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(Two-View Geometry) J\

M _.-~"World coordinate
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Single-View Geometry
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Image plane

f

Viewpoint (Focal point) l\
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Z: Optical axis
f: Focal length






Camera coordinate

Pixel coordinate |

u Image coordinate
p,
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p’ (U,V) World coordinate
p (X,y)
I:)C (XC!YC’ZC)

I:)W (le le ZW)
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V 1 Pixel size: (k,k,)
v [ AN
0 i P’ (uv)
o i %
N N

Pixel coordinate

From Pixel coordinate to Image coordinate:

ul |k,
vi=|0
1] |0

—k,cotd u,|x
k,/sin@ v, |y
0 1]1

y
- X
A pkxy)
Image coordinate
k, —k,cotéd u,
0 k,/sin@ v,p
0 0 1




distorted

J.
11 From Ideal (distortion-free) to Real (distorted):

)
=(1+k -rr+k, -r
L’d ( ' ? y

(2)

—

/(X’y)

distortion-free

R.Hartley and A.Zisserman, “Multiple View Geometry”, Cambridge University press, 2001.



Camera coordinate

World coordinate

From World coordinate to Camera coordinate:
R:RW+T

P = R ‘ T B R Rotation matrix (3x3 matrix)
“ 10 0 O ‘ 1] " T : Translation vector (3D vector)
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> From World to Camera:
2 P=RP,+T
Camera coordinate N t
World coordina':e T= :y

1 0 0 |[cosp 0 -sing|cosy —siny O
R=R,R,R =0 cosa -sina| 0 1 0 |siny cosy O
0 sina cosa[sing 0 cosp| O 0 O

cos Acosy —cos Ssiny sing PR PR
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Pixel coordinate Image coordinate Camera coordinate World coordinate

v

A\ 4

k, —k,cotéd u, f 0 0 O
5= 0 k/sind v,|p  P=—|0 f 0 OfP ﬁ:[ R |TJ-I5
P ' ’ Z, ; “"lo o o1
0 0 1 0O 0 10
Image to Pixel Camera to Image World to Camera
k, —k,cotéd u, f 0 0 O
3 . 1 R |T]|-
p'=| 0 k,/sin@ v,[-—0 f 0 O { } P,
Z. 0 0 0|1
0 0 1170 0 1 0
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| oo Z):]‘:";/_ ;
- ) ~ = ./ Sin
— . . : 4
P 2 0 fk,/sin@ v,|-[R T|P, Y=k, cot
0 0 1 =7
o 7y U
~ I_ iy A = O ,B VO b M — [R T]
S-p=AM-P, 00 1
A: (intrinsic parameter matrix)
M: (extrinsic parameter matrix)
AM: (projection matrix)
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Two-View Geometry



Image plane: I,

(1)

Epipolar plane

Epipolaf line: |
Epipolay line: I, PIP ;

Camera: C,



R, T



Essential

X1=(X1,Y1,f1)s Xo=(X5,Y5,55)
X, T, RXo+T

X, {Tx(Rx,+T)}=0

=4 ([T]X R)x2 =0

<X, Ex, =0

[T].=|t, 0 -t

X
"‘.".
.......... X
X, e 72
’ T
.
X, EX, =0
Essential E
E=[T]R



Fundamental

X
““““ ﬂ.....,..'. X
T _ Xl ........... . 2
T =T -1, .
S XA )E(A2 xz)_O T
C T :
S X sz =0
C T :
X Fx =0
1 2
Fundamental F

F=A,EA, =A, [T|RA,”



e rank(F) =2, |F|=0
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M Fm=0
fll f12 f13
Su vt f, fy
_f31 f32 f33_

f= [f11’ f12""’ f33]




f= [f11’ f121"" f33]T

ulull

M = .
unun,

* Ifl=1

e f=(M™M

Vit

4

M

nx9

(2)




(3)

G110, 03

p dll 2 d22 = d33
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F=UDV
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d;,=0

dll
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(conic) (epipolar tangent line)
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http://lwww.kgt.co.jp/product/avs/pvr/



CAVE
VR

CAVE: CAVE Automatic Virtual Environment
. Electronic Visualization Laboratory

MHD



CAVE 4

CrystalEYES

Stereo v

Cluster PC System (windows / Linux)



CAVE

2



AVE




3D

DLP 3chip DMD
1280><1024
2000ANS]

15-120kHz
24-120Hz

CAVE

(5)

Mirage2000

http://www.nissho-ele.co.jp/product/mirage/
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EAMERTEE (1)

Rotating Inrer Dome
{(Owier Doune
i Shawn)

i
Rasterzation System and

Graphice Mamaory 1 |

Actually Systermns [ne

A EIRTEE (Actualitytt & Perspecta)

PR < http://www.nissho-ele.co.jp/product/perspecta/




Image
Size
Color:
undithered
dithered
Resolution:
slices per volume
per circular slice
Frame date
Viewing angle

Computation
Microprocessor
CPU clock speed
Performance
Data bus width

Memory
CPU RAM
CPU ROM
Graphics Memory

approx. 10" diameter

8 colors at highest resolution
hundreds of colors

198 slices

768 x 768 pixels

24 Hz volume refresh

360< horizontal, 270 < vertical

TI™ TMS320C6201™
200MHz

1600MIPS

32 bits

16MB, 100MHz SDRAM
4MB, Flash ROM
3GBit, 66MHz DDR SDRAM

(2)

Perspecta
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