L ecture-3

Camera Model

Homework (Due 1/25/01)

e Exercises insection 1.11 in “Fundamentals
of Computer Vision”.
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Thursday’ s class Room 103 CSB
Computer Vision Lab
» Digitization
* Imagetoolsin C
— Reading an image
— Writing an image
— Displaying an image

Rotation Around an Arbitrary Axis
(Rodriguez’' s Formula)
V =\.n)n+(V - (V.n)n)

V.¢=cosq(V - (V.n)n) +sing(n” (V - (V.n)n)

Vig=(V.n)n
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Ve=VE+Ve§

Veé=cosqV +snqn” V +(1- cosq)(V.n)n

V&=V +dngn’ V+(1- coxg)n” (n" V)
n (n"Vv)=\V.nn-V

n" (n"V)+V =(\.n)n
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Dot and Cross Products

V.an=(V,\V, V,).(n,n,n,)=V,n +V,n +V,n,
V, n= (invylvz), (nx!ny!nz)
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Rotation Around an Arbitrary Axis
(Rodriguez’' s Formula)

Ve&=V +dngn” V+(1- cosq) n” (n" V)
Ve=R(n,q)V

R(n,q) = | +snqg X(n) + (1- cosq) X?*(n)
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Rotation Around an Arbitrary Axis
(Rodriguez’ s Formula)
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rfrl—=an
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R(r,q) =1 +an—( )+(1- cosq) (2)
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Camera Model

C, = PCR{ RZ,GW,

Cn =AW,

€Chu éay a, a; a,0eXU w=Cnt
gChzﬂ — ga21 &, 8y azAQeu?Y 3 Ch4
&ChU &ay a, a; a,WezZi _Ch
gCh4H %‘41 8 8 amwué]- H Y= Cha

Ch =a,X +a,Y +a,Z +a, =Ch,x
Ch,=a,X +a,Y+a,Z+a, =Ch,y

Ch, =a, X +a,Y+a,Z+ay,




Camera Model

Ch = ailx +aﬂ.2Y+ a:l.3z +ai4 = Ch4x
Ch, =a, X +8,Y +a,Z +a,, =Ch,y

Ch, =a X +a,Y+a,Z+a,

X +a,Y 8337 + 8y, - auXX- 8,YX- 852X - aux=0

ayX +ay,Y +axl tay - ayXy- a,Yy- asZy- auy =0

Camera Model

a,X+a,Y+a,Z+a,- a,XX- a,¥Yx- a,,72x- a,,x=0

One point
auX tayY tayl tay - agXy- a,Yy- anly - auy =0
611X1 + alZYl +a1321 tay,- a41X1X1 - a42Y1X1 - a4321X1' Q% = 0
anxz + a12Y2 + a1322 tay,- a41x2Xz - a42Y2X2 - a43zzxz' CYPRS 0
' n points
allxn + a.lZYn +a’.|.3zn ta,- aAanXn - a42Yn)g-| - a'43an|-|_ X, = 0 2n equatlonS,
anxl + a22Y1 + a2321 +tay,- a41x1y1 - a42Y1y1 - a43z1y1 S AuY = 0 12 Unknowns

a21X2 + a'zzYz + az3zz +ay,- a41X2y2 - a42Y2y2 - a43zzyz S Y, = 0

az1xn + azzYn + a23Zn +ay, - a41Xnyn - a42Ynyn - a4aznyn S Ay, = 0




)
X

Y

<
NIE

N

X

=

a D> D D D> D D D> D D D D
o O
o

o

Camera Model
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DQ=R
D'DQ=D'R
Q=(D'D)'D'R




Camera Moded Revisited
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CameraModel Revisited

O ¥m) image coordinates
X=- (X, 0,)S, (x,y)camera coordinates
_ (0,,0,)image center (in pixels)
=-(y._-0,)S y
y=-0m- 0)sy (s,.s) effective size of pixels (in
m|II|meters) in the horizontal and
vertical directions.

RT(PW-T)
R(P,-T)

_+R{P,-T)
- (v - f—
(Yim- 0,)8, = RI(P.-T)

- (- 095, = 1




é f u
é— g O Oxl;l
e £\
Mim :g 0 -— OyLiI
© s. U
€o o0 21U
é u
e u
gll fp s - RITH
_ 13
M ext 621 r22 r23 ) RZTO
~ [ 7]
831 o Ty - %TH éChll:I (AaXu
. = U u
& fr, - f, -fr, fRTU &y d_y m gYU
M=g fr, -fr, -fr, fRTY S.°4 " =&
e My - TG - T Fg u g:th g U
e '3 32 33 u




