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n gi(i = 0, · · · , n − 1) 2

bi(i = 0, · · · , n − 1)⎧⎨
⎩
g0 = b0 ( )

gi+1 = bi ⊕ bi+1 (⊕ )
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3.

3.1

4

(u, v) (X,Y, Z)

m̃ M̃

sm̃ = A[R, t]M̃ = PM̃ (2)

m̃ = [u, v, 1]T ,M̃ = [X,Y, Z, 1]T

P =

⎡
⎢⎢⎢⎣

P11 P12 P13 P14

P21 P22 P23 P24

P31 P32 P33 P34

⎤
⎥⎥⎥⎦
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M(X,Y,Z)m(u,v)

X

Y

Z

R , t

4

A R t

s

P

11 3)4)

3.2

(uc, vc) (X,Y, Z)

(2)

scm̃c = PcM̃ (3)

m̃c = [uc, vc, 1]
T ,M̃ = [X,Y, Z, 1]T

Pc =

⎡
⎢⎢⎢⎣

Pc11 Pc12 Pc13 Pc14

Pc21 Pc22 Pc23 Pc24

Pc31 Pc32 Pc33 Pc34

⎤
⎥⎥⎥⎦

x

(up)

spm̃p = PpM̃ (4)

m̃p = [up, 1]
T ,M̃ = [X,Y, Z, 1]T

Pp =

⎡
⎣Pp11 Pp12 Pp13 Pp14

Pp21 Pp22 Pp23 Pp24

⎤
⎦

(3) (4) 5

(X,Y, Z)

(3) (4)

5

⎧⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎩

Pc34uc−Pc14 = (Pc11 − Pc31uc)X

+ (Pc12 − Pc32uc)Y + (Pc13 − Pc33uc)Z

Pc34vc−Pc24 = (Pc21 − Pc31vc)X

+ (Pc22 − Pc32vc)Y + (Pc33 − Pc33vc)Z

Pp24up−Pp14 = (Pp11 − Pp21up)X

+ (Pp12 − Pp22up)Y + (Pp13 − Pp23up)Z

(5)

(5)

F = QV (6)

F =

⎡
⎢⎣

Pc34uc − Pc14

Pc34vc − Pc24

Pp24up − Pp14

⎤
⎥⎦ V =

⎡
⎢⎣
X

Y

Z

⎤
⎥⎦

Q =

⎡
⎢⎣

Pc11 − Pc31uc Pc12 − Pc32uc Pc13 − Pc33uc
Pc21 − Pc31vc Pc22 − Pc32vc Pc33 − Pc33vc
Pp11 − Pp21up Pp12 − Pp22up Pp13 − Pp23up

⎤
⎥⎦

Q

(X,Y, Z)

V = Q−1F (7)

3.3

P

n (Xi, Yi, Zi)

(uci, vci)

(upi) P

Pc34 = 1 1) (Xi, Yi, Zi)

(uci, vci) (3)⎧⎪⎨
⎪⎩

Pc11Xi + Pc12Yi + Pc13Zi + Pc14

− Pc31Xiuci − Pc32Yiuci − Pc33Ziuci = uci

Pc21Xi + Pc22Yi + Pc23Zi + Pc24

− Pc31Xivci − Pc32Yivci − Pc33Zivci = vci

(8)

n (8)
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APc = Rc (9)

Pc =

⎡
⎢⎢⎢⎢⎢⎢⎢⎣

Pc11

Pc12

.

.

.

Pc32

Pc33

⎤
⎥⎥⎥⎥⎥⎥⎥⎦

Rc =

⎡
⎢⎢⎢⎢⎢⎢⎢⎣

uc1
vc1
.
.
.

ucn
vcn

⎤
⎥⎥⎥⎥⎥⎥⎥⎦

A =

⎡
⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

X1 Y1 Z1 1 0 0 0 1 −X1uc1 −Y1uc1 −Z1uc1

0 0 0 1 X1 Y1 Z1 1 −X1vc1 −Y1vc1 −Zc1vc1
...

Xn Yn Zn 1 0 0 0 1 −Xnucn −Ynucn −Znucn

0 0 0 1 Xn Yn Zn 1 −Xnvcn −Ynvcn −Znvcn

⎤
⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

Pc P̂c

Se

Se = (Rc −AP̂c)T(Rc −AP̂c) (10)

Se P̂c

∂Se

∂P̂c
= −2AT(Rc −AP̂c) = 0

P̂c = (ATA)−1ATRc (11)

Pc

(Xi, Yi, Zi) (upi)

1 n

(12)

Pp

BPp = Rp (12)

Pp =

⎡
⎢⎢⎣

Pp11

.

.

.

Pp23

⎤
⎥⎥⎦ Rp =

⎡
⎢⎢⎣

up1
.
.
.

upn

⎤
⎥⎥⎦

B =

⎡
⎢⎢⎣

X1 Y1 Z1 1 −X1up1 −Y1up1 −Z1up1
.
.
.

Xn Yn Zn 1 −Xnupn −Ynupn −Znupn

⎤
⎥⎥⎦

4.

4.1

6

4.2

OpenCV5)

Microsoft DirectShow6)

DirectShow Windows

API

7

Windows7(64bit)

C++ GUI

The Qt Company Qt4.8.6(64bit)7)

4.3

8

20mm

6 6

7

6

7
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8

8)

1

6 × 6 × 3 = 108

8

28 = 256

8 × 2 = 16

1

4.4

9

16

8 1

10

9

5.
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1990 p.79-99.

2)

2002 p.1-8.

3) 1998 p.7-

14.

4)

1999 p.10-41.

5) OpenCV http://opencv.org/

6) DirectShow https://msdn.microsoft.com/ja-jp/

library/cc353899.aspx

7) The Qt Company http://qt-project.org/

8)

26

2014 No.23 p.51-56.
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