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h 1-1. Search Problem

To maximize the probability of locating the target
(To minimize the time to find the target)
deploying agents with the resources available.

targetFELH T REERKITT 51012 (KRR T HEMER/NTH1=8H12)
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protection against submarine attacks
search and rescue operations ‘
detecting lost objects
clearing of land mines
location parts in a warehouse
medicines, mining, ...etc.

| 1-2. Method for Search Problem

James R. Riehl, et al., Cooperative Graph-Based Model Predictive Search,2007

cooperative search algorithm

plans paths and sensor schedules
for a team of agents

Flight paih £4

in finite time
target detection with probability one

Not consider agent system explicitly.

Concrete method for optimal sensing policy foime
is not proposed.

Not consider sensor accuracy.

M| 2-1. Motivation of this study

{ The subject

efficient search

H high probability of locating the target in finite horizon
B |ow cost for movement

B sensing policy

based on sensor accuracy — _

0 distance from agent N
O sensor performance ~»._~Sensing?
Q environment factor n”\/
B path planning ©'\ path?
| input input?

h 2-2. This Presentation

the concept (direction) of my study

one consequence for optimal search method with sensor accuracy

If a method guarantees a proposed condition,
then the target is found in a finite time.

h 3-1. Problem Setting

ypl environment : € C R? | convex

z:=|"r €&
Yp

one target
position : 2¢ € £ , stationary| —O
I I

lcenter of FOV :z oy () € 5|\_§,

field of view (FOV) : Z(zpov(t)) C £
| I

one agent /CéSensing!
position : zg(t) € &
# = Ax + Bu, == [zz L= [Zj




i 3-2. Sensor Accuracy

probability of sensing z accurately from za(t)with Z(zpoy (£))
pa(Z2(t)) € [0,1], Z(t) := [2,2a(t), zpov(t)]

{o if ¢ Z(zrov(t))
[paist (|12 — za@)|)] if = € Z(zrov(®))

pa(2(1)) :=

probability of sensing Z accurately
depend on the distance||z — za(t)]]
paist(||z = za(8)[]) € [0, 1]
1
eg. ;,8@
1 2°0.4

h 3-3. Sensing

probability of locating the target up to time [t

5(2)’}@) () 1= {1 T2~ 2% P el

0ifz # 2z

Pry1(2) target?
=1-(1-Pu(2)) (1 —pa(Z(t)))|| Yes:complete!

|:> P,H_lizi Z Pkiz

| The subject !

But, Z¢ is unknown to agent

target?
No: Py— Py

mh 4. Theorem 1

If a method (algorithm, procedure) guarantees

inf Po(z) >1a@s t—ty ------ 1)
ze€
or
inf Pr(2) =1 attimetg, ----- 2)
z€€
then the target is found up to time 0.
proof
1 = P—-1 = pEIP((=)—1
(- P(z)<1) Coo(z)=1)
2 = PRE=1 = i=z)h(z)=1
(- P(2)<1) C-o(z)=1)
Therefore, the target is found up to time . 0

| 5. Conclusions and Future works

|the concept (direction) of my studyl

agent system (dynamics, constraints)
1 sensing policy, path planning, input
O sensor accuracy (model)

!
'search problem

. finite horizon optimal control problem
algorithm > Model Predictive Control

one consequence for optimal search method with sensor accuracy

If a method guarantees a proposed condition,
then the target is found in a finite time.

| 6-1-1. Example (Problem Setting)

Pdist(J[z2 — za(D)]]) envin . 2

~ 14—z IP i Borele. £, ={1,2,---,10

zrov(t) = za(tg),t € [ty tip1 )R

Z(zalt)) = {z € &alllza(ts) — .z”.<\1'5\}

one agent

O/

NA
)\

\ 4

| 6-1-2. Optimal Control Problem

| optimal control problem |

attime ?y,
optimal  zrov (t), xz(t), fu(t), tE€ [ty trq1]
sensing policy path planning input

L} in this example
given =(tx) = [za(t), Za(tr)]7, Pr(2)
find w(t).t € [ty teg1), ©(tpg1) = [Zaltig1), zaCtig1) — za(t)]T

minimize
J(za(tp41)) = ft:kﬂ T (£) Ru(t)dt+Pp(za(tgy1))
= ¢(@(tr), ©(tg+1)) + Pr(zaltr41))
= 0(n)

the number of lattice point z € &,




6-2-1. Simulation 1
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6-2-2. Simulation 2
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Simulation 3
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Simulation 4
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Simulation 5

o o
o o
o o
o o
o o
o o
o o
o o
o o
o o

o o o o q
o o o o 4
o o o o 4
o o o o 4
o o o o q
o o o o q
o o o o 4
o o o o q ‘
o o o o 4
o o o o

L L

R =

—path
—field of view
0.0-01
01-02
02-03
03-04
04-05
05-06
06-07
07-08
08-09
08-10
10

mEEoEoOooooBoooa

0.001 0
0 0.001

a=-1

z(tg) = [6,1,-1,0]"

100 steps





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


