Lecture 2

Rigid-Body Motion
and
Imaging Geometry
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3-D EUCLIDEAN SPACE & RIGID-BODY MOTION
- Coordinates and coordinate frames
- Rigid-body motion and homogeneous
coordinates

GEOMETRIC MODELS OF IMAGE FORMATION
- Pinhole camera model

CAMERA INTRINSIC PARAMETERS
- From metric to pixel coordinates

SUMMARY OF NOTATION
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E.fg; 3-D_EUCLIDEAN_SPACE - Cartesian _Coordinate Frame
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of a point In space:
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; E.fg; 3-D_EUCLIDEAN_SPACE - Vectors
A “free” is defined by a pair
of points (p, q)
X, X
771 | | 42 |
Coordinates of the vector vV
| (%] ] I XQ — Xl ]
v = | vo Yo —Y; S R
| U3 ] | Zo— 21
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3-D EUCLIDEAN SPACE - Inner Product and Cross Product

between two vectors:

U1 U1 "
u= | u v= | v
’Ué vi 0 .
(u,v) = ulv = ujv] + upvo + uzvs cos(8) = Hg}ﬂ% N
ul] = Vulu = \/u% + u3 + u3
between two vectors:
t uv

wXv=7av, u,v€ER3 ‘
0O —uz wup U
[
—Uuo U1 0
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¥ 1 R6D-BODY MOTION - Rotation

matrix:

| 4

R = [7“]_,7“2,’]“3] < R3X3 Z‘\‘

R'R =1, det(R) = +1

Coordinates are related by:
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Coordinates are related by: X

RXw+T,
Velocities are related by: Xc = w X+ v.
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3-D coordinates are related by:

Homogeneous coordinates:

X=\|Y

Xe - 4 | Xw
vo | | T v
ZC o Z’U)

- 1 - B O 1 - - 1 -
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XC:RXw_I_T,
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EE % RIGID-BODY MOTION - Homogeneous Coordinates

c R*,
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Image courtesy of C. Taylor
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g; IMAGE_EFORMATION - Pinhole Camera Model
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Pinhole
Frontal
pinhole
X _ - - -
X=|v|sae=|"|=4%
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2-D coordinates r =
¥
Homogeneous coordinates
e fX
T y | = % fY
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Linear transformation s

(0,0) .
pixel / nz/
i Yy
coordinates (Ox’oy)l_>
v
< >
Sx
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CAMERA PARAMETERS - Calibration Matrix and Camera Model

Pinhole camera Pixel coordinates
)\azszI_IOX :13’=Ksaz
 fsy fsg orx | |1 O O O] )}f
M = KsKMgX = | 0 fsy oy 0100 P
0 0 1 O O0O1 O 1
N W N o L i
(intrinsic parameters) K\: KSKf /I_IO
~
Projection matrix M = [K’ O] = R3X4

A\ = KMgX = NX
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IMAGE FORMATION - Image of a Point

Homogeneous coordinates of a 3-D point P

X=[X,Y,ZWll eR* (W=1)

Homogeneous coordinates of its 2-D image
=[x,z €R’ (2=1)

Projection of a 3-D point to an image plane

ANeER, M=[R,T] € R3*4 0

-
(R, T) . J_
O

ANeR, N=[KR,KT] € R3*4

ip
C
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IMAGE FORMATION - Image of a Line

X XO V]_
. Y . YO V2 ;
X - Z - ZO -I_ l’l' V3 ? /“l' E R ’:' L
1 1 ] 0 |

Homogeneous representation of its 2-D image

| = [a,b,c]! €R3

Projection of a 3-D line to an image plane

N=[KR,KT] € R3*4
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1. Images are all * at the corresponding features in space;
2. Features in space have many types of ;
3. Features in space have many types of
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