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Computer Vision
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[Viola & Jones, 2001]
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SIFT [Lowe, 2004]
'f%nruxnﬁk%ﬁﬁjbo)TjTg I*Z'S‘JQ |‘7Lc:J~

#5|F%: 16268 (as of 2012/10/30, Google Scholar)
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SIFT [Lowe, 2004]

« TFEIIE R - FHEMLU=ILEE BE %
HLELFIHEINS

« © FEIRF-BEEELEICLSHRK
7 ILEHEENOLET

B 45—k

anh

#E, "GradientA—R D4 EH#E - SIFTEHOG - ",
EHRLESE S BHRRE CVIM 160, pp. 211-224, 2007.
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Bag of Visual Words:
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Bag of Visual Words:
EfRT— 20D IXE{L.

BT ME K-means@GEIZLDEFIE VRITOERRSL
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o o v=13 D %o
[T, 2007] (0]

Visual Words: Bag of Visual Words:
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SIFT + Bag of Visual Words
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Scene Recognition
[Fei-Fei and Perona, 2005]

Fei-Fei and Perona,

“A Bayesian Hierarchical Model for Learning
Natural Scene Categories”,

in Proc. CVPR. 2005.
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ARIZEDEKSIC
sceneZiRk L TWLB0DH ?
BERPDETOYR-S=22EAlIZFERHL T,

TNohoHEEIENSaTFHTARLT
sceneZxiR# 9 A [Treisman & Gelade, 1980]

* No!!

« NHEIXIFEEAETHRZT H LK, BERBD
scenez i Al TEA[Li, 2002]
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Computer vision %
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X% Theme model for
scene recognition
» Scene recognition(ZHEWT. TEKDH D
INZ—2=theme]ZF5LRBLY

« FEYI=themedé{RELTrEYIETILE
BRALTHE=27Fvo=2 1 ©
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¢ & [Fei-Fei & Perona, 2005]
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EREDTLATT:
sceneAFdAVDMEY 75

e scenetL THTISARXTEAULE. FL
sceneHA T3 DERIZFEEIAHSHIEXT

scene: “street”

scene: “forest”
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i
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[Fei-Fei & Perona, 2005] 18
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Theme model for scene recognition

.
scene:
n “street”

4 N\ \_ n=1, .., Ny J
’ d=1,..,D /
\C=1, ey C/ -
n=1
— K K | | n=2
[ n=3C

c = “Street”

gl

[Fei-Fei & Perona, 2005]
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ERETIV

for Eﬂ%d = 1, 2, ey D \

scene category label c4|n~Mult(n)

topic proportion T4 |0€d~Dir(96d)

fOI‘ %Egn = 1, 2, ceny Nd \

topic-VW assignment  z, ,|Tg~Mult(m,y)

\\VW observation XanlZan {ﬁk}"'M‘ﬂt(ﬁzd,n) j

for theme (topic) k =1, 2, ..., K for sceneh73)c=1, 2, ..., C

topic-VW proportion B l “average” topic proportion @,
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c FELRDSE=ETILISHLT,

dDsceneHT3
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RENER d
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cg = argmaxp(X,|c, 6,8 )
Cc

- fp(ndlc,ﬂ){nz:p(zd,n = k|my)p(xanlzan B ) dmy
n k
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# of | training # | training requirements perf.
categ. | per categ. (%)
Theme 13 100 unsupervised 76
Model 1
[17] 6 ~ 100 human annotation of 9 semantic 77
concepts for 60, 000 patches
9] 8 250  ~ | human annotation of 6 proper- 89
300 ties for thousands of scenes

[Fei-Fei & Perona, 2005]
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inside | at | forest |

0.3 forest
0.2} ‘20
. 19,21

probability of themes

0 10 20 30 40 .
themes top 5 textons in the theme

[Fei-Fei & Perona, 2005] 25



¥ & &: Theme model for
Scene Recognition

« BOVWEREIZf o1 (1) D, FEVIET

)I/J'I.:N :

e 13731 DFEA

BB LT, SEailzs\y

FAOthemez A F

 Theme (topic)

FCHEZAWHEHLY

ICERDH DL
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Scene Classification with
Annotation [wang, 2009)

Wang, Blei and Fei-Faei,
“Simultaneous al Model for Learning
Natural Scene Categories”,

in Proc. CVPR. 2009.

27



E{%H 73V oEkRIRE
(image classification)

o [CHOEMRIEPMZHTTTEILN

- ERISHLT, AROIFADS5RLEY)
Rt D% LT H R

: B<HD DB

“running”

“skiing”

[ “snowboarding"]

“painting”
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EB{&DT’/ T7— 3 /{15 MHE
(image annotation)
» TCOERITEGZT 5L TS

s BERICKLT, BEY 37 (BHEE) #E T
59 5[EE

. E@'ﬁ’l’ﬁ?ﬁ@ﬁﬂlﬁ@& ThHaIL<HZE

“forest”

“snowboarder”
“sky”

“jump”

“track”
“brush”
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fizl+4?
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jR =% Multi-class sLDA with

EfEDATI
L T(annotation)x. —D Dk
TRIFFIZETIVIE
B—DETILLYDME
annotation#
T ILELTHIRME - IDFE

annotation

)% Al (classification) &4 4
S IET )L

=T e R =11
®TH. %777751.&/“:']7 7°d~|~

|/-

75\
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Multi-class sLDA with annotation

[75z5~w]

N\

(00

4 = 1
Visual @ @
words ﬁ‘ 9 c=1, .., C)

N~— d;
(GO DBAERMINYF [ /47/
\_ m

N K
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for Bi{&d =1, 2, ..., D
/ topic proportion 0 ;|a~Dir(a) \

for BE&En =1, 2, ..., Ny ~N
topic-VW assignment  z; ,|0;~Mult(0,)

VW observation xd,n|Zd,n» {n'k}vault(thdn)

fOF /5‘7“m == 1, 2, ceny Md
tag-patch assignment  y; . ~Uniform({1,2, -+, N4 })

word observation Wam|Yam, {Zd "} B}

s ~Mult (B, )

wss label calincl, {Zd n}"’SOft max({nc} {Zd n})/

for kEws k=1, 2, ..., K for 92XA5XN)L.c=1, 2, .., C
topic-VW proportion 1Ty, l class parameter for soft-max n.. I

topic-tag proportion [3} 37
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multi-class sLDAO)
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“street” p( h e { d'n}) ch=1 exp(m,'z,)
3




NFF*—=2, BNEHROHEE

X TIEERRAX(VB)IZKDHETEENE
NENTULET

® HRERITHYET -

40



o FE LIRS

AR N E {055

c T . HE d DERFERI

LET
° u’h»’&

=T )LISX LT RE
DISATN)L c &35 w EZHTFELE

- /7 \$1¢C_n+§

ILVT ., CEWEIEU Z

E g AN, L

- T

% d
.g—

_|_

BIEARABELEDT, BRIELUNBETT,
» FLLIEERXZS A TS

41



average accuracy

image classification on the LabelMe dataset image classification on the UIUC-Sport dataset

0.66

0.64

0.62

o
o3}

average accuracy

0.58| o

0.56

ZID 4IU 6;0 SIO 160 1éD topics EID 46 6‘0 BIU 160 1éO topics
[Wang, 2009]
7k IBZiE(Multi-class sLDA with annotation)

E>9: 2% % (Multi-class sLDA)
&' Fei-Fei & Perona, 2005 (B35 RXZEIZERIICLDAZEE)

£: Bosch, 2006 (LDA + kNN) 42



Correct classification Incorrect classification (correct class)
with predicted annotations with predicted annotations

highway coast (highway)

car, sign, road car, sand beach, tree

inside city street (inside city)

buildings, car, sidewalk window, tree, building

occluded

tall building inside city (tall building)

trees, buildings tree, car, sidewalk

occluded. window

[Wang, 2009]
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Street

tree, car, sidewalk

highway (street)

car, window, tree

forest

tree trunk, trees,
ground grass

mountain (forest)

snowy mountain, tree
trunk

coast

sand beach, cloud

open country (coast)

sea water, buildings

mountain

snowy mountain,
sea water, field

highway (mountain)

tree, Snowy mountain

[Wang, 2009]

44



A silver car parked in a
residential street.

A miver cor parkeed N =ubarbon
MENDAMOY. A shver 300N Carpaiad
n areaidontiad et Sivar car parked
ongde of road The front and right aie of

astrer Grand &m. This s a siver four-
3001 Car On & road

A Car s parkad by the sk of tha road
near mourtane. A car & puling off e
side afthe road onto e street A slver
S0 parkad on 1 sio= of the 10ad n ok
of the hik. Car on sids of the raad nsar
some mountans Siher cor parkeed on
0= 01 rosd with maunmss n
bachgrourd.

A tlock Femrori porkod i frant of trass. A
Wock Spons car parka=d on an emply
dreut A gray cameribie spons car ki
parkesd In ork of the rees. Elack shiny
sparts car parbed an cancrate drvevary
Parbed btlozh zports cor

A prafft-covered schod bus sits under a
hghwary overpass. An oM schod bus
Covered in graTio parked under 3 freewey.
An chd yaloww Bus with gratiti painted on &
& parkead on a city strestunder a bricdhye
Bus wih grafth panted on t. Gratft-
coverad bus parkad on siest

A parkoed yabowy matorbibs. A yelbawy
motarcye ke, Ayekow mokecycie s
parkad on the atract. A ywalow sireawee
parhad with a helmet The yebow
mobarcycle 1 parked on the street

[Ushiku, 2011]
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¥ & &: Multi-class sLDA with

annotation
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=232
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