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h Background

—| Search Problem

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

B protection against submarine attacks
B detecting lost objects
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Approach
take account of agent system explicitly
limit control energy consumption

h Objective

Optimal Search Problem
maximize the probability of locating the target

Optimal Control Problem
limit control energy consumption

\

formulate Optimal Search Control Problem

provides its approximate solution

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

h Outline

B Problem Setting
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| for Moving Target

B Conclusion, Future Works

h Problem Setting

agent system

h Problem Setting

x(t)=Az(t) + Bu(t)

()= [zgg] position y(t) € R?

observation time (obs. time) :
tkbk:: 071721”'

obs. point Yx = y(tx)
waypoint x, 1= x(t;,)

the set of obs. points from p to g
Ypig 1= {yp' Yp+41:. -yq}

searcharea & C R2, z €&

the importance of search
S ¢(z) > O (large — important)

sensing accuracy € [0, 1)
good bad H2

py(llz —will) =1 — e Ml=—wi

obs. level € [0, 1]
good bad

Pz Vug) = [I »yllz=will)
Yi€Vpy
search level (small - good)
S(Vpq) == [ H(2)p(z, Vpiq)dz

PR target detection
S(a) =0 B i romabilty one




h Outline
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| for Motionless Target
0 formulation
O approximate solution
0 simulation 1
0 Receding Horizon Control
O simulation 2

| for Moving Target
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h Theorem 1

for Motionless Target
£> compute search level S(V1:.) at time ty,

Theorem 1
S():1.) is monotonically decreasing with & .
lim S(¥;.,)=0

k=00 =

target detection with probability one

proof:
SU1i1) = SO = [ #Ep= V1) fyma]) = 1dz <0
>0 >0 <0
S(¥ign) -8y =0iff p{z. Y )=0Vze

# | Optimal Search Control Problem

h Search and Control
optimal search optimal control
minimize search level S <:> minimize control energy

tradeoff Phigiis

S

S(V1pr)

tr, (737 t
optimal search control
|get V4144 to minimize search level S(J’l:H__Ir)l

rearrange J‘I_H -lf taking account of control energy

Problem 1 (Finite-time Optimal Search Control Problem)

Lt
- / k+ +1uT(t)Ru(t)dt
u(t)t€ [ttt 5] =0 I

stwi=yl. U {y}

ki

It's difficult to get global optimal solution!

relaxation optimal search problem |7

get local optimal solution

(), te [y tigy]

N . L . — v ':'i.!w'(_'l'! ,-_|..) e
get optimal input to minimize control energy Vigruiors € Kby == {.\ .-_.-_-H..-| e R }
h Solution Algorithm h Simulation 1
J?I—;-]:.H—a € Kppiihts Sl agent system £ =[0,40] x [0,40]
. 1 B 15 7 J index 00 1 0 00 =
~ gradientmethod v/t =y +a, i€ (k1 htf) 00 0 1 00 #z)=1
— B, - #H=15 0 1 o |*WF|L o|¥) =4k h=5
O Vi its 000 Ot R = diag(1,1)
rearrange J’I_H .-/ to minimize control energy zo=[12 12 0 0] A =0.02
- enumeration method O(f!) f=10
- approximate solution : Ant Colony Optimization O( f2)
* % *
Y Yisgor -+ Yy s
i 12 i 40 o
wlt) freﬁ[;?mf, b // u! (D Ru()dt random walk based method c
celttng s 2 L
G | i1 D=z €&fllz —wll <7 D/r\
K7 x, ;
= min [X] N [X} cx=| | (e = gl ag). tE [ tyal) i . . 7
X 2y &, discretize ¢ [
_ [iﬁ]TH [3} | Ui P Lﬂﬂ select Yi41€ D randomly \
Yits r =20 0 L=
0 40




path  obs. point

h Simulation 1

initial position
proposed method

random walk based method

Simulation 1

search level S();.1.) at ¢

the sum of control energy

at time £y
horizon : ¢ € [ty tigs]
Optimal Search Control Problem
u*(t),t € [tg, tk—{—f]
g

u*(£),t € [t tpga)

A%

attime fxp41
horizon : ¢ € [tgeq1. tigats]
same above ...
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h Receding Horizon Control

Vit2htf |

oy

Simulation 2
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f=20 X=0.05 r =15

50 steps
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proposed method

random walk based method

Al e

search level S().1.) at £,

h Simulation 2
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the sum of control energy

Outline

B Problem Setting

| for Motionless Target

B for Moving Target

QO formulation
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h Search and Control | Optimal Search Control Problem

for Moving Target -{Problem 2 (Finite-time Optimal Search Control Problem)

£> compute search level S(Vi—g:x:) at time £y, =T rprins
. )
attention : suppose f > g+ 2 min / uT (O Ru(t)dt
u(t),t€liptotpl ;20 Iy
optimal search optimal control i i . i i
. L Y=y, = = L{Yia1:4 V-
minimize search level S <:> minimize control energy SL=W '_L:[+1{y’ } rg]rnf Oktregr1V1:P
tradeoff —
S =<
S ; It's difficult to get global optimal solution as well as Problem 1.
L(Vitr:s V1) = ¥ S(Vigui)
i=max{ 14y 41} G
relaxation optimal search problem I
n get local optimal solution
th g tk+f ¢ - _ : 5 [PLY 1 et 1Y 1:) —
Vigruers € Kignsigr 7= { Vit sids By: = 0 € sk
h Solution Algorithm h Lemma 1
attime fq -| Lemma 1
1 yi:H—vJ € J'Clil-i-y ( ] ity = Voagy = = Vg = - -
asi.Y g
— gradientmethod ¥/ "' =u/+ 0 ;);,g” : Elm{j?(-"-l-w} S(V1114y) = SVoinpg) = = S(Mhg) = -+ --—- @
2. rearrange V.14, and Yoy = y1 Vigsk € Kpgete = {nfi‘”j# =0 vy €V r} --- @)
to minimize control energy i
E:> get a round path to minimize control energy proof:
z D) - YiV Vig1:i4g = Vipr:idg Y ¥idgett C Yidgtr = 9i)
attime tg, k=0,1,2,... Viits = Vifrsitoit 1= 1,2,...
3. Yidgt1 = Yie t=1,2,... (2) - obviously by (1) E> attime ¢ > tige S(J-';.._”:,«I.) = const.
(3) — obviously by Vi:14, € Kq:144and (1)
|
g=3
h Theorem 2 h Simulation 3
-|Theorem2 f=5 g=3 X=0.02 r =60
Vit1-1s gotten by using Algorithm 2 20 steps
is one local optimal obs. points of Problem 2, : ;
so that, }‘I_H detr € Kjﬁ—l—liﬂ‘-!*f- - _—
n n
proof: I = I- ]
Wi {kt1, ki) i o !- .
L Vg g V10) of D5V geir) k. s
e 3 — ' "
A if=man{ ity bt} et 't % .
=0 1D L] .M,p-:D m - ] uB mn £ M -]
& - g Lyl T
because "'“."-ir-’j-.- Y= 0w e (max{ita k1] k) by Lemma 1 (3).
So —]"I—H depf € K:L+1:H~I. . proposed method random walk based method




h Simulation 3

search level S(Vj_,.1)at ¢, the sum of control energy

h Proposition 1

-|Proposition 1

and T =ty,— 1.

z(t)=x(t+T)
w(t) = u(t+T) (ast — o0)

| have not proved this yet ...

+ | Conclusion and Future Works

Conclusion

formulation of Optimal Search Control Problem
its approximate solution

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

Future Works

theoretical verification
reduce computation time

search control under non-convex state constraints
pursuit

Suppose ti1 — t = b4y — by, £ =0,1,2,...




