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Medical Imaging Modalities: CTMedical Imaging Modalities: CT

Computed Tomography (CT)

Individual Slice Stack of Slices 3D Volume

Result of Reconstruction:
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Medical Imaging Modalities: MR/PETMedical Imaging Modalities: MR/PET

Other 3D Modalities:

� Magnetic Resonance (MR): Better 
soft-tissue contrast, no harming 
radiation

� Positron Emission Tomography 
(PET): Imaging of radioactive 
tracers � functional imaging

� Others: fMRI, SPECT (also 
functional)
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Medical Imaging Modalities: XMedical Imaging Modalities: X--RayRay

X-Ray (Röntgen) Imaging:
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� Projective 2D image:
Each pixel sum of X-Ray attenuation 
along a ray through patient’s body
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Medical Imaging Modalities: UltrasoundMedical Imaging Modalities: Ultrasound

� Reflection of ultrasonic 
pulses at tissue borders

� Cheap & no radiation
� However, quite bad image 

quality
� Geometrically: 2D slice 

images, arbitrarily oriented 
at the patient

Ultrasound Imaging:



Hauptseminar: Tools & Methods in Medical Imaging
Wolfgang Wein

April 22, 2004 
6/20

Data Fusion & RegistrationData Fusion & Registration
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Different images usually in different coordinate frames
� Necessary to recover the transformations between them!



Hauptseminar: Tools & Methods in Medical Imaging
Wolfgang Wein

April 22, 2004 
7/20

2D Projective Geometry2D Projective Geometry

0=++ cbyax ( )Ta,b,c

0,0)()( ¹"=++ kkcykbxka ( ) ( )TT a,b,cka,b,c ~

Homogeneous representation of lines:

Equivalence class of vectors, any vector is representative

Set of all equivalence classes in R3- (0,0,0)T forms P2

Homogeneous representation of points:
0=++ cbyax( )Ta,b,c=l( )Tyx,x = on if and only if

( )( ) ( ) 0l 11 == x,y,a,b,cx,y, T ( ) ( ) 0,1,,~1,, ¹" kyxkyx TT

The point x lies on the line l if and only if xTl=lTx=0



Hauptseminar: Tools & Methods in Medical Imaging
Wolfgang Wein

April 22, 2004 
8/20

2D Projective Geometry (2)2D Projective Geometry (2)

Homogeneous coordinates

Inhomogeneous coordinates ( )Tyx,

( )T
321 ,, xxx (only 2 DOF!)

l'lx ´=The intersection of two lines and    is l l'

The line through two points  and     is x'xl ´=x x'

Example:
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2D Projective Geometry (3)2D Projective Geometry (3)

( )T0,,l'l ab -=´

Intersections of parallel lines: 

( ) ( )TT
and ',,l'  ,,l cbacba ==

Example:

1=x 2=x

Ideal points: ( )T0,, 21 xx Line at infinity: ( )T1,0,0l =¥

tangent vector

normal direction

( )ab -,
( )ba,

¥È= l22 RP Note that in P2 there is no distinction 
between ideal points and others!
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2D Projective Geometry (4)2D Projective Geometry (4)

x l

0xl =T0lx =T

l'lx ´= x'xl ´=

Duality: Interchanging the 
role of points and lines

The projective plane
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2D Projective Geometry (5)2D Projective Geometry (5)
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Projective 2D Transformation:

9 values, up to scale
� 8 degrees of freedom (DOF)

Example: Rigid 2D Transformation

Both rotation and translation 
can be expressed with one 

linear mapping!

ll T-=¢ Hon lines:
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3D Projective Geometry3D Projective Geometry
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in R3

( )04 ¹X

( )TZYX ,,

in P3

XX' H= (4x4-1 = 15 DOF)

Projective Transformation:

3D Point:

( )T
4321 ,,,X XXXX=
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3D Projective Geometry3D Projective Geometry

0���� 4321 =+++ ZYX

0���� 44332211 =+++ XXXX

0X� =T

3D plane:

0X
~

.n =+ d ( )T
321 �,�,�n =

( )TZYX ,,X
~

= 14 =Xd=4�

Euclidean representation:

n/d

XX' H=
�� ' -TH=

Transformation:

Duality: Now between points and planes
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3D Projective Geometry (2)3D Projective Geometry (2)

Image X

T(X)

Rigid Affine Projective Deformable

Transformations 
on Images:

X)( H=XT
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3D Projective Geometry (3)3D Projective Geometry (3)
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Thanks!Thanks!


