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Abstract

Fusing multiple features is a promising approach for accurate shape-
based 3D Model Retrieval (3DMR). Most of the previous algorithms
either simply concatenate feature vectors or sum similarities derived
from features. However, ranking results due to these methods may not
be optimal as they don’t exploit distributions, i.e., manifold structures,
of multiple features. This paper proposes a novel 3DMR algorithm that
effectively and efficiently fuses multiple features. The proposed
algorithm employs a Multi-Feature Anchor Manifold (MFAM) that
approximates multiple manifolds of heterogeneous features with small
number of “anchor” features. Given a query, ranks of 3D models are
computed efficiently by diffusing relevance on the MFAM. Distance
metrics of heterogeneous features are fused during the diffusion for
better ranking. Experiments show that our proposed algorithm is more
accurate and much faster than 3DMR algorithms we have compared
against.

Proposed algorithm

For accurate and efficient 3DMR, we propose 3D model retrieval by
Visual Feature Fusion (3DVFF) algorithm that fuses multiple visual
features of 3D models via an unsupervised distance metric fusion
algorithm called Multi-Feature Anchor Manifold Ranking (MFAMR).
Figure 1 shows an overview of the proposed algorithm. The 3DVFF
algorithm first extracts two visual features SV-DSIFT and LL-
MOISIFT from each 3D model in a database. The SV-DSIFT
aggregates local visual features extracted from multiple viewpoints by
Super Vector (SV) coding [1], and shows high accuracy for models
having global deformation and/or articulation. The LL-MOISIFT
aggregates per-view global image features by using Locality-constrained
Linear (LL) coding [2], and shows high accuracy for rigid models. For
each feature, to reduce computational cost, a manifold of all the features
is approximated by a manifold of anchors. Then, the two anchor
manifold graphs are fused into a MFAM graph [3]. Ranking of the 3D
models in the database for a given query is efficiently computed by
relevance diffusion from the query to the 3D models over the MFAM.
The two heterogeneous manifolds, one for the SV-DSIFT and the other
for the LL-MOI1SIFT, are fused during the relevance diffusion over the
MFAM to yield a fused distance metric.
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Figure 1: Overview of the proposed algorithm.

Experiments and results

To evaluate accuracy and efficiency of the proposed 3DVFF algorithm,
we use two benchmarks; the Princeton Shape Benchmark (PSB) [4] and
the SH14LC [5] (Results for other benchmarks are presented in a full
paper). Figure 2 shows examples of 3D models for the benchmarks. For
the PSB, we use 400 anchors for SV-DSIFT and 500 anchors for LL-
MOISIFT to approximate structure of multi-feature manifold. For the
SH14LC, we use 2,000 anchors for SV-DSIFT and 2,500 anchors for
LL-MOISIFT. We use Mean Average Precision (MAP) [%] for
quantitative evaluation of retrieval accuracy.
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Figure 2: Examples of 3D models for the benchmarks.

Efficiency: Table 1 shows computation time per query. Feature
extraction is accelerated by using a GPU and multi-core CPUs. MFAMR
is computed on a single thread. Our 3DVFF using MFAMR is much
faster than previous feature fusion method MR-early, which sums
multiple feature similarities to generate a manifold graph and performs
naive Manifold Ranking [6] at every query. The 3DVFF takes less than
3 seconds per query for the SH14LC having 8,987 3D models.

algorithms Feature extraction | Ranking Total
MR-early 2.575 34.779 37.354
3DVEFF (proposed) 2.575 0.031 2.606

Table 1: Computation time per query for the SH14LC benchmark.

Accuracy: Table 2 compares retrieval accuracy of the proposed
3DVFF algorithm with other state-of-the-art 3D model retrieval
algorithms. For both the PSB and the SH14LC, our proposed 3DVFF
algorithm achieved the highest retrieval accuracy among the algorithms
listed in Table 2. For the SH14LC benchmark, MAP score of our
3DVFF is 3% higher than LCDR-DBSVC, the best performing
algorithm among the SH14LC track entries [5].

algorithms PSB SH14LC
MR-DISIFT [6] 62.9 46.4
LCDR-DBSVC [5] 54.1
SV-DSIFT 63.4 46.4
LL-MOISIFT 55.3 39.9
3DVFF (proposed) 72.6 57.2

Table 2: Comparison of retrieval accuracy (MAP [%]).
[1] X. Zhou, K. Yu, T. Zhang, and T.S. Huang. Image Classification
using Super-Vector Coding of Local Image Descriptors, Proc.
ECCV 2010:141-154, 2010.

J. Wang, J. Yang, K. Yu, F. Lv, T. Huang, and Y. Gong. Locality-
constrained Linear Coding for Image Classification, Proc. CVPR
2010:3360-3367, 2010.

S. Kim and S. Choi. Multi-view anchor graph hashing, Proc.
ICASSP 2013:3123-3127, 2013.

P. Shilane, P. Min, M. Kazhdan, and T. Funkhouser. The Princeton
Shape Benchmark, Proc. SMI 2004:167-178, 2004.

B. Li, Y. Lu, C. Li, A. Godil, T. Schreck, M. Aono, Q. Chen, N. K.
Chowdhury, B. Fang, T. Furuya, H. Johan, R. Kosaka, H. Koyanagi,
R. Ohbuchi, and A. Tatsuma. Large Scale Comprehensive 3D
Shape Retrieval, Proc. EG 3DOR 2014:131-140, 2014.

D. Zhou, J. Weston, A. Gretton, O. Bousquet, and B. Scholkopf.
Ranking on Data Manifolds, Proc. NIPS 2004, 2004.

R. Ohbuchi and T. Furuya. Distance metric learning and feature
combination for shape-based 3D model retrieval, Proc. 3DOR
2010:63-68, 2010.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /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 true
  /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

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /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 <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  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 /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 [612.000 792.000]
>> setpagedevice


