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Object Recognition Based on Image Linearization

Takahiro OKABE Yoichi SATO

Institute of Industrial Science, The University of Tokyo
Komaba 4-6-1, Meguro-ku, Tokyo, 153-8505 Japan
E-mail:{takahiro, ysato} @iis.u-tokyo.ac.jp

AbstractO It has been shown theoretically that the illumination cone model is effective for object recognition
because it defines the set of images of an object under varying illumination, provided that the images consist of
only diffuse components and attached shadows. It is, however, difficult to apply this model for object recognition in
practice because a large number of extreme-images of an object are necessary for making the illumination cone of
the object. To cope with this problem, we propose a method for object recognition under varying illumination; the
method is based on the image linearization that has been shown useful in the context of photometric image-based
rendering (PIBR). The proposed method is capable of treating both diffuse components and attached shadows
even in the case where only as few as three images are given. We have tested our proposed method by using the
Yale Face Database B and confirmed that the image linearization is effective not only for PIBR but also for object
recognition under varying illumination.

Keywor ds] Object recognition, Varying illumination, Linear subspace method, Image linearization, Photometric
image-based rendering
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1 00O0O

gooooo,0boo,oo0obboooboog
goodoooo,booboboooooooon
gbooobo,0jddooogobobobooooooo,
goooobboboboobooo.ogboo,oo
gooooooooobooobooboooooboo
goooooo.

go,00boboooo0ooobo,oobooooon
gobooooooooo,obgobobooooo
00,00000000 (feature-based methods) O O
goobooo.0obo0,bbboobooobobobooo
gooooooobo,0bddboooogooa
oo, goobboobooooooooa
ooooo sl

gooboo0o,000b00d0b0oboooboon
goobooobooobobo,0oo0oobooon
O (appearance-based methods) 0 OO OO, 0000
gooooboobooboooooooooooa
0000000 [20][14][2][16]. OO OO,000OO
gfdo0, bbb oooo oo
goodoobooooboboboooooooooo
gooooooboooooo.

oooooooood (illuminationcone) DO OO,
gooooooboobooooobooooboo
goooo,0ogboobobooooonooon
goooobobboboo,000boooboboo,
gooooobboobboboboboboooo
goboooobooboobobo,boboogo
000000 0O,00000 (generative methods) O
0000 [¢4l.0oooo,0ogoooooooon
gdoooooboboboobobboooboboogd
[91[8].

goobooooooooboob,ouooa
0,0000000, attached shadow, cast shadow O
4000000000000, ObOobOOoOoOoDooO
goodooobooooobobo,ouoboooooo
030000000000,00000000000
goooobooobooobobboobobogd
[19][15]. 3000000 DOOODDOODOO0
goooooobooboouoooooooon
00O (linear subspace method) D OO 0O, 000000
gooobooobboobbobbbooboooo
ooooo 98]

oo, 0ooooboboooooooooooon,
ddddooooooboobooooooooo,oda
godoooooobooooo,buooooooo
O (convexcone) 00D O DODOODOOOO,000
0000000000 (4. ooooooooood
oo, 0oboooooooooooboooooa
go,ddoddooououoboooboooog
000000000000'.00000 LambertO
gooboooooo,ooo,0ooooooooo
attached shadow 0 OO OO0 O0OOCOO0OOO0OOO, OO
030000000000 00000oooooo
oo0o0ooooOO0oO0o0oOO0O0oOooo 4000004
dodooboooobobooobooooouoooooo
00008 0DO,0000000 [[50000
O, attached shadow O 0 O O O cast shadow 0O 0 00O
OO000od0o0oo0ooOoooUo [g,uunoooon
Oo0doooooooooooooog [17].

0000000 attachedshadow O OO0 O O0Q0O0O
gooboooooobooooboo,boo,oood
dodoooboooobobooooooooboooao
godooooooobooooooo. oooogd
0,00,0000000 attached shadow OO0, O
OO0 (@oOoOo)ooooDooooooooooo
gooooooooood.

goooo,joooooooooboboooooa
pgooobooboooo.bouobooooooa,
dodboooobooooooboooooooooo
O000dd0o0oooOoDUOOoDOUdo (10,000
gddodboooouoouoouoo,boooon
0,00900000000D0000DOO0ODO0O0O
00000000000 [18][3]. 00 900000
dobooooooooobooooooooooboa
o, 0o obuoooobooooooon
000000000 [3)[11],90000000000
O, 0o ooooooouooooa, o
dodoobooooooboooooouobooon
gooooooo.

gbouooooo,ooboooobooooooa
godobooooo. ooooooooooooon
dbdodooooooobo,oboooooooa
gdooboobooooobooouoobooooo
O, 00000, 0b0o0oooouoboooooooo

l00,0000000000000000000000000
oo,00000000000.
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gjoooooooboooobooo,oboooog
Jboooooooooboobobbobobobobooboog
(segmented linear subspace method) D O OO0, 00
goooooooooboboboooooooon
OCO0O00OO0 [l oo0oooo0ooooooooooo
goobooo,0bo0oboooooo.oo,oo
goodooooooboobooobooooonoa
goobooooboon.
gooo,b0d0oboooooboooooon
gogboob0oooboooooboo,ooooo
goobooooboobooo,oboooooboao
oo0ooooo.0o00oo,3000000o0000
goboooobooooboboboobboooooo
0,0000000000, attached shadow O O 00O
goobooooob. obog,obobooon
O00000o0ouoooooo [8|oooouooog
gogboooooogoobo,bobobbooooon
00000000, 000000000004d attached
shadow D0 0000000 DO0OO0OO.0O000O
0,00,000000000000b0boooo
00000 30000000o00ooooooooo
00o0,0000000000D00000o000on
00000 attachedshadow O OO O0O. OO, 00
goooooooboobobooboobobooono,
goooobobbobooboobobobbobobboo
goboooooobo. boobboboooooogo
0,100000 e4000000000DOOOODOO
OO0O00O0OOd Yale Face Database B[7] O OO d OO
00000,0000000, photometricimage-based
renderingPIBR) 0 0000, 0000000000
gooooo.
do0ooooooogobooo.oo,0 20004
goooooooboooooobboooobon.o
0o0300,000000000000000000
0o000.D40000000000000000
ooogoo,os500040.

2 0O0OOoOo

obooooo,boobooooboobooboo
Lambert 00 00O OO0 O,00000000000O
gbooooooooooooobooo.oooo,
goboooooooob,obboooboboooon
gooooooooa.

21 0DO0OODOODO

Lambert 00 O00O0000,0000000 (OO
O00)0boOoOooooo0 (000000 2,0,

z;=pmis=bls, (i=1,2,---,n) Q)

goooo.ooo,p,n; 00000000000
obooboobooboobboob,sbgn
gobobooboboboboboboooboaoboaanb
0002.000000000,000000000
DDDDDDDDDDDD,biTD nO0000000
Onx30000 BOOO,

x = max(Bs, 0) (2

000000, bfs< 00000 attached shadow O
000,00000000000 0000000
000,000 attachedshadow O OO0 O O0O0O
00000000000 00000,0000000
nooooo,

L = {x|x = Bs,Vs € R*} (3)

00000 [9[15]. L0000 BOODOOOOOO,
00000000D000000000000000
00300000,000000000 (illumination
subspace) 0 OO O O [4].
00000,00 BO,000 30000000
00000000000000000000000
0000.0000,c0000000002Y9(j =
l---¢,c>3)000000,000000000

X = (W, z2? .. z) (4)

ooooboooooo,00 pO0OO0ObOO0O0OO0ODO
o.0b00,000000000000000D00¢0
goodoobooooob,oboooobooooo
oobooooooboooo,0oooboooobooooo
000 BOO@OLUODODOD.310000000O
0000 [3|00,00000000000000
gbobooboooboobobooooooooaon
oboooboooooooboo.oo,

o = Bs = (BA)(A™'s) = B*s* )

obO,0b00000000DO00 BOOOOO,
3x3000000 ADODOOOoOoooo.ooo
ooooooo,3100o0o04d.

200000000000000000000000,000
0o, 000000000000000000000000000
goooooo.
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22 OOOOODO

goot,0ogoooboooooooooood
0,0000000000000000000D000
00.0000,0000000000,00000
goodobooooooboboooooon,d
000000000o0ooooooooooo.

00000 Lambert 00000000000 D0OOO
0,00 BOOOOOODO,0000 (extreme-image)
goooooooood

€ij = max(B(bl X bj)ao)a (la.] = 1727' ' '7”) (6)

ooooo0oooooooooooood [4.00
0 bixbjDDDDDDDDDD,DDDD(extreme-
ray) DDDODODODOO [4.0000000,00000
ooOooood, attachedshadow D O OO0 O O00O0O
goodoood,o ) ooooooog,oood
gobddooo,jdgoooooboooooooo
gdoooboooooboooooon.

3 Doono

ooboooo,PIBROOOOOOOOOOOOO
goobooooooo,300b000000000
O00000O00O0O0O0o0oooooOoooO, attached
shadow 0 000000000 OOOOO,0000
goboooooooobooobooo.booo,o
goboooooooooooooooooooonog
000o0ooo0oO000 [M3looooooooo,d
goboboobooboobooboooobooobboooboooog.

31 00ODOO0OO

0@)0,00000000000000 0,30
00000000000000000000000.
0000000,0000000000003000
000,00300000000000000000
00000,000000000000,0 ()00
000000,00000000000000000
ooo.

00000000000 0000000000
0000,000300000000.00,3000
0 zy,z.,2;000000000000000,00
0 (c—3)0000 z;(i=4,5,---,¢)0000000

0000000 (@oooooooo).ooooao,
z; 00000000000

©) (2)

T, =q, T +a; Ty + Oéz(»g)mg (7)

0000000, 00000000030000
0,3000000000000000000000
00,000 a; = (2V,e!?,e®)0000. 000
03000000000000000000000
0000000000 D0000,000030000
00000000000000000000000
D000000,0000030000000000
0000000000000000000000,C
00000000000000000000000
00000000000 o000.

00,000 a;(i=4,5,---,¢)0000,0000
000000 (00000000).00000,2;0
0000000030000 @, @, 000000
oooon o,0n,a,0000,0000 x,xs, T3
00000, @, @m,z, 0000000000000
00000000000 000000000000
00000000000,000000000000
00000000000000000000000
0000000,0000030000000000
D0000000000000000000000
000,00000000000000000000
D0D00000000000000000000
00,zi 2L 2k 000,

000,000 (3)00000,000 (i =
4,5,--,0) 0000 ok ek xk 000000000
0000000000 (DO0O0000o).

0D000000000000000000,00
00000000000 000000000000,
0(@D000000000000000000.00
000,000000000000000 (1)000
00,bfs<0000000000000.

32 D00O0ODbOOOooooooo

OooooDbh,00000b0b00g0300ooooo
oobooboooboooo,boo0ooooooooooo
oooobooooobooooo.

oobooobo,0oooboooboboboooooao
gooooo,31000000000000000
ooboobooo,0bo00boooooboobooo
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oooooooobooooooooboboobooD.4

000000,00000000000000000
O [8)[14][]0000000000,0000000
0,0000007000000000000000
0000,00000000000,0000000

ooooooOooOoOoOooooo,0goooooo 3

oooooooooo.
ooooOooooDOooooogobo 3pooooon
oooO00ooooooooooooo,00o30o
goooooo.
oo, 0000b0000boobboobooobbooo
OooooOoooo3ooooooooooooo
gooobbobooobooooobobooob.oo

0,000000000000(@OoOoOo0ooon)

ogooooo.

o0, 0jddo0oobouobboooooooooa
000000oO00oDo,0o0o0goooonoooo
O,attachedshadow D DO OO OOoOoOOOO.

o0, 0dddoooobboooooooooa
O.0dooobooooooobooobo,oooboo
00 attachedshadow DO OO OO OO O0404doooOnO
O0,000000 castshadowO O OOO0O0OO0OoOO
O0.000000castshadowd D OOOdoOOd
gbboooooooooooooboboo,onooond
0000000,000000 castshadowdI OO0
gooooo,0oooboooooobooooan
gooboooooooboo.oboooo,oboooa
odoooooooooooo@oo)boooa
gododoooo,0o0o0oo0ooooooa
ogooo.oooodoooo,oo0ooooooa
0o00oo0oOo0obOoO0ooooooo1,00oo0ad
goooooooo,20000000000,00
godddooooooooooo.ooo,boon
gooddoooboooooboooobooooooad
goboooooooo,obooooooooooo
dodooooboooooooooooa.

4 0ODOOO

41 OD0O0O0OOOOOO

oooooooobboboo,0oo0good
O Yale Face Database B[7]0 OO0 OO0 QO QdOoonO
O.0o00o0oooo,0booobbooooooa,

—
"

X
|

éubsef1
6=12°

- Subset2
6 =25°

Subset3
6 =50°

Subset4
6 =77

Subsetb
6 >77°

020000000000

oobooooooooboboobooboboooo
oooooo,0o0oooooboooooboooboo
O0ooOooooooooo [12).

ooooooooooD,100000 90000
0,64000000000000D0000000O 5850
oooooooo.booooboo,booooooo
65000 0000,000000000000000.
googo,bo0obgoooboobooooo,boobon
gooooooooboobooboobo.ooooooo
000,000000000000 20000000
goooo,gobobboobobooobooboooooon
oooobooooooobooboob,bbooobo
gobooooooobooooboobobooD,bo,on
000,64x6400000000 (0 1).00,00
oo0ooooooooooooeOOoOOn,do
oOop0oO0osS0Ob000000000O0o0oOooDOoon
O.0000b0,0bogbgoooooobo,ebOon
ooo,0o0o0ob01oo0booy0000O,00000
cooboooooooooooooooooo.o 2
o, 000b0oooooooooon.

42 00O

3200000000,000000Q00000O0
0000,0 ¢)oooOooooo,0oooooo
00300000000000000 (0 3).000
gbooooooooo,000b00oo0oobono, o
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030000

040000

(3)000000000.000,03000,0000
00000000000000000000000,
0000000000,00300 (96.0+0.3)%(10)
0000000,0(@)0000000000000
oooo.

43 OO

0000000000,000000000000
00000000000000000000000
000000000000000000. 0000
0,0000000000000000000000
0000000000 .000,00000000.

04000000000000.00000 (@0
000,00000000000000000000
0(®)0,0000000000000000000
00(O0000.000000000,00000
00000000000000000000000
0 (c),(e)00D0.000000000000000
000,00000 castshadow D 00000000
000000000,00000000000000
0000,0000000000000000000

Error rate (%)
Method Subset 2| Subset 3| Subset 4| Subset 5
LS 0 0 6.5 36.5
LS (Linearization) 0 0 0 10.1

os000000o0o0Ob000oooog

ogodoooooooa.

D00 40000000000 O0O0O00O000O03
00000500002.000000000000
goooooboboooboooooooo,ooooog
00000 attachedshadow DO OO0 OO0 OO0 0O0O
0, 00000000000 ooo.oo,o 200
Ogooooo,0jddoooooooooooooan
dododoooooooooobooo,oooon
goooooooooooooooo.ooOo,od
000 attachedshadowO OO OO QOQOoOoOOOd,d
000000 castshadowD OO0 00000000
Jdodoooooooo.o0o,0o0o00s500d
00000000O0oO0oOgog,castshadow 00400
goooboooooooa.

o0, 0dooboooboooodoooobooon
Joo00,00d0d0oooooboooooenna
O.9PL[11100,000000400000000
00000000 9000o0ooooooooon
0,000000000,0000 10000,00
o000 700000 DOOO0OO0OOOOOO.O00,0
Odoo0bOoooosoo000ooooo,ooo
gooboo. obooboobooouooooood
dddddooooooooooooooo,odn
Jdoodddodooogoooo,oobooo0,30
dooooooooooooboooooo,oooo
OO00000o00oooooooooooo [8uo
goodooooooooooooo.oo,oooo,
Joddooooooo7doooOoOOoOooOooa
O0,000000000000900 (@Wo)oo
00ooodoo [11uooooog,0ooooog
JdoDodooodo.ooo,3000000000a4d
O0D00000oooDoo0oooooooooogdL
oooooo,30000000o0o0onooooo
oo, 0b0obo0oooboooooooooaa. o
goooooo,boobooooooooooooa

3000 2000 6600000000,000 1%00000
oooooo.

0 1980


研究会Temp 
－198－


Error rate (%)
Method Subset 2| Subset 3| Subset 4| Subset 5
IC (attached) [8] 0 0 8.6 -
IC (cast) [8] 0 0 0 -
9PL [11] 0 0 2.8 -
Segm. LS [1] 0 0 0 -
LS (Linearization) 0 0 0 10.1

O 6: Yale Face Database BO OO O OO0 O O4d

gooobooooo,00obooooooboo,PIBRO
goobooooooboboboooooooa.

5 OO

dobddoooooooooooboo,ooood
gddbooooooooo,ooobooooon
gooodooboouoobouoboooo.oonoa
O0,0000000000000003000000
gooooooooooooboooo,oooooa
godddboooooobooo,0o00ooooa
000D 9uno (Uo)oooooooooo,od
0,3000000000000000D00000a4d
do0odoooooobooooobooooooo
godoooo.oobo,ooooooobooog, o
gdoodooodoououooboooouoooboo
goooooa.

OOO0, attached shadow D OO O OO0OOO0 OO
gdbodoooooooooooo,ooouoo
gododobd,toooooouobooooooo
gdooooooooob.ooooooooood
O, 00000, 0bboooobooooooboooad
godoo.oo0,00ou0obooooooaoa
goo,jddodooobbouoobuooooon
0,000000000000000. Lambertd0O
0000000 O0obOO0O0o0oOo 9ooooooOoon
0000000 [3][18], 0000000 300 90
gdobooddouooouooouooobo
JoodoOoobOoooDboOooooo.ooo,90
gbddbooooooooooouooooooboo
goodoodoobooooboooooooooao
go,ddoooubooobooobounoooon
goooogd.

00,00000,0000000 attached shadow
0000000000,000000d castshadow O

goooopoo,0bbo0bbo0o0oobooogd
CO0OdoOooo.000,Lambert00 000000
gooobboooboooobooooooo.
00000 O, appearance-based methods 0 O 00O O,
Lambert 00D OO0 0000000 OODOOOOOO
Oo0ooDo0oo0oooooooo[el.0o0o,00
goooooobooooboooooooooo
gobooboboooooooboooo,bbobooooo
O000,000000 castshadowO O OO COO
goooobooooooooooo.
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