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Finding Typical Images from Web Search Results
Using Aspect Model

TarO TEzZUKAT! and AKIRA MAEDAT!

One important motivation for searching images on the World Wide Web is to
know what an object looks like. For such task, the best response is to present
the most typical image of the object. Existing web-based image search engines,
however, contain many results that are not typical. In this paper, we propose
a method that estimates parameters of a generative model, in order to extract
typical ones from a given set of images. Specifically, we assume that typicality
is represented by combinations of symbolic features, and express it using the
aspect model, which is a generative model with discrete latent variables. Sym-
bolic features used in our implementation are the existences of specific colors in
object region of the image. Based on the proposed method, we implemented a

system that ranks the images obtained from the Web in the order of typicality.
Experiments showed the effectiveness of our method.
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Fig.1 System flow for extracting typical images.
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Fig.3 Graphical model for aspect model.

oooooooooooooooooooboOboboboboOoOoooOooooooobobooooD
ocoboooooooboobooboOooobobobOoOoOoboooooboOooOObOObOOOoOoOobooboo
ooooooooooooo1ooooooooooooooooobObobobobon

gobooboooodooooooooooboooooobooooboOoooooobooooboo
gooobooboodoooooooooooooobooooooobooooboooooooboo
obobooboooooooobocooobooooboooooooocooobobooooboa
gobodooooobooooboooboooooboooo

0000000000000000dyadicdata0 000000000000000000
0000000000000000000Y™0000000000000 3000000
gono

Ubobzs0y000000z000000000000000000000:0y000
0000 (z,y)DUDODOODOOOOUOOOOOONDOOOOOODDOOOUOOODDOOO
oo0o0oo0ooooo0ooUoUOUU0L0LD0OLOO0OUODULOUOD (,yyLODO
goboooobooooooo

000000000 0OooOooO0  Vol.3 No.2 13-26 (June 2010)

p(x,y,2) = p(z|2)p(yl2)p(2) (1)
0000000000000000000000000000000000000<0
yO0DOOOOD 200000000000 p(z|2)0p(ylz) 000000000000000O
DDDDD(%wDDDD7muwDDDDDDDDDDDL@wﬂjmnmmuwwww
000000000000000000000000000000

L(z,y) = Y n(z,y)np(e,y) = > nle,y)n Y plalz)p(yl2)p(z) (2)

z,y Ty

O0000o0oO0o0o00oo0o0o0ooo0o0ooo0oooooOoo0 QLOOoOoOoo
O00o0oO00o0oooOoEMOOOOOOOO0OOO0OOO0OOQUOOOODOOOOOO
0000000000000 000DO000UDULOO g(,) 000000 OOUOOOO
0000 0000000k, 00000000000000000O000O0O000O0
gobooooboooboooooooo

QP4 mZ (,y) Inp(z,y, 2)] (3)

_2:§:q

QUODOOODODODODODOODOCDODODO E-stepd M-stepOOOO

E-step:
/E:Mﬂz

|x,y/Z (zla',y)
Mw/}j (z, 9 )p(2],y")

N}: (@, y)p(zl, y)

D[ID[ID[IDEIDEIDDDDDEII]DDDDDDDDDDDDDDDDDDDDDDD
gooooooooooobooooooobooboooooobooooooooooooDbono
oobooooboooooobboz00D00y0O00DOO0O0ODODOODOOODDOOO

34 00O0OO

gooooooooooboooooooboobooooooooooooooboooooDoo

n(z,y)(Inp(z|z) +Inp(ylz) + Inp(2)) (4)

p(z|z,y) = p(z|z)p (yl2")p(z")

plz) =Y nlz,y

Y

plylz) =D n(w,y

x

M-step:

(© 2010 Information Processing Society of Japan



17 000000000000 WebOOOOOOOOOOOODOOOOO

00000000000000000000000000000000000000000
00000000000000000000000000000000000000000
00000000000D000000000000000000000000000000
000000000000000000000000000 00 10000000000
00000000000D000000000000000000000000000000
000000000000 10000000000000000000000000000
000000000000000000000000000000000000 HSVODO
0ooO0oooo
0000000000000000000000000000000000000000
0000000000000000000000000000 y00000000000
00000000000000000000000 x00000 90000000000
0000000 (2,y) 0000000

3.5 00000000000000000000

00 p(z) 0000000000000 0000000000000000000000
000000000000 p(ylz) 00000 yOOOOODOOO0D0D0000000000
0000000000000000000000000000000000000000
00000000000000000000000000000000000000000
0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
00000000000000000000000000 p(z)000000000000
00000D0D00000000000000 p(ylz)00000000000000000
Hp(y|?)]000000000000000000000000000200000000
0000000000000 D000000000000000000000000000
(5)0000000000

a|Z| < rank(H|[p(y|2)]) < B|Z| (5)
000 |Z|00D00000000000000rank(H[p(y|z)])0000000 Hp(ylz)]
0,000000000000000<a08<1000000000000000000
000000000000 0000000000000000000000000000
00000000000000000000000000000000000000000
ooo
0000000000000 p(z) D00000000p(z)0000000000000

000000000 0OooOooO0  Vol.3 No.2 13-26 (June 2010)

gooboooo2000000000b0O00 200000000DO0O00DOOOODODOO
gboboboooouob nOOO0OO0ODODODO zt000O0DOOOOODODODOOOO
0000 typicality 00 (6) 0000000000

typicality(z,m) = > p(x|2m)p(2m) (6)

000 p(z|z) 00000 20000 0000000 OO0OO0O0OOO2,0000
OU00p(z) 0000000000000 UOOmOOOOOOOOOOOUODOOOOOO

4. 0O O

0000000000000000000000Typi0000MO0000000000
0000 typical 000 000000000000000000

41 0000000

Typi0000 C#000000000000000000000000000O0000
0000000000000000 API for Google Image Search'” 000000000
00000000000000000000000000000000000000000
0ooooooo

42 0O00O0OO0OOOO
0000000000000000000000000000
000000000000000000000000001:1600000000000
0000000000000000000 1/16000000000p-000000000
0000000000000000000000000000000000000000
01/1600000000000000000000000000000000000000
000000000
0000000000000000000000000000000000000000
000000200000000000000000000000 10000000000
00000020000000000000200060000000000600 080
000000000800000000000000000
0000000000000000000000000 3000000000 30000
00000 180000000000000000000000000000000000
00000000000000000000000000000000000000000
0000000000000000000030000000000000000 1800

(© 2010 Information Processing Society of Japan



18 000000000000 WebOOOOOOOOOOOODOOOOO

04 0Typi000OOODOOOOOOOOO
Fig.4 Snapshot of “Typi” interface.
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Table 1 Categories and queries used for experiments.
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lady’s slipper, baby blue eyes, chinese houses, ice plant, franciscan wallflower,
clematis, forget me nots
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mamey sapote

0000 /0000spice / herb star anise, cloves, fennel, coriander, nutmeg,
caraway, cumin, turmeric, cardamom, saffron, tarragon, parsley, basil leaf,

cinnamon, ginger, bay leaf, oregano, lemongrass, lemon balm, marjoram
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02 0000000000
Table 2 Statistics on region segmentation.

oo ooo ooo gooooo ooooo gooooo

ooo ooo oooooo ooooo goooo
ROOO 4.436 0.535 282 12 288
Gooo 4.745 0.537 209 17 207
BOOO 4.884 0.510 434 11 433
voooo 4.686 0.544 75 11 72
HOODO 11.040 0.375 * 153 *
soooa 3.389 0.410 * 75 *

03 0000O0oo0oooooon
Table 3 Evaluation of object region extraction.

ooo goood goooo god
dandelion 38 34 89%
daisy 59 51 86%
iris 86 75 87%
naranjilla 27 25 93%
rambutan 51 41 80%
mamey sapote 40 34 85%
star anise 54 48 89%
cloves 36 36 100%
fennel 10 9 90%
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Fig.6 Object region extraction for “iris”.
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Fig.7 Object region extraction for “daisy”.
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Fig.8 Search engine ranking for “iris”.
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Fig.9 Top aspect ranking for “iris”.
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Fig. 10 Search engine ranking for “chinese houses”. Fig. 12 Search engine ranking for “naranjilla”.

0 11 O chinese houses] 000000000000 O0000000000000000000 0 13 Onaranjillad 00000MO0000000000000000000
Fig.11 Top aspect ranking for “chinese houses”. Fig.13 Top aspect ranking for “naranjilla”.
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Fig.14 Second aspect ranking for “naranjilla”.
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Fig. 15 Top-k precisions of “wildflower” category.
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Fig. 16 Top-k precisions of “tropical fruit” category.
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Fig. 17 Top-k precisions of “spice / herb” category.
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Table 4 Top-k precision for each query in “wildflower” category. Table 5 Top-k precision for each query in “spice / herb” category.
ooo oo 10 20 30 40 50 100 ooo oo 10 20 30 40 50 100
dandelion search en. 0.40 0.40 0.37 0.43 0.46 0.38 star anise search en. 0.90 0.85 0.80 0.73 0.68 0.54
aspect md. 1.00 1.00 | 0.93 | 0.78 | 0.68 | 0.38 aspect md. 0.90 | 0.70 | 0.70 | 0.68 | 0.70 | 0.54
daisy search en. 1.00 0.75 0.80 0.73 0.70 | 0.59 cloves search en. 0.70 | 0.50 0.53 0.45 0.42 0.36
aspect md. | 0.80 | 0.85 | 0.87 | 0.85 | 0.76 | 0.59 aspect md. 0.40 | 0.25 | 0.33 | 0.38 | 0.36 | 0.36
buttercup search en. 0.70 | 0.65 | 0.70 | 0.68 | 0.62 | 0.44 fennel search en. 0.20 | 0.10 | 0.07 | 0.05 | 0.10 | 0.10
aspect md. | 0.90 | 0.80 | 0.77 | 0.73 | 0.68 | 0.44 aspect md. 0.00 | 0.05 | 0.13 | 0.13 | 0.10 | 0.10
iris search en. 0.80 0.85 0.87 0.88 0.86 0.86 coriander search en. 0.10 0.15 0.17 0.15 0.18 0.11
aspect md. | 0.90 | 0.95 | 0.97 | 0.95 | 0.96 | 0.86 aspect md. 0.60 | 0.45 | 0.33 | 0.28 | 0.22 | 0.11
water arum search en. 0.80 0.75 0.70 0.63 0.66 0.45 nutmeg search en. 0.30 0.35 0.27 0.28 0.30 0.16
aspect md. | 0.90 | 0.75 | 0.73 | 0.63 | 0.64 | 0.45 aspect md. 0.30 | 0.35 | 0.37 | 0.33 | 0.28 | 0.16
hawkweed search en. 1.00 0.95 0.87 | 0.88 0.86 | 0.80 caraway search en. 0.50 | 0.25 0.23 0.20 0.16 0.09
aspect md. | 0.80 | 0.85 | 0.90 | 0.88 | 0.90 | 0.80 aspect md. 0.00 | 0.05 | 0.10 | 0.08 | 0.06 | 0.09
calliopsis search en. 0.80 | 0.70 | 0.67 | 0.70 | 0.72 | 0.78 cumin search en. 0.60 | 0.50 | 0.40 | 0.40 | 0.38 | 0.36
aspect md. 1.00 1.00 | 0.97 | 0.95 | 0.96 | 0.78 aspect md. 0.20 | 0.30 | 0.33 | 0.35 | 0.36 | 0.36
columbine search en. 0.20 0.15 0.20 0.28 0.30 0.36 turmeric search en. 0.60 0.40 0.37 0.38 0.34 0.32
aspect md. | 0.90 | 0.95 | 0.90 | 0.80 | 0.64 | 0.36 aspect md. 0.20 | 0.35 | 0.43 | 0.38 | 0.34 | 0.32
searocket search en. 0.60 | 0.50 | 0.50 | 0.43 | 0.42 | 0.35 cardamom search en. 0.40 | 0.50 | 0.43 | 0.38 | 0.34 | 0.28
aspect md. 0.10 0.15 0.17 0.15 0.18 0.35 aspect md. 0.10 0.20 0.20 0.18 0.22 0.28
pale flax search en. 0.90 0.80 0.67 0.68 0.64 0.60 saffron search en. 0.50 0.50 0.47 0.40 0.34 0.29
aspect md. | 0.90 | 0.75 | 0.83 | 0.80 | 0.82 | 0.60 aspect md. 0.30 | 0.45 | 0.47 | 0.45 | 0.38 | 0.29
harebell search en. 1.00 0.90 0.90 0.88 0.90 | 0.78 tarragon search en. 0.80 | 0.70 0.70 0.63 0.56 0.39
aspect md. 1.00 | 0.95 | 0.90 | 0.88 | 0.88 | 0.78 aspect md. 1.00 | 0.90 | 0.83 | 0.73 | 0.66 | 0.39
wild radish search en. 0.80 0.80 0.73 0.70 0.70 | 0.75 parsley search en. 1.00 1.00 0.93 0.93 0.90 0.58
aspect md. | 0.90 | 0.90 | 0.93 | 0.95 | 0.92 | 0.75 aspect md. 0.90 | 0.90 | 0.90 | 0.88 | 0.82 | 0.58
scarlet search en. 0.40 | 0.40 | 0.47 | 0.45 | 0.42 | 0.37 basil leaf search en. 0.80 | 0.80 | 0.57 | 0.53 | 0.52 | 0.39
pimpernel aspect md. 0.50 0.45 0.40 0.38 0.32 0.37 aspect md. 0.10 | 0.15 0.17 | 0.18 0.16 0.39
lady’s slipper search en. 1.00 0.95 0.90 0.93 0.94 0.80 cinnamon search en. 0.80 0.60 0.60 0.50 0.50 0.29
aspect md. 1.00 1.00 1.00 1.00 | 0.98 | 0.80 aspect md. 0.40 | 0.35 | 0.40 | 0.38 | 0.42 | 0.29
baby blue eyes | search en. 0.40 | 0.40 | 0.40 | 0.38 | 0.42 | 0.34 ginger search en. 0.50 | 0.45 | 0.53 | 0.48 | 0.44 | 0.25
aspect md. | 0.00 | 0.00 | 0.03 | 0.03 | 0.08 | 0.34 aspect md. 0.30 | 0.25 | 0.27 | 0.23 | 0.24 | 0.25
chinese houses search en. 0.20 0.25 0.27 | 0.28 0.28 | 0.32 bay leaf search en. 0.80 | 0.80 0.77 | 0.73 0.62 0.54
aspect md. | 0.90 | 0.80 | 0.77 | 0.60 | 0.54 | 0.32 aspect md. 0.30 | 0.45 | 0.47 | 0.48 | 0.58 | 0.54
ice plant search en. 0.70 | 0.75 | 0.73 | 0.68 | 0.64 | 0.52 oregano search en. 0.80 | 0.65 | 0.63 | 0.65 | 0.64 | 0.58
aspect md. | 0.60 | 0.70 | 0.70 | 0.75 | 0.78 | 0.52 aspect md. 1.00 | 0.90 | 0.87 | 0.80 | 0.78 | 0.58
franciscan search en. 0.70 0.65 0.73 0.65 0.56 | 0.47 lemongrass search en. 0.80 | 0.85 0.83 0.78 0.70 0.55
wallflower aspect md. 0.60 0.60 0.50 0.50 0.52 0.47 aspect md. 0.60 0.60 0.60 0.53 0.60 0.55
clematis search en. 0.90 | 0.90 | 0.93 | 0.93 | 0.94 | 0.92 lemon balm | search en. 0.80 | 0.85 | 0.87 | 0.85 | 0.86 | 0.79
aspect md. 1.00 | 0.95 | 0.97 | 0.98 | 0.96 | 0.92 aspect md. 0.90 | 0.95 | 0.97 | 0.98 | 0.98 | 0.79
forget me nots search en. 0.90 0.90 0.83 0.83 0.82 0.72 marjoram search en. 0.70 | 0.70 0.73 0.65 0.62 0.57
aspect md. | 0.90 | 0.80 | 0.87 | 0.88 | 0.88 | 0.72 aspect md. 0.90 | 0.85 | 0.80 | 0.73 | 0.68 | 0.57

000000000 0OooOooO0  Vol.3 No.2 13-26 (June 2010) © 2010 Information Processing Society of Japan



24 000000O0OCOOO0OO0 WebOOOOOOOOOOOOOOOOO

oooooooooooooooooooooooooobobobobobobOoboobobooooo

O000000O000Obaby blueeyes OO0 O0000O00D0O0O0MMOOO0O top-100
gboooboooboooooobooodoooobooboooooooboooooooa
0000000 baby blueeyes 000 0OD0ODOOO0O0O0OOOOOOO0O0O0O0O0O0OOODO
goboodoobooooooboooooobod

O000/00000000000000Cfennel0 00000 OO carawayld 000
UobOdO tep-10000 O0OOOOOOOOOOOCOODOODOOOOODOOODO
o0o0oo0o0oO0o0ooOo0oUOo0oOoUoOUOO0/oo00o0DOoOoUoUOOOooo
gbooooboooodoooobooooboooobooooboooooboboobOooooDbo
gooooooooooooooboooooooooooooboooOooooOooOoDbOboboOobo
gooooooooooooooooobooooooooooocooooooOooOoboooboobo
gbooooboobooobooooooooboobooobooboocOob1100000000
gbobooobOooooooooboooboooooooooobooon 50 top-100000
0000000000000 000/0000000000O00O0OOO0D 3000000
ooosoooooooooooooooooooooooooboooooboooooDboo
0000000000000 oooooooooooooo0OO0000D O coriander
goboooomooooooboooooo10000b00ooboobOboOoboDoboOoDn
ooooooouoooooo tep-10000000O0O0COOOOOOOOOOOEOOO
ocooooooooobooooooobobooOoOoOoOoboOoooooooOobObOoOobobooDOoo
ooooooooooooooooooboooobobobobobooooo

01800 1900 2000 2100 2200 230000000000000000000

gooobooooboooboo oboooobooooboobooooboooooooooo

Ooo0opO00O0O0DOOOOOODOOOCOOOOOOOOOODOOOOOOOOOO0O0
goboodoooboooboooooooo
ooooOoooooooo90UOO0UOOOOOOUOOUOOOOOn 3s%0000
O0o00oU00o0Uo0oo0o es%0000o0o0ooooooooooUooooooo
O0000o0oUD 15%00000000000000 20%0000000000000OO
O00oO0o0oooos000000O0 0% 000000000 0OOODOUDUDLD/OOO
000000 o900000000O0OD0OUD 1% 00000000 UDLOOO 30%0
OU0000oU0oUOooOoOooooos0000LUODUDUUODODOODGO%UDOOODO
gobooooobooooooobooooboobooooooooo

000000000 0OooOooO0  Vol.3 No.2 13-26 (June 2010)

BO09 =P

& o7 <P <09
mo5=pP<07

BpP <05

018 00000000 D0OO0ODOOODOOOOO0OODOOOOODOOO
Fig. 18 Precision distribution for “wildflower” category by search engine.
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Fig.19 Precision distribution for “wildflower” category by top aspect.
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Fig. 20 Precision distribution for “tropical fruit” category by search engine.
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Fig.21 Precision distribution for “tropical fruit” category by top aspect.
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Fig.22 Precision distribution for “spice / herb” category by search engine.
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