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Improving precisions in multi-candidate
generic object image recognition
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2.2 Spatial Pyramid Matching

Spatial Pyramid Matching [2] O Grauman 0 000 O 0O Pyramid Matching 4] 0000000
0000000000000 DO00DO0000DO00DO00DO000000D0O0 Part-based O
00000 SsvMOOOOO0O0O0O0O00000000000000000000000000000
Pyramid Match Kernel 0000000000 bagODOODODOOODOOOOOOODOODODOO
gbooooooooooon

2.2.1 Pyramid Matching

Pyramid MatchingO OO OOOOOO0O000O0DODOOCOOOO0OO0O0O0O00O0O0O0OOODOOO
00000 (021)000000000000000O0000000O00OOUOOOODOoOOoOOOn
gooooobooooooooobooboooobooooooobbooooooooboobooDboboOoo
gbobobobooooooooooooooooooooooobooooboooooboooboono
0000000(000000000000000 I(HY,H,)=I'00000000o0o0ooooag
0 (22)0000

D
I(HYy, Hy) = ) min(Hy (i), Hy (i) = I' (2.1)
i=1
L-1 1
REXY) = 1P+ FUZ — ' (2.2)
=0
L
1 0 1 l
o+ > gl (2.3)
=1

HY'O HLOODDI!DODDO X000 YODODOOOOODOODDOOHYG)D HL ()OO
0000+i0000000000000000000000000000000000

2.2.2 Spatial Matching Scheme

0000 Pyramid MatchingOOODODOOODODOOO0OO0OOO0O0O0OO0O0O0ODODOOOOOOOOOO
000D0O00000OO000D00OO000DAO Spatial Pyramid MatchingO0DOOOOOOOOOOO
000 Pyramid Matching 0 OO OO000O000D0OCO0OO0ODOOOOODOOOOOOMOOO0O
gooooboooobboooobooboooobboOooboooooobooobbooooooDbooo
gbbooooboooboooooobooooboobooobooboooobobooooooo
0000000000000000000000000D000000 220000000 KXX,Y)
000000000 oO0o0oo0oooooUoo (2.4)00

M
KNX,Y) = ) w5 (Xm, Vi) (2.4)

11



02 0000 2.2. SPATIAL PYRAMID MATCHING

O 2.3: Performance on Spatial Pyramid Matching

Weak Feature Strong Feature

L | Single-level Pyramid Single-level Pyramid
0| 15.5(x 0.9) 41.2(x 1.2)

1] 314(x 1.2) | 32.8(x 1.3) | 55.9(x 0.9) | 57.0(x 0.8)
2 1472 (x 1.1) | 49.3(x 4) | 63.6(x 0.9) | 64.6(x 0.8)
3] 314(x 1.2) | 54.0(x 1.1) | 60.3(x 0.9) | 64.6(x 0.7)
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gbobobooboooobooobooobooooboooobooooooboOooboOoooobooon
000000 000DDOOSingle-level 000 Pyramid MatchingOOOOOOOOO0O0O0OOO0OO
goooooooooboooooooooobobooobooobobooobbooooooDboboOoo
O0O0O00O0O00000 Singlelevel 0000000000000 OOO0OOOOOOOOPyramid
gboobooobooooooooboooboooobooooooboooooooobooobooboooboooon
gooboboboboboboboboboboboboobobobOobOobOobobOoboDbo
goboooooboobobooboboooooboboogoooo

0 230 Caltech-101 0000000000000 DO0O00O0O0OOCOODOOOOOOOOOOO
ooboooboooobooooboooobooooooooooooooobooooooooooboon
goooooobooobooobooobooobooboboooobobbooooooooobobooo
gbooooboboboobooooboboobobooooobooobooboooboobOooboobooono
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02 0000 2.2. SPATIAL PYRAMID MATCHING

level 0 1 2
X
Y o b ]
Intersections }
level 0 1 2
Py O X X O x PY O x x O x PY X X O x
o, ® X o, ®| X * s o
.X‘X‘ ‘X‘X“ X‘XQ.
feature = 0 | .X - 0 o .“
x ® 0O gD x ® 0 oD <[® 0 ol”
o U XxDX O XXDX ol O x EIX
. I l D o I |m[= u| [o o a a
histogram I E i 0 s
g |:| nn oo |0 -%il r.\u : - ol
weight x 1/4 x 1/4 x1/2

O 2.2: Spatial Pyramid Matching
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02 0000 2.2. SPATIAL PYRAMID MATCHING

High performance

'S

minaret [97.6%]  windsor chair [94.6%] joshua tree [87.9%] okapi [87.8%]

Poor performance

crocodile [25.0%] ant [25.0%)] couger body [27.6%] beaver[27.5%]

023:0000000000000000 0O Spatial Matching[
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23 00000000

00o00oO00oO00o000o0o00O0o00O0O0O0O0bOO00C000000000000000
00o0o00o0O00o0o0o0o0O00o000000O000000O00oOo00Oo00O000oO00o0a0
Oooooo0oO0o00o000o00o000

Bosch0O0ODOO0ODOO0O0OO0O0O0O0O0O0D0O0ODO0OOO0OO0O0O0O0OO0DODOO (Region of interest)
000000000000 Spatial pyramid 00 20000 SVM OO0 random forests 0 0 O O
0000000000 O000o0ooUoooooUoOooo (6o

0000000 00 Regionof Interest 0 r, 00 0000000000000O0O0O0O0O00O0O0O
00000000000 ;0000000000000000000000 ;0000000000
00000 Region of Interestr; 000000000000 O0O00O0O0O0O0O0O0O0O0O0OOO 00
Region of Interestr; 00 00 00O

Li = maxy K(D(r;),D(r))) (2.5)
T
Region of Interest 0 0 0000000000000 240000

00 Bosch OO Caltech-256 0 D 0000 Region of Interest 00 000000000000 s(0
04)00000000000D00000C0000O00O0DOOO

O 2.4: Region of Interest 0 0 O (Bosch)

024 00000s00000000
s=0(0000) s=1 s=2 s=3 s=4
38.7(x 1.3) | 42.5(x 1.0) | 42.9(x 1.0) | 43.5(x 1.1) | 42.9(x 1.)
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g2 00oOagoo 24. OO00OO0OOO0ODOO

24 0OJ000O0OO0OOO

gbobobobooboboboboobooboooooooooooooboooooooooon
gbooooboooooooo

2.4.1 SVM-KNN

Zhang 00 0000000000000 000000000000000000SVMOO0O0O
000000000000000000000 SVM-KNN[1]OOOOO0OO000SVM-KNNOOOO
000000D0000K-O0O0000 Support Vector Machine(SVM) 00 000000K-0000
000000000000000000000000000000000000000000000
000000000000000000000000000000000000000000000
0000000000000000000000000000000SVYMO0000000000
00000000000000000000000000000000000000000000
000000000 SVMOOOOO0O0O000000000000000000000000000
000000000000000000000000SVM-KNNOOOOODOOOOOO0O0O000
000000000000000000000000 SVMOOO00000000SVMOOO000
000000000000000000000000000000000000000000000
00000000000000000000000000000000 SVMOO000000000
000000000000000250000000000000000000000000000
00000000SVMOOOOODO000000000000000Zhang0 000000000
00000000000000000000000000000000000000000000
0000 [32)33)000000000000

242 0O000O0O0OO0OOOOODOODOO

VarmaOOODODOOOOOOOODOOOOODOOOOODOOOOODOOOOOODOOODOOOO
ggbooboooboobbooboobobuooboooobooobboobooobooboboooona
gbooboooobobooboboboboboboboboooboboboboboooooon
00 Caltech101 0 80%0 00000000000 [7]0
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g2 00oOagoo

0 2.5: SVM-KNN

0 2600000000000
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g2 00oOagoo 25. CALTECH-1010000000000000

2.5 Caltech-101000000000O0OO0O

02600Caltech-1010 0000000000000 O0O0COOOOCOOOOOOODOOGC
00000000000000000000000 SVM-KNN O Spatial Pyramid Matching O O
00o0000oooO0o000ooOo000oooO0o000oOoO0o0D0oooOOo0oOoobooOoO0OO0n
constellation model 1 0 0 Fei-Fei DO OO0 Q00000000 DOOOO 150000 17.7%00
00ooO0o0oooOooO0ooO0o0oooo0o0ooooooo0ooooooon

2.6 0JOOOOO

uboboboobooboooooooooooooooooooboobOoboobOobOobOoobon
oboboooobooooooboo

gboboboboboboboboboboboboboboboobooboobooooooo
gboboboboboboboooooooobooooooooooobooobooboobobOonbo
gboobobobobobobobobooboobooboobOooooooooooooooboooonoo
goooooooboooooboooobooobobobobobooooooooobobooboboo
gbobooobooooooooooobooooooobooobobooooooobooooobooooobooo
gbooooboooobOooboooobobooobooboooobOobooooboon

O00000O000000000 Support Vector MachineOOOOOODOOOOO SvMOOO
goooooobooooooooobooooooooooooboooobooooobooobooo
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030 00000obooooddonSsSvM

3.1 0J00ODOOO0ObOoOOoOonosSvM

goooooO0ooooo0oOooooOoOooooOoooooogsyMbOoogooooogsvMOd
o00o00oDoo0o0oooooDO VeapnikOODDODOODOOOOOO0O0OO0OODDOOOOOO00OOD
000000000000 0O00000U0ooOOU [12Bo0oo0o0oo0oUoooUooo
goooooooooOoooOogoooooooooOoooogosyMoOobDoooogoooooooo
gooboooboooooboboobooooopoooobobooboooobooboboooooooDo
gboobooooboobooboobobomooobooobooboooboOoobooobooooboon
gboobobobobobobobobooboobooboobOoooooOoooOoobooooooooooo
gbobooobooooooobooooobooboooooboon

oooooosvMOoooogoooooooooooooooooooooooooooogg
goooooOoOoOoOoOoOoOooooSsvMOOOOOOOOOOOOoOoOoOooooOoOOODOOOO
gbobobooobooooooooobobooooOoobooobooooooboboOoboooooboboooon
goooooooooo0oOoooooooooooo svMooooooooogoooogoooo
gbooboobooooboboooobooooboobooooobooooobooboooo

3.1.1 00O SVM

ooopooooosvMOOoooooooo

svMOQOOOOoOOooODOoOOoOoOOoOOooOoOOOOO00o0oooo0oooooooooooooooooo
gooooobooooobobooooboobboooooooboobooooooooooboooDboo
go0o0oooooOo0ooooOo0o0ooUOOooooooOooOoooOoOoOoOoo syMooooooooo

000000000 NODODOOODOOOO0O0DOO0000000 {x;,y}¥, 000000
U0x, 0:00000000000000y, 00000000000 0O0DOOOODOO

oooooo00 ROODUOODODOOOOODOOOODOOOODOO100DODOOODOOO
0000000000 {w,b}0000000OOOO

w-xX; +b

vV

1 (if ys =+1) (3.1)
w-x;+b < 1 (ify;=-1) (3.2)
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03 0000000000000 SVM 31 000000000000 SVM

Maximize margin

0310000000

gbobobobobobobobobobobobobobobobobboobooooooo
gbooooboooobooooon

obooboobobooboboobooboooooooooooooooooooooooooobon
gbobooooboooooboobooobooooooobooooooooobbooooooooOoyO
gboooobooooog

Ty Ty
w +b—1 w +b+1
N |w* x | |w'x | (3.3)
[ w | w

= + = (34)

svMOOOODOoOoooOooooO~y0OO0OO00DOOOO0OOOO0OOOOOOOOODOOODODOOO
gooboobooboobogoobooobooobooobooobobobobobobobobOobobooDooDog
0000000 (0 3.1)booooooosvMOOoOoOoOoooOoOoOoooOooooooUooooo
gboooooboooon

0000000000000000 ||w||000DO00O0000DO000000OO0O0OO0OO00OOOOO0O
gobobooooobooooobobooooboobooboooboooboooo

oooooooo0oy0OO0O0O000DODOOO0OO0ODODOwO DODODOOODOOOOODODOO
ubooooooboooooobooboo

1
minimisey L(w) = §|| w (3.5)
subject to yi(wrx; +0)>1 i=1,..1 (3.6)

000 (w,p)00000000OOO0OODOOOO
gbooooobooooooooooobobooboooooooooooooooooooon
gboobooooobooooobooooboboooobobobooooboooo

l
Iw " = > alys(w"xi +b) = 1] (3.7)

i=1

1
L(w,b,a) = 3
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03 0000000000000 SVM 31 000000000000 SVM

o >000000000C0000O0DOOO0O0O0ODODOO0O0ODOOO0OO0O0wWO MOOODODOOO
gbooooobooboooooboboooboobooooobooboon

OL(w,b,a) ! _

= W — ;:1 yiox; = 0 (3.8)
OL(w,b,a) ! B

— Y = ;:1 yiog; =0 (3.9)

00o0000000DO0o00o0o0oUo00o0 87)o00o0oULOO0DoO0O0DOOOO0ODOOoOOo

l

1
L(w,b,a) = 3 Zyiyjaiajxng

ij=1
l l

— Zyiyjaiozjxij—FZai (310)
i=1 i=1
l 1 l

T

- o — = s XX 3.11

; i 21-;1%% iQ Xy Xj ( )

gboooooobooooobooboo

l 1 l

maximise W(a) = Z a5 Z il 0y Xy X (3.12)
i=1 ij=1
subject to yi(wTx; +b)>1 i=1,..1 (3.13)

00000 «*00000000000000000000000 w*=Y'_,wa’x,000000
Dfy:HT%HDDDDDDDDDDDDDDDDDDDDD
000 000000000000000 0000000000000 000

Iriaxl(wai) + mir%(w*xi)
o= Y 5 vz (3.14)

3.1.2 00gdOoooogogd

gooooooooOoOOOOOOOOOOOOOOOSVMOOSVMOOOOOOOOOOO
gbobobobobobobobobooboobOobOOobOooOooOoOoOoOoboooooboooboooono
gboobobobobobobobobooboobooboobooobooooooooobooooooonoo
gobooogooboooobooooobobooobooboooooboobooobooboobobbooDo

gboboboboboboobooboobooboboobobooooooboooooooboobon
gbooboobobobobobobobobobobobobobooobooooooobooooonoo
gobobobobobobobobobobooboooooobooboooooboooooboooooooDoo
gobooooobooboobOooooobobooboobooobooobooboooo
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03 0000000000000 SVM 31 000000000000 SVM

gooboobobobobobobooboooooobooobobooboooobooooobooobooo
gbooboobooooboobooooboboooboooboooon

000000o0O00ooOoOo (ecSsve)Uoooooouoooouoooooooo svMoo
gbobooooooboo

l
1
Minimize — L(w) = 5||w\|2 +CY & (3.15)
=1

subject to yiwx; +b) >1-¢&, &6 >0, C>0 (3.16)

cooooooooo0oOoUoOoopoooooOOodoe¢oooooOobOOoOooooDoooDooO
oooSsvMOoOoOooopoooooooooo

gbobooboboboboboboboobooboobOobOooOooOobooboooooooooon
gbooooboooobooboooon

3.1.3 000gooood

gboboboboboooooooooooooboooooooooboobooboOobOobOobon
gboooobooooooboooobooboooooboan

gbooooboooooboooboboobo0ooobboooobooobooooboooooboooooDbo
gooooboooobooobobooobooboooboooboobboooboboooooooDbooo
00000000000000000000000000000000000000 (27 (x;)®(x)
gboobooboboobobobobobooooOooOoobooooooobooobOoboobOOooboOono
gbobobobobobobobobooooobooooooobooooboobDobDobOobOoDbo
gooboboboboboboooboboooobooooooboooooDooDoobDobOoDOoDbo
gbobooboboooboobooobooboooboooboobooooboooobooobooooboooo
gboooooao

K(x,z) = ®(x)-®(z) (3.17)

goo0O0o00o0oooOoooooooOoooooooo0ooooo sSsvyMOooooooooooo
gbooooboboooooboooobooooboobobooobobooobOOobOooooDboon
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03 0000000000000 SVM 32 000000000000 SVM

3.2 JUO00ODOOOObDOOoOonD SvM

oooooosvMooOooOoogooooooooooooooooooboooooooooo
gboboboboboboboboobooooooooboobooobooooooooooboooboOoDbo
gboobooooboobooobooboboooobobooboonog

gbobooobooobooobooooooobooboobooboooooboooboooboboboO x
0000000000000 0000000Un0 PEx)ODO0DODOO0OOOOOOOOOOOOO
000000oooO00D0OO0OC00O000000000oDOd0OOO k-nearest neighbor 0000
gboooobooboooooboooobobooboobooooobooboo

gooooooOoOoOoooogosvMOogooooooooooOoooooooooooooog
gbooboboboboboboboboobooooboobOoooooooooooooooooonoo
goooobobobooboboboboobobooboooboboobooboooobooboooboooDo
goooooOoOO0oO0o0o0oOoOoooooooooOooOosvMODOOOOOoOoOoOooooooooooo
O000000000Multiclass-SVM [21] 23]00000000000000O00OOOOOOOOO
gbobobobobooboooboooobooooooooboooboooooboooobobOoDboDbo
gboooooooboobooboooobobboooobooboobobooooo

3.2.1 One-versus-All

000000 k00x00000D000D0KkO0DOO SVMODOODOO gj(X)IZID
gj(X) = WjX+bj (318)

gboboboboboobooooooooooooboooo jO0000000000O0OO0O0000OO0
000000000000 000000000 xO00O0O0O jO0000000000O0OO0O (3.19)
gobobooooooboo

WX + bj > 0 (319)

gboooobooooooboooon 32000
gboboobobooboooooboooooooooooooooooooboooooooooon
gooooooooooooooogooooooooooooo svMoooooooooooo
gbobobooboooodoooooboobboooboobooooboboooboobooooboo
gboboooboooboobooboooboboooooobooobooooOoooboobooooobooobooon
obooooboooooooooboobboobooboooboobooOooboboOooOooobooobooon
goobobobobobobooobooooooooobooboooDobDooboDobDOobOoDbOoDbo
gboboboooobooobooobooobooobooooboooboooooOooboobooboOoboooon
gbooooboboooboboooboobooobooboooooboooobOooooobooboobooonoa
oboboboboobooooooooooooooooooobobobOobOobOobobOon
gooboboboobooboooo g job0oOooboOoOobOOobOOobOOobOOobOobOoobooboobDoDOo
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03 0000000000000 SVM 32 000000000000 SVM

@ A O. B A o e 3
® ® Xk @ @
[©) ° ® ® @ X kC2
Oo 5)
C D
0 o ©
One-versus-All One-versus-One

O 3.2: One-versus-All 0 One-versus-One

0000000000 (3.18) 00000000 x00O00 j00000000OOUOOOOOD
0000 j'(=1...k,j'#j)000000000000 (3.20000000000000

w;ix+b; > wiyx+by (3.20)

00000000 j04/00000000 (wj—w)x+(b;—by)=0000000000000
oo0oooooOo0ooo0ooo0oooOo0o0oO0o00oO00b0O0000b00000000O00O0000O0
o0o0oo0oO0o0o0o0o0o0o000oOo0ooOo0oo0oo0o0oo0c0o0ooooooo0on
ooooO0o0o0ooooooOoOO0oO0O0oOoooboOOrOOCOOOOOOOOOOOOOOOODOOO
0o NOOODOOODODOOOOOOO0oOoOO0OO0ooO0ooOooooOooooOoOoooooooo
oooboooooosvMOooOoooO0oo0o00-0000000000000000000000
000 om®) ~0(r*) 0000000000000

oooooooOoOooOoooooooooOoOoOOOO0O0O0O0oO0O0ooOoooOoOO000000 SsvM
0000000000000 00000 One-versus-All(0 O O One-versus-Rest) 0000000
ooo

3.2.2 One-versus-One

000000 One-versus-All D0 O OHastie 0 000D DODODODODO O One-versus-Onel O O O
All-Pair00000000000000O0OO0O0UOOOO 600000000 D0O00O0OOO0OO
000000000000 DOoU0oO0DOoooU0ooOoDOoooOooDOoooooOoon

000o00ooog jy,j201,72=1..k,j1#j)00000000000000000OOOOOO
oooooooooooo @DDDDDDDDDDDDDDDDDD

Gi1.j2(X) = Wy X+ by g, (3.21)

oboboooo0 xOOoOo0Ojo00oboobooooobooocoooobon

Wi X+ bjh]é > 0 (3'22)
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03 0000000000000 SVM 32 000000000000 SVM

BE175) f(x)={L-LL1}
Class\Classier |g; | sy |83 |s4
9520 |11 |11 DSA@I=5 8

5522 |11 |1 |-1 : ¢
5523 |1 |1 |1 |-1| | HumminggBg
HSZ@ |-1]-1]1 |1 22332 @1

0 3.3: Error Correcting Output Codes

00000000000 wy, ;,x4b;,,=0000000000000000000000000
0000000000000 00000000000000000000000000000000
000000000000000000000000000000000000000000000
000000000000000000000000000000000000000000000
000000000D00000000000000000%-Ypopo0000000 3.2000
000000000000000000000 s(s=Y)0000000000000000000
00000000000000000000000000000000000000000000
0000000000000000
0000000000000000000000000000000000000000000
0000000000000 000000D0000000000000000000000000
000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000
00D0000D0D00000000000000000000000000000000000000

3.2.3 Error Correcting Output Codes

0000000000000 00000000000DietterichD00000000OOO [17]0
00o0oo0oo0oo0oooo0ooO0o0oo0o0oo0ooooooo0oo M€{71,+1}leD
00o0o000ooooooooooooOyOO0OO0O0O00C0COsOOOODOOCCOOODOOBOOOO f
0M(y,s)0OODODODODDO0OODOO0OODO0OOD0OUOUOOOOxO0ODOD0O0ODODODODODODOMOOD
0y0O000D00D filx)...fi(x) 000000000000 HuanmingO0OOODODOOOOOOO y
0000000000000 0000000y000 xO0O0OOOOOOOOBO0OO0

oooO0O0330000000000000 HummingODOOOOOOOOOOOOOOOOOO
oooooooooOo0oO0ooooOoO0o0o0o0ooOoO0oO0O0O0bOOoOO0OO0O0O0bOOOO00O0O0OO0000
oo0o0ooO0o0ooooooooOooooooooo

0000000000000000000Errror Correcting Output Codes(ECOC) 0D 0000
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0000000000000 o0oo0o0oo00oO0ob00ooO0oo0oD0ooOoOoOoOooO0oOooOoo0og One-
versus-All 0 One-versus-One 000 0000000000000 0OOOOOOOODODOOOOO
J0bO00o00obOo0o0bOo0o0bOO0o0bO0o0bO0o0obOOobOoOO0oOOo0bOO0o0oDbLOOo0bOooOoDOOn

3.24 0OO0O0O0OSvMOOOO

0000000000000 00o00Uoo 1800000000000 oo0n f,000
000000 M e {-1,0,+1}*' 00000000 M(y,s)0 000000000000000
Jddddddddddd00o0oo00o0o0ooooooDoDoooDoDDoODoOODOn0 s=1.1000
0000000000000 000O00O00000U0000U0 x, 00000M(y;,s) 00000
goooo

O000OOne-versus-Al O OO OO0 SVMOOMOODOOOOO+1000000000O0 00
00000 kx kOO0D0OD0OO0OOO0DOOOne-versus-One 100 O00O0OMOODOOOOOOOOO
0 (ji,j») 0000000 kx 20 00000000 (ji,52) 000000 s(i,52) 00000
M(j1,8(j1,J2)) = +1, M (ja2, s(j1,j2)) = —1000000 41,7, 000000000 jfotner 0000 D
M(jother, $(j1,42)) =000 0 0

3.25 OO0OOSvMOOOODOOOOO

goooosvMOoOQoOoOOoOOOOOOOOoOoOoOoOooOOOoOoOoOoOoOoOooooooooo
goooooooooOooOooooooooooooboOoboSsSsvMOooooooooooooooo
goooooooooooobooboboooooboooooooooboooooboooobbobooo
gboboobooobobooooboooooooboooboooboooboooooooooboooon
gbooooooobooooobooooon

O0O0OOne-versus-AllO 0000000000 ODODOOOCOOO0O0OOOOODODOOODOOOO
o0 +1000000000 0000000 kExkEODOQOOOMOODDODOODOODOODOOOO
o00D0O000 £21000000000 HummingOO dg 00000

1 —sign(M(r, 8) fs(x))

dp(M(r), f(x)) = Z_; 5 (3.23)
gdboobobboobooobooboobuoobuoboyboobooboobo
y = argmindy(M(r), f(x)) (3.24)

goboobboobo:bo0bbooboobod:—-10000000000000000O0
0000000000000 00000000000000 One-versus-AlOO0O0O0O0O0O0O0O0O
gboobobobobobobobobooboobooboobOooooooobooboOobooboooboOono
gbgboooogooboobooboboboboboooboobobobobobobobobooooan
gogbob0 £10000b000bo0oboobooboboo
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00000000000000 One-versus-All OO0 O0O0O0OO00OOOOODOOODOOOODOO
oo00o0ooboO0 HimmingODOOOOOOOODOOOOOOODOOOODODOODOOOODOOODOO
gooobdoo+10oboobooobobooboboobobOoboobobDoobobooobon
ggodooboooboooooboobtoooooboobbooooobbbooooobbbbooa
oo bbboobobdddoUL bbb O
000000000 DOO0O000DO000 HuimmingOODODOOOODOOODOODOOODO OHumming
gooooooooooooboooboobooobo dp0O000bOO0DbDO0ODbDOODOoOoDoOog
ggogooobobodooooobobobbooooobobobobboooogo

l 1
do(M(r), f(x)) = ZW (3.25)

s=1

goooobobbbbodoooouobbbboogybbbooooob b o
y = argmindg(M(r), f(x)) (3.26)

000000D0O0O0OO0000DO0 loss-based decoding 0O OO

One-versus-One 00000000000 DOODOOOOODOOOMOODOOOOODODOO
(j1,72)OODOODODO kx@DDDDDDDDDDDDDDDDDDDDDDDD(3.23)DD
000 Humming OO O OO OOne-versus-One 00 0000000000000 0OOOOOOOO
0000000000000 0000000O0One-versus-AllOOOOODOOOOOOOOOOOO
000000000 bOO0DO000bO0o0o00Oo00ooOo0oo0ooU0ooDOoOOoDOooDooDOooDoonoGg
oood

3.3 Uuoood

0000000000000 000 Support Vector Machine OO OO OOOODOOOOO SVM
000oooooooo0ooooooooo0oooo0oooooooooooooDoood

0000o0oDooo000ooooDooooO0ooooDoooooOoooooooooooooon
Joo000ooo0ooOoooooooooOoooooooodooDoooooOoooooog svMag
goood0oDooOooooooooooooooo00ooDoOoooooUooDoOoooooooog
000o00oo00ooo00oooO0ooooooooooooooooooDoo
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140 CaltechOO OO0 o0oooogn
HEN

0000000000000 Caltechl01 0000000000 [11][14 000000000 SVM
0000000000000000000000000000000C Caltechl0100000000
00000000000000000000000000000000000000000 3000
000000000000000000000000002060000000000000000
0000 ZhangODO OO [1]0066.23% 000000000 2007000000000000000
0000000000000000000000000000000000000080% 00000
000000000000000 [7)6)0

4.1 0000000

gbobooboboboooooooooooooooooooooooooooboooooaon
00000o00oo0oooooo 0% 000000000000 0o0oooooooooooon
goooboboboboobooooooobooboooooooDob0bOobUobOobDoboboooo
gboboboboboboboboboobooobooOooOooobooboOobooooobooobooooonoo
gbooboobobobobobobobooboobooboobOooooooOoobOoooooooOoobooonoo
goooboboboobobobooobooooobooooboobooboobDobDobDobOoDbOoDbo
oooooosSvMOoOOoOoOoOooooooOoOoOoooooOoOoOooooOoOooOooOooooooon
gbobobobobobobobobobooooooooooooooooooooooonoog
0000000000000 000C00DO0O0000D Bagofkeypoints O OOOOOOOO
gboooooboooooboobooon
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0 4 CALTECHOOOOOOOOOOOOOO 4.2. 00000 (SIFT)

4.2 00000 (SIFT)

00000000000000000000 SIFTOO000O0SIFT(Scale-Invariant Feature Trans-
form) 000199900 Lowe 0000000000000 0OU0OODOODODOODOOODOOOO
000000 0000000000000 00D0o0o0DooDULOUoOULOU0LOODOoOOo
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4.3 Bag-of-keypoints Approach
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4.3. BAG-OF-KEYPOINTS APPROACH
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4.4 SvMOUOOOOOOOOO
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