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Active disturbance rejection control: Methodology and theoretical analysis
Volume 53, Issue 4, January 2014, Pages 963-976

Yi Huang | Wenchao Xue

The methodology of ADRC and the progress of its theoretical analysis are reviewed in the paper.
Several breakthroughs for control of nonlinear uncertain systems, made possible by ADRC, are
discussed. The key in employing ADRC, which is to accurately determine the "total disturbance"
that affects the output of the system, is illuminated. The latest results in theoretical analysis of the
ADRC-based control systems are introduced. © 2014 ISA.

h
v f 3 inlY
(http (http http (http ww.
s; //a /[ s a s:/[a men
cenfroller based on imperialist competitive algorithm for load-
his dthis dthis dthi
%Besng%}lg‘o)ﬁfcéﬁ Ta) of power systems

Joexc [oexc oexc [oexc ort

banaﬁt;agg E%GS b?ﬂaadsmmg, Pages 88-95

g rA&.Jfglﬁé wwgmrooz Vahidi | Majid Ebrahimpour

ard ard ard ard
Awite Wakd Dgegdhntller for resistant differential control against load disturbance is introduced that

ter ook éﬁp% Jpgad frequency control (LFC) application. Parameters of the controller have been

E’E%{'ciﬁhkﬁdi ‘UifH imperialist competitive algorithm (ICA). Load disturbance, which is due to
= r?

Qntlﬁuouﬁta rapld changes of small loads, is always a problem for load frequency control of
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changes:by.means of ICA to achieve the best dynamic response of frequency. To evaluate the

t of the proposed controller, a three-area power system is sipqulated in ~ _

Miiﬁ.& MULINK. Each area has different generation units, so uhhzebonﬁcﬁ?ers witrdifterent

pa"a:-:’rerf Finally a comparison between the proposed controller and two other prevalent Pl

controllers, optimized by GA and Neural Networks, has been done which represents advantages of
this controller over others. © 2012 ISA.
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F%ght’ﬁ’t?o’gﬂiélrv?ﬁtr'sm a new Lyapunov-Krasovskii functional is constructed. Based on the derived
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gend ﬂ,’g}on;mhegsehable Hoo control problem is solved, and the system trajectory stays within a
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i3 erminal sliding mode tracking control is proposed for the uncertain single-
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4 utput (SISO) nonlinear system with unknown external disturbance. For the

_htt _htt .h rbance of nonlinear systems, terminal sliding mode disturbance observer is
6e4 % Lh %ﬁéeveloped disturbance observer can guarantee the disturbance approximation

?We to zero in the finite time. Based on the output of designed disturbance observer,
25 b
t g@lﬁszﬁg mode tracking control is presented for uncertain SISO nonlinear systems.
ig %Ti § minal sliding mode tracking control is developed using disturbance observer
hw u | uncertam SISO nonlinear system with control singularity and unknown non-
rﬁﬁ%ﬁ;@ aturation. The effects of the control singularity and unknown input saturation
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are.combined with the external disturbance which is approximated using the disturbance
nder the proposed terminal sliding mode tracking control te niques, the finite time

e of all closed-loop signals are guaranteed via Lyapunov ana S erica— MENY
simulation results are given to illustrate the effectiveness of the proposed terminal sliding mode
tracking control. © 2012 ISA.
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J 19 ef9é\r°1ts the interior search algorithm (ISA) as a novel method for solving optimization
ar

tasks)s bqg’&ppp&ed ISA is inspired by interior design and decoration. The algorithm is different
m%ﬁbeﬁrﬁ% Reuristic algorithms and provides new insight for global optimization. The
ptmlpc?s;eld/mﬁfet d is verified using some benchmark mathematical and engineering problems
?%nbgn&hﬁseg n the area of optimization. ISA results are further compared with well-known
# wrﬁmtmn a/}’ orithms. The results show that the ISA is efficiently capable of solvin
P g y cap g
gﬁﬁrﬁﬁ%gﬁpgg p)rrgﬂglems The proposed algorithm can outperform the other well-known algorithms.

Fefﬁth@mth@pr@v@)sed algorithm is very simple and it only has one parameter to tune. © 2014 ISA.
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sgaréibnlinear. In this work, in order to perform the position and attitude tracking

kR ggjgdrotor perfectly, the dynamical model of the quadrotor is divided into two

, 1B fully actuated subsystem and an underactuated subsystem. For the former, a
defined by combining the position and velocity tracking errors of one state

3 Iiding manifold has two coefficients. For the latter, a sliding manifold is

in 4inear combination of position and velocity tracking errors of two state variables,
'%ffpamfold has four coefficients. In order to further obtain the nonlinear coefficients

' mfold Hurwitz stability analysis is used to the solving process. In addition, the —
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t-controllers are derived by using Lyapunov theory, which guarantees that all system state

ach and stay on the sliding surfaces. Extensive simulation gesults are glve_to
SEARCH — MENU

he effectiveness of the proposed control method. © 2014 ISA’
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ﬁ? rf?H’ésf@rWof?ﬂ‘ol method is proposed to perform the position and attitude tracking control of
;hﬁtcfma%l&@l/mradel of a small quadrotor unmanned aerial vehicle (UAV), where the dynamical
Yo Og’é &'ﬁﬂe?‘%;tuated highly-coupled and nonlinear. Firstly, the dynamical model is divided
tnto efilljo@etirated subsystem and an underactuated subsystem. Secondly, a controller of the
Hy??fuﬁi%ﬂ ggtissystem is designed through a novel robust terminal sliding mode control
(WsWV@palsoriftwwm, which is utilized to guarantee all state variables converge to their desired
yame\gspsﬁg r"é’ﬁpe the convergence time is so small that the state variables are acted as time
1¢Wﬁrms°hﬂ3tl¢efnnderactuated subsystem, and, a controller of the underactuated subsystem is
gi,avsvlg%dﬁgé,ns Il,révlvng mode control (SMC), in addition, the stabilities of the subsystems are
rja'f’ed/g‘ﬁ_yapunov theory, respectively. Lastly, in order to demonstrate the robustness of

reco r
er@ap ceatrol method, the aerodynamic forces and moments and air drag taken as

Bﬁgrﬁﬁf c{lgfy@%ﬂces are taken into account, the obtained simulation results show that the
sPnthesis Rentrok method has good performance in terms of position and attitude tracking when

E%&@@tﬁ?)%tggpaal disturbances. © 2014 ISA.
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El, h |e notion of disturbance generalized to symbolize the uncertainties, both internal
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E_E@Ii/ ikl Bg("éaﬁl;%ng principle in the realm of automatic control, leading to a Copernican moment

Mﬁbﬁr&mhqamoéimlycentnc design philosophy is replaced by the one that is control-centric in the
m\ﬁ{ﬁig%?f%e controller is designed for a canonical model and is fixed; the difference —
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between:the plant and the canonical model is deemed as disturbance and rejected. © 2013 ISA.
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f?g\t’h ey a?ew dHew meta-heuristic search method, called Cat Swarm Optimization (CSO)

pclgpr]rg ggoapp,lued to determine the best optimal impulse response coefficients of FIR low pass,

F?iirgeh bgggsglﬁﬂrfd'ﬂéass and band stop filters, trying to meet the respective ideal frequency response

c::l'malramtdrysﬁesﬁCrﬁSO is generated by observing the behaviour of cats and composed of two sub-

{)ﬂgdsgt |5h‘§sg§ftone can decide how many cats are used in the iteration. Every cat has its’ own
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mw o /ck@erasdthe best solution until it reaches the end of the iteration. The results of the
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opo3ed =50 @er solving FIR filter design problems. The performances of the CSO based
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-zero in finite time. Secondly, FTSMC strategy is designed by using Lyaponov's method

ng the occurrence of the sliding motion in finite time, which cag hold the character of
faé%g ' it response and improve the tracking accuracy. It is proved t PrRE canﬁa'rgll:ﬁ'#ge

simutation'results demonstrate the effectiveness of the proposed control scheme. © 2013 ISA.
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tt rurl =nt . . . . . .
e apti-disirbance control is presented for systems with multiple disturbances. First, the classical
é&s}é{tr\%ﬁc \A',\I;nvo/é"é‘c“ére briefly reviewed for disturbance attenuation or rejection problems. Then,
spaenpadvasacepun disturbance observer based control (DOBC) theory are introduced and
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ed-as well. © 2013 ISA.
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gistughanggivejection control structure (ADRC), where the precision of online perturbation
g&%&% V;b%rvﬁb%ﬂ‘d cancellation directly influences the robustness of the closed-loop control
spsespus/anioupaspects of the observer-based disturbance estimation/rejection loop are covered
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he efficiency of their ADRC-based governing schemes.
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r ar ar
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disturbanesfeejretion method. By treating the fractional-order dynamics as a common

gi?g%ug’?ﬁn;c;@t;ﬁ%@t% ctively rejecting it, active disturbance rejection control (ADRC) can achieve the
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ggfﬁgfgdﬁﬁgi%gséxtended state observer. The ADRC stability of rational-order model is analyzed.
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Second=order sliding mode control for DFIG-based wind turbines fault ride-
apability enhancement QseaRcH = menu

Volurme 53, Issuie 3, January 2014, Pages 827-833

Mohamed Benbouzid | Brice Beltran | Yassine Amirat | Gang Yao | Jingang Han | Hervé Mangel

(https://www,elsevier.c
d

Tfyr%)p er deals with the fault ride-through capability assessment of a doubly fed induction
generator-based wind turbine using a high-order sliding mode control. Indeed, it has been
recently suggested that sliding mode control is a solution of choice to the fault ride-through
problem. In this context, this paper proposes a second-order sliding mode as an improved
solution that handle the classical sliding mode chattering problem. Indeed, the main and
attractive features of high-order sliding modes are robustness against external disturbances, the
grids faults in particular, and chattering-free behavior (no extra mechanical stress on the wind
turbine drive train). Simulations using the NREL FAST code on a 1.5-MW wind turbine are carried
out to evaluate ride-through performance of the proposed high-order sliding mode control
strategy in case of grid frequency variations and unbalanced voltage sags. © 2014 ISA.
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ard ard ard ard
fiwis ffanpelgpavAitigates the problem of tracking control with uncertainties for a flexible air-

Er%@%ﬁg%ﬁ?b%#%nic vehicle (FAHV). In order to overcome the analytical intractability of this

%Hﬂ‘,{[{érﬁlﬁpﬁtﬁbutput linearization model is constructed for the purpose of feedback control
gdesign. Them, ige continuous finite time convergence high order sliding mode controller is
é%?ﬁééﬁ;c %&tﬁé‘gnput-omput linearization model without uncertainties. In addition, a nonlinear
dpstushanesobgetver is applied to estimate the uncertainties in order to compensate the controller

}fﬁvﬂf ﬁﬁﬁu?@%ﬁﬁv?uppression, where disturbance observer and controller synthesis design is

odtamed./fiwmadly, the synthesis of controller and disturbance observer is used to achieve the
[F%ec lrecoard , [re

ing, ﬁgct}/,g.cqoalocity and altitude of the FAHV and simulations are presented to illustrate the
effeictivenesyrafdie control strategies. © 2014 ISA.
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awith experimental application
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A. AlKHahdekar | G. M. Malwatkar | B. M. Patre

In this paper, a discrete time sliding mode controller (DSMC) is proposed for higher order plus
d&PAPHMYISESBEST) processes. A sliding mode surface is selected as a function of system states
and error and the tuning parameters of sliding mode controller are determined using dominant
pole placement strategy. The condition for the existence of stable sliding mode is obtained by
using Lyapunov function. The proposed method is applicable to HOPDT processes with oscillatory
and integrating behavior, open loop instability or non-minimum phase characteristics and works
satisfactory under the effect of parametric uncertainty. The method does not require reduced
order model and provides simple way to design the controllers. The simulation and
experimentation results show that the proposed method ensures desired tracking dynamics. ©
2012 ISA.
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Deteﬁfenin’md/iédbntlﬁcatlon of induction machine faults through the stator current signal using
I a sfgé%tra analysis is presented. This technique is known as motor current signature

|
?ﬁ?lﬁhﬁ ”r(?;tﬁs”?‘,'(?h's paper proposes two higher order spectra techniques, namely the power

spechyam-ard ghe slices of bi-spectrum used for the analysis of induction machine stator current
[ i c?%he/é@(ectlon of electrical failures within the rotor cage. The method has been tested by

W.SC W.

umngdm@t slaealihsy and broken rotor bars cases for an 18.5 kW-220 V/380 V-50 Hz-2 pair of poles
Ig@uiﬁv@noﬁiﬁ)tf “linder different load conditions. Experimental signals have been analyzed
hty’ at bi-spectrum results show their superiority in the accurate detection of rotor

ﬁ; ?({aﬁcﬁelrgcoli/rreco when the induction machine is rotating at a low level of shaft load (no-load
E@Ffd'ﬁﬁUnDd thid’pator fault detection is efficient. We will also demonstrate through the analysis and

tnerl tnerl

gxpﬁnmﬁh% @hcatlon that our proposed proposed-method has better detection performance
ﬁﬁ"tef‘@‘gs %H&:@’Ver operation characteristics (ROC) curves and precision-recall graph. © 2012 ISA.

b& Me3 b&
sc = scp= b& scp—

syy 84|§7 s®= 8m http

29 me;n —_—
ﬁiagﬁeg@ dptive control for an automatic voltage regulator

u— ~AAvA

11 of 15 4/17/2018, 1:15 PM



Most Cited ISA Transactions® Articles - Elsevier https://www.journals.elsevier.com/isa-transactions/most-cited-articles
sue 6, November 2013, Pages 807-815
5

amacho | Manuel A. Duarte-Mermoud Q SEARCH

This paper resents the application of a direct Fractional Order Model Reference Adaptive
Controlier \r -OMRAC) to an Automatic Voitage Regulator (AVR). A direct FOMRAC is a direct
Model Reference Adaptive Control (MRAC), whose controller parameters are adjusted using
frgc:;tdg ‘or e?V (fferential equations. Four realizations of the FOMRAC were designed in this
work each one considering different orders for the plant model. The design procedure consisted
of determining the optimal values of the fractional order and the adaptive gains for each adaptive
law, using Genetic algorithm optimization. Comparisons were made among the four FOMRAC
designs, a fractional order PID (FOPID), a classical PID, and four Integer Order Model Reference
Adaptive Controllers IOMRAC), showing that the FOMRAC can improve the controlled system
behavior and its robustness with respect to model uncertainties. Finally, some performance
indices are presented here for the controlled schemes, in order to show the advantages and
disadvantages of the FOMRAC. © 2013 ISA.Published by Elsevier Ltd. All rights reserved.
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fad Oéﬁlﬁfé@'t‘;‘?ﬁ? simplify significantly their design. For the fractional order case, some tuning
rulesrhavgofeenyproposed in the literature. However, they are not general because they are valid
=}P1t Tg’itsgmlezf%del cases. In this paper, a new approach is investigated. The fractional property is
M@We’;é\pecpailylmosed by the controller structure but by the closed loop reference model. The
Beﬁglg \{;(gptgﬂfgr is fractional but it has a very interesting structure for its implementation.
leEefé”’th’éLeoﬁQFbller can be decomposed into two transfer functions: an integer transfer function
eranc Td;g g‘éﬁ%é’]ﬁ an integer PID controller and a simple fractional filter.
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Sanjoy-Mondal | Chitralekha Mahanta

In b r, a chattering free adaptive sliding mode controller (SMC) i&mmmi—lfor stabiNing a
classofpagdti-input multi-output (MIMO) systems affected by both matched and mismatched

types of uncertainties. The nrnnncpd controller uses a nmnnrhnnnl nlu': |n1'¢=crr:1| clldmcr surface

whose gain is adaptively tuned to prevent overestimation. A vertical take-off and Iandlng (VTOL)
aititaft/bysteetseesiinulated to demonstrate the effectiveness of the proposed control scheme. ©

2819)ISA.
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ethe delay, the extended state observer (ESO) in ADRC is modified to form a predictive

g to significant improvements in the transient response and stability characteristics,
nAextenswe S|mu|at|on studles and hardware in-the-loop test&s WerCas in ’d'_re MENU

apprommately known, as is the apprommated model of the plant. Even with such uncharacteristic

assumptlons for ADRC, the proposed method still exhibits significant improvements in both
ps.//www.elsevier.c
pe0 grmance an robustness over the existing methods such as the dead-time compensator based

on disturbance observer and the Filtered Smith Predictor, in the context of some well-known
problems of chemical reactor and boiler control problems. © 2013 ISA.
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