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Filtering and enhancement
Reconstruction from projections
Three-dimensional displaying
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Filter, Enhance,
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#-= picture element (pixel)
= 1 pixel gicE & 2B (FF)
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3X3 I Eac ik
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Low-pass filtering
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3X3 L 33iE LPF gt fi
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B e
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BLA AL

5x5 averaging filter

/X7 averaging filter ...
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IR %s 4P K
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SNR it it 3t | T $a=

— SNR = signal-to-noise ratio
3X3 averaging : = T

/X7 averaging : - Bz
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32 LPF gt fi
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$aE LPF st i (34 )
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i u v (LPF)
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Weighted averaging
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Adobe Photoshop (% Bl £ i §8)
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Adobe F
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2’ 1§27 — % kernel i® convolution
— & £ mask ~ operator ...
Convolution in the image domain

BT i3 m*g convolution #i:& &
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Convolution & & & 4%

B 1§ (34 )

i T - B kernel = ik s k.
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Convolution & & & 4%
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Convolution :
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Convolution :
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Convolution :&
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Convolution & & & 4%

¥ & 0 pixel
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Convolution & & & 4%

¥ & 0 pixel
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Convolution & & & 4%
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convolution & &

— 3x3 averaging kernel ...

— 7x7 Gausslian kernel ...
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- 1* | PF Mask Kernels

3x3 average

oX5 average

3x3 weighted mean
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Directional LPF Mask Kernels

1/3 173 0
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3x3 vertical average 3x3 45° average
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1x7 horizontal Gaussian average
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RS-
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* Mask == 3\

# = FIR filters
— Finite Impulse response
7R Infinite Impulse response . ?

Frequency domain gt %
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IR Filter g & & 3¢
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Filtering in the freq domain
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IR Low-Pass Filter =1 2

41 of 157




Infinite Impulse Response Filters
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Gibbs (ringing) phenomenon
¥ * windowing & *°

£ Al 0 Hamming window
— 0.54 + 0.46*cos(u)
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Windowing = > Ringing
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Windowing for IIR Filters

S - Gibbs (IIR) Hamming
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7 o ¢ #ECGRA FE (median filter)
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Median Filter st f

3X3 mean 3x3 median
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Edge enhancement

High pass filter = & ﬁ&‘,z‘?\'ﬁ
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- * HPF Mask Kernels

-1

e

4
vertical edge finder
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3x3 Laplacian operators

3x3 Sobel
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- * HPF Mask Kernels

Compass gradient operators
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3x3 Laplacian HPF =t i

T 48

Laplacian

Horizontal only
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PRRAINEF 2T (0 AL )
— B %7 F : 1% = open contour
Active contouring (snake ...)
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802 HPF fe 4§ 47 e
Image sharpening (441 )
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Sharpening Filter =7
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LPF 4c HPF -

7RiB % & % BPF 5 ?
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% 1* mask operator » ¥ 14

4 * Fourier domain » ¥ 1!
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— Image post-processing
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Filter & Enhancement

1AE P GHF 2 SR EZRE

— Wiener, constrained, ...
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Image Reconstruction
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Reconstruction from projections
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A& 4p X kT stk &3 (CT)
2+ F &4 ¥ i&* (SPECT, PET)
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Triple head

transverse slice

SPECT image
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Coincidence Detection in PET

‘e

PET P 254413
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CT e ' @ |

Hounsfield & Cormack

— 1979 Nobel prize in Medicine
Oldendorf 1961 : » %83 =%
Radon 1917 : d # 2 & 2= 32 0%
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(Filtered) back projection
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Reconstruction from Projections
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Sparse matrix = ¥ fy it
— Jordan canonical form

— Singular value decomposition
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4. =512 x 512
G = 262144 x 262144 1!
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& L= (Iteration)

Algebraic Reconstruction Technique
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Projection theorem

— » fi- % central slice theorem

FiarF 5 - 2 vl 5§ 1D
FT 2 ’ﬂ/@ZDFT—Imm“ GRS
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T HEM

F(u,v) = Jf(x,y) e 2" dxdy
FO,v) = M (x,y) e *™ dxdy
FO,v) = #F(x,y)dx e *™dy
FOO,V) = X = 4L B en FT
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Central Slice Theorem
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2DFT # -
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Central Slice Theorem

2DFT ¢ en¥ - x5
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CT #Fp A = Y8 & & R P F
F - -8 IDFT
2 =t&AEtE 2D FT T4

Inverse 2D FT & w 8 ik
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2D Fourier Transform :%& 4%

1 acquisition

ky [1/5m]

Fourier space
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2D Fourier Transform :%& 4%
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Fourier space
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2D Fourier Transform :%& 4%
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Fourier space
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2D Fourier Transform :%& 4%

8 acquisitions Fourier space
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Fourier space
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2D Fourier Transform :%& 4%

64 acquisitions
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Fourier space
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2D Fourier Transform :%& 4%

— — I
] n
2 I 2

Amplitude [au)

T
B
P

ky [17Em]

k= [14Cm)

<< < Fourier space

91 of 157




2D FT # Fourier space ¢ » & &

4] ¢h Cartesian A& % 4%
— fo @ f— P13 8L (grid)

e kSRR A AR 2D re-grid
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2D FT ;£ £ L #are-gridding
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(Filtered) back projection

94 of 157




Back Projection k3=

Acquisition

Back projection

95 of 157




it 4 R B L TR
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— Point spread function blurring
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Filtered Back Projection

/\

Amplitude

\/\/

Cnrrectmn Kernel

Distance [in Pi:e!s}

FEFw 3 pFk - B kernel function
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Filtered Back Projection =g 4%
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Filtered Back Projection =g 4%

R 45 18
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Filtered Back Projection =g 4%

20 BIFE R
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Filtered Back Projection =g 4%

45 BIF L B
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Filtered Back Projection =g 4%

60 B4 B
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Filtered Back Projection =g 4%

107 of 157




Filtered Back Projection =g 4%

180 BH & B
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R oAew BP(1972)
— 160 rays, 180 views = 28,800 z-
— 5.7/pixel @ 80x80 matrix

“Over-determined” system
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B tniicdy B

/50 rays, 600 views = 450,000 2t
2.8/pixel @ 512x512 matrix

B JEF R L v B

EE 0 iRy AR
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180 views

60 views

30 views
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. 5 B ¥ CT ¥ 1§82 58 (180 views)

185 rays
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Modern State-of-the-art
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{ ® & visualization
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Multi-planar reformatting
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+ = Show #H CT ...
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Original axial images

Coronal reformatting
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Bt BRI

Maximum intensity projection

AR R A (G dokE 2R
¥ %3t CT & MRI ¢ § %R

e 3k 7 depth information
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Maximum Intensity Projection & 3%
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Time-of-Flight MR Angiogram
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RE P 51 MR
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3D Rendering

ARG AP
— Volume vs. surface rendering

k257 . Shaded surface display

— j:q‘,l,;gf’j’% =
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Volume Rendering & 3 (Ray Tracing)
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Surface Rendering : Marching Cube
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FRIEART pixel a2 W%
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Volume rendering (& *2*t 247 &)

— Ray tracing algorithm

Surface rendering (i ¥ #& oK)

— Marching cube algorithm
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2w S5 (CT)

Virtual Endoscope (ix ¥

R 3T - BE)
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R 4-#35 . CE MRI angiography

— from renal arteries
Maximum intensity projection

Surface rendering
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Depth »#& & |+ (Renal Arteries)

Max intensity proj

Surface rendering
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Pial surface = cortical surface
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Cortical Surface and Inflation

Cortical surface

Cortical inflation
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Cortical Inflation
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Cortical Surface and Inflation

Cortical Surface

Cortical Inflation
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Spherical Transform

Flattened Surface
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Image registration

Image compression

Image analysis ...
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Image Registration (

B2k A5 Ay 3T 1

:t%ji';c_%j 7~

S AR fg\j&fﬁ’»ji ﬁf;,k =
Inter-subject analysis
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Z_i>~ ] (dynamic MRI + Gd)
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Z_i> ] (dynamic CT + contrast)

Pulmonary arterial phase

Late (delayed) phase

- i
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FLAIR & f
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R R - R -

PF ()
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Bk T4 #F &% (PET/CT)!

PET (# i) + CT (#73) + image fusion
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Group analysis ®# #_.Z & 7 ¢
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Pratt WK, Digital image processing, 3rd
ed., Wiley, New York, 2001.

Enderle JD et al., Introduction to
biomedical engineering, Academic Press,
San Diego, CA, 1997.

3D displaying materials courtesy of Dr. Wu
Ming-Ting.
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%3 Feedback
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