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ABSTRACT

Presented in the paper is a procedure to extract simplified triangular mesh from a height map
(terrain data). The proposed algorithm works directly on a height map that extracts a simplified
triangular mesh. For the simplification, the paper employs an iterative method of edge contrac-
tions. To determine an edge to be contracted, the contraction cost of an edge is evaluated
through the QEM method. Normally, an edge contraction will remove two triangles sharing the
edge. Although the edge contraction can be implemented easily on a triangular mesh, it is not
viable to implement the operation on a height map due to the irregular topology. To handle the
irregular topology during the simplification procedure, a new algorithm is introduced.
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Fig. 1 Height Map
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Fig. 4 Quad-tree based simplification of a Height Map
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Table 1. Comparison of required memory sizes

Caption Contents 100% 10% 1%
Number of triangles 209,581 20,958 2,094

Fig. 8 |Memory size of a triangular mesh (KB) 10,223 1,024 101
Memory size of a range image and a flag map (KB) 707 71 7
Number of triangles 1,949,239 194,923 19,491

Fig. 9 |Memory size of a triangular mesh (KB) 95,003 9,522 951
Memory size of a range image and a flag map (KB) 6579 659 66
Number of triangles 1,576,268 157,625 15,762

Fig. 10 | Memory size of a triangular mesh (KB) 77,189 7,719 755
Memory size of a range image and a flag map (KB) 5345 535 52




138 P - AAE

4.9 7}

QEM<E Quadric error metrico] ¥ &3} %
HA o2 Ate]o] 7] wFol 3 SE7t W=
H =2 F49o A3E YeRdT o2l o]
T B33 QEMS g shge] we gk o
3 gHAIF o] Atk QEME RE Hol tisiA Q
matnx(16 doubles 64 bytes)S Alsl|oF St} 1
23 2 o] FZ|A oAl A X*«l + -9
szt QEMS] W=7 T2 Q matrixs A4
317] 918k vl 22] 9} geometryS LFERY 7] $13) H|
282 UFo]Ath Q matricesE ¢35 vl 2=
=d = gl7] W&ol geometryE 913+ vl RS
Zol& Zlo] Fasith vl e SHI =S FHAA]

7171 $181A, & =22 UREAQ] triangular mesh
th2lell Flag maps AH8-3H3ATH. Flag map®] 7 A
2 0.5 bytes& € &2 3}, [bite triangulation®]
ERRIS A7e7] 218k A°]AL, 3 bits= merge vertex
_/] ] HPsk(merger vertex= 61-714 ;q‘_: m—sk)g
A 7317] 913+ o]t} Range image®} flag map=
R eSS o, AljtE = WHe e HE

W Z2]E 4.5%n bytes (=n*4 +n*0.5)°] ™, o] 7]A]
ne Ae| Fo|t}. Triangular mesh”7} 65*n bytes
(=2n%24 + n*17)0]8, 127] W] 71Ze] QEM
off wlal #Ate LdarejFo] wRe] Aol 14.4
Hj 7} AT},
5 B

2 =i AgHole Y destE 9% &
N FE AFEA) AnukH o2 A FHolE =
helght mapl 2 UERf o] A B & 12 Aol A ¢t

2]Z A height mapell thall 2 &3l==

’%ﬁ]E]ME}. 71EN %= A g olB S T3} A7)
= A77F JA R, -2 height map~ Az
O 2 vhr ol A Ses) darelES 286t
< WAjelth ol2fgk W o] EAIF- R A
Frilely o] At Ao v 7] HlolH
9 ”ﬂ—‘?’—ﬂ o] AUAA AXAM Tl A2HE
TAE k= Aol

O]Ei wAAE sd st flsiA 2 Al

+ height map& /}}Z}‘%}Qi A&s1A]
ol QEMS A& 9}% WHE

EM &

o olE 9 H/‘i_

. Hes

Ir

;0 b T
[T S

WA 2 3= topology W3t G HE #X4]5}
o] ™A ot} o]& 3 topology HIl ARES
5171 918041 mergere} mergee 73S =95
4 mergee”} T mergerS pointingdHAl 5FS
ok 2 A3 AHEE FAIEHA] 2324 height
map 7|¥tO.® TEsts ad A HA,
‘:’r'/v:i} ol frast A E deA &

pul
)~}\ AN q—

=]

#Ael 2

2 A= A% (UD100009DD), =834 3F
& T 2(UD110006MD) 2 3=+ A £H(2011-
0026545)2] APz FP=HAFU-

I
ror

ko

1. Hebert, D. and Kim, H., 1995, Image encoding
with triangulation wavelets, In Proc SPIE,
pp. 381-392.

2. Lindstrom, P. and Koller, D., 1996, Real-time
Continuous Level of Detail Rendering of Height
Fields, In Proc SIGGRAPH, pp. 109-118.

3. Sivan, R. and Samet, H., 1992, Algorithms for
Constructing Quadtree Surface Maps, In Proc
5™ International Symposium on Spatial Data
Handling, pp.361-370.

4. Kim, H. S., Choi H. K. and Lee, K. H., 2006,
Novel Evaluation of the Edge Cost for Mesh
Simplification with Vertex Color Attribute, Pro-
ceedings of the Society of CAD/CAM Engineers
Conference, pp. 764-770.

5. Kim, H. S., Choi, H. K. and Lee, K. H., 2007,
Mesh Simplification for Preserving Geometric
and Color Feature”, Proceedings of the Society
of CAD/CAM Engineers Conference, pp.253-
259.

6. Li, W. D, Cai, Y. L. and Lu, W. F,, 2007, A
3D Simplification Algorithm for Distributed
Visualization, Computers in Industry, 58(3),
pp. 211-226.

7. Lee, K. H., Woo, H. and Suk, T., 2001, Data
Reduction Methods for Reverse Engineering, The
International journal of advanced manufacturing
technology, 17(10), pp. 735-743.

8. Hoppe, H., 1996, Progressive Meshes, In Proc
SIGGRAPH, pp. 99-108.

9. Garland, M. and Heckbert, P. S., 1997, Surface
Simplification Using Quadric Error Metrics, In
Proc SIGGRAPH, pp.209-216.



A1 dlelee] 8

10. Hoppe, H., DeRose, T., Duchamp, T., McDonald,
J. and Stuetzle, W., 1993, Mesh Optimization,
In Proc SIGGRAPH, pp. 19-26.

11. Schroeder, W. J., Zarge, J. A. and Lorensen, W.
E., 1992, Decimation of Triangle Meshes, Com-
puter Graphics, 26(3), pp. 65-70.

12. Soucy, M. and Laurendeau D., 1996, “Multires-
olution Surface Modeling Based on Hierarchical
Triangulation, Computer Vision and Image
Understanding, 63(1), pp. 1-14.

13. Reinhard, K., 1998, Multiresolution Representa-
tions for Surfaces Meshes Based on the Vertex

139

Decimation Method, Computer & Graphics,
22(1), pp. 13-26.

. Paul S. Heckbert and Michael Garland, 1999,
Optimal Triangulation and Quadric-Based Sur-
face Simplification, Journal of Computational
Geometry:Theory and Applications, 14, pp. 49-
65.

. Jian, W., 2010, A New Quadtree-based Terrain

LOD Algorithm, Journal of Software, 5(7),
pp. 769-776.

TR

o

19944 g=3ebr|ae At
3 AL

1996 =el7led AHdst
I At

20008 SH=Elr1ey 2dE st
B

20049~3A) o}t gt A 1
A 2B Hase

A H-oF: Digital Manufacturing
System, CAD/CAM, CAPP,
Manufacturing System Modeling
& Simulation

4 3

]

1998 Mg T3l sjoFelst bt

2001 M-EThetal A|7-g7d s}
3 A

20013~ A =gl gra
i

#A] Eok: Defense Modeling &
Simulation, Weapon Systems
Effectiveness Analysis, Battle
Experimentation

Al6

2011 o FtiEha AR A~
B ek S}

2011 ~8A) ol gk 41958t
J,], A /K],J,].Z-]

FAJE-oF: Modeling & Simulation,
Defense Simulation, Synthetic
Environment, Dynamic Terrain





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth 8
  /ColorImageDownsampleThreshold 1.33333
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /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 150
  /GrayImageDepth 8
  /GrayImageDownsampleThreshold 1.33333
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /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 150
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.33333
  /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 (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /DetectCurves 0.000000
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /PreserveDICMYKValues true
  /PreserveFlatness true
  /CropColorImages true
  /ColorImageMinResolution 290
  /ColorImageMinResolutionPolicy /Warning
  /ColorImageMinDownsampleDepth 1
  /CropGrayImages true
  /GrayImageMinResolution 290
  /GrayImageMinResolutionPolicy /Warning
  /GrayImageMinDownsampleDepth 2
  /CropMonoImages true
  /MonoImageMinResolution 800
  /MonoImageMinResolutionPolicy /Warning
  /CheckCompliance [
    /None
  ]
  /PDFXOutputConditionIdentifier ()
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
  /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 /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


