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1. Consider the following uncertain nonlinear dynamical model of a vehicle:

x x —vsiny + w
x= 1|y |, x=f(x,uw)=| 7 | = v Cos 1 (X0, Y0, ¥o) = (0,0,0)
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e Control inputs u, v y

e Source of Uncertainty: disturbance w € [—0.1 0.1]

* Obstacle: X,ps ={ (x1,%2): 0.25%7 —x{ — (x, —0.5)* 2 0 } Yo[=7777°C |
\ 1:-;
! >
X0 X
e Motion Primitives :
151
1) l/); = O' V1 = 1m/Sr U, = —SO(l/J _ IPI), 2) lp; = ﬁ' Uy = 1'5m/S' Uy = _50(1/) — l/J;)

45
DYy =05, vi=2m/sus = -S0W ) DPi=To,  vs=3m/s,u = 500 — )

Check the safety of the given motion primitives.

Hint: Similar example on the page 33 of Lecture 8.
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2. Consider the following uncertain nonlinear dynamical system

ro(k +1) = z1(k)xa(k) + u(k) + (0.2w(k) — 0.1)

* Source of uncertainties at time k:  (x;(k), x,(k), w(k)) € Q, = {(x{, x5, w) = 0.1> — x? — x2 — w? > 0}.

* Goal Set: Neighborhood of the way-point (0,0.5), i.e. a ball around the way-point
Xsare = { (X1, x2): 0.2 — (x; = 0)* = (x,—0.5)* =20}

e Robust set for control input at time k :

Ur ={u(k) :x(k+1) € Xgase, Vw € Q. }

i)  Find the inner approximation of the robust set of control input Uy using the SOS program with relaxation order d = 4.
ii) Obtain the Robust Set using Monte-Carlo Approach.

Hint: Similar example on the page 64 of Lecture 8.
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3. Consider the following uncertain nonlinear dynamical system

ro(k +1) = z1(k)xa(k) + u(k) + (0.2w(k) — 0.1)

* Source of uncertainties at time k: (xl(k),xz(k))~U([—O.1,O.1]2) wi~N(m,o),m € [-0.1,0.1], 0 € [0.1,0.3]

e Unsafe set: Xops = { (x1,%2): 0.32 — (x; —0.2)2 — (x, —0.3)2 >0}

e Distributionally Robust Chance constrained set for control input at time k:

Upr = {u(k) : Prob(z(k +1) € Xgafe) >1—A, VN(m,o)} A =0.2

i) Find the inner approximation of the set Upp using the SOS program with relaxation order d = 6.

i) Choose a control input u;, € Upg. Using the Monte-Carlo approach show that for the chosen controller the following

result holds true: Prob(x(k + 1) € Xsafe) >1—A

Hint: Similar example on the page 121 of Lecture 8.
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