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iInvariance trade-off. In Proc. of IEEE International Conference on
Computer Vision, pp.1150-1157 (2007).

[Rab07] A. Rabinovich, A.Vedaldi, C. Galleguillos, E. Wiewora and
S. Belongie: Objects in context, In Proc. of IEEE International
Conference on Computer Vision, pp.1150-1157 (2007).
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BoFAZZINILODER
n R FEBFEBICTERNAZE)GSHPITEL W\

= Naive bayesjxk

- BEICERERED, BHEHFII K. B775RA.
m Nearest neighborik

- T—RDKEICTHNEDFUSFE NG . B2,
= Support vector machine (SVM)

- RTHEOT, BIEN—RILTESFI FF.

- M 2RRBFN—RILD, ZERI\EEHNTI\S.

- 1-vs-restid 7?5 R% NS\ \E5TEIRNK, HEFIEDIEE.
s 7 H2ALFEE

- Random forest, boosting io&. 80
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BoF + SVM h‘r%#ﬁ*’&ﬁ:ﬁ

1. FRER(2/21LF752) ET R NBS % .
2. NIk h3290T, BiERZRE

3. OPENCVO)Ex+ractSURFRBE i A saih
4. K-meansC, codebook HpX.

5. CodebookNS & ER%BoF N7INILICTERA.

6. LIBSVM 72 OPENCVO)SVMT, 58 - 3A.

s LIBSVMIEF?ILF 77 R AT O) TR .
RERT ] -vs-restzABIMNICETT.

81
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BoF O)B: codebookH Rk

m Visual words : KT/ 2—>%|L \DICRDI15H
m Unsupervised
- K-means O)XHLIIC mean-shift

- K-means Q)fXhtlic GMMT*/ 777 R 21 -7
- Hierarchical k-means C vocabulary tree O)YHpk

m Supervised: 75253 NILOFIA

- Supervised clustering
- Information bottleneck (IB) j%ig&

- Discriminative visual words Q)#HOFIA

- ERREIERREREAICITS

- Unifying Discriminative Visual Codebook Generation with
Classifier Training [Yang et al. CVPR 2008]

- ABICEL AL VBB, MIN—UtINFBA ! 87




- e o V£, (&
CIBEIROE
Spatial pyramid Kernel [Laz06]

m BoK%#71 ]y ~pEILTRERBMICIocal BoF{ERk

m

PLNEALY B

n BLAILZEICERRNT7 ‘7va /’i—t"l“/a’/’é'ikm
L/\IL\..t‘.:luﬁfa-éEaFCfF‘“ SVMOT—%ILEIERET B.

k(X Y)_—IO(X Y)+Z oL ,(X,Y) I(XY%
Y +1I+1I2 (in caseof L =2) E E
4 4 2
|, - Histogram intersetio n in level | / ]l (X,Y)

R ! TE, RTHZIEBICFHO0NE#A !
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5o FIM: Color SIFT

s BEFEHRICOVVYTRGB(HSV, Lab)O)
3P0SIFTARZNILZSTRLU, 19ICHES.

000000000000

000000000000
000000000000
000000000000
000000000000
000000000000
000000000000
000000000000

000000000000
000000000000
000000000000
000000000000
000000000000
000000000000
000000000000
000000000000

= Vr o

— v, = VRreB

Color SIFT

~N7IL

= v, A (128%3:45T)

91




R
MQE’*Eb)ﬁﬁtb)ﬁF‘* [VarO'l]

(Multiple Kernels Learning)

s STERFEHZERISISVMON—RILEEK
s BITEHEINN—RILERICSS.
Bag-of -features, @&, FZORS.
+ BHOBRBHHE.

» BFHON—RILZ ETDE.
man—%xILIg.

EEL, d0=1.N) [FmBIERRZ#H 'TKHS.

- N—RILOEHEKHDONG. HfRFBOMATIS
FEF<HEXNTLS.

soktaie 2 EITBICIF. BoFOH T, kR HHER
N73—ICIUCGEIRBDICFIRT 52 ENEE. z
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Bicsosk 1 1k

m Multiple Kernel Learning(MKL) [Lanckriet
,2004]
AR AICFDVILT 7R ERFiL
(SHOGUNZ 1271 IOFIA. 1-vs-resticdFD)

n i SEREFEH
= B OBag-of -Keypoints(6i@t])
s 57— ERN730
s Tidh—ILFEOERN7 S 0(218L))
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BT

s SIFTZ{EH
« B AREE32172 PoGHRH
n @§[FBag-of -KeypointsEKIR%E
AU\ CTERPIFEHOWLIRAEO
ERN7FLTERIR
= 1000:R7TE2000;R7TCHRIR TUvrRH

Bag-of-keypointsF I} EXNT DL

S5 L
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" 7—ERN730
= RGBBZE[)%{EHH

HELT256 Xt THRH
Ei{2%2x21=49 5| TCE

BXEMEE64BIZEFIE
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TiiR—ILT5

s BIR{ENSEPINGRXIFEROBIRER R
—rRALLCHH
= 6AM). 4BMOTIR—IL7/IL 2 THiHhik

n B HERRICEHSGRZ Ix3ELLAICHE]
2 216/ RTEIBL . RTONTINILTEIR




R
sHEER
nZ—=2tw - S50IE R ARGt~
s E{R1FE : 31 20E %R (G19125R)
s Fik: BIEFEHBMROSVM

2HFHICFSMKL-SVM
» MKLOE 3R 132817271 SHOGUNZHIH

s 1—%IL: CA—%IL

s RIF—=ILKSX—2  ORERIE
(D Cross-validation|Z &Y, RBEGEZTERFE
@I RTHEZFT—HMD \* EHEO T D HEk
[Zhang, 2007]
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BoK(dog1000) 26.52%
BoK(dog1000) 27.48%

MKLIZE A4S A% BoK(grid1000) 26.10%
r BoK(grid2000) 27.68%

b B3 G LV/-F 3% BoK(random1000) 28.42%
D50iEHND FE ¥4 F=EE BoK(random2000) 29.70%

]

gabor3x3 31.28%
gabordx4 34.64%
KEICRERELE | Color 38.18% |

[ MKL(EE#S)  61.34% |
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MKLCFRUECHEEHORH

TEF)DFER

gsabordxd

TEFY

BoK{random1000) 2§

1%

BoK([grid1000)
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BV ARAB T RSB LSO ZTREOEIL

B TTRREVIZEIL

\i 90 949, | RANKING 7

61.34%

FsrmE
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CFALCHEHOEHW

MKL

ITEF)DFER

100% +

(e T e

+2 e
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[ —3-—|03iE
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HEg -
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BB EIRED
IR HhRER2E > R T LOWERX

-

DF—HR—2RI ﬁﬁiy

BEZERTL,
»— )L Cig%

RS RTO:

Q@7IYTO=FIRHRZER

B{RID - B fd -
A—I)LTRLR1EE]

e
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o

Bl AT L

R HERLURLINERESN S

= =, = E{&ID-
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BRI RTO
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Fi&:
 Bag-of-features RIBE+BERANT T LIZKDEEERIE
 Muitiple Kernel Learning;& I k245D EHEEDRES
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Bag- of -wordsBOFEOEX™
(TFRERAFEOOBA)

RE:BEBEOES - bag-of-words

B :-VWOES - bag-of-visual-words

m Video Google [Siv0Q3]
F—1—RRFE(BRT - Tv7R)O)HER
REAOIH

s EERNEY7ETILOBIGRAOH:
TR IFTXRNETAbag-of -wordszpiigcEd S
= PLSA (Probabilistic Latent Analysis)

= LDA (Latent Dirichlet Allocation)
m HDP (Hierarchical Dirichlet Process 117




B /RTTCRIN—RIFBoOFAIHC) !
SRV 7527 PLSA & LDA

s TXZNRITMHOERNE7ETIL

» Bag-of -wordsHRIRINEXEEEENIC
cEY7 RS S

s FEY78KIF, BRIICIBET S. K-means&ERL.
s NEY 7%z, XE(HER)ZdETDE,
BXREICOUIT P(zd) hiskEFD
= Probabilistic Latent Semantic Analysis
n (ERN7S013 8RGO T)iIREBIARHICFIETIL
x P(w,d)=P(d)) p(w|z)P(z|d) BEMTINFHKX—2HE
n Latent Dirichlet Allocation #ginficizslIzEA !)

s PLSAZKR. ZIRHOKNHLUICRET117L 1.
A—NR—71T1 7 %BRiB. T—2DSL\EPLSATH 0.




Tha | lniviareihs AfF Clantra MAammininatinne m

P(Mounfamlfoplc)

fil: 0.112

- Moupfa.i g(;:;
10 topi¢ 0.186
0.407

. 0023
0.761

0.334

0.949

o 0.987

GMMIZELDERBERLIEMTES. ZUVTRIENES.




BESEHT

P(topiclimg)
~NEw77 0.15
= Mountain 02%
10 topics 0.03
probabilistic ' 0.05

clustering

- 0.10
- 0.01
001
.0.01
1005
0.30

JEBiEIZ&oT
mountain fEZE% K

P(moutain |img)
k

= P(mountain |z;) P(z; |img)
i=1
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R A (BB AOHERE T -

Bag-of-video- words

n B EHE5VAEL, spatio-temporal
visual wordsIC &~ CEllaRIR

s IEEEEVUEEHEAZHTHL.
cuboidig& [Ei% + Bx 10 HEZ L.

127
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=snR [(Lap08]
s PEIF SVM + x28_N—%IL

n WO NEERPOEBRIF. ¥195%
= ICCV2009TORRIF. 97.1%
EhiE:RiEBoF CJat. BFFSEIAIMIER P HEEFEAERU.
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[Z% 3R]

P. Duygulu, K. Barnard, J.F.G de Freitas, and D.A. Forsyth: Object
recognition as machine translation: Learning a lexicons for a fixed
Image vocabulary, ECCV, pp.97-112, (2002).

Lampert, C. H., Blaschko, M. B. and Hofmann, T.: Beyond Sliding
Windows: Object Localization by Efficient Subwindow Search,
CVPR 2008.
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s BR7/T—2a2 BEFINILOFS

Ay
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>R =5 => B8
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— iR ETEEO PR (2)

—

s BRINI7 3R REI->PR

s 73N —1ERL : 74 A 715

U0 7

x A2 7R b SR

[
+ RIS E)

,ﬁi q 133
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—iz ORI
BI&F7 SRR 8-> 3R

—

s 73N —1ERL : 74 A 715

THED
= 7|'7/::'7I~°,Ei:¥i|htﬂ oot + PREE 2l

134
Ti%n\_té)'lﬁzﬁtﬁlé DS TEBESICH-IE. ‘
(e.g. Caltech10] #380%) /RO:RREIS. NFMUEIRLE.




E— — w ’~ 0‘\ . The University of Eligtisocgzgjﬁliﬁggi
(=)
7CTIHEBIRSINIS 7 -

Word-image-translation model
[P.Duyguru, K.Barnard et al. ECCV 02]

m Statistical translation (#5189#4%5ER )

s REO24BZBTXRAN #HER—NKR) EFBT—R2EL.
HEEETILEFAL, BERZ1TS. XKiEZHEHRE.

| have a red pen In pocket. = = —
R RS RS E A Ay R IS FoT g, [KEOHRTFZ
| have a blue eraser in my pencil case. =) FHOXHFERATRE

m Word-image-translation model
» REOXF—1—RIm§EFBT—2EL. BEREETILIEE

lion, panda, | KEDHEEFEE
grass grass | (bounding boxf &)
REDE I
— BEEH5T2

— &EHATEE
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tige
forest
grass
cat

sun
horse

<

MBI EITHEANINLEER
P(word|region) #GMMTRIEL, ¥

RENEE D FEIR DFFEAIMIL
GMMIZfX AL, P(word|region)D{E

fHIgEIC,
TFOAF,
&, FIK
HED
=
i

«» f511. P(word|regionl
L - Z ( Ireg )
L e
= )
=1 2
=8 ’
&0 - 9
o S =
= @ 9
/ 7 <
| |

f512. P(word|region2)
805& Tpre:0.2, rec:0.3%2 % 133
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Translation Model O)§51%

» SWOBROBRBZRFFICIRHCEND]EE(3875R)
s B20RRICER. BiEefI1TS5NS.
o REAEREBEROTETILORIBICSL). BENSEROARBICHIG.
= FREIFS<EL). REZ2~3E.
s BRNIABRIR R EIOBRICKIFS 5.
» FRIRRENBR T ERMUINTIFSFT VDG .

n REOHEIR SHOBABRZRIBFICIRHICENTEDLEYH,
visiongtIEmultimedia@®AX2=T1—C
REMALITTHNTIS.

s ACM Multimedia, ACM SIGIR, IEEE ICMETg&

143




E@% /\“l ’}l]“: T O TAPAN (UEC)
Multiple Instance Learning

= Multiple instance learning
= positive bag : positive instance 21
= negative bag : positive instance Z&Fi5|\
— . FGAF D
_— TAAZD positive instance

ositive instance
P ELARY

positive bag negative bag

m Positive/negative bags &t] pos. inst, &3KHD

s EERETILFUE, HIRIFEOBDEREDE.
- Mi-SVM , Sparse Multiple Instance SVM
(Diverse Density (DD) IFHrFtHEH NG ). ) 144
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Region-based BoF

m Divide each image into regions by JSEG
(8 regions on the average)

/‘nHHHHnL
> _— IT H”.H_H_”L Bag- of - features

lili  (BoF) histograms
—_ il (1000-dim)

=) i

il
Segmentation (JM“ -

145 ALl
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Multiple Instance Setting

m Positive bags / Negative bags

@ Dpositive ins,
‘0‘ \ (foreground)
O

[ P ] negative ins,
@ .s ¢ (background)

|

I l / . . The rest of regions are
Positive instances of flower negative regions,

pseudo-training images random images
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mi-SVM  [Andrew et al. NIPS 03]

= Apply soft-margin SVM iteratively

= Training - classifying - #raining -
classifying = «<---

During the iteration, the hyper-
plane is approaching the optimal
plane to discriminate positive
instances from negative ones.

® positive ins,

(foreground)
® negative ins.

(background)
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Final Image Re-ranking

m Regard the best SVM output score of the
regions within an image as the score of
the image

= An image having one positive region at least
is a positive image !

m Rank images based on the scores

flower
airplane apple

148




HRORIBAOBOFOFIH: =
R EICOdahE [RabO'l]

= FRIEIC., PRIREICBOF R7I~ILZ{ER,
RIgBICR. RIRICIHER(ZRFLHEIE.

[Rab07]&kY)
y ) M3

fRiE 2 E T,
Normalized Cuts.
) ) =FIF.

HAZRER (T
) ) HEET )L (CRF)
[Z&ko>TERI.
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Sliding Window
s (UBRIEOENIS, sliding window

) B4R (Viola- Jones detector), HoGIC&DAMIRE

Bwindow[CH U TIFBER LFIC I DFi&k (U BESIFBBT=)

C&L L FHREARMFIFRICAEI ! !
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Pascal VOC 2009

m Classification (BIfRSEFPR) FLIE
Detection (1R ) ORHithila 2R 7.
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Sliding windostEiEfb-?—:ﬁ

m Efficient Subwindow Search (ESS)

[Lampert et al. 2008] gp;svmorar. safztiwm.
» PREREIZICSH-T. high score BBEIFRS D

= Jumping window [Chum et al. 2007]
s FWROTIAN—-ICRARICF<FZN S wordsOIE
B %ixR
m Discriminability(word) = (#target obj.
containig w)/ (#0bj. containing w)

m Generate pairs of high D(w) words and
generate rectangles, aggregate them 152




e EWindowH—F: I e oA e
Efficient Subwindow Search [lam08]

s FHBRR OB RICIRBIRE B
s SEIC, @RISR (FfizSVM) Nt R oJ&E

n IR 7 T2 TR 7R (BB) AFRIR
s EEIR Clo<ia%ZFi-IcBBELCTHRIRI(T, B, L, R]
T= |:"'min\ +max]\ B= I:bmim bmax]\ L= l]min\ Imax], R=[r mins T mélx:I

» PRIEXEERATS
» EEAEEREIC AL TMFOMER R
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n EEGT—A
= Pascal VOC 20090)F7—2tl~

. 20f&¥a0) 7R (Aeroplane,Cat,Dog Tvmo
- FRT— 149K

- KRT—2 150%%
n ERIQIE
= Xeon 2.66 dual core 2GB
s SIFTHFEIRBICSIFT + +
= SVMETZIL{ERKICSVM light
= ESSO{ERXICESS-1_1




FIREGR
" REThff

s KBRf7
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s B71H5Z0BIVNFE(%)
0.35 - FEEESliding Window& (R IXFE S

0.3 mESS
0.25
0.2 - 1
) Slidin@. 15
0.15 Window(10pixel%l
0.1 - #+)
0.05 - — I I - 135:0.133
O —
e O @ L @ L & Q L
S P L@ L E R
F T TEF T«




n PR (s)

0.25

o.2 ‘+HHHH+HHHHHHHAH
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0.05
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*
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*
*
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Sliding
Window(10pixelZl
7+)

¥159:0.2192s

10pixelZl#& D Sliding Window &Y & i&

Q
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ESSOKR

= Bounding box Q)thi:\BR43»O)Visual word
ZS5alClRRUIFRIEIBZRIIRL. SRk
[Lehmann et al. 2009]

= Bounding polygons [Yeh et al. 2009]
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Sliding window 3JERBESFE L=t @

[Vedaldi et al. ICCV0Q9]

Multiple Kernel LearningiC &9 | 8TE%R
OFHORE

m {&FH{LE& : discriminative visual word
ZE2dbounding boxaS3EHER.

m [ ]st ster] MKL+ £ 2h—AIL C.
iF @ ftihiF=:2000%2m%)

m [2M step] MKL+E$$H/1'I—*IL
Kx,y)=11-2°(x,y)) OFIB
s (Rtl% 1 00BIEEICED

m [3rd step] MKL+711 23ERBF




The University of Electro-Communications @
Tokyo, JAPAN (UEC) w

h7al|—aRiE 5l
n 1B EISRIX (superpixel) + CRF

m (labels) Pairwise Potential
by (M M)
<+«———Unary Potential

¢ox(DIm,)

D (pixels) I

Image Plane
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A TFEZRNOH@M:
ARIF Bk  ECTH-TL\SEDEE

n Hi2p8(%: s PEEBEYSREE: S — 500
HiROBEXEHEETERIR + YR58k (+ s A
il SAAS BE | part-of FAf%
F+22L4 | BE R ‘ &

— i1 [ BBE

FoR—F = | [ i / AR

M x| pa= i "*’DK

/ / 'T«Z\?Lﬂ‘
24l \ A g/ —
E—k—F| [ &
REhE
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A-TERNOHB(Q2): T
ARDIE i ELTH-TL 155

n fRQ1 I TXRNMEER
= HiEERR
s IEXIIERAR afERERo LCHS KRN0 LIS,
s HFER—IL o LOEFET=h—
» (BhiCH33REFEIE PCI3NOEICHS
s BREMROMIE
s MR TXERNBER
» SRORR 8. GPST5IR
n NAZ0O)INFKX— (Exifi5iR)
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) Surface Estimation

Image

Support

V-Left

V-Center

Vertical

V-Right

Sky

V-Porous V-Solid

[Hoiem, Efros, Hebert ICCV 2005]

Slide by Derek Hoiem
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Object Support

=lmill

[Hoiem et al. ICCV 2005]
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5. T—2tvk

(&2 3XAK]
[Tor08] Antonio Torralba, Rob Fergus and William T. Freeman: 80
million tiny images: a large dataset for non-parametric object and

scene recognition, IEEE trans. PAMI, pp.1958-1970, (2008).

[Den09] Jia Deng, Wei Dong, Richard Socher, Li-Jia Li, Kai Li, Li
Fei-Fei : ImageNet: A Large-Scale Hierarchical Image Database,
CVPR, (2009).




[A=1]

World Wide Web0()

x DHDSERHHTFTE.
s TXAMBERICIA T, B EHm{RO)ER.

s Web20 OizZEICEF-T, sHTCEFEEICWeb LIC
Bif%, &ifi%e7y 23 52ENDIREICTY-IE
AEBHST, R7—N7ALDHE. FENKDSE T 2]

Youl T ==28358 flickr SAMBLEH 1~

_|_

MFESHOARICF>TiREINICES: - RS
NiWeb EICIF, AEICTFETD. = HUIMEE 173
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2003£
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5818/ HqM h@ﬁ%

m Flickr, Picasa &
= Consumer-generated media (CGM)&EDFIFND
s BLOFEIRLA—FHFSLT27 (F—"1—K)
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