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Abstract: This paper presents a data-driven method for rapid 3D garment modeling, which can efficiently generate new garments by
examples. First, a semantic segmentation is applied to simultaneously segment and label the components in given 3D garments using
shape analysis of garment styles. Second, the garment components are clustered into a garment component library with four categories
including tops, bottoms, sleeves, and accessories. Third, a continuous style description of the 3D garments, characterized by the ratio of
area and boundary length, is constructed to recommend components that can be regarded as a new 3D garment. The final new suitable
garments are produced by optimizing two component meshes. Experimental results show that the presented method is able to satisfy the
new requirements of online 3D model collections while ensuring the efficiency of 3D garment modeling.
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Fig.3 Example of semantic labeling for 3D garments, the training meshes includes labeled and unlabeled garment
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Fig.6 Statistical evaluation of the correspondence accuracy for garment components in percentage
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Fig.7 Quantitative evaluation of experimental data in the procedure of 3D garment synthesis
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Fig.8 The results of 3D garment synthesis
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Table 3 Performance statistics of the component mesh and the runtime for each tested example

R3LRG R BIL LT B Skt Re et

T s 3 VIR
S PR ER PR ERAR IZAT I ) (s)
K 4(a) 4036 5702 8232 11232 0.412
Kl 5(a) 2326 1306 4553 2529 0.110
K 8(a) 3040 3390 5944 6550 0.209
K 8(b) 10 040 7012 19752 13 784 0.309
Kl 8(c) 1781 5702 3510 11232 0.104
Kl 8(d) 1514 1306 2948 2529 0.016
Kl 8(c) 494 4082 953 7955 0.011
Kl 8(f) 1514 4082 2948 7955 0.014

A S H 1R = 2 R PR s A v (K 3 AT N ) 2 SO T AR B SR IR IS AT I TR, ) 2 B
O(LK), KL, L 7 2 1 1RO SR 500, K2 i N P R 20 10 A

5 RES5RE

AR SORE 2 QR S TR AR TR - st 250 Y I e i B B3R A AL M 5 5 ke, ANt A 1 iy A 28R 1 T —
ot 50 s X 3l 110 — 20 e 2 bR S A T 9, LA A T R R — 2 I R A 2R 5 1) 5 SR A T A5 5 SR Ak ek o
S 36 AR, I 0T i N (0l SRS R0 AT T SC 73 S A0 3 g o 0 A A I e P T T A1 5 SR R AR S R AR
BRAR BRI, R LAAT RO N T = A e ) AR A AR T, AS SR AT AE S AN L A8 T LR Ll
e TR AL T X A 3 3 2 38 A1 A 28 g T R AN a2 ol K A SRy L AR TR DR AR ALE 2 AN 1) AL 5 DR B [ 3 =X A ik
S DUERRS 5 T B DR A 1 S SRR A R AT SN AR TR AN TR AL (R TR S5 = B SO A R Ay
X8 = YEikE).

AR TAE P B T AR vk LLEAS R Z A0 304 45 T T = 4 IR e e v 1) A A B o A B 2 T i 25 T
Kbk BE AR 0 — 25 25 RS SR I R TC G #4 TE « ARAAE A TEOR e g A AR A R R U S AR R R AT
0 2 g R A A A 5 R A O IE K 12 7 A N B B 22 A AR b R R 95 v R DR ke S T
i i 7R v A AU M R 5

© TEBREEEEIEDT  htp/ www. jos. org. cn



X I0 o HABIR )04 IR E ik AR 2585

References:
[1] Volino P, Cordier F, Magnenat-Thalmann N. From early virtual garment simulation to interactive fashion design. Computer Aided
Design, 2005,37(6):593-608. [doi: 10.1016/j.cad.2004.09.003]
[2] Liu YJ, Zhang DL, Yuen MM. A survey on CAD methods in garment design. Computers in Industry, 2010,61(6):576-593. [doi:
10.1016/j.compind.2010.03.007]
[3] Magnenat-Thalmann N. Modeling and Simulating Bodies and Garments. Springer-Verlag, 2010. 1-203. [doi: 10.1007/978-1-
84996-263-6]
[4] Bradley D, Popa T, Sheffer A, Heidrich W, Boubekeur T. Markerless garment capture. ACM Trans. on Graphics (TOG), 2008,
27(3):99:1-10. [doi: 10.1145/1399504.1360698]
[5] Zhou B, Chen X, Fu Q, Guo K, Tan P. Garment modeling from a single image. Computer Graphics Forum, 2013,32(7):85-91. [doi:
10.1111/cgf.12215]
[6] Wang CC, Wang Y, Yuen MM. Feature based 3D garment design through 2D sketches. Computer-Aided Design, 2002,35(7):
659-672. [doi: 10.1016/S0010-4485(02)00091-X]
[7] Meng YM, Wang CC, Jin XG. Flexible shape control for automatic resizing of apparel products. Computer-Aided Design, 2012,
44(1):68-76. [doi: 10.1016/j.cad.2010.11.008]
[8] Meng YM, Mok PY, Jin XG. Computer aided clothing pattern design with 3D editing and pattern alteration. Computer-Aided
Design, 2012,44(8):721-734. [doi: 10.1016/j.cad.2012.03.006]
[9] Umetani N, Kaufman DM, Igarashi T, Grinspun E. Sensitive couture for interactive garment modeling and editing. ACM Trans. on
Graphics (TOG), 2011,30(4):90:1-10. [doi: 10.1145/2010324.1964985]
[10] Turquin E, Wither J, Boissieux L, Cani MP, Hughes JF. A sketch-based interface for clothing virtual characters. IEEE Computer
Graphics and Applications, 2007,1:72—81. [doi: 10.1109/MCG.2007.1]
[11] Decaudin P, Julius D, Wither J, Boissieux L, Sheffer A, Cani MP. Virtual garments: A fully geometric approach for clothing design.
Computer Graphics Forum, 2006,25(3):625-634. [doi: 10.1111/j.1467-8659.2006.00982.x]
[12] Robson C, Maharik R, Sheffer A, Carr N. Context-Aware garment modeling from sketches. Computers & Graphics, 2011,35(3):
604—613. [doi: 10.1016/j.cag.2011.03.002]
[13] Chen X, Zhou B, Lu F, Wang L, Bi L, Tan P. Garment modeling with a depth camera. ACM Trans. on Graphics (TOG), 2015,
34(6):203:1-12. [doi: 10.1145/2816795.2818059]
[14] Hu SM, Yang YL, Lai YK. Research progress of digital geometry processing. Chinese Journal of Computers, 2009,32(8):
1451-1469 (in Chinese with English abstract). [doi: 10.3724/SP.J.1016.2009.01451]
[15] Funkhouser T, Kazhdan M, Shilane P, Min P, Kiefer W, Tal A, Rusinkiewicz S, Dobkin D. Modeling by example. ACM Trans. on
Graphics (TOG), 2004,23:652—683. [doi: 10.1145/1015706.1015775]
[16] Chaudhuri S, Koltun V. Data-Driven suggestions for creativity support in 3D modeling. ACM Trans. on Graphics (TOG), 2010,
29(6):183:1-10. [doi: 10.1145/1882261.1866205]
[17] Chaudhuri S, Kalogerakis E, Guibas L, Koltun V. Probabilistic reasoning for assembly-based 3D modeling. ACM Trans. on
Graphics (TOG), 2011,30(4):35:1-10. [doi: 10.1145/2010324.1964930]
[18] Guo XK, Lin JC, Xu K, Jin XG. Creature grammar for creative modeling of 3D monsters. Graphical Models (Special Issue of GMP
2014), 2014,76(5):376-389. [doi: 10.1016/j.gmod.2014.03.019]
[19] Brouet R, Sheffer A, Boissieux L, Cani MP. Design preserving garment transfer. ACM Trans. on Graphics (TOG), 2012,31(4):36:
1-11. [doi: 10.1145/2185520.2185532]
[20] Berthouzoz F, Garg A, Kaufman DM, Grinspun E, Agrawala M. Parsing sewing patterns into 3D garments. ACM Trans. on
Graphics (TOG), 2013,32(4):85:1-10. [doi: 10.1145/2461912.2461975]
[21] LiJ, Lu G. Modeling 3D garments by examples. Computer-Aided Design, 2014,49:28-41 [doi: 10.1016/j.cad.2013.12.005]
[22] Kalogerakis E, Chaudhuri S, Koller D, Koltun V, A probabilistic model for component-based shape synthesis. ACM Trans. on
Graphics (TOG), 2012,31(4):55:1-11. [doi: 10.1145/2185520.2185551]
[23] Mitra NJ, Wand M, Zhang H, Cohen-Or D, Bokeloh M. Structure-Aware shape processing. In: Proc. of the Eurographics 2013 State
of the Art Reports. 2013. 175-197. [doi: 10.1145/2614028.2615401]
[24] Van KO, Zhang H, Hamarneh G, Cohen-Or D. A survey on shape correspondence. Computer Graphics Forum, 2011,30(6):
1681-1707. [doi: 10.1111/j.1467-8659.2011.01884.x]
[25] Sun XP, Ji YJ, Wei XP. 3D mesh segmentation based on boundary strength. Ruan Jian Xue Bao/Journal of Software, 2010,
21(Suppl.):183—193 (in Chiese with English abstract). http://www.jos.org.cn/1000-9825/10020.htm

© TEBREEEEIEDT  htp/ www. jos. org. cn



2586 Journal of Sofiware ¥ A% 3k Vol.27, No.10, October 2016

[26]

(27]

(28]

[29]

[30]

(311

[32]

(33]

[34]

[35]

[36]

(371

Van KO, Tagliasacchi A, Sidi O, Zhang H, Cohen-Or D, Wolf L, Hamarneh G. Prior knowledge for part correspondence. Computer
Graphic Forum, 2011,30(2):553-562. [doi: 10.1111/j.1467-8659.2011.01893.x]

Raif M. Rustamov, Maks O, Omri A, Map-Based exploration of intrinsic shape differences and variability. ACM Trans. on
Graphics (TOG), 2013,32(4):72:1-11. [doi: 10.1145/2461912.2461959]

Bu S, Liu Z, Han J, Wu J, Ji R. Learning high-level feature by deep belief networks for 3-D model retrieval and recognition. IEEE
Trans. on Multimedia, 2014,16(8):2154-2167. [doi: 10.1109/TMM.2014.2351788]

Biermann H, Martin I, Bernardini F, Zorin D. Cut-and-Paste editing of multiresolution surfaces. ACM Trans. on Graphics (TOG),
2002,21(3):312-321. [doi: 10.1145/566654.566583]

Sharf A, Blumenkrants M, Shamir A, Cohen-Or D. Snappaste: An interactive technique for easy mesh composition. The Visual
Computer, 2006,22(9):835-844. [doi: 10.1007/s00371-006-0068-5]

Yu YZ, Zhou K, Xu D, Shi X, Bao H, Guo B, Shum HY. Mesh editing with poisson-based gradient field manipulation. ACM Trans.
on Graphics (TOG), 2004,23(3):644—651. [doi: 10.1145/1015706.1015774]

Lin JC, Jin XG, Wang CC, Hui KC. Mesh composition on models with arbitrary boundary topology. IEEE Trans. on Visualization
and Computer Graphics, 2008,14(3):653—-665. [doi: 10.1109/TVCG.2007.70632]

Jin XG, Lin JC, Wang CC, Feng JQ, Sun HQ. Mesh fusion using functional blending on topologically incompatible sections. The
Visual Computer, 2006,22(4):266-275. [doi: 10.1007/s00371-006-0004-8]

Kalogerakis E, Hertzmann A, Singh K. Learning 3D mesh segmentation and labeling. ACM Trans. on Graphics (TOG), 2010,29(4):
102:1-12. [doi: 10.1145/1778765.1778839]

Liu S, Song Z, Liu G, Xu C, Lu H, Yan S. Street-to-Shop: Cross-Scenario clothing retrieval via parts alignment and auxiliary set. In:
Proc. of the IEEE Conf. on Computer Vision and Pattern Ecognition (CVPR). 2012. 1335-1337. [doi: 10.1145/2393347.2396471]
Lafferty J D, Mccallum A, Pereira FCN. Conditional random fields: Probabilistic models for segmenting and labeling sequence data.
In: Brodley CE, Danyluk AP, eds. Proc. of the ICML 2001, the 18th Int’l Conf. on Machine Learning. San Francisco: Morgan
Kaufmann Publishers Inc., 2001. 282-289. http://dl.acm.org/citation.cfm?id=645530&picked=prox

Besl P, Mckay N. A method for registration of 3D shapes. IEEE Trans. on Pattern Analysis and Machine Intelligence, 1992,14(2):
239-256. [doi: 10.1109/34.121791]

M} e 32 5 25 3Tk

[14] W1 R MK 58, AN B e LA Ak B 5 0k e, oh ML 24 91,2009,32(8):1451-1469. [doi: 10.3724/SP.J.1016.2009.01451]
[25]  PhIGRS, 20 e B /AN IS . = 4 0 A% 119 320 5 o 8 4 1) 55 022, B0 4 41R,2010,2 1 (1 T11): 183193, hitp://www.jos.org.cn/1000-9825/

10020.htm

X W (1979 —), 2, | RN+ ml Bbz,
CCF £ 7, ¥ B v 4o v S LI 2%,
VML B Bt

EEHBA961—), 2, B, LR
AR T AU B T LIS A

TR (1963 —), Y W L Hm L AES
Ui, 2 EEIF S AU A P T Ve 45 A B, = A {y
L CAD iR 7 Rz R,

HBEEHR(1975—), 3, L 8% ,CCF w4
3 04, BEF SR A VIS4 B BT iR
5.

XIFFE (1978 —), %, YFIli,CCF 2 i, F %
WIF ST AT A P A B, 2 B0 B R

© TEBREEGESIEIFEFDT htp/ 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


