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Overview of active disturbance rejection control for

systems with time-delay
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(School of Automation & Electrical Engineering, University of Science and Technology Beijing, Beijing 100083, China;
Key Laboratory of Advanced Control of Iron and Steel Process, Ministry of Education, Beijing 100083, China)

Abstract: The control for systems with time-delay is a widely recognized challenging issue. Recently, the solutions are

widely used for time-delay systems based on active disturbance rejection control (ADRC) methodology. On the basis of

the principle of ADRC, some design methods of ADRC for time-delay systems are reviewed. Then some tuning methods

of active disturbance rejection controller are introduced. Finally, the application prospect is pointed out.
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1 5| = (Introduction)

AT MRS YR 4 Ll 2 RE LA Tk A
b RE S A SERR R IZ AR RIS, QRS I
oG N /AN N M R T B B M N AT
S T I AR, A3 B2 FE AN RE SN SO R G
P AR SZ RS, 7 A2 B 30 %) 1 AR FR 1 Y I (1],
PRIE RS I ATEE. I, B R S8 (time-delay
systems, TDS)# A YA AHEIIF I RS

XTI 2R G BT I — B R R R M i 2 —,
WA EE SR T VR 2 s IR R4 7 56 48
MDA H 26 52 2R ) R4, W HA7 K INHT  JEZe L It
A A E T 28 R A SR, TR RS
BCFASERY, BRI T A B4 R S A SE B &R
eI, DRI, 78 SERBR AN T8 1 PID 44
P38R 5 48 £ T A7 (HBE RS B HOR B s K R,
PID¥2 il 20 E LATHS A2 A 52« vt 5 DL AR B8 4k
L NAEPALIIE >

5 U SE AR AR R PIDI Il I BAR i — « & T
BRIEATHBREZE” | TR ECIACS i B 12 1l 1) Al

Wi F 3 2013 —10—11; BB F3: 2013—12-24,
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L T 1998 4 E AU 2 1K B T 4% 1 (active dis-
turbance rejection control, ADRC)JHAH, & —Fim] L
AT R ] S S 2 G5 M (ARG « IR L R 45 AN
iff 8 ZR G I ) A7 280 R, A% SRR DL
B R A IR AN OB R GE PR EAY, HE R
GE)A T R TARER R AL “ B8 (BN
PEANAM, 5 “ B AT AT, HEEBRME “R
PeB)” KRG, NSRS A PR
RGN EI B0 B LA A bR AE Y, A1 R SE )
Bt I 2R B i . AR 31 EOUL.

ADRC #; A = 2 A 16 BR B 7 4 2% (tracking
differentiator, TD). 4§ 5K Ik Z& W I £%(extended state
observer, ESO)- Rk & 1% Z ¢ Wt(state error feedback,
SER) ¥ il 4B i F1X 348 4 IR B 5 ] LA
IRZAFIER, KA — S HIAESE TR, AR
AN G 5K, v AR B AP AS[R] I ADRC.
H T A X0, ADRCH &35 73 47 &5 A7 AR e PEFA 1,
7] B Ay JE £k 7k ADRC(nonlinear ADRC, NADRC);
R, AV AR IR, MR A 2674 ADRC(linear

HATE: 5 A RRIEELAT AUA IR H (61333002); 1 R B ARIIY 5 255 10% 4 )37 H (FRF-AS—11-004B, FRE-SD—12-008B);

JE T T 2RI H (XK 100080537).
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ADRC, LADRC)™.

1T ADRCAVEE TR IR 0 G820, A $t
- RE 75 R PR e o VTR PR 5 A TR AR
AL A3 T AR T2 RN RN AR S, W
A B A 1 R ) LA R R G PR B R T L e
i) B3] L 9 G B 27 e 7R 0 0y R
Zel8, pLas N o Ar g F IR P AP S0 ALl &
g0 ML FE £ 48 (micro-electro-mechanical systems,
MEMS) sl A U B S8 A T L A6 Tl R kG a2 K
AT AT WA R 38 2 A BR BRI R R) 20
PLH RGNS, et 06 RV, 3 s 2 i
Jis 4 R0 Ak ok B O 4k 5 B % R 2 (continuous
stirred tank reactor, CSTR)!"!, HiuH Ly ip i fas 181
AR RGO

Ti4h, ¥ ADRC B AL H T R4, AR
TR aF AR, — B B o oK Al i)
3202220 0 B R Al RF 23250 = ok
Gl 20T B A3 IR A N 270 A S N AR A ok
ali [ 2122145 B 4 N B 4 (single-input single-
output, SISO)X %; £ iy A\ % % H! (multi-input multi-
output, MIMO)I iy 248 (1) [ P AR R4 12532 s
g T R GE 25330 AN i NI | AR i
i 5 28 S SERH LT ) DUZR KRR S5 550 20
BRI

55 N FCAH B, ADRCIHEIS BT E ) T —
ANREAME R R R 3 PR R st PR e T G AR
TR RVFAE N G0 LUR AR PE IR 2%
By AR G, PUB) AR5 T AT LU ANIELZE ), 257
i Al DU — M AR Ze i S K. A ek, APy
FWFFE R AW IR HES) T BR80T,
WITDSL BT ESOX BN K BRER P RERS) Al
THRESI B, SR e RO, 2R BEBNESO Al ik
SE PEMEL H Bt P #5 I SISO, MIMO & 4t 11 Wi 8k
PEMS4, 28 M ADRCH BE 5 45 2 & J A 74 P g 4y
Hr421; 26 E ADRCX Il 25 1 AN 1 2 & 4t 1 42 1l g
I BAT AR A T () ADRC IR R 40 1 g 4
FT4OIZE  {H IR 2R 48 1 ADRCHELS /M3 1H & — N
A B P ) L

B, O 24578 WASE EEXT B Pl
AURITFAT T 458, SC 4710 A PiHtias il i & e
hy gz, nh b 2 R R AR T A RS A,
SCIA81RRIRT T H A ] AR iR AN o REGE
il e ) ik AR DGR AT IS Ot e . SC 210
BRI L BT T A g i AR AL B R e AN
SEPE ) R AR B 2 AL, A4 T OB R BES 73 Bk
Uk . 491t AR T A FETDALE P 1) JLRh 3= 2543
#x. JC[50] 38 T ADRCY JLZEHE T H0 30 Wil &= (dis-

turbance observer, DOB)¥ il 7 v 0] IAIALEE. SC[51]
MEFSG 1 Y. F ADRC REAR i A i e /B A 0%
R, I 45 B 35 B 72 H(sliding mode control, SMC) A/l
ADRCIL &, 45 th T 5 & 4% il (compound control,
CO)IY AL, SC[521 41 1w BLR 22 N 7 R S gk 4%
TIFAIFTH O E ADRC SVARSR AN ZRA T Ml 42531 1) R
HREFT SR SCI531MHE T ADRC AR kAT
HIBITT R,

AR SCANAEAN A1 ADRCHEA S5 1) e FEA J5 3 ) Bl
b, F 2 MNADRC AR H] T IF 5 28 48 10 401 B2
0T A AN DGR ST EA T AR B, R0 Y. FH ADRC
SRR I RF 1) 0 1) 2 BT s . SO e Tt
ATERR, IRt T A 5 St — TR I SR
J7ln).

2 ADRC ) 3 & 45 # e 7 7 Jit B (Basic
structure and principle of ADRC)

AR TRORK, B 56 LA AN g dmon % o, fi
FAA 24 ADRCIRIEEAS 45 1 S SEAS i B3 s i oxof S 1)
ADRCJ5UH T WS [3].

T AN e AR 5, Ao TN

B(t) = f (x(t), #(t), w(t), t) + b(t)u(?),
y(t) = (1),
P (), &(t), () 7 MAXS REPIRA . M5 &
B, () AN E B R E R AR w(t) R FNAb
P, y(t), w(t) 3 ol A 0E S 4 L 5 o &, ¥4 0 i 0
7ab(t) A E RAL.

A —F ADRCHE Bt 1<l 1571, el v gz v
NADRC, T2 [ TD, ESO, SEFZH I35 4. F
TH153 5l 23X 353 PRI e S A i L

(D

K1 SR B ADRCTHER]
Fig. 1 Block diagram of typical second order ADRC

2.1 PREFHS) 8% (Tracking differentiator)

WFFTTDEA] H )2 0 R P B R 45 58 5 5ok
A EHREUMME . H R, TDZH T 2 HE JEd
FED4 I AR IR Al T BB R G E 0 K BR B A %
AR AT T AT AR 1 2 B B 4t B
P FARTBRT « B BRER S TR 7 i3,

— WSRO K 22 R 25 01, IR g AR 25
K, RE M R G0 K s . AR < POl A R
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B RS “OR PR BRSNS 57 B IMERAG B oy
{5 . TDI R 1 B oA AN )
eo(k+1) =v1(k) —vo(k+1),
fh = fhan(eo(k + 1), v2(k), 7, h),
vi(k+1) =vi(k) + h-va(k),
vo(k 4+ 1) =vo(k) + h- fh,
HorhARZett s Hithan (e, va, 7, h) FRA PRI B AL I
SN aE O R AP/ W T

2

d=r-h,
do = h-d,
y=-eo+h-uvs,
ag = +/d? + 8rly|, 3
. va+sgny(ag—d)/2, |y|>do,

Vg + y/h7 |y’ < dOa
fhan(") = —r-sgna, |a] > d,

—r-ald, |a|] <d,

P v ATDI T AAT 55 v Aoy 73 71 R TDI 5 A~
i AE 7, o FREF AT Fvo, vo o, N5
5, AT AL M v A 05 e oM BIR IR 1R 22 (B K 25).
KA SEL, Hod oK, v BRERvo B, A
PR ORI, AR PR I R A PR A RS
HRZRE S ARIE s bR KA I (PR K B3
AR,

YT FGTD, HTARZt o 0 (3) i fe S EL AL
5%, MR, iR RGP, TR S ERK,
] e P 2tk e e B

KT 5 ) AR 22 Y TD(nonlinear TD, NTD)
JIT X G, AR N [ TD 2 5 1k O 2k 2% TD(linear TD,
LTD).

T TD IR R U HE A K A B

eo(k+1) = v (k) —vo(k + 1),

vi(k4+1) = v (k) + h-vy(k),

vo(k + 1) =vy(k) —hlreg(k+1)+2r - vy (k)]

4)
KA PUR P - r A A L2 AT S H. FAWSF S AT
2.2 FRRE MM E¥ (Extended state observer)

ESOMMESS iR Hil S () M Hy (¢), 1&
At UL A, DASDULI F S8 25 IRES SR SN s
).

TR PBN f (+) R AN SE R A 501 o, 86 R0 )R
AMESTCIER IO . A 1A f (), AR
W DOPHARE L Er, =z, o = SRS L,
BEIM— AR A &, B TR R

I3 :f(x(t)vi'(t%w(t)vt)' &)

FRAEA A S My 15 &, A BN I ESOB!:
2 =22 — B '91(6)7
2y = 23 — Poz - g2(€) + bg - u, (6)
23 — _603 . 93(6)3
o 2,(0 = 1,2, 3) WESOMiTH, 735 A IRE& 1, 2o
KRB f () M AS T ESORIHE %5 60 (1 = 1,
2, 3) A2 ESORIMIMNIRZE e = 21 — y; gi(e)
(i = 1,2, 3) 49 18 4 32 1) R £ HMEE DR Do A XD IF)
FHES AL L
F1 2(6)7E— Yl N AT 2 18 1¥ i N 2, ESO
AT Dh— 2 K B 40 AR EUOR S () 2 RS Al vh R SE )
REnEea), 1
z1(t) = m1(t), 22(t) — 22(t), 2z(t) — f(1). (D
2 TESOM 2R, 2(6)4h i Hoe— g,
T AT PRSI 25 s B AR T U T
BITFESOM HAATEAL
Te¥lgs(e)(i = 1,2, 3)EEELME Bk Fy i, %1
L i fal R 5B
le|*sgne, le| >0,

fl i,(s =
a. (6704 ) { 6/5170@’ ’6‘ < 57
R 0<a; <1, 6>0, [IHSH
B, Ha,; = 1, K (6) T
gi(e) = fal(e,1,9) =e. 9

R OAK(6)F, BIF#RIEL [ Luenberger
LI 2&, AT F A 26 MEESO(linear ESO, LESO), £ br
_FHEAELAPEESO(nonlinear ESO, NESO) ;51471 &
R AEZEEESOAH LE, 2R IHEESO SIS K 2 faf i f
%, 1M Hag T2
23 REZ IR E & B8 i H(State error feedback

control law)

BESRESOfE % S I 3Rk A5 R 50 S e sh £ () Al o
i zs, G0 R AEAEFE AR 3 DAAME, AT SE 3 B Hidt
(FIThEE. Rk, FhEEm e

u = (ug — 23)/by. (10)

A B 2z 08 R E I B f () B Al TR 2, Rk
ZDPENEA L “ R as I -

J=f() = 23+ ug =~ uo. (1D)

ADRCI A% L L AE AR I e 426 Aty A 478 il
Rl LURI R R s R IR M bR,
RGBS TARMER I “ B3 £()
(B LA A PO, T8 R 3t 4 K IR 25 0
X () REAT SEI AL T, FF A 2 sl f () 5t
ARG, NI S Ps) A e AR 1
PAEXRBIE I bRAER “ B a8 IR, AT S

®)
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AR ARG LR B AL | ARG B ) it
AR R ARy A B RG] e, X 2 H
ADRCH U il 2 I 1R R 35, A2 R 2% 1) kA T
TR I 2T BB
X “RBIas R KRG, Wi TH RS
R A SR Be vl o AR s A ARk 2K & PID
TR ZE AR A S BRI ZE I I SRS R BE 1) 34T
b, B0 B IR AR LR AL A R BN M TF-3))
i R )
ug=ky - fal(er, aq,0)+kq - fal(ea, az,9), (12)
Hdr: 7% e; = vy — 21, WEMDE Fea = vy — 293
Ky, ka2 m A I LA 25 R0 B o 3 25, nTIR S 4L
—BO < a1 <1<ag,d=n-h,n>1
B0 <o < VI, #2460 4w (12) 1 B A B4
fal(ey, oy, §) L Br _Fo2 s d LRSI — NS5 50
CRBRZE, ANHE R R ZE, R E T ARG B
Rz il R e il AR 55 PIDH ) 56 5 v I AR i T
T IX IR, fal(-) WA —/ & JEZe b
SERIREIA T IX— 210 SR B Tt T PR i fal (eq,
g, 0), ISR A A1 22 /NN 20 S 2t /DS, IR 2, Tk
I3 25 R I Ao 1 25 R, PRIy > 1, IXFE A4
T RSARIN T PR AR /N, AR T4 mds il R G
fel3.33]
28R, 5 B o TR AR AR Lt 4544, 451
WHETD i F I AEZe M i £ than F T3 22 S 4 15

Uy = —fhan(el, C:€z,Tc, hc)a (13)

Hp 3NS5, hFRHIEAR, 5 FARTDH A
H TR SR R A AN [R]. b e 22 s it
HhE A B JE AR, BRI “BRJER 1, A4 FPID
() Bk o3 8 251950, v Ay 45 1) B 1Y 56 he 5 L IATDH
(I RAE AN ], e e BRI 8 5 R (R RIS 152, DRI AR
HREERIT, 1 h AR T PIDIF LA 251551,
hHE v ARG PR P A T 5 S, 43 o R
AT A & B, #:8A2)on = ap =1, 7]
fi Ak ok H AL PD A il
ug = kp - er + ka - es. (14)

N T 5 R R ) AR 2R PR A R 2 R Bi(nonlinear
SEF, NLSEF) ¥ il 45 BT DX 31, AH N [ 261 41 45 (14)
ST NOFR ly e PR R 25 1% 22 ) Wt (linear SEF, LSEF)
il

T ELAR S, XTI PIDES i8S, 51 AR
1 FH AT LAV BRiE 22, S Rt ag )1, (BB 1
SINMERI 25 S BRI S, A fe A 2=,
A T . 15T ADRC, R FiR3 5
I3 T (12)— (1) # B A B v R I, {H 4 AR

(10)HH A 55 VLB Al T B (R S I P2 0 — 25/b, 1 2R
JC)RHHL xS AT RTRME 58 4l LR
ZERr RABAE L, Lt ADRCAS AR v] DAY B i 22,
1111 EL AT ARG AR S AR i 1 B3
3 B HF &R 41 ADRC E 2 % il J7 ¥:(Main
design methods of ADRC for TDS)
AETROK, B 2254 20
Y(s) =G(s)e”™°U(s), (15)

LY (s), U(s), G(s) 7 mARFx Gt F il A
i AN A T B AR S PR L

7 AT G(s)WK/(Ts + 1), W K (15)48 y gt
R — bt in Rl bt %, Jodh: KX %4825,
T Hg S5t 1) 35
3.1 ADRC JG #4 I #if ¥ (Ignoring  time

method for ADRC)

ADRC JC I i i — e ] S (14 478 1 IR iy 2R 4
(1) J7 5. 75 B 1F ADRCIN, B 2 56 G v 1) I 35 24 1
e TS IT LR 1R AL BE, RTI

Y(s) = G(s)U(s), (16)
MBS 22 A A 45 Pl IXAE, FEAN T B 8 il s 4
FAIABAT AT PRIV, 3t P AR AR 5. (15) LR B TG
AR T 3200 8% f5 R HLIZ THADRC.

Bt SRS G A — B AT oK Aty R 4, T
RGN R ER AT, 0 AR — BB ER Y, TR B
Wik —Hr ADRCR Y E il i, SLOTHEE I E 2R,
KH, ADRCHITD, ESO, SEF# I3 #9021 k.. 15
T RGNV IRGE, B 1] s TD. #5443 nl
NS ais s O E B2 R R a S A NI ES 32 N

———————————————————————————————————————————————————

i: 1 yoi Yy
T Tser LS

__________________

delay

O
(%
E
21 |ESO

Kl 2 —Br ADRCICHEIHHZ T HER]
Fig. 2 Block diagram of ignoring time delay method for
first order ADRC

M SC 20128 Hhle™/(T's + 1)F 47 51 &5 S o o] 75
th, LRI TR KRR N H5 ~ 6, R LB
I 534, AR, BN S 5 ) 6 T2 L P s
800, S8 T R EHEHL.

SC 13545 FAEE B ADRC i 1 0 4 19 F8 A,
BTS00 300 MW LIS EHLH LIS KIS
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B0 e E, A 45 L KE T —FrADRCAHI —FADRC
RERE ST RIRE IR SR, T A& R S B0 L 5
LR Z.

241443 P ADRCICFLIN v I - o 5L e
5 AGCLEM R GE, JEH] Ffa vl l A%l )
HAIILH, AT (5610 HAESOREH i EAL, it 1
—MPEEBYESO, f sl —Fh S K ADRC. 5 H HLH)
B ADRCAHH L, & P P ADRC BT I AN -4
AHZEANK, AH S ) — M ADRC R i 2 55 B 32 3k 2>,
REFETR ARt 0 IR

T TG BRGE, AME DR b )& 0] REHZAT SEBRIFIb
PR AT, 2, AR GAFAE TN, bo W AZ 5 ADRCH
FER AT S EL, B SRR IS (1) R /N AT 3E 24 1)
YR — e, I DK I bo JL T B EL 481 K201 R
IR B e P AN e 2 IS, 475 FH ADRC G AL
IREAT I IS A RN, TIIMETT RN R G,
[i) 5 5 ) A A ARk, AL N T) 3 BU(E 10% 2 N 4
B, R BRI FE AR K,

3.2 ADRCH ¥k # % ¥ (Increasing order method
for ADRC)

H A, 0TIk RS8R # 6, ADRCRM A ik
P I — R0 J732:. H KA I e 548
ek oA R0 % )5 kv ADRC.

AR TR R RGBT 5 AT, — ST
Wie Tl etk R4, b 2Ry i, 4l
iPadelft {Bh 4 A7 HHL & H P, 1ii 7E ¥ THADRCI, K%
YT TRE Bem T ARk — PR Ry S s )

TS 1
TR (17)
UL D5 SR PR IS 3 T B (15) A AL s v — B PR G Ik i o6
411,3.20]
Y (s) =~ G(s)

Py 1U(s) (18)

RAEEE, EBRZE VTS s
AR B 0 — B IR E IR Ui R 4,

__________________________________________

WU AT 4 — B PE S Beu. SXRE, w4 IS 6 4
RuEH T — ADRC. HO7HEEI W& 1 .

ML 20145 Hle="/(T's + 1)1/ B 45 Rh o] &
o S I R I TR A E IR IS A LA _EL S Ab,
FEEET/ITTIAF900.

ADRCPM R v H AT 43 208 N, n—Fir 6t
PEIN RS20 Bt in K2l w231 43 i
KAl N 2714 SISO 4, MIMOM Wi R 451t B Hidh
R AR AR TR (28 300 0 Hp g st R G 3)L ANHf s S N 4l
T AR 5 2814

{5 i1 T ADRCH R A E BT I A g e 17
BRI K, S35 ADRCH S5 2. 5150
ISR AL, B VR B vt T AR I 11 K /N 24
T AME2 IR b, 20,

3.3 ADRCHi H T fiti ¥ (Predictive output method
for ADRC)

ADRCHi H P VA 3200 SRR TG ADRCI2, ¥
T ADRCHH Ffiliik B (1t 2407 i g s s
AR AN I S E . NS I BT

Yo(s) =e™Y(s) = G(s)U(s), (19)
A2 M By 2 VR 328 bR E AR ek ToI i IR AT,
SR G R TT RIS M T ADRCI 200 22 45 11 (1 0 o5 S
WAy SEIRARAT B RTER T e, BRI a) T4t AN (25 s
(1S A5 5 0.

AT LA — B 155 om0 i i o 5 A 9, BE T B — By
ADRCHi H FUA% 5 1 5 HE B n B 3 7. HLSE A L i
A A PO TR B A Smith T4t 72, B A
PINTD, A TD AR 1 58 (L vo LA P R v, IF
PEEILAIIE Frva, TD2HEARYE S0 e 75 (4 H I
WA 5y 15 B0 5 R A5 5y SIS T .
P WA R EE, AR 15 Sy K 4l
N 1 S it A5 5 T, 45 210 0L 50 HE o 1 TR {EL g -
T Mou Bl g 2 8] 1R A%: 326 bR A0 B 17— B I Ik 341
FIL T AN AN, 5 Al I A S B S 0 VT
FLI)— ADRC R SE iy RG]

__________________

———————————————————————

o 1 <& Uy U 1 Yo 11 i Yy
v Q ? Tstl iy
2 1
16, [ b, N BENg '
— | o
2, |ESO 7, Y
it |, | TD2

K 3 —r ADRCHH Pt KT HEIE
Fig. 3 Block diagram of predictive output method for first order ADRC
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WA BTk, SEILTDI HIER 2, 8 B A
TDJ2RH than s ZOR SEHLE- 200 {0l F A
fF 5 WA, RIS A AR ZLrhTD 1)
BINAE T A BOEAE, BT B0 (1 — s A i (S
5, AT EPERH R (), MDA Sy & A Il
M 75 05 5, SV A /N W SRR 2045 5 (R e 7 TSR
AR AR, (X L8 ] 5 U i b, 50467 Nh %2
BN FH BRI, HEE R — AN FB, fifthan
(1975 5 h SO AT R T A by 13200

ey(k+1) =y (k) —y(k +1),

fy= fhan(ey(k‘ +1), y2(k)ary> hy)a

y1(k+1) = yi(k) + h - ya(k),

yo(k 4+ 1) = ya(k) + h - fy,
ey A HRER 1R 22, A2 1T S 40 S b s R
Ty B SCIRTET Ty (3T RS IR U (R 8B AE
DR b e A “ B ok XL 7, — Ry = ny - B,
ny > 1.

RIS TD2EE I BT (55, ] R o L)
TRAR S, Al v ANEL 55 2l i i 0 R s 5, LS
RO Ay 1200

Jo(k +1) =y1(k) + ay - 7-ya(k), (1)
A2 S 4 Horpe o o TR B, — )
0.1 ~ 0.5 Z [MIRE; 7 R SEBRI T (A V.

ML 2015 Hlle=T5/(T's + 1) B4 Rl &
tH, ADRCHir H YAk 25 10 e 30 sk A Bsf ) B i i b
EEL 2L N4 BN 3. 55 AT . a4, MR
JE /T ] 1531000.

SC[22] 2 T3 Py B P, SEAR, vk T T

(20)

_____________________________________________

S

——————————————————

ADRG, 735l . H T — B PR ok 2l s« A f /b
AR IR Al 6 52, BH S bR T i noo) 5 ()
AR, IR T SRR
M AE Vv T EE Al i s Al Th (B 7
ADRCHi H Pt it 4 56 5018 7 I ORI L H 241
ARSI, WA YA E T S EEA TR OE . Sk, #b
LR oo /15T AE R vl W ST 3 e, 3 Sk
FRGEI IR AR AR T LA sk 201,
3.4 ADRC i A T 4l ¥ (Predictive input method
for ADRC)
BV ADRCHI A TIAS 1 H RN S A 728
ABL, AR5 AT TH AT I B A a0 G AR 4 T
A RN 55 PR T ADRC, ANist e 2 i 3o 56 1
AT OISR SEBIL IR . HE AT A AT S BIRE A R4
FeTs,
NIV £ S Gl
V(s)=e"U(s), (22)
)
Y(s) = G(s)V(s), (23)

B Mo 2]y 2 [ [ 366 b 50780 48t Ay TG B ¥ 1) 315
SRR T Ry ADRCE 201,

ATh DA — B 450 o 4 i s % 2 ok 49, e vk ) —
By ADRCHfir A FiA 725 (1) 5 HE B o 14 B . LSS AR
JEL B 3l A AR i AR 80 S5 1) TG I R 52(23) e v — B
ADRGC, i HiRE ¥ ) 0. AR5 M4 =(22) 15 21
1 2Ry = e™0, FIFHTDE L, M4 0433 FREE
Ty LT e, BT H R FLEE ] ok m
IRFTTAR S SRR 45 il .

__________________

----------------------

D2

ESO

) 1 i Yy

Ts+1 i

Kl 4 —fr ADRCHIA ALK HER]
Fig. 4 Block diagram of predictive input method for first order ADRC
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A5l B0
en(k+1) =ui(k) — 0(k + 1),
fu = fhan(ey(k + 1), ua(k), ru, hu),
ur(k+1) = ui(k) + h - ug(k),
ug(k +1) = ua(k) + h - fu,

KA e NERERRZE, PUB A Fry - S8R Th 0X2
AT FET, — i, =ny - b, ng > 1.
[ 3, 475K FH B P S, e ml 49 381 S B g
AN
u(k +1) =ui(k) + ay - 7 - u2(k), (25)

TR A oo F57 SLIRT T

M [20145 e~ 75/(T's 4+ 1) (A4 B &5 Ja] LUF
HH, ADRCH N Al V2R 4 H T 2 P 42 i R R Bl
BT, AHLPR A A BT B R A 7 B Al i A v
H7, 76 N E ) BRI S A AR ). 53 4h, fME
Foo A E N S T e .

3.5 ADRCHi A It} #if ¥£(Delayed input method for
ADRC)

H A R 0R 85000 2% (B FE & B IR ES O) 3 22
SEERT TC I AT AR F A 1. R G 4
T3 VA e A IS Vi T G AT B B AR 8 Sy TG N0 5%
Ji, A e TFESOMEAT AH B FROUL . iy ADRCHiT A
IR PR (0 D) S B, 246 B i oS
FALVEAH N I RERTESO. ANk e AN 2 18 a0 g 458 1)
TN ST 2 A SEBILI, i A2 38 ik 5 L ES O
AT S0, el N AT S R SE L. Bt
(R R T Gn AT S B 425 sl i N 5, AT 49 ERTESOfig
B A ey UL A IR FRRES

ATy BL— B A5 I &l i) s ok % ok 461, vt — B
ADRCHIARRAE ITHEE G 5 . JLIEAS B 2%
S S I OO S 7 B R
38 5 FOUA 2 ST MDA 5 L 25 HEAT iE ] 119 JE AR,
TE 428 1) i w JE N R0 9 7K IR 2SI #RESOZ
A, BN — AN iR A TR R e =T, i u RN
A5, LUETBSOXT IR A Aot (21,

—————————————————————————————————————————————————

(24)

Ts+1 i

K5 —kr ADRCHI NI AL T HEE]
Fig. 5 Block diagram of delayed input method for
first order ADRC

S [21145 7K ADRCHiy N B2 3 H T — B 46
L) AN U N 1 7 B 22 | N2 L o N2 [N
I A de /ML N R SR AT %, PR
HH 2 AR BRI AR G, It TRl R, SRR e T
PLrERE.

SC3UAEREHER b, A A gt n] e A Jkds 1
MR, Bt PR ESORAUHE FUKI —FESO, [
PTG AU SRS 22 A8 5 I 2R 4, [l
I 1) PR R 5 AR B R AT SIS A vk A Bl A b
£, 5 R PIDYE SIS AH LG, v i ADRCAVX
HA B RS YERE, T H OB S E0 i AN e
AN BAT R BRI S HOE N A

BTN /S el s RS2 U M SO i o= R
ADRCHIRA A2 N S 5038 7 (1) KRS L, 72
HE R BRI IEAAR]. 58k, AMEDR b 7T 1E R
AIRZHOHATRGE .

3.6 HAth ADRCH il i iif R 48 J5 ¥ (Other control
methods of ADRC for TDS)

T I R R DL FR) R R R R e, A L)
PP 2 2R AR, R e IROR IR R R GE B A
PURAT R AR H F - N 5 AUPID Hh 242 1l
G, FEAS AR M A v A2 ) K, RS R0
SE UL, 2 thi h S t ANEAR, A5 00 K Y AR
Ak, BEAT A ) S R A 056 4 i R AT 4
HERF, — et a8 SO e MEADRC, 5 A 4t
PEPIDF #1250 il [0 i 475 H SR FH P2 i 42 1,
s 2 H ADRC. 4575 ADRCH; A Bedk (1) 5 27 45
THLRAT R4 ) (A ERERROR LS RAF R sh I
HE.

TR R A B A A B R,
R AR H A S AT R R BR, 8] 2 e A o v )
FHIR 0] A B Lt ESOfh T 58 ) 52 R ) &L

BT HI Bt 5] ANADRCEAR, BE AT AL

b B SRR, JERERE IR RS RE ).

4 ADRCZ #( ¥ % 77 ¥ (Tuning methods for
ADRC)

ADRCW E &P A & T AN T 230
Z RGBSR AP 2 1K RE T AT IR 1,
—SHH E R SR AT RESE BT 4,
IS 408 52 B ADRCIHIEG P —AN 322 il

ADRCZHUIEE, 21R1EADRCHIIE AL B
ZMfE EOUN, S L ADRCSAY, IASIZK 1)
FEBHE b, T e 2R TS BRI,
1k, ADRCINZHt e — EE E WA A BTN
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SRR A %30 &

s

ADRCZ # (1) 58 W] DL 4% 40 B9 1 it 0 >k gk
7B, 15 555 A HE 2 TD BSOS 5L, AR e s — 6
orerdr, WA S HOATRGE . B, TDIZEL
A] AR P AR RS A R G AR 2 e Tk
YLE, ESO S H0] LA N GRS IR ELR R e

& 45 (1 ADRCZ AR RS0 ik g2 (1) 77
A TRGE, FEUEGEL KA MBI FH R
S R ADRCAS 5 1) 2 HU AT AR 5 10 5 R 1,
BAR T S E08 5 BIMERE, (H T 25350 0 v] TR 2500
Z HAH T FEW Z3 A e K, {82 NS5 300
PR ALE, LUIE B i ROR, JesE s —IiA
HMETTZERI0 TAE.

J34b6, T HATADRCIEH Z AH G AR 18, 1R
HEFG 11 AT ADRCS H ) A€ 42k, 1M Bt ANMEPID
PERZ IRV 2 TR TR E ZHIME, X
SRS EEE RN AR KHESE.

ZHR NS T 5T ADRCS HU ) 352 0] f8,
It T &M AR T3 A B 38 e Tk, iRk
JEBY BRI S3, 7455 4 H FLADRCSEU L 5 71
B HEUAADRCSHUT 145 12 PR SAN Bk K
gy, A 53 A FAR St ADRCS B i Ti ik M 2 2 &
ADRCZHHE 3 T71%; ¥ ADRCIHIA A TE A kR 77,
A7) RN EADRCS U E 715 AR 2 EADRCS
BB SE JT % FRR RN B AR AR I R & 43, AT
53 M IS 5 98 ADRC S H08E & T 1 J TG I i R 4
ADRCZHUEEE T iE.

HMICHHI RGAHEL, I RSE I ADRCSHURE &
JTVEA B ANTA]. TGN IS M ERL 0o N R AT 21T
X SERR I bo; AFRXT T Iy 2R G, bo ALl FHEL
RIS, TR I RO N T AR R ) AR 44 1200,
4.1 ER#FARS ADRC 2 ¥ ¥ 52 J5 % (Tuning

methods for ADRC systems without time delay)

ZAFER N TWHT I i R GEADRCS L
(R RE5E ] B, R4 th T 2 M e J7 vk, gk
ADRC!* 261 5 8 2k PEES OOV 45 2 % v o 4% 5
15, BT I [a) ] ADRC 32 58y 1612621 2 )
ADRCSHU 15 77142 AME R T bo IAE LA T 77
VL6 %k #f1 3%V (diagonal recurrent, DR) il & ¥
21031 4% 1) JE b5 $ (radial basis function, RBF)f#1£2
W 451641 35t 4% 57 7)i(genetic algorithm, GA)163-661
H & N it {& 5 1 (adaptive genetic algorithm,
AGA)IS7-681 (1 3& [ 4 9% 55 i(adaptive immune
algorithm, ATA)!V, i -7 Rf (B ) 4k (particle
swarm optimization, PSO)#. 1£701 4 % X 25 PSO

SR N b AR A ST YRR T
B LTV R BE AL ADRC S U V. N IHIER
R4 LR ADRCZSHU 2 203 e 712

1) ZNEADRCZH i A UGE .

S [414 ADRC M fe #] 1A JE 4 Pk 15 40 b 2k P T
2, FdE g [ 5E A&, KK T ADRCS4L
(3 s i R, IS ADRCZ 04T 58 W (1) ) PE
X

BT I 28 AR A B AE —w,, N4
$" + Bors" T 4+ fon = (5 +wo)",  (26)
A LMEES O % wo NS5
425 3R(26) P 12 s 7] K 1) 28 BORH 45, A8 nl AR
Piw,, WE L PEESOMIMELE Boi(i = 1 ~ n).
[A)EE, AR5 S [4]:

§" k18" o+ Ey = (s +we)”, (27)
5] 2 I A T we, 73 I 2R MRS 22 I B A
Waadkan—1 - ka1 kp).

BEAh, SC[4145 T /N 98 2 TR R AR
wo = (3 ~ 5)we. (28)
IXFE, e ADRCH ZAS I AR % T R
TN 3 SE 8L HariX P2 ADRCS
BB e Jrvk, RO TR s A3 21 T s N .
2) EHEIMESOS UL K A3k e
EADRCII AR 22 2 50, S5 S | g X A 1) 3l
JEESOM— 423 1. JMESOM S5 & 5, It
S0l A R HEAH N e kAT 1 1601
M RG MEE VR KA e I, SC[60]45
H T SRR AN A B B A S B R PEESO S 4L
(3 AR

( 1 1 1 1
ﬂolzw'ﬁv Boz = (Sh)l ‘Ea
2 1 3 1
Bos = DI Poa = EDE (29)
5 1 8 1
SCT L R 7

P IS RN, AR R oh 155 14, L
S HCE T LU, AT AR, i FLAR 2 3t R
EEHEN, HASZIRBE (E ) BRI (EXS 4B BB
SRR (K AR 1001 Syt i ADRC 24K
I HEAE B, — TR ESO R AL i BES O
¥y k164,

IS H I ZUG, AN EET
SEANEANISEL. RSB ] P NAZAE N N 2%
(i, FHEFCPHIE SR A G S 5100,
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3) &VEADRCZEH wi ke fiahn A ek
FERRIN 317 5 52 2100 e Ul 7 B RAE A% 1) PR
TSR R(26) 5 EESO S 4, #0E LASRAS B
U (R BeAh, 24 = FESOMN ] F i b 6t %
I, 388 55 AN BE AR O, 75 WK 3 Al R e ANFe e (261,
N TAFESOTEHUEEL/INPIE L T ATIREIRAFE LT ()W
TFHERE, SC[26]1 L =FrESO M, $ el IESOZ
Bk P
Bo1 = 3wo, Boz = 3w?2, Bo3 = kB2,  (30)
Ak £ Bos/Boa, TSI IR I E .
LRGSR AT ) DN, SC[26]4E S H
EHEHER R CR
we & 10/ts. (31)

Bl w, = dwe, k = 4, it 0] ELEAR 5 2 20
TE MR R A R 2R PEESO /1 25, SR 5 1%
YT HE R (B kN bo, B AL RGBS A EREFR BRI

FH G TIEEIRI R G MY RS WA R
gt AEE MR R G A FE R ISR
il G A IR e Y 45 SRR B, ADRCAIPID— #¥ 1]
DA FH T AR AR AL R 48, (HADRCHE IS K15 5 4F
(3 F A AR

RUEAZ T A B R T I TR) AN S Ol R, AL
e N LIHE A S5 bo, AR T AN S50 fff
HoAA.

4.2 W RS E HADRCS ¥ %2 J5 #:(Normal
tuning methods of ADRC for TDS)

W KA S, SC[35)48 T A HCAR L
ADRCIHIZ 03 e . 4% FE 4 B P R, 43420 4
SETD, ESO, NLSEF [ bg. H: HESOIK) 1 25 80 (i =
1,2, 3), B A S e R A I, ARG
AR RS S b T4 1. NLSEFH Lh A3l 3
fi ke~ TS 1Y B ke P E J510: 5 4 S8 PIDF il v AH
IV 25 PRIV AL, K12 50200 ol I - A AL
PRI R B A B, CS40003UT Sl FE 43 il R
S SR, L300 MWHLZH B AR 1136 i
SIGREE, K600 MWIER IR A PLAL 1R R 4t
JIRIRE R R G SN T B & SE T AT R AL
PE.H T Gk = 2 AL PID #2251 1 TR 5E TV,
ADRCH ZEA T L KNG AT 1 R
S S B0HAf e JL A

SC251EF X — 2T I AL A — B P n 2l e i
G B N A RS, 45 T F DU PIDEE R 11
SRR 7. 5 BRI DL A IS 4 AR )

B A0, L T I B U I R S )
3, G S G A MR LR, 158 — M4SN BBt
PPIDFE . LG Z- Nz A X H 3
ST A 2, ARG R A e A 1 3 R
IS H S50 Rz 0735 5 N T B 5 v
SR G SEHL T B o PR B G I R A,
15 BB IR T A 80, R Z I AT N T3
ENNSH T HIVRE 2 ha A3 2, (B a e T
bl i 20l e s Gk i NI Ko U B A A HE LY RN W

261K & IA 58 4 M ST TR AL ) T R
ADRCZHUHE ¢ J77%, N T =B B I oK 4l i v
XF G R & 5 190U 1 B[], B 2 A e il
ARIESOIME i, SR JF M Kby, B2 RG5)
AVEREFR PR I EEK. ) B ST 56 UE T 4858 B (R AIC
B ADRCHE il iy B Iy A 52 (A k. &7k
ST N RN Z 8, AR e 8 I AN W S50 A A
AR, A Tt — ST e R i R A%
i vt bo I BB .

4.3 FHAALIT T R G ADRCESH U5 1 (Intelligent
optimization of ADRC for TDS)

P 48 0 2 08 e ) NI B - (B,
S AR TSR S AR — B AR, A
AN H bR R HOE B (oK BUR N,

AR, BAE N TR e BRI R R, BReti s
BT R R, TR REULAL B AR N H T4 2 24k
HE, Wt T R RE AL ADRCIX — T (2 804 5
T7iE, Wi T ZHRGE B 2RO B K st
(RS FE .

SC[761KF 0t s AL S N H T SISO R 4t B
B ELADRCZHU 148 5E , X ESO, NLSEF 13 5 Flbg
SNSRI AT, RV S GATR AL S
T G A, R AR AT A AR, SRR
T DR FEE . g 0 A8 SURE 2R R0 S W2 1) 1B A T
Tt B IRE y  NH T  BE Z R
Sy AR A PR RAT A, BGAE T ADRCS L FAR I 3
PR F P RS 07 B R W L B AT AT
B R AR R 2R FULEERE AL, R 2
WSS, 2 BN i (i A S .

IR BOR, SC[23, 77K AR R TR A4
(chaos optimization, CO)J7 ¥% 43 7l Y. F T SISO &
MIMO ¥ R 4t ) B ADRCS S AL e it g ik
INSEAACHI B A1, 53 A2 RS ES O 1
an s P3G 56 Sebo. K% T4y N T G
FLIERE A3l IR R G0 B iR 2 78 I il R GE I
ADRCZHGAL, 15 B4 R, ik B 2Rl
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5 R %30 %

5/ DAY SINEL Iy & TN R LR 7 R W Wl

TR R D, A2 B CO SR Sy et R Fs e It

fift, f ok T LURE 3Rk 19 ADRC S HURE B S 40

AT R ALK AR e AL R P YL P A A AR, A

TR T LA T ik d T MBI, S A

Jrd P B UG At F) B, 17 ELA% R T ADRCZ B 46 i

A (AR AER S RO HERSL. h T ADRCAT A1k 42 Ry Bt

PR AET A2 45 PR RE AR, R R B

i ZHRI ], KRBEAR T S B (2

LR T R4 Ry R LR AT T BE 22 1) Jm) il e

(/W (AP ER St 20 i ]

4.4 ZHBRE RN IER 58 ADRC 2 ¥ J5 ¥4
(Multi-objective intelligent optimization of
ADRC for TDS)

Z AR R BRI — D ARG R A2 A Hx
FERRRLR AT B B B, A1 H AR AL )
A EE, BT 2 A bR Z A AE o R BTG i LR A,
Pt DMARME SR E—ANMUEAF AT 1K) H A o B R I S AIE )
fift. 22 HESA T 0, lHE AR 2 A H A e
HOR S B H AR SR AR, AR 552 R 5
Bk

LT8R ek 1y 2 H Ar AL A AR N ] T
ADRCZHINEAEHEE . A 2 LU, XTESOF
H 2« NLSEFH) 17 23 Jebo i IR EAT 2 5. H HLHY
ESOZ U2 Ui, — U B iR 2= 1EA 7 i H
PRULAL, EA 2% RE AR A HER ER 1 7, WESOZ4L
BOEAAER Z HARUL R . D T B SL 5
SRS, Rt R DS (1 A1 S e HE PP 15 4% 53925 (non-
dominated sorting genetic algorithms, NSGA)(NSGA
— DM TESOZE LAk, SR A T BOR) BE 18 1
PRSI AT Paretofif T i i F 2 B HE 2 4, SR
AR X H P A R s e, M8 g 5%
PSR . AEHE IF TDMIESOZ AU kA
B BRI R R G, SINAR LM f /s RE
Levenberg-Maquardt5 /2% NLSEFZ 5t T3¢ .

REZSE I I N OIS R A 1 Gl
PR GE RIS IR S, (7 LB RAIE 1 55351
A REAT— 52 T F . (B, B DAL H AR 2
H 50, RIAINSGA- [T AN ESOREA T S 40t s
I, R RCRAT — e RS M BRAIR. o 7 488 O 5
TRk, ATM A5G 4N A A [, A s 5
PURE. TR T LR vert NG s, T ECR
2 UARACI TR T, R AR FEAR A 1
DAL G5 SR IZ D40, B T DL InIEAR ek
BEAT, AR IXFE S AL S ) o S 5 78,

H
5 455k (Conclusions and prospect)

ADRC B AR —Ff] DL e B AT K6 J A%
SERI AR « AR | BB 558 AN 2 Iy 3R G4 1)
I {1 AT 2% v I H BT ADRC AR N -1 Ik &
eI N IR A WF IO G, LA LA 7 TR A
Eivyi S tiopaR

1) SEFEA T R Ltk i R G P fln
HIRHE AR,

2) #E—DogE R RS ADRCSHUL LB ST
FORSEIGHEF, A BE ) B Bt s it — 2

IR,

3) X T Al I SISOMHE M 4., T 9717
TERCR TG UL N I ADRC S B0 52 732, A
PrTHRRE I RS FERE T Do,

4) X Tl T MIMO# A% 0 42, T B oY
BEXT RN 1R 2 A8 RN R A ADRC S € 7
.

5) ADRCZHUE e v, FRAI I IR K/, i 20
AN DR 1 bo, 3 ARG KA i H R .
TEAE— R VI R Tkl R A mT DA
(1), {E24 7 2 B0 48 B o s e v, A 2
AF 5 G o] AR 40 X6 G 45 1 S A S B A 1o A A S8
.

6) £VEADRCIE T4t ADRCH)— Rl ik
M. BT EEE AR ADRCE G HBE T 2 50
S8 LU N, DRI AT TA T 6 HEb A7 Ak i AR
Hurmiig Rk, R 24t EMADRC,
RE IR 19 R LF 1 4 o 2k SR (2, B B AR
ADRCHTREIRAF 45 A R A e &~ L2k ADRCHE
UF (D0 REI). R, T I RGEADRC S
PEE I e 8 T B B — MR M HERE W I B¢
—fift, XA T ER KA AR R

2% 3 Hk(References):

[1] HANJ Q. From PID to active disturbance rejection control [J]. I[EEE
Transactions on Industrial Electronics, 2009, 56(3): 900 — 906.

[2] #&—, BESOE. APl AL BN &SR T ] RacklEs
2%, 2012, 32(10): 1287 — 1307.
(HUANG Yi, XUE Wenchao. Active disturbance rejection control:
methodology, applications and theoretical analysis [J]. Journal of
Systems Science and Mathematical Sciences, 2012, 32(10): 1287 —
1307.)

[3] #nUE. BHREE IR —A T M2 E PRI (M.
Jent: BTk 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.)

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



12

EREAE: RS AP RL s

1531

(5]

(6]

(7]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

SUN D. Comments on active disturbance rejection control [J]. I[EEE
Transactions on Industrial Electronics, 2007, 54(6): 3428 — 3429.

‘WU D, CHEN K. Design and analysis of precision active disturbance
rejection control for noncircular turning process [J]. IEEE Transac-
tions on Industrial Electronics, 2009, 56(7): 2746 — 2753.

SUN M W, WANG Z H, WANG Y K, et al. On low-velocity com-
pensation of brushless DC servo in the absence of friction model [J].
IEEE Transactions on Industrial Electronics, 2013, 60(9): 3897 —
3905.

LIM D, LID H, WANG J, et al. Active disturbance rejection control
for fractional-order system [J]. ISA Transactions, 2013, 52(3): 365 —
374,

SUJ B, MA H Y, QIU W B, et al. Task-independent robotic un-
calibrated hand-eye coordination based on the extended state ob-
server [J]. IEEE Transactions on Systems, Man, and Cybernetics, Part
B: Cybernetics, 2004, 34(4): 1917 — 1922.

FENG G, LIU Y F, HUANG L P. A new robust algorithm to improve
the dynamic performance on the speed control of induction motor
drive [J]. IEEE Transactions on Power Electronics, 2004, 19(6): 1614
—-1627.

ZHENG Q, DONG L L, LEE D H, et al. Active disturbance rejec-
tion control for MEMS gyroscopes [J]. IEEE Transactions on Control
Systems Technology, 2009, 17(6): 1432 — 1438.

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

HUANG Y, XU K K, HAN J Q, et al. Flight control design using
extended state observer and non-smooth feedback [C] //Proceedings
of the IEEE Conference on Decision and Control. New York: IEEE,
2001: 223 — 228.

XIAY Q,ZHU Z, FU M Y, et al. Attitude tracking of rigid space-
craft with bounded disturbances [J]. IEEE Transactions on Industrial
Electronics, 2011, 58(2): 647 — 659.

LI S H, LIU Z G. Adaptive speed control for permanent-magnet
synchronous motor system with variations of load inertia [J]. IEEE
Transactions on Industrial Electronics, 2009, 56(8): 3050 — 3059.

TALOLE S E, KOLHE J P, PHADKE S B. Extended-state-observer-
based control of flexible-joint system with experimental valida-
tion [J]. IEEE Transactions on Industrial Electronics, 2010, 57(4):
1411 - 1419.

VINCENT J, MORRIS D, USHER N, et al. On active disturbance
rejection based control design for superconducting RF cavities [J].
Nuclear Instruments and Methods in Physics Research, Section A,
2011, 643(1): 11 - 16.

YU T, CHAN K W, TONG J P, et al. Coordinated robust nonlinear
boiler-turbine-generator control systems via approximate dynamic
feedback linearization [J]. Journal of Process Control, 2010, 20(4):
365 -374.

HUANG CE, LID H, XUE Y L. Active disturbance rejection control
for the ALSTOM gasifier benchmark problem [J]. Control Engineer-
ing Practice, 2013, 21(4): 556 — 564.

AU I BN DUz (). #2860 TAE, 2008, 15GET): 7 -
10+ 18.

(HAN Jingging. Auto-disturbances rejection control for time-delay
systems [J]. Control Engineering of China, 2008, 15(Suppl.): 7 — 10
+18.)

ZHAO S. Practical solutions to the non-minimum phase and vibra-
tion problems under the disturbance rejection paradigm [D]. Cleve-
land: Cleveland State University, 2012.

ZHENG Q L, GAO Z Q. Predictive active disturbance rejection con-
trol for processes with delay [C] //Proceedings of the 32nd Chinese
Control Conference. Piscataway, NJ: IEEE, 2013: 4108 — 4113.

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

FHH. RIEFLGAAWCR GBI [D]. A gt bR,
2007.

(WANG Lijun. Research on integrated automatic width control for
hot strip mill [D]. Beijing: University of Science and Technology
Beijing, 2007.)

CER, TG, 2, . SN EUREE RN I B
REPRINH (7], FEHEhe B R, 2012, 29(3): 368 - 374.
(WANG Lijun, TONG Chaonan, LI Qing, et al. Practical active dis-
turbance rejection solution for monitoring automatic gauge control
system with large time-delay [J]. Control Theory & Applications,
2012, 29(3): 368 —374.)

VI, AR, SR, 4. IUEATSA0 I SURPIDEER] [0, #4E K
FEER(ASRERERR), 2007, 47(11): 2018 —2021.

(ZENG Hehua, LI Donghai, JIANG Xuezhi, et al. Auto disturbance
rejection PID controller for time-delay systems [J]. Journal of Ts-
inghua University (Science and Technology), 2007, 47(11): 2018 —
2021.)

CHEN X, LI D H, GAO Z Q, et al. Tuning method for second-order
active disturbance rejection control [C] //Proceedings of the 30th Chi-
nese Control Conference. Piscataway, NJ: IEEE, 2011: 6322 — 6327.
LEPeAty, £ DROAR, TR0, KA 5 2R 0 S T B b
il [J]. #HI TR, 2002, 9(6): 79 + 17.

(YAO Xiaomei, WANG Qinglin, HAN Jingging. Two-order ADRC
control for integral plants with large time delay [J]. Control Engi-
neering of China, 2002, 9(6): 7-9 + 17.)

RO, BRSO, RINE RGN A B (7] #0 5 YK, 1999,
14(4): 354 — 358.

(HAN Jingging, ZHANG Wenge. ADRC control for large time-delay
systems [J]. Control and Decision, 1999, 14(4): 354 — 358.)

JRE2E T, R AR, A IEINRALR B AR R G B Bidhids
i 9], TR (A ARRIER), 2004, 44(11): 1575 - 1579.

(XI Xuejun, JIANG Xuezhi, LI Donghai, et al. Auto disturbance re-
jection control for circulating fluidized bed boiler combustion sys-
tem [J]. Journal of Tsinghua University (Science and Technology),
2004, 44(11): 1575 -1579.)

XIA'Y, SHI P, LIU G P, et al. Active disturbance rejection control
for uncertain multivariable systems with time-delay [J]. IET Control
Theory & Applications, 2007, 1(1): 75 — 81.

N, FEIRE, 2, A POE LR TE SR S A BT AR
il (7). B S, 2012, 29(11): 1471 - 1478.

(WANG Lijun, TONG Chaonan, LI Qing, et al. A practical decou-
pling control solution for hot strip width and gauge regulation based
on active disturbance rejection [J]. Control Theory & Applications,
2012,29(11): 1471 - 1478.)

LI, ARIRIE, 2R OB EREEHLITY RETH) BB 0],
PR AR (AR, 2003, 43(6): 779 - 781.

(SUN Liming, LI Donghai, JIANG Xuezhi. Automatic disturbance
rejection control for power plant ball mill [J]. Journal of Tsinghua
University (Science and Technology), 2003, 43(6): 779 — 781.)
S, VRIS, 0, 4. ETHOREERIAE K TR 5
1. REiIELAAR, 2005, 17(1): 241 - 244,

(HUANG Huanpao, WU Ligiang, GAO Feng, et al. Main steam tem-
perature control of thermal power plant based on active disturbance
rejection control [J]. Journal of System Simulation, 2005, 17(1): 241
—244))

E T, PO, AU . AN E ARSI ADRCEE R (7). TR T
MR AR EIARIERR), 2003, 34(4): 257 - 259.

(XIA Yuanging, HUANG Huanpao, HAN Jingqing. ADRC control
of uncertain systems with time-delay [J]. Journal of Central South
University of Technology (Science and Technology), 2003, 34(4): 257
—-259.)

SR BB R BORAE R AL LA R R Ge b 1 L T
U [D]. f5E: b )R, 2010.



1532 7o o5 N A %30 &
(GUAN Zhimin. Active disturbance rejection control technique and (XTA Yuangiang, FU Mengyin, DENG Zhihong, et al. Recent de-
its applications to control system of thermal power plant [D]. Baod- velopments in sliding mode control and active disturbance rejection
ing: North China Electric Power University, 2010.) control [J]. Control Theory & Applications, 2013, 30(2): 137 — 147.)

[36] GUO B Z, HAN J Q, XI F B. Linear tracking-differentiator and ap- [52] ZHENG Q, GAO Z Q. On practical applications of active disturbance
plication to online estimation of the frequency of a sinusoidal signal rejection control [C] //Proceedings of the 29th Chinese Control Con-
with random noise perturbation [J]. International Journal of Systems ference. Piscataway, NJ: IEEE, 2010: 6095 — 6100.

Science, 2002, 33(5): 351 -358. [53] WANG LJ, TONG C N, LI Q, et al. Disturbance rejection in iron and

[37] GUO B Z,ZHAO Z L. On convergence of tracking differentiator [J]. steel process: problems and current solutions [C] //Proceedings of the
International Journal of Control, 2011, 84(4): 693 —701. 30th Chinese Control Conference. Piscataway, NJ: IEEE, 2011: 6356

[38] YOO D, YAU S S-T, GAO Z. Optimal fast tracking observer band- - 6361.
width of the linear extended state observer [J]. International Journal [54] FEMuA, JE, SE R . e R R R R G AR i
of Control, 2007, 80(1): 102 - 111. FPERFRETE” (R 8075 (7], 2 HIEe 5 R, 2001, 180

[39] YANG X X, HUANG Y. Capabilities of extended state observer for Til): 89— 94.
estimating uncertainties [C] //Proceedings of the 2009 American Con- (HUANG Huanpao, WAN Hui, HAN Jingqing. Arranging the tran-
trol Conference. Piscataway, NJ: IEEE, 2009: 3700 — 3705. sient process is an effective method improved the ‘robustness, adapt-

[40] ZHENG Q, GAO L Q, GAO Z Q. On stability analysis of active dis- a];.lmy_ and ;tggimlys (;f clolse.df-;lgoop;ystem 7] Control Theory & Ap-
turbance rejection control for nonlinear time-varying plants with un- plications, » 18(Suppl.): 89 -94.)
known dynamics [C] //Proceedings of the 46th IEEE Conference on [55] WhnUE. APEEHEOR (1] iR, 2007, 1: 24 - 31.

Decision and Control. Piscataway, NJ: IEEE, 2007: 3501 — 3506. (HAN Jingging. Auto disturbances rejection control technique [J].

[41] GUO B Z, ZHAO Z L. On the convergence of an extended state ob- Frontier Science, 2007, 1: 24 - 31.)
server for nonlinear systems with uncertainty [J]. Systems & Control [56] YANG R G, SUN M W, CHEN Z Q. Active disturbance rejection
Letters, 2011, 60(6): 420 — 430. control on first-order plant [J]. Journal of Systems Engineering and

[42] 0K, EURESHIRIEE ST [D]. JE5t hIRRREBACE S R Electronics, 2011, 22(1): 95 - 102.

BEEWFTTRE, 2012, [57] GERMANI A, MANES C, PEPE P. A new approach to state observa-
(XUE Wenchao. On theoretical analysis of active disturbance rejec- tion of nonlinear systems with delayed output [J]. IEEE Transactions
tion control [D]. Beijing: Academy of Mathematic and System Sci- on Automatic Control, 2002, 47(1): 96 — 101.

ence, Chinese Academy of Sciences, 2012.) [58] AHMED-ALI T, CHERRIER E, LAMNABHI-LAGARRIGUE F.

[43] GUO B Z, ZHAO Z L. On convergence of nonlinear active distur- Cascade high gain predictors for a class of nonlinear systems [J].
bance rejection for SISO systems [C] //Proceedings of the 24th Chi- IEEE Transactions on Automatic Control, 2012, 57(1): 221 — 226.
nese Con{rol and Decision Conference. Washington, DC: IEEE Com- [59] XIAY Q, FUM Y. Compound Control Methodology for Flight Vehi-
puter Society, 2012: 3507 - 3512. cles [M]. New York: Springer, 2013.

[44] GUOB Z, ZHAO Z L. On convt'zrgence of the nonlinear active dis- [60] 5T, IR S5 S SRR A2 50 ). B TR, 2008,
turbance rejection control for mimo systems [J]. STAM Journal on 15C8F): 1-3
Control and Optimization, 2013, 51(2): 1727 - 1757. (HAN Jingging. Parameters of the extended state observer and

[45] XUE W C, HUANG Y. On parameters tuning and capability of fibonacci sequence [J]. Control Engineering of China, 2008,
sampled-data ADRC for nonlinear coupled uncertain systems [C] 15(Suppl.): 1-3.)

L Tacecdings af i 32 Chinese Controf Conference. PISCAawa 1) @psrfis, AWept, Ikl 2 T RCHOBRILAL A OHRE IR
: S ZHORSE (1], IS S5 M, 2008, 25(2): 205 - 209.

[46] HUANG C D, GUO L. Control of a class of nonlinear uncertain (SHAO Liwei, LIAO Xiaozhong, ZHANG Yuhe. Parameter tuning of
systems by combining state observers and parameter estimators [C] active disturbance-rejection controller for induction motor based on
/IProceedings of the 10th World Congress on Intelligent Control and time scale [J]. Control Theory & Applications, 2008, 25(2): 205 —
Automation. Piscataway, NJ: IEEE, 2012: 2054 — 2059. 209.)

[47] B —, 5KOCH. HHUPR s A0 R R ). 0 e 15 N A, 2002, [62] ki, TKIERE, XY, 5. ARG RGN ) UL B Pl
19(4): 485 — 492. ], FERIER SN, 2012, 29(1): 125 - 129.

(HUANG Yi, ZHANG Wenge. Development of active disturbance (LI Shuging, ZHANG Shengxiu, LIU Yinan, et al. Parameter-tuning
rejection controller [J]. Control Theory & Applications, 2002, 19(4): in active disturbance rejection controller using time scale [J]. Control
485 -492.) Theory & Applications, 2012, 29(1): 125 — 129.)

(48] S, FESCH, RARTT. QHEEHIABR U] RARESHE 631 FRMA, B, b HE M TIIA% BRI A

2011, 31(9): 1111 - 1129. HEMH RG], FEMEER, 2007, 33(6): 641 — 648.
(HUANG Yi, XUE Wenchao, ZHAO Chunzhe. Active disturbance (QIAO Guolin, TONG Chaonan, SUN Yikang. Study on mould level
rejection control: methodology and theoretical analysis [J]. Journal and casting speed coordination control based on ADRC with DRNN
of Systems Science and Mathematical Sciences, 2011, 31(9): 1111 - optimization [J]. Acta Automatica Sinica, 2007, 33(6): 641 — 648.)
1129. R e —pe i e e . oL = o " e sl s )
: [64] B HIA. — S A AL R0 1 LA

[49] XUE W C, HUANG Y, YANG X X. What kinds of system can be U [D]. bk MR, 2012.
used as tracking-differentiator [C] //Proceedings of the 20th Chinese (DUAN Huida. Cascade auto-disturbance-rejection control for a
Control Conference. Piscataway, NJ: IEEE, 2010: 6113 — 6120. class of high order nonlinear systems with model uncertainty [D].

[50] XUE W C, HUANG Y. Comparison of the DOB based control, a spe- Jilin: Jilin University, 2012.)
cial kind of PID control and ADRC [C] //Proceedings of the 2011 [65] Z57%. JFILII & A TBE v S [ b S5 Hoy S M2 (D). )
American Control Conference. Piscataway, NJ: IEEE, 2011: 4373 — M: BRI TS, 2005.

4379. (LI Qiao. Auto-disturbance rejection control and H . robust control

[51] BICHS, APAREN, XGRAL, 4. R biA A yeids RIrmro it (7], of shunt type hybrid active power filter [D]. Guangzhou: South China

PERPHE SN, 2013, 30(2): 137 — 147.

University of Technology, 2005.)



12

EREAE: RS AP RL s

1533

[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

Ftm)" . AWID\AWIS AN A= 477 1 S5 18R e s HliE 9T (D). 5%
iz AR, 2010.

(YANG Fuguang. Research on anti-skid and yaw stability control of
4WID\4WIS electric vehicle [D]. Jinan: Shandong University, 2010.)
X, RIGER, MIEVY. 15T AGARIADRC B H R HIRIT [7]. RE0i
TUEAR, 2006, 18(7): 1909 — 1911 + 1916.

(LIU Ding, LIU Xiaoli, YANG Yanxi. Research of ADRC and its
application based on AGA [J]. Journal of System Simulation, 2006,
18(7): 1909 — 1911 + 1916.)

WRSCSE, Mk, Tl 0. T EIE MBS 4 A BETH R EA
ZREH A HUIRSIERIES D], U TREZAIR, 2010, 46(7): 74 - 81.
(CHEN Wenying, CHU Fulei, YAN Shaoze. Stepwise optimal de-
sign of active disturbances rejection vibration controller for intelli-
gent truss structure based on adaptive genetic algorithm [J]. Journal
of Mechanical Engineering, 2010, 46(7): 74 — 81.)

T, KT, M, &5 T HIE I S e IBLE A JohR g A Bt
PRSIk (3], EHIEE S, 2007, 24(4): 546 - 552.

(XIN Jing, LIU Ding, YANG Yanxi, et al. An uncalibrated
disturbance-rejection visual servoing control for a robot based on
adaptive immune tuning [J]. Control Theory & Applications, 2007,
24(4): 546 — 552.)

S, BRI FE. JE TR T RER AR B B b
T [J]. RGIEAAR, 2008, 20(2): 433 — 436.

(SHI Yongli, HOU Chaozhen, SU Haibin. Auto-disturbance-rejection
controller design based on particle swarm optimization algorithm [J].
Journal of System Simulation, 2008, 20(2): 433 — 436.)

S, AR, W, A — RS S MR BE S 0], Bl
51 H, 2011, 28(1): 65 —72.

(LIU Zhaohua, ZHANG Yingjie, ZHANG Jing, et al. A novel binary-
state immune particle swarm optimization algorithm [J]. Control The-
ory & Applications, 2011, 28(1): 65 —72.)

R, SR, T, 4. TR BB TORL I AT IE R 28 A Pt
i (7. PFFAR, 2011, 60(1): 019501-1 - 019501-9.

(LIU Zhaohua, ZHANG Yingjie, ZHANG lJing, et al. Active distur-
bance rejection control of a chaotic system based on immune binary-
state particle swarm optimization algorithm [J]. Acta Physica Sinica,
2011, 60(1): 019501-1 — 019501-9.)

X, T, SRIEAS, 5. AT B ORI RS B SR
e 5/ i b 28 90 45 9F AT O Ak 4% 1) 191, ) B2 4R 2011, 60(3):
030701-1 - 030701-9.

(LIU Zhaohua, ZHANG Jing, ZHANG Yingjie, et al. ADRC and
CMAC combined optimization and control for a class of discrete-
time uncertain chaotic systems [J]. Acta Physica Sinica, 2011, 60(3):
030701-1 - 030701-9.)

AR, XU, WA, 45 H T VEBSR PR LI EL A
PR A IRl (7. WU AR, 2012, 48(1): 32 - 38.

(WANG Fubin, LIU Jie, CHEN Zhikun, et al. Auto disturbances re-
fection visual servoing control for excavator robot based on niching
particle swarm optimization [J]. Journal of Mechanical Engineering,
2012, 48(1): 32-38.)

[751 XA, WK, AENE. ik TIRERL R A R S R TR S

2 A HU Ik 7 S0 B A 3R, 2013, 62(12): 120509-1 -
120509-8.
(LIU Fucai, JIA Yafei, REN Lina. Anti-synchronizing different
chaotic systems using active disturbance rejection controller based
on the chaos particle swarm optimization algorithm [J]. Acta Physica
Sinica, 2013, 62(12): 120509-1 — 120509-8.)

[76] RENES, T4 7%, X, . B T REHL N ADRCS RO ALY
A 9] AXEGEERHTF, 2005, 12(4): 64 - 66.

(ZHU Liling, YU Xining, LIU Lei, et al. Application and the pa-
rameter setting of ADRC based on genetic arithmetic [J]. Instrument
Customer, 2005, 12(4): 64 — 66.)

[77] EWHE, W, IR, 5 R E 2 AR RGN B P H

TRIEHRAL (7], #H5REE, 2007, 22(3): 304 - 308.
(WANG Lijun, TONG Chaonan, PENG Kaixiang, et al. Active dis-
turbance rejection control and chaos optimization for strip width and
gauge multivariable systems [J]. Control and Decision, 2007, 22(3):
304 - 308.)

[78] Ly, TEIRTALIRIR BABE R G B S 1 RS (D). dbat: 4
JEHL R, 2009.

(MA Qiang. Study of model and control system of combustion system
of circulating fluidized bed boiler [D]. Beijing: North China Electric
Power University, 2009.)

YEH A

EWE  (1971-), &, BIBUZ, WL, FEIFTT 0 FuhiEd
FIREMAL . FRE TV A 3h1k %5, E-mail: wanglj@ustb.edu.cn;

Z= B (1971-), B, H%, WA ST, R RO Re
TIEEIS S AT RIS AT R G b R, A eI A
BRARUR ST AR IK AN AN, E-mail: liging @ies.ustb.edu.cn;

BPIM (1955-), F, Bd%, EAE S0, ERERFTTy 1 b S
B R AP IR INE 2 R Ry AN ST Ul ot Sl S E E A
E-mail: tcn@ies.ustb.edu.cn;

FHEK (1957-), B, Ho%, A0, BEBITUT I ERER
iR R S P R Dk B Ak R e dA ] 5 % i 1, E-mail:

yyx@ies.ustb.edu.cn.



