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UTEF (Ultrafast Transient Experimental Facility)

Including the linac accelerator and the storage ring, with the storage 
ring operating at an energy of 0.5 GeV / 3 GeV.

研
究
背
景

Part I: Research Background
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Part I: Research Background

third-harmonic cavity Low-Level Radio Frequency  Systems

NC cavity with TM020 mode， 
the first used in China

Frequency: 1500 MHz  Q0:~33000
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Active Disturbance Rejection Control (ADRC) was first proposed in 1998 by Han Jingqing. It is a 
control algorithm independent of the plant model, has huge potential in engineering applications.

ADRC

Extended State Observer (ESO) and State Error Feedback (SEF) ：

（1）

Part II: Comparative Study of ADRC and PI Theory

ADRC Framework Diagram
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Laplace Transform

Part II: Comparative Study of ADRC and PI Theory



7

Part II: Comparative Study of ADRC and PI Theory
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Block diagram of a LLRF system simulation model.



ESO State Matrix ：

SEL:

Part III: Simulation Analysis

Framework Diagram of ADRC in Simulink
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Part III: Simulation Analysis

LLRF system simulation model
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LLRF system simulation model
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LLRF system simulation model
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LLRF system simulation model
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Part III: Simulation Analysis
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Cavity Response:

Amplitude Response under PI Control

Amplitude Response under ADRC Control

Phase Response under PI Control

Phase Response under ADRC Control
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Detuning

Part III: Simulation Analysis
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Noise + Detuning

Part III: Simulation Analysis
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The Influence of Temperature Drift

Part III: Simulation Analysis
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Comparative Diagram of the Influence on Amplitude

Comparative Diagram of the Influence on Phase
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Part III: Simulation Analysis
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Amplitude Comparison between PI and ADRC Control

Phase Comparison between PI and ADRC Control
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Part IV: Conclusion

Sammary ：

• According to the simulation results, ADRC demonstrates superior disturbance 
rejection performance compared to PI control.

• However, parameter tuning for ADRC is relatively complex.
• Next step：It is planned to implement ADRC assisted by PI in the LLRF 

systems of UTEF’s linac accelerator and storage ring to achieve better 
disturbance rejection.



Thank you！
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