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Abstract

category names, which is one of the ultimate goals of computer vision research. The categories treated in generic

“Generic object recognition” aims at enabling a computer to recognize objects in images with their

object recognition have broad variability regarding their appearance, which makes the problem very tough. For
these several years, due to proposal of novel representation of visual models, progress of machine learning methods,
facilitation of building of a large-scale data sets, and speeding-up of computers, research on generic object recogni-
tion has progressed greatly. In this report, we explain how machine learning techniques play an important role in
generic object recognition.

Key words generic object recognition, image representation, machine learning, large amounts of visual data

00000 (generic object recognition) 0000000
00oo0oo0oooooooooooo o

1. 0D O00

gboooooooooocoobooobooooboooooo
ooooooooobooboooooobooooobooboooon
oboooobooooboobooobooooboboOoooboooooo
gooooooooooboooboouoboboooobooooo
gooooooooooooobooooboboooboooooo
gooooooooobobooobooobbooooboooooo
goboooobooboooooooooooo

gbooooooooboooobobooooooooooooa
oobmobomoooooooooooooboooooboo
oboooobooboooboooooooboooooboboooooa

gobooooooooooobbooooboooooboooooo
goooooboooooobooobooobooboooooooobo
gobooooooooooobobooobooOoooOooOooooo
goboooooooobooobboouoboooobooooooo
goboooooooobooboobooobooobooooo
gobooooooboboooobobooboboobooooDo
goooooboooooboooooboooboooobooooooo
gooooooobooboooooooooOoooobooooo
000000000000 000000000oOooOooOO(
oooooooo@Uuoooooooo@uooouooa

11—



|

MBS
—HEZOHA

1 EREEOATI—25

ERER" RS @lid!ﬁi*ﬂi
FEER ||| 2] E{E 7 /7 — a3y MHSAADHE

(BRATIVHE)

[ neau—zouwn |

2 & g

(a) BEMEEE

000000000000000000020000000000
0000D00000D0000D000000(1)0000000
0000()0000000000(3)WebO0DOOODOODODOO
0000000000 0000000000000000
0000000000000000000000000000
0ooooooo
000000000000000000000000000
000D00D0D0000000000000000000000
0000000000000000000000000000
000000D0000000000000000000000
0000000000000000000000000000
00000D00000000000000000000000
000D00D0D000000000D0000000000000
0000000000000000000000000000
0000D0000000000000000000000000
000 WebOOOOODOOOOOOODOODOOOOO0ODOO0O0O
00D00D000000000D0000000000000
00000000000000000000000000000
000000000D0000000000000000 bag-
of-features 10 000 000000000000000000
0000000000000000000000000000
00000000000000000

2. JOooOooooOooao

goooooooooooooboooocoobobOoOoobo 40000
obobooooooooooooooooooboboooooon
goooooboooobooooobooooboooboobooooooo
gooooooooboooooooooooooooooaoa
goooobooooooooooooobooooooooooo
gob@oooooboodooboooooboooooboooooobooo
goooooooooboooooOoooooOooobooooboooo
gooooood

gobooboooobooooboooooobobobobooooboo
goboooobooooboooooboooobOoOoboOooobooOoo

(b) — AR

Figure 1 O000O0O0O0O0OO0OO0O0OCOOOOO0OOCOOOOOOCOOOOOCOOOO
go0ob0oo0oo0ooooOoooooooooOoboboOoOoooooooon
gooooooooooooooooOobooOoOooooooboooo

[5] h7 2 | —bEs i : i+ s B
T N .

7 L

~

Figure 2 000000 (DOO0OOOOO)O
ooos0000oo0o0

gooooboooobooobooooOoooboboooooooboo
gbobooooooooooooobooooooboobobooboon
gbooooooboocoboooobooboobooooobOoboobo
goooobooooboooooboooooboooooooooaoa
oooooooooooo
gobooooooooooobooooooooboooooo
gooooobooooooooboooooooooooooo
gobooooooob2000000b0000bbooO
goboooooooboooboboboobooboooooooboo
gbooboooocoooboobobooobouooooboboOo™moo
gobmoooooobooooooooobobobooobo
gobooooboooooooobobooobooooobooooooo
oboboooooooooobooooooooooooooon
gooooboooooobOoobooooboboooooooboo
0000ooO00oo0ooooOooo()oooooooOo@)oo
o0o0o0ooO0o0@®)ooUoooooUooooooooooo
00000 3)UooUooooooooooooooooog
goobooooboomooooooooooboooooo
goboooooooooooboboooboboOooooooooa
goooooooooooo
gooooooboooboomoooboooooooboobooo
O0O000iPhoneD 00O O0O0OOOO0OOOOOOOOODOO
o0oo0o0o0ooUoUooUooUoUOoUoUoDUOooOoo()
oo0oooO00oooooobOOoooUOOo((?)ouooooooo
gobooobooooboooooboooobOoOooobooooooo
ooo00oooooDOooUooUoo@) oooooooooooo
gooooooooobooooboooboooooooooo
gbooooooooooooooooboooooooood
o1o0200000000000000000000O0O00
goooooboooobooooboooboooooooooo
goooooooooooooOoooobOoOooOoobooooooo
goboooooooboooobooobooooobooooooo
gooooooooooooobooobooobooooooo
goboooooooboooooboooobOooooooooOoo



gooooooobooboobobobobobobobooo
goooboooobooooboboboboboboboobg
goooooooboooobobobobobobobooo
goooboobobobobobbooboooooobobo
goooboobobobobobooboboooooobobo
goooboobboboboboboobooooobobobobo
gooo0o0obO0oboobOobOobOooooDoD
g200000b00b00bO0bO0obOO0bO0bOobOobOobo
podsbooboobboobbooboboobobbooobo
goooooooooooboobobobobobobobo
goooooooboobooboboboboboboboobg
goooooooooooboboboboboboboobo
goboobooboboobooboob,o0booboobo
gooooooobooooboboboboboboboobo
gooooooo
gooo0o0obooboobobOoboboobobobooobooo
gooobooboobobooboboboboboboboonog
gooo0oooobo0ooobobobOobobobobooo
goooooooboboobobobobobobobooog
pooboobbooboobobbboobboobboboboobooo
go0o0ob0oboobOoobobOobOoboOoooooon 256
000000000000 Caltech-256 0000000000
0000 s0%0000000000000000000000
0000000000000 O00000D0O0 CCaltech-256 0 1
goobooobooboobooobooboboobooboobooobo
lgboobooobooboboobooboooobobobooo
gooboboooobbo0ooboboobbooboboboo2000
0000000oo0oo0oooooooooo 30%0000
gooooooobooooboobobobobobobooo
0000o0o0ooooooooo % ooooooooon
gooooooobo0ooobobobobobobobooo
goooooboobobooboboboboboboboobg
poboboobobooo0obooo00ooooouobbbbboboobooo
gooooooobooooboobobobobobobooo
gooooobooboobooboboboboboboboobo
gooo0oooboboooobobobooobooooooog
goooooooboooobobobobobobobobo
goooo
gooooobooboobobobooboboboboobooo
9%5%0000000000000000000000000O0O
000000000000 0oooDoDoDGoogleD OO 1100
gooooooooooobooboboboboboboobo
0000 Google Goggles 00D ODOOOODODOODDOODODO
poobobooobboooobuooobboobbbooobo
J0O000o00o0DbOo0CU0ObOO0OO0 WebOOODQODOOODOO
pooooobooobobooa

3. Joooon

gooooooooooooobooooboooooooooo
gboooooboooooobooooooooo

3.1 00000

ugoooobobobobooooooooooboog se0o00oogg
gooooooooboooooooobOoOooobooooooo
gobooooooooooobboooboboooobooooooo
gooooooooooooboobooobobOogrooongigsgo
goboooooooboooooboooobOooOooOooooooo
goooooooobooooobobooobooobooooooo
goboooobooooooooobooobooooboobooooboooo
gooooooooooooobbooobooooboooooog
gobooooooooobooooooosoboooooooo
gobooooooooooobboooboooooooooog
goooooboooooboooooboooobOooboooooooo
gooooooooboooobooobooooooooooo
000o00o0o0o0oo0oUo0Uo0 (Doboooooooo

ooooooUooUoO0oooUo)oooooooooooo

goooooooboooobobobobobobooboooboog
900 0000obo0 3booboooobooobooon
goooooooooooboobobooboboboboobo
goobooooobobobooboobboobooboobooboo
goo0o0oOoooooooooooooooooboooooa
goooooooooooboobobobobobobobo
Oo0ooooobOoo00ooooooooboooooooooo
gooobooooboboooobboboobooboobboooo
gooooooobooooboboboboboboboobo
gooooooboboobobobobooobooo
0 0bboooboooboooboboooboooo
gooobobobooooobooboboooobobooog
goooboooooooboobooboobooboonbo
goooboboboooooboobobooooboboobog
gooooooooooobooboboboboboboobo
gooo00oooo0oooooobobooboobobobobo
goooooooooooboobobobobobobobo
000000000 loooooooooooooooooon
goooo30obobooboboboboooooooooo
000000 @BDOooo0oooooOoooUooo300oo
030000000000 200000 (LODDOOO)OO
J00DO0O0O0Dappearance-based DO 000000 DOO0O
gooooooooooobooboboboboboboobo
goooooooooooboobobobobobobobo
goooooooooooooboboobobobobobo
gooooog
gooo0oooooobobOobobobOoboooooo
gooooooooooobooboboboboboboobo
goo0oOoOoooooooooooooooooboooooa
O0000O0oouUo (Pricipal Conponent Analysys, PCA)O
0000 (Linear Discriminant Analysis, LDA)D OO 0O0OO
O (Canonical Correlation Analysis, CCA)DDO 000000
gooboooooooooboobobobobobobobo
goooooboobobooog
goobooooooobobobobobobobooooo

— 3 —



o0o0o0o0oooOO0o0o0oOoOoOooOOoOoOooooOOoOooooO
oooooooOoooooooooooooooooooon
0 content-based image retrievald CBIRO OO OO 1990 O O
ooooooooOooooO0o0ooooooooooooooo
o0o000oo0o0o0ooo0o0oUoooOooUooOoOoOooooo
oo0o0o0ooOoOo0oooOoooooooooooooooo
00o000o00o00o0oo000ooo0ooUoooooooo
oo0o0o0ooOoOooooOoooooOooooooooooo
00o000oo0o0oOo00boO00oo0O0DooO0moon
o0ooooo0oooooooooooooooooooo
goooooooOooooO0o0ooooooooooooooo
oooOooooOoOocecBIROODOOOOOOOOOOOOOO
gooooooooooooo

3.2 OJOOOoO

oo0o0o0ooOoO0o0oooOo0o0ooooooooooooo
o0o000o0o0o0O0o0ooo0o00oooOooooooOooooO
oooo0ooOoOoOoooOoooooooooooooooo
000000000o0ooooooooooooooooooo
200000 0000000000000 0000O00O00O0O0O0O
ooooo0oo0o000ooooO0O000boooOoO0o000ooo
oo0ooO0oooooooooOoooooooYoooooo
02000000000000000000000000000
gooooOoOoOooooooooOOoOoOoOoDmi1DoCODoDoOo
oo0000oooO0o0D20000000000000030
0000000000000000 bag-of-features 0 00O 0O

oo0199000000000000000000000DO0
o0o0o0oo0o0oooooOoOoooooOooooooooon
ooooooooOooooO0o0ooooooooooooooo
0[400o000oo0obo0ooooooooooooooo
300o000o0000oooooooooooooooooo
0000000000000 0ooo0oooUoooooooo
o0o0o00o0oooo0ooooooooooooooooooo
0000 SIFTO Scale Invariant Feature TransformO O [5] O
ooo

SIFTOO (1)000000000o0ooooOoooooEe)o
00000O0o000oOo0oU0oOooooOoOoooOoO 128000
oo0ooo0ooO0O0oo00oooooo0ooOoboooo
oo0o0o0oooOo0o0ooo0oooooOoOoooooOooooO
ooo0o0oooo0ooooO0oooooooooooooooo
0000000000000 o0O00oo0oooooDo (0o
oO0)ooooUoooooOooUooUoUooOooUooUoUo
O000o0o0ooOoooSIFTo00o0oooooOooooooo
do0ooo0o0ooo0oUoOoUooOoUOOUD (Dooo
0)0oooooOOooUoOooUOooOUoOooOoooUoDUooo
0300000001 000000000000000O0OO
ooo0o0oooO0o0o0ooO0o0oboo0oooooooooo
ooo0o0oooO0o0o0oooOoooooOooooooOooooo
gooooo0oO00O0000O0ooDoooOOsSIFTOODOO
o0o000oo0o0o0ooo0o0ooooOoooooOoOooooo
gooooOoOooOoOoosSIFToo0o00oooooooooo

Figure 3 SIFTODO0O000O000O0O0O0O0DOOOODOOO

godoboboooboooobuooobbooobooooo
Jodo0bOO0o0o0obOo0oOo0obDbOoOobobooOoOoooboooooo
ooooobooo
o00o0o0oo0oo0oUo0oUoOOoOOoUoOooooOo
godobooobooooboboobbbooooboooooo
00000o0o0o00o0oo00ooooO0ooUoooooooo
godoboooboooooboooboooooboooooo
poobobooobooobobuoobobboobbooobo
0odo0DbhooooOoooobOooooDboooboooooo
SIFTOOODO0OO0OOO0OOOO0OO0ODOOOOODOOOOO
0000000 D.LoweOOOO0OOOO0OOOOOODOOOOO
000000 WebODOOOOODODODOODOODOODOOODO
gooooooSIFToooDoooooooooooDooooo
OooooOooUoOo eooooosIFrooooooooa
00000000000000000 SURF[7O0OO0OOO
000o0o0oooooooooog OpenCVOOOOOO 1.10
00o00000o0000oo0O000ooOooUUooooooo
00o0o0oooOoge)o HPOOODOOUOUOOOODOOOO
goooSIFTOO0O0O00D0O0O0O0OO0 bag-of-features 0 0 O
Og01gboboo0ob0oobooooboooboobooooog
3.3 Visual Words [0 Bag-of-features
SIFTOOO0DO0OO0DOO0OO0DOOODOODOOODOOOOOOOO
gooobobobooooobobooolobobboooooboboo
Jodo0DbOOo0oobOo0ooobDbOoOobDbOooOoooooooa
goooboobooooobboodobboogolbobg
O0o0o0o0O00DbO0O0O0ODOODOODODODOOO0DDODOoDOoOoOoOooOa
000000000 codewordJOOODODODOOOOODOO
0000000000 9o 4900000000 visual word
godoboooboooboboobboooobooooo
0000000001000 000000000000 0OO
visualwords 00000000000 O0ODOOOOOOOOOO
00000000 (vismalword) DO0DOOOOOOO1000
goooooooboooooobooooboooboooooo
Jo0o0d0O0obbObOO0OO0 WebOOOQoOOoDOooDOoODOODOO
00000000000 D00000d visual words OO0 OO
00 @o00O000bO00000000O0oOooOOooOOD
Ovisvalwords 0000000000000 O0ODOOOO
gooodbooboobooboobobooboobooobooo
Visual words 00 0000000000000 O0ODOOO
ooooooobbobooboooodoooooooobooo
O0000000visual words 00 000000000000
00000000 bag-of-features 00 (BoF) [10)0 000
pgoobobooobbooobuooobbooobboooo



V.V,
yivi ’Vl
¢ N
v, Vi Vi 4
V.
v, o
v ! ! ./
= Vi V,y &
( _
Vi Vi . 8
¥ SIFTSRIC kYl — -
oo Sht B s o ] !T%Fﬁ43f1¥,‘leaﬁl
2EEE LV AUMLEBE~) BRI Y7 BT/ N 2—> hivisual words

Figure 4 00000000 (visual word) 00000000000
gdbooooooooooooobooooooobooboog
000000 visual words 00000

frequency

PLON=EALYD Edu-

visual words

Figure 5 Bag-of-features 00 000000000000 OOO
visual words 0 0 000000000000 OOOO

0000000000000000 bag-of-words(BoW) O O
gooobobobooobobooboboooobobooog
go0ooOobooOOoOobOooOobooOoOobOoOoOn visual words
000000000 visual words O bag-of-words 00 OO OO
bag-of-features 0 0 0 0 0 (O 5)0 0 0 O O O bag-of-visual-
wordsO0 BovWwO O OO OOOOOOOCOCOOOBoWOOO
OTr-IDFOOODOOOOODOOOOODODOOOO10002
gooo0ooooooooboobobobobobobooo
g00D0000 visualwords U0 O0D0O0OOOOO0ODOOOO
0000D00O00BoFOOOOOOOOOOOOOOOOBoF
g00OD0OC0OO0OD0OC0O0OOvisualwords DO OOOOODOOOO
goLiogooooooooobooooon

Bag-of-features 0 0000000000000 CODODODOO
OO0O0visualwords 0000000000000 O0OOODOO
gooooooobooooboobobobobobobooo
gooooobooboobooboboboboboboboobo
goooooboobooboobobobobobobooboooo
gooooobooboooboboboboboboboobg
goob00ooooboooooboOooOoboboOobooobooo
goooboobobobobobooboobooooboobobo
00000000 bag-of-features 000000000000
goooooboobooboobobobobobobobooonog
bag-of-features 0 000 0000000000000 00OOO
000 bag-of-featwres 0000000000 0OOOOOODO
gooobooboboobobobobooooboobobo
goooboobobOoboboboobooboobooooobobobo
goooooooboobooboboboboboboboobg
goooooboo

Bag-of-features 00000000000 COODOOOOODOO
gooooooobooboobobobobobobobooo
goboobooboboboboboobooooooobobobo
gooo00o0oo0o0ooobooooOOoboobDobooboboobo

0000000000 oO0o000oOOoOoD0ooOOooooD
00000000000000000000O0AO0visual words
00o000oOo0o0oooo0o0ooDOoOoOoUoooooOooooo
oooOoooooOoooo0o0ooooooooooooooo
0000 100 visualword D0 OO0OOOOOOOOOODO
oo0o0o0oooO0ooooo0ooooooooooooooog
000000 visualwords 000000 O0OOOOOOOO
ooo0o0ooOo0o0ooOo0o0oooooooooooooo
ooo0o0ooO0o0o0ooOo00ooOoo0ooooo0oooo
0000 bag-of-features 0 00000000000 OODOO
ooooooooOooooOoOoooooooooo

Bag-of-features 0 0 0 O O O O O bag-of-features 0 0O O O
ooo0o0oooO0o0oooo00oooooooooooooo
OO0O0O0O000Obagof-features 00 000000000000
oo0o0ooooo0oooo0o0ooooooooooooooo
000000000000 D0O00000DO0OObag-of-words
oo0o0ooooO0oOooooO0o0oooooooooooooog
oo0oo0o0ooOoOooooooOoosvMOOoOoOoooOoooo
000000 bagoffeatures 0000000000 OODOO
oooooo

oooSIFTO000OoOoOoOoOoOoOo0oOoOoooooooon
ooo0o0oo0o000oo0O00ooOo00ooo0o0ooon
oooo0oo0oo0ooUoUOoUbDO (DoOooD)ooooooo
ooo0o0oooO0o0oooo0o0oooooooooooooo
0000000000 (0600000 0oUOODOOoUoOO
ooo0o0oooO0o0ooooO0o0oooooooooooooog
00o000oOo0O0o0ooOo0o0ooooOOoOooooOoOooooo
ooo00o0ooO0o0o0ooOo0o0oooooooooooooo
o0o000oo0o0o0ooo0o0oOoOOoUOUoOoOoOoooO
oooo[11,[12)0

JUVE(BFR)

SIFTAIC R B Rl SVE L

Figure 6 30000000000000000C0COO0O0O0O0OO
ooboooooooooooooooooooooooo
oooooooooooo

Bag-of-features0 BoFO 0 0 0 0000000000000
0000000000000 0000000F. JurieO [13] 0
OO0 kkmeans 000 0O0OOOODOODODOOOODOODOO
0000000 mean-shift[14) 0000000000000
OO0F. Perronnin 0 [15] 000 GMMOOO EMOOO0OO
oo0o0000oo0O0000oooOoO000Ooooooood.
Weijer 0 [16)J 0000000000000 O00OOOOOOO
gooooOooooooODollaroooopoooooooo
goooooobo 3sgbboooooooobooooobooobog
00 bag-of-video-words 0 0 0000000000 OCOOOO
000000000007 UDollar DO OOODOODOOODO

— 5 —



000000000 BoFOOOOOOODOOOOOOOOOO
000000000 BeFOOOOOOOOOoooooooo

4. OO OO

0000000000 bag-of-features(BoF) 0000000
000ooOo BoFOOUOLO)OOOOUOOOUOOOOOO
0000 bag-of-words 0000 (BoW O OO DO)OODOOO
0000000000 BoeFODOODOOBoWOOOODOO
poobobooobbooobuooobboobbooobo
gooooobooboooobobobobobobobooo
opoooo

4.1 Support Vector Machine

poobobbooobbooobbooobbooobbooo
goooodooooobooboboobobbobbboooooo
000000000 0000DOOODbag-of-features 0000
00000000000 000000000 (Support Vector
Machine, SVM) 0 OO QOO0OOO0OO0O0O0OOO

SsvMOOO0O0O00O0O0O0OO0ODDOOOoOOODOOOOoOOooog
go0o0ooooooooooooooosvMOoOooooooo
goooooooboobooboboboboboboboobo
goooooboobooooboboboboboboboog
gooo0oooooooobooboboboboboboobo
gooobooboboboboboobooboobobobobobo
SsVMOOOOO0000000000D00000 WebOODO
goooooogoobo svMoOoooooooooooooo
0000000000000 D000000000OSVMIight [18]
0 LIBSVM [19] O bag-of-features 1 00000000000
ooo

Bag-of-features 10 000000000000 x*RBF OO
OOODEMDOUOOO [20000000000000O0O0OO
DDDZhangD[QO]DDDDDDDDDDDX2RBFDDDD
gooooooboobbobobobbobobobooooooooooo
0000 0Zhang 00 [20] O O Earth-Movers Distance(EMD)
goooo X2RBFDDDDDDDDDDDDDDDDDDD
goooo0ooO0ooEMDODOODDODOODOODODOO
goooooboooo

XZRBFDDDDDDDDDDDDDDDDDDDDDDDD
goooooooooooooo 20b0obbobooooonbog
gooobooboboboboboboboobboboobo
000000000 bag-offeatures 00000000000
O0OOD0X*RBFOOO00O0OO0O00ODOOOOD

R )

where )(2(x7 y) = Z 7@; er;)

00000 400000000000 Zhang 00 [20] 00 x>
00000000004 00000000000000000
0000 x*0000000000000000000000
0000000000000000000000000000
0000000000000000000000000000

00000000 Ocross validation 0000000 ~000O
goooooooooooboobobobobobobobo
0 [21]0

Bag-of-features 0 0 000000000000 O0O0O00O0OO
000000000000 000000000D0D0O visual words
go0oOOo0ODCOCOo0O00ODOOOOO0n visual words OO O
0000000000000S. Lazebnik O [22] DO BoF OO
goobooboboboobuo4b0bleb0obOooboobDOob
0000000000000 BoFOOOOOODODODOOOO
0000000000 000O00DOOO0O0 Spatial Pyramid
Kermel UOOOOOOO SVMOOOOOOOOODOOOOO
gooobooboobooooboobboobooboooboobo
bag-of-features + SVM OO OOOOO OOOO0OOODOOO
goooooboobobooog

4.2 0J0O0O0OOOOOO

goooooooooboboboboboboobooooo
0000000000 0O00D0DbOOO00O probabilistic Latent
Semantic Analysis (pLSA) [23]0 [25], Latent Dirichlet Allo-
cation (LDA)[11],[26) 00 0000000000000000
Bag-of-features 0 0 0000 OO0 bag-of-words 0 0 OO0
gooooooooooobooboboobobobobobo
Oo000oO0o0o0oo0oooooooooooooboooooa
goooooooooooboobobobobobobobo
gooooo

Latent Semantic Analysis (LSA) [27] O bag-of-words 0 00O
goooooooooooboobobobobobobobo
gooooooooooobooboboboboboboobo
00000000000 pLSAOOOOpLSAOCOCOCOOOO
gooooooboobbboobobobobobbboooooo
0000000 oo0oO0UoooOO [23J0LDA O pLSA O
0000000 000pLSAOODOOOODOODOOODODOO
J0o0o0oOoOooEMUOOOOO0O0OO0OOOOOOOOOLDA
JoooDooodooooDOoDOooOooOooo McMCcOOo
00000o0oooUuooooooo 260

J. Sivic O [25] O bag-of-keypoints approach 0 0 00000
000000000 0D0O0OOOd probabilistic Latent Semantic
Analysis (pLSA) (23] 0 00000000000000000
000000000 concept discovery 000 OO0O00O0O0ODO
goooooooooooboobobobobobobobo
000000 supervised 0000000000 ODOODOOOO
J00D00OD0000D0O0 unsupervised O OOD0OOODOO0O
gooooooooooobooboboobobobobobo
gooo

gooooOooodooooooooooooooooooad
goooooooooooboobobobobobobobo
0000000 [28],[29]0

4.3 0000

Bag-of-featuresd BoFO O OO OO0 00000000 O0OO
goboboboooobo0o™@oboooobooboobo
goooOooO0O0ooOoO0oOoO0oDoOoOooOoUooDoOoOon BoF

— 6 —



0% 10% 20% 30% 40% 50% 60% 70% B0% 90% 100%

ALSA2
)
oot |
HE—ia |
B — .
ERaEE '
. ] :
|

|

|

Ea
=)
frduyess
FHOES
 color H Bok(DoG1000)
¥ BoK(DoG2000) m BoK(grid1000)
® BoK(grid2000) m BoK(randem1000)
w BoK(random2000) w gabor3x3
gabordx4
Figure 7 0000000COOO0OO0OOCOOOOCOOOCOOO

ooo

Figure 8 000000000 OOOOOODOOOOOOODOOOO
goooooooOoooooobOoOoOoobooboOoOobooooo
oooooo

ooo0o0ooOo0o0o0OooOoOOo0ooooOoOoOoOoOoooOoO
ooooooooOooooO0o0ooooooooooooooo
gooooooooooooo

Varma OO OBoF 0000000000000 O0O0OOO
o0o000o0O0o0O0o0ooo0o00oooOooooooOooooo
00O Multiple Kernel Learning 000 O0O00O0O0OO0OOO
00000000000000 [30]0 Card Faced Airplane O
Oo000ooO0opooOooOoOoOooooOoOoO 1010009,14400
25600 30,60r00000000O00000O0BOOOOOO
o0o0o00o0oooO0oo0oooooooooooooooo
00000000 Caltech-1010 Caltech-256°"'" 000 00
000000o0oU0ooooouooooo 65%00 35%0
000000000 Multiple Kernel Learning 0 000000
00000 90%00 60% 00000000002004000
Caltech-101 000000 20%00000000000000
go0o0o0ooOoOo0oooOoOoOooooooooo

00o0oooooOoos0000000OO0ooooooon
0 [21]j00000s0000000000000000000O
06134%00000000000000000 34.64%000
o0o00oo00U0oo0o0o0oo0oooooooooToOO
0o000ooo0o0oooooooOoooooooos000
ooo0o0oo0o00oo0b 8sOooooooooooooon
o0o0o00o0ooooOO0ooooooooooooooooooo
goo0o0o0ooooooO0o0O0ooooO0oooooOooooon
o0o0o0o0ooOoOo0oooOo0ooooOooooooOooooo
ooooooooOooooO0o0ooooooooooooooo
oooo

Figure 10 000000 cowld sheepl dogl personl bicyclel bus
carOmotorbikeO 0 OO0 O0O0O00OOOOOOODOCOO
goooooooooobooboon

4.4 0O0OOOOOO

00000000 Caltech-101/256 O TRECVID OO0 O
oooooooDO0ooUO0oD0ooU 1/o000UO0oUoDOoo
oo0o0oooo0oooooOoooooooooooooooo
ooo0o0oo0o00oooOo000ooOo0o0oooo0oooo
0000000000000 o0oooooooooooooo
oooOo0oooo0oooo0o0ooooooooooooooo
o0o00o0ooO0o0oooo0o0ooDooOooooooOooooO
oooooooOoooooooooooooooooooon
00000o0o0o00oOo0oU0oo0ooooooOoO 20000
ooo

0000000000000 0D000 K. BarnardOO OO
word-image-translation model [31] 000000000000
0000000 00o0ooo0o0ooooooooooooo
oo0o0o0oooO0oOooooO0oooooOooooooOooooo
ooo0o0ooO0o0o0oooO00oooo0ooooo0oooo
oo0oO0oooo0o0ooooO0ooooooooooooooog
ooooooooOooooO0o0oooooooooooooog
O0000ooOo0oO0oooooOooooono oo

o0o0ooo0ooo0oooooooooooooooo
0000000000000 O0O0OOO0OO PASCAL Visual
Object Classes Challenge”"*" 0 40000000000 1
00 detection 0 0000000000000 OOODOOO
oooooooU0oo0oooooOoooUoooooooo
0000000000002 000000 persond birdd catO
cowldogOhorsedsheepOaeroplanedbicycledboatObusOcarO
motorbike[ train0 bottled chaird dining table[ potted plant[]
sofall tv/monitor0 0000000000000 OOOOOO
00000000 20000000 2%00000 40000
oooooooo o0

00 1M http://www.vision.caltech.edu/Image_Datasets/Caltech256/

0 O 2007 http://pascallin.ecs.soton.ac.uk/challenges/VOC/



Lampert 0 [32] 0000000000000 DOOOOO
gooo0oO0o0o0oOo0oooooOoOo0O0o0oOooUOoooo Ef-
ficient Subwindow Search (ESS) 000000000000
oo sSsvMOOOoooOoOooooooooooooooooo
0000000 svMOOoOooooOoOooooooooooo
ooo0o0ooOoOooooOoooooooooooooooo
00000o00oo0ooooO 1000 10000000000
0000o0ooooooooooooo 200800 CVPRODO
00000ooooooooooooooooog svMood
ooo0ooooOoOo0ooo0oooooooooooooooo
goooooooOooooOo0ooooooooooooooo
ESSO00000COCOO0O0O0D0OO Multiple Kernel Learning
ooooooooOooooO0o0ooooooooooooooo
0oooooooo 330

oo0o0o0ooO0o0o0oooOo0ooooooooooooo
00000oo00ooooo0oOooooooooooooon
goooooooOoooo0oooooooooooooooo
o0o000oo0O0o0ooO0o0oUooOooUooOoOooooo
oo0o0ooooOoOoOoooOoooooooooooooooo
poobobooobbooobuooobboobbbooobo
o00oo0ooo0ooOoooooooooOoooooooon
000000000000000D000D0 caltech-101/256 O
00000200700 Varoma O [30) 00000000000
oo0oooo0o0ooooOo0o0ooooo0oOoooooooooon
oooooooooooo

5. Jgooond

WebOOOOOOOOODOOOOODOOOOOOODO
goooooooooooboobobobobobobooo
gooobobobooooboobobooboobobooboo
goooooboooobooboo

5.1 OJOOOOOODO

poobobobooobbooobobooobbooobbooo
000000000000 Caltech-101/256 O PASCAL Chal-
lenged TRECVIDOOOODOOOOOOOOOOODOOOO
0000000000000 Caltech-101/256 0000000
gOooo0000030,000000000 CaltechODOOOOO
gooooooobooooboboboboboboboobo
000000000000 0O0UOTRECVID OOOOOOO
goo0ooboOooboobobooobo 00000000000
02000000/00000000000O0O0OOUOOOO
0000000000000 0TRECVID O 200500 800
goodobooooooobobbobboooboono 44900
000000000 00000O0ooIiBMOCMUD Columbia
0000000 LSCOMO Large-Scale Concept Ontology for
MultimediaOd""?"[34) 0000000000000

gooooooooobobOoboboobobobooooo
goobobooooboboboobbUo obbooobboo

gooooDOOo0oDO0oOooOO0oOooOOoOobooobooogoog
WebOOOOOODOOOOOOODOOO LabelMeOOODODO
0°°4[35) 00 0000000000000 D0D0DD0O00OO
goooOoooOoobooOoooOOooooOooboooooooboo
g0oo0ooo0oOooooooDpOoOooDooOoooooooog
gopooooog

000000000000 0oDooooooooooooo
OO0 ESP game[36) DO0OOOOUOODODOOOOOOOO
00 Amazon Mechanical Twrk 0000000000 O0O00O0
000000 Imagenet.org D00 370000000000
goboooooooboooooooooooDo

5.2 WebOOUOODOOOODOOOOOOODODOO

ooooo0obOoooOooO0obDOobO0oO0 WebOOooo
000000000000 000D000O00 YahooOGOOO
APIOOFlickr APIODOOCOOODODODO WebOOOOOOO
00 Web APIOOOOOO0ODOOOOOOODOOOOOOOO
goooOoooOoooooOoobooooooo

0 [38],[39]0 WebODOOOOOOOOOOOOOOOO

gobOoOoOoOo0oOoOoOo0oU0obOo0oUoboOoOobooOooooo
O00OWebODOOOOOOOWebODOODODOOOODOOOOO
go000O0CO0000ODOOOO00OUooDoOCoOoOOoOwebdOd
oooooooooooooo

WebOOOOOOOOOOOOOOODOOOOOOODO
goooooooooobooboooooboooobooooboo
000000 WebOODOODOOOOOODOODOOOODOO
gooovrogbobooOoooooooooooobooooooo
000 WebOOODOODOOOODOODOODOOOODOO
O0OO0OO0OO0OR. FergusO [40] 00000000 RANSAC[41]
O0D00O0O0OO0OOA. Angeloval 4200000000000
gooOoOoOoOoOoOoOoOoOoOobOooUobooOoobooUooooo
0000000000 WebODODODOODOODOODOO
00 [43],44)0 EMOO0O0OODOOQOOUOODOOOUOOOOO
Oo0o00oO0o0ooodooooooooooooboooooa
gO0o0O0OSchroff 0O0OSVMUODOOOOOOOOODOOO
go0ooobDO0OBeFOOOODOODOOO WebOODODOO
0000o00o0ooUoooouoo 450

R.Fergus 0000 [24] 00000000 WebODODOOODO
0000000000000 D000000OGoogle Image Search
goboooobDoOoOoooOoOoobooooosouoooag
J0o0Do0oo0o0ooooo0ooDoOOo0ooDoOoooooooog
Joooooooooooooooooooggeboooog
0o7m000000oooo00oooooooooooooog
0500003 000000D00O0O00C00OVijayanarasimhan
0460 0WebODOODODODODOODDOODOOODOODOODOO
O00000O0O0OD0OO0OOd positive bag 0 0000 Multiple
Instance Learning 0 0 000000000000 O0OCOOO
gooogdoooooooooo0oooogoboooooo

goooooooooooobooobobooooboOoooo

00 30 http://www.lscom.org/

00 40 http://labelme.csail.mit.edu/



goooboobooooobooboobooobooboobooo
A. Torralba 00 08,000 0000000 WebOOODOOODO
32x32000000000000 k-OOOODOOODOOO
OoooooooboOWebOODOOOODDOOOOODODOO
gbobobOoboboboboboobDobDooobooooo
000000000 bag-of-features 0000 0OO0ODOOODO
000000000o0ooooooooo 47o

WebOOOUOOOODODOOOOODODOOOOOODOODO
ggboboobbooobbooobbooobbooboboo
gbobobobooboobobobooboboooobooooo
gopoooooboobDoooOWwWebOOUOOOWeb OOQOO
gbobobobobobooooboboobooboboboo
ooo0oooOoOoooooboOoOooDoOboOoOooboDoOWebOd
gboboboboobobobooboobuoboooobooooo
oooo00OO0 «cooorobOobo0obooooboooooo
00000000000000000000WebOOOOOO
gbobobobobobobooooboooooboobooooo
gbobobooboobooog

6. 0000

g00O0OCoDOOOU00O0ODOO0O0bODOOO0On0ODn bag-
of-features 0 DO 0D0O00D0O0O0 BoFOOODODODOOODO
goobooooooooo

Bag-of-features 0 0000000000000 OCOO0OOO

Joo0b0o0oo0oOooooooooDbooooooooooo

BoFOOOOOODODODODOODODOODODODODOUODODODODO

Jddoooooooooooooboobobboboobboooo

gobobooboboooobbooobboooboboooboo

JoobOooooOooobobooOoobOoooboooa
References

[1] OOOD: 0D00000O0ODO0O0OOO,000000000: O
J00o00o0ooooooooooogn, Vol. 48, No. SIG16
(CVIML9), pp. 1-24 (2007).

[2] Turk, M. and Pentland, A. P.: Eigenfaces for Recognition,
Cognitive Neuroscience, Vol. 3, No. 1, pp. 71-96 (1991).

[3] Murase, H. and Nayar, S. K.: Visual Learning and Recogni-
tion of 3-D Objects from Appearance, International Journal
of Computer Vision, Vol. 14, No. 9, pp. 5-24 (1995).

[4] Schmid, C. and Mohr, R.: Local Grayvalue Invariants for
Image Retrieval, IEEE Transactions on Pattern Analy-
sis and Machine Intelligence, Vol. 19, No. 5, pp. 530-535
(1997).

[5] Lowe, D. Gu.:
Invariant Keypoints, International Journal of Computer
Vision, Vol. 60, No. 2, pp. 91-110 (2004).

[6] O0OO0O: Gradient 0000DOO0DOO - SIFT O HOG —, O
0o0bo0oooDOOobD: 00o0b0obDo0boooDooboog
0000, No. CVIM-160, pp. 211-224 (2007).

[7] Bay, H., Tuytelaars, T. and Van Gool, L.: SURF: Speeded
up robust features, Proc. of FEuropean Conference on Com-
puter Vision, pp. 404-415 (2006).

[8] van de Sande, K. E. A., Gevers, T. and Snoek, C. G. M.:

Distinctive Image Features from Scale-

[9]

(10]

(11]

(12]

(13]

(14]

[15]

(16]

(17)

(18]
(19]

20]

(21]

[22]

23]

[24]

Evaluating Color Descriptors for Object and Scene Recogni-
tion, IEEE Transactions on Pattern Analysis and Machine
Intelligence (2010).

Sivic, J. and Zisserman, A.: Video Google: A Text Re-
trieval Approach to Object Matching in Videos, Proc. of
IEEE International Conference on Computer Vision, pp.
1470-1477 (2003).

Csurka, G., Bray, C., Dance, C. and Fan, L.: Visual cat-
egorization with bags of keypoints, Proc. of ECCV Work-
shop on Statistical Learning in Computer Vision, pp. 59-74
(2004).

Fei-Fei, L. and Perona, P.: A Bayesian Hierarchical Model
for Learning Natural Scene Categories, Proc. of IEEE Com-
puter Vision and Pattern Recognition, pp. 524-531 (2005).
Nowak, E., Jurie, F., Triggs, W. and Vision, M.: Sampling
strategies for bag-of-features image classification, Proc. of
European Conference on Computer Vision, pp. IV:490-503
(2006).

Jurie, F. and Triggs, B.: Creating Efficient Codebooks for
Visual Recognition, Proc. of IEEE International Confer-
ence on Computer Vision, pp. 1:604-610 (2005).
Comaniciu, D. and Meer, P.: Mean Shift: A Robust Ap-
proach toward Feature Space Analysis, IEEE Transactions
on Pattern Analysis and Machine Intelligence, Vol. 25,
No. 5, pp. 603-619 (2002).

Perronnin, F., Dance, C., Csurka, G. and Bressan, M.:
Adapted vocabularies for generic visual categorization,
Proc. of European Conference on Computer Vision, pp.
1V:464-475 (2006).

Weijer, J. v. d. and Schmid, C.: Coloring local feature ex-
traction, Proc. of European Conference on Computer Vi-
sion, pp. 11:334-348 (2006).

Dollar, P., Rabaud, V., Cottrell, G. and Belongie, S.: Be-
havior Recognition via Sparse Spatio-Temporal Features,
Proc. of ICCV WS on Visual Surveillance and Performance
Evaluation of Tracking and Surveillance(VS-PETS) (2005).
Joachims, T.: SVM Y9 http://svmlight.joachims.org/.
Chang, C. C. and Lin, C. J.: LIBSVM: A Library for Sup-
port Vector Machines. http://www.csie.ntu.edu.tw/cjlin/libsvim/.
Zhang, J., Marszalek, M., Lazebnik, S. and Schmid, C.: Lo-
cal Features and Kernels for Classification of Texture and
Object Categories: A Comprehensive Study, International
Journal of Computer Vision, Vol. 73, No. 2, pp. 213-238
(2007).

00o0,000,0000: Multiple Kernel Learning 0O O
gs000000000DO,0D00000DOO0OODOO
(MIRU 2009) (2009).

Lazebnik, S., Schmid, C. and Ponce, J.: Beyond Bags of
Features: Spatial Pyramid Matching for Recognizing Natu-
ral Scene Categories, Proc. of IEEE Computer Vision and
Pattern Recognition, pp. 2169-2178 (2006).

Hofmann, T.: Unsupervised Learning by Probabilistic La-
tent Semantic Analysis, Machine Learning, Vol. 43, pp.
177-196 (2001).

Fergus, R., Fei-Fei, L., Perona, P. and Zisserman, A.: Learn-



[25]

[26]

27]

(28]

29]

(30]

(31]

(32]

(33]

(34]

(35]

(36]

(37]

(38]

(39]

ing Object Categories from Google’s Image Search, Proc. of
IEEE International Conference on Computer Vision, pp.
1816-1823 (2005).

Sivic, J., Russell, B. C., Efros, A. A., Zisserman, A. and
Freeman, W. T.: Discovering Objects and their Localiza-
tion in Images, Proc. of IEEE International Conference on
Computer Vision, pp. 370-377 (2005).

Blei, D., Ng, A. and Jordan, M.: Latent Dirichlet Alloca-
tion, Journal of Machine Learning Research, Vol. 3, pp.
993-1022 (2003).

Deerwester, S. C., Dumais, S. T., Landauer, T. K., Furnas,
G. W. and Harshman, R. A.: Indexing by Latent Semantic
Analysis, Journal of the American Society of Information
Science, Vol. 41, No. 6, pp. 391-407 (1990).

Li, L. and Fei-Fei, L.: OPTIMOL: automatic Online Pic-
ture collecTion via Incremental MOdel Learning, Proc. of
IEEE Computer Vision and Pattern Recognition (2007).
Sivic, J., Russell, B. C., Zisserman, A., Freeman, W. T. and
Efros, A. A.: Unsupervised Discovery of Visual Object Class
Hierarchies, Proc. of IEEE Computer Vision and Pattern
Recognition (2008).

Varma, M. and Ray, D.: Learning the discriminative power-
invariance trade-off, Proc. of IEEFE International Confer-
ence on Computer Vision, pp. 1150-1157 (2007).

Barnard, K., Duygulu, P., Freitas, N. d., Forsyth, D., Blei,
D. and Jordan, M.: Matching Words and Pictures, Jour-
nal of Machine Learning Research, Vol. 3, pp. 1107-1135
(2003).

Lampert, C. H., Blaschko, M. B. and Hofmann, T.: Beyond
Sliding Windows: Object Localization by Efficient Subwin-
dow Search, Proc. of IEEE Computer Vision and Pattern
Recognition (2008).

Vedaldi, A., Gulshan, V., Varma, M. and Zisserman, A.:
Multiple Kernels for Object Detection, Proc. of IEEE In-
ternational Conference on Computer Vision (2009).
Naphade, M., Smith, J. R., Tesic, J., Chang, S. F., Hsu,
W., Kennedy, L., Hauptmann, A. and Curtis, J.: Large-
Scale Concept Ontology for Multimedia, IEEE Transaction
on Multimedia, Vol. 13, No. 3, pp. 86-91 (2006).

Russell, B. C., Torralba, R., Murphy, K. P. and Freeman,
W. T.: LabelMe: a database and web-based tool for image
annotation, Technical Report No0.2005-025, MIT AI Lab.
(2005).

Ahn, L. v. and Dabbish, L.: Labeling images with a com-
puter game, Proc. of ACM International Conference on
Human Factors in Computing Systems (CHI), pp. 319-326
(2004).

Deng, J., Dong, W., Socher, R., Li, J., Li, K. and Fei-Fei,
L.: ImageNet: A large-scale hierarchical image database,
Proc. of IEEE Computer Vision and Pattern Recognition
(2009).
Yanai, K.:
Knowledge on the Web, Proc. of ACM International Con-
ference Multimedia, pp. 67-76 (2003).
0000:000000000000000 World Wide Web

Generic Image Classification Using Visual

[40]

[41]

42]

[43]

(44]

[45]

[46]

(47]

0000000000, 000000000, Vol. 19, No. 5,
pp. 429-439 (2004).

Fergus, R., Perona, P. and Zisserman, A.: A Visual Cate-
gory Filter for Google Images, Proc. of European Confer-
ence on Computer Vision, pp. 242-255 (2004).

Fischler, M. and Bolles, R.: Random sample consensus: A
paradigm for model fitting with application to image anal-
ysis and automated cartography, Communications of the
ACM, Vol. 24, pp. 381-395 (1981).

Angelova, A., Abu-Mostafa, Y. and Perona, P.: Pruning
Training Sets for Learning of Object Categories, Proc. of
IEEE Computer Vision and Pattern Recognition, pp. 494—
501 (2005).

Yanai, K. and Barnard, K.: Probabilistic Web Image Gath-
ering, Proc. of ACM SIGMM International Workshop on
Multimedia Information Retrieval, pp. 57-64 (2005).
0000: 000 WebOOOO,0000000000, Vol. 21,
No. 1, pp. 10-18 (2007).

Schroff, F., Criminisi, A. and Zisserman, A.: Harvesting Im-
age Databases from the Web, Proc. of IEEE International
Conference on Computer Vision (2007).
Vijayanarasimhan, S. and Grauman, K.: Keywords to visual
categories: Multiple-instance learning forweakly supervised
object categorization, Proc. of IEEE Computer Vision and
Pattern Recognition (2008).

Torralba, A., Fergus, R. and Freeman, W. T.: 80 million
tiny images: a large dataset for non-parametric object and
scene recognition, IEEE Transactions on Pattern Analysis
and Machine Intelligence, Vol. 30, No. 11, pp. 1958-1970
(2008).

— 10 —



