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With the development of modern science and technology, weapon systems such as tanks, submarines, combat planes, radar

are also dramatically advanced. Among these weapon systems, the ballistic missile, one of the asymmetric forces, could be considered

as a very economical means to attack the core facilities of the other country in order to achieve the strategic goals of the country
during the war. Because of the current ballistic missile threat from the North Korea, establishing a missile defense (MD) system

becomes one of the major national defense issues. This study focused on the optimization of air defense artillery units’ deployment

for effective ballistic missile defense. To optimize the deployment of the units, firstly this study examined the possibility of

defense, according to the presence of orbital coordinates of ballistic missiles in the limited defense range of air defense artillery

units. This constraint on the defense range is originated from the characteristics of anti-ballistic missiles (ABMs) such as PATRIOT.

Secondly, this study proposed the optimized mathematical model considering the total covering problem of binary integer program-

ming, as an optimal deployment of air defense artillery units for defending every core defense facility with the least number

of such units. Finally, numerical experiments were conducted to show how the suggested approach works. Assuming the current

state of the Korean peninsula, the study arbitrarily set ballistic missile bases of the North Korea and core defense facilities of the

South Korea. Under these conditions, numerical experiments were executed by utilizing MATLAB R2010a of the MathWorks, Inc.
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<Table 1> Type of Ballistic Missile

Range North Korea’
Type (km) Missile
Short Range Ballistic Missile below 800 |Scud-B/C
Medium Range Ballistic Missile 800~2,400 |KN-08, Nodong

Intermediate Range Ballistic Missile | 2,400 ~6,500 | Taepodong-1

Kwangmyongsong

Intercontinental Ballistic Missile 6,500~15,000

1,2

oluj, ErulAld ] o]t ukAFHE A (RCS, Radar Cross
Section)©] "¢~ S0l wel HoldE Fa o= ©HA,
FAste] aAskE WA o] watd WA A= AR ¢
Fo] V&S Fow 3 gBRualde F2 AR A
Z 7|F 0% <Table 1>3} z+o] B-F3ITH7].
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&= AAskE Jidelth A=wols 7 ARkl miAkd
WA A NFom o} 5] Fo H7P7|WHALA, AL
A, A 5o 7AW S A 8] 918 Tt
H Ae] ghemjabdo] s Sl mwaly] o] JE
ZlolE WAt g 22t vALY(ABM : Anti Balli-
stic Missile)S o]-&3}o] 5ol 2.73}= 7fd o]t} o]
= 8A4AH weh genjabdo] WAty & x7|H|
(Boost Phase)9} &= HA|(Terminal Phase)2] A 3L% ol A
8438 st AA, FHAAl(Midecourse Phase) &

= W71 drell A a4 sks AF ol Al
AR AT =8 AL BAAAE T T
10~30km®] A aLkeo A @A dk= st A Aol &

=



100 Jae—Kwon Kim - Hyeonju Seol

o= M-S Aastst

o

y ‘%5.. =! { OCC™_pgiaue ko

3 arly Warning Ridar@) /ln[, o <
N2

i -
r i -
L e
Enemy"sﬂ{sﬁc
Missile Launcher

‘OCC: Operations Control Center

sy
regin, ©
p'ord,,';4

Patriot’

e,
o

KDX-III

<Figure 1> Korea Air Missile Defense System
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<Figure 2> The Concept of Engagement Possibility Review
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<Table 2> The Parameter of Missile Trajectory Coefficients(«, 3)

* Formula : a=alea2L+bleb2L, ,8=a,lea*L+bleb’L

Coefficients a ar o b

a -0.0974 -0.0262 -0.0215 -0.006
Scud-B

Ié] 2.75 -0.0323 227 | -0.00246

a -0.0955 -0.0208 -0.0177 | -0.00435
Scud-C

Jé] 2457 -0.023 248 | -0.00174

a -0.0152 -0.0062 -0.00426 | -0.00149
Nodong

B 41.44 -0.0164 1.797 | -0.00059

Kim et al.[5]o] A WA/ e B3 W
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(11)
(12)

X=R.(0,— P,)n/180]cos [(O, + P, )7/360]
Y=~rI0,—P,)m/180]
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<Table 4> The Core Defense Facilities in South Korea

Category Core Defense Facilities
Airport Incheon Airport etc. 10((D~10)
Harbor Busan Harbor etc. 4(0~19)

Operation Forces | Air Force Operations Command etc. 16(05~0)

Government Agency |National Assembly etc. 12(ED~@2)

Research & Industrial

Daedeok Science Complex etc. 7(d3~@9)
Complex

Power Facility Shin-Gori Nuclear Power Plant(&0)
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<Table 5> The Defense Possible Facilities by Candidates

. o . i k| .- | 282 | 283 | 284 | 285 | 286
{Table 3> The Coordinates of Missile bases in North Korea - -
o . . Transformed 17 0 1 1 1 0
Missile Base Latitude | Longitude Coordinate(km) - . N 1 1 1
Dongchangri 39.65 124.70 (588.18, 366.57) n 0 ] i ] ]
Jungju 39.69 125.20 (532.46, 362.48)
Mooncheon 39.25 127.35 (29327, 411.22) 20 0 0 0 0 0
Gitdaeryoung 38.94 127.68 (257.05, 446.47) 21 0 0 1 1 0
Cheongjin 41.79 129.78 (23.10, 128.44) : :
Joongkangjin 41.77 126.88 (346.11, 131.61)
Youngjeori 41.26 126.89 (344.43, 188.43) ] o B
Moosudhan 40.94 129.68 (34.39, 223.43) Z, 17H AT A LS T = e WEE ]
Gihari 38.52 127.11 (319.87, 492.41) YA = 283 ~285H Axtoln, 284 AR} YA AAE= 17
Ducksonggoon 40.94 128.07 (212.90, 223.76) Hdl?‘Ei 19@1}_ 21H1j @']/E]IHJ_ A]}é%% 301_01 ::-_]- 3,: 9,)]\];]'
Gusung 40.52 125.34 (516.84, 270.43) - g W A Eolah 6 Aol Al Al
Pyongyang 39.07 125.83 (46257, 431.16) TSk 2840 Axbeh 2850 Axl= T AAgoAA
T2 ol g gl 7 9A 5 2831 0] Wold
Seluebel A A QAT Y, Fag, Qi AAYINEES B xgen vk we B
7F AT 2 AAduA] T Fo FUPNAA, Fo o 4% FAAEES Woldttgs HA AXE A
AAANAT} Z8), AeAH D 4 B 5o AR 5 & AF WeEdE Hasteto] AT ¢ e g2
& EFehe] <Table 4>5F o] 503S AAHATh of T F Arh ARNA O, A 3G =0l Aol wfe}
E3h Google MapS B3l AgHRE 5agov, = 2o WEEUE wiAste] AAd AT AEES
b Fe NSRS ghekete] AR AR AA F RF Yolshe AYa BAE JuH AR B4
e AFEHA 9tk Al AgE Ak
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A 3278004 AAE FE|RF ] HA & FA ]
3k 32 Math WorksAF2] MATLAB R2010a X2 130]
Al A F3F= Optimization Toolbox 2] ‘bintprog’ &t W
5 AHEskath ‘bintprog’fj/}h oG AY Al
o3 Branch- and Bound &35S o]&3ato] HA & Al
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oF|
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% (DM means core defense facility () can be protected by n air
defense artillery units.

<Figure 3> The Results of Numerical Experiments

DRIEEE!
3 WANs AE 89S 7|
adta, A7 A Y

ARy gHe obdES RASA = e A
Ao A o] ThA]o| mel WS fls W E)
A 7F aeE 5 9ok o] Jide WE gl &
Gt e UetEnAtde] 94 AFgES vgoR
HEaA 28] M FAZ vy = gy =g 2
AT e A3S 7Hgste] S g uALd ol A A7t
A&kl & skl AdelA o] Foxitt AT 1
o] St ot AFERe Hainto] ol Ao} Fa A
2 5o T FAEE digk dA|, 2Ela AAH o=
grraide] wroz FAT 4 e AFA st
Algke] AlgtA A e AES 18T o FFFHko] Bt
o] ofyz} AFwojo] digh g% Ha= dfa 9k
References

[1] Choi, Y.B. and Kim, K.S., Algorithm for Fire Sequen-
cing Problem in Unplanned Artillery Attack Operation,
Journal of the Society of Korea Industrial and Systems
Engineering, 2012, Vol. 35, No. 2, pp. 37-44.

[2] Google Map http://maps.google.co.kr.

[3] Jung, C.Y., Lee, J.Y., and Lee, S.H., An Optimal Missile
Allocation Problem for Maximizing Kill Probability,
Journal of the Korean Operations Research and Manage-
ment Science Society, 2010, Vol. 27, No. 1, pp. 75-90.

[4] Kim, EK., A research on the Future Direction of Koran
Missile Defense System : Focused on the Concept of Active
Defense [master’s thesis], [Seoul, Korea] : Kookmin
University, 2011.

[5] Kim, H.S., Kim, K.T., and Jeon, G.W., A Requirement
Assessment Algorithm for Anti-Ballistic Missile Con-
sidering Ballistic Missile’s Flight Characteristics, Jour-
nal of the Korea Institute of Military Science and Tech-
nology, 2011, Vol. 14, No. 6, pp. 1009-1017.

[6] Kim, M.K., A study on the Development of Korean
Missile Defense system : Focused on Preconditions for
Building a Missile Defense System Around [master’s
thesis], [Seoul, Korea] : Hansung University, 2013.

[7] Kim, T.W., A Comparative Study on the Ballistic Missile
Defense System of Japan, Korea with the Emphasis on
the Active Defense Concept [master’s thesis], [Seoul,
Korea] : Kookmin University, 2011.

[8] Kwon, Y.S. and Choi, B.S., Analysis of the Flight Tra-
jectory Characteristics of Ballistic Missiles, Journal of
the Military Operations Research Society of Korea, 2006,
Vol. 32, No. 1, pp. 176-187.

[9] Lee, D.H. and Jeong, S.J., A Study on the Influence



104 Jae—Kwon Kim - Hyeonju Seol

of Defense Acquisition Speciality on Project Perfor-
mance, Journal of the Korean Institute of Plant Engi-
neering, 2015, Vol. 20, No. 4, pp. 49-58.

[10] Lee, J.Y. and Kwak, K.H., The Optimal Allocation Model
for SAM Using Multi-Heuristic Algorithm : Focused
on Theater Ballistic Missile Defense, IE Interface, 2008,
Vol. 21, No. 3, pp. 262-273.

[11] Math Works, Optimization Toolbox ™ : User’s Guide,
2014.

[12] Naver News, http://news.naver.com/mainread.nhn? mode=
LSD&mid=sec&sid1=100&0id=001&adi=0006174597,
2013.

[13] Presian News, http://www.pessian.com/news/article.html?
no=117536, 2014.

ORCID
Jackwon Kim | http://orcid.org/0000-0002-4222-2766
Hyeonju Seol | http://orcid.org/0000-0001-6953-9766




<<
  /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


