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Refined Anti-disturbance Control: From Disturbance Invariance to Adaptive Variability

XIE Yi-Jia' LI Wen-Shuo® ZHU Yu-Kai® CUI Yang-Yang' GUO Lei"?

Abstract Anti-disturbance is one of the basic themes of control science and intelligence science. The principle of
disturbance invariance has been used as one of the design criteria for anti-disturbance control methods for a long
time. However, the control cost caused by the principle of disturbance invariance design is often ignored, and the
limitations of system software and hardware, including the constraints of actuator and information topology, are dif-
ficult to be satisfied. To this end, this survey proposes the design idea and principle of adaptive variability under
disturbance based on the principle of disturbance invariance. The main implementation methods include: Disturb-
ance deeply-coupled modeling, disturbance resistance/availability quantification, composite anti-disturbance control,
active and refined disturbance utilization, and anti-disturbance capability quantification based system reconstruc-
tion and optimization, etc. On this basis, the ideas of system evolutionary design, evolutionary intelligence, and in-
telligent system engineering are further proposed. The dynamic adaptability is improved from the integrated per-
spective of “task goals-disturbance factors-system resources”, and further achieving closed-loop behavioral and mor-
phological evolution. The principle of adaptive variability under disturbance breaks through the barriers of the tra-
ditional principle of disturbance invariance. It realizes the theoretical leap of refined anti-disturbance control theory
from “anti-disturbance” to “disturbance recognition” and “disturbance utilization”. It provides new theoretical sup-
port, research perspectives, and technical approaches for refined anti-disturbance control theory and intelligent sys-
tem engineering practice.

Key words Refined anti-disturbance control, composite anti-disturbance control, disturbance utilization, principle
of adaptive variability under disturbance, intelligent system engineering
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From disturbance invariance to adaptive variability and system evolvable design



10 44 W5 S R AT T IR —— AT PAN AR B3 I ) A2 3

PEH — PR TP 28 4, BTk v e 2k
PER G A3 DL T A A P 45 SOk [31]
FEHRE S HFEL M R AN DOBC J7i%, Rl sL
UG AR LM R G S PG v RME2. STk [19] XF
DOBC A BARFIB T 34T T 2718, 38 T
N FH W 2 RE, KA T IEEE Tk
T “Popular” & 55— 4. Ciik [32] $&H B Pidtizh)
R, LA T RN H PR AT PR AR
FHEE 0 e n W, IR TP A AR R R T
PridE Bz #] . DOBC. ADRC, #2F M T A —
AMEH Z TP ) FAE S, @ b vk ek

TR e Mz, A B S T PR B,

AAERS, T REM R 8 R (PR O T 4R35
A, ST AT PR A PRI B2,

SKhr ARG, TIEE RAWE L2 RKE (ZIH).

Her 2 RN (). EIEBRAE (M) M2 a7
AR 200 R 3 T B M R ) D7 9 o DA
T MM IURE, S EER R BAT € (RS
PEEROR ST 1, IR KRR _EHIA) T R EREREE— 20
Tt

1.2 ZETHREGNESEHIEE

B SEBr |G Z VR L TS A
BE M, SCHlR [39-40] B e T ZFE T RGN
B ARz (Composite refined control, CRC)
Hig, ARAFEEGE 2 ERTIES (Composite
hierarchical anti-disturbance control, CHADC)!"™ ",
HETHIEH (Composite disturbance filtering,
CDF)™\ ghas A E P (Dynamic closed-
loop uncertainty quantification, DC-UQ)"", JE Rk
T B AR5y B AL T -H R RMES / SR / PR
THAA-E B e NN S A B SR AE 4L,
Horh PR e, KA T2 3R AT iR, DC-UQ
=¥ CDF Ml CHADC [ 8 6 5 48 LRE 9 % .
CHADC HAG“XDO+YC” (X BT 3 +Y A
Pt a8) Gk WA AT Z IR, TR K
FEOEREAT [F b A, B RAFHh AT 3
BUAREVE, OO R N T A BRI i /146 ) 2 B e Ak
R 0] 7 DL RS MR LT LT Se i
I S TR 2 CRC BB FE DL X
T AR

1) AR FEAL G5 — R BT LR Rl b, %8
TP Z U T SR RPAE, R AR oy 2 Y5 5 o
T @ —BFETIHE RGRE. A 2
it DL FAth RO RS S RRAE, TR BN 2 TR
e+

2) flitt: GG AR I v —/

R E i, CHADC f1 CDF @it 78 40 # H T
R BRHE, SEIZ IR A TR A 55 B Ad T

3) il AR AL Gy 5 fMeE B A 4
CHADC 74y FIFHFI E S5 BRF I H AL A 2
PERI BN AR, ST IR BRI A i
P RGE N

4) 43T BIAREE S E S R e vE . AT dE e, al
PES BT R B 6 P SR A R 0 20 1, M D s e
PRSI ANT RGEMRER RS, CHADC #1 DC-
UQ Hit¥ it — i) 2 TR et (T
M R AR e ) FHL TR (FERRS R (AT s
PE) FTHE L o T.

7 CHADC Jiikiseih v, SR 7 AR 4+
PoRAE S a3 7 50, fEFHAME R ) 3 —2
2 L8 T MM T S AME BT, E vk B2 A i
PRSI T Z YRR AT R A ME RG] 5
EGFIRMAZB VML, R T EF 5 AT
BORTH BRI THLRE ), $2 5 T I R AR RE
PEFIEREYE. A SO/ IR B R ER B, B ST
T BE S A RE W A BERE AT <P T LA ) i)
B YN 7 s 7 v R E RS R 7 AR e B

2 NFHATMREN AN

21 FHAZHEMNSERE

AR TTIRAZNEAEN KIS A S
£ S B BT AR AT B, (B Bl T R A 42 A A AR 4
B B, PP T PO T2 R
SR RE RHAE. B, 2 R R, e 3
7o NAHLSE I A2 KUPIE BT 75 0 R AL U {5 2 2R 55 25 1
n, SR AR IR RS AU A .
R, AT WU AN TP BT 75 1) e S /e R A
EN 2 MESAT PG IRFE FEARH AR . 4, £ Hizh
PR AL, I S AR B IR 1R R AME
TR BN FEALAR R A R, XK 3 BUR LR
TORE BN, PRARASBUR MRG0, BLoh, A2
7= A R 0T R R R R AR O SRS L SIS
TR R A XE DA R B RETC N RS 4 A
BEAG G H AR

i J7 T, T PURME P o A4 % )R] R
HPATHURI B LR, JEHA LTI B B K
AR IR BRI, ZOR R G 4R R T IR
FEDEE b LLSEIL. fldn, 7823 R K AT 2 5013
RERE T, 9 AMEE K BH 6 5 45 AR T4 0 HE RS2
B A KHE AT RE BT RR ki B K 70 T N\ A
WA, FHCRATRESIREMN AL ERE



S 51 &

TEVR REHEFF T PA AL NE T 75 B ME HI AR,
EAREPATHUR SFERECF SR 4 T-IA R BT B AT
SEHELIE AR BBk, ARG A AT TS TP AN AR P v D)
ARG HAT IS, RKRERBTIMALIERREE, K
B PP R RE ARG, ACH S B B IE R
S T IRAL BT oK, e BRSBTS AE
T4,

MEFFENNET

Wi AR, EH A AL
BT T KRR BE I AR SRR ). I
VREIAR, IR SR 0 AN % T 1 R R,
BT 10 R B AT A A £
R I 36 2 B AR AL B A5 b, BV 40 E R
R 3 R PR BT IR0 1R i S 6 7
JR B2 T B 9K i ) e B, P R R R,
B0 R WA AT RERE, DATE /b 1 i B 5 A K B
BRI 19280 TCATR TR P 8 5
P KA, TR RBER <R R K
LFO10 K47 455502 P i — (72 LR E L A M
78,

355 b TSR, 97 8 A A DI B
BEAT S (DA 2. ARTT, B 0805 5% % ALK L 4
LR, G (L Gl R B HLIGR
R HLIEE T+ R 5 3R B W 75 N 0 55 9
LRV B GO SR £ 5 M TR ), AT
R T 55 13 B/ M A A S R G
HERTALAR HL ET, BEHLIEIR 2 A R 4
S CL R KSR ), MBS PIE (5 B
SRR (0 BB IO 7 1000, 360, FE R e
37, 355 4 0 2 7 R0 L S
(R BE 00 FHRIN 36, (RBERAR TR TR, AT
IV LS R A, AT DU 5G
KT L B S B BT A 0 T AT S
CARIFH, % 72 T4 A0 ol B L0020 BB ok
YA, 2 AR T RN Bk
I 13 A — A A 1 38 P

e SRR RIAT: TR B AR,
W TAEFR S, RFES T RS, WA T
W PR B BRI A R I R IR
R AGS THORMMLE RO E R, B, nf b
hE. TR, (U T/ T VA VS I FE B 2 1
X, R G A G TR S
I B 2 FE TR

FHRERA LM
TR L 76 e e v 4

2.2

2.3

BA. FL b, TN RGRE IR R EEH
FH, ALY REA A T 28] H AR se B,
I, RS R Gt 5 0 B, A RO BR
S ALY B bR, TR ARYE R vEREfR bR TG
SRR S LS 2 TR, KT HUR /A /4
AT A NEE S, RIER A s TR =
Sy, Bt BT sh A& B )+ A BT 20, SE
ARG RE RS B P AR T, B IE B AT AR 1

BT B AR, AHSRHIE TN SR To A Bz )
SEN SR 7RI SRR ik, B
ARAELR H — RO BT P I N AT AR PR BT AE SR, AT
15 A BA AT R 58 AR () Ll f 0t 2020 3 G i 7
FFHR N TP /4] /A - A AL
()T P38 o] AR P HE AL THHE SR (Principle of ad-
aptive variability under disturbance, PAVD), 1
B 2 fros. Hor, THOIARZ I8 T IR AE LK
ST FEIE LT EAENK RGRE ) &
o, R 780 ZE RS0 TP T A48 B
fiE, J7 Al SEBLCPYPREE T Ty “PIAR &7 1 TR
FHRCR; Hok, g5&TFHNEE S, SEB ar T
A 7 TR B 78 73 U, A IR AN R
B[] b k2 A0 4 ) 60 7 QAR B, AR A B AT 55
S5 H AR KR, nf e LU BR 08 I3 R g R AL
SCILE AL,

FHER AR RN
FHRN AR AR R
Ak || e
Fiimmas | a;ﬁa;&m R
AL | —— e
RGpTh | AT =
e B fl
A B HF PR P FHEM A
B2 TG M B A

Fig.2
adaptive variability under disturbance
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Typical applications of active and refined disturbance utilization
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