Rendezvous problem

* A target vehicle A is moving in y, direction, with
constant velocity 7,

* Our vehicle B is moving in y, direction with constant
velocity ¥V, (Vs > Vi)
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Rendezvous problem

* According to their relative velocity they will be be abreast of

each other at time:
Y,

tp=
VB —Va
* The goal is to design the trajectory for y, direction to
rendezvous at this time
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Dynamic of the vehicle

The vehicle has constant velocity in y, direction

The dynamic of the vehicle in y, direction obeys
Newton’ s Law md = u

This dynamic can be expressed in state-variable form

=Looler [ )

Where z=[d » ] withd(t)and v(t) = d(t)
representing lateral position and velocity

Design of Digital Control Law

First, we discretize the dynamics (note that A% = 0)

x(k+1):[(1) }f]x(k)—I—[hh/Z]u(k)

Modified cost function with new term for final cost

J_le( N)Qoz(N) + = Z{x B)Qua(k) + 7 (£)Qau(k))

Cost Function for our problem
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LQR extension

* With the new extension to what you saw before

* Optimal control algorithm
1) Set final conditions and K(N) =0
2) Startfromk =N
3) Determine R(k) = Q2 +T7S(k)T
4) Determine M (k) = S(k) — s(k)L R~ (k)T S(k)
5) Determine the gain K(k — 1) = R~ (k)T7 S(k)®
6) save the gain K(k — 1)
7) Set S(k—1)=oTM(k)® + Q,
8) Setk=k—1
9) Go back to step 3

Back to rendezvous problem

We set time steps as h = 0.2s

Simulation is done for N = 25 steps

In cost function we have :
100 O 1 0
QO_[ O 100]7@1_[0 1]7@2_[1]

We apply the optimal control steps



Control Input

Simulation Results
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Intersection

* More complex objectives
* Decentralized versus centralized approaches

Navigation Function

Initially proposed for real-time collision avoidance
[Khatib 1986]. Hundreds of papers published

A potential field is a scalar function over the free space

To navigate, the vehicle applies a force proportional
to the negated gradient of the potential field

A navigation function is an ideal potential field that

— has global minimum at the goal

— has no local minima
— grows to infinity near obstacles
— is smooth



Potential field
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Experiments

e Navigation function method applied to the same
problem of coordination of vehicles at an
intersection

Navigation Function: ¢; = A1 ||d; — dm'H2 + Ao Z Cr(d;) + A3 Z B(d;,d;)

Kinematics model: d; = —u;
i

Control law: u; = —V g, ¢; This control law drive us toward local minimum
K

of the navigation function using gradient descent

Potential Function
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Simulation with two vehicles

* |In this case, the vehicles stick to their lane, so we
don’ t need the term for avoiding obstacles

* As every vehicle is moving in one direction, dynamic
of the vehicles could be represented in one

dimension.

* Modified navigation function is:

¢ = M ||d; — dri]|” + Ao Zﬁ(diadj)

J#i

Simulation with two vehicles

{ &1 = M|l = dp||” + 22B(ds, da)
do = A1 ||da — dr2l|” + A2B(d2, dy)

|

C.l.l = —2)\1<d1 — drl) — )\QM
d2 — _2)\1(d2 — d7~2) — )\2

0d1
a/B(dQ 7d1)
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Simulation with two vehicles

* One can define beta function as
follows B(dy,ds) = —(2L — dy — ds)?

* Minimizing beta means
maximizing the distance between
two vehicles dz_'i

T
I
I
I
I
1
1
I
I
I
1
r
1
I
I
I
I
I
I

* Navigation equations could be
rewritten:

dy = —2X1(dy — dy1) — 2X2(2L — dy — d)
dy = —2X1(da — dpg) — 222 (2L — do — dy)

* Note that the two differential
equations are coupled

Simulation with two vehicles

Z—dy+ds [ Z =20\ — X2)Z — 8Ly + 2X1(dy + di2)
Y=a—d Y =2\ + 2\ (dv1 — dy2)

suppose that A2 > \;

1
7 = AgeV202=2)t L B o=V2(e—A)t _ TE )(—SL)\Q +2X1(dr1 + d2))
2 — A1

Y = Al sin( 2>\1t) + B1 COS( 2)\115) + (drl — drg)

A1, As, B1 and Bs could be computed from initial positions and velocities of two vehicles

Z =Y
Z+Yandd2: 5

Then, we can compute d; =



Simulation with two vehicles

Both vehicles start with
zero speeds

A1 = 0.2
Ay = 0.3
dgoarr = 16
dgoar2 = 18
L=5

Simulation with more vehicles

* Decentralized coordination of vehicles could
be implemented for more vehicles




