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Motivations

< Observations
= Volume data are often very large.
» | ossy compression is often inevitable.

= Sometimes, we wish to visualize some fixed set of
coherent features that are concentrated in afew regions.

* For most lossy compression schemes, information on
those features is uniformly lost regardless of the
visualization task to be performed.

= Can we interactively visualize a 2GB volume data set on my
computer with 128MB of main memory?
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< Question

» |sit possible to design a compression scheme that
enables to focus more on important voxel, used more

frequently during visualization?
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Research Goals

Develop atechnique

that classifies voxels according to their importance in
ne visualization task,

nat assigns appropriate weights to voxels, and

nat uses those weights during lossy compression so
nat Important features remain as correct as possible
after reconstruction.

t
t
t
t

< Propose a new framework for lossy compression!
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Related Work

<+ There are alot of results on volume compression.
= Compression is dependent on the spatial properties of
Images.
= \We want to compress volume data in accordance with
the purpose of a visualization task.

< |t was difficult to find a feature-based compression
method in volume visualization.
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Visualization Model

< Two popular visualization techniques
= |sosurface extraction: marching cube
= Direct volume rendering: ray casting

< Features to be visualized are known beforehand.
<+ A 3D volume dataisviewed asa 3D graph (V, E)
= \/: aset of al voxelsv

» E: aset of al unordered pairs (u, v), wheretwo voxelsu
and v are 6-neighbors to each other

* d(v): adensity function fromVto R
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Marching Cube [9]

® Corevoxd

. I rf
O Gradient voxel SOsurtace

< The edge intersection and
normal vectors are linearly
Interpolated along the edge.

< The correctness of i1sosurfaces
with normals are dependent on
the densities of

of all intersecting edges,
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Ray Casting [ /]

® Corevoxd
O Gradient voxel ' Material

+When apoint insideacell is
resampled, the shaded colors and
normal vectors at the eight voxels
aretri-linearly interpolated.

< The correctness of the computed

are dependent on the
densities of of all
resampled cells,
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Voxel Classification: Core Voxels

< Density values and density interval of interest

d |[i=01,--, p- 1: pdensity vaues
D, ={[d"®,d®]|i =04--,q- 1}: qdensity intervals
< Core voxels
= VVoxelsthat directly affect isosurface extraction and/or
ray-casting.

VC 2 VC(D Drc) :\/is(,:(Dis) EVFE(DVC)

IS?
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| sosurface of
density d;;

V(D) ={vl V|d.T 1 (v,w)forsomed T D_andwl Ng(V)
wherel (v, w) = { [min(d(v),d(w)), max(d(v),d(w))] } and

® Corevoxd

N, (V) consistsof all 6-neighborsof v.
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Voxe Classification: Gradient Voxels

<+ Gradient voxels

» VVoxelsthat affect the gradient computations in
Isosurface extraction and/or ray-casting.

V9o Vg(D Drc) :Vis?(Dis) EVFS(DVC)

IS?
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® Corevoxd
) Gradient voxel

| sosurface
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® Corevoxe Cdll ¢

O Gradient voxel ‘' Material

V.2 ={vl V|vl Ng(w)forsomewl V(c)suchthatul V
for someul V(c)},

whereV (c) Isaset of eight voxesof cell c.
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Voxel Classification: Unimportant Voxels

< Unimportant voxels
» \Voxelsthat are neither core nor gradient

v'ovYy(D,D.)=V-(V°EV?)

IS
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Definition of welght function

<+ Goal

= WWeight voxels according to their possible usage, or
Importance in the visualization task.

% For vin
= Glve larger weights to voxels whose incident edges are
cut through by more isosurfaces.
VS),i=04,--, p- 1:thesubset of V., madeof corevoxels
relativeto theith materia only
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| sosurface 01_‘
density d;s

(v :{'{“;'WT No(V) C (V) H, if VT (v2)'

otherwise

— i
f ig (V) - maXO£i£p-1dis(V) Maxi mum possi bl e val ue: 6
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ozoForvin

* Preserve well the voxels' densities that actually contribute
to color-opacity accumulation during rendering.

fre(V) =maXgeq.,@; (V)

Maxi mum possi bl e val ue:
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<+ Forvin
» \V’'s density becomes more important as more isosurfaces
pass through the edges incident to the neighbors.

fia(v) = MaX ogic p-1 é. W N6(V)diis(W)

Maxi mum possi bl e val ue: 36
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ozoForvin

= Count the number of incident cells that have at |east one
voxel with nontrivial compute opacity.

d' (v)=|{cl C|cl C(w)forsomewl N,(v)such that
ul V¢ forsomeul V(c)}|, where
C(w)isall eight cellsincident tov

fre(V)= maXO£i£q-1dric (V)

Maxi mum possi bl e val ue: 32
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< Finally, the weight function is

fv(v) = f (f ig(V)’f rc(::(v)if ig (V),f r?:(v))

» The function values in the argument list are defined in
the different domains.

= They must be normalized according to volume data.
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Example: CT Data

+ The UNC Bighead data (256 X 256 X 225)

D, ={ 66,160}
D.. ={[40,90],[95,255] } '
-

L
e 1
-y 4 i

ﬂq

=
-

Qpacity tr. ftn. : [40, 45, 88, 90],
[ 95, 135, 253, 255]
Gadient tr. Ftn. : [0, 95]
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Distribution of Weights
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Combining the Weight Functions

8 % %, Ty T,1(X)

< Use a heuristic method.
@ Rescale the four weights.

@ Control the relative strength
of two visualization
methods.

f,(v) = max{ k . X§L14,0.7,L01f £(v)) + §120,0.2,05](F £ (v))),
k.. X(g0.05,0.6,0.4,1.0](f ¢ (v)) + 130,0.10.5](f 2(V)))}
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Examples. Combined Weights

Maxi mum wei ght Sumred wei ght
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Application to Compression Scheme

< So far, we' ve proposed how to weigh voxels with
respect to avisualization task.

< How do we use those weights in compressing
volume data?

< Consider lossy compression schemes such as
= Zerobit encoding

= Vector quantization
= Etc.

Pacific Graphics'01




Zerobit encoding [Bajaj, I|hm, Park ‘01]

< A new compression scheme that supports the fast random
decoding and multi-resolution representation.

< Appropriate for developing real-time/interactive
applications that must handle 3D images.
< Based on the ssimple 3D Haar filter.
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2D Haar Wavelet Transforms

wW,, =(d,, +d,, +d,, +d,)/4
Wy, =(dy, +dy, - d,-d,)/4
Wy = (dgo - oy +dyp- dyy) /4
Wy, = (dgo - oy - dyp +d;,) /4
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Wavel et-Based Compression

< |dea
» Decompose an input data set through wavel et
transforms.

= Sort the wavelet coefficients in order of decreasing
magnitude.

= Glven an error measure, delete as many coefficients
with smaller magnitude as possible.

f0=8cu® b fX=Acux MmEm

=1 =1

%~ Thisisthe best choice for orthonormal bases under the L2 norm.
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2D Image Compression Using Haar Wavel ets
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erobit Encoding (3D RGB)
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Weights in the Wavel et Space

W
| A B
.]1=1,23 level-0
{\MJ J } oo | dou| doo| dos Woo | Wir | Wor | Wy
d 10 d 11 d 12 d 13 W12 W13 W22 W23
{w, = 1,2,3} —
{V\é j=1 23} level-1 Oy | dau| dn| dis Wo | War | Wos | Wi
J, 1 1
{V\éj’j = 1’2’3} s | da| dz| ds Wi | Wiz | Wi | Wis
A (W j=123} C D
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Computation of Weight

<+ |ldea
* The wavelet coefficients are important if the
corresponding voxels are important.

= All the 4 wavelet coefficients are used simultaneously
when any voxel in a2x2 area.

Assign the largest of the 4 weightsto the 4 wavelets.
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Wb,
|

{W,j=123} leve-0

{w.J= 1,2,3}
| {w, =123

< Traverse the decomposition
tree in bottom-up fashion.
= |evel 1detall node

w(Wy) = max f (v )for | =12,--,7

= | evel Odetal node

Fulwg;) = max f,(wy)for j=12,-7

= |Level Oaverage node

f o (Woo) =T, (W)
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Truncation of Wavelet Coefficients

< |n truncating wavelets,

= yse the measure |n(fW(VVi,-k))’VVi,-k | instead of.

< Need to rescale the wavelets' weights properly.

Bleghcenvmn (f (w)) =g, +g,°f (W)
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Experimental Results - Bighead

<+ The UNC Bighead data
<+ Resolution: 256X256X225
< Specification
94D, ={66,160}
D.. ={[40,90],[95,255] }
» |mportant voxels: 19.89%

Qpacity tr. ftn. : [40, 45, 88, 90],
[ 95, 135, 253, 255]
Gadient tr. ftn.: [0, 95]
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Quantitative Analysis of Reconstruction Errors

Ratio of the used wavelet coefficients

2% 3% 5% 7%

Unweighed 10.78 8.76 6.38 4.91

Haar 27.48 29.28 32.04 34.31

Weighted 6.78 4.86 2.82 1.79

Haar 31.50 34.40 39.12 43.06

. density range 0 ~ 255)
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Reconstructed |mages (114 dice)




| sosurface Rendering (d = 66)




Ray Casting ([40,45,88,90], [95,135,253,255])
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Experimental Results— Visible Man (NLM)

< A preprocessed FRESH CT data
% Resolution; 512X512X512 (512MB)
< Specification
3 D_={880,1800}
D.. ={[320,992],[1120,2400] }
» |mportant voxels: 23%
Qpacity tr. ftn. : [320, 800, 960, 992],

[ 1120, 1300, 2300, 2400]
Gadient tr. ftn.: [0, 1120]
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Quantitative Analysis of Reconstruction Errors

Ratio of the used wavelet coefficients

2% 3% 5% 7%

Unweighed 66.61 51.55 36.02 27.10

Haar 35.77 38.00 41.11 43.58

Weighted 46.92 34.21 20.88 13.92

Haar 38.82 41.56 45.85 49.37

. density range O ~ 4095)
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Ray Casting
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| sosurface Rendering (d = 600)

wei ght ed:
(5, 552KB)

Dis :{ 600}
D.=/A

| nportant vox
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Discussion

< Presented a new volume compression method.

* Proposed a method for classifying voxels according to
their importance in visualization, not their spatial
properties.

= Applied the weight information to a compression
scheme, called Zerobit encoding.

When the possible visualization features can be
pre-determined, our new scheme will be used
effectively.
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Future Work

<+ Need a more scientific method to determine the
coefficients in the various function definitions.

= Currently, they are determined experimentally.

< Apply our scheme to other compression schemes.
= For instance, an enhanced codebook could be built.
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Related Work

<+ Ning et al. [Vis. 93]
= Vector quantization

% Muraki [Vis. 92, CG&A 93]
= 3D Wavelet compression

<+ Ghavamniaet al. [Vis. 95]
= |_aplacian pyramid

< Yeoeta. [I[EEETVCG 95]
» DCT-based 3D compression

<+ Thomaet a. [|EEE Mult. 97]
» Experimental results on 2D compression of VH
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