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i Problem Formulation

2D Trajectory MPC-DC

e 2D double integrator model.

 Safely navigate (avoid collision with
obstacle) from start to goal state while
satisfying constraints (actuation limits).

* Both static and moving obstacles.

* Comparison of 3 three different
algorithms.

2D Trajectory MPC-CBF




Control Barrier Function
, C = {reDCR":h(z)>0}
° n
Defineset Cc D c R™. 9 = {zeDCR":hz)=0)
* Impose constraints to link control input to  1,t(¢) = (e DcR": h(z)» 0}.
safety constraints. <

* For a control affine system:

x=f(x) +gx)u
where a is an extended class K infinity
function.

sup [Lsh(z) + Lyh(z)u] > —a(h(z)).
ucl

Credit to “Jason Choi -- Introduction to Control Lyapunov Functions and
Control Barrier Functions”, YouTube
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nod 1: MPC-DC
nod 2: MPC-DC
nod 3: CBF-QP

* Met
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MPC-CBRF

N1
”:__t!_':lll kz” ((Zgoate — Tk)T QT goar ke — Ti) + teg Ritg)
Tpp1 = AgFe + Bgug, kE=10,..., N -1,
Leh({xg) + Loh(xg)u = —alh(z)) E=0,... N
E=0,...,] N —1,

s.L

. = =
thin = W 7= Tiymar,
L Lgtarts
L .|":;|.-a-\.j_|:..

where Lgh(xrg) is the Lie derivative of the function
hiz) along the vector field f, L h{x,) is the Lie
derivative of the function kiz) along the vector field g,
and v is an extended class K. function.

Algorithms

MPC-IN
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st Fpyy) = Agre + Byuge, kE=0,..., N -1
glrg) =0, E=0,... N—1
i = Wisklt < Ymaz, K=10,..., N -1
T = Tstart,
TN = Tgoal,

where g(xg) is the function that describe the euclidean
distance between the robot and the obstacle.

CHEFE-OF

. 2
wlr) = argmin = ||uw — k(x)|
ucRm 2 )

Lihiz) + Lgh(x)uw = —alh{x))

gL

where E(x) is provided from a nominal controller.
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Thank you !

Any questions ?




