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Abstract: The invariance principle is the basic principle of rejection control theory and the disturbance rejection per-
formance is the external appearance of the invariance principle. This paper strives to clarify the invariance principle inside
the dual channel disturbance compensation control, internal model control, disturbance observer based control and active
disturbance rejection control (ADRC), presents the intrinsic relationship among them, and points out that ADRC has a
three-dimension of freedom structure with two invariance principle implementations. ADRC utilizes the total disturbance
estimation and compensation to realize the invariance of the dynamical model of the generalized controlled plant and ap-
plies state error feedback control law to realize the invariance of the quasi-sliding mode motion. The invariance principles
depict the nature of disturbance rejection control very well, simplify the description of control theory and guide engineering
practice.
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Fig. 1 Structure of the general control systems
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Fig. 2 Dual-channel disturbance compensation control
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Fig. 3 Structure of internal mode control system
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e(t) = 0, MR RGHIHE LS (t) = OFEHe (t) IR A
VERHETE S5 (quasi-sliding mode)i&h, e (t)FRANHENT
L 55 ¥ (quasi-sliding mode band).

SIEILEH T fal BRI TERS.

I 1 ADRCHRIIEE Mal(2, a, §) KEL
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fal 0) = 45
al(z,,0) {z/élo‘, 12 <0, (45)
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Y
fal(zy + 29,0, 0) < fal(z; + |22], 0, 0) <
fal(z1, v, 0) + fal(|zs], av, 0), (46)
iz Mlzo AN, H 2| < 6.

W RRRTTE, 2 g(z) = fal(z,a,0), MK 5
BiEg(2) RTELLAN > BT SR 2L
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d?g(2) ala—1)z2"1 2 >4,
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HT0<a<1,d>0,H itfal(z, «,0) ) —Fr 2%
KTE, @R, M FHONTE TR, HEESEA
HEE AL FBRTET LS, WA

- +
2 - 2 s+

dz2 7 dz?
Rk, M2 > 0 B fal(z, o, 6) 2 M R £ FRHE %R 200
TR s AR, 24 2 < OB fal(z, o, §) 9 bR 4L
fal(z, o, O ) FEREA T8 LI PN A2 B 1 bR AL

MR 20 2y + | 20|53 A AL T 261 X FTHE LR P X,
LT DAy ARG O, WE B FE Rl IS 2 = SR st AT
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1) Mz M2y + |2 AL T 21 X (R B, 2R R
GEM R AR
g(z1 + |22]) = g(21) + g(]22]). (51)

2) oz A TEAEIX, Mz + |20 4b T AL X [H]
I, ARG PE e B
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90 + L0 ey 4z ) =
o(3) - 90005 ), 00
9(z1) + g(|22]),
HIES)
9(21 + [22]) < g(=1) + g(|22]), (52)
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d
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dg(6~ dg(6~
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WA

g(z21 + 22) < g1 + |22]) < g(21) +9(|22]), (56)
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WE H13(26)-(27)(35) FIA(36) Al f
6,(t) = €i+1(t), 1= 1,2, e ,N — 1,

€n(t) = Un+1(t) — xn(t) = in-&-l — Tp+1 — Up-
(57)

&R RGN T, EREHARAKG)F
Ja RN @3)HH

S1 = i ki(vi — .’Ifl) — i ki(vi — fi’l) —+
i=1 =

i=1

(Tnt1 — Tng1) =
ié ki(Bs — 20) + (Bpsy — Tns1). (58)
HILESO(3 1) FSt it 12! 2520147
0< ]9 < Zn:lk\x |+

‘j’;nqu - -rnJrl’ < €1 (t) (59)

FEARNEIEHI R Gh Iz H R, FEAECHRAKET)
FaEAAREHTE

Sy = anlki(fal(vi 2, e, 8) —
fal(v; — @i, iy 0c)) + (Tpa1 — Tpyr).  (60)
HIESO(29) AU S 1271l 1, FEESOZ AT — B it
BEAT |25 — ;] < 0, M 51 21X 46)
fal(v; — @i, iy 0c) =
fal((v; — 3) + (T — 3), Qi Oc) <
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6 HRA(60)H
Sy < anl kifal(|2; — x|, aesy 0c) +

(£n+1 - $n+1)- (62)
FFEHESOG0) RSS2
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i=1

|§3n+1 - l‘n+1| < 52(t)- (63)

(59 FI(63)H e, () Mley (1) FZRESOH R G0MR
A AR S A5 2 4 6 1 2R R AN AR £ 14 2
A, EAIME RGRENY RRERMM TR ZEBTE
T2 a1 i (1) — N A2 ARG, 4
K /N HLESOAIES O TAE 2 $ (hn s %) A 4% &
SIS A A 72 ; 1 SEF(34)MILSEF(37) ) TYEZ
HOrf e T Bk 22 AR I b PRtk 2R(43)
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Flleq () Jo eI BN 6 FE, & — NI AZ iR 4L, ADRC
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iEEE.
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