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Introduction 
 

Disturbances in industrial control systems impact 
their robustness. Several disturbance observers (DOs) 
proposed, such as linear extended state observer 
(LESO), nonlinear disturbance observer (NDO) are 
low-type Dos except the compensation function 
observer (CFO) improving the estimation accuracy. 
However, research on quantifying disturbance 
sensitivity in the time-frequency domain and its practical 
application in control tuning is lacking. Experimental 
validation of DO performance is insufficient. 

Research Questions  
 

1) What methods can be employed to enhance the 
type of estimable disturbance in observers? 

2) How to investigate the sensitivity of estimated 
disturbances in the frequency domain of DOs? 

3) How to establish a quantitatively unified 
comparison standard for DOBCs? 
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Methodologies 
 

One of the most well-known observers for 
estimating disturbances is the extended state observer 
(ESO). This study proposes a novel observer, referred 
to as the CFO, to improve the type and broaden the 
bandwidth of estimable disturbances. Moreover, the 
control strategy based on CFO offers benefits in 
enhancing disturbance rejection performance. 
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Conclusion 
 

The proposed integral compensation function observer 
(CFO) overcomes limitations of the linear extended state 
observer (LESO). Investigation of disturbance sensitivity 
transfer function (DSTF) in the time-frequency domain 
reveals CFO’s enhancement in type of estimable disturbance 
and estimation accuracy compared to LESO and improved 
ESO (IESO). Experimental results demonstrate CFO-based 
control is superior disturbance rejection performance (DRP) 
over IESO/LESO-based control.  
 


