BHSRE

Control and Decision

EHTIRBSRHRANE AL B IE L]
Wi, Whe, Wk 5, SRR, R

FIHIARSL:
Wi, e, ot B R A o SR R TR AR O A S ANVAE 1 8 (). 46 55 D3R, 2024, 39(1): 151-160.

TEZRIR]IE View online: https://doi.org/10.13195/j.kzyjc.2022.0370

BT BRSO HAB S EE

Articles you may be interested in

BT SR Buck B AR 2R R Sl 45

Disturbance rejection control of Buck converters based on variable rate reaching law
PEH 5. 2021, 36(4): 893-900  https://doi.org/10.13195/).kzyjc.2019.1073
LT 1] A 300 DX T At o O 4835 1

Vector set inversion interval filtering based fault observer design

P 503, 2021, 36(12): 2973-2981  https://doi.org/10.13195/j.kzyjc.2020.0212
DU TC AT TPl B

Anti—interference trajectory tracking control of quadrotor UAV

PR 5P 2021, 36(2): 379-386  hittps://doi.org/10.13195/j.kzyjc.2019.0875
o S 1) 3 A T 5L TP 28 R 15T v

Design method of reverse recursive sinusoidal disturbance observer

Pl 5HK. 2021, 36(2): 403-410  https:/doi.org/10.13195/j.kzyjc.2019.0769
BT R 2% 1L ) R G AR A =X A S AR

Neural network—based distributed adaptive control for power system transient stability

PR 5P, 2021, 36(6): 1407-1414  https:/doi.org/10.13195/j.kzyjc.2019.1168


http://kzyjc.alljournals.cn
http://kzyjc.alljournals.cn/ch/reader/view_abstract.aspx?doi=10.13195/j.kzyjc.2022.0370
http://kzyjc.alljournals.cn/ch/reader/view_abstract.aspx?doi=10.13195/j.kzyjc.2019.1073
http://kzyjc.alljournals.cn/ch/reader/view_abstract.aspx?doi=10.13195/j.kzyjc.2020.0212
http://kzyjc.alljournals.cn/ch/reader/view_abstract.aspx?doi=10.13195/j.kzyjc.2019.0875
http://kzyjc.alljournals.cn/ch/reader/view_abstract.aspx?doi=10.13195/j.kzyjc.2019.0769
http://kzyjc.alljournals.cn/ch/reader/view_abstract.aspx?doi=10.13195/j.kzyjc.2019.1168

$39% 1MW = % 5 xR Vol.39 No.1
20244 1 H Control and  Decision Jan. 2024

ETIRKBFRRASTEBENEH

AR, 3 Y, wEF EARY, B EE?
(1. B L R2E MU LR 208, A 210094 2. FREG R mtERE S 24 B X & A sl =, Kb 410000)

& B LA IR RGAFES BT E AR BB AR B 1X — ) J, $2 1 — P T8 8 iR N 54
AR SR, SRR HER A T IR R G R AN S B, Wi R GUIRAS SN R A DE U 2, FEAR A 98
W 4R B AR A IE BB TR SRR IR IR N 5 AR B BT S B 2% rb 10 48 Bl R 8, M RAIE S 40l
ZEHISIE. BeAh, 8 T 3E— D BRARAE SR BT 2R Gt IR B (R 5, 32 1 — R 2 00 4, S P 20 W0 5% 22 )
7 L, I L REARAE AL TH5 22 (L Fa e, NI AT RO kM 2R G b 6 R A sh 2 AR B30 %5 , Fil FH Lyapunov
WA BNER T S8U5 TE 8% PLah W28 2 3R R 48 pdase M, 17 B 5 SE 30 45 RIGIE T B s (9 B 3& N7 vk K iz
28 A 2

XBEIR: RAGAAL; i mgs: VUBMARARS: FIERAE] RAIERS: #ike

FESES: TP273 RAPRERD: A

DOI: 10.13195/j.kzyjc.2022.0370

SRR BRfh, SR, Pk 5, 5. BT IR IR NS B 3 Rz [7]. 35 3k, 2024, 39(1): 151-160.

Filter-based immersion and invariance adaptive control

CHEN Wei', HU Jian't, YAO Jian-yong', NIE Wei-rong', ZHOU Hai-bo?

(1. College of Mechanical Engineering, Nanjing University of Science and Technology, Nanjing 210094, China; 2. State
Key Laboratory of High-Performance Complex Manufacturing, Central South University, Changsha 410000, China)

Abstract: This paper proposes a filter-based immersion and invariance adaptive controller for mechatronics servo systems
with parameter uncertainties, unmodeled dynamics and time-varying disturbance. First, a filter of the system states and
regression function is constructed, and a parameter estimator is built based on the filtered auxiliary variables. Next, the
auxiliary function in the parameter estimator needs to be designed according to the immersion and invariance theory to
ensure the convergence of the parameter estimation error. Moreover, this paper proposes a disturbance observer to further
reduce the impact of lumped disturbances on the closed-loop performance of the system. This disturbance observer, which
is simple in structure, can ensure the asymptotic stability of the estimation error. The Lyapunov theory is used to prove the
stability of the parameter estimator, the disturbance observer, and the closed-loop system, respectively, thus can efficiently
compensate for unmodelled dynamics and external disturbances in the system. The simulation and experimental results
demonstrate the effectiveness of the proposed adaptive method and the disturbance observer.

Keywords: immersion and invariance; disturbance observer; mechatronic servo system; adaptive control; states filters;
asymptotic stability
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e =2(ky — 1) > 0,
c3 = 0 Amin() > 0,

l
04:2£>0’ (40)
h
I, = 0.
C; = (1 05) >O,
h

¢ = min(cy, €2, ¢3,C4,¢5) > 0
B, R4 (2) HIER IR 1% 22 Be 8 fREA AR e
ST 5 R B I FE 5 B 2 R0, L.
5 iESSERHHE
51 {HESE
U R4

jjl = T2,
(4D
$'2 = 175u — 51’2 + Aa:,h

Hr A, = 10tanh(20x2) + 5sin tcos(0.5t) A T
B R GEAR A B 25 LU 2Pzl e BCE i 2= (13)

HE TR e = 0.0005, RG] 2 I8 DL
S &R RF TS HU IR Ry = 20, ke =
40,1y = 100,1; = 2500,7 = 50,0 = 0.0002,I" =
diag(40,0.04), i i+ ZEHIME 6, (0) = 262,0,(0) =
0. 7 FLIS ] 10 s, 07 B2 KN 0.5 ms. 4 31+ 128 HUH
B 19 = 10(1 — 795 sin(7t)°. B &5 R &
2~ E4 PR,

tracking error/(107(")) tracking performance/(")
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t/s
2 REREYRSRIFRE
300
g
2
5
(R‘:
K

=40

B4 HHBNERMEITHR
245 T R G B B AN S iz B B K R
R R ZE 2R, AT DA Y, AR A ST 32 Hh A 92 ) 4
T ARG RIS R ERERCR. B3am T
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RGN F S HN SRS Hth 4. 7T LUE L B R 4
HAEAE AR FIF B, A SO H 1 1 38 SR AR SR B 6 TR
UEAEE i R 2 A T AR 1, 3R B A ST TR HH I O
TNEBARGT R EEYE. B4 H T B A &
GuER BN A T R, AT LR A SO iR H P 8))
28 REAR LF HAl T R G R BB,
52 XfEEsea

SEHG B T & e ke B R P R G an S B
. % B S — AN A R FBL (B3 KRG [R] 2 HL L
Kollmorgen D063M-13-1310, Ji€ #% 4 i #§ Heidenhain
ERN180, 15 5 4% A1l #%), W% R 48 (L ALALR A
T AL, B R A C 1B 5 g i 1R S N 458 1) 31, T
FENLRE fF AL 5 — A 16 A1 HUF/ L (D/A) B 3 F
Advantech PCI-1723 Ff1— 16 /7. f*) Heidenhain K-
220 R &EFR) PA K LK B 25 (Kollmorgen ServoStar
620). R G4 6 N 0.5 ms. R G JE 2 i E ks
S EAR T Z 4 = AR, R, SR AR N 50 Hz
[ B Butterworth JiE 5 4% K 5 Ji B2 5 H B I &

Y .

Bs SBpTa

N T IRUEAS ST T ) S50 B 0B, 76 R RE )
SEIG SR AT R 0 AT 4 Rh il SR EAT 10T L S

FITACDO (filter-based 1&I adaptive controller with
disturbance observer): iX /& A SCHE H 13 T8 4% 1)
BN AN & B2 ) DA S P Sl 00 00 25 47 1) 245
3 (39) 4t 72 SEIG b i S AR 4 o2 B 5 0k 4 5 il Y
FEfas S H8fh A s % 4 21 (R AE R SiAR
JE, FHE R B SE ke M s 3R RS RE; B
BN RS HAG T P B 1 R DRSS H
W B S5 GR IO ER I B Loy Ly AR oW
A L. AN (13) v B I 1) 9 Bk DL S 24
flith s 0 I IR W /N, IR IEMSH k= 40,
ks = 50,k = 0.0005, = 0.0005,l, = 100,l; =
2500, " = diag([0.1,0.0002]). fii i+ 2 H W] {E % W

01(0) = 140, 6,(0) = 3.

FIIAC (filter-based I&I adaptive controller): iX #&
A SCHE ) TR 2R IR N5 AR B 0 R
&% X T FIIACDO, iZ4% il 45 AN 6L & PLah i v, 42 1
QY G . T IRIE SIS 0] B — BobE, $a il
SIS FITACDO AH ).

ARCESO (adaptive robust controller with extended
states observer): H Yao S5 £ H (1936 T4 5KOIR S M
DU ) 3 B 2 T 8 3 P 1) 985 11 O R AR
BT S D ), R B )2 I B IE R T
% AT TR
Zo = 0TG + &3 — los,

T3 = —lis,
(42)

1 . .
u = 7(92.’52 + Tod — ]{,‘222 — 373),
1

6= Proj;(I'Gz).

T ARUE SRS B — S, IR B SRR S5k, =
40,ky = 50,I" = diag([0.1,0.0002]),ly = 100,1,
= 2500, 5 FIIACDO — #. Z H 4 11 W H [F] #F i B
01(0) = 140, 6,(0) = 3.

ARC (adaptive robust controller): HL 78 ) 5 i 7 €
e ) 45, 428 ) 2% A0 2 B Al 1 E 985 49 3& 5 ARCESO A
[, (B R A S TR S W8, B w = (Ggag + doq —
kozo) /0y 51125 5 Bk B 5 ARCESO A

SEEG R HL T R T OLHEAT 6 B, Her T 1 g HL
W IT 21 = 10(1 — e~ ?)sin(9.425¢). 64 H T
THLLT 4Rp e PR R R 22 2k, B T 45 T 4R
FILSERH N RS EJGE 2 s MRS R Z ih 2k, nT LR H,
ARSCHTHE IR T IR 2R IR N 5 A B 3dE B 5
FEME e 1ozt kT2 T CE J Ul 0 B2 ) 02 i
& BT 5T CE JE I (1) B 1 B 5 S B S HUph ik
B ZAREFRZE SN ERE, FEIKT RAM
Mok 25 1 B T AR SR HH 1) I L 5 VR T T A,
SRR T R WS, TR T T RSk RE.
845 H T FITACDOTE Tt 1 T 4z il dis i o b4k,
S 6 I, AR A2 A ST P4 H P B I 2% 5 2
ARCESO H R F 4 SRR A M 28, 72 T 1 N 213%
ARB RFMER. & HT T T RrEREE I
it 2 e FE PR, 2R G Al 26 M R 2 (Stribeck R M7 AN
B 32, 3R G0 1) 2 AN T o 2 52 V) R B P i 1) 3 IR
AL, DA 48 50 00 00 25 B 47 R L0 48 1 7 AN B
A B, PRI 2% 35 O T v 3 2, 2 B TBOK R4t
H R S S EUE T L R8s B AR ML e g A T B
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= FIIAC
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E7 LRI THEHMTHIRRE2RIFIRERZ
10
s s
=
&
2 0
E
= -5
S
105 2 4 6 8 10
t/s

E 8 I.71 TFIACDO &5

N B IR AR AN [E] TR v RE, 2R 2
Fh TR 214 = 10(1 — e~*) sin(5.026 4t),
I HAEFE G A S AL/ IS d(t) = 0.5 sin(5t) x
cos(0.5¢) F TR ALLHL e A Al £E 52 s A A el 2|
B ASF 3. FEE RIS G ) RS BhE T5
FEUOR:
1 = Ta,
By =05 (u+dt) — Oxs + A= (43)
Oju — G5 + A+ 07d(t).

FAECT T 1, T2 B s 3 3 AR, &
BAR Lt R HE I S S AN R (RIS, AN B B AR
WAt — PR T RGMARBEESE. K TH 26
% FH TR FUA ST AT 19 11 38 L BV IR B s DL
N5 1 25

T2 T 4 Fp g ) 28 S HOE IS T 1 fREF—
B, e A RN 9 ~ B 11 s, i EoAs i T T
BL2 N AP H AR IR ER R ZE W 2 B 1045 H T 4 FhaE
FIAEH N RS a 2s IREAR Z 2k, A T &AL
Ja 1) % M, SR SCRR [28] HH iR 22 e KAE M. P
1B p FOFRE 2 o = AN BT br 8 S VP 4 P42 i) 4%
(PIERERPERE, HEAE B 11 s T ARl St Re B
B, M3 31 T LA, B A 28 5 47 A8 3 K 1 o 2t
BN A, AR SR I SV AT AR B i T2 CE 1)
3 M 2 il 835 % EE FITAC 5 FIIACDO F 4% il %%
PERE, 7T LU H AR ST H R LI 25 BE 8 5 2542
TE 2 45 1) BRI B, 2 B A ST T4 tH A HE 2 W0 00 #45 xef
T RGAFAE R S B A R I Ak v .
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0.25

0.2183 - ARC

== ARCESO

0.20f == FIJAC
== F[TACDO)

value/(°)

11 TOR2 T4 M 3R REXTEE

6 4 W

AN THLEAA IR RAFESHATE . K
BB SN AR B IX — Ia) @, 5 th 1 — M TR AR
FIR N5 AR [ 3 B 458 1 7 V2. 3 R 77 20 e
AR B M) AR S I& H & N VA S Hs
i, G 1 AR 7 AR ISR AR, LA, iR HA T VR
RGESHAG TR Z N FRER R 2 Sh A AR, A R
Pem T RGN ERE. FAh, A SCHE H RS
AR AL T RAE MR LB, PR RS
B P RE. A S B AR T AT i H &
ER R e T, T A 0 B R o0 L SEIG 3G AE T BT R
H AR RE b R .
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