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L 1
= k ==
N=3 (k+1)=5(L+)(L+2) (2.5)
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A={pxy) | pxy)=[c(xy).tx]}
c(xy) = [R(x.),G(xY).B(xY)] (2.6)
(x=01,.,X-1,y=0,1,..,Y-1)

Op(xy)DOOODO0DOO(xy)IODOODODOODOODOOOOORGBOOOODO ¢(xy)DOOOODOO
D00000Wxy)OOOODOOOODO00O0000000c(xy)D0(.1)00rg00000000000

O0cxyyOOOooooooADODOOOOODOOO
A= {cxy) } (2.7)

AdO0OODODOOO0o0ooobbObbOoooooobobbboooooobbbbOoooooooo

oooAO0000
An={ () | Pu(y) = gy 0xY) | (2.8)

gobKoOboooooooooboooooboboooooobobobooog
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2210000
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with E-shutter / emory
+
A/D
RGB
(] |
i
plane
U], mask/through
Exposure /
Controller .
Signal t : store
Processor t
plane
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89al,[SONY 8O DD O U0D0DO00DO0OU0DO0O0ODO0OODDOO0O0DO00DO00IHODODOOooOoOooOo
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gobobooooobboooobbbooooobbooooobbooooobboboooooobon
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t=(m+15)H (m=01,...260) (2.9)
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JoooooooDoooOoooOADODO0O0DODOOODOOODODOODODODODODDODODOODOO
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gooobooobooooboobooboobobo(unuoobooobobooobgoeecbbgoobogoo
goooboboboooooobobobbooooooobobbbooooooobooboboboog
gwwrtooooooooooobobbooooooobbboboooooooobbboooooooobo
gogoooobobbooooo

[Stepl]O00D000DO0OO0ODOODOOONBOOOOOODOODOOOODODODO(E2.9J m=0,1,2,...,260] 0 O
ORGBOODUOODODOWwWOOODOODOODOOODOOODOOODOooDooDOo

W = { Wy, | W= Ry Gy By, ME0,1,...,260 } (2.10)

[Step2]00000O00OO0 LUTORGBOOOOOODOODOODODOO

w,, 0 K(m+15) (2.11)

gooKOooooooooobobboooooooobbboooooo
owoooooooooooooobobboooooooDoDb3zx 32000000000320000
goRGBOOOOOOOOODODOOOUOOOoODODOCECeCbObobOOoOooOooooobboboooOoo
gobodgstepl 00000 DO0OO0DOOODOLUTDOD RGBUODODDOODODOOODOOO
goooboobboooooooobobobooo
gooobbbboooooRrGBOOUOOODODODODDOOOOOUOORGBUOOODDODDOOOOO
goooobobobboooooobobobbooooooobobbooooooobobobobbbboogo
goooooboboooooooboobobboooooooooo
gooooOofstepilpoooowohmwOOOOOODOgUOOooooooooooobooobOoo
gooobboooooobobbboooogoooobobobbboooooobbooooooobobbobooo

gobobooooooooboddddgubbboogoboboogobbbooooa

L =min[ max {Rn} , maX {Gr} , maX {Bp) | (2.12)
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250..
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goond

gobLutTooboooooooobooooooobbodooobboooooobobooooobo

gogoobobboooooobobobbboooooobbobboooooooo
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Corrected
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g
. r
Yellow
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1 0 100 150 200 250
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gooobooboorgd

gogoooooodg

0 x10°2 before
after
r g
10.43 7.88
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0.69 0.71
7.74 7.79
Green
0.68 0.70
7.79 4.03
vellow 0.80 0.80
\acenta 6.81 2.25
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gooobobobboooooobbobbooooooboborGBODOOO0OLUTODOD DD ODOOO
O00gODOOO000ooooboobbbooooooooobbbbooooooooobobbooogo
gobboooo Looooobbobbbooooooobbbooobbbbiboog 32x 32000
gooboRrGBOUOOOOOOOOOoOODO26000000LUTOOOOOO0OD gOODOOOOO
gooooobbooooooboobbbooooooooDmoboboorGBOOOOOODODOOOOO
gooobbwbboObbOooooooobobbbooobbboooooobobbbboooobogogo
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gobbobooooobbooooooobboog

2300 00ouoobooood

021200000000 000000000000OOO0O0O0O0OODLDOOD0O0O0OODOOODODODO0ORGB
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gooodoboodoboooooooooobooobobobobuoobooooog
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[Stepl]0 00O

m = 260 ,k=1

flag( x, y ) = NonFixed ( x=0,1,...X-1 ,y=0,1,...Y-1)
[Step2]0 00000

for(x,y)=(0,0)to (X-1,VY-1)

if flag(x,y) # Fixedn R(XVY)<R,

n G(x,y)<G, n B(x,y)<B,

t t

then
t(x,y)=(M+15H
c(xy)=[R(xYy), G(xy) B(xy)]
pP(xy)=[c(xy) t(xy)]
flag(x, y ) = Fixed
endif
next (Xx,y)
[Step3]0 000000000 ODOO

if flag( x, y ) = All Fixedthen STOP

-17 -



ocooooooooOoooOoOoOoOoooo

[Stepd]00000000O0OOOOO0O
if m= 0 then STOP
else
m=m-A4m, , k=k+1
goto Step2
endif
00000000000flag(x,y)J00000000 flag-plane0 D000OR, G, 0B 00000
RGBOODODOODOOOAMm OOOOO0OD0OAM, =1(Const 0000000 OOOOOOOOODOO
gobboooooobbboooobbbooooobbooo
do0doDo0dDoDoooodoEYYYUUOD0OOD0dDoo0OoDoooooooDo0oooooogn
goooooooooon
gobbobodoooobbboobboooouobboboooo0bb b0 oo bbOo0ooooUoUg ED

gogoobobboooooobobobbbogo

E=Ey2i (N=123.....) (2.13)

goooboobobobooooooobbbbooooooooobbbooooooobobbbobooooon

output
with improved E-shutter

saturation
level

Pa

Ps|---

(

i1 1 1 1
16 8 4 2
exposure time
output

with iris or normal E-shutter

goooboooboobobboobooboobooo
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gooobobbboooooobbbbogzeloobobbooooooooobobbobbbooooog
goooboobbbbooooooobobbboooooobbobboooooooobDbobbboooooon
0000000000000 s7oUl1/300x 26100 00000000000 0OO0ODOODOODO0O
goooboobboooooon

goobooboooooboobotoan, ODDODOO0O0O00OMOoObObOO00o0oobobboooobobbogo
gooooobbooooooboboobbbobooooooobbooogoooDobDbbooooon
goooboobbooooooon
oobOoooboooobooogstep3pbboooobooobOoobobbOo0OOtoDbOOO m

Uam, 0000000000 D0OOONOOODODODO

t, =261.5H -
ter =t = Aty (k=1,2,...,.N-1) (2.14)

ooboO0d@EoyU A, =Aam HOOODOOOODO Am, =1(Const.]) 0 A, OODOOOON=2610000
oooot -t 0ooooooooooooobbORGBOODOOO A 0000000000000
tdoo0o0ovoooooooooobutvyoooboooogoo

0é&=um/T)Qv/V) 0000

<U
u(tv) = { fj &:ug (2.15)

goboTvoooooboooooooooboooooobbovvboooooboobobooooooobo
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0000000000000000000t~t,0vwsv<vy, 000000000000000000
0000000 ((.150000(2.1400000

At
Ay = U(tieg, Vo) — Ut Vi) = UTkk (2.16)

OO0@iepJoO00b0am OOOOOCOO0ODO A, ODOODOOOOOOODOO0OOODOODOOO Au O
goobbobooooobpobobooooboboooooobboobbbooooobboboooooobo
goooooboooooobb a0y 0obboogooobobobboooyoobbbbogogoo

N000000000000A 0000000000 Aug 00000
Au, = U%k < Ay (2.17)

oobooboob a, 0000000400y DO00D0O0DANg ODOOD A, OO0DO0O0O
OAan ODOOO0OO0OOOCOO0O0DO0DOODOODOOOO0OOOOO[stepdpO00ODOODODOO
U000 Aug ODOOOOOONODOOOOOOOONNx 1/300)0000000ONOOOODOODOO
goooboboog 25400000

oooooobobooooooooobboooooooob oo ooobboooUooo
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ooooooboboooooboooooooobboboooboooooooDoboboobboobooooo
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(a) normal

(b) chromaticity (c) exposure time

(d) brightness (e) reconstruction

gooobooobobobobooboobooboobooboobon
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(a) normal (b) chromaticity
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I L= [ KIIR+G+B)/t  (AE color image)
| (R*G+B)/3  (normal color image)
r = RI(R+G+B) (2.19)
9= G/(R+G+B)
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r
(a) Lrg distribution of normal RGB color image

r
(b) Lrg distribution of adaptive exposure color image
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263000000 (Vector Median Filtering )
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(a) Lrg distribution of normal RGB color image (VMF)

r
(b) Lrg distribution of adaptive exposure color image (VMF)
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CaxyA) = Kia(XNICa(A) + Ka(X,Y)IC(A)

Ca(0Y) = K g((y)Tys) + K (X Y)ITLA) (3.6)
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Ca(XYA) = K g% g(A) + Kg(xy)T(A)

Ra(%Y:A) = CAYAYCLA) = K a(%y)CaaA)/C ) + K oa (%) 3.7)

gooobobocooonbc O

Clxy=0OOOOOOOOOODOO+O0OOBOOOOODODOOOO
= CA(XYA) + Ra(XxY:A) CC(XY.\)
= ky(xy) CCua\) + ko(xy) CCa0) CCA)/CYA) + ka(xy) CCg(A) + ky(x,y) CC(A)
ka(xy) = Kua(%y) + Kia(xy) K g(x.y)
ka(xY) = K a(xy) K g(%y) (3.8)
Ka(xY) = Kea(%y) K g(xy)
ka(xy) = Kaa(xy) + Ka(xY) K g(xy)
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ClxyAN)=CUOADODOOOD)+(I0AOBOCOOODOOOOO)+@OBOOOOON)

= K(xy) CCu(N) + Ko(xy) TC0) A CYA) + Ka(Xy) [Cyg(N) (3.9)

000000D00000000000 FQ)=[fA), L0\, L3\ 000000000000000000
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C(xy) = Ki(xy) [Ty + K5(x,y) q {F) BCua(A) CCEA)/CYA) jdA + Ka(XY) T\ (3.10)
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C0xY) = Ky(x3)Cun + Kalxy)  {FON) ECua(h) CC .80/ Co0) ek (3.11)
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C(xy) = Ki(X;Y)[Typ + Ko(X, V)T ag
Cung = [RUA Rz, Gua Gg, Bua [BUB]T (3.12)
Cin= [RUA! Guas BUA]T , Cg= [RuB G BuB]T
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Imput Image

Segmentatlon

ﬂ/\_/u

Calculatlon of
Parameters

Classification of Recognition of
Material Types Interreflection

[ Scene Descrlptlon

¥

Region No.1 is Matte. )
Region No2. is Metallic.

Region No.3 is Grossy.
/ Region No.4 is Grossy.
—rl
sl—— r2——ir5

14
\_ J

goooboooboobobboobooobon
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L

A: brass bowl

B: blue plastic ball
C: red paper cone
D: green paper cone
E: red felt cone
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R
Cs L
B
G
C2

(a) general distribution form and its principal components.

R
5 Ca C1
G
C2

(b) linear distribution form (metallic or matte nonmetallic).

C1
R Cs C1
G C2
C

(c) planer distribution (glory nonmetallic).
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===Reflectance
REGIONJ 0] is
REGION[ 1] is
REGION][ 2] is
REGIONJ[ 3] is

(a) Region number.

Type:::
Non-metallic and Glossy type.
Non-metallic and Glossy type.
Unknown.
Unknown.

REGION[ 3] is part of REGION[ 6].(25.4%)

REGION[ 4] ‘is
Inter-reflection
Inter-reflection

REGION][ 5] is

REGION][ 6] is

REGION[ 7] is
Inter-reflection
Inter-reflection

REGION[ 8] is

Inter-reflection.

is on REGION[ 6].(91.8%).
part is on REGION[ 9].(91.8%)
Unknown.

Metallic.

Inter-reflection.

is on REGION[ 6].(45.1%)
part is on REGION|[ 6].(45.1%)
Unknown.

REGION[ 8] may be a part of REGION[ 0].(2.9%)

REGION[ 9] is

Non-metallic and Matte type.

(b) Result of recognition.

===DATA TREE===

Scene

Object Region
[S.0]----[G.0](R.0)----[R, 0](10[0

R8]( 2.9)

-[0.1](R.1)----[R,1](100.0)
-[0.2](R.2)----[R,2](100.0)
-[0.3](R.5)----[R,5](100.0)
-[0.4](R.6)----[R,3]( 25.4)
[R,4]( 91.8) -->[R.9](91.8)
[R,6](100.0
[R.7]( 45.1) -->[R.6](45.1)
-[0.5](R.9)----[R,9](100.0)

(c) Scene discription.

ggooobooogo
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p= f SIRM)AA (4.1)

00000000 0o0oDOoD0o0oD0ooD@AYOO00DDODONODDODODDOODDOO00oDOooDOoOon

000000000 A (=01,.N-1)000000 cOD

c=[po Pr - Pu_sl’ (4.2)

ggdod

p, = f S (VRAYAA (4.3)

S(A):broad

)\0 )\1 )\2 ....... )\N—l
(a) broad sensitivity

SO)=T,8(\-\))

\‘/-\ I(MRO)
....... T

)\0 )\1 )\2 ....... )\N—l
(b) sampling sensitivity

A
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S(A) =1,8A 7)) (4.4)

T .

,bob0b0ob0obO0ooboob0oboOg>000000000O0O(4.3)00

P, =TIA)DRA) (4.5)

ooodoooodDpoo@bs50booooooooooooooooUooUoooooUoUogoo

ppa\‘/

y AN ‘3

illumination 'a’ illumination 'b’
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A, 0boooboboobobdbpbgibobobobon

R'=[R'\y) R'(\,) ... R"A\y_0)]" (=pa) (4.6)

000000000 a0b0OOOOOO

IP=[1* ) TMA) .. "M _p)]" (u=ab) (4.7)

00000000 pO0qO00D0 a0b0DO0O0ODDOODOODDO0ODOODD jOO0O0ODOMA.5)0

oooo,
P =T 1Y A PRI(A)) (=pa . u=ab) (4.8)

]

goooboobbbooooooooo

p.a g2
o1, @
P P (A
PR
ptjq,a - W‘ Rq()\ j) - kj (410)

0000 4.904.10000000000000000000000000000I(,;) >00R\;) >00
00000000000 kK>00k">00000

004900k 000000000000000000000000000000000000000
000000000000 (@100000000000000000000000000000000
D000k 0000000000000 00Funtd [Funt 951 Slater( [Slater 9610 0 (4.10)1 0 O
0000000000000 00000000000000000000000000000000
000000000000000000000000000000000000

00000049 0000000000000000000000k00000000000000
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K =[Ky K, o Kl 4] =Ko Ky o Ky )" (4.11)
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wW=sgN (4.13)

gooobbobbe OODOOOOO0O

norm

s+

T (IN=D)!

(4.14)

oobooooo@Aa3oo0 yN-)oooooboooobooooboobobboooobooboo

gooobobobboooooobobbbooooooooboobboboog

4.2.2 Histogram Backprojection
0000000000000000000000000000000000000000000000
ooooo L={L,i=0,1,..W-1}0 D={D,, i=0,1,...W-1}0 O 00 0 Histogram Backprojection [1 [J HB [0 [

0000000000y 0000000 c(xy)0OOOe(xy)DOOODODODOODOO0DOOOOO
= min/ P 1
e(x,y) =min [ (4.15)

O000OwhOoOO0OO0O0000000c(xyyOOOOoOo0O0O00000000000000 0 Oe(xy)
gobooboooooboboomuoooobbooobobooooboboooboboooobobbooobo
000000000000 00 exyyOOOOOooOOoOoODODDOOoOoDOoooOoOOoDODbOooDDOooooOOoo

gobbooooooboboooooboboooooboboooobbobooooon

4.2.3 Histogram Intersection
0 Histogram Intersectich 0 O HIOOOOOO00000000000000000000000000
0000000000000000000MO0000000000000000000000001(@

goooboobobbooLwLoboobobobboboogoooooobo

H(L, D)= "%, min| y—, s (4.16)
. L, 2 D,

o 1 S0 7
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Histogram of Scene Image

L I_V‘ Cn(X’y)
/

1

w-1  w+l

Histogram of Target Image

Dy

0 0O O O O Histogram Backprojecton 0 0 0 0000 O0O0OO0OOO0O0O

H(L,D)

w

0 O 0O O O Histogram Intersection
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Lens Micro-NIKKOR
f55mm, F2.8

manual turn ' -

Chilled CCD Camera
HAMAMATSU C5985

Camera
Controller

SCSI
Image Data

Interference-filters Transfer

on Disc

Computer
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