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The Effective Method for Changing the Resolution
of the Grid Environment Data
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ABSTRACT

In counterfire warfare, it is important to detect and attack enemy targets faster than the enemy using sensing
The grided environmental data is usually provided by the numerical simulation coupled with a data assimilation
technique and various inter- or extrapolation algorithms, both of which are based on the observation spanning from
simple equipments to satellites. In order to employ the gridded environmental data in the M&S system frequently
cutting area and changing its resolution, interpolation algorithms such as linear, cubic spline, IDW, and Kriging
methods are necessary to apply. These methods, however, require much time in the M&S system. This paper
introduces a technic to reduce time to change the resolution of data. using the binary search method, which finds
a point to interpolate quickly and interpolate data in the vicinity of. We also show the efficiency of proposed

methods by way of measuring the respective elapsed times.

Keywords : NetCDF, Interpolation

1.ME A Agehs FAlolth e E BIIAIA M&S B

A5 el Ao Eﬂﬁ‘} NEAAE BT S A S

A A lEENY, 7IPhe A= I3RS AdlolH el tigh &8=7t Fobdrtal e FAlolth

v, ARSIAOE Ztol A SAUolEE AEUl Aol olgA IME %é HolE S oA A &&3517] 9

MM ARTY Bl ge dE wEo] I3

+ 20139 19 249 H4~2013d 39 159 74];( 20 olty. eyt tiF-E¢ HolEZl A t&F

* A" A A AT A TIWAA L OJEIZA g E Righe] AlTte] Q) 743]71] o 2

** S8t AT 4 (ADD) =EoAE AAE tlolH Y =S Al a&HQ
AAAA} : 737 (cj81@samsung.com) HrokS A|otaie},

= AL E 7] 8k E] 2] All6A A2E(20139 4€) /169



2. AXr Aol

NOAAG A QIEU ol 37/1¥ oz AFg=He
ZJd]o]E]= netCDF(nerwork Common Data Format), Grib,
HDF(Hierarchical Data Format)s A%, $1%, Zo], A]
HAEE 02 /IAe AAF ] di&FtolEleth
=AM E olF 71 %ol AMS-E<E netCDF 4|
A o] E AME-Slt}. netCDF+= array 7]¥ke] =}
dloleE AAsle Holg Zholri!

o fo iz N

Fig. 1. A example of netCDF format

3. offAt= Bt AT2E AN

2 =24 adE w s fE ARgee dag
Fo oS 2

7t Multi-Linear 27

Rick Wagner7} 2270$+ multi-Linear Interpolation
& AH&Et T ke AE B A¥ 5 E 5
3 e Zeth the2 nakd vlolEdA] FH 9
P& o] &3l e il WS HoFgll
y=x, * Nj+taye Ny+...+z, N, (€)]

<, No2 O 2

(g — 1) » (g — ) o = (a1 — )
]\/;l:( 11 12 21 22 11 12

Ty _wm) * (45'21 _w2o)““ * (%1 _xno)

L. Cublic Spline E7ZhHH
FH g AA2gA B 8l 33k vk

170 / =AM 8 783 2] All6H A25(2013 49)

e
2 o)g3tel AT WHolth ol HAs) F Flo|
R gl olaElE gro] BeE olgdel WIS
T Aol

ct IDW H7HH(Inverse Distance Weighted
Interpolation)
HAAH 77k QAL 2 AEAE RS
3l BZPHolt)h weight fucntione TR2-3 Zth

[ Rh,
Wi= n

R—h]- )

E[ th ]

Jj=1

o, RS BT 74 A7t @ E9
Yoli hi BIAHI 2 EAES} A

ok

p,]

=

kv
Suf )

E
=

2}, Kriging 27HH

Kriging2 BIIAAH F29]¢] do]Efe
9] weight function®l <]+ HIHgke
[4]

o

Multi-Linear$} Cublic Spline<
Zo0]3L IDW/Kriginge $1%] 7]4ke

gl

4. ¥2| Mgt =2} binary SearchE 0|2st
Hio}
O e

netCDF= A8 HolHE $13F XS F dimension
£ FTH3tE HolHE o]Fox] Utk HlolHo &
dimension®. 2 AL, FEE Ax, Y=, 1%, A
7+ 202 23} 3, 42459 WG FERE FHo| Uth
e Variable®] HIoJEl= Apglo] F71g wet 718t
HrAHoE AAA drh dF 5ol A&, 9% 100x
1002] dlo]El7} zlo]Z 100, A1 Fo2 100] S35t
Al =W variable2 < 10,000,0007) 2= dlo|E 7} HaL
o8 Ax = Y& ZoZ 2uATl AT ZHI=
71E dlolg 4ujel] sjFst= dolEl7y A2 WA st
A At} o] Y= W3 A HA Time Complexity=
o A3 Aok

[e]

Time Complexity = 40,000,000 x T 3)



Stk ARG E|olEE ol

42 Bhe@ delr s A
- de e A9
o

7t el HMst dER

Alzre]l Age T8 99 B2 dojg ] < 9l
ok e B3F AH =2
olElE o]&3te] Akt ’5‘}1 Hd A=A HolEZE &
7¥etoll wet e ARk o7 F7keHA #
o} IDWe} Knglngwl A0 FS YA7HHY] g
ToEAN WHT XY 5" &
AaL fdole] Mo e FAHske WA =
A4 ¢aelE adE AAE o8 dHeolgd HE&
Al =W BE H oigt AYE <
AlZro] g Tk

I3y IDWY Kriging®] €aE]&e 7}7]} 274 9]
el v & 7HEAE
st Tk HAE= %}?ﬂX]E A|§
H FPATE dEHY, BE 9
ke I frAke daks 4SS Blolth
ool 2" A717F 49 9=
& ”o}Jr—r 2789 JEAE ol &

_IIEF

AT WBe] HEH Wt AT

£ ANHAY e AY AN AAsel
Atk ARelelE ) ARE AR, E, A5, AR
Zo] Fe MRS £A2 A

< Ut} binary Search L EX< LH%‘ '}—.—/] sorting
| dolEolA defe] HolHrt EAshe fAE W
2ZA = otk gAY HeolHYd Af T3
A7de] vlolEE FRlste] vl HoJE Bt & B
ymx 939 dolegt Hlwsla, 2 A Y|
=] diolHvt Hlwgro A Hla vlo|Ee] S+E
71802 Zole WHo|th squential®] ¢ N7i<
tolHE ¥wd w H) N Hlwsjef &b, binary
9] A BE 7ol U3 log nHOZ Hw3lFT) 5
HEoh 53] dojo] A gk FAHoE B 4
g5 AR Al sequtial WM defe] A Sl thsh
Ha 1HeA Ho NH gaoz Hasier) B
3, binary Wk X FE§lel 4 log nol A
A BFE e ARE JHEA o ol ™S
352k gho] LEZ wjdel AXEHy] A HelE H
WIFE HAFE o Aot} Sequential search®oh2
% 93] vlwdfokslt, binary searche] 7% 33 Hlu
g B3 9XE FA "ok

_ H=ww .
=0 @6 © 6 ©¢ © o o
® & ®@ @
® 0 @)

k s ,,%I:'EZ{I@%@
® @ © O
@ @ o O
® @ @ @ ®¢ @ ® @

W 27 =axd

I1I5I7I I I I24I [als] [2]s]r]e[s[a]=]e]a]s]
N\ : 2 |2 |32)|a |2
sl {al+]

il 2 93] I 4 3]
<Sequential Search>

<Binary Search>

Fig. 3. A example of the differece between seqguential
Search and binary Search

E}ﬂ/l de B3 daugs: ¥ We] A -

Table 1. The checklist of method per the algorithms

Fig. 2. A example to use the range-limited window

L}, Binary SearchE £3t 9Ix| EHY
He Alg 9295 FL3517] i Tk o
7HAE 4 defek @tk ele] HelM 2

F QA 7] g8 mE 4 2o sl A

H|X st 2l =< | binary search
Linear X O
Spline o (0]
IDW O O
Kriging (¢ (0]

A=A e )88 2] All6A A2E(20139 4€) /171



5. Aleidnt

Ag87e HP 7600 2D workstationd PC(CPU
: Intel Xeon E5507 2.27Ghz, 2.26Ghz, RAM : 6GB)Z
Argglom, SFAAE window 7(64bit)©| TF.

A@AE F4L dlFA T2AE netCDFIY 2 4]
Ak 20504 25%, A% WEF 1405004 1455
AEE FE3 F 60x60x30(HE HOJENFExAE
o BN AIZFA AN G =3 108000702 87}
A2 T

SHAe A= A= wEFe g 717 on) H=EE Ut
AEE = Ao, o] A9 F &3] do]
H NS 119x119x30(91 %= HI°lE74=xd = H o] E7)
AR o2 F 424830707 A2 St

G AFHE Y=g Aolze 2F A" A
£ 9ulele A= 77t WEd 4ol ol & B
AEg Abo|= 5= datahe A7hiako g 5719 o4F
A& AHETE oju]gith

=

AL EEEIDEE
o ABEA ¢

s o 22 A ApolE HolA "t

174

o Iry = o 4>

A

sequence binary

aaY

Fig. 4. Time costs per searching methods in linear

interpolation
binary ZAHoko] 30% 8L ATHES JHA S-S
RolEeh gagel @ A7 Aole glenw A
Eacia=y
L} Spline &X2|& Aot

[ele)

j=jnu

spline Y12]E5S 2+ A9 Ale]= 5, 10,

172 / =7 11 87|83 2] All6H A25(2013 49)

15 359k 9= vHE A 23S vl

ot

Rl

(o I = ot 4

nowindow
CSPIES

Fig. 5. Time costs per window sizes in spline

interpolation

A= Aol= 59 s} A= vAg AE s
W08 o) At BEE RelFT. W olele] 1
¥t ol EYAtE Ao ot gles HolZeh

=T

=57

A= olsn

Fig. 6. The comparison of results in spline interpolation

ic

ch. IDW ¢32|E Z
02 IDW e 5& 247 A= Afol= 5, 10,
15eob Awg WAL Ao AgARES HlwE )

ot

400 +

T30
all

=

Mg

Hs \

S 00 T
= |

0 _F_",__';P__ri__m“‘*m__

5 _7__17%7___’—v——

10

-302

Ly

nowindow

15
HEL Mo|=

Fig. 7. Time costs per window sizes in IDW interpolation



Rt A EolHE o] 83 3

A= Ato]=7F 10014 152 A W] AQA
7ol ol ZA] Fot, Alo]z 59U wel 1S wie}
HlaEtH Ao sou7bEFe] A&S HAF T
a9 AEfAtol= 5 w9 A= wHE A =
g AnE 89wk oo}

=57 =L gg

Fig. 8. The comparison of results in IDW interpolation

=S 0)HE A YA PRo] Tg B3 et
e @gol HolA:, ST wBel sEAE 2 %
o1& HefFAE et

2t. Kriging ¢112|& 21t

52 Kriging %}3’—31%% Ztzy Q=g Alo]= 5,
10, 159 wje} 9 v Zg A9 AQAI7HS Bk
agjz ot}

=T ES nowindow

Fig. 9. Time costs per window sizes in Kriging
interpolation

A Ao]= 59 Wt A= W2 E A Lo
b Aol of su) FER Vbt QRS Apol= 15
A VA G A Fol7h 24 L Kriging Wl
o SJEAE AT ol Eapste] Aol
92 HolEE AM8EA weom s wskE

EO _1]1 49‘ |-'\1

A Age] B84 e AT

= dgEt teel age 4§ Aolz 59
S A=S WG A9 Y FAE welFed)
AR AY Aot Yee @

N on, Y
1 Jo |o

S :57)

L=l |

Fig. 10. The comparison of results in Kriging interpolation

6.2 8

AAHolHE YT WE A dHolge Fo=E <
3 22 AZko] AQ¥HTE B =#o] A|Ust= binary
searchs B3 B AHS w2 A 23, He Al o
T o]&3te] JEA Aoz YT W &
[AIHE GEde 2FE 7HAsT

AFHA dGHolEHE 283t dT wEst=
A ggdlolHE A A & AAE T}
T AUtk 2y 1YY HE Bt sk AR o
A= S 1[I ALk FAX o)1, AHAI
AgdlolEZ} 77 A9 dolegtd HA Y|
oJHE AHE3 ZH} F AtolE HolA stk £ =
o] Ajete Wehs o83t GaE|Fe] FAAT
S Zole Fo] ¢duFFS E&3te ol Yo F&F
Aoz HQIth

3 7|

A
o
L3
1o
2
3

).
L
]19(_,

}4
r3i

o

d
L
E
>
s

References

[1] UCAR Community http://www.unidata.ucar.edu/

A8 71688 A Alled A2E (20134 49)/ 173



[2] Rick Wagner, Multi-Linear Interporlation, Beach Cites Vetterling, Brian P. Flannery, Numerical Recipes in C,
Robotics FIRST Team 294. CAMBRIDGE UNIVERSITY PRESS.
[3] William H. Press, aul A. Teukolsky, Illiam T. [4] Geoff Bohling, Kriging, Kansas Geological Survey.

174 / b1 A28 71&38k3] 2] All6d A25(2013' 4€Y)




<<
  /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


