306| 0.0350| 0.0350| 0.0350

J | 0.0055| 0.0023| 0.0020| 0.0019| 0.0019| 0.0019

Z KP 0.9000| 0.8927| 0.9027| 0.9439| 0.9446| 0.9452

KD 0.0200| 0.0369| 0.0432| 0.0460| 0.0458| 0.0457

J 10.0072| 0.0049| 0.0035| 0.0020| 0.0020| 0.0020

RX KP 0.5000{ 0.5000( 0.5001 0.5008| 0.5008| 0.5008

KD 0.0015| 0.0024| 0.0034| 0.0053| 0.0053| 0.0053

J |0.0045| 0.0010| 0.0007| 0.0007| 0.0007| 0.0007

RY KP 0.4000] 0.3983| 0.3996 0.4063| 0.4064| 0.4064

KD 0.0010| 0.0038| 0.0050| 0.0058| 0.0058| 0.0058

J 0.0097{ 0.0017| 0.0002| 0.0001| 0.0001| 0.0001

RZ | Kp |0.3000]0.2983| 0.2954| 0.2949| 0.2961| 0.3020
Kp |0.0100| 0.0179| 0.0235| 0.0263| 0.0267| 0.0285
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