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Optimal Search Control for Moving Target

FL seminar Background
Search ProblemSearch Problem

To maximize the probability of locating the target
deploying agents with the resources available.

protection against submarine attacks
detecting lost objects

limit control energy consumption
take account of agent system explicitly

Approach

Objective

formulate Optimal Search Control ProblemOptimal Search Control Problem

provides its approximate solution

The effectiveness of the proposed method is demonstrated
through a numerical simulation

Optimal Search ProblemOptimal Search Problem

＋

Optimal Control ProblemOptimal Control Problem
limit control energy consumption

maximize the probability of locating the target
Problem Setting

for Motionless Target

for Moving Target

Conclusion, Future Works

Outline

Problem Setting

observation time (obs. time) :

agent system

obs. point
waypoint

the set of obs. points from      to

position：

Problem Setting
search area：

sensing accuracy

obs. level

good bad

the importance of search：

good bad

( large → important )

search level

target detection
with probability one

( small→ good )
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Problem Setting

for Motionless Target
formulation
approximate solution
simulation 1
Receding Horizon Control
simulation 2

for Moving Target

Conclusion, Future Works

Outline Theorem 1

is monotonically decreasing with     .

target detection with probability one

Theorem 1Theorem 1

proof:

iff

compute search level                at time 
for Motionless Targetfor Motionless Target

Search and Control
optimal searchoptimal search

minimize search level
optimal controloptimal control

minimize control energy
tradeoff

rearrange taking account of control energy
get optimal inputoptimal input to minimize control energy

optimal search controloptimal search control
get to minimize search level

Optimal Search Control Problem

s.t.

Problem 1 (FiniteProblem 1 (Finite--time Optimal Search Control Problem)time Optimal Search Control Problem)

It’s difficult to get global optimal solution!

get local optimal solution
relaxation optimal search problemrelaxation optimal search problem

Solution Algorithm

→ gradient method ：index

rearrange to minimize control energy

approximate solution : Ant Colony Optimization
enumeration method→

→

Simulation 1

agent system

random walk based method

select

0 40

40

0

randomly
discretize
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Simulation 1

proposed method random walk based method

× ×

path obs. point

initial position

Simulation 1

search level                at the sum of control energy

Receding Horizon Control 

at time

Optimal Search Control Problem

horizon :

at time
horizon :

same above …

・・
・

Simulation 2

proposed method random walk based method

× ×

50 steps

Simulation 2

search level                at the sum of control energy

Problem Setting

for Motionless Target

for Moving Target
formulation
solution algorithm
simulation 3

Conclusion, Future Works

Outline
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Search and Control

compute search level                   at time 
for Moving Targetfor Moving Target

attention : suppose

optimal searchoptimal search
minimize search level

optimal controloptimal control
minimize control energy

tradeoff

Optimal Search Control Problem

s.t.

Problem 2 (FiniteProblem 2 (Finite--time Optimal Search Control Problem)time Optimal Search Control Problem)

It’s difficult to get global optimal solution as well as Problem 1.

get local optimal solution
relaxation optimal search problemrelaxation optimal search problem

Solution Algorithm

→ gradient method ：index
1.

at time

2. rearrange
to minimize control energy

, and

get a round path to minimize control energy

3.

×

at time

Lemma 1

Lemma 1Lemma 1

proof:

(1)

(2)

(3)

(1) →

(2) → obviously by (1)

(3) → obviously by and (1)

at time                  ,

Theorem 2

Theorem 2Theorem 2

gotten by using Algorithm 2
is one local optimal obs. points of Problem 2,

proof:

by Lemma 1 (3).because

So .

so that,                                     .

Simulation 3

proposed method random walk based method

× ×

20 steps
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Simulation 3

search level                  at the sum of control energy

Proposition 1

Proposition 1Proposition 1

Suppose
and .

(as                 )

I have not proved this yet …

Conclusion and Future Works

formulation of  Optimal Search Control Problem

reduce computation time

search control under non-convex state constraints

Conclusion

Future Works

its approximate solution

The effectiveness of the proposed method was demonstrated
through a numerical simulation

pursuit

theoretical verification


