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3D Shape Retrieval Using Manifold Ranking

ATsusHI TATSUMAT! and Masaki Aonof?

We propose a new 3D shape retrieval method using ranking on data mani-
folds. This manifold ranking method takes advantage of the assumption that
the ranking represented by a vector in Eulidean space has the intrinsic man-
ifold structure, where the structure is represented by a weighted network in
the algorithm. We have successfully applied the manifold ranking to 3D shape
retrieval, and achieved significantly high retrieval performance over previously
known methods in terms of recall and precision.
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Fig.1 Diagram of a our 3D shape retrieval system.
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Fig.2 An example of 3D mesh data.
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Fig.3 Four shape representations in MFSD. Note that the intensity of pixels is flipped for intuitive
understanding.
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Fig.4 An example of intensity modulation from a depth-buffer image with PEI (Periphery Enhanced
Image). Note that the pixel intensity is flipped in the figure for intuitive understanding. Thus,
darker regions are more enhanced in practice.
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Fig.5 Illustrative example of manifold ranking.
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Fig.6 Example of k-Minimum Spanning Tree.
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Table 1 Performance comparison with parameters on Manifold Ranking.

k o « 1-Tier 2-Tier NN

0.1 47.51% 63.80% 72.00%
0.5 | 0.5 49.49% 65.11% 72.44%
0.9 | 52.52% | 66.03% | 73.65%
0.1 47.25% 63.73% 69.02%
3110 1| 05 48.51% 64.80% 71.00%
0.9 50.94% 65.88% 71.11%
0.1 46.68% 63.18% 63.18%
1.5 | 0.5 47.99% 64.46% 66.92%
0.9 50.28% 65.76% 70.78%
0.1 47.75% 64.49% 72.77%
0.5 | 0.5 50.18% 65.72% | 73.54%
0.9 | 52.75% | 66.41% 73.10%
0.1 47.56% 64.75% 70.45%
5| 1.0 | 0.5 49.51% 65.35% 72.44%
0.9 50.23% 65.29% 72.99%
0.1 46.02% 64.18% 61.96%
1.5 | 0.5 48.23% 64.89% 66.81%
0.9 49.38% 65.01% 71.33%
0.1 47.60% 64.88% 72.77%
0.5 | 0.5 50.31% | 66.66% | 73.87%
0.9 | 52.08% 66.59% 72.77%
0.1 47.40% 65.13% 71.78%
71 1.0 | 0.5 49.06% 65.90% 73.32%
0.9 49.01% 64.72% 72.88%
0.1 45.56% 64.46% 61.74%
1.5 | 0.5 47.50% 65.04% 68.03%
0.9 47.87% 64.30% 71.11%
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Fig.7 Performance comparison with PSB.
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Table 2 Performance comparison with PSB in terms of 1-Tier, 2-Tier, and NN.

Method 1-Tier 2-Tier NN
MFSD+MR | 52.75% 66.41% 73.10%
MFSD 45.31% 59.09% 71.55%
DESIRE 40.44% 52.20% 65.82%
LFD 37.87% 49.28% 65.93%
SHD 30.98% 42.04% 55.35%
D2 18.74% 27.90% 35.72%
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Fig.8 Performance comparison with KOD.
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6.4 NTU 3D Model Benchmark( NTU[D
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0 3 1-TierD2-TierDOODO NNOOOO KODOOOOOO
Table 3 Performance comparison with KOD in terms of 1-Tier, 2-Tier, and NN.

Method 1-Tier 2-Tier NN
MFSD+MR | 65.71% 82.36% | 85.17%
MFSD 58.69% 74.41% 82.20%
DESIRE 55.75% 71.15% 82.84%
LFD 50.14% 64.11% 80.93%
SHD 45.70% 61.86% 75.85%
D2 19.31% 28.98% 27.71%
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Fig.9 Performance comparison with NTU.
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Table 4 Performance comparison with NTU in terms of 1-Tier, 2-Tier, and NN.

Method 1-Tier 2-Tier NN
MFSD+MR | 48.27% 62.06% 73.41%
MFSD 42.88% 55.40% 75.59%
DESIRE 41.88% 54.59% 70.31%
LFD 38.78% 49.81% 68.31%
SHD 36.53% 49.70% 61.57%
D2 27.08% 37.86% 47.18%
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Fig. 10 Performance comparison with MSB.
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Table 5 Performance comparison with MSB in terms of 1-Tier, 2-Tier, and NN.

Method 1-Tier 2-Tier NN
MFSD+MR | 68.68% 81.06% | 94.31%
MFSD 53.15% 65.44% 92.56%
DESIRE 53.77% 66.96% 91.25%
LFD 50.68% 64.59% 90.59%
SHD 44.67% 58.29% 90.37%
D2 35.51% 50.86% 73.52%
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Fig.11 Performance comparison with ESB.
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6.6 Engineering Shape Benchmark( ESBO
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Table 6 Performance comparison with ESB in terms of 1-Tier, 2-Tier, and NN.

Method 1-Tier 2-Tier NN
MFSD+MR 51.42% 67.89% 82.00%
MFSD 49.40% 65.77% 87.50%
DESIRE 45.13% 59.92% 86.00%
LFD 43.85% 58.84% 85.50%
SHD 43.98% 58.46% 83.50%
D2 34.48% 47.62% 79.75%
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6.7 SHREC2006
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000000 0Average Precisiond AP First Tierd 1-Tier[] Second Tierd 2-Tier[T Dy-
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gboboobooboobooooooooobon
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6.8 SHREC2007 3D Face Models

SHREC2007 3D Face Modelsd SHREC2007C» 00200 0000000000000
0000000 1800000000000 DDOOODOLBSODUODOUODODOL51600
0000000064 0000000000DOO0DOOOOOOOOSHREC2006 000
0000000000000 000o0oOo0gUgUoUgOSHREC2006 00000000000
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Table 7 Performance comparison with SHREC2006 benchmark dataset.

Method AP(HR) | AP(R) | 1-Tier(HR) | 1-Tier(R) | 2-Tier(HR) | 2-Tier(R) | DAR | MNCG@25 | MNDCG@25
MFSD + MR 0.5941 | 0.5727 53.24% | 51.34% 33.36% | 33.74% | 0.6405 0.6446 0.6778
MFSD 0.5203 | 0.4829 48.53% 44.43% 29.40% 27.82% | 0.6016 0.5806 0.6331
DESIRE 0.4731 | 0.4218 45.80% 40.35% 26.44% 24.59% | 0.5393 0.5293 0.5893
LFD 0.4002 | 0.3685 38.41% 34.63% 22.39% 21.54% | 0.4852 0.4889 0.5429
SHD 0.3224 | 0.2965 30.48% 28.83% 19.93% 19.48% | 0.3936 0.3726 0.4186
D2 0.1647 | 0.1879 17.61% 19.87% 12.28% 15.01% | 0.2420 0.2557 0.2856
Makadia (run2) 0.4869 | 0.4364 44.77% 40.55% 27.86% 25.22% | 0.5499 0.5498 0.5906
Daras (runl) 0.4475 | 0.3952 42.75% 37.03% 25.67% 24.09% | 0.5242 0.5235 0.5791
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Table 8 Performance comparison with SHREC2007 benchmark dataset.

Method AP(HR) | AP(R) | 1-Tier(HR) | 1-Tier(R) | 2-Tier(HR) | 2-Tier(R) | DAR | MNCG@25 | MNDCG@25
MFSD + MR 0.7645 0.6648 68.18% 58.66% 82.08% 71.56% 0.7716 0.8107 0.8270
MFSD 0.7526 0.5540 68.23% 51.86% 79.38% 60.00% 0.7455 0.7212 0.7714
DESIRE 0.5386 0.3788 49.22% 35.45% 56.41% 42.00% 0.5791 0.5085 0.5767
LFD 0.0518 0.0503 3.96% 5.05% 7.60% 8.90% 0.0502 0.1297 0.0857
SHD 0.7563 0.5273 65.52% 49.53% 81.98% 58.66% 0.7152 0.7564 0.4186
D2 0.0899 0.0720 10.36% 8.06% 12.45% 12.01% 0.1107 0.1644 0.1395
Haar (runl) 0.6613 0.4775 60.26% 44.87% 69.11% 53.52% 0.6808 0.6457 0.7036
Lee (runl) 0.6159 0.4785 56.30% 45.15% 64.01% 51.18% 0.6519 0.6151 0.6728
09 PSBOOUODOODODODODOOOOOO
Table 9 Calculate time comparison with PSB. 7. 00O 00
Method 00000 [sec] | DDOOO [sec] | OO [sec]
NFSDT MR o810 32350 | 113100 O00O0OOMFSDOOOOOOOOOO0000ONONONOOOOOOON0ON0N0Nnnoon
MFSD 1.0840 0.3590 1.4430 0000000000000 0000000000000000000000000000
DESIRE 0.6338 0.2030 0.8368
LED iy 77190 | 40,3043 O0000000000000000070000000000000000000000
SHD 2.0121 37.9220 | 39.9341 0000000000000 0000000000000000000000000000
D2 0.2526 0.3910 | 0.6436 00000000000 00000000000000000000000000000
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Fig.12 Retrieval result of a dining chair object with SHREC2006.
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