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Case of Implementation of Automatic Planning for SAF

Jungyoon Kim* - Daehoe Choi - Sangjin Lee - Sunghoon Jeong

Our Automatic Replanning enables simulation entities to execute goal oriented behavior planning by dynamic
behavior linking. Existing methods especially in Semi-Automated Forces (SAF) are mainly executing strict plans
which are given at initial stage, thus they are not effective to cope with contingencies especially in a human in the
loop simulation where humans interrupt. Moreover, those usually suffer from explosion of behavior combination in
attempt to describe all possible countermeasures, and such combinations may be prone to being inconsistent to the
situations. Our method generates behavior sequence in which behavior are linked from the goal in the manner of
back-propagation. Each behavior has tags of pre/post-conditions. The tags are linked dynamically according to a
certain contingency. The method is being applied to a national defense research project to show feasibility.

Key words : Semi-Automated Forces (SAF), back-propagation, intelligent entity, dynamic behavior link
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Fig. 1. Architecture of planning technique
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Fig. 2. Behavior composition
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1. planned behavior “A" ("

enemies are few,
distance is distant

A: move ]

my appeared
atching rate i

2. “A" sustained (start condition is not met)

distanceis distant

[enem'es are few,

A: move ]

3. "B1” and "B2" in pool are retrieved
(the termination conditions of them are
similar to the start condition of "A”")

available fire support

selected
detour routes B2: detour |distance is distant
identified 8

[ar‘tillery support |B1: request | enemies are few]

4. select any of "B1” or "B2" if
its termination condition is
the most similar one.

Simple re-planning example
given “threshold = 0.6” and “"OR”

6. finally, suppose “comm’ radio
is available” is met, so C1 is
selected and performed, then
trace back to B2, then A.

Re-planning result : C1> B2 2> A

N\
K . selected .
comm' radio 1: receive | detour routes
is available information identified
E
recon' company C2: recon detour routes
available identified
A

5. retrieve other behaviors if cannot find right start condition
(detour route is not known).

Fig. 4. Example of Replaning
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252 - e - oA - N
tactical move * Charge and sweep
a few enemies fire no enemy
ies | detour &
no;rzhamy e no;hr;eDmy man;:qre;‘lngmles Request nopmam‘:’
not destination destination targets are near | support destination
many enermies .
AMD withdraw no enemy
targets are far _
Fig. 7. Cases for an behavior and its alternatives
Table 1. Simulation execution log
Cases Blue force Red force
a few [00:00:01] Simulation start [00:00:01] Simulation start
enemies [00:00:02] [Behavior commencement] move [00:00:02] [Behavior
[00:00:24] [Situation] Enemy detected (# of enemies is small) commencement] alert
[00:00:24] [Behavior termination] move [00:00:40] [Situation] casualties
[00:00:24] [Behavior commencement] fire occurred (dead)
[00:00:41] [Situation] no enemy [00:01:45] Simulation end
[00:00:41] [Behavior termination] fire
[00:00:41] [Behavior commencement] move
[00:01:12] [Behavior termination] move
[00:01:45] Simulation end
many [00:00:01] Simulation start [00:00:01] Simulation start
enemies [00:00:02] [Behavior commencement] move [00:00:02] [Behavior
AND [00:00:38] [Situation] Enemy detected (# of enemies is many commencement] alert
targets are && distance to targets is near) [00:02:31] Simulation end
near [00:00:38] [Behavior termination] move
[00:00:38] [Behavior commencement] detour
[00:00:38] [Report]  request support
[00:01:52] [Situation] no enemy
[00:01:52] [Behavior termination] detour
[00:01:52] [Behavior commencement] move
[00:02:14] [Behavior termination] move
[00:02:31] Simulation end
many [00:00:01] Simulation start [00:00:01] Simulation start
enemies [00:00:02] [Behavior commencement] move [00:00:02] [Behavior
AND [00:00:34] [Situation] Enemy detected (# of enemies is many commencement] alert
targets are && distance to targets is far) [00:02:11] Simulation end
far [00:00:34] [Behavior termination] move
[00:00:34] [Behavior commencement] withdraw
[00:01:55] [Behavior termination] withdraw
[00:02:11] Simulation end
chRE A= thAlE 4= Qlok Fig. 7 Al AU © “o1E S Hashal HME Al 7HA] 9] 5 shuis Al
oo mEE 5o 37k PAYYS HolEch WeF  esje] AASHES Sk ABE 7] N thresholds) S
Behavior Checker7} “o]5” 2J9(move)E A& %I3s} goto] Al ZHA AR S7E B ok WA R s 6t

7)) A4 bk o

178 BEI=

=X

Mstg

517 =H(“no enemy and not
destination” 2] AJ2}Z710]| A “enemy”7]— =251l g o]
A ARt RAES TSR] S5 AFRH) Behavior Manager

of A

et 21 U8=

¥ ANBIIT T ATHE Table 19] H2jsioich
Table 1 Fig. 794 Al 71 Aolad 21 7128 W

S W X WA AHoA] 712 A



2] Golg)), F ¥R AYE Ao A9y AxE B
ofFem, Al WA AL 3] 953 Aot} 5
Aol oAl A9t Hise d([Behavior
termination])°] A o2 Udojutal tiAsi$)7| 7HAIE
+= X <&(Behavior commencement)2 & 4= )t} Fig. 8
& sE) wolo] 3D YA YA AT Holch 2o
FATE 3D 7RSS FEl A fiet A e
weh AgH o2 ofet & glek. 2] AR W 4
o7} Hge YAk g Fulshe Ariem Qe
o) %& AP ML L G AL o
A&

e WY Qe

4. 2 B

& HA7E AR AARZ S HIN 719 24|27
HoRA A dEs Sl AR stofa oA X
gt SR e 4 =S ATk AAETHE 7
E9| HINo| 237} ol A& AAH 799 A3olA
AHsIAE HMab AR Aol e ted
& Aofslrlolle Aot 31 e itk ozt
542 fAIdS 7 AiAE] A RS SH
e o] 712 71E9] AsAIRlo] AE-d AA Bl
ZEHs oAl Aol diet 2HE viger YNE
gefohs HINZIHI QAFE Aol ARE 2o
B Fofste] A7} RS B o Addske &
gL 2t o AdAIF 0|5 gtk 5 HINS 917 43
SR olojzl= A7 ol A= ARk Aol Agiet
Rh, A7 A ARl a0l olofAle
A7} TRt Aol Asittal = 4 Sk

2 e A7 e SEAle] dege s fAY
Azl ez FHgstel Aldstglen, 11 A3t AAE 7Y
o] oA stofw ARl gle FWIRl diAsh=
S0l FoAH e Btk A7 Hot v A4
A NS 7hss sk A I AT 22 39t
7Fesfor s, 3 ¢l TAeIA o=fdt Fjad=go]
OFOIA| AL Qlrk. - oA 9] Kt ARl k&
el =l A4E AAst o she, E-E A ]9
o= #2, A, AY, o5 5o U3 Als 7IHEC]
Z-gHoloF gtk TR TAlA Hep o ARzl
ZHAIEE #13f o] F=sel Wit A5 skl vk

rir

10.

11.

12.

13.

SAFE 3t XISAHE7IE 1ol Al

References

. A. Ozaki, et. al,, “Design and Implementation of Parallel
and Distributed Wargame Simulation System,” in Proc.
of IEICE/IEEE Joint Special Issue on Autonomous
Decentralized Systems and Systems Assurance, vol.
E84-D, pp. 1376-1384, 2001.

. P. Pearce, et. al., “The Wargame Infrastructure and
Simulation Environment (Wise),” in Proc. of 7th In-
ternational Conference of Knowledge-Based Intelligence
Information and Engineering Systems, 2003. Oxford,
UK.

. D. Fu, R. Jensen, et. al., “Specifying the Behavior of
Computer-Generated Forces without programming,” in
Proc. of the 2003 Winter Simulation Conference, pp.
969-975, 2003.

. H. K. Park, et. al., “Development of The Distributed
Real-Time Wargame Simulation Using TMO Model,”
Proc. of the 98 Korea Society for Simulation conference.
pp. 13-22, 1998.

. S. B. Banks, “An Approach to Enhance Human Behavior
Modeling for Computer-Generated Actors,” in Proc. of
the 4th International SIMTECT Conference, pp. 199-204,
1999. Melbourne, Australia.

. D. S. Nau, “Current Trends in Automated Planning,” Al
Magazine, vol. 28, no. 4, pp. 43-58, 2007.

. J. Kim, D. Choi, “Implementation of Goal Oriented
Behavior Planning, Re-planning for SAF,” Interservice/
Industry Training, Simulation, and Education Conference,
2013.

. Daehoe Choi, Sanmin Lee, Sung Hoon Jung, “A Goal
Oriented Action Planning and Replanning method of
Computer Generated Forces in War Game,” Proc. of
KIIS Conference 2012, Vol. 22. No. 2.

. K. Erol, “Hierarchical Task Network Planning: For-

malization, Analysis, and Implementation,” Phd thesis,

Dept. of C.S., Univ. of Maryland, College Park, MD,

1996.

B. Kosko, Neural Networks and Fuzzy Systems. A

Dynamical Systems Approach to Machine Intelligence.

Prentice-Hall, 1992.

J. Orkin, “Applying Goal-Oriented Action Planning to

Games,” in Al Game Programming Wisdom 2, pp.

217-228, 2003. Charles River Media.

E. Long, “Enhanced npc behavior using goal oriented

action planning,” 2007.

Han-ha Yoo, Kyung-eun Cho, and Ky-hyun Um, “A

Cooperation Strategy of Multi-agents in Real-Time Dynamic.

H23H MdZ 20141 128



4 ® 2 (jkim@realtimevisual.com)

1997 Texas Tech Univ. A4k} &A}
2006 FTTSIEY HALSH A}

ol : EeARAA|, AZEo] Y ZRAL, AlE A

Z| i 3 (jkim@realtimevisual.com)

2004 Folojst AFE Tk} s}
2005~ 2] elefelu|zel e

THEF : AlEF O, ATAS, AZES S /Y

0] & Zl (sangjinlee@add.re.kr)

2008 el ARlEEh uhat
2011 Ssetedie A7

Aol : Y, ABdolY, 23Y B opluA, W AR

X M Z (shjung@hansng.ac.kr)

1991 gr=3s7]ed S
2006 Rr=asty)ad FEEAY

Thaltof © AeAlAE), ALEgES Hedt

=X

(130 JEENECIIEE




<<
  /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
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments 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
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 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
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /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
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


