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On the foundation of active disturbance rejection control

GAO Zhi-giang'
(Department of Electrical and Computer Engineering, Cleveland State University, Cleveland, Ohio 44115, USA)

Abstract: Prof. Han Jingqing’s milestone paper of 1989: ‘Control theory: the doctrine of model or the doctrine of
control” showed his deep understanding and complete grasp of the science and engineering of control and it laid the foun-
dation for active disturbance rejection control (ADRC). It is both the origin and the gateway through which ADRC is to be
truly understood. To take his critical reflection further, this paper strives to clarify and reflect on the paradigm and founda-
tion of the “’the doctrine of control”, and to continue to explore the essence and significance of ADRC, for the purpose of
facilitating further development of ADRC, in theory and in technology.
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jection: the fundamental problem of control
system)
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Wy ? TP IR AR e T I R, TR g
HREE 20 R AR LA 4. DRk T TGt A2 B
(R AN T B il [ PR, gt T 0 2t 4B
(3G,

4  #HIR ) 78 K (The paradigms of control
science)

FITERLE BNE 2 OEHR S — 1 1E RIS R
W FO. A — A2 R R R e W e
e AT . 1 yE e Tarde, By — M
FITRIEFIA ) AR T VR A AE — i I AT N
(. b2 IR R o 8 A — e Y R IR R
R, (HEANERBREZAFE ZATRLEL, N

AT B AN R R S B R AP R BE ), AR
552 DA 4y L X 24 0T 1 0 0 ) R 28 XA o i 2 O i
PER I BE—FF. IXFF, 2 IH AT, stk
THEA AR E B MK R 1 2B A s
A — T IR, MR BABISL.

56, BENERLE T TR, B R 2 B S,
G, fAREAN SCER A2 TR A ANE I
AR ALK, TREBARN GO T fift g )il 7E5C
BR, QG TEH AT T 24T 2 A R LS.
PEIRRA 10 BT 55 e il G 4 ok R Uit o v s )
T, R A AT [ il P AS RO, Sl 3T AR i B
AR — H U 22, TR T WA, B B IUE
SR )L, S 2B AR 2 B ), 3G R 5 S P
(RIFEFY. FEARR S 1) e OB i A AN AL D T 1, K
FEATBAT B3 TR R, BTG ] g By 5 A I A e
£ AR SR AL TR 2L,

S35, TR PRI 2800 RS
HL T BT ) IR SRR, HR R RN AT <L
HUH 7 JEFHI R AE 0 NI ECA K90 52, AR

SEPE I S, BRI, (R JF AR TR
(A BT ) 7, 340 W) A B BT YR PRV 9 MG 8 TR )
WRAF. DR A oy 2L MBI, 126 [ B ik
L PAT - IER. RussellXGFR hy « 15 R 5 1561, Afk
A 3, IR BRI A e 1 2 )

TN HIRGR T, A5 B R RS T
S A3 TR ARTE Tk, B
WP,

Bl 1 AN HR R BT AU AT i RS
A

ij=py.9w, u,t), 3)

Forre y o R B A, w A S, w R AN ply, 9,
w, u, t) R RGN ARAE, © R E P T LA B
. RIS G PRI H R Ay R, YRR
PRERZSE{H .
4.1 TMk3558(The industry paradigm)

kAR SR P R R L 2L SEF L AR
1M TP FEAS 5 B2, A1 KRR AN 2 I, EIR 2
R e E S P ek oy L EI T S E i = 0 a 7 i
HRAEAQ) T e Eip(y, v, w, u, t) 5EEARFAITEL T

SENRERZEIN T RAI I O T kD, N T oy I e

The principle in question has been pronounced defective and faulty, because, to cause the governor to act, it necessitates a change

in the quantity to be kept constant.
3

a world view underlying the theories and methodology of a particular scientific subject. Oxford Dictionary of English, 3rd Ed.

“Paradigm shift: a fundamental change in approach or underlying assumptions. Oxford Dictionary of English, 3rd Ed.

> “it is not engineering if it cannot be put into practice” .
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BT FRATTRAGRI LLA) R 5103 (PID) 5 il 7 -
u:k:pe—l—kIfe—l—kDé,e:r—y. %)

M20TH 2L W BIBLAE, PIDUAEAE T A 44 &
SHUAT, R e A SRR e ARG 4 ks &
HBASE AR B . 32 f8 L (1) S W2 Tl 7 4 e 8 oK
AR AAMA R G? T2 R 2T
B AR 5 ki O 2 45 e 1. TPIDSE ok T PLAF
JRER, MR 2505 5 R MRV S S 5 1, AN R
ZESE BRI IXFE—2K, AT A s g,
PIDI¥) T A2 s B — Y Joist: AKA R S FI 30 115
SRR CORAEM” Pri sk AR, SEN YR
SRR, AEAE S AN, TREMA K se b ke T
— ZAIPID It F S 508 e 51k, LUIE N AN p(y,
g, w, w, t) FIA RV EAR K.

PIDYE LMV F A AN T 100 B B A 1 2 0 A
(1), A3, S0, RO R AR )R T, el
P T IR (0 5 1) BRIR R TR, B
1) A2 S T 5 2) da iR v S AR A T T 3R
N TH A .

FARBLZEI H RS T, SRR, i
ESRELE T SN FT 2, BRI 2 AR S S e e nt
SRR, S IR AR AT G 2, AR T s
P, I 2 TS Ao AR BT UL I R EEE g AR
W NI HREFEIWFST, T i 20 ]
DAATEACA, (EJE TREANIA). 36 mti se A=A SCiik [1]7h
FEH, TR, AT EMIE & AR N3l
FEVE, BRECA RS, A B RATT “ AN RO O AR L P Xt

(KIS IR SR AR AN R R R i L

A AWE? B, ERIREEA R N B, A
SIS, LR, S ANE R TR A, AR
— ARG B RS bR ORI G AR B AR A S

PO GRA G M I BAEPR IS, PR BRI R 48
FEREARENE, AR T A7, R Gedi S fr
TR, RUEIsAT. SEASENE, S EE W R g
FIPID 5 LRER B, NI T EAT), 2R
YR st SXFERA T T LU BIE S IRL v, B
HTE TR, BURE TR B P ) BB R A 1 A
J (R 5L PIDI AN E VE (0 BE ) 2400 BAT IR F
KRB AP R R AR E R
W7+ LR AP 1.

IR E WA Az Pt S e (D BEVSINE 5o TR oAl
PEHAL SR L o0 1R LS Bl o 6 B B 2 B, 4%
25 IR WIBIE, Wi T R A B AN

R J&. JATHAME, & Ja Fa AR B BIH R e 0 88
S5 R R A AT BT I 2 A U, e AT
A FFRENAZ A IR BAR.
4.2 HEAYEI (The model paradigm)

RS AR T BARE v 1 R 7 R 0,
A LLIE ) 2604 AT - /K 2 1R Y F s 4R S0 A8 S
BR[57]— 3CH Al B2 2P M TSN A RGEAN R 1) 7
AP AZR ). HOF R B Y 5 R I
YRR . PUAEAR R RIS EAR KRR g
MREERTIX LSRG EE T HEE I8 A He
SELEIXFEIT TS P A R, AL S 2l H R )
I RIS Xk, JREE2E L. 1. Rozonoer 4 il
PEHUTURE. M AR IR AT VR 48 ) U A A, AJniE
BAMFARLANE R, AT IR I T A S B
ToMERAL. B EE &, Rozonoer i, fITiHE “4li” Hlig,
P55 RATIAT I W BSOR IR 45 T . AT
— M MR P8 I BRS04, Rozonoer (K] 5E in] 4 SR 4%
ZANE . AR B S A AR o) U i
THAE, I H B Il (B S5, 4256 1) AL ) 552 o 55 3%
PR IS S 20 B AN & AR E BN A, X
SEARAE IR ARAN R H RE).

RORBAEICP R R, ) R M i 2 H (1) 2 2
[ 25 PR ) 1) %A PR R 2 2R 2, W
B ARG R, Z2 D7 2) ST AN SR 0]
5, EREARA I 2% FE R IR & AT RE I 2 PR a
AR R IR SRR A FTE A B B Brif AR
PERFR TR, T A, S, RS
T 2R G 1R ) R SRR ) — A ) e PT84 L m R
PR R IR 2 B IR A5 Be IR AR E A R A
PE, IS RIS B8 T 36t JFE T #6118 Kk e
SO BRI TR RGN A
RGMBA | MREERTY SR %, I — I iR
) LA g 2Keee e RGBT AT ) H
BT S B BETE GRS R T

IAE R P A FEHUE ) B (SRR R R A
BRI AR RS BLR B RS0 — B RS,
MPRBNAEAR Z 5Bt IR AR HE Tk LI B 5 8 2,
BU 2 B 0 3 3 L A T LIRS St T R
&+ LyapunoviZ, 5555, DA A 1% 2877 V2 (1 i 32 72 Fedl ]
FE AN RIEC BRI RGBS ER. X
FE, BB BEA 73 Bt v] LA — ey 10
RRAIE ST, n] ORI K B A (4007 T e e ik
OF Rl BEER oo e ol T TN LK 7 R R VW A L s Wl
BLRMEAMI, ARG, B G) T ply, 9, w, u, t)
IR RRIA 2, JFHE LA

p(y, 9, w,u, t) = q(y, y) + bu, (5)

Sk /REFRZ N “pure theory of control” Al “ general theory of control systems” .
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Hq(y, y)MoCsn. R RGN
i=9.9), (6)
IR R T 5
u e —4W: y)b+ 9(y.9) )
X R FHBORH T AR s IRES Rt st
AT IR ) ) S S

SR, e T RO R P vt SRR B,
I FH 5052 3 R, SC8E AR T AN E 1. iR TR
Wi 2 (R AR X — 20 S N T A= AR FRE ™
PRI RN, 255 25 IR T I SRR, B dE AR
RGBSR SRS AT 0 FUAN L SR
RO PE PN, 55 AR I T H B BRI &R
%, LRI 22 M R, VR L, s R
i, 5 g R, Pidine AT R HE SRS, BARE
P TR S B0 AN 2 MR ), B2 R T
/NI 35 8 BRAE R, &SR R BT A
RERA, TPl i) SR AR/ NG A AR 2 k.

g8 LTI, 0 TR RN EES (9 R R e W NS
[ a AT 0. — 5 T SR DA A s
(RIPIDHA Ay 3 3, 4 i 28 ] ity T R i A2t A AN 45 B
TESHEEE TR B S LI T — 2R 55— 7
i B DA O SR, DU AL o i3,
ST T B AN 3, AR TR R TR I
ARFE IR . B A2 R T TRl ) 3 ) B A
PRI AN, BB IR e b5 SI2 B ) R B BoR Bz, DL
KR E R IZ B HI A F1, Tl HI AR H A6
5, Mp(y, g, w, u, t) AR, WEEFURR R, 2250 i
WS S BB IUEEACK ] A AEE, IR
TOFHRSAS R 25 0, P A s ) 2.

P 1 TR ) 25 S o Wl AR A TR AT B VA 2 [
DO RN B AR RIAE s8R, AR B4 T
FIL TTRRIMATTIE BN [ DRI A 4 20K,
TR AN P (R A, AE IR SRR B 5 AR H i
Pk sORFIR. A/ D238 8 2 R I RE4A )
FBr, CUFEROI A fh 2t i 2, sl 2 2 Refh. (1
ST BRI EARAE I ST i m, A AR AR,
M LA A HRa R AR XA 5 R B, —
AT RR S AR R ARV
4.3 PPtk (The disturbance rejection paradigm)

PFERIRFAAIT TR 2 — 2R R A T ) L X
KA RGETTIR, BIE 8 22 HAZ Ah

RO IX IR — Rl A TG Sk
— MR RRATIANRE A A RSN, IR OGO 1) an e
FRGEHO e AT T, 38 B IRRCR. T F SRR

WA, ERF IR R 3 N Zh & RS B8 1
N 55 L, ANXS BITAT S8 AR SR 36T T3, S0 )t R
IR TR BN R GEA ] A IR T8 X
B WURAEARUE R IOHESL N AT TR, IR 5 B
SRBFA X ) — BT,

PRUERE LN AR ST PR 1 FE By, W R b
RIMBERFRAERLSE, 2t RGBS R BT BIE 1
B, R TEARGM R EIE, AR T A
. 45— AN RGBT S N
55 RIS, B E RN —ARERY, 45
IIHTRIER G ARALA.

U ST AR S R R SIS R, FAE1979
ERUE R T RBRGARERL S Lk
P ARG R AR AT BRI, £
BERGHPIRSZ N, RERAE 5 W] USRS
(RIRRE. IXHE, AV RGO ANEIE S ARL N, 724
PER, #AT LU B3 s e BB, 3 B AR PR DA
PO, oy TR s PR e v el s A 2 8, St 3R
GERFE R i LI 0 S 4 28 s PR 1

e R R B A U 2 i VA R
LA E (K, S T AhORT P ) AR S0 2 (K B A R AR 2T
A ARG S S A S S5 S EUROC R,
AU AR 7 S8, RETEh A IR 2 MERIANH &
P WRAE % B T BRI AR A R DL SN E AT 5
Wil A AP, X AN I AR HR AR > 48 o
AR > 4% AN B AR BT ) A, AR BRAF AT T 4
VETR S A IE XA B 25 1 A B 1) B g 4 A
SRt RO AR AR B AR AT DR R, (HE H 2 hE
— L RN KR T BT B B2t
HIBA > e L AN B, RO F AN A5 S Al ok
IRV M IS S s, ST fedzs xS e o
PQIY, AP T8 R e vF AR TR, IRt B Pipdzs il
(R, AL AT !

LLAG)ias RGN B, py, 9, w, u, ) FIEFAR
BT RETE AR, (H XM SHEHIFIRN SN T
et IR, T AL 4 PERE R, R A
ZIEAT IR, LIRS, A w2 iipl
(RIHLR, 7 AEAH SR T35 10 0 A R A = A e
JZ, B4 1) i 7 g, AR derh i RE R, AR
PRI RSB N LK 2R, TRET G 2k e
FHALAL 5 KR H L. AN 18 f  CIE e R ) AN Ak
P, 5558, kiR HyrtbpocR:

y = bu, ®)

Ferbbid AL 2 K0 S B A R (1 T, e
REUGNTE RS, XL IE ) ARG AL, e T2

7 “Intrinsic properties” that “characterize a given unalterable plant” .

STE R IS BhEH1 ih, WS oI EH AR D AR AR UL,
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e v 5 A e AR 7, 8 H H @) rPAID I
WO e g T
ERZR @) ARG 5. B Em & RS
A e M, W oG E R O S Bh, sl
[y, 9, w,t) = p(y, 9, w,u,t) — bu, ©
BAERT I PR L BE ) S5 R (w) (1) A
X 3) AT ik
7= fly,y,w,t) + bu. (10)

X, 2 3) 114 il 1] ik 4% 23 o 2(8) I PD %
s Bt A Q0)KIFTIL  . £ (y, g, w, t) € XA
RE—ZWEAN R, A N LUERAR. IE R,
SR T e K R DRSS
XAk

R 8 SUAE R IR 2 e 1 3L 8 TS %2 5 ok 1)
R, e in STk [59-611, & ThAENE i, Bl 4n 13k
AHNIE Rt L3 (o) I “IRE” FIX— I Z)
Ja PG 5, ] AV RS R AT =N 2
AR A . AR, AT CAN R GRS A Y. LA
X (10) IR G MBI, BERGORE I o=y, y]", Wk
fy, g, w, ) FOE 5. T A 45 58 x(to) Fu(t), t = to,
z(t), t > tonT LA ARG (10) 752,

Py AR Y X 3 2 X AE T Al G £
fly, g, w, t). BEEAE oS B EE ) R A=, )5
FNE N — e ST T A ), A RSB
[ eE 2Rk s, e AR R MR Y, i FIREZ
) H-B AT AT AR ARAN A R AT AR AN Bh 3, & nl BA
B AR TR (R e B, R mT DA e BRAT T 45 R,
RRAS. RIS f (y, v, w, t) B BCIRZ, A5 ) 5
BTSSP RS AG TE . LAER(10) 41, W3k
AT E I H 2, A4 LG E R s &E N
{5 SV S i AN 0 260 PR A N B A 5 TR B S ke, BT
f(t) ~ f(y,y,w,t). ZXFE, 2GE)pn] Lot

u = —fgf) + ug 11
TR AL Ry 5 FG A, PR AT Hs e v, 5 2, Wik
KOT BB f(y, g, w, t) 7T LLASEN HAGTHH R,
I B I AR IR S 2% )4 ) I Rt v DA A A il e
(8)IX ANz il e st FRIARAE Y. X HLOCHE AL BB AR
A, AR5 AR S8 v DR 28 SR B, ek
KA EAARE T M FRIE R, IR E XY |
Fy g, w, ). XEEF(E) &~ f(y, g, w, ¢)5E AT IE LT
TR TR #1521
DL EA e R A T IR AR T
FEAAF RN, & g 5 2 E R G HIR 1) 22 1 Uk R
TEARABL, B —A— e 4 il ] 050G i 4 o — Nl
)RR AE TS, AN [ A 2R PR RGP E HIX — L4t

JE I I R B AR AT B 1 AE TP A, e A k)
PRBN O SEIRAGTE AR B ). X T hsvfe 2L 0 2 il
Bevh T LUARUELL, BT A R X ) i v ] LU A5
b R, B RS A T

AT) R 4 BT R 3 PR 4% DT G IR bR UE AL,
2(8), HBETHHlH;

A2) ST RIS, BARE BRI i 51
22, FEAE I T B SR

X, AN T3 TR — A )
R BTSRRI RTAE AT A 2 B R AT T B A1
a2 XA () A, A — N

y™ = bu (12)

R R E AL 20 Horhon] DS R TR 5 %
(AR X By, ] DL EE e 16263, 4 1) JEFliess A Ay 2
(12)— B — B s B 7103, 2235 i @ iUE v
BUEE R ERF S = . bz shfdl, wfE 1,
5503 O E L, IX o R ER2, B e i R AR AR A
HIZE B B %, TR R i B 3 0O A A AN e 1, [
FERT LU £ (62,

P N RIS AT e B X S 1)
PRI R — AN EO A B, fig DAL S e 1 b i 7.
X BRFEP e LN yu s B, — HA T 38l i) A
FRUAETRY, 08 B B v AR 17 5[ PID, R m] ) H
MCEERLI 11 7 v 3R 2 B A s il 6. LX) i,
WA G BB 2, W (y, §) + bu, 3554
a R u =l 2 g e, W), A RE R Ss)
MF(9)AE Ky

f,9,w,t) = p(y, 9, w,u,t) — (q(y, ) + bu).
(13)

[FIRE, IR SE A, (8 = £y, 9,
w, t), KT EEH

y o~ + Q(yl;y)) 9.9
MIMTSEILGTHE T H . IR L AL, 2R Pl
AEIT LIRS AT PRI, T 224 vt i S sl VSRR
RIFAR, AR N A 1) FAR KT B, 47 56 7]
LLBAR, 00 5% (it my LU BT, Ree 4
BOK, R IR, 2545

Hi T L, Hedtia s Tk sl vt $2 4t 7 —A
BopTIHEZR, B T ANl B e RO S ATAT I
RBAETT 3, A TR R YRR A i 5 B
ROYEZ AN, A SRARIE AT AT 2 T TR
W FDUW, T HLIZH5E 3 L R I ARA . BATTAN T
QIR ), AR EHE AR RG]
s WA B S BRPE O PID. X T B I Zh A, S
Z /DR 2 D ANREE N Eh A S SNSRI wT
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WL, e as B — AR HE AR P R R it T —AN

HESE.

5 H Pk il B8 AR P JE (Active disturbance
rejection control: the origin of the idea)
b 2 PR, Brockettse A I AR, 18 HY T 4536

Bl A s A H B RGEIAN e . XA

P B2 BT ST SR TR, 5 40 AR AT ).

PR IX —AZ )T, A RGEAE NS AS

e D, CREFRS R IBAT, WAL vk 2ok, AR

RGN NN TR, ANE S RGA G MBS

AN RS E - AR, #RELA 2 an—Hu AT A

. X FE, R G IR AT B A S AR R

28 IR A 5 RSBSOS 2 BLEA 341G

AR T R — P JE AN [FIFESE.

Ay dl & oA ryes). & B — R
N Bt e W TP R N E 55 Nl 1 ¢
MR, e AR, S AR IR 1) R el V2%
HPTJA7R.

5.1 Y53k¥E7K(The origin)

Pl A PUEE, o nT CLERAR D B k. 32380 L,
MASERE S ML L AN BN, i i 15
FIEENME S, SRR e MR, X — S A TR
TEISTHALA L 19 AW ZE VLI AR B T, J2 ik
[ 2% % Jean-Victor Poncelet ) T i3 FLRF28VAM L2
il T, R I iR T AR A R P e
W7 %, R AU EREENEIEN, 15 TR A R 28R
B3 P52 i U 4 28 VR i, #ME P 8hB4). Poncelet £,
SRENH T T T &, HIRESEE. —H 2 S, A
#G. V. Schipanov7EPoncelet/1)FE it I & i AR P
JiR B, P g A I A ) e AR, e 1EAT AR
2, AR B 1 B S PEANARDS), 604E AT T 75
PR P U0 308 8 1 gh A J AN T B g R 351
ik, AR SR BEAE TOAEA T B A R T T

P2 7 A e RAE 1965 e B EH AR
455 AN AR 1 D B RN I T DR B 0% R ok
HEO0FARAE Tk B 2 I i T AANAR P J A AR,
DA 1) 75 A O B AR () 4 ) JEARL, A H S At B
PO T REE. SR I80FEAR, T, hseA
i, 25 T IS S BR85S TAE, LA “ i [
HIRG NI BT R RS Tk, THAI T 2k
PER G IR IE TV IR AEAR I BRI N
I, DL (Sl —BASIE R s ) —

RS ABFRH, “U T RSN GG [BS AT R
ATEEMKEER G AL i B “ RS
HZAMERIAR LA I B 70 W F B 220 H s xt
—A SRR PRI, JFANE AR 1T

Lssh bl o, Al i) Cesh it AL B b

P il AR 4T 721989 Mgt — a0 it 1. At i

CHPLIE” 2 AN SR B A AR R

Ji&, Pt “ BEANTG 2B AN, AT ZFUEA

TEAMARIRY” BLIZRE, —ANE T P &, #

PSR TY, DD BT 4F, SR JLA T, fea fEH
FEl V& A E AR JTAESE R

52 “HHH”5 “Pi BT RKAKR” Nature of

active disturbance rejection: nipping the prob-
lem in the bud)

FPE R S A RIBR A L AT
Bk, Aal@) rT LA H PIDIIHTHAL I 22 i 5h
f, RN B2 e TR 2 TV BR DR 227 HAE I 0 A0
SERIPEAE ] TG AR RIS G A e RO T A
RN, T e AR AR R AR C, AN E
AR FSERA A2 15 3 — I T, 0 TSN, it
FEREBNI. ST ), A B A R ORI
B ECARRE TR . XSRS T 15
BT B E A B R SR 2 AR
AFEVERIA BONE.

FITid “ Pt i B RS AR B A\ i
HAE 5 PR Ial i B, AR5 RO I St E
THER, IR AR e g . W B,
O 428 1 T B AR Aozt B T “ BT
727 v RIS XM A A MR B BTk
PR AR AT S R . (1) T I, AEEEAR
TS OL T, PEANAEE AT M ) 2 B 47 il A
T A @) MPIDE TR 2. kB K, At
Perbit “ 87 WP Nactive(F:3)), ZEH T AP
AR L MRS T AP ER A
FA BT T2 X . AEX @) IIEsh P HEE]+, I
A2 AN E AR (R ) 1 — R AL, B ARt
ELis S AL B AR AR AT AL AT 180°. AL
A EAEANSEIX PSR 2 B PP S st
s EAEARBE AL B T A NI B AR, A H
FEHE S AR, SR, XL S T E AR 7
(R AP TR 2. A R0 ANJRI “Bli TR
X7 UL BBRIRAR T IIWRIE. PIDX A2 D4
KT IR ZE, IR I E, T B PR I 2 2
KR 2 BT R i 22 1 PR 3R (Bl £ sh i v B
P, IR ATA.

Lo UREAT, TR AR, AN TR AR.
PR SR Y BRI T S M pT bR T AR mide e
PEATZ Ak, BEn] LRRAR AE & (400, 2 1 il i
K13 A DAL IR TRL AR ZE PRI, BRI FE 1)
e FHER I B2 O BRAIC. Bk 2 Ab, AV g — iR v]
A LEIAEALSE KW A 4 b, JATTEAT
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TPIDY AP LERL. S5 R BLRR 17 i o (1
kA, B R AR50 LA B BT GE BEAR
W: AE R GLIa AT IE &N, it 4200 45 o fEL, BRIEA IR 2
/[N, PIDFE s R A H A Lol T ARG UM 152,
RSN, HrSICRE N 1, AR 73300 Wi, 471
e HLEAE R (@) P L AT AR, gl
VLERERIRZE BRI A A P S T R AR
WA FERE R, BRER R ZEHT ININFERE, BRER IR T
B thAERE. IXWU B A DUIRTEH SR N5, A
RE K RSt R BTAE, LK L.

BT
30 RN
= 25( H H : 'k ‘
f 20 BINEEIH ||M, |l i
o 1 ]
= 10 " i
(5) PID SFHf: 20.7 kW ADR FE{H: 8.6 kW ]|
0 5 10 15 20 25

t/s

Bl 1 fE4r2 EPID Y EHII DR L)
Fig. 1 Power consumption comparison between PID and

ADRC in a production line !

53 H B M B R 1 2 (The elegance of active
disturbance rejection )

A T B YRR ARS I E SN, E3hHTdn)
FIER M T EAEBR BN AL, ATE B R )
ez AR EPIIFAZ AP AR, 51
VEABUER “ 87 BN IZEE A AR, T 0L
FPLRIL T A7 SR . AR B SR )
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T2 R R A T AN 2. B, £8 B 3G
RIHEZE L, AP X GAR R K 2 H e ik, PidhAL
JR S HAL T (1 0 L. 10 2 R U A SRR A
FITE S ATAE D AN A AEMEIRTEE &, THe SR

UEPAR R HIRE k. BT SERHG T A MZE R B Pt
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SRIMARIIEAR, MY EM S 75 5« A8 XAk N ARy
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TP S — PR, ik T B A 2 ) 8, H
At ) R s o R R ML RE RV RE R LI R A
WY T, BRI FALIhAR B BB
FIE), AR sk 2T 1 ) SR AEAR A U Ak T,
RORWHAL NI, — At TEMUREE R R X
AL T T AP EIEE — VR 2 R,
R A At 2 [ Prdeds e —ANE e bk, I
LRI A T ARAT T LA T 1 e 1T peb e p EE
O TRERARN R UL BE B, XA 5. B2 A
BRET AT G B 1 T A B T S
FAb, A WL PR Z 0] i A RS 23X 2 T AR REAR
B[P, FHB I E B PTH EREAL T RIHCI IX LE PR 22 1
SN T — AW, iy ELIXAMEAE TRE ok ik
Z [ AT B IEAEAS B0 UE. RO BE B %, BE A
PRI, IX A NI “PLse” .

I PTHREE I e PR A A ARSI 3048
IRA TR, B e NI BN AR T BE R
JiFE. Poncelet B kb A I Wids il 145 38, 42 =3
& AMERRAN . H A a Il s ikss 2, FEREvE
BT A SR, AR TR AR T XUE I R A
SR, S T TR RS 10 ) 8, ek T TR
PR, SR, HRRRRON A R T
Je b2, et 22 )L HE R, B H B iR A
SRV T BEA I T L, A B e, 28 e
AL AN B RS, AR LEER JUREAR)Y | &
A EE () 2. TS RG-S HOW A EREER
AR RN B, RPAG R s AR P i R XU T8 42
A, RS T X R B Y, AR BT oM e 1R
L EPTEANR, A — N ), b 2R
ARG TV, He Al o — N0 ) A 4t — AN &
SRR AT T US4 R — AN a] DU SR LS 3
B A BRI ) R X ARIL T K TR, DUEE
DL “HEEPIR SR R SCER 7 Srp EEAC KA1
FRIE. B PP GARIL T 24T A — I0HE i, 3R
MG o7 RO e AT BT h ) “AT 7 B g
O XFER) “aAT A7 W IR A AP S TE
R AR T AR R AR AR L T el SR S A
6 JE3(Outlook)

U AR 1989 LAFLIR ZI i 2 Ty 3t T 41
PR AR TP e 2 4, B 8 TS 1k R
FIE, W T ERA SR AR RIS FI8 V)75 2.
e AR EE R AR, Al R T BhUPEEE, R T
W R IS, BB AU — TS
FIBEAR, SR — AR R ZI AR, e et T 3RATIm)



12

AR APl ARER ST 1509

JREERGHN, Jo R BT B 222 7 ERA R
RIS I AT A 7 BRI A7 EATiR
FEAEAEL? I AT 3 A 25 [P X 2 ] U,
Ao I A BRI B S R AT, 4 254K
ERHEERIEK, A4 2 AR BATRECRR I S ik
TE ML,

“HEEMPTR, SR TS, 1 SCHARA U R
R0 FE A BRI A [ RZ5F vh 28 AL R A
FRL WS TATE T T BRI,
OVEAUE AP, EARBLT “B TR AR
F. Ay PRI A AT, SO Pl E RS B
2GS AT IR, SR TP RSO AIAT & AR 48,
RIS “ASSEIE AR, i B SRR

I‘\
DIHA.

S ik (References):

[1] U, R —BAURIE R IR (7], REHRR-5HCE, 1989,
9(4): 328 — 335.
(HAN Jingging. Control theory, is it a model analysis approach or a
direct control approach? [J]. Journal of Systems Science and Mathe-
matical Sciences, 1989, 9(4): 328 — 335.)

[2] St ARG NEN 5 RBR G [C) /A IS
SR IVESCEE. ent: iz ifst, 1981: 43 - 55.
(HAN Jingqing. Structure of linear control systems and the feedback
system computation [C] //Proceedings of National Control Theory
and Applications. Beijing: Science Press, 1981: 43 —55.)

[3] #huUH. A RGN & B IES Godel AN e & ME B [7]. #hl g 5
MRS, 1999, 16(H4T1]): 149 - 155.
(HAN lJingqing. The robustness of control system and Godel’s ‘In-
completeness theorem’ [J]. Control Theory & Applications, 1999,
16(Suppl.): 149 — 155.)

[4] #RUH. PP AR —AG UM E R HEOR M), b
Rk AL, 2008.
(HAN lJingqing. Active Disturbance Rejection Control Technique—
-the Technique for Estimating and Compensating the Uncertain-
ties [M]. Beijing: National Defense Industry Press, 2008.)

[S] HAN Jingging. From PID to active disturbance rejection control [J].
IEEE Transactions on Industrial Electronics, 2009, 56(3): 900 — 906.

[6] GAO Zhigiang. Scaling and bandwidth-parameterization based
controller-tuning [C] //Proceedings of the 2003 American Control
Conference. Denver: IEEE, 2003, 6: 4989 — 4996.

[71 TIAN G, GAO Z Q. Benchmark tests of active disturbance rejection
control on an industrial motion control platform [C] //Proceedings of
the 2009 American Control Conference. St. Louis, MO: IEEE, 2009:
5552 - 5557.

[8] LineStream Technologies: Advanced Control, Made Simple, Ac-
cessed on Oct.1st, 2012 at: http://www.polymerohio.org/index.php?
option=com- content & view=article & id=352:linestream-
technologies-advanced-control-made-simple & catid = 1:latest-news
& Ttemid=61.

[91 ZHENG Q, GAO Z Q. An energy saving, factory-validated distur-
bance decoupling control design for extrusion process [C] //World
Congress on Intelligent Control and Automation. Beijing: IEEE,
2012: 2891 —2896.

[10] LineStream Technologies signs licensing deal with Texas Instru-
ments, The Plain Dealer, July 12th, 2011.

Ot (RAHILLEY |, I THE LA, 1998.

[11] Achieve improved motion and efficiency for advanced motor con-
trol designs in minutes with TI's new InstaSPIN(TM)-MOTION
technology, The Wall Street Journal, April 18, 2013 at http: //online.
wsj. com/article/PR — CO —20130418 —907338.html ? mod = google-
news
~ WSj.

[12] TIAN G GAO Z Q. Frequency response analysis of active disturbance
rejection based control system [C] //Proceedings of the 16th IEEE In-
ternational Conference on Control, Applications Part of IEEE Multi-
conference on Systems and Control. Singapore: IEEE, 2007: 1595 —
1599.

[13] ZHENG Q, GAO L, GAO Z Q. On stability analysis of active dis-
turbance rejection control for nonlinear time-varying plants with un-
know dynamics [C] //IEEE Conference on Decision and Control.
New Orleans, LA: IEEE, 2007: 3501 — 3506.

[14] XUE W C, HUANG Y. On Frequency-domain analysis of ADRC
for uncertain system [C] //Proceedings of the 2013 American Con-
trol Conference. Washington, DC: IEEE, 2013: 6637 — 6642.

[15] ZHAO C, HUANG Y. ADRC based input disturbance rejection for
minimum-phase plants with unknown orders and/or uncertain rela-
tive degrees [J]. Journal of Systems Science and Complexity, 2012,
25(4): 625 — 640.

[16] XUE W C, HUANG Y. Comparison of the DOB based control, a
special kind of pid control and ADRC [C] //Proceedings of the 2011
American Control Conference. San Francisco, CA: IEEE, 2011: 4373
—4379.

[17] XUE W C, HUANG Y. On performance analysis of ADRC for non-
linear uncertain systems with unknown dynamics and discontinuous
disturbances [C] //Proceedings of the 2013 Chinese Control Confer-
ence. Xi’an, China: IEEE, 2013: 1102 - 1107.

[18] ZHENG Q, GAO L, GAO Z Q. On validation of extended state
observer through analysis and experimentation [J]. Journal of Dy-
namic Systems, Measurement and Control, 2012, 134(2): 024505.1-
024505.6.

[19] ZHOU W, ZHAO S, GAO Z Q. A stability study of the active dis-

turbance rejection control problem by a singular perturbation ap-
proach [J]. Applied Mathematical Sciences, 2009, 3(10): 491 — 508.

[20] ZHENG Q, CHEN Z, GAO Z Q. A practical approach to disturbance
decoupling control [J]. Control Engineering Practice, 2009, 17(9):
1016 — 1025.

[21] YOO D, YAU S, GAO Z Q. Optimal fast tracking observer band-
width of the linear extended state observer [J]. International Journal
of Control, 2007, 80(1): 102 - 111.

[22] GUO B Z, ZHAO Z L. On the convergence of an extended state ob-
server for nonlinear systems with uncertainty [J]. Systems & Control
Letters, 2011, 60(6): 420 —430.

[23] GUO B Z, ZHAO Z L. Weak convergence of nonlinear high-gain

tracking differentiator [J]. IEEE Transactions on Automatic Control,
2013, 58(4): 1074 - 1080.

[24] GUO B Z, ZHAO Z L. On convergence of the nonlinear active dis-
turbance rejection control of the active disturbance rejection control
for MIMO systems [J]. STAM Journal on Control and Optimization,
2013, 51(2): 1727 - 1757.

[25] SIRA-RAMIiREZ H. Active disturbance rejection control: historical,
perspective and new horizons [C] //The 15th Latinamerican Control
Conference, Plenary Talk. [S.1.]: [s.n.], 2012.

[26] #&—, 5ROCH. APUPEE IS 00 R (0], RS 5 N A, 2002,
19(4): 485 — 492.

(HUANG Yi, ZHANG Wenge. Development of active disturbance
rejection controller [J]. Control Theory & Application, 2002, 19(4):
485 -492.)



1510 o E s N %30 &
[27] #&—, B SCEB, BEE. APREHIARR U] RARFEE [45] SHINSKEY F G. Process Control Systems [M]. New York: McGraw-

(28]

[29]

(30]

(31]

(32]

(33]

[34]

(35]

[36]

[37]

(38]

(39]

[40]

[41]

(42]

[43]

(44]

2011, 31(9): 1111 -1129.

(HUANG Yi, XUE Wenchao, ZHAO Chunzhe. Active disturbance
rejection control: methodology and theoretical analysis [J]. Journal
of Systems Science and Mathematical Sciences, 2011, 31(9): 1111 —
1129.)

o, BEOCH. APl AR N R 0], RERE Y
2%, 2012, 32(10): 1287 - 1307.

(HUANG Yi, XUE Wenchao. Active disturbance rejection con-
trol:methodology, applications and theoretical analysis [J]. Journal
of Systems Science and Mathematical Sciences, 2012, 32(10): 1287
—-1307.)

rh ERRY Bt RGeS % PR IR PRl i —2L
TR LU S A FURAE (M. BT TP EREERR, 2013.

(Key Laboratory of Systems and Control, CAS. An Anthology on Ac-
tive Disturbance Rejection Control—In Memory of Professor Jingqing
Han on the 5th Anniversary of His Passing [M]. Beijing: CAS, 2013.)

BLACK H. Inventing the feedback amplifier [J]. IEEE Spectrum,
1977, 14: 54 — 60.

BROCKETT R. New issues in the mathematics of control [M] //EN-
GQUIST B, SCHIMID W. Mathematics Unlimited—2001 and Be-
yond. Berlin: Springer, 2001: 189 — 220.

MINORSKY N. Directional stability and automatically steered bod-
ies [J]. Journal of the American Society of Naval Engineers, 1922,
42(2): 280 —309.

BENNET S. A History of Control Engineering: 1800—930 [M]. Pere-
grinus: the Institution of Electrical Engineers, 1979.

PONCELET J. Introduction a la Mecanique Industrielle, Physique
ou Experimentale [M]. 3rd Edition. KRETZ M, ed. Paris: Gauthier-
Villars, 1870.

PREMINGER J. Some considerations relating to control systems em-
ploying the invariance principle [J]. I[EEE Transactions on Automatic
Control, 1964, 9(3): 209 — 213.

MAXWEL J C. On governors [J]. Proceedings of the Royal Society
of London, 1867, 16: 270 — 283.

BENNETT S. A brief history of automatic control [J]. IEEE Control
Systems, 1996, 16(3): 17 - 25.

TRINKS W. Govenors and Governing of Prime Movers [M]. New
York: D Van Nostrand Company, 1919.

NEEDHAM . Science and Civilisation in China: Volume 4, Physics
and Physical Technology [M]. Part 2, Mechanical Engineering. Cam-
bridge, UK: Cambridge University Press, 1965: 286.

FRANCIS B A, WONHAM W M. The internal model principle for
linear multivariable regulators [J]. Applied Mathematics and Opti-
mization, 1975, 2(2): 170 — 194

HOSTETTER G H, MEDITCH J. On the generalization of ob-
servers to systems with unmeasurable, unknown inputs [J]. Automat-
ica, 1973, 9(6): 721 — 724.

GARCIA, CARLOS E, MANFRED M. Internal model control: a
unifying review and some new results [J]. Industrial & Engineering
Chemistry Process Design and Development, 1982, 21(2): 308 —323.
OHISHI K, NAKAO M, OHNISHI K, et al. Microprocessor-
controlled DC motor for load-insensitive position servo system [J].
IEEE Transactions on Industria Electronics, 1987, 34(1): 44 — 49.
UMENO T, HORI Y. Robust speed control of DC servomotors using
modern two degrees-of-freedom controller design [J]. IEEE Transac-
tions on Industrial Electronics, 1991, 38(5): 363 — 368.

[46]

[47]

[48]

(49]

[50]

(51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

(61]

[62]

[63]

[64]

Hill, 1967.

NEWTON G C, LEONARD G A, JAMES K F. Analytical Design of
Linear Feedback Controls [M]. New York: Wiley, 1957.

MAYR O. The Origin of Feedback Control [M]. Cambridge, MA:
The MIT Press, 1970.

NYQUIST H. Regeneration theory [J]. Bell System Technical Jour-
nal, 1932, 11: 126 — 147.

BODE H W. Feedback—The history of an idea [M] //BELLMAN R E,
KALABA R E. Selected Papers on Mathematical Trends in Control
Theory. New York: Dover Publications, 1964: 106 — 123.

R, AT A, AR s — PRl 2R R R s
SATANE . HEMEEENR, 2013, 39(2): 97 - 100.

(HUANG Lin. Future development in control science: why, what and
strategy [J]. Acta Automatica Sinica, 2013, 39(2): 97 — 100.)
EREERR, AME. TREHNE M. SE3RR. JEnt: BlEHiRRAt, 2011.
(QIAN Xuesen, SONG lJian. Engineering Cybernetics [M]. 3rd ed.
Beijing: Science Press, 2011.)

LOZIER J. Save the JACC [J]. IEEE Transactions on Automatic Con-
trol, 1967, 12(4): 349 — 350.

GRAHAM D, RICHARD L C. The synthesis of ‘optimum’ transient
response: criteria and standard forms [J]. Transactions of the Ameri-

can Institute of Electrical Engineers, Part II: Applications and Indus-
try, 1953, 72(5): 273 — 288.

KHUN T. The Structure of Scientific Revolutions [M]. 3rd ed.
Chicago: Univeristy of Chicago Press, 1996.

HO Y C. Education of control engineer—Lessons I have learned [J].
IEEE Control System Magzine, 1990, 10(3): 135 — 136.

RUSSELL R R. Letter to authors on publishing in ISA transac-
tions [J]. ISA Transactions, 2012, 51(1): 2 - 10.

KALMAN R E. Canonical structure of linear dynamical systems [J].
Proceedings of the National Academy of Sciences of the United States
of America, 1962, 48(4): 596.

KALMAN R E. On the general theory of control systems [J]. IRE
Transactions on Automatic Control, 1959, 4(3): 110 - 110.
KAILATH T. Linear Systems [M]. Englewood Cliffs, NJ: Prentice-
Hall, 1980, Vol.1.

ZADEH L A, CHARLES D A. Linear System Theory: the State
Space Approach [M]. New York: McGraw-Hill, 1963.

CHEN C. Linear System Theory and Design [M]. New York: Oxford
University Press, 1999.

ZHAO S, GAO Z Q. An active disturbance rejection based approach
to vibration suppression in two-inertia systems [J]. Asian Journal of
Control, 2013, 15(2): 350 — 362.

FLIESS M, JOIN C. Model-free control [J]. International Journal of
Control, 2013, 86(12): 2228 — 2252.

J3E T BRI AR Bl R A St s (7], B3k
244R, 1965, 3(2): 57 — 65.

(WAN Baiwu. On certain automatic equipments in ancient China—a

discussion of their principles and achievements [J]. Acta Automatica
Sinica, 3(2): 57 - 65.)

Ve A

FRRER (1960-), U, BIBER, LR HRER BBy

HfF5T, E-mail: z.gao@ieee.org.



