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Synthesis of Coastal Swell Animation Driven by Skeleton
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Abstract: The rapid modeling and controllable animation of large scale water surface and waves have always been hot issues in
computer graphics research. However, due to the complexity and irregularity of natural waves, the existing simulation methods of waves
cannot make a good tradeoff between computational efficiency and realism. In this paper, a technique is presented to extract features of
the wave shape and generate controllable wave animation rapidly. Taking the captured video of outdoor costal wave as input, this
technique first uses mathematical morphology algorithms to resolve wave’s mask and skeleton from water video sequences as wave’s
features. Then it employs these features to control the shape of waves by reusing of height field to generate various wave animations.
Consequently, the new method can produce controllable swell wave moving patterns under simple interaction with a small computational
cost. Experiments show that the presented method can generate natural wave deformation effect with a simple and intuitive control
process.
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Fig.4 Generation of height field of wave
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Fig.5 Procedure of the extraction of wave skeleton
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Fig.6 Result of wave skeleton
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Fig.7 Wave deformation guided by curves
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Fig.8 Effects on repair result based on different
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Fig.9 Transformation result of wave height field

9 PR EARLEE R

Table 1 Average time cost on different modular

R 1 ABPOP I FEN )

Jb AR FE S I (0] (BB /)
FK 3R T 5.884 9
iR IR AR EL 0.195
T TR AR AL 0.258 2

7B %

AN LA IR T AL A A il N 48 H o 1 SRR AR A 7 T 3%, T AR PR o B I VTR PR T

© PEFEERK IR s/ www. jos. org. cn



2610 Journal of Software #4F5## Vol.27, No.10, October 2016

i, 32 P32 UHS SR PR IR B A5 R, LA B Sty 5l 48 U G5 TR WA T , S B8 TR vy 2 3 (10 PR 3o 3 A 2 1, [ B 7
A0 ORFF I AT P T OR 5 T BRI 118 PR A SR Y 1) 5 925 R 0 S 46 b 2 B HE R Rk O v JEE 3 v R 8
TRUGHE, LAy oo B A2 ey 3, B AR M S BL A P S0 B A B ORI B T R A R R I T
BRI,

AL TR AF AR — BEAS A2 PR AE R 7 WU R T 7 R VR HE AT 17 AR A S5 BOR 2 8, EL X A SR 7R (1) 98¢
RIS AT JE R AT A7 R 0 7 B 4 1A I S5 K0 A mP e BIF 5 S i P PR 8 TR A 38 B 0] 5 2 SR TR [ O
TREAT AL AN 10, 45 21 S0 = 2 4 (0 R 2l

References:

[1] Max NL. Vectorized procedural models for natural terrain: Waves and islands in the sunset. ACMSIGGRAPH Computer Graphics,
1981,15(3):317-324. [doi: 10.1145/965161.806820]

[2] Hinsinger D, Neyret F, Cani MP. Interactive animation of ocean wave. In: Proc. of the Symp. on Computer Animation. New York:
ACM Press, 2002. 161-166. [doi: 10.1145/545261.545288]

[3] TessendorfJ. Simulating ocean water. Simulating Nature: Realistic and Interactive Techniques, 2001,1(2):5.

[4] Yang HP, Hu SM, Sun JG. A new algorithm for water wave animation. JiSuanJiXueBao/Chinese Journal of Computers,
2002,25(6):612—617 (in Chinese with English abstract).

[5] Enright D, Marschner S, Fedkiw R. Animation and rendering of complex watersurfaces. ACM Trans. on Graphics (TOG), 2002,
21(3):736—744. [doi: 10.1145/566654.566645]

[6] Miller M, Charypar D, Gross M. Particle-Based fluid simulation for interactive applications. In: Proc. of the 2003 ACM
SIGGRAPH/Eurographics Symp. on Computer Animation. Aire-la-Ville: Eurographics Association, 2003. 154—159. http://dl.acm.
org/citation.cfm?id=846298 &CFID=835412427&CFTOKEN=23123426

[7] Miiller M, Schirm S, Teschner M, Heidelberger B, Gross M. Interaction of fluids with deformable solids. Computer Animation and
Virtual Worlds, 2004,15(3-4):159-171. [doi: 10.1002/cav.v15:3/4]

[8] O’brien JF, Hodgins JK. Dynamic simulation of splashing fluids. In: Proc. of the Computer Animation. Washington: IEEE
Computer Society, 1995. 198-205, 220. [doi: 10.1109/CA.1995.393532]

[9] Tsunemi T, Hiroko F, Atsushi K, Kazuhiro H, Takahiro S, Ken T, Heihach U. Realistic animation of fluid with splash and foam.
Computer Graphics Forum, 2003,22(3):391-400. [doi: 10.1111/1467-8659.00686]

[10] Losasso F, Talton JO, Kwatra N, Fedkiw R. Two-Way coupled SPH and particle level set fluid simulation. IEEE Trans. on
Visualization & Computer Graphics, 2008,14(4):797-804. [doi: 10.1109/TVCG.2008.37]

[11] Sato S, Morita T, Dobashi Y, Yamamoto T. A data-driven approach for synthesizing high-resolution animation of fire. In: Proc. of
the Digital Production Symp. New York: ACM Press, 2012. 37-42. [doi: 10.1145/2370919.2370926]

[12] Wang CB, Zhang Q, Kong FL, Qin H. Hybrid particle—grid fluid animation with enhanced details. Visual Computer, 2013,29(9):
937-947. [doi: 10.1007/s00371-013-0849-6]

[13] Thmsen M, Akinci N, Akinci G, Teschner M. Unified spray, foam and air bubbles for particle-based fluids. Visual Computer,
2012,28(6-8):669—677. [doi: 10.1007/s00371-012-0697-9]

[14] Zou L, Qi Y, Zhao QP. Real-Time approach for dynamic liquid simulation using semi-lagrangian. Ruan Jian Xue Bao/Journal of
Software, 2013,24(10):2419-2431 (in Chinese with English abstract). http://www.jos.org.cn/1000-9825/4436.htm [doi: 10.3724/SP.
J.1001.2013.04436]

[15] Zhang GJ, Lu DJ, Liu H, Wang YJ, Zhu DM. Toward accurate fuid animation with geometry-coupled method. JiSuanJiXueBao/
Chinese Journal of Computers, 2015,38(6):1281-1295 (in Chinese with English abstract).

[16] ShiL, YuY. Taming liquids for rapidly changing targets. In: Proc. of the Symp. on Computer Animation. New York: ACM Press,
2005. 229-236. [doi: 10.1145/1073368.1073401]

[17] Hong J, Kim C. Controlling fluid animation with geometric potential. Computer Animation and Virtual Worlds, 2004,15(3-4):
147-157. [doi: 10.1002/cav.17]

[18] Mihalef V, Metaxas DN, Sussman M. Animation and control of breaking waves. In: Proc. of the Symp. on Computer Animation.
Aire-la-Ville: Eurographics Association. 2004. 315-324. http://dl.acm.org/citation.cfm?id=1028565&CFID=835412427&CFTO-
KEN=23123426

[19] Thirey N, Miiller-Fischer M, Schirm S, Gross MH. Real-Time breaking waves for shallow water simulations. In: Proc. of the
Pacific Conf. on Computer Graphics and Applications. Maui, HI: IEEE, 2007. 39-46. [doi: 10.1109/PG.2007.33]

© TEBREEEEIEDT  htp/ www. jos. org. cn



AP A —AE RIL S 0918 iRk BB R T ik 2611

[20] Becker M, Teschner M. Weakly compressible SPH for free surface flows. In: Proc. of the Symp. on Computer Animation.
Aire-la-Ville: Eurographics Association, 2007. 209-217. http://dl.acm.org/citation.cfm?id=1272719&CFID=835412427&CFTO-
KEN=23123426

[21] Hilsenstein V. Surface reconstruction of water waves using thermographic stereo imaging. Image and Vision Computing,
2005,102—107. http://citeseer.ist.psu.edu/viewdoc/summary?doi=10.1.1.121.3108&rank=1

[22] TIhrke I, Goidluecke B, Magnor M. Reconstructing the geometry of flowing water. In: Proc. of the 2005 Int’l Conf. on Computer
Vision. 2005. 1055-1060. [doi: 10.1109/ICCV.2005.202]

[23] Wang H, Liao M, Zhang Q, Yang R, Turk G. Physically guided liquid surface modeling from videos. ACM Trans. on Graphics
(TOG), 2009,28(3):90. [doi: 10.1145/1531326.1531396]

[24] Pickup D, Li C, Cosker D, Hall P, Willis P. Reconstructing mass-conserved water surfaces using shape from shading and optical
flow. In: Proc. of the 10th Asian Conf. on Computer vision. Berlin, Heidelberg: Springer-Verlag, 2011. 189-201. [doi: 10.1007/
978-3-642-19282-1_16]

[25] Zhang R, Tsai PS, Cryer JE, Shah M. Shape-from-Shading: A survey. IEEE Trans. on Pattern Analysis and Machine Intelligence,
1999,21(8):690-706. [doi: 10.1109/34.784284]

[26] Li C, Pickup D, Saunders T, Cosker D. Water surface modeling from a single viewpoint video. IEEE Trans. on Visualization and
Computer Graphics, 2013,19(7):1242-1251. [doi: 10.1109/TVCG.2012.302]

[27] Quan H, Song X, Yu M, Song Y. 3D fluid scene synthesis and animation. In: Proc. of the 13th ACM SIGGRAPH Int’l Conf. on
Virtual-Reality Continuum and its Applications in Industry. New York: ACM Press, 2014. 219-222. [doi: 10.1145/2670473.
2670508]

[28] Quan H, Wang C, Song Y. Fluid re-simulation based on physically driven model from video. Visual Computer, 2015,1-14. [doi: 10.
1007/s00371-015-1154-3]

[29] Efros AA, Leung TK. Texture synthesis by non-parametric sampling. In: Proc. of the Int’l Conf. on Computer Vision. Washington:
IEEE Computer Society, 1999,2:1033—1038. [doi: 10.1109/ICCV.1999.790383]

M HR 3255 Sk

[4]1 BB R NG —Fh S IR I8 A i T Sk v SO 24 4R ,2002,25(6):612-617.

[14] ARBFS, 5 8R0S — Fift Bk T 2= R B9 T 00 980 % 952 If 075 30 07 12 3R PR 2 41,2013,24(10):2419-243 1. hittp://www.jos.org.cn/1000-
9825/4436.htm [doi: 10.3724/SP.J.1001.2013.04436]

[15] Tl A, Bl 410 725, ) A, 2 7 A, 2 65 B 8 6 TLART AR5 A0 1) i 6 58 0 A 50 s A A5y 5. 1 S P 2% 41,2015,38(6): 128 1-1295.

B0 (1990 —), 2, T b e At 4, EIRE(1966—), Y5, 1 b BT 5 0, 18 17
B A Ui A B i UL CCF ey by, 32 ST 5T U 1 10
LS, BREAMLE O,

Bk (1990 —), %, 1 - 4E ,CCF 2244 F k1979 —), W 18 b #od, 2w
4,6 T 5T A AR Bl ﬂ GUAEA TSR T 2 AU SRR
',,zc

:
KEB(1973—), 55, 8 &, 8I 6 52 5 ,CCF

e 2y O, B BT ST U R AU LS BOR,
TR L AT AL,

© PEBEERKCEIFR  htps/www. jos. org. cn




<<
  /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


