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2(α(λ2)−α(λ3))l
(18)



5 64

l

l [λ1, λ2]

5.2

5.1 [λ1, λ2]

l

4

900nm 950nm 925nm

λ1 900nm λ2 950nm λ3 925nm

s(λ1) s(λ2) s(λ3) s(λ1)

s(λ2) s(λ3) e(λ3) e(λ3)
e(λ3)
s(λ3)

− 1

40 e(λ3)
e(λ3)
s(λ3)

− 1

0.1% 0.4% 0.4% 0.6% λ1 λ2

3.8% 2.1% 6.0% 11.1%

5.3

(6)

(18)

l



5 65

Material Index
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5 10 15 20

S
pe

ct
ru

m
 D

iff
er

en
ce

 (
%

)

-5

0

5

e(925)/s(925)-1

(b)

Material Index
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(c)

Material Index
2 4 6 8 10 12 14 16 18

S
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ce

 (
%

)

-5

0

5

e(925)/s(925)-1

(d)

40:

λ3

(18) 0

ρ1I(λ1)e
2(α(λ3)−α(λ1))l + ρ2I(λ2)e

2(α(λ3)−α(λ2))l − I(λ3) = 0 (19)

λ3 α(λ3) =
α(λ1)+α(λ2)

2
(19)

ρ1I(λ1)e
4k2l − I(λ3)e

2k2l + ρ2I(λ2) = 0 (20)

k2 = α(λ3)− α(λ1) = α(λ2)− α(λ3) (20)

e2k2l e2k2l

k2 α(λ3) =
α(λ1)+α(λ2)

2
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l

λ3 α(λ3) =
α(λ1)+α(λ2)

3
(19)

ρ1I(λ1)e
6k3l − I(λ3)e

4k3l + ρ2I(λ2) = 0 (21)

k3 = α(λ3)− α(λ1) = (α(λ2)− α(λ3))/2

(21) e2k3l e2k3l

k3

l α(λ3) =
2(α(λ1)+α(λ2))

3

α(λ3) λ3

l

5.4

41

905nm

950nm 940nm 42

42(c)

42(b) 42(a) RGB
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5.5

5.3

α(λ3) =
α(λ1)+α(λ2)

2
α(λ3) =

α(λ1)+α(λ2)
3

λ3

6
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(a)

(b)

41:
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(a) RGB

(b)

(c)

42:
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6

5

s(λ1) s(λ2)

6.1

950nm

43

10mm
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43: 950nm

44 a)

O

λ I0 di

O O dol

Il(λ)

Il(λ) = I0R(λ)e−(di+dol)α(λ), (22)

R O
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(a) (b)

44: (a) (b)

Ir(λ)

Ir(λ) = I0R(λ)e−(di+dor)α(λ), (23)

dor O

(22) (23)

Il(λ)

Ir(λ)
= e(dor−dol)α(λ), (24)

dor − dol

dor − dol

O dor − dol

O O

dor − dol

44 a)

O dol dor
Il(λ)
Ir(λ)

O
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dor − dol O O

44 b)

(24)

dol dor di O

44 b)

O

44 a)

dol dor

(b) dol dor

6.3

6.2

44 b)

[12]

47

pl = (xl, y) 45
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y

pl = (xl, y) y

45:

(pl, pr) (24)

I ′r(λ, pl, pr) = Il(λ, pl)e
(d′ol(pl,pr)−d′or(pl,pr))α(λ), (25)

Il(λ, pl) pl I ′r(λ, pl, pr) Il(λ, pl)

pr d′ol(pl, pr) d′or(pl, pr)

(pl, pr)

pl

pr pl pr

(pl, pr) Ir(λ, pr) �
I ′r(λ, pl, pr) Ir(λ, pr) pr

(pl, pr)

I ′r(λ, pl, pr)
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Ir(λ, pr)

pl

(pl, prc)

prc = argmin
pr∈EpipolarLine

||(Ir(λ, pr)− I ′r(λ, pl, pr)||, (26)

prc

6.3

46 tl

tr O

dws

O diw

μa μw θl θr

θ′l θ′r

sin θl
sin θ′l

=
sin θr
sin θ′r

=
μa
μw

. (27)

μa μw θl θr

(27) θ′l θ′r

θl θr

μa μw (27) θ′l θ′r
tl tr

diw

diw =
b− wl − wr

tan θ′l + tan θ′r
, (28)

wk

tk k = {l, r} b
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46:

(28)

dol − dor

dol − dor =
diw
cos θ′l

− diw
cos θ′r

, (29)

(25)

(26)
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6.4

950nm 47

(POINTGREY GS3-U3-41C6NIR) 2

15

950nm 950nm

17

COLD LIGHTING SYSTEM PIS-UHX-AIR

16 10cm

950nm

47:

[75]

(24)
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Ir(λ, pr) � I ′r(λ, pl, pr) (26) prc

48:

10mm 50mm 5mm

47

48

100

10mm

15mm

5%

50mm
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49:

49

50 54

RGB

53
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6.5

50mm
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(a) (b)

(c)

(d)

(e) RGB

50:
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(a) (b)

(c)

(d)

(e) RGB

51:
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(a) (b)

(c)
(d)

(e) RGB

52:
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(a) (b)

(c)
(d)

(e) RGB

53:
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(a) (b)

(c)
(d)

(e) RGB

54:
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7

55

RGB

55(a) 4

55(b) 2

2

RGB
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(a) RGB

(b)

RGB

55:

7.1

P (λo, λi) = PR(λo, λi) + PF (λo, λi) (30)

P (λo, λi) λi λo

(λo, λi) λi λo PR(λo, λi)
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PF (λo, λi)

(λo, λi)

λi λo

PR(λo, λi)

PR(λo, λi) = R(λo)L(λi)C(λo)δ(λo − λi) (31)

R(λo) λo L(λi) λi C(λo)

λo δ(λo − λi)

δ(0) = 1 x �= 0 δ(x) = 0

(λo = λi) δ(0) λo �= λi

PF (λo, λi)

PF (λo, λi) = Em(λo)Ex(λi)L(λi)C(λo) (32)

Em(λo) λo Ex(λi) λi

Em(λo) λo

Ex(λi) λi

(30) λi

λo λi λo
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I

I =

∫∫
P (λo, λi)dλodλi, (33)

(33)

λi X λo M

I

I ≈
M∑
m=1

X∑
x=1

P (λ(m)
o , λ

(x)
i )ΔλoΔλi, (34)

λi 10nm

P

7.2

RGB

RGB 3

RGB

RGB RGB

RGB

RGB

T (λo, λi) = R(λo)δ(λo − λi) + Em(λo)Ex(λi)

(34)

I =
(
C(λ

(1)
o ) ... C(λ

(M)
o )

)
⎛
⎜⎜⎝

T (λ
(1)
o , λ

(1)
i ) ... T (λ

(1)
o , λ

(X)
i )

...
...

...

T (λ
(M)
o , λ

(1)
i ) ... T (λ

(M)
o , λ

(X)
i )

⎞
⎟⎟⎠

⎛
⎜⎜⎝

L(λ
(1)
i )
...

L(λ
(X)
i )

⎞
⎟⎟⎠

= cTTl

= fT l.

(35)
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T Excitation-

Emission Matrix : EEM

c

l f c

T l

c f

l

RGB 3 RGB 3

⎛
⎜⎝
Ir

Ig

Ib

⎞
⎟⎠ =

⎛
⎜⎝
fTr

fTg

fTb

⎞
⎟⎠ l. (36)

fr fg fb RGB c

RGB

I

I =
(
wr wg wb

)⎛
⎜⎝
Ir

Ig

Ib

⎞
⎟⎠

= wrl
Tfr + wgl

Tfg + wbl
Tfb

(37)

wr wg wb RGB RGB

1

(37) l RGB wr wg wb

I + b = wrl
Tfr + wgl

Tfg + wbl
Tfb + b

= 0
(38)

b RGB fr fg fb

y ∈ {1,−1} (soft-margin

SVM) [13]

Coded Illuminants RGB

[64]
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(38) l RGB wr

wg wb (37) RGB

I RGB l

min
l,wr,wg ,wb,b,ξn

1

2
|l|2 (w2

r + w2
g + w2

b ) + β
N∑
n=1

ξn

s.t. yn[l
T (wrfnr + wgfng + wbfnb) + b] ≥ 1− ξn (n = 1, 2, ..., N),

ξn ≥ 0 (n = 1, 2, ..., N),

lk ≥ 0 (k = 1, 2, ..., K).

(39)

(39) yn

N �fnm m

n ξn

β K

350nm 640nm 10nm

K = 30 (39)

l RGB wr wg

wb l =
(
1 1 ... 1

)T
b = 1

l RGB

wr wg wb

l RGB

wr wg wb

7.3
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7.3.1

56:

56 RGB

RGB

F-

7000

57 59
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(a) 1 (b) 2

(c) 1 (d) 2

(e) 1 (f) 2

57:
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(a) 1 (b) 2

(c) 3 (d) 1

(e) 2 (f) 3

58: (1)
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(a) 1 (b) 2

(c) 1 (d) 2

(e) 1 (f) 2

59: (2)
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20*20 RGB 350nm 640nm

10nm RGB POINTGREY

GS3-U3-23S6

RGB

(one-versus-one classifier)

RGB

RGB

20*20 RGB 400 RGB

20*20 RGB

400

4 4

RGB

60 3 5000K LED

(39)

RGB



7 97

(a) 5000K LED (b)

(c)

60:

7.3.2

RGB

10nm RGB

RGB (38)

1 5000K LED

91%
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57 (c)-(f)

RGB 3

1: 3

Classification/Illuminant 5000K LED Fluorescent Incandescent Coded

Light (Proposed)

Acacia vs. Canadian Clover 50.00% 50.67% 50.67% 91.17%

Acacia vs. Orange 40.00% 40.00% 40.00% 78.26%

Canadian Clover vs. Orange 41.67% 40.00% 45.00% 52.03%

61
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(a) (b)

(c)

61:

2

71%

90%

100%
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66.67%

58 59

3

3 RGB

2:

Classification/Illuminant 5000K LED Fluorescent Incandescent Coded

Light (Proposed)

Scotch vs. Cognac 66.67% 66.67% 66.67% 100.00%

Bourbon vs. Brandy 66.67% 66.67% 66.67% 71.44%

Bourbon vs. Cognac 66.67% 66.67% 66.67% 95.97%

Scotch vs. Brandy 66.67% 66.67% 66.67% 99.43%

Whisky vs. Cognac 66.67% 66.67% 66.67% 99.50%

Whisky vs. Brandy 66.67% 66.67% 66.67% 93.00%

3:

Classification/Illuminant 5000K LED Fluorescent Incandescent Coded

Light (Proposed)

Whisky vs. Bourbon 52.58% 50.00% 44.27% 61.10%

Whisky vs. Scotch 50.00% 50.00% 55.00% 77.30%

Scotch vs. Bourbon 50.00% 50.00% 50.00% 58.16%

62 63
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(a) (b)

(c) (d)

(e) (f)

62: (1)
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(a) (b)

(c)

63: (2)

(One-versus-One Classifier)

Binary Classification

(39)

V

RGB

wvr, wvg, wvb bv v

RGB wvr, wvg, wvb bv

v 4

4
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4: 4

Classification/Illuminant Coded (Proposed)

Whisky vs. Scotch vs. Bourbon vs. Brandy 55.10%

Whisky vs. Scotch vs. Bourbon vs. Cognac 51.04%

Whisky vs. Scotch vs. Brandy vs. Cognac 62.65%

Whisky vs. Bourbon vs. Brandy vs. Cognac 68.93%

Scotch vs. Bourbon vs. Brandy vs. Cognac 64.84%

25% 50%

2

7.3.3

RGB

RGB

NIKON ELS-VIS 5nm

RGB

POINTGREY GS3-U3-23S6 Nikon

ELS-VIS RGB 64
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64: ELS-VIS RGB

64 Programmable Light Source

Ideal 5

ELS-VIS

5:

Ideal Programmable Light Source

Acacia vs. Canadian Clover 92.69% 85.96%

Bourbon vs. Scotch 85.06% 85.75%
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7.4

RGB RGB

RGB

RGB
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8

8.1

RGB RGB

RGB

8.2
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Yinqiang Zheng

Antony Lam
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