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Fig. 1 Overview of the our 3D object annotation system.
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MiE, INFTRERERIN TR, 22T, =Xk
DIGRBELER Oz HINE L7 T —F 2y FTH 5D
Princeton Shape Benchmark (PSB) [26] % J\ > THi7z 1o ff
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Mot 7T =%y P2ERLL, FRELT, 18831
DIRNDGIEBT =Py FEkot,

AT —% &7 A+ 77— D3HEIIE, Leave-one-out %
RV, $4bb, PSB ZHAFEHBTHNIE, 1,813
D =Xk z T — 22y FELT, D 1HD=
RGBSR L C7 ) T—vav i), ZoREx, &
TOERTUED, T —2 LT AT —FICAHvLNn
259 M0IRT,

Al R E, BHRD T 7 T —2 a v OWFZEIC R 6 W,
7 U B FHE (Recall), # &3 (Precision), #Afl
g (F-Measure), I 512, IEL 7/ 7—>avT&k
7 NNVDE (N+) ZHv 5,

WX, HBTNL w, ITOWT, w; BIEBE T3 =R00
WihEEE N. &L, Z0)bIELK w; 25 TE =00
WikEE N, £ 3%, Recall B TOX ) ICEREINS,

Recall(w;) = Ny /N,

¥/, AT LD w; NG LRk iz Ny, & ¥
% &, Precision ZPLTD X HICERINS,

Precision(w;) = Ny /N,

FERTlE, 2415 Recall & Precision D47 X )LTHDNH
fEZ w3, E51Z, Recall & Precision ¥ F L — N4 7
DERIZH 5720, REMRFHERE & L T F-Measure %
Hwz, 25 )L TD Recall D% R, Precision @
FEE P E$ 5 &, F-Measure [T D & HITEHEZ
ns,

F-Measure =2- R - P/(R+ P)

AW TR 3 ZX ek O FE DBoV 1%, Visual
Word DN F XA =5 L7, O Visual Word D,
%, DBoV DRILHE —HKT 5. EEICHWET—F 1y
MiE, WINLPMRER TSRy b THL L, +
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DIRFEEMTZ B X 91, Visual Word D% p 12 500 &£ L
7=. Visual Word DARRICHE LI T —% € v M i,
SHREC’11 Generic 3D Warehouse Dataset [5] & fH\>7z,
¥ 7z, DBoV QFLIEICIE a4 Y EREE v,

7.2 RERER

IEHEMRI M7 (Canonical Correlation Analysis, CCA)
T, WOEBDORICEDIRFI A= LD, 22T, &
FREMORITEE % 2L ST, FARNEEOMEIRK E 7
DRI AMER L7, 7, THIRE 7L & OBk %2
BT 52 LR MRT 570, EHRITOH (Principal
Component Analysis, PCA) [12], [25] I & % #5222 &
WL bo L bHHEEIT .

X 413, FoEEOXTTEICNT 5, FFEOFNTY
DEZ 70y FL7bDTH S, kORI ICE T 50
T k=1, L7,

DBoV &, 7/ 7—Ya>vIiZ DBoV ZH w7 D,
DBoV-PCA & DBoV-CCA ¥, ZtiZ#h, PCA & CCA
2 & BRI Lz DBoV 2 Wb DTH 3,
ZZT, CCATIE, oL ®, PCA ZHWT, DBoV
2 100 KIGIS, 7 VR Z 140 RITICKICHITE L Tw
%. DBoV & 7 )VRHEEORITHIRENX, & b, &5
RISz MABHTH 5,

47 R 5 L, Xou#Hs 30 DL LT, DBoV-CCA I, b
£ D DBoV kO bFAITFHOMENIKRES HoTw5, %
7o, RICEHI60 D & FIT, FNIFIDMEIRA & 7> T
%, —Ji, DBoV-PCA &, RIGEDBKREL 2513 LE, i
PO H KREL K 5D, b LD DBoV DfEZ R %
Ztidkhw, DE»s, CCAILKD, BRETFRVED
BlEE 22 E T 52 LD, AOITHLI b5,

F 1L, SRR BT 2Rk 2N T 5,
BFEOFMIREDEZ £ LD bDTH S, {FFIET,
LT /% Label Transfer ZFH\ 2% Z & %#R7. LT IZBIT 3
AN Ebld4 &L £7, PCA & CCAITKIT
Lyl oX o, PCA 1 100 XJjt, CCA X 60 X
JhE L7z,

#F172H2%L, DBoV Tl, TfFHEEPIREL R BI2oN,
FHHEOENPRELL RoTw3, LaL, IEHERES
T5E, AEMRERZ T NBLHEITEIND 720, #HE
KOMIZET T %, —J7, DBoV-LT Ti&, Label Transfer
DRI, WEfET— 8 Dih THEBEDO S B
FTNNVDARMITEND 70, EHBBRELSE>TH,
EHROMEITET L 2w,

DBoV-PCA-LT Tl&, k=1 DEEICHTHAIEE DML
KD 55.0% & 7> T 553, DBoV-LT DA 56.2% %
252 E3», 2 LT, DBoV-CCA-LT T,
k=10 DGAICHNFIDMEDRARD 59.8% Lo b, %
DABDFIE LWL TH, mbENl 7 NHEREETH
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Table 1 Comparison of performance to number of the neighborhood k of each method.

DBoV DBoV-LT DBoV-PCA-LT DBoV-CCA-LT
b P% R% F% N+ | P% R% F% N+ | P% R% F% N+ | P% R% F% N+
1 | 575 549 56.2 168 | 57.5 549 56.2 168 | 56.4 53.6 55.0 169 | 60.0 59.5 59.7 172
2 | 477 63.1 543 176 | 56.3 559 56.1 170 | 54.0 544 547 170 | 57.6 60.5 59.0 173
3 | 40.5 67.5 506 180 | 56.2 55.2 55.7 168 | 55.1 539 54.5 169 | 58.7 60.1 59.4 172
4 | 347 704 465 182 | 56.6 55.1 55.8 168 | 55.4 53.7 54.5 169 | 59.0 59.8 59.3 172
5 | 310 726 434 182 | 57.1 55.1 56.1 168 | 56.8 53.7 54.7 169 | 59.2 59.8 59.5 172
6 | 280 745 407 183 | 57.2 55.0 56.1 168 | 56.0 53.7 54.8 169 | 59.7 59.7 59.7 172
7 | 25,7 763 385 183 | 57.3 55.0 56.1 168 | 56.0 53.6 54.8 169 | 59.7 59.7 59.7 172
8 [ 239 778 36,5 18 | 57.3 55.0 56.1 168 | 56.0 53.6 54.8 169 | 59.8 59.7 59.7 172
9 | 224 789 349 186 | 57.1 55.0 56.0 168 | 55.9 53.6 54.7 169 | 59.9 59.7 59.8 172
10 | 209 799 332 186 | 57.3 55.0 56.1 168 | 55.9 53.7 54.8 169 | 59.9 59.7 59.8 172
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Fig. 5 Predicted labels of each method for sample 3D objects.

74 Y FHORE L, IEEHBEDITIC X DIBIRE 7 e
DOBRENEZ A E T 2 PR RE L .

N—2A 5 A VFETlE, Bag-of-Visual-Word 12 & 24k
K & kOl z v, Mt W TT A+
T—=8 D k-EFICH BT I DIV E, TALT—
FIMET S, 51T, TVOEMITK D MEHRT R
2T, IRHEMHBESHTIC LD, TRIRFREIC 7 vk
LR DO ER % KWL L 72, Princeton Shape Benchmark %
M7 928TiE, BAPFE 0D, R—2 74 Y FEHETIE
56.2%, 1EHEMIBASIHT 2 Fa 7 T3 59.8% &7 b, 1E
HEMBE O TIC X DR E SRV L D228 T3 2 &
DEMME TR TE .

SHOMEX, =Xk 7 ) T—vavEHRNEL
7o, KRBT —5 2y FOEREFERTH 5. AfEDIER
THERLEZT—%+1y ME, &N ZRIGVIED 2,000
RED/NB R D TH D, £, ZXITYERICHE X
NTw3 7DD, 2Dk, FEALZEEL
7oRHiiiC 1, TR T NV OREEDS T, Zauckt
L TlZ, Google 3D Warehouse [10] 7 &, ZXju¥fkic

© 2013 Information Processing Society of Japan

A MR aXy P BFEINZY RS MY EFAL T,
T—=8ty FERERTEIEVBEZISIND,

B AUFEOEMICHZLY, B (C) 23500119
& A-step SETS AS242701713H DK ERZ T E L 7,
LT L 9.

SEH

[1]  Bronstein, A. M., Bronstein, M. M., Guibas, L. J. and
Ovsjanikov, M.: Shape google: Geometric words and
expressions for invariant shape retrieval, ACM Transac-
tions on Graphics, Vol. 30, No. 1, pp. 1-20 (2011).
Chen, D.-Y., Tian, X.-P., Shen, Y.-T. and Ouhyoung,
M.: On Visual Similarity Based 3D Model Retrieval,
Computer Graphics Forum, Vol. 22, No. 3, pp. 223-232
(2003).

Csurka, G., Dance, C. R., Fan, L., Willamowski, J. and
Bray, C.: Visual categorization with bags of keypoints,
Proceedings of the Workshop on Statistical Learning in
Computer Vision, ECCV 04, pp. 1-22 (2004).

Cui, C., Ma, J., Lian, T., Wang, X. and Ren, Z.:
Ranking-oriented nearest-neighbor based method for au-
tomatic image annotation, Proceedings of the 36th in-
ternational ACM SIGIR conference on Research and

2]

[4]



BB SARERES
IPSJ SIG Technical Report

(8]

(9]

(10]

(1]

development in information retrieval, SIGIR 13, New
York, NY, USA, ACM, pp. 957-960 (2013).

Dutagaci, H., Godil, A., Daras, P., Axenopoulos, A.,
Litos, G. C., Manolopoulou, S., Goto, K., Yanagimachi,
T., Kurita, Y., Kawamura, S., Furuya, T. and Ohbuchi,
R.: SHREC ’11 Track: Generic Shape Retrieval, Pro-
ceedings of Eurographics Workshop on 3D Object Re-
trieval 2011, pp. 65-69 (2011).

Eitz, M., Hildebrand, K., Boubekeur, T. and Alexa,
M.: Sketch-based 3D shape retrieval, ACM SIGGRAPH
2010 Talks, SIGGRAPH ’10, New York, NY, USA,
ACM, pp. 5:1-5:1 (2010).

Funkhouser, T., Kazhdan, M., Shilane, P., Min, P,
Kiefer, W., Tal, A., Rusinkiewicz, S. and Dobkin, D.:
Modeling by example, ACM SIGGRAPH 2004 Papers,
SIGGRAPH ’04, New York, NY, USA, ACM, pp. 652—
663 (2004).

Furuya, T. and Ohbuchi, R.: Dense sampling and fast
encoding for 3D model retrieval using bag-of-visual fea-
tures, Proceedings of the ACM International Confer-
ence on Image and Video Retrieval, CIVR ’09, No. 26,
ACM, pp. 1-8 (2009).

Goldfeder, C. and Allen, P.: Autotagging to improve
text search for 3d models, Proceedings of the S8th
ACM/IEEE-CS joint conference on Digital libraries,
JCDL 08, New York, NY, USA, ACM, pp. 355-358
(2008).

Google: Google 3D Warehouse, Google (online), avail-
able from (http://sketchup.google.com/3dwarehouse/)
(accessed 2013-08-15).

Guillaumin, M., Mensink, T., Verbeek, J. and Schmid,
C.: TagProp: Discriminative metric learning in near-
est neighbor models for image auto-annotation, Interna-
tional Conference on Computer Vision, ICCV 09, pp.
309-316 (2009).

Hotelling, H.: Analysis of a complex of statistical vari-
ables into principal components, Journal of Educational
Psychology, Vol. 24, pp. 417-441 (1933).

Hotelling, H.: Relations Between Two Sets of Variates,
Biometrika, Vol. 28, No. 3-4, pp. 321-377 (1936).

Iyer, N., Jayanti, S., Lou, K., Kalyanaraman, Y. and Ra-
mani, K.: Three-dimensional shape searching: state-of-
the-art review and future trends, Computer-Aided De-
stgn, Vol. 37, No. 5, pp. 509-530 (2005).

Kanai, S.: Content-based 3D mesh model retrieval from
hand-written sketch, International Journal on Interac-
tive Design and Manufacturing, Vol. 2, No. 2, pp. 87-98
(2008).

Khronos Group: OpenGL ES - The Standard for Embed-
ded Accelerated 3D Graphics, Khronos Group (online),
available from (http://www.khronos.org/opngles/) (ac-
cessed 2013-08-15).

Khronos Group: WebGL - OpenGL ES 2.0 for
the Web, Khronos Group (online), available from
(http://www.khronos.org/webgl/) (accessed 2013-08-
15).

Lavoué, G.: Bag of words and local spectral descriptor
for 3D partial shape retrieval, Proceedings of the Fu-
rographics Workshop on 3D Object Retrieval, 3DOR
11, Aire-la-Ville, Switzerland, Switzerland, Eurograph-
ics Association, pp. 41-48 (2011).

Lian, Z., Godil, A. and Sun, X.: Visual Similarity Based
3D Shape Retrieval Using Bag-of-Features, Proceedings
of the 2010 Shape Modeling International Conference,

© 2013 Information Processing Society of Japan

[27]

[31]

[32]

Vol.2013-CG-152 No.8
2013/9/9

Washington, DC, USA, IEEE Computer Society, pp. 25—
36 (2010).

Lowe, D. G.: Distinctive Image Features from Scale-
Invariant Keypoints, International Journal Computer
Vision, Vol. 60, No. 2, pp. 91-110 (2004).

Makadia, A., Pavlovic, V. and Kumar, S.: A New Base-
line for Image Annotation, Proceedings of the 10th Euro-
pean Conference on Computer Vision, ECCV 08, No. 3,
pp. 316-329 (2008).

Min, P., Kazhdan, M. and Funkhouser, T.: A Compari-
son of Text and Shape Matching for Retrieval of Online
3D Models, European Conference on Digital Libraries,
pp. 209-220 (2004).

Novotni, M. and Klein, R.: 3D zernike descriptors for
content based shape retrieval, Proceedings of the eighth
ACM symposium on Solid modeling and applications,
pp. 216-225 (2003).

Ohbuchi, R. and Kawamura, S.: Shape-Based Auto-
tagging of 3D Models for Retrieval, Proceedings of the
4th International Conference on Semantic and Digital
Media Technologies: Semantic Multimedia, SAMT 09,
Berlin, Heidelberg, Springer-Verlag, pp. 137-148 (2009).
Pearson, K.: On lines and planes of closest fit to systems
of points in space, Philosophical Magazine, Vol. 5, pp.
559-572 (1901).

Shilane, P., Min, P., Kazhdan, M. and Funkhouser, T.:
The Princeton Shape Benchmark, Proceedings of the
Shape Modeling International 2004, SMI 04, Washing-
ton, DC, USA, IEEE Computer Society, pp. 167-178
(2004).

Sivic, J. and Zisserman, A.: Video Google: A Text Re-
trieval Approach to Object Matching in Videos, Proceed-
ings of the Ninth IEEFE International Conference on
Computer Vision, ICCV ’03, Vol. 2, Washington, DC,
USA, IEEE Computer Society, pp. 1470-1477 (2003).
Tangelder, J. W. and Veltkamp, R. C.: A survey of
content based 3D shape retrieval methods, Multimedia
Tools Applications, Vol. 39, No. 3, pp. 441-471 (2008).
Tatsuma, A. and Aono, M.: Multi-Fourier spectra de-
scriptor and augmentation with spectral clustering for
3D shape retrieval, The Visual Computer, Vol. 25, No. 8,
pp. 785-804 (2009).

Torralba, A., Fergus, R. and Freeman, W. T.: 80 Million
Tiny Images: A Large Data Set for Nonparametric Ob-
ject and Scene Recognition, IEEE Transactions on Pat-
tern Analysis and Machine Intelligence, Vol. 30, No. 11,
pp. 1958-1970 (2008).

Uijlings, J. R., Smeulders, A. W. and Scha, R. J.: Real-
Time Visual Concept Classification, IEEE Transactions
on Multimedia, Vol. 12, No. 7, pp. 665-681 (2010).
Wahl, E., Hillenbrand, U. and Hirzinger, G.: Surflet-
Pair-Relation Histograms: A Statistical 3D-Shape Rep-
resentation for Rapid Classification, Proceedings of In-
ternational Conference on 3D Digital Imaging and
Modeling, pp. 474-482 (2003).

Zhang, C. and Chen, T.: An Active Learning Frame-
work for Content-Based Information Retrieval, IEEE
TRANSACTIONS ON MULTIMEDIA, Vol. 4, No. 2,
pp. 260-268 (2002).

Zhou, D., Weston, J., Gretton, A., Bousquet, O. and
Schoélkopf, B.: Ranking on Data Manifolds, Advances in
Neural Information Processing Systems 16 (Thrun, S.,
Saul, L. and Scholkopf, B., eds.), MIT Press, Cambridge,
MA (2004).



