Scalar 3D Data

3D Image Processing
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Readings

¢ [he Visualization Handbook:

— Chapter 9 (Multidimensional Transfer Functions for
Volume Rendering)

e Marc Levoy: Display of Surfaces from Volume Data,
IEEE Computer Graphics and Applications, Vol. 8,
No. 3, May, 1988, pp. 29-37

e K. Engel, M. Hadwiger, J. M. Kniss, C. Rezk-Salama,
D. Weiskopf: Real-time Volume Graphics, AK Peters,
2006

— Chapter 4 (Transfer Functions)
— Chapter 10 (Transfer Functions Reloaded)
— Chapter 5 (Local Volume lllumination)



Overview

e Basic strategies

e Function plots and height fields
¢ |solines

e Color coding

¢ \/olume visualization (overview)
e Classification

e Segmentation

¢ \/olumetric illumination

e Scalar Data in High-D



Basic Strategies

¢ \isualization of 1D, 2D, or 3D scalar
flelds

— 1D scalarfield: Q) €¢ R — R
_2Dscalarfield: Q € R? — R

_ 3D scalar field: 2 € R — R
— Volume visualization!
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Basic Strategies

e Mapping to geometry
— Function plots
— Height fields
— Isolines and isosurfaces

e Color coding

e Specific technigues for 3D data
— Indirect volume visualization
— Direct volume visualization
— Slicing
¢ \/isualization method depend heavily on
dimensionality of domain



Overview

¢ |solines

e Color coding

¢ \/olume visualization (overview)
e Classification

e Segmentation

¢ \/olumetric illumination

e Scalar Data in High-D



Function Plots and Height
-lelds

e Function plot for a 1D scalar field

— Points | B
— 1D manifold: line
— Error bars possible |

Gnuplot example
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Function Plots and Height
-lelds

e Function plot for a 2D scalar field

(5. £(5,D)I(5,) € R’}

A

-~
- .

— Points e \
— 2D manifold: surface .. i

T rne, ~'\.'..7".

. 2 ":_"7
* Surface representationgd ™ ™
— Wireframe N 7

~ Hidden lines Y- o SN T
— Shaded surface 5 BOE |
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Overview

¢ |solines

e Color coding

¢ \/olume visualization (overview)
e Classification

e Segmentation

¢ \/olumetric illumination

e Scalar Data in High-D



Isolines

* Visualization of 2D scalar fields gl e

e Givenascalarfunctionf : 2 — R S
and a scalar value ¢ € R K %

¢ |soline consists of points
{(@,y)|f (2, y) = c}

e |f f{) is differentiable and grad(f) # O,
then isolines are curves P

e Contour lines
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Isolines

Pixel by pixel contouring

Straightforward approach: scanning all pixels for
equivalence with isovalue

Input

Algorithm
for all (xy) e (1,....Xp.) X (1,--,¥Ymay) 4O
for all ke {1,...,n} do
if |f(x,y)-l,|] <€ then
draw (X,Y,Cy)
Problem: Isoline can be missed if the gradient of f() is too
large (despite range €)

12



© Weiskopf/Machiraju/Moller

13



b
o 0“0 o o“o 0“0“0 0“0“0“0 o“
T r =T =TT T
eleloeleleo|ole0oe|e|le|e/e e o]
+ + - ——— S S— +
I I I I I | I I I
| 0| @ 00| 0 0|00 0 o_o“o_o @ |
o S S e aot SO S S
eleoe/oleoelo/eolo0oloeoleo|eole|eo/ el o]
~+ + - e e +
| I | I | I I I I
@ 0 ®  © o @ © @ ®©,; 0 ® | 6, ©  © Qo
1 1 L L1 | NG U VN R T
T 1 r T =TT
o“o o“o oo“o 0“0“0 o“o“o“o o“
A A R N D D D D e
@ ©° (] o] (o] @ 0 @ @, ©, @ | @ o @
1 L A1 Il __1 L
] r I =TT T
eleleleloloelo/olo/o/le/eo/oleo]le]
H 1 RN S D N
® 0 @ © (o] @ 0 @ 0 @ @, ©, @, o Qo
leleloeloloeoloeloleolo/eoloeololeo!leo]
H 1 I T HPS P T
eleloe|loe|e|e]|e]lolelele|e|e|e] o]
N e e e T i ot
ele/olololelololo/oleololeolel ol
s S i S e e e e e e
eleleoele|o|o]|e|le]lelele|eo]|eo]|e] e
1 N +1
elelelelololololololeoloioleloe
—pe e B ———t-
eloe|oleleo/ele /0|0 0|00 0o o]
B T - [ R S | I F—
I I I 1 1 I I I
I I I I | I I I

14

© Weiskopf/Machiraju/Moller



| 1 1 [ 1 | 1 ] 1 1 | I | |
| I | | I | | | I | |
BT 1P % T T s Ty e R R B R R R
o“o 0“000_0 _0“0 o“o“o“o“ !
T T -7 T =TT~ T--T
ejoel ol eo]le o“o“ | o] ° | leol o] o
+ + I SE S + SN S B
1 I I | | I 1 1 I I _
ej o000 el o @ o 4 ei1 0] o “o_
INDODR ORoBBNnonns
elolololo\ol ¢gloele] o] lejleoel el o]
1 1 PR NS Y P D DU
0|n. @ © 0;.0.?’ 1 _O_VO“OMO_O_
fr—mfg b4} e i S
©ej 0| o | Al dRARE
B s S s H H I W N R
® @ | | |1 @ @
= 1 1 I
T T T
ef o " (s} “ o “ “ o} o “
B RN H 1
ﬂ e, @, | I @ @
2+ t e
e lJe ! @ | I @ o !
L] | I |
- + + -
eNe | ol o lofi o) o] o]
o e b i i e i e
el o\ e \e l ol @1 @ |
I I { | I |
o -er.“.- | SN
®, 0 o, | @ © P*l | | @) @, @
I v I o o e e f—t———t
ol e leloeleolol ol el el | o |
—— - ~—1—— +———r- te—t——t———t——t
eloe|olelo 0o 0/ 0|0 0|00 0o o]
bl dbo d b I U R S
1 I I | | I ] ] | ] I _
I I I I _ I | | _ I I _

15

© Weiskopf/Machiraju/Moller



———fm

16

© Weiskopf/Machiraju/Moller



1 Lo
Pl NP T T
ARARARARARS S SARARARARARA RS
T . T
ejleo o o] e le e e el e o]
-+ —_— +
ejiejejo|e eleoeiol o]
I e TG o —t--4----1-
elel oo o)e eleo| e o]
ele e 0| oille ° | ei o, 0|
11 41 L
b T T
o!leoeleoeleo!leojfe el oe|e)e °| o
e e B e el ok R SRt TR S L it
o ®| o/ @ e 00 e e, ©
ef o el Je! ol ofJ e e! e
—_———_————— —
N
m ® 1 @ @ 0, o (o]
J [ S S B
= o e }
elJeo ofin® ! @l ol o lfe el ol e
g - -1
o \o 1+ | @ oy © | ® ;@ o
. R i SR e e et i
el o\ o | oV e ofololeoloe
+ - t——te——t +
el eljle elfoe | e o) o] o]
P
el e o o I el el olel e
e
eleoeleol e _ro Tejo;0 lejleleleleo|e]e
R S - —
o ]
[ I

17

© Weiskopf/Machiraju/Moller



I

I

I

b
®

R N N I S

18

© Weiskopf/Machiraju/Moller



b
o 0“0 o o“o 0“0“0 0“0“0“0 o“
T r =T =TT T
eleloeleleo|ole0oe|e|le|e/e e o]
+ + - ——— S S— +
I I I I I | I I I
| 0| @ 00| 0 0|00 0 o_o“o_o @ |
o S S e aot SO S S
eleoe/oleoelo/eolo0oloeoleo|eole|eo/ el o]
~+ + - e e +
| I | I | I I I I
@ 0 ®  © o @ © @ ®©,; 0 ® | 6, ©  © Qo
1 1 L L1 | NG U VN R T
T 1 r T =TT
o“o o“o oo“o 0“0“0 o“o“o“o o“
A A R N D D D D e
@ ©° (] o] (o] @ 0 @ @, ©, @ | @ o @
1 L A1 Il __1 L
] r I =TT T
eleleleloloelo/olo/o/le/eo/oleo]le]
H 1 RN S D N
® 0 @ © (o] @ 0 @ 0 @ @, ©, @, o Qo
leleloeloloeoloeloleolo/eoloeololeo!leo]
H 1 I T HPS P T
eleloe|loe|e|e]|e]lolelele|e|e|e] o]
N e e e T i ot
ele/olololelololo/oleololeolel ol
s S i S e e e e e e
eleleoele|o|o]|e|le]lelele|eo]|eo]|e] e
1 N +1
elelelelololololololeoloioleloe
—pe e B ———t-
eloe|oleleo/ele /0|0 0|00 0o o]
B T - [ R S | I F—
I I I 1 1 I I I
I I I I | I I I

19

© Weiskopf/Machiraju/Moller



i “ i i i i i i i
||r||.“|||rll..lllrll._rl||“.||Lf|||"||!.p|||_r|!_pnlnwul!.ilLrlL_iu
@ \ 2 2 . 2 s 2 m \ 4 ’I“|. . 2 . 2 “ s 4 s 2 . 2 9 “
- =TT ™tT1T T
E I I o111 lolo o119
1o A : & 4119 |
-t
b+ + : * S T AT S S S A
-+ -+ + - - . .- D - +
| I I | | | | I I I
19 & T ’lm & T & & T & .-P L P 1T & r—® 9 h_I
-
T R DERahaRaRananf
||T||.“|. B A i +|..|_T||¢_i..|Tn|+!.1T..l_.ln
Pt -+ T & T% 2 . 4 9 |
L 1
B T
e o_t 3_0"0 0_0_0 o_o_o_o 0“
l“ll-l_Tl_llﬁllv # 1v|“|l.||¢llvl“| :w d.'.llull'.". .\_V —_—
L T . 4 L 2 ﬂ T T 4 T . . 4 T 2 T . 2 T . 2 9 |
R
1) 1)
QI“IQ & ﬁ " “ F “ $—— “ 4 “ 0|“|0L|0 “
L R S N N N NN SR
. .“l. N !iTlLT.i“lll.“i..Lrll..r..|T1L_,l 1L_.||
¢ I I i 3 i i } 5 I
| I 4_ | _41_00_0_0_0 i
DD EDEDEDEDEDE H D T
I T 97 T T T T 9T T T 19
1 BB al BB
1 * I I T P 11 11 —9
I TITIT TITTUITTT
v ! + : 4= e e
RN S SR S S b d R AR (U SN S -
1 I | | ] I ] I
| I | I | | I I I

20

© Weiskopf/Machiraju/Moller



21

© Weiskopf/Machiraju/Moller

i I i i i i I I I
| e B B o e e B
& m T - - - - " H 4 “ - “ e “
T =T T T —-t+T1T ==
¢ ¢ } % BRAY 19 |
-1 . S O S S S Y -+ +
| | | I | I
P 4 2 @ +$ 9 |
SERERARARBERSPZAunoRERIRARARS
& \ 2 2 4 L . . . 2 9 !
1 ] I ] ] I ] I
- - .. eled et et e decle U S
I 1 I I | I | I I I I I I
LT ™ HAEH A& 1 | i
HHH-{-FH A HH A A -
| L 1 - 1 r 1 L& F
I | I I | I ] | A ] I
DSV 4DV P YEDEDE FETED IDEPEE
_r &1 T m| 91 H T \ 4 9 _P
: A L
“ REPYRE B HER IRERA
Rl o B R e o S e e e e e R B et sl S EE B
I I i | I | I I
T T T T s 4 9 |
M A A A -
3 3 9 _ﬁ
1 I 1 I I 1 I I
oI 1, H T
T 1 *T9 |
A . - s I A P " SO K. N SO N N N Y
1 I I I 1 I 1 | )\ I I |
I | I I ( | 1 1 I
1 T T ATIATITTT I
I8 ASLIZIodRSRSASRERSRERE
1 -1 | T 1 |
.Inl‘l_ _ - 2 2 w & > 2 9
-1 t—1-r—1++ t+—1t—+-1-t -
| _ 5 L a1 dldidrdrdid
b d b d N W SR W U S
I | | ] ] I ] I I
I I | | I I I I




9
—
*—9
9

4

© Weiskopf/Machiraju/Moller

22



oo

? S S S S

e S

... = ? S S S S
— \

(] o S 1
o \ .

¢ —9 9

¢ ——9

© Weiskopf/Machiraju/Moller

23



Overview

e Color coding

¢ \/olume visualization (overview)
e Classification

e Segmentation

¢ \/olumetric illumination

e Scalar Data in High-D

24



Color Coding

e Fasy to apply to 1D and 2D scalar fields
— Map color to each pixel on 1D or 2D image

© Weiskopf/Machiraju/Moller
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Color Coding

e Example
— Special color table to visualize the brain tissue

— Special color table to visualize the bone
structure

Original



Overview

¢ \/olume visualization (overview)
e Classification

e Segmentation

¢ \/olumetric illumination

e Scalar Data in High-D
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Volume Visualization
Qe R — R
e Scalar volume data
e Medical Applications:

CT, MRI, confocal micros-
copy, ultrasound, etc.

© Weiskopf/Machiraju/Moller 28



Volume Visualization

© Weiskopf/Machiraju/Moller
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Volume Visualization

30
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Volume Visualization

e Representation of scalar

3D dataset € R® — R
e Analogy: pixel (picture element)
¢ \Joxel (volume element), with two

Interpretations:
— Values between grid points are resampled by

interpolation %
- Collection of voxels
- Uniform grid

lachiraju/Moller 31




Volume Visualization

e Challenges
— Essential information in the interior
— QOcclusion?

— Often data sets cannot be described by
geometric representation
(fire, clouds, gaseous phenomena)

lachiraju/Moller
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Volume Visualization

e Slicing:
Display the volume
data, mapped to colors,
on a slice plane

¢ |sosurfacing:
Generate opague/semi-
opague surfaces

¢ [ransparency effects:
, Semi-transparent
Volume material material
attenuates reflected or

e m itt e d | i g ht © Weiskopf/Machiraju/Moller

|lsosurface
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Volume Visualization

* 2D visualization
slice images
(or multi-planar
reformating MPR)

* Indirect
3D visualization
iIsosurfaces
(or surface-shaded
display SSD)

* Direct
3D visualization
(direct volume
rendering DVR)

© Weiskopt/Machiraju/Moller
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Volume Visualization

icular to

Slice 20
CT data set © Weiskopf/Machiraju/Moller



Volume Visualization

e Alternative: Oblique slicing (MPR multiplanar
reformating)

— Resample the data on arbitrarily oriented slices
e Resampling on CPU or on graphics hardware (trilinear
interpolation)

e Exploit 3D texture mapping functionality
— Store volume in 3D texture
— Compute sectional polygon (clip plane with volume bounding box)
— Render textured polygon




Overview

e (Classification
e Segmentation
¢ \/olumetric illumination
e Scalar Data in High-D

37



Classification

e (Goals and issues:
— Empowers user to select “structures”
— Extract important features of the data set
— Classification is non trivial
— Histogram can be a useful hint
— Often interactive manipulation of transfer functions
needed

e Usually needed for volume visualization

e Standard approach: Transfer function
— Color table for volume visualization
— Maps raw voxel value into presentable entities:
color, intensity, opacity, etc.

38



Classification

e Examples of different /< & |

S

transfer functions _*

.' ¢

© Weiskopf/Machiraju/Moller 39
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Classification

e Most widely used approach for transfer

functions:
— Assign each scalar value a different color value
— Assignment via transfer function T

T : scalarvalue — colorvalue
— Common choice for color representation:
RGBA
— Alpha value Is very important, describes opacity
— Code color values into a color lookup table
— On-the-fly update of color LUT

° 255
Scalar €(0,1) (0,1) - (O.N-1)
© Weiskopf/Machiraju/Moller




e  Edv Mode

Classification

X-Pos: 1
J Green: 089
Y-Pos: 0
J Bue: 058
of Apha - 0,00 ;
I BaseCpac: 0.70 \’M‘"'»__f’_,J
(i PlaneOpoc: 1.00 & Scale (9]
4 AuoUpdate _—_—
Volume Tags: Arrow Loop
No Tags __Swotoop |
_aeety | |  hee |
file  Ediv  Mode
o Pedlum - 0899
X-Pos: 82
[ Green: 000
Y-Pos: 0
o Bue: 0.00
J Apha: 053 _
Ll BaseOpac: 070 Smowm WL
L PlaneOpac: 1.00 & Scale (9]
4 AuoUpdate ——
Volume Tags: Arvow Loop
No Tags _Sweloop |
_aeety | |  hee |
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Classification

© Weiskopf/Machiraju/Moller
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Classification

e Heuristic approach, based on
measurements of many data sets

histogra

constituents’ distributions

air fat tissue
one
CT number
% material assignment

air:< fat )<tissu7)< bone
CT

© Weiskopf/Machiraju/Moller
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Classification

e Usually not only interested in a particular
iIsosurface but also in regions of “change”

e Feature extraction - High value of opacity In
regions of change

— Homogeneous regions less interesting -
transparent

e Surface “strength” depends on gradient

e GGradient of the scalar
fleld Is taken Into
account

© Weiskopf/Machiraj




Classification

e Multidimensional transfer functions

[Kindimann & Durkin 98, Kniss, Kindimann, Hansen 01]

e Problem: How to identify boundary regions/
surfaces

e Approach: 2D/3D transfer functions, depending on
— Scalar value, magnitude of the gradient

et '.‘» I 4 f N\ £ N
B (x) flx) W)




f(=)

f(=z)
f(z)

f'(z)

f(z)

© Weiskopf/Machiraju/Moller 46



Classification

Data Value '

© Weiskopf/Machiraju/Moller 47



Classification

e Multidimensional
transfer functions

e Histogram
g second derivative
emphasis
gradient
magnitude
boundary

surface

scalar value

© Weiskopf/Machiraju/Moller 48



Classification

e Multidimensional transfer
functions

e xtraction of two
boundaries

* [riangle function in
histogram

© Weiskopf/Machiraju/Moller



Overview

e Segmentation
¢ \/olumetric illumination
e Scalar Data in High-D

50



Segmentation

o Different features with same value

— Example CT: different organs have
similar X-ray absorption

— Classification cannot be distinguished
e | abel voxels indicating a type
e Segmentation = pre-processing

¢ Semi-automatic process
Mgt Tis Ue Bone
51

© Weiskopf/Machiraju/Moller



Segmentation

intervertebral disk C7/1hi

thymus*
hy

gullet

umbilical vein

gallbladder

appendix

.“
>,

lelt innominate vein

-spleen

leit Kidney

head of the left femur

© Weiskopf/Machiraju/Moller

Anatomic atlas
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Overview

e \/olumetric illumination
e Scalar Data in High-D

53



Volumetric lllumination

e [llumination:
— Simulate reflection of light
— Simulate effect on color

¢ \/\Ve want to make use of the human
visual system’s abillity to efficiently deal
with illuminated objects

k“"‘! 'l

X0

“%ﬁl@ e |
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Volumetric lllumination

Review of the Phong illumination model
— Ambient light + diffuse light + specular light

Ambient light: C =k,C,O4
— Kk, is ambient contribution
— G, is color of ambient light
— O,is diffuse color of object

Diffuse light:  C =k C,O4 cos(6)
— k4 is diffuse contribution
— G, is color of point light
— O,is diffuse color of object
— ¢o0s(0) is angle of incoming light

Specular light: C = k.C_0O.cos"(o) Diffuse

s~p’s
— K, is specular contribution

— G, is color of point light
— cos(o) is angle of reflected light and eye
— nis the specular exponent

Ambient

Specular

55



Volumetric lllumination

e cos(@) =R E N
e cos(0;) = N e H (Blinn-Phong) | \
,‘g’_ . \\;_j .

_ L+E
|L+E]

© Weiskopf/Machiraju/Moller 56



Volumetric lllumination

Ambient Specular

k, = 0.1

.
k,=0.5

K = 0.4 Phong model

© Weiskopf/Machiraju/Moller
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Volumetric lllumination

k,=0.1 P I BRI
Ky=0.5 ”f‘w. ~
K = 0.4 Phong model .

© Weiskopf/Machiraju/Moller
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Volumetric lllumination

e \What is the normal vector in a scalar field?

e Use the gradient!

e Gradient is perpendicular to isosurface
(direction of largest change)

e Numerical computation of the gradient:

— Central difference

— Intermediate difference (forward/backward
difference)

— Sobel operator (3x3 kernel for each partial
derivative)

© Weiskopf/Machiraju/Moller 59



Volumetric lllumination

Central differences Intermediate differences

© Weiskopf/Machiraju/Moller
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Volumetric lllumination

Intermediate differences

Central differences

© Weiskopf/Machiraju/Moller
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Sobel operator
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Overview

Basic strategies

-unction plots and height fields
solines

Color coding

¢ \/olume visualization (overview)

Classification
Segmentation

e \/olumetric illumination

Scalar Data in High-D
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Scalar Data in High-D

© Weiskopf/Machiraju/Moller
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