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Development of contraction theory in system control and its applications

LIU Yan-hong"?, LI Meng-qi*?, LI Fang-yuan'2'

(1. School of Electrical and Information Engineering, Zhengzhou University, Zhengzhou 450001, China; 2. Henan
Province Robot Sensing and Control Engineering Research Center, Zhengzhou University, Zhengzhou 450001, China)

Abstract: As a nonlinear system analysis method different from the Lyapunov theory, contraction theory is developed
mainly based on the differential geometry and fluid dynamics, providing novel aspects and tools for the system control. In
this paper, we introduce some basics of the contraction theory, including the combinations of contracting systems, partial
contraction theory and control contraction metrics. Then we review some applications of the contraction theory, such as
analyzing system stability, tracking control, cooperative control, state estimation and learning control. The prospect of
the future development trend of the contraction theory is presented finally.
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(38)
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082 hai haa| |0&2
2 (39) 8 2 S BER A UAR R G i, ] R
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H(q)ai(v — qa) — H(q)§1 — H(q)az€2.  (40)
I WSC 4 I 28 77 42, 8 I s 3 B8 038 55 S o A o [
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W6 T R G I RO A G RIIE T S RS IR E
YE. FIA8, 200 2 48 1A B AN S EEAS e b &, BT DA
BT IR RRAE R R4 o AR T iz
ARG — Nk B H R RE 5 1T 52 brd 2t
RGP FE R Bh .

CCM 245 € AR 4 1 R G A AT 5B HRE0 SR
7R 53 2% A, BT AR (21) RTAE A i v BR R4 1) 2% 1 44
SRR N, B e iiE — MEREIE T (1) 5
SEBRENIE 2 (¢) B B 6 BR AR (M HLZR) ~(s), s € [0, 1], BP
v(0) = x*(),y(1) = z(t), L iZMH L2 R T HE M
FE ). SR G X 50 48 0u = K (z, u, t)0x W% %
Ry, TS S bRz il 28 A

u(t,s) =

u* () +j05 5u(7(n),%(ﬁ),v(t,ﬁ))dm, 41)
HREH:s = 0 v(t,0) = u*, s = 1Hfou(t, 1) = u. R
S, @) T i — P50

u(t) =

11 T O
w0 - 5 o908 ()0 Pas. @2)
—JBOR UL, Z I R 2 P S IR 2R Ak SR T b 2k
. IR PR 2T SR 7R SR AL T A e AR R N 4%
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UWIREER M p A1 B #-5ARE o To ok, ML
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u(t) = (0) ~ GpBTM(a(t) ~ ° (1)) (43)
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I 0] R, ] DA 1 % FRe PR AR e Ve R 4, a0 s
P R GE 400 N KR &5
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FRBE T T (1) 22 2 B A Z 46, WA B0 o0 T B I i 4R
ARG B &R 1, HLAS R i) e 38 sl A 25171, 1K
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e — N AEL IR 2 B R ik R4

Ei1 = hi(vi1) + Tz, (44)
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AL R GoIR Ak B — Sal o S 28, 1 o SR
7, R E RG RN N T
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SR 5 W 11 Finsler-Lyapunov BREUA
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1l 5 B AR AR AR SR B, T Lyapunov J7 75 I 75 22 2 A1
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oh (:) Se;  (46)




F3H

XL F KB E R RIER PO RER SR 725

B ZRE ST I A ISR S AT R S 3 A U s )
it
LALLM RS (1), RGN
y(t) = Cx(?). (47)
Hr:y e x VYER R BREL, C r < n 4E R FE, AR
Tl ERAS BT . SRS, FOU 28 mT LA
Z=f(@1)+Lly -7 (48)
Hod 2 AR, L on x r 4 0000 35 388 25 40
Fe, Hy = Cz. #F K, B4 1 & 40 (1) AL 25 (48)
R RGN T T LUE N
n=fmt) + Ly —yo). (49)
BRI, RGE AR ME R 8 (1) AL 3% (48) # A2 1% U
RAMFHE. BT IZEM RGN E Ny, = On, M
JEAL R Gt (49) AT LA — 25 R

i = f(n.1) + LO(a — ). (50)
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