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Design of Output Feedback Controller Based on Adaptive Disturbance Observer
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Abstract : As to the nonlinear systems whose parameter matrix is unknown, an adaptive law is designed to estimate the unknown

matrix parameters. A state observer and an adaptive disturbance observer are constructed to estimate system states and exogenous

disturbances. With estimated information, an output feedback composite controller based on adaptive disturbance observer is

designed to compensate and suppress the effects of exogenous disturbances on the system. In the simulation process, the

estimation effects of the adaptive and the traditional disturbance observers are compared. The simulation results show that the

proposed control method can fulfill the task of disturbance observation more effectively and accurately with improvement on the anti-

disturbance ability of the system.

Keywords ; disturbance compensation and rejection; adaptive disturbance observer; H_ control; output feedback

0 35§

FEE MR e RS Tk B 2051, Wil
MR RA AN R 2 RN R PR T, X
ST PR R G R GE R RS B, T LR R et
ek, FEIL, B SRS TR IR, TR R AW
€710 7 1 24111 TR

SN TR RGeS B R SR,
FE R IR I 1 A0 R G AR 0 T, R T A
8, FEES IR I AT M, HETE AN TP R S5
W, SRT, T —BOE AR AN AR, AR A
[, TP E A B Tk AR T2 6k, O L4
TR a5 &, Bl g skARZS 0000 250 | 3 I A
AN AT 55055k, 20 thal 80 4RUK, KT
T U 2% A4 ] D7 s ( DOBC) #4230 71z i H T8
HRSGEH, ETIRMEN SRR, 2R SR W
M ZEHE 25 T PAGTHR 22 PR SR 0, AT T LAl
HEIAIRE RS, HEPE TN FRAE L, k[ 6]
H— A T I ER , 245 v MR T 2P UL 25 7F

JRE A S DY A ) S8 D07 T Y R, SR AR AR R 22
W BT EO 0,19 2 RIS, WL 25 AE TR
AT T, SCHRL 7142 1 —Fh o AR LM LI 5% , f i
AR S, LI RE A CE AT BRI R A AT R 48
RBFRAH, SCHR 8 ] i /M AR GEp B v 2 H0k
W LR, 2 — ol B T A UL 45 ) s S A S T TR
FERT I ORI R T RGBT RE

EIRSCERMBBE TR RE (BB AL ) AR SR
HERE TR (E7E S B P AR MR HOHS i B2 O 9 5 (IR
TIAERE IR A PR (H, SCHR[ 9 J 4R T — it
P BP0 ORI &5 1 42 i 7 3% (ADOBC) |, 51 F 3 B
FETERISEOE , e RTINS RGBT, ks
Z A SCRRSE H 77 HE A H RS

BN SCRR AT AL, 1 X S HUE R M AR R 507 A
I, AR PRI 25 5 A 3 A REAR A M i phe )
AL, AR SCER X A i AT AR RN IR R S, i
LA (B S RS Pry AN R/ IRIIIE U ey i o R N B
FLE SR T AR AS BOE R, MU B B 5 St
SLA PR 1 A5 5 5 AOULIN 25 8 25 P2 M B AN 25 5
(LMI) 3R A, i 2o (5 HAGIE 1 AR SR 05 32 m] DL a8+

B4 HEHRFERESHER AT H (61703221) ; ILEE B ARSI 455545 H (ZR2016FP10)
E—EBE N AR (1996—) , %, 117K B IR W-LBF5E LR | B9 07 0] et AT oS b Tl

- 137 -



- fEREA -

KA, - AT BE R TIN5 694 b Rt 2 ) 353803t

YRR AL T TR BRSNS R G, $2 5 R 5E
HOE /IR R/ 12

1 REHHFRE

Z LTRSS Ay 7 AR 4 BAT AR LA AR T L
iEEFIFES
J.C(t)=A0x(t)+F0]f01(x(t) J)"’Bo[u(t)"'d(t)] (1)
y(1)= Cox (1) +F o for (x (1) 1) +Dyd (1) (2)
z(1)=Cx(1) (3)
Hrx(t) e R ZREM A u(r) e R" EFEH 0] 5
y(1) e ROEN BT i d (1) RANBRG ™ ER T
z(1) 2 H, ERESFHiih ;A B, .C, Dy F, F,fl C, &
ERI R G fo (2 (0) ,0) B fop (e () o) AR LA
il
TR LA T AN R G 1Y
w(t)=Ww(t) (4)
d(t)=Vw(1) (5)
Hoprow(O)R BT d (o) BPIRAS 0 35 VR R W
BN EA TR R R TR S RUERE, || W <,
BRI 13 FAEEM x, (1) e R, j=1,2, AL VE %L
Joa(x () ,0) ((=1,2) W 2 £,,(0,1)=0,i=1,2,

I forCoe, (2) ,0) ~fouCoey (o) o) | < U Lx, (8)=x,(0) ] |l o

®i% 2. (A,,B,) BTT#ER, (W,B,V) &K,
SIER 1 0 FAE R IEFR &2 A
2X'y< AX“‘X+%Y"Y
Hod X A Y J& B S4BT =R RE
SIHE 2 %A & Y x My, B
x'y=t(xy")
Hodr w(xy™) BRI xy" B9,

2 HENTHBNFiit

R RGP AAFESNR T, B BN R G S5
W RSN TS , T B0 g8 % Hge AT A5 3, %) x (o) Fllw (1)
PR PIRZS LI 28RN T 2SR

x=Agr (1) +Fo fy (3 (1), 0) +Bou (1) +Bod (1) +

K [y()-y(1)] (6)
y(1)= Cox (1) +F oo fpy (x(1) ,t) +Dyd (1) (7)

w(1)= Wi (1) +K, [y (1) ~y (1) ] (8)
d(t)=Vw(1) (9)

Horfrox (1) (A (o) Ry (o) 23 BIF75 x (1) d (1) Ty (o) B
T K, K, 20000 2% A0 4 25 A L WO AG Tl
WeR"™ JhE W=g(W,x,x,w), Z 52T [ SNy
oo

YRS LIS Y.

n(1)= (A+T,WT,)n(t)+F,f,(n(t) ,t) +Bu(t) (10)

y(1)=Cn(1)+F,f,(n(1) ,t) (11)

A, B)V B,
e ]

- 138 -

F, 0
Fi=| " [sF2=FusTi=| [ [5C= 1€, DVI;

Sim(e),0)=fo,(x(1) ,0) 5 /5,(m (1) ;1) =fi,(x(2) ;1) o
X x (o) A w (0) BT A8 AT LIS R .

2(0)= (AT, W )q(0) +F f,(0(1) ,0) +Bu(1) +
(12)
(13)

K(y-y)-T,Ww(t)
y(1)= C(1)+F.f,(n(1) 1)
. . x(1) K, .
,H\'43:W=W—W;”Il(t)={»~ :';K: K ;fl(”ll(t),t)=
w(t) 2

S (x(0),0) sfo(m(1) ;)= fin(x(2) 1) &
5 X RG R

e()=n()-n(1)= {x(t)_x(t) } [8}

w()-w(t)] Le,
A4 e(o) T TR
e(1)= (A+KC+T,WT" Ye(1)+T, Ww(1)+

[J/ﬂ(n(t),t)-fl(;l\(t),t)}
[Fl KFZ] .
2(n(e) ,0)=f,(n(1) 1)

AR 1, 7T LAER
(n(0) )=, (n(1) 1) <[U1 oMe}
“llu, ofle,

J(n(0) ,0) ~f(n(t) 1)

(14)

o

ERL FE AR
W:X*‘YCe(t)@T(z) (15)
HAEXFRIEESERE PSR Y R 2
T'P=YC (16)

sym(PA+PC)+2eP+U \,PF, \,RF,
* -1 0 <0 (17)

* * -1
1= 1=
Hrp.Uu=—UU+-UU,;K=P"'R,
A] )‘2

UERH . 348 Lyapunov PR%K

1 r ~
Vi) = e opelte S LU 12 = A1 e +

1 ~ ~ ~
Gl v AR W (18)
2

b £, = fi(p(0) 1) £ (1) 1) 3 fs = fi(m (1) 1) -
L)) .
i, RIE=R(16) , V(1) B HER
V,(1)=€"(1) De(1) +2¢"PT, Ww (1) +20W' X W+
%[ | Ue, P- 1 £, IF] Tlg[ | Use, IP- 11 £> IF1+

2¢"(t)PF,f, + 2¢"(¢) PKF.,f,
Hrp
& =P(A+KC+T,WI") + (A + KC + T,WT')"P ,
MRAE RS 1 AG 8 1, 7T DAUER

- 1~ -
zeT(t)PFlf] = /\TeT(t)PFlFTPe(t) +Pflrf]7
1

(19)

- 1 -~ o~
2¢"(1)PKF,f, < \le"(t) PKF,FK"Pe(t) +Ff§fl,
1



- fEREA -

KA, - AT BE R TIN5 694 b Rt 2 ) 353803t

Ff= 1A 0 = f (a7 P,
ofs = A 0) =f () o) I .

Kl W BRI T W=0 5 4 W=W-W=

V.(1)=e€"(1)Pe(1) +2¢"PT, Ww (1) -2uW'X W+
Ae"(t)PKF,FiK"Pe(t) + Ale"(1)PF,F\Pe(t) +

1 1
It | Ue, |* + It | Use, I (20)

HH | W <e,T, = [ﬂ | T,WT] | <e,RHESIH
2,82 (15) F= (16) A (20) , B LIS 3]
V(1) <e'(1) [P(A +KC) + (A +KC)"P + 2¢P] e(1) +
A2e"(1)PF,F'Pe(1) + \2e"(1)PKF,F!K"Pe(1) +

A—lzeT(t)iJTifle(t) + A—lzeT(t)l}ZiJZe(t) = e"()A,e(1)
(21)

b U, = (U, 015U, = [U, 0]

1

A, = P(A +KC) + (A+KC)'P + 26P + —U'U, +
1

1 - -
A2PF F'Pe(1) + FU§U2 + A2PKF,FIK'P < 0,
2
REX A, < 0, FIFH Schur #hk AT 45 & 5 1 pat
(17) =X (17) WS, M A, < 0 oL,

3 ETHENTFHMMNIZN G H R
R H &t

B A TR sh A i 0 28

x,(1) = Ax, (1) + By, (1) + Nyfo(x(1),1) (22)
u(t) = Cx,(1) + Dy, (1) + Ny fo(x(2) 1) —d  (23)

'1[’11 l[’]z _BoDkCo _BnNkz Bo
¥y, _EkCO _ﬁkl P,B,
% I 0 0
* * ® I 0
* * * * _,sz
* * * * *
* * * * *

| * * * *
Ir+r*+2u00 <0 (30)
-r@ r
<0 (31)
* -r@

sing(C+T") cosO(I=-T")
(32)

s sing(L+1T")

Hrr,
¥, =4,0,+(A,0, )rl‘+Boﬁk+(Boék ) ! H
g, =A0+Bol/5kC0+X,f H

Yilt) = Cox(1) (24)
Horb: x (1) 2385 R BRIl & R A, LB, .
C, .D, N, N, /EFFE s S el i R E0E
el st AxX (1) 155
x(1)= (Ay+B,D,C,)x(t)+B,C.x,(1)-B,D,Cpe, +
(Foi + BNy, ) fo(x(1) ,t) - BONLQ} + Bo‘}(t)

P f = (x(2) 1) ~fo (x(2) 1) 3 d(1)=d(1)~d(1) .
WU B S g
kk(t) = Bkcox(t) +Akxk(t) +Nk1f()|(x(t),t) -

B,Cpe, - N, f (25)
: GNP
’éﬁﬁ—{nuj,ﬁﬂWH%%

£(1) = AE(1) + Nfy (TE(1) 1) +B&(1)  (26)
z(t) = Cx(t) = C,Té(t) (27)

o :A ] ':A0+B()chﬂ BUC,(} ;]i]: [F()l +B0Nk2} ;
B,C, A, N,
- |:_BOD,EC0 -B,N,, B°:| ;T=1[1 0];
—BkCo —Nu 0

s = [y f1oaw) -

EE2 U H, PERERSER y  ES a0, WET
B 444

F6(1) = 0,M lim &) =0

£6(t) # 0,0

[ <9 [87 ()85 ds
W2 H, YERESE bR v BRI PR R 480 (26) -0 (27)
T

WA B AR S F] LML KR D(a,r,0) N AE1EXT
FRIEE4EM P 1 Q, 4/ A, . B, .C, .D, N, FIN,, ,
W R LR 4

(28)

A3(FOI +B0Nk2) QIUZ/A3 Q]C;r
A(PFy+N,)  Ui/A,  C!
0 0 0
0 0 0 <0 (29)
0 0 0
-1 0 0
- -1 0
* * -1

¥, :P1A0+(P1Ao)T+EkC0+(EkCo)T;

F |:AOQ1+BOék A0+BOEkCO:|

’

Ak PIA(J+EkCO
0, 1
O=F'P"'F,=| .
1 P

T LA o e 1 g A
N, = Nk2 ;

- 139 -



i

BHRA -

KA, - AT BE R TIN5 694 b Rt 2 ) 353803t

N, = P,'(N,, - P,B,N,,) ;
D, =D, ;
C, = (C,-D,C0)0;" ;
B, = P;'(B, - P,B,D,) ;
A, = P;'(A, - P,A,Q, -P,B,D,C,0,)0;" +
(- P,B,C,Q, - P,B,C,0,)0;".
H p, F1 Q, BRI, W2 P,Q)=1-P,Q,,
JEAH . % #% Lyapunov PA%L
Vi) = [0 = o (07 17T e
E'(1)PE(1) (33)
Hifbese 1 AT RLAR || fo (x(0) o) | < || Usx || LA
V,(t) Mo TN

V,(1) = £"(1) (PA +A"P)£(1) + 2£"(1)PBS (1) +

%[ U 12 [ foy () 1) | 21 +26" (1) PNS, (£(0) 1) <

£'(1) (PA +A"P)£ (1) +2£"(1)PBS (1) +£"(1)

(A2PNN'P +A—12i/’;‘1}3)§(t) (34)
Hio, = [U, 0],
I = Vz(t) +2'(1)z(t) —y8" ()8 (1)  (35)

J(1) <E'(1)(PA +A"P)E(1) + 2£"(1)PBS (1) +

£ UPNN'P + U, £ (1) +

3

E(DT'CCTE(r) - 78 (1)8(1) = ()AL (1) (36)

Heg() = [€') 8'(n]";
¢, Pn -B,D,C, —ByNy,
¥ Pxn -P,B,D,C,=P,B,C, -P,B,N,,-P,N,
* % _')’2] 0
A3= * * * _72[
* * * *
* * * *
* * * *
* * * *
D, =D, ;
C, =D,C,Q0, + Cle H
B, = P,B,D, +P,B, ;
A, = PAQ, +PB)DCQ, +P,BCO, +

I)2I4AQ2l + PZBOC/(Q;C
RER A, < 0ZRITEH 2 3 (29) ,#3(29) WL
SEW () < O RST IR A H, PEREFEFR R v RO R G
(26)-X(27) g,
HRAE LM X b0 o5 B0 B ARIE R 58 B PR A 3 28
FIRAASERE 5 A (RHE MRS D(a,r,0) KIRH
AP + PT'AT + 2aP7 < 0 (39)

- 140 -

- - - - 1 -..- o -
PA+A"P+\2P NN'P+—U'U+T'C'C,T PB

A, = Aj <0
* R |
(37)
FIH Schur #ME RS
— 7’]‘ T
A"P+PA PB A,PN )\—? T'C!
3
* I 0 0 0
Ay=| x * -I 0 0 |<0
* * * -1 0
% * * * 0
| % * * -I |
op [P; Pz} - [Q; Qz:l ,
P, P, 0, O

0 1 I P . "
F=1 F,= . |74 PF,=F, FP=F),
0, 0 0 P,
B A, BT diag (F) 1111} |53k HEE, G
A (38).
Hrp,
©,=4,0,+(A4,0)) T+BODkC0Ql+BOCkQ;+
(BoDkC0Q1)T + (BOCkQ;)T 5
©, =A, +B,D,C, + (P A, Q, +P,B,C,0, )t
(P]B()ch()Ql +P1B0CkQZ + PzAkgg)T 5
¢, =P A, +(PA)" +(PB,DC,)" +P,B,C,+
P,B,D,C, + (P,B,C,)" ,

2

N, =Ny ;
N, = P,B\N, + P,N,;

BO /\3(F01+BONk2) Q]Uz//\3 ()IC;F—‘
PiBy Ay (P\Fy+P\ByN,,+P,N,;) Ui/A, o
0 0 0 0
0 0 0 0 |<o0
-1 0 0 0
* -1 0 0
* * -1 0
* * ® -7 J
(38)
_p-l ip-1
rP AP <0 (40)
* -rP!

[sine(AP‘ +P'A")  cosO(AP™! —P“A“‘)] <0
x sinf(AP™" + P'A")
(41)
HX(39) /3R F; )5 e 2oL & =0 (40) Fn=l(41) /i
T diag {F),F,} ,JaRHFEE, ENHh T2 bt
(30) .20 (31) Mk (32), A (30) . =20 (31) A1 (32) i

7L A BEHEA R FD (o, r,0) K8,



- fEREA -

KA, - AT BE R TIN5 694 b Rt 2 ) 353803t

4 FESZRESH
BB THR IR R G (1) - (3) o

(1 -1 0 1 1 0
2 -1 0 0 -1 1
Ao ;By= H
1 -1 -1 0 0 1
0 0 0o -2 0o -2
1 2 1 -1 -1 1
1 0 0 2 1 1
C,= W= H
-1 2 3 4 0 -1
.15 -2 -1 -3 1 -1

c=[1 1 1 11,

ARG AR A R R

Jou(x(1),t) = fo(x(2),1) = sin(2w5t)x,(1) ;

U, = diag{0,1,0,0} ,U, =U, =U,;

F, =F, =100 0 1 0],

KRGEHTHMINBRG ™, LS RE
w:[_ol (ﬂv{é ﬂ FARAGIA, dy=[2 117,

VERRREHIER Y H, YERESECN =7, 81 2 1) LMI X 5
AD(2,20,7/6) EFEXFRIEEHE X =1, , RGEPIIAIRE N
x,=[-12 15 L1 -08]1",HMZS%r =1,,=1,

It LM SRAT AL 538 25 il 2 25 a0 F

[-25139 31100 -05182  0.1575]
B [ 0.0622 15986 -1.0691 -0.5796]
~ 116492 122582 - 17149 - 4.705 2]
| -92316 9580 -14772 -3.6228
=1 Closs 18316 17650 -0.1190]°
~ 41661 40623 -23122 -02101)]
[ 15892 -0.0878 10651 -3.7766
2 - [— 6.5347 - 13094 65178  2.927 6} ;
- 45.568 7
- 0.670 9 10.482 9
N = [— 0.298 1} Na =1 e qmas |
0.235 8
~0.8018  3.9548 -25.4164  424.706 7
o] 04206 81723 143396 2659464 |
~0.4278 -0.0172 -67403  20.971 9
0.1022 02455 -0.1900 -72.938 1
~50.3877 -102.6255 45.9776 -10.715 1
po| 5702 I 26303 MeuT|
-8.4748 58645 -10.3369 -2.783 4
74539  -7.3862 -0.5298 -1.067 6
(00122 01473 -0.0742 11.3280
o [0.023 1 -0.0359 -0.4445 0.674 6} :
[-1.8924 -3.0247 02763 -0.8956
’”_[ 03559 -0.1691 07219  0.263 4]’

K 1-18] 4 73 5102 R GRS R SEBREAAG TR RS
WL A8 BEMER A T F R GUIRAS O BRI 28 R (L A R R 48
T, K5 AIE 6 ZANETIL 4, M d, B9 SEBRE AL T
i, Hhd=[d; d;]". WEHATLIE ESME RS K
TR AR NE DL 1 3 I PEULIN 25 BEAE DR | il

T, BTSN AR TR e b AT A

— OBy |

- x(ORHE
& ,,
B
1.0 1
1.5 ) ' '
0 5 10 15 20
I Tl
1 RGEREx, HERERGITE
2 T
(DI EBRE] |
ORI
S o
K2 | |
= '
g |
W ‘J )
J.\‘ -
4 ‘ ‘ ‘
0 5 10 15 20
(A5
2 RGEREx, WEREMGITE
15 ‘
—x, (DS PRE
10} - xOAHE
£
8
e ooN . -
0.5 j ) '
0 5 10 15 20
Fif )/
3 BRGEREx, WEXREMGITE
2 ‘
—x, (DR BRAE
xR
= 1
w0 - -
4 ‘ ‘ ‘
0 5 10 15 20
I A/
4 BRGEREx, WEREMGITE
3 :
—— d (PR
2 - dOWATHIE
I
ot
2
3 \ \ \
0 5 10 15 20
I fi/s

B5 Fi#ld BEFREMGITHE

- 141 -



i

BHRA -

KA, - AT BE R TIN5 694 b Rt 2 ) 353803t

3 T
YRR A
2y - dmtiHE
i
3 0
=
iy -1
-2
3 ‘ ‘ ‘
0 5 10 15 20
i fa) /s

6 T d, BEBREMfEITHE

7RI 1 (R 20 28 G 2 A B R Ao
%%%%?ﬁﬁh[izLﬂwﬁﬁﬁEo%Eﬁm
T 5 1555 UL 28 0 CR A X 1 A
T L 13 T L 25 1 L i R
ST B T AN R S 0 T4 s (5 1 T
eI 5 R 7 G PR M 50 e
"ty

3
5 | T | |
% |----ADOBC
e~ Lr =
%v— OF
H 0
1k
2+
3 . . . .
0 2 4 6 8 10
IR 8]/
7 MRREAEBE TR B
IRREFEITHE
3 T
2l — 0 | |
I ---- ADOBC
JE 1 Y N s DOBC
H_
A1 r
2
3 . . . .
0 2 4 6 8 10
IR 8]/
8 IMBREAREMITTFH L, 1
ERERGITHE

- 142 -

5 #iE

ARSCE RSB B A A ER RSN TN RS,

T > FUE LTI e Al AR T, B T HE B

T RS S 4 s, AMEFII R TR R G R

DI EAERRY] AEIMNE R ESHOE R SR 5T

O O 45 ) 525 4 ) O v AT LA S o AR

T, RIER G R EN:, R & R G bt THihE

S

[1] GUO L,CAO S Y. Anti—disturbance control theory for systems
with multiple disturbances:a survey[ J]. ISA Transactions,2014,
53(4) .846-849.

[2] BIRE. PRMENCREAESHLE ESREERI[ D], MR,
MR BE Tl Rz, 2006.

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

[4] E 2. BT RBF #2251 Jo A K AR A 3 i 4l ()]
HUBHI 55 A 21k, 2019,48(3) : 185-188.

[5] SHE J H,FANG M X,0HYAMA Y ,et al. Improving disturbance
- rejection performance based on an equivalent — input —
disturbance approach [ J]. IEEE Transactions on Industrial
Electronics, 2008 ,55( 1) :380-389.

[6] CHEN W H, BALLANCE D J, GAWTHROP P J, et al. A
nonlinear disturbance observer for robotic manipulators[ J]. IEEE
Transactions on Industrial Electronics,2000,47(4) :932-938.

[7] MENON P P,EDWARDS C,GOMES PAULINO N M. Observer—
based controller design with disturbance feedforward framework
for formation control of satellites [ J]. IET Control Theory &
Applications,2015,9(8) ;1285-1293.

(8] ZE/NRU JE T T P WL I £5 1) B8 P A K 45 ik 7 428 ol S8 vk F 5T
[D]. dbxt: JEatiizs iRy, 2012.

[9] HAN J,ZHANG H G, WANG Y C, et al. Anti— disturbance
control for nonlinear system via adaptive disturbance observer[ J ].
International Journal of Robust and Nonlinear Control, 2017,
27(12) :2121-2144.

[10] GUO L,CHEN W H. Disturbance attenuation and rejection for
systems with nonlinearity via DOBC approach[ J ]. International
Journal of Robust and Nonlinear Control ,2005,15(3) :109-125.

I 7E B HE:2020 — 09 — 24



