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Flight control, mechanical systems, robotics,...
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Lyapunov function: Needed because of nonlinearities and
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Adaptive control: We identified control gains and curvatures
under input delays, perturbations, and state constraints...

ZP. Jiang, E. Justh, P. Krishnaprasad, V. Lumelsky, A. Stepanov
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We use Lyapunov functions for systems of the form Y = G(Y).

Nonstrict (resp., strict) Lyapunov functions are continuously
differentiable proper positive definite V’s that satisfy the nonstrict
(resp., strict) decay condition along all solutions of the systems.

Positive definiteness: V(£) =0, V(Y) > 0forall Y # £.

Properness: V(Y) — +oo as |Y| — 400 or as Y converges to
the boundary of the state space while staying in the state space.

Nonstrict decay: & V(Y(t)) < 0 along all solutions of system.

Strict decay: there is a continuous positive definite « such that
2V(Y(1)) < —a(Y(t)) along all solutions of system.
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Simpler 2D case: Boundary following with gyroscopic control.

Path of
robot .-~
X2 ’
Y1 X1
y2
Desired curve
ra I to be tracked

Zhang-Justh-Krishnaprasad, IEEE-CDC’04.

p = |ra — rq], ¢ = angle between x4 and Xa, cos(¢) = X1 - X2
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Curve Tracking Dynamics for 2D

p = —sin(9) -
6 =520 —uy, (p,¢) € X = (0, +00) x (~7/2,7/2)
Up = 5229 — 1 () cos(@) + isin(9) (4)

(p):<y{p+-§~—2po},,mzzdeswedvameforp (5)
p=—sing, ¢="(p)cose— psin¢ (CL)

V(p,#) = —In (cos(¢)) + 1(p), equilibrium & = (po,0)  (6)

Along all solutions of (CL) for all t > 0, we have % V(p, ) <O0.



Strict Lyapunov Function (Mazenc-M-Z, TAC)

Theorem 1: The closed loop system (CL) has the strict
Lyapunov function

u(y) =
—H(p)sin(¢) + 1 [/ y(m)dm+ T(V(p, 6)) + V(p, ¢),

where +(q) = 29205 4 11052 + 41, Y = (p— po, ),

4
r(q)=2q+9(2) ¢* and V(p,6) = — In (cos(9)) + h(p)
on its state space X = (0, +o00) x (—7/2,7/2).
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Theorem 1: The closed loop system (CL) has the strict
Lyapunov function

u(y) =
—H(p)sin(¢) + 1 [/ y(m)dm+ T(V(p, 6)) + V(p, ¢),

where +(q) = 29205 4 11052 + 41, Y = (p— po, ),

r(@) = 12q+9(2) g% and V(p.0) = ~ In (cos(@)) + ()
on its state space X = (0, +o00) x (—7/2,7/2). O
Uy (1) = V(p(t), (1)) (PD)
GUY(2)) < —0.5[7(p(1)) cos(@(1))]? —sin*(¢(t))  (SD)
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Unknown Control Gains (M-Zhang)

p = —sin(¢)
6 = 20 4 Ku, K € (Guin: Gnax) C (0,00) (7)
k = (K_ Cmin)(cmax - K ggu K € (lemcmax)

u(p, ¢, K) = —up(p, ¢)/K. Built strict Lyapunov functions for

g1 = —sin(q2)

= kecos(@e) K

q? T 14k(G -i-zpo) R+k b (8)
K = —(K+ K= Cu)(Cou — K = K) 5 22

0 K+K

i.e., the dynamics for Y = (&, g, K) = (p — po, ¢, K — K).
&r = (po,0). Strictness allowed a robustness analysis to satisfy
performance and safety bounds under other uncertainties.
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Field Work at Grand Isle, LA

Vehicle Info

Vehicle Type Surface
Operated Remotz & Autonomous
Weight {Ibs) 110

Launched May 2010

20 days of field work off Grand Isle. Search for oil spill remnants.
Georgia Tech Savannah Robotics (co-led by Fumin Zhang)
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Our Other Adaptive Control Applications
Brushless DC motors turning a mechanical load with uncertain
motor electric parameters including integral ISS analysis.

Variants for uncertain parameters P that enter the system in a
nonlinear way for curve tracking with unknown curvatures.

To also allow delays in state observations in our controls, we
convert our strict LF into Lyapunov-Krasovskii functionals.

We used artificial neural network expansions for extensions to
cases where the P need not be constant.

Joint work with J. Muse from AFRL on model reference adaptive
control to reduce oscillations, applied to hovering helicopters.
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Thanks for your interest!



