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2.1

θ (
) r [pixel] .

rp = δ tan θ ( ) (1)

4 .

rf = δθ ( ) (2)

rf = δ sin θ ( ) (3)

rf = 2δ tan(θ/2) ( ) (4)

rf = 2δ sin(θ/2) ( ) (5)

δ = f/w, f : [mm], w : [mm]
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2.2.1

(2) (5)
,

rf = k1θ + k3θ
3 + k5θ

5 + · · · (6)

, k1, k3, k5, · · ·
. , 5

rf ≈ k1θ + k3θ
3 + k5θ

5 (7)

(radial distortion)

2.2.2

,
(shift of optical center)

mf = [uf vf ]�,
c = [cu cv]� . , c

mf
′

mf ,

mf
′
=

[
uf

′

vf
′

]
=

[
γ 0
0 1

][
uf − cu

vf − cv

]
(8)

γ uf vf

CCD
γ = 1 .

mf
′

rf =
√

uf
′2 + vf

′2

φ = arctan

(
vf

′

uf
′

) (9)

2.2.3

(decentering distortion)
,

Swaminathan[13] Conrady [14]

∇Tu ≈ D1r
2
f (1 + 2 cos2 φ) + 2D2r

2
f sinφ cos φ

∇Tv ≈ D2r
2
f (1 + 2 sin2 φ) + 2D1r

2
f sinφ cos φ

(10)

∇Tr ≈ 3D1r
2
f cos φ + 3D2r

2
f sinφ

∇Tφ ≈ −D1rf sinφ + D2rf cos φ
(11)

2.2.4

rf + ∇Tr = k1θ + k3θ
3 + k5θ

5

φ
′
= φ + ∇Tφ

(12)

I = [k1 k3 k5 cu cv D1 D2]� (13)

.
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3.1

3.1.1
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(12)

2(a) P ,
θ φ

s =
[

sin θ cos φ cos θ sin θ sin φ
]�

(14)

2(b)
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3.1.2

Gray [15]

‖a‖ = 1 x (‖x‖ = 1)
μ (0 < μ < π)

x�a = cos μ (15)

m

ai (i = 1, · · · ,m) ‖ai‖ = 1
ai x ψi

x�ai = cos ψi (16)

ai

ψi = μ

ei = μ − ψi (17)

2

J =
m∑

i=1

e2
i (18)

x μ

J Newton

3.1.3

2(b)

3.1.2

(17) (18)

ξ =
N∑

n=1

Pn∑
i=1

(eni/μn)2

eni = μn − ψi

(19)

N Pn n

n

μn

I

,
mfi = [ufi vfi]� , (12)

θ

Brent [16] . , θ (14)
si

.

3.2

(19)
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π[rad]

2
2

2
(12) (14)

2

π[rad]
2

2

Y

X

Z

B

A

pB
pA

θAB=π[rad]

3

第16回画像センシングシンポジウム，横浜，2010年6月

IS2-08-4



2

Lagrange
2

A B θAB = π[rad] gc = 0

gc = π − θAB (20)

Lagrange λ

(19)

ξ =
N∑

n=1

Pn∑
i=1

(eni/μn)2 + λgc

eni = μn − ψi

(21)

I

ξ Gauss-Newton
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4.1

4
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PointGreyResearch Dragonfly2
SPACE TV1634M TV1634M

180[deg]
512[pixel]×384[pixel]

(a) (b)

4

4.2

2.2

1
1

5 6
5(a) 6(a)

5(b) 6(b)

5

1
Initial Value Estimated Value

k1 162.97 172.53
k3 0 -1.07
k5 0 -1.25
cu 0 8.97
cv 0 10.21
D1 0 9.93×10−6

D2 0 4.12×10−6
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