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Goal: Find u and v such that |rq(t) — ra(t)| — p. for a desired
pe > 0 and x4 - xo — 1, while compensating for additive and
multiplicative control uncertainty, delays, and state constraints.
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Our New Variables and Control Design

(p1, p2) = ((ra— 1) -yy, (r2 — r1) - 21) has desired value (p¢1, pe2).

pe = |(pet1, pe2)|- Shape vars: ¢ =Xy - X, S =Y1 - X2, 7 =21 - X2

u=ai(X1-Y2)+ax(y1-Y2) + as(zs - y2),
V= a(Xq- 22) + az(yy - 22) + a3(24 - 22),
ar =1, @ =~ (p1) + 52, a3 = —/(p2) + 3%, and (1)
(pi) = { EE(PI + 05/ pi — 2/)01) . pi € (0, pci)
£ (pi = pei)?, Pi > pi

New State Y = (p1, (, p2, 0) takes its values in X', where
(¢, 8,7) = (cos(¢) cos(8), —sin(¢) cos(h),sin(f)) and where
X =(0,00) x (—7/2,7/2) x (0,00) x (—7/2,7/2).



First Key Ingredient: Strict Lyapunov Function
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First Key Ingredient: Strict Lyapunov Function

p1 = —sin(¢)cos(d)
( = —m [omnsinQ(e)— ' (p1) cos(¢) cos(h)
+ arg sin(#) sin(¢) cos(8) + 1. sin(¢) cos(6)] @
p2 = sin(6)
b = amgz'g‘s((g))  (p2) cos(8) — .cos(¢) sin(h)

(= 101) + saspiae ) Sin(C) sin(6)

Theorem (MZ, SICON’15): We can build a function £ such that
U(Y) = —H,(p1) sin(¢) cos(6)+ 1, (p2) sin(9) + fo ") £(g)dq

is a strict Lf for (2) for the equilibrium & = (pc1 ,0,pc2,0) 0n X,
where V(Y) = —In(cos(0) cos(¢)) + hi(p1) + ha(p2).



Second Key Ingredient: Robust Forward Invariance

Y= F(Y)+ (o, (2—1),41(\/) + 1,0, (g—1)A2(Y) n (52>
G = (gnax — )G — gnin)§ (32 (NAI(Y) + 99(V)A2(Y))
where F(Y) is the right side of (2), G € Ig £ (Gmin, Gmax) is the
unknown control gain, and the right side of the Y subsystem is

obtained by replacing the controls by u/G and v/G.
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Y = F(Y)+ (o, (2—1),41(\/) + 41,0, (g—1),42(v) n 52)
G = (gnax — )G — gnin)§ (32 (NAI(Y) + 99(V)A2(Y))
where F(Y) is the right side of (2), G € Ig £ (Gmin, Gmax) is the
unknown control gain, and the right side of the Y subsystem is

obtained by replacing the controls by u/G and v/G.

We built compact paired hexagons S; containing £ such that
U, S = &, and sequences {04} and {0}, such that for all /:

(G1) for all constants |a € (0,01;)|and b € (0, ,/)}, the set S; x Ig
is robustly forwardly invariant for (3) and the disturbance set
D; =[—a,a] x [-b, b] and (G2) ..maximality of {0¢,} and {o}... .

RFI: {Y(t, Yp,0): t >0, Yy € Sj,0 € MEB([0,0), D))} C S;
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Our SICON paper proved input-to-state stability of (3) to (£, G)
on each set S; x Ig for each of perturbation set D; from (G1).

This gave 3D curve tracking and parameter identification that
was robust to uncertainty under tolerance and safety bounds.

However, the boundaries of our SICON paper tolerance and
safety sets S; converged to boundary(X’) as o; — +oc.

Our CDC16 algorithm allows arbitrarily large J;'s while keeping a
positive distance between the S;’s and boundary(X).

It scales the steering constant ;. and the penalty functions
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Thank you for your attention!



