


























n

r

r

v

u





z

y

x

!

"







z

yx



(x,y,0)

(x,y,f(x,y))

x
y

z





x y

z

(0,0,  )#









u

v











plane
Normal plane

Rectifying

plane
Osculating









n ′ r ′











n

a





n~

n

n ′ a

n ′~









p
p

a

a

n

1

1 2

2

a2 p
2

a1

p
1











x

y

z

!











Axis

Latitude
circle

Meridian



















Contour
generator

Apparent
contour

n
n

$%

r
pk





c p
n

r

n

Apparent
contour

Contour
generator

Tangent
plane

Image sphere

Surface

%

$

M

$

Contour  generator Apparent contour

r

p

%

c



c

%





Apparent
contour

Contour
generator

Image
plane

Bitangent
plane









Concave contour
arising from
hyperbolic region

Convex contour
arising from
elliptic region







c

Image
plane



























c

c

1

2







! #

u

v!k





r(s,t+  t)&

r(s,t)

k(t)

p(s,t)

k(t+  t)&

p(s,t+  t)&







e

e

e

Re
Re

Re

p

1

2

2

1

3

33



Circle of latitude

Image sphere,
radius 1

Sphere,
radius 

Axis of rotation

#





r

c(t)

p(t)

&

p(t+  t)&

c(t+  t)





c(t)

c(t + &t)

c(t ! &t)

Epipolar curve
    s = constant

contour
generators



p

p

r

r
1

2

c2

Contour generators

Epipolar curveEpipolar
  plane

Apparent contour

2

c1
1

Baseline

Epipolar great
    circle



c = c(t+&t)

c = c(t)

r

r

a

a

1

1

2
2

1

2













c

c

%

%

Baseline
Epipolar
great circle

Epipolar
plane

2

1

1

2



t

u
v



u

v



Camera trajectory

M~

M

Parameter plane
of M



























6

Q8

Q9

Q2

Q4Q3 u9

u7

u8

Q1

0Q

Q5

Q6

Q7

u4u3

u5

u













u
image plane

camera-centred coordinates

optical axis

reference coordinates

'v

Z

O
X

Y

Z

X

X

c

c

O

Y

c

c

p

c











e

l

u
u

l

e

epipolar plane

right epipole

baseline

left epipole

/

c
/

/

/

c

X

e e

X

/

2

1

cc

X

/











first image(a)

(b)

last image



0

A

1 2







"

(

R

















/

/

/

/

/

/

/

)

1

) 2

l

)

1

2

3*

*

)

2

1

*

2

e e

l 1

l

l

l

)
l

3

2

1

3

3)

3











/

/

/

/

apparent contour

contour generator

epipole

u

cc

epipolar tangency

%

%

u

ee

frontier point
epipolar plane







e

u’
u

l
 

 



d’

d











2

+/

/
1

/
1

d -d

d

/d -d 1

1

+

d

2











h
/x

sl

usu ee
l

\\

u

us

/

x
e

s

h
e

l

l















−0.5 −0.4 −0.3 −0.2 −0.1 0 0.1 0.2 0.3 0.4 0.5
10−2

10−1

100

101

102

103

−0.5 −0.4 −0.3 −0.2 −0.1 0 0.1 0.2 0.3 0.4 0.5
10−1

100

101

102

103







−10 −5 0 5 10
0

10 11

10

12

9

13

8

14

7

15

6

16

5

17

4

18

3

19

2

20

1

2122

36

23

35

24

34

25

33

26

32

27

31

28

30

29

−10 −5 0 5 10
−2

0

−10 −5 0 5 10
0

10

0

11
12

10

13

9

14

8

15

7

16

6

17

5

18

4

19

3

20

2

21

1

2223

36

24

35

25

34

26

33

27

32

28

31

29
30

5 10 15 20 25 30 35
7

8

9

10

11

12

13

Image index

An
gl

e 
in

 d
eg

.


























