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Examining Single Scattering Region and
Diffusion Region for Scattering Analysis∗

Kazusa Tsubota

Abstract

When scattering parameters of translucent media are measured, it is assumed
that single scattering and diffusion. The scattering state depends on the opti-
cal density representing the concentration and depth of the media. Therefore,
the concentration and depth of the media are adjusted so that single scattering
and diffusion can be assumed. However, the optical density suitable for mea-
surement is not clear, and its condition also depends on the wavelength of the
observation light. In this study, the region of optical density and light wave-
length of the media that can assume single scattering and diffusion is called a
single scattering region, diffusion region. And the region is identified by using
the stability of the estimation result of the scattering parameter measurement.
In the experiment, transmission measurement based on the Lambert-Beer law
was carried out using a spectroscopic camera, and a single scattering region was
specified for milk and soymilk. In addition, the diffusion region was examined
for candles by modulation frequency pattern projection based on the diffusion
equation. As a result, it was confirmed that the region of the small optical
density in long wavelength and large optical density in short wavelength is out
of the single scattering region. And also, it is confirmed that it can be regarded
as a diffusion region at frequencies of 0.061–0.18 [mm−1] in three channels of
RGB.
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(a)0.004% (b)0.016%

(c)0.064% (d)0.256%
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I = I0 exp(−μad). (2.2.2)

μa

I = I0 exp(−μtd). (2.2.3)
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(HG ) [6] −1 < g < 1

P (θ) =
1

4π
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(1 + g2 − 2g cos θ)3/2 (2.2.4)
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(a)g = −0.3 (b)g = 0

(c)g = 0.3 (d)g = 0.5

2.8: g HG
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(reduced scattering coefficient)μ′
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4.3

3.2
[1]

( (2.2.3))

∇2φ − μ2
eff φ = −3μtq. (4.3.1)

φ q μt μt = μa + μ′
s μeff

μeff = (3μaμt)1/2 μa μ′
s

μ′
s = (1 − g)μs

Rd(k) =
3Aa′

(μ′
eff /μt + 1)(μ′

eff /μt + 3A)
. (4.3.2)

k = 2πfx fx [mm−1] μ′
eff

μ′
eff = (μ2

eff + k2) a′ a′ = μ′
s/μt A

fx = 0[mm−1]
fx > 0[mm−1]2

(Diffuse modulation transfer function): MTF
AC

DC

I = IAC + IDC . (4.3.3)
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AC

IAC = MAC(x, fx)cos(2πfxx + α). (4.3.4)

MAC x fx α MAC

2/3π α = 0, 2/3π, 4/3π

MAC(x, fx) =
√

2
3

{[I1(x) − I2(x)]2 + [I2(x) − I3(x)]2 + [I3(x) − I1(x)]2}1/2.

(4.3.5)

I1, I2, I3 α

DC MDC fx = 0

MDC(x) =
1
3

[I1(x) + I2(x) + I3(x)]. (4.3.6)

MAC(fx) I0

MTF MTFsystem Rd

MAC(x, fx) = I0 · MTFsystem(x, fx) · Rd(x, fx) (4.3.7)

AC MAC,ref (x, fx)
Rd, ref(fx)

Rd(x, fx) =
MAC(x, fx)

MAC,ref (x, fx)
· Rd,ref . (4.3.8)

fx 0[mm−1]
k = 0 μ′

eff /μt =
√

3(1 − a′) (4.3.2)
a′ = μ′

s/μt k > 0 fx

Rd(x, fx) μ′
s, μa

fx
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(b) 20mm 0.13% 0.25% σ

0.03% 0.06% 0.5% 1.0%
(c) 40mm 0.03% 0.25% σ(λ)

0.5% 1.0% σ(λ)

5.3 0.13% 10 40mm
σR 5.4 5.5

|σ(λ)−σR(λ)|
σR(λ)

(� 0) σ(λ) σR(λ)

2.6(b)
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(a) 10mm (b)20mm (c)40mm

5.2:

5.2

5.6
RGB

Point grey glasshopper3 Vivitek QUMI
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5.3: 0.13% 10mm,20mm,40mm

(a) 10mm (b)20mm

(c)40mm

5.4:
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(a) 10mm (b)20mm

(c)40mm

5.5:

1920 × 720
5.8 0 − 0.5[pixel−1]

[mm−1] 3[mm/pixel]
0 − 1.5[mm−1] 5.7

3 10
RGB RGB 3

2 5.9 5.10(a)
MTF (b)(c)(d) MTF

μ′
s μa μt = μ′

s + μs
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(a) (b)(c)(d) 5.1
n (d)

μR(λ) 5.11 μR

( |μt(λ)−μR(λ)|
μR(λ) )

5.12 RGB3 5.1 n
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[1, 17, 3, 2]
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(g) 1 (h) 2 (i) 3

(j)

5.7:

n 0 1 2 3 4 5 6
fn 0.00 0.010 0.015 0.020 0.030 0.042 0.061

n 7 8 9 10 11 12 13
fn 0.086 0.12 0.18 0.25 0.36 0.51 0.74

5.1: n fn
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f0 : 0.0[mm−1] f1 : 0.010[mm−1] f2 : 0.014[mm−1]

f3 : 0.020[mm−1] f4 : 0.030[mm−1] f5 : 0.042[mm−1]

f6 : 0.060[mm−1] f7 : 0.086[mm−1] f8 : 0.12[mm−1]

f9 : 0.18[mm−1] f10 : 0.25[mm−1] f11 : 0.36[mm−1]

f12 : 0.51[mm−1] f13 : 0.74[mm−1]
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