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Guang-Ren Duan, High-order fully actuated system approaches, Int. J. Systems Science
Part I. Models and basic procedure, 2021, 52(2): 422-435.

Part II. Generalized strict-feedback systems, 2021, 52(3): 437-454.

Part III. Robust control and high-order backstepping, 2021, 52(5): 952-971.

Part IV. Adaptive control and high-order backstepping, 2021, 52(5): 972-9809.

Part V. Robust adaptive control, 2021, 52(10): 2129-2143.

Part VI. Disturbance attenuation and decoupling, 2021, 52(10): 2161-2181.

Part VII. Controllability, stabilizability and parametric design, 2021, 52(14): 3091-3114.
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International Journal of Systems Science
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) For the paper entitled:
J @ High-order fully actuated system approaches: Part I. Models and basic procedure
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Closed-loop Analytical system Volume 52, Issue 2, 2021, Pages 422-435
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Home M AllJournals P International Journal of Systems Science P Collections P High-order fully actuated (HOFA) system approaches

A International Journal of Systems Science

High-order fully actuated (HOFA) system approaches

Enter keywords, authc

impact on control theory and control engineering.

High-order fully actuated (HOFA) systems represent a nuanced frontier in control theory, bridging intricate dynam-
ics with profound control capabilities. Rooted in the realm of systems with advanced differential degrees, these
systems, which are often derived from complex physical laws such as Lagrangian mechanics, boast a balanced ratio
of control mputs to system outputs. This characteristic, synonymous with being “fully actuated”, ensures a more
direct control strategy, rendering them particularly favorable in fields like mechanical engineering, aerospace, and
electrical systems. While their high-order nature encapsulates multifaceted behaviors, the full actuation empowers
engineers and scientists with a robust platform to achieve precise and desired system responses. Included in this
collection is a set of ten seminal papers published 1n the International Journal of Systems Science, which forms the
foundation of the HOFA systems theory. In fact, due to their theoretical significance and practical importance,
HOFA systems have already attracted widespread attention with applications to various control problems such as
robust control, adaptive control, disturbance rejection, optimal control, and tracking control. It 1s envisaged that this
collection of the pioneering results would help disseminate the HOFA systems theory, which would have a lasting

High-order fully actuated system approaches: Part |. Models and basic procedure

Duan, GR
Jan 252021 | INTERNATIONAL JOURNAL OF SYSTEMS SCIENCE ¥ 52(2), pp.422-435
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e Control of Network Systems 1 ISA Transactions 10
e Cybernetics 22 Int. J. Systems Science 16
¢ Geoscience and Remote Sensing 1 Int. J. Control Automation and Systems 3
e [ndustrial Electronics 18 Acta Astronautica =
¢ Industrial Informatics 10 Control Engineering Practice 4
® Instrumentation and Measurement 2 Systems &Control Letters 3
® Mechatronics 9 Mathematical Biosciences and Engineering 2
® Network Science and Engineering 2 J. Systems Science & Complexity 15
® Neural Networks and Learning Systems 2 Nonlinear Dynamics 7
® Power Electronics 1 Mechanical Systems and Signal Processing 6
® Smart Grid 3 Journal of the Franklin Institute 10
e Systems Man Cybernetics-Systems 11 Advances in Space Research 5

R ERFRIGRAR T
Guang-Ren Duan
SCI. CHINA INFORM. SCI.

1. Discrete-time delay systems &%/

¢ Part I. Global fully actuated case, 2022, 65(8): 182201
¢ Part II. Sub-fully actuated case, 2022, 65(9): 192201

2. Fully actuated system approaches for continuous-time delay systems &%/
® Part I. Systems with state delays only, 2023, 66(1): 1122
® Part II. Systems with input delays, 2023, 66(2): 122201

3 A FAS approach for stabilization of generalized chained forms &%
¢ Part I. Discontinuous controllers, 2024, 67(2): 122201
¢ Part II. Continuous controllers, 2024, 67(3): 132201
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Int. J. System Science

Guang-Ren Duan

Unidirectionally connected FASs#& ||

Part I. Models,

DOI:10.1080/00207721.2025.2466806

Part II. Sub-stabilisation,
DOI:10.1080/00207721.2025.2466806

Part III. Applications,
DOI:10.1080/00207721.2025.2466806

B % 6 Kz B @££&%%¢wmﬂ“%%@ﬁ?%ﬁ%é%ﬁ%%ﬂﬁ%”*M%&Aﬁ

AR FE S ZEMEF P 0IN
1@5%%&*? il AR qﬂﬁﬂ$ﬁ75 AL TS

]

iy
oo

2024.12.14 W35 {E

LWRZRHEL |



SBRAEC SHABLHBAEHRF RO E—BEAERET

B s | 7 g T (e R4 N

B thEg ks, hETEREET

= & N E EEMEREAS, PERERRLT

e AR EeAR, BRAS. KEBBRRAL
£ i EEMSREAY, REBERRAL
s F WIAS, ERASE
% 4T AFAZ, BRAS. HEBEEAAL
% g ERMSIAEAY, BRAS
T LFERAS /I RRBAS, BRAS. XBEHSRRAL
B 1= BIRR T A EAREAS, hERERET
iR LEMEREARS, BRAS. BEHSRRAL
i REREREHUHRR, ERAS
K E wLAS, ERAE. HEBERAAS
FEE LEMSREAS, BRAS. REBERAAS

z R e ERREAY, BRAS
e LAY, BEREFHAATE
PR KEBTAZ, BRAS. AEHERRAL
E R RER RS, ERAS
AET EAREAY, ERAS. AEBERRAL
% mAY, BRAS. KEBBRAAL
Bl ERETAY, BRAS. HESERRAL
Sk LERHEAS, BRAS. HEBERAAL
iD I hERERS S RAREHAR, ERAS
SF | BEAR, ARAS

\_ BEH BREIRAY, EHSE

*. ERRUERHEAR

2024 F EEREARFZESZEMEIFEPOTE
“*MQE¥%Eﬁ5%EﬁEﬂE*”$*§E

— 1T HPEFEFRLH S| EHEGIRICEREETTN.

2024 F 5 H 10

—"R2ERLKHEDN 6 RARMIEXOFER B EEEFRESIFEVARTIEEEF MY LIRS
R 2RARKEL ZEEXBANFEZZEMBFPOMEZG T, HAREEZIR. 20
EEZREIEZF ML EEFREFIEICSF PERE,

2025F 7H 4

| 2REGR4IER

_.
#

¢

¢

¢

.l Ta
b

[ r

II'\
TC FASTA
\\ "/

F—EEIX
F fE:

EEEUHE1£- JE'ELQ\ gB Z_:x ;31§&ﬁ\ ﬁﬁ%\ %%E\ !?. ﬁg
MK K A

ZEER

0225 AFEIFEEUESNERCUEME, 20235
PI3E: http://www.fasta.org.cn.

”¢@aww$ SIRRGECENAEILERS

Technical Committee on Fully Actuated System Theory and Applications, Chinese Association of Automation

AFRIFILSNAHET WERENFV
Egl 11—

7 |

IHAREIPEB SN FRRIRILME.

HHHUFR h

4 4 [2023] 3 042 5 ﬁ?éérﬁxﬁﬁﬁﬂ{%iﬁ

BWEEEIPHE——TLFES

P B3 F =T ROL

ARG SR EAE R BRAUMESABENEER

LRAGELEMATLERLERER &

ErEEmtFeY¥FERo tdAd, ARAEFEHEAL
YesRRABELSRAETLER2.

FER—BELVERLAERIERBARIME, BOEA R
HFAZRSAFE ARDEAARFRAPLAHERRAR.

Rtk
. z‘;b,-
@%Q Iﬂ.’z‘%&
%ﬂim-
THEE R #ME
+ & B s thFE R A 2025 £ 11 A 18 HEP %

FE Bt FES AFIRE: http://www.caa.org.cn/article/201/3013.html

REIHDINHFE2RRAECSNATIERENILAR

ENMEF§§A2W§mI¢ W

EREGRHER |



Q@; THiESIthh SRR KB ESNBEEWVERG ZEHATF2025538 182 TMREIHRIMIIHE,

PY3IE : http://aca.fasta.org.cn/

Technical Committee on Fully Actuated System Theory and Applications, Asian Control Association (ACA)

$£—/E ACA éBIZ% RERSNATIVERR
¢ Annual Conference on Fully Actuated System Theory and Applications

Co-organized by ACA TC FASTA and CAA TC FASTA

Committee Activities

Guang-Ren Duan  Harbin Institute of Technology, China Premier global event on fully actuated system theory, recognized for its academic excellence and rapidly expanding

participation
Held annually in July

H.Park Y iversity, Republic of K
Ju H. Par eungnam University, Republic of Korea ¢ Annual Young Scholars Forum on Fully Actuated System Theory and Applications

Organized by the Young Professionals Committee of ACA TC FASTA
Flagship platform for early-career researchers to present and discuss cutting-edge advances 1n fully actuated system

Lam James University of Hong Kong, China

Michael V. Basin  Autonomous University of Nuevo Leon, Mexico
Changchun Hua Yanshan University, China L
theory and applications

Hujij Harbin Institute of Technol hi
ujjun Gao Harbin Institute of Technology, China Held annually in November

THiEHhELIRRRELESNRAELERS

Aiguo Wu Harbin Institute of Technology (Shenzhen), China

Kemi Ding Southern University of Science and Technology, China

Tao Liu  Southern University of Science and Technology, China

Currently 125 members across the world, including 40 IEEE Fellows
Joining Process

Nomination: Nominated by two current members of this committee.

Application: Submit a formal membership application. Please contact the committee secretariat: Kemi Ding (dingkm(@sus
tech.edu.cn), Tao Liu (liut6@sustech.edu.cn).

Review: Initial qualification review by the committee secretariat.

Vote: Approval by a two-thirds majority vote of committee members present at a plenary committee meeting.

Missions:

¢ In scientific research, the TC and 1ts activities will be focused on proposing new results in the field of systems and control
based on FAS approach;

¢ In technical development, the TC will support the transfer of discovered "know-how" in the area of system and control
theories to potential practical applications;

: v A I 1 =s
¢ In education, the TC will support young scientists in the field of control systems and applications, and disseminate discov- ]]Z {Jﬂ ﬁ %IJ WJ‘ = E E}E % gjﬁ ﬂ ]'e _% E\Z ,Eﬁ g‘ jk § =

ered "know-how" amongst scientific community. 202547 H4H MW
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fasEA: $k§ fa%ZA: Ju H. Park fhEA: REE
NTHERS ’ EEFEIEERS ' SETEERS
mA. = J a5 A: Michael V. Basin L fA5i A: Lam James J
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and Further Problems

ES

¢ Guo-Xiang Gu (

x

E& 57 F

\l K=), Fully Actuated System Approach for Control — Results Overview

TLHAMIZAKF), Asymptotic Full Actuation Control with Applications to Control

of Autonomous Vehicle Platoons
¢ Xiao-Ping Liu (J1EKLakehead K=), Weak Disturbance Decoupling of High-order Fully Actuated Nonlinear

Systems
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NRELIRAFIFICSNHASINFRIMNTTILI, 2023 FiigiL FASTA B/ BFILIEZMFASTA EFEILEX

42,2025 FFTIG T FASTA B KNGS AL,

FASTA (LB BFiILN

IRIZILN

Ping L1 L High-order Fully Actuated Control Approach for Flexible Servo
(Ssc‘i):;ggrgn g%lgfﬁflgff) Systems Using Dynamical Compensator
FASTA2023 B
Xiang Xu : : : :
(Southern University of High-order Fully Actuated System Models for Discrete-Time Strict
Science and Technology) Feedback Systems with Increasing Dimensions
FASTA2024 I&:E;ﬂgnlgjlgigversity) Global Prescribed-Time Control Fully Actuated Nonlinear Systems
Cai Miao Fault-Tolerant Control for High-Order Fully Actuated Systems
FASTA2025 (Tsinghua University) with Dead-Zone Observers
Huaiyuan Jiang Bias-Policy Iteration Based Adaptive Dynamic Programming for
(Harbin Institute of Technology) First-Order Fully Actuated Systems

FASTA sx{EFEiE3E

ARz REA RIZILN

Cai1 Miao _
FASTA2023 (Tsinghua University) Sensor Fault Tolerance for High-Order Fully Actuated Systems
Wet-lig ke . A Fully Actuated System Approach for Interval Observer Design
(Southern University of :
_ and Fault Detection
FASTA2024 Science and Technology)
Zhi bin Mo Fully Actuated Behavioral Control for Multiple Omnidirectional
y p
(Sun Yat-sen University) Mobile Robots System with Uncertain Dynamics
Shunli Li On the Perfect Output Regulation of High Order Fully Actuated
(Harbin Institute of Technology) Systems with Invariant Zeroes
Yulin Duan
(Southern University of Prescribed Performance Tracking Control for Uncertain-
FASTA2025 Science and Technology) Strict-Feedback Systems Using Fully Actuated System Approach
Baisen Wang Adaptive Prescribed Performance Control for
(National University of Variable-Sweep Aircraft Based on Fully-Actuated System
Defense Technology) Approach

FASTA A3 KNGIE3C 3

FASTA2025

Fuxing Yao, Zhijie Liu, Liangming
Chen, Tianqi Yue, He Kong

RIRILX
Further results on the fully actuated system approach to control
of overhead cranes

Yangqianhui Zhang, Keyuan
Wang, Ziyue Wang, Tianqi Yue,
Dong Han, Liang Zhao

Incomplete Multiview Clustering Based on Fully Actuated System
Theory

Huilin Dai, Haoping Wang,
Yang Tian, Liuchang Zhang

Model Free Extended State Observer Based Sliding Mode
Prescribed Time Control for Series Elastic Actuator-Based
Manipulator

Jiaping Qiang, Li Li, Yipeng Cao,
Chao Liu

Practical prescribed-time tracking control for underactuated
WMR: a fully actuated system approach

Wushan Jia, Xiaochen Xie,
Huijun Gao

A Composite Adaptive Control Approach for a Class of
Uncertain Fully Actuated Systems
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Full-Actuation Award

The above award of 2025 is presented to

Donghua Zhou

{ Southeast University)

for contribution to FAS theory and applications

=R

Full-Actuation Award

The above award of 2025 is presented to

Changchun Hua

(¥anshan University)

for contribution to FAS theory and applications

HAE R

Youth Full-Actuation Award

The above award of 2025 is presented to

Da-Wei Zhang

{ Southern University of Science and Technology)

for contribution to FAS theory and applications

L o 3eC 164

Youth Full-Actuation Award

The above award of 2025 is presented to

Ke Zhang

{Manjing University of Aeronautics and Astronautics)

or contribution to FAS theory and applications
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Fully Actuated System Approach for
Control: An Overview

Guang-Ren Duan"

Abstract—Fully actuated system (FAS) approach was proposed
in 2020 and 2021 as a general framework for control system
analysis and design based on a newly discovered general type
of fully actuated models for dynamical systems. Due to its great
advantages and power In dealing with complicated nonlinear
time-varying and time-delay systems with possibly nonholonomic
features, it has attracted much attention in the control community
immediately since its birth. By now, numerous results have
been produced for analysis and control of various types of
complicated systems, which cover the topics of adaptive control,
robust control, predictive control and fault-tolerant control,
and involve time-varying and time-delay systems, discrete-
time systems, stochastic systems and even impulsive systems.
Meanwhile, a large number of applications have also been carried
out. These include spacecraft control, aircraft and quadrotor
control, robot control and control of power electronic systems and
servo systems. In this article, an overview of the FAS approach
is presented, ranging from models, basic theories, and control
techniques to applications.

Index Terms—Applications, fully actuated system (FAS)
approach, nonholonomic systems, nonlinear systems, stabilization
and control, strict-feedback systems (SFSs).

I. INTRODUCTION

A. State-Space Approach
TATE-SPACE models are not the original forms used to
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| The article on the Fully-actuated system (FAS) approach JES
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advancement in control systems analysis and design. The 1sm
introduction of FAS as a general approach based on a new 1gh-
type of fully-actuated models for dynamical systems 1s G
intriguing and holds substantial promise for handling arily
complex nonlinear, time-varying, time-delay, and possibly (1613
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State-space models prove cfﬁcmnt for lmcar ';yqtcmq yet

, Fellow, IEEE

described 1n a survey paper [1] by Casti that seeking a com-
pletely general theory of nonlinear systems 1s somewhat akin
to the search for the Holy Grail: a relatively harmless activity
full of many pleasant surprises and mild disappointments, but
ultimately unrewarding. It was also claimed by Alberto Isidori
at an open talk in Korea that from the mid 1990s, the study
of problems of feedback design for MIMO nonlinear systems
came to a (almost complete) stall. He then asked: Why was this
the case? Was the study of these problems irrelevant? Or was
it too difficult? Eventually, these observations have become
widely acknowledged in the last decades, and many control
theorists have turned o application topics.

Why 1s this the case? Isidori’s question 1s certainly worth
serious consideration.

As a matter of fact, the reason lies 1n that state-space
models, despite their dominance in modern control theory
for centuries, are not necessarily the best suited for control
tasks. This reason can be difficult to accept, especially for
those who frequently utilize state-space models. Indeed, the
state-space models serve well in tackling problems directly
tied to the states. This 1s evident from the application of
linear state-space models, first proposed by Euler 1n early 1750
to solve high-order linear differential equations (giving the
state responses), and of nonlinear models, used by Lyapunov
in 1892 to analyze the limit behavior of states. They were
not originally proposed to solve control problems. State-space
models do have found success in controlling linear systems,
but largely because linear systems are straightforward to
handle.

It state-space models are not the ideal choice, could there
be a better model for managing control tasks?

B. Fully Actuated System Approach

There 1s no doubt that a model which permits the control
vector to be explicitly solved will provide great convenience
for its controller design, and will simultaneously optimize
control performance. Do such models exist? Indeed, they are
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