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Adaptive Control of Lorenz Chaos with Unknown Parameters

Adaptive Control of Lorenz Chaos
with Unknown Parameters

Lorenz System:

37.1 :H(IQ—.']TI}, (1}
Ty = ATl — T1T3 — T2, {2)
Ty = — T + T1T0. (3)

Unstable fixed points

(Blp—1))'7?
a=(a1,a,8)" = | (Blp—1})'7 |, (4)
p—1
—(B(p - 1))'72
b= (blzb2:~ b3}T = _{ﬁ{P - 1}}1'(2 H (5}
p—1
e= (1,602,037 = (0,0,0)T. (6)

Modified Lorenz System with
Control Inputs:

7 =a(: — o), (7}
Ty = AT — T2 — T1T3 =+ 11,
Ty = —fizy + T30 + o (9)

Selecting Invariant Manifolds,
Stable and Unstable:

Stability at Intersection of
Manifolds:
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Adaptive Control of Lorenz Chaos with Unknown Parameters

M,=MNM,={x€ R*: 5 —ay =0,53 —a; =0} (12)
Lasalle®™s Invarirant Set
Principle

Controller Designing with Known
Parameters:

Viz) = 367 (=)Te() (1)

Tep(z) + b(x) =0. (14)

Vi) = =470 jimy<o

m | _ | m—mms—m | | T2—a2
”_[ﬂz}_ [ —fTy + Ty T } T [53—03}' (15)

Controller Designing with
Unknown Parameters:

$i(z) = 5 — G and (z) =73 — 83, @ =\/I§(ﬁ—1}, a3 =p—1

V(. B) = 5" @ T(z) + T e (16)
e=8-8 f=[p BT fb=[p BT <T@ =1¢%1 ]

a{z2 — T1) 0 0 0 0
flmy=| —mo—mmy |, Fl@=|m 0 |, glz}=|1 0.

Iy Ty { -y 01

VimpB) = aBTT‘gii(f(mHF(mm +ycm}u}+aFT‘;i§é—eTr—‘é

— 47T %{ F(z) + F(z)d + g(zu) + 47T %F(m}e +§TT %J@ —&TT14,
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Adaptive Control of Lorenz Chaos with Unknown Parameters

©w =1, + 1.

% (fie) + P@i + glau) = ~T Y, (a7)
@TTf;—fgtm}uc = —%BTT%E??: (18)
%BTTgiiF(m}e _ T (19)

V= —gT <0

Control Inputs:

L1 AT — T1T3 — T2 _1| T2—a2
— = == - — T - 2
e [ e ] |: —fT3 + 172 ] [ : : ] ’ (20)

8 (f—=1) -
% | _ | T - o) ) Ty — B
e = [ oo ] - [ 2\,;*'_&5;:—1} 2‘;5('0_1} T [ 0 -z ] T [ T3 — a3 ] ’

(21)

Adaptation Law:

s e . |a
i-] 2] <o [thre

TT«,@:F[‘TI 0 ]T[“’ﬁ'a*]- (22)
{}

-3 T3 — a3
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Simulation Results

Simulation Results

Simulation Parameters:
a=10, p=28 A=8/3

143 0 105 0
Tz[ 0 {}.5{}]’ r=[ 0 D.EE]’

#(0)=( =20 -1.0 300)° (4 B, )=(330 40)
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Simulation Results
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My Simulations:

1) System with Fixed Unknown
Parameters

2) System with Fixed Unknown
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Simulation Results

Fadrdilieters diiud NOUiIsSYy oldlilce

Feedback

3) System with Fixed Unknown and
Time-Varing Parameters
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Discussion

DiIscussion

Why We Need an Unstable Manifold
for Stabilization?

& =a(m =T ) (26}
Ty = P — Tp — T1T3 + 1, (27)
T3y = —fizy + 172 (28)
V = 2l@s =) + 5(a= i + 3 (8- AP (20)
1, = — (T — 1Ty — d2), (32}
71 8(z2 — é2)
we = —F——, (31)
24/ B(p — 1}
bl _[(m-do)o
[B]‘[ 2021]_ (32)
A Bla—1)
To= | A=) |-
ﬁ!gﬁ—ll

Notes:

1) When the equilibrium to be
stabilized 1s a function of
unknown parameters, the system
stability 1s dependent on the
convergence of parameter
estimation.
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Discussion

2) To ensure the convergence of
parameter estimation we must
introduce enough i1nvariant
manifolds to excite the system
dynamics.
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