Reaching a Target inside a Denied Area:
What is the Optimal Control Strategy? :
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taking too much time.
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Research Aims
Our goal is to
1. Understand how to control a mobile agent to reach a target enclosed within a denied area
with time and energy considerations.
2. Develop a systematic method to find the optimal control strategy to perform such task.
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Problem Formulation

Denied Area Target Area

to tr — to

 Assume the mobile agent has a continuous
time, linear time-invariant dynamics.

« Assume no measurement is available to

the mobile agent inside the denied area.
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minimize the cost incurred outside and inside the denied area.

minimize
tO’tfau(')

subject to

where

Consider the motion of a mobile agent in a 2D plane. We formulate an optimization problem to

E., [CO(ZE(O), Uo, w|0, tol, to)

+ Ci(x(to), ui, wto, ts], ty — to)]

t(t) = Ax(t) + Bu(t) + w(t), x(0)
u(t) :{ Uo(t), t € (0, o]

u;(t), t € (to,ty]
x(tg) € 0Dpa

z(ty) € Dra
0<to<t;<T,

Dpa = {xz € R*: 21 Dz < o?}
Dra ={z € R*: 2" Dz < §%}
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D= Dy >0
{Ozxz Osz !
0<o <.

This work is supported by Air Force Center of Excellence: Nature Inspired Flight Technologies and Ideas (NIFTI)

.

Shift to to 0 and use ¢ to denote %i for simplicity.

Assume no perturbation W inside the denied area.

minimize
tf7u(')

" Current Focus: What happens in the denied area?

The cost Ci incurred inside the denied area is composed of control effort and a time cost p(ts).

.+ ¢ s an increasing function to quantize the probability of missing the target or to penalize the case of

/0 f ul (t)Ru(t)dt + ¢(t )

subjectto  #(t) = Az(t) + Bu(t),z(0)

CC(tf) € Dy
0<ty <T

N

6

Note: :
This formulation of the inner part

problem guarantees the optimal

exiting, the target area at the
optimal terminal time t7.
Such entering behavior is correct

according to empirical observations.
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3. The optimal control ©*is obtained through p*:

2. Use t} to solve a convex QCQP problem with optimal
solution P* being the optimal landing position in the
target area. This problem is the finite dimensional dual

problem of the minimum control effort problem.

u*(t) = —R—lBTeATt?A—l(tj:) {

' Results: Optimal terminal time and control

We can find the optimal terminal time ¢; and control ©"in the following steps:
1. Solve t; such that J*(tf) + ¢(¢r) is stationary at ¢} .

J*(tr) is the minimum control effort for fixed t7.

minimize
Ly
subjectto 0 <ty <T

J*(tf) = minimize
p

subjectto p € D},

J*(tg) |

Wﬁ(m;

J*(ty) + o(ty)

(p—ps)" AT (p — py)

B

P —Pf

AT AT (p* — pf)}
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i Future Work

3. Conduct tests with quadcopters.
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2. Study the cost incurred outside the denied area and complete the whole problem.

1. Propose an iterative algorithm to find the optimal terminal time t; with convergence analysis.
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