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On Linear/Nonlinear Active Disturbance Rejection Switching Control

LI Jie' QI Xiao-Hui' XIA Yuan-Qing? GAO Zhi-Qiang®

Abstract Nonlinear active disturbance rejection control (NLADRC) is superior to linear active disturbance rejection
control (LADRC) in tracking precision, anti-disturbance ability, and so on. However, there are difficulties in parameter
tuning, stability analysis, performance analysis, etc, which inhibits its application. Therefore, LADRC is more popular
in engineering applications. This paper presents a linear/nonlinear active disturbance rejection switching control method,
which has both of the advantages of LADRC and NLADRC, and solves the problems of parameter tuning, stability
analysis, etc. Firstly, the characteristics of LADRC and NLADRC are presented, and then a switching strategy is
proposed. Secondly, a simple practical parameter tuning method is provided. Thirdly, the stability is analyzed through
Routh criterion and Popov criterion. Simulations show that the switching control method is superior to both LADRC and
NLADRC in tracking precision and anti-disturbance. The proposed method fully demonstrates the advantages of nonlinear
functions in occasions when high tracking precision and strong anti-disturbance ability are needed, and is hopefully to be
adopted in practical application.

Key words Active disturbance rejection control, switching control, parameter tuning, stability analysis, performance
analysis

Citation Li Jie, Qi Xiao-Hui, Xia Yuan-Qing, Gao Zhi-Qiang. On linear/nonlinear active disturbance rejection switching
control. Acta Automatica Sinica, 2016, 42(2): 202—212

o R R 2% 158 3 T 9 BN TR B R T e

Wei119) 2015-06-02 ¢/ HJM 2015-10-09 PIIARE T B 25 E’JT/%%‘J LM TE S R4 ) AR
Manuscript received June 2, 2015; accepted October 9, 2015 XE U\ T:f @J ﬁxﬁ(ﬁﬁﬁ /u “Tﬂ %J bt VB o 1:% T2 w ZL_

5 U R e vE R (973 vHKl) (2012CB720000), H &R B .
BREIE4 (61225015, 61321002), A7 8 LR Gt a ks SEEHIRET I Sk A, Efil%'\éxﬂﬂ?ﬁ‘%ﬂfﬂﬁ/}ﬁl}, SYIUE:S
FECES T (FOM20150F011) %) 2 /

Supported by National Basic Research Program of China (973 EILJ: %ﬁ““iﬁi T %f%ﬁ?j *HETI%IJ Tﬁ*mj\"
Program) (2012CB720000), National Natural Science Founda- M. (eSS E AL ﬁﬁﬁl@]ﬂﬁ/\%ﬁ[ | £tk PID
tion of China (61225015, 61321002), and the Open Funding Pro- (Proportlon mtegratlon dlfferentlatlon)[?’] 2L &j:}*
gram of Joint Laboratory of Flight Vehicle Ocean-based Mea-
surement and Control (FOM20150F011) FRARZUI #3 Eﬁﬁﬁﬂji + 1998 FIEASE H BT

T DRI, PR, TR T R

ecommende ssociate Editor ai-Bo s o W L , N

1 W LREBARL LER fIE 050003 PR 2. Jesom kI CRRZ IAGELE T oA AL A A SR AP v

AN LR 100081 PIE 3. SEFMVRERHLSHEN RTINS, A B H RTE TS GG Hhr

LR BRI 44115 K1H 2 .
1. Departn;ent of Unmanned Aerial Vehicle Engineering, Ord- ff) PID = HIHEAR.
nance Engineering College, Shijiazhuang 050003, China 2. B UV B B A8 FH AR 46 1F iR Bk 4R i 3 4

School of P.xutornatlon7 Beijing Institute f)f Technology, Beijing ‘l‘i ﬁ%, .JH: E%%ﬂ E/J Q jﬁi‘jﬁ?_"ﬁﬂ ﬂﬁ 7 Jﬂ 4'52321&,_ >Iji

100081, China 3. Department of Electrical and Computer En- e o
gineering, Cleveland State University, Cleveland 44115, USA DR %E LA%%“%%DEIF% PEP KR WM 2. (HAE



244 PG At /ARLNE BT BT 5T 203

LRGN, 13 AP RIES O 12
SE MRS BT B MERE A BT EARAS IR AE, IX AR T H Bk
FEHIERMHE) AN . Tk, SR BRI
AL AL ZeE B HTPLE RIS (Linear active
disturbance rejection control, LADRC)I® “R{Y %
Howe i BATY S S, i HASE Mo . 21
PERE 73 BT A8 RE AL ) T A ) 48 i /AR I BG4
KHAES) T AP RIHOR K BSOS TR H.
HAT, 2t B Hrdtda il i g A 57 i A i JE 2
PE AU, BB TR FH ) Ik

H UL R A8 T 5 Ko AL 25 24T
BPB A TR, SINAEZMERLEI ) H A2
— BRI HITERE. I, 2ot B buiaas il O R L
Z B 6 9 B i H A0 SR S0 SR g R DR
FE . SERRHTRAE Ty, AEZett B Hlaafil g — M Ak
Y,k I s ) s ARS8 S B K717 e ot L L O /S
RAFARLAENLHRI I D0BE, A SChe t—Ph et /AR 2k
ENEETR /NI E S L DARF N E B v TS AV | 5 4 2
HPIPLEEHI S B IR A 7R B — R D)
g LK, B ARt it HSEARZ 1)
e B, $ T EE AR TV K, g T RO
S WV R GRS e M A 7, Yo b vk 1 AR
ANE B BTt AR E M R B, T 0 I
BoAE TV AR ERRT L . BT AR ) A5 TT TR
AL
| gt /A B IR

H PP Hl s AR PR ER T 28 ARSI
v DLSCIRA R 22 sl =8 7. il T ERER sy
#% (Tracking differentiator, TD) & —/NMAH X}l 37
Mgk, HIFA R 2t /ARGt A T2 il i Xl
DAL, ANFRBEIR.

Pk RS WM 2% (Extended state observer,
ESO) 4n=X (1) .

e=z-Y
21 = 23—y, p1(e)
29 = 23 —Bpa pa(e)

Zn = Znt1 _BOn (Pn(e) + bu

Znt1 = —Bo(nt1) Pni1(e)

ALY AR WM LS (Nonlinear extended state
observer, NLESO). —Ff# WIS 1 s HUE X

le] <o
le|] > o

(2)

le]**sgn(e),

pi(e) = fal(e, oy, §) = { o1 e

)y, 0 RIAMFEFE: 2o, < 11, %K
HORA “RRZE, DM NRZE, KIE" e
O FROREAE DI, H A G e e BT v 4 2 5 |k
ik vie) (i=1,2,---,n+1) a7 LR HRECY
vie)=e (i=1,2,--- ,n+1), FBRZ ALY TKIR
MM LS (Linear extended state observer, LESO).

2 BLR M AR A Z T 5, LESO. NLESO
EELEET Y SE I

1) LESO Z# e J7 i, ik /A i, H Ak
2y BB e U AN B 0 20 3 R AR AR AT TR,
LESO 755 b ] F AR 32 3004

2) NLESO M) ZH0 e i1k, Hig g h
PRIME, AR SO 3 H ] 5 1) 2 B8 e J7 s s e M
S MTIT . R B S U8 VAR E ) NLESO,
REME CRAUEAE AN LESO A7 [ 45 M 75 JEUOK 0N f9 iy 32
N, RASHR B  BRERR LA m i V18 B2 A
PRAEDL AL NLESO [ i FCER ER VY B A1 B
JEA IR, HI T 32 M R A B o A 1548 25 2 M0 e A
AR, BRI, 6 Kl BE I sh At v g A7 R

% LESO. NLESO # H % s, — B HARK)
R, Bl BRI, KA LESO; 18 EE8/
I Y) 4 NLESO, XAt fig % #% LESO. NLESO
#HBL A, Bk, 514~ LESO/NLESO )##
M.

MAGRIBITH ¢t < T (T — B 5L
IS 18] — 50 80 BB | 24 (2)] > M (M BUEW
NENVZHOEE, K ARG TN AR ) 8 AR AW
M EREAR ZE |e| > 1 (M |e] > 1 IR fal(e, oy, O)
FRPEA O, AL o N LA ) =3 2 —art, )
il (3) Fros ISt 3 R A &5

e=z21-Y
2 _ /
21—22—ﬁ01e

2:'2 = Z3 —5102 e

: /
Zn = Zne1 —F o, €+ bu

Znt1 = =B o) €
R, W IR = AN AN AL, M A =X
(4) BRI ARLRPEY TR AW 25

4
e=2z21-Y

21 = 29 — 3, fal(e, oy, 0)

29 = 23 — [, fal(e, ay, J)

zn = Zn+1 _/Bon fal<67 A, 5) + bu
L Znt1 = _5o(n+1 fal(e, any1,9)

B EMAGE T LILSH SN v (@ =




204 H | 1k

F {4

42%:

i 23b+ Ug (5)

o, o BRI, AT ARk | et
P, H AR AT

AL 14 Tl
Uy = i ki fal(v; — z;, o, 0) (6)
p
e
wo= kv~ =) (7)
p

Lo < 1IN, BEGARGHT R, HACRIZ Y
TS, IR ZEFER, FUT-PLRE ) 9. (HAESE PR MY
b, ZHCE e AR 2%, T8 8 1R 0 M B A8 A TR AE,
HAME SIS 5 DSl widhe, el 47598 LU H]
devpdili s 2. N RAEARG AL, TSI
AN /AR L MR A D e S

RGBT ¢ < T B3 R AW 45 iR
BERZE |e| > 1 80 |v; — 2| > 1 =H 22— arhf,
P 2 (8) Jrom i Btk 28 il 4

Uy = Zk;(vl —2;) (8)

[z, MR il = AN SR AN, M 5
(9) Pt ARdett il

Uy = Z ki fal(v; — z;, o, 9) 9)
i=1

B A 4 4k 7k T LESO/NLESO 4] #e 4
Tk, v — 25| > 1 FFERIBRAL fal(v; — 24, o, ) FEME
AR, WA T ORIERE M, 28 T 4 m il fg.

U A SR AR AR AR B B
M APt REUREEZ H A, R
ARG A hiE % (Nonlinear active distur-
bance rejection control, NLADRC), LAH& & EREF RS
JE KX BURRETT; MBI, B i RS A TR 2=
BOR, BUENAG T KIS B 5 5 I B AH Y. 1)
B 5RPR A UL 28y R A A VG N, A IRIE RS
FeE Tt A v fe, U 2 it A Pl ds; 4
AR, WU G TAESAEIEAS T L, ] LLsphR
ettt AP,

FG b, Uy il g e 2L Gk /R Lt B Pk
PR A, AR TR SR bR N, 36 75 2L 4
(1S KR e S A ENE W 7.

2 BHEXE

U TGS o L A PTG 1 2 o e
Aty SEVEN 1O B L et A 0T AR A1 B A
P, AERAHARAE TARZE B UP s (K S A€
H b, fEARZett B piat il as 2 80 e Jrm oAy K
0 TAE.

ARLNE AP 8 S B e Tk B
Zeiih NTHEGEE LM k. R i
F AR R AU EIT G Pt (K3 TR P K IR ik
N VNNV E S (eS B2 SIS R CIIIIPS
R, A SRORE R T TS, X RS i
HOAR g B, LR T I PR Refabn O AL AL 3RS,
il KA HAF B 206 B 4. (BAE TRE S fr
eI S BOL LR 6 25 18 9« WS L PLBE {E A
SRR KAE N R AT, Pk, 2T BARS O
(AN REME ) 15 2 (1 ZAAE S B Y AT 52— € R R
. TN TR SNSRI TE S8 1R
r, @A T2 ML I3 S H0 e BT %
B AR 1 280 e ) | R TRk AL
e e i N S R e U el (A B P S [
(IS4 E 2% 2 FES A R s r i AR E IS |
REPRUEANEE IOROR, (H SEBGRER LA B, HA D%
FEAT I8 L W A LLRCR AP ACAE IR, AN BT — i,
NGy R TR bR e sz, IeAh, A7 KT I [a) JRUEE ()
SR Il 1 4E

MR ARLE B BT R 2 ) A AR,
JRei g sEik” PR FE M T TR S 4

T
S
fal(e, oy, 0) = Me = oi(e)e (10)
e

R NLESO, Bt (4)

e=2z—Yy
Z1 = 22 —(By; Aor(e))e
Z9 = 23 —(Byy Aoz(e))e

| (11)
Zn = Znt1 = (8o, Aon(e))e + bu
2n+1 = _(50(n+1) )\0(”_;'_1)(6))6
R, 4
€ =V — %
fal(e;, o}, 0) = w ei = Xi(e:) e;
(12)



244 PG At /ARLNE BT BT 5T 205

PRSI (6), 15:

Uy = Z ki hi(e;) e (13)

=1
ﬁqj, )\02‘(6)\ )\i(ei) BT Nois i

TS Noi(e) BREERE R (\i(e;) JEL). HX
Rl o = 0.25, § = 0.05, \oi(e) PRAEURFE ih 2k an i
1w, B 1 aT5, Noi(e) PREELRMEXIR 6 P2
HAE, B (Noi) e = 0% 71 IR ZE e KT 0, B
WIE e BRI/, BI “RiR %, /N aE; INMRZE, K
257 0T U EIE, M el > 1B, Mol < 1,
WS N, HLh Je] > 1 AE DA R A IS, R
P (11) A (13), AU ARZME AP dbE — A
BRI LNE AP Ed. o 30nT DUR 2R 2%k
ek ESO Fase M LA S V)4 22 48 (RS 8 P Uk B, 45 m)
DU X —#  A hy i b e .

12

10

NG
fo)}

0 02 0.4 0.6 0.8 1.0
e

K1 Noi(e) PREURFIEIIZ

Fig.1 Characteristic curve of the function )\g;(e)
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Table 1  Parameter optimization

h W5 M By Boe Bos
0.001 0.0075~0.015 30 60 240 980
0.001 0.0025 ~ 0.0075 60 90 550 3320
0.001 0.001 ~ 0.0025 120 150 1460 15280
0.005 0.0075~0.015 10 45 130 418
0.005 0.0025 ~ 0.0075 30 90 540 3350
0.005 0.001 ~ 0.0025 60 120 1000 8000
0.01 0.0075~0.015 5 30 60 125

0.01 0.0025 ~ 0.0075 10 45 140 410
0.01 0.001 ~0.0025 20 60 250 980
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