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Design of a Performance-Driven PID Control System 
Based on an Extended MV-Index

Performance‐Driven PID control system

◎ Adaptable to system changes
(e.g., aging, changes in environmental conditions).

Control performance Assessment

■ MV‐index (Minimum Variance index) ■ EMV‐index (Extended Minimum Variance index)
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MV‐index : refer to the reference value 𝑟ሺ𝑡ሻ

■ System
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DescriptionValueVariable

Reference signal5𝑟

Sampling time10𝑇௦
Coefficient related to rise‐time54𝜎

Number of samples500𝑁

Order of autoregressive parameters20𝑀

Threshold of EMV‐index0.75𝜅̅

Initial P gain0.43𝐾௉
Initial I gain0.11𝐾ூ
Initial D gain0.01𝐾஽
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■ User-specified parameters

Control result by using the previous method

Control result by using the proposed method

Trajectories of PID parameters and 𝜎

Trajectory of 𝜅

■ previous method (Red)

The control performance index remains 
below the threshold

Over‐tuning of PID parameters

■ proposed method (Blue)

The update of the reference model 
allows the control performance index 
to exceed the threshold.

Prevent over‐tuning PID parameters

ቊ
𝑇 ൌ 100 ሺ𝑡 ൑ 5000ሻ
𝑇 ൌ 60    ሺ𝑡 ൐ 5000ሻ

EMV‐index : refer to the reference model output

■ Rise‐time search algorithm

・The control performance index 𝜅′ is calculated using an adjustable reference model rise‐time 𝜎′.

𝐽ఙ ൌ 1 െ 𝜅′

・The optimal rise‐time is determined so that 𝜅 is maximized based on the minimization
of the following cost function 𝐽ఙ.

■ EMV‐index
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System: 

Evaluation criterion:

Diophantine equation:

Computing 𝐽୫୧୬ requires identifying the parameters of the 
polynomial 𝐸 𝑧ିଵ
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using autoregressive (AR) model

𝑇௦: sampling interval

𝜎: rise-time

■ FRIT 

(Fictitious Reference Iterative tuning)

1. Obtain input‐output data 𝑢଴ሺ𝑡ሻ and 𝑦଴ሺ𝑡ሻ.

𝐽 ൌ 𝜅଴ െ 𝜅̃௠

2. Calculate 𝜅଴ሺ𝑡ሻ by using 𝑦଴ሺ𝑡ሻ.

3. Calculate 𝑦௥ 𝑡 and 𝜅̃௠ሺ𝑡ሻ by using 𝑢଴ሺ𝑡ሻ and 𝑦଴ሺ𝑡ሻ.

4. Optimize PID parameters of 𝐶ሺ𝑧ିଵሻ to minimize the 
following equation 


