
第五届控制科学与工程前沿论坛

自抗扰控制技术的理念、方法与应用自抗扰控制技术的理念、方法与应用

纪念韩京清先生逝世五周年纪念韩京清先生逝世五周年

高志强

二零一三年四月十九日二零 三年四月十九日

Center for Advanced Control Technologies
http://cact.csuohio.edu



概要概要

引言引言引言

自抗扰控制的渊源

引言

自抗扰控制的渊源自抗扰控制的渊源

自抗扰控制的应用

自抗扰控制的渊源

自抗扰控制的应用自抗扰控制的应用

自抗扰控制的论证

自抗扰控制的应用

自抗扰控制的论证自抗扰控制的论证

抗扰技术研究

自抗扰控制的论证

抗扰技术研究抗扰技术研究

小结

抗扰技术研究

小结小结小结



引言引言引言引言



“君子务本，本立而道生”“君子务本，本立而道生”



韩京清：1937-2008韩京清：1937-2008

六十年代：最优控制，留苏（不变性原理）六十年代：最优控制，留苏（不变性原理）六十年代：最优控制，留苏（不变性原理）

七十年代：制导理论，反馈系统的标准型

六十年代：最优控制，留苏（不变性原理）

七十年代：制导理论，反馈系统的标准型七十年代：制导理论，反馈系统的标准型

八十年代：线性系统理论，计算机辅助设计

七十年代：制导理论，反馈系统的标准型

八十年代：线性系统理论，计算机辅助设计八十年代：线性系统理论，计算机辅助设计

1989 - 2008：自抗扰控制

八十年代：线性系统理论，计算机辅助设计

1989 - 2008：自抗扰控制：自抗扰控制：自抗扰控制



ADRC in U.S.: MilestonesADRC in U.S.: Milestones
1997:  Prof. Han visited CSU; made the 1st successful

ADRC hardware test on a servo mechanism

2001:  ADRC papers presented at CDC

2003:  linear, paramerized ADRC, patent app.

2008: $1M venture capital, grew by $5M in 2012.

2010 1 t f t i l t ti 10 P k t i li2010:  1st factory implementation, 10 Parker extrusion lines
(cpk: from 2.3 to >8; avg. energy saving 57% ).

2011:  Texas Instrument adopts ADRC; 3 patents granted.

6
2013: Texas Instrument New Motion Control Chips
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指南车的抗扰控制指南车的抗扰控制
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Grigoriy Shipanov (1903-1953)Grigoriy Shipanov (1903-1953)
Soviet Engineer, Professor

Problem of automatic control: making output 
“i i ” i h f di b

Soviet Engineer, Professor
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a growing Soviet economy 
speculations instead of meeting demands of 
a growing Soviet economy 





Moscow - Beijing - ClevelandMoscow - Beijing - Clevelandj gj g
J. Han, Ph.D. Student, 1963-66, Moscow State Univ.

1979, Han, Lecture series on linear system theory;  
Oversaw China’s first massive CAD project in 1980s
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1989, Han, “Control theory: Model or Control?”

1995-1998,  Han, Extended State Observer and the 
conception of ADRC
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1995-1998,  Han, Extended State Observer and the 
conception of ADRC

1995, Z. Gao, met with Han, first heard of ADRC; David 
(Xuejun) Wang,  introduce Han’s research to Gao’s
group at Cleveland State University

1997 Han visited CSU conducted first successful
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ADRC motion control hardware test

2001, Gao, Huang, Han, 1st ADRC paper, CDC

2003 Han visited CSU again; ADRC was greatly

1997, Han visited CSU, conducted first successful 
ADRC motion control hardware test

2001, Gao, Huang, Han, 1st ADRC paper, CDC

2003 Han visited CSU again; ADRC was greatly2003, Han visited CSU again; ADRC was greatly 
simplified by Gao via bandwidth parameterization, 
making it a viable technology; patent application

2008, Han passed away

2003, Han visited CSU again; ADRC was greatly 
simplified by Gao via bandwidth parameterization, 
making it a viable technology; patent application

2008, Han passed away

2008, A venture capital firm invest $1M into the CSU 
spinoff to commercialize ADRC technology

2009, Han’s last paper: IEEE TIE.

2008, A venture capital firm invest $1M into the CSU 
spinoff to commercialize ADRC technology

2009, Han’s last paper: IEEE TIE.

2011, Licensing Agreement with Texas Instruments

2012, 2nd round venture funding, USVP

2011, Licensing Agreement with Texas Instruments

2012, 2nd round venture funding, USVP
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例1：运动控制，CSU，1997例1：运动控制，CSU，1997



1997年韩京清先生访问美国克里夫兰州立大学高志强实验室，并在那里成功实现了ADRC运动控制实验
图为韩京清、高志强、蒋方军在实验台前合影。



伺服控制设计的灰箱法伺服控制设计的灰箱法伺服控制设计的灰箱法伺服控制设计的灰箱法
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自抗扰控制的思路自抗扰控制的思路

积分器积分器
串联型

抗扰 控制器设计

扰动
对象 - 标准型



控制科学与工程的范式控制科学与工程的范式控制科学与工程的范式控制科学与工程的范式

PID 范式 模型范式抗扰范式

“基于误差”

范式

“基于内部机理”

模 范式

基于扰动信息

抗扰 式

基于经验

无模型

基于推导

优化

基于标准型

主动无模型 优化主动

( , )y f y y bu= +( )y f t bu= +



灰箱法简例灰箱法简例

1 0( )y a y a y d bu= − − + +1 0( )y a y a y d bu+ +
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例例例2
ADRC in Motion Control，2009

例2
ADRC in Motion Control，2009ADRC in Motion Control，2009
Industrial, Third Party, Verifications at a 
Fortune 100 Company in North America

ADRC in Motion Control，2009
Industrial, Third Party, Verifications at a 
Fortune 100 Company in North AmericaFortune 100 Company in North AmericaFortune 100 Company in North America



Motion Control Test: AccuracyMotion Control Test: Accuracy

Accuracy
Impact: Significantly improve quality control, 
reducing defective parts per million (DPPM)
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Motion Control Test:  Energy SavingsMotion Control Test:  Energy Savings
Energy Savings

Impact: Reduce power usage by minimizing 
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Motion Control Test:  Machine LifeMotion Control Test:  Machine Life

Machine Life Impact: Reduce wear and tear on machine, 
creating less downtime and prolonged life
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例3：Parker 挤压机 2010例3：Parker 挤压机 2010例3：Parker 挤压机，2010例3：Parker 挤压机，2010

Implemented in PLC across ten extrusion lines, with 
an average of 57% energy savings

Implemented in PLC across ten extrusion lines, with 
an average of 57% energy savings



ExtrusionExtrusion



问题:多温区，强耦合，未知动态问题:多温区，强耦合，未知动态
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Temperature ControlTemperature Controlpp

Temperature 
Set-point

1 2 3 4 51 2 3 4 5

Temperature

PID passively responds to disturbance, causing zone oscillation

Temperature 
Set-point

1 2 3 4 51 2 3 4 5

ADRC actively rejects disturbance, delivering smooth system controlADRC actively rejects disturbance, delivering smooth system control



Power Reduction by 58%!Power Reduction by 58%!yy

39



The implementation was simple I sent them ourThe implementation was simple I sent them ourThe implementation was simple. I sent them our
existing PLC program over email, and a week later
they showed up and installed the new program

The implementation was simple. I sent them our
existing PLC program over email, and a week later
they showed up and installed the new programthey showed up and installed the new program
during shift changeover. The results were immediate

heat zones achieved equilibrium with little to no

they showed up and installed the new program
during shift changeover. The results were immediate

heat zones achieved equilibrium with little to no— heat zones achieved equilibrium with little to no
temperature fluctuation, and the power meter
readouts “look like they fell off a cliff ”

— heat zones achieved equilibrium with little to no
temperature fluctuation, and the power meter
readouts “look like they fell off a cliff ”readouts look like they fell off a cliff.readouts look like they fell off a cliff.

Scott Burrowbridgeg
Control Engineer
Parker Hannifin

http://www.polymerohio.org



例4：高能物理, 2011例4：高能物理, 2011

NSCL at MSU FRIB

3 MeV/u re-accelerator (ReA3) 400 kW, 200 MeV/u SRF 
linear accelerator (LINAC)



ReA3 Status at NSCL [1]ReA3 Status at NSCL [1][ ][ ]
Cryomodule 1 and 2 installed, 7 SRF cavities in total; 
C d l 3 (8 SRF iti ) t b i t ll d
Cryomodule 1 and 2 installed, 7 SRF cavities in total; 
C d l 3 (8 SRF iti ) t b i t ll dCryomodule 3 (8 SRF cavities) to be installed;Cryomodule 3 (8 SRF cavities) to be installed;



Microphonics [Schilcher, 1998]Microphonics [Schilcher, 1998]pp



Simulation ModelSimulation Model
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Simulation and Test Results Simulation and Test Results 

Amplitude Step Phase Step



ADRC Results on ReA3 [2]ADRC Results on ReA3 [2][ ][ ]

Two times 
improvement in 
simulation (top)

Two times 
improvement in 
simulation (top)simulation (top)

Four times

simulation (top)

Four timesFour times 
improvement in tests 
(bottom);

Four times 
improvement in tests 
(bottom);(botto );

Running on ReA3

(botto );

Running on ReA3Running on ReA3 
since Jan. 2011;
Running on ReA3 
since Jan. 2011;
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