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Abstract Let us first consider the case of scientific data: many
techniques have been developed to assist in the visualiza-
Scientific investigation and simulation have been pro- tion of this kind of data. For example, in the case of vol-
ducing increasingly large datasets. Usually that kind of ume data (three dimensional datasets), direct volume ren-
data is visualized employing some Scientific Visualization dering [4] is one of the most used approaches. Medical ap-
technique. Another related field, Information Visualization, plications are amongst the most popular ones: data acquired
deals with non-scientific large scale data, using different from a scanner (computerized tomography, magnetic reso-
approaches to achieve an effective understanding. This pa-hance, etc) is fed to a volume rendering system, allowing
per aims to bring these two fields together, proposing a tax- physicians and radiologists to see internal structures and or-
onomy for volume visualization, employing Information Vi- gans with much greater detail than with conventional meth-
sualization techniques, particularly the focus and context ods.
idea. A prototype is being developed, which aims to im-
plement and evaluate a number of solutions for this prob-
lem, identifying through demonstration which applications
would benefit most fronfocus+contextapproaches. This
paper describes work in progress.

However, in some cases there is too much data to be dis-
played at once on a computer display (or the display’s res-
olution may be insufficient for practical use). A simple and
widely used solution is to apply a magnification factor to
get closer to a specific region. But by doing so, it is equally
easy to get lost in the dataset. This is generally cades of
context because we are no longer able to visualize the en-

Increasingly large data sets have been generated by scilre dataset. When we zoom in, we doeusingon a certain

ence, engineering and medical applications, either by Sim_feature that is of interest. In the field of Information Visual-
ulation or direct observation. Direct interpretation of this ization this prablem is callebcus+contex{22] and a num-

data is usually impossible, due to two factors: size and com-?e][. 0; SuCCGSS]IlI.H slc(J.quort\s Tﬁwﬁ lemelrg;eg. tThle f:\;llenge 1S
plexity. To help solve this problem, the discipline of Sci- o find away ot looking at a hign ‘evel of detail at this area

entific Visualization[17] has emerged. This brings together of focus, without losing the overall context.

two rather distinct fields: the traditional sciences (Physics,

Biology, Chemistry, Medicine, etc) and Computer Graph-

ics. In a similar sense, we have been observing a growth This paper describes work in progress to explore the
of information being stored electronically, which is mostly transfer of focus+context ideas from Information Visualiza-
a consequence of the Internet's emergence. A considerabléion to Volume Visualization. Section 2 gives background to
amount of that information is not directly related to physi- the two fields which we bring together in this research. In
cal data and maybe is not even numeric, but more abstracsection 3 we present a taxonomy of focus and context meth-
data. This kind of data requires a different approach to be ef-ods for volume visualization, in terms of nature of focus re-
fectively visualized, which has led to the creation of a new gion, type of focus effect and space in which the effect is ap-
field: Information Visualization[22]. Making a parallel with  plied. Section 4 details two particular methods that we have
Scientific Visualization, we can possibly say that this new implemented, and describes their application to a medical
field now brings together the social sciences and computerdataset - this dataset is of a cerebral aneurysm in the Cir-
graphics. Would it be possible to achieve gains by bring- cle of Willis, requiring focus on the aneurysm without los-
ing these two fields rather closer together ? ing context of the surrounding arteries.

1. Introduction



2. Related Work gaze (using a head mounted display). LaMar [7] introduced
a multiresolution approach to volume rendering, based on

This section provides background on the two main fields a hierarchical texture. Later, Weiler [23] has improved on
of interest to the present research: Volume Visualization andthat, conceiving an algorithm to minimize rendering arti-

Information Visualization. facts due to interpolation. Both rely on the specification of
a focus area. In this way, they also deal quite effectively
2.1. Volume Visualization with the texture problem, but at the expense of losing im-

age detail outside their focus area.
Extensive research has been done on the visualization of
three-dimensional datasets. When we are trying to visualize
this kind of data, there are primarily two main approaches:

e Surface extraction and reconstruction methods: these According to Leung's [10] taxonomy of presenta-
methods work best when there is a defined structuretion techniques for large graphical data spaces, it is possible
within the volume. Medical imaging is probably their 0 categorize techniques in two different ways: non-
best application. By applying diverse algorithms to distorted and distorted views. Examples of non-distorted
segment and extract surfaces from the image data, thisaPProaches include scrolling and zooming, and hierar-
CIaSS Of methods a”OW a precise Visua"zation Of a|_ chical VieWS, where pal’t of the information is hidden.
most any Structure' at the cost Of genera‘[ing a poten_ThiS is adequate for small datasetS, but USing those tech-
t|a||y |arge number of po|ygons_ The classical examp|e niqueS itis Very easy to lose the context in |arger amounts
among these algorithms is the isosurfacing approach:of data.
from a user-specified threshold value, a boundary sur-  The primary approach to solve this problem is the use
face is extracted through the use of some method, like of distortion-oriented displays (where a non-linear magnifi-
marching cubes[15]. cation is applied). This implies presenting the dataset in a

distorted fashion, requiring fast processing speeds (for the
computation of the distortions) and high resolution displays
(needed to provide enough screen space to show the data,
even though the approach itself minimizes screen occupa-
tion). Those were the main difficulties in the past, as the
technology was not readily available. Now there are a num-
ber of very high resolution displays, although they still are
rather expensive.

One of the first ideas was the Bifocal Display [21], where
an information space was “folded” to allow simultaneous
The 3D texture mapping method is one of the most efficient viewing of all data. This concept was implemented as the
methods to do volume rendering, because it uses the graphPerspective Wall [16]: using a three-dimensional perspec-
ics hardware capabilities, allowing the quick display of an tive effect, it was possible to display all data but at the
entire volume. This is essential for many applications, es- same time keep the focus on the non-distorted region. A
pecially in medicine. 3D texture mapping works by loading two-dimensional extension of the idea was used earlier [9],
the original dataset (or part of it) into the graphics card’s to assist in the presentation of topological networks. In a
texture memory. Then a number of planes (or concentric similar way, Furnas [5] introduced the concept of a Fisheye
shells, depending on the method) are drawn, sampling thisview: by the suppression of irrelevant data it was possible
texture in order to render a 3D object. Parameters such ado present a large number of structures. Sarkar and Brown
opacity and colour can be changed, affecting the resulting[20] suggested the application of Furnas’ text-based Fish-
image. eye view in a graphical fashion, implementing the technique

This algorithm is very effective, but needs a lot of tex- to effectively display large graphs.
ture memory. This is alesser problem now, as graphics cards Leung [10] classified distortions into cartesian (where
are increasingly getting better. But citing medical technol- each coordinate of each data point is distorted based on the
ogy as an example case, resolution of the imaging devicesscalar difference between it and the corresponding coordi-
(scanners) is constantly improving, so more texture mem-nate of the centre of focus) and polar (where each point of
ory will likely be required to render a 3D dataset. Thus the data is distorted based on the actual (vector) distance
some research has been done on optimizing texture utiliza-between it and the centre of focus). Distortions also can
tion. Levoy [14] proposed a gaze-directed technique, wherebe considered as continuous or non-continuous. A contin-
the quality of the rendering varied according to the user’s uous distortion function defines some degree of magnifi-

2.2. Focus+Context (Information Visualization)

e Direct volume rendering methods: this class of meth-
ods deal with the raw 3D data, employing algorithms
that build an image without requiring the creation of
an underlying geometric structure. Examples of such
methods include: ray casting [11, 12], splatting [24],
shear-warp [6] and 3D texture mapping [1]. In some
situations, volume rendering offers a clear advantage
over surface extraction, as it is possible to visualize all
the data at once, using different colours and opacities.



cation at the centre of focus and a continuous mathemati-
cal function that decreases the magnification gradually with
distance from the central point (such as a fisheye view). A
non-continuous distortion function defines a fixed magnifi-

cation in a region of a certain size, surrounding the centre
of focus, and a mathematical function that decreases mag- ==
nification of points outside of that region (such as a bifocal Cartesian Polar
display).

Figure 2. 3D fisheye distortions proposed by

Figure 1 presents some examples of continuous and non- ;
Winch [25]

continuous distortions and their effects on the data presen-
tation.

Later, LaMar [8] proposed the use of a magnification
lens to explore volume data, allowing one to selectively en-
large regions inside the volume.

Similarly, McGuffin [18] developed a strategy based

Non-continuous
S§E

i 0 on surgical metaphors for distortion of volume data: cut-
9 q @ 5 ting, peeling, spreading. These metaphors were imple-
i B == mented through the use of direct manipulation tech-
Bifocal Display Perspective Wall nigues in 3D. Rendering only point primitives, he was able
to achieve fast speeds.
Continuous

3. A Framework for Focus and Context in
Volume Visualization

Most information visualization techniques create an ab-
stract representation of the original data. For example, a
user’s file system can be represented as icons on a flat wall.
To help comprehension, the representation can be distorted
in order to make better use of screen space. In the wall ex-
ample, we can bend the two ends of the wall backwards and
view in perspective (the so-called “perspective wall”).

By contrast, volume visualization typically creates
a representation which reflects a real spatial relation-

For three-dimensional datasets, the foundations wereSNiP amongst the data. We can apply distortion techniques
but we need to be aware that we are changing those spa-

laid by Carpendale’s [2] research on the effects of distor- . ) e

tion techniques on 3D data. Her work indicated that there tidl relationships. Therefore this is one of the research
is an additional complication when viewing 3D data: oc- 902ls: to find out how big an issue this is. ,

clusion of the focus region. She proposed a distortion tech- I the earlier part of the paper, we have explained how
nique that allowed a clear visual path to this region. Also the “Focus + Context” concept in Information Visualiza-

important is her analysis on the comprehensibility of distor- 110N allows a user to study fine detail in a restricted region
tions [3], based on human perceptual skills. of a large dataset, without losing the context of the over-

all data space. In this section, we aim to develop a taxon-
omy for F+C in volume visualization, building a classifi-
cation of existing techniques and identifying possible new
approaches. We shall concentrate on direct volume render-
ing and we shall classify an approach in terms of three at-
fributes:

Fisheye View Polyfocal Display

Figure 1. Common distortion techniques [10]

Recently Winch [25] presented the 3D Cartesian Fisheye
Display and the 3D Polar Fisheye Display. The 3D Carte-
sian Fisheye Display produces distortions that are magnified
along each axis from the centre of magnification, outwards
to the edges. The 3D Polar Fisheye Display uses the radia
distance from the centre of magnification to the pointunder e Focus this defines the nature of the focus region,
consideration to determine the magnification factor. Figure which can either be a point or a circular or rectangu-
2 presents both approaches using a 12 x 12 x 12 dataset. lar region (in 2D or 3D depending on the Visualization



Space). In the case of a point, the focus effect is great-
est at a single point, and falls off with distance towards

the boundary of the visualization space. In the case of
a region, the focus effect is constant within the speci-

fied region, and then falls off with distance towards the

boundary.

Effect: this defines the way in which the detail of the
focus is achieved, and can be by refinement or by dis-
tortion, or by a combination of both. Refinement is
an accuracy attribute, and indicates that the rendering
within the focus region is carried out to higher accu-
racy (but there is no spatial distortion). Distortion on
the other hand, achieves the focus effect by spatial de-
formation of the Visualization Space — the focus region
is magnified. It is possible to combine both, where the
greater spatial extent of the focus region is accompa-
nied by higher accuracy rendering in that region.

Visualization Space this defines the space in which
the F+C operation is applied, and can be either image
space or object space, or indeed both. By object space,
we are thinking in terms of the dataset being classi-
fied and shaded as though it were a block of inhomo-
geneous coloured gel — this gel is our object which is
rendered.

5.

gins in the flight simulation area, where high resolu-
tion insets were blended in to a low resolution back-
ground (see references in Levoy’'s gaze paper). We can
do exactly the same with volume rendering, simply by
generating inset images at higher resolution. This is
also related to Levoy’s “Volume Rendering by Adap-
tive Refinement” paper [13] where areas of greater im-
age complexity are refined by casting more rays.

{Point/Region, Distortion and Refinement, Image
Space} this combines approaches 1, 2 and 3. As well
as carrying out the spatial distortion, we also increase
the relative accuracy within the focus region, either by
increased sampling or by interpolation from existing
samples.

6. {Point/Region, Distortion, Object Space} in this ap-

proach, we apply a 3D spatial distortion to the dataset.
Within a 3D focus region, the object (that is, the por-
tion of gel within the focus region) is magnified by
a certain factor (greater than 1), and the remainder is
magnified with decreasing factors as we approach the
boundary of the gel. A variation of this approach was
presented by LaMar et al in their magnification lens pa-
per [8]. This is also explored further in this paper, for
both point and region.

This taxonomy therefore yields twenty-seven (3 x 3 x 3) 7. {Point/Region, Refinement, Object Space}in this
different approaches, based on the values of these three at-  approach, we model the object, i.e. gel, at higher ac-
tributes. Some approaches are well known, others are rel- curacy within the focus region, before the gel is ren-
atively new. We look at each in turn, as an instance of the dered. An example of this method is LaMar’s work on
triple {Focus, Effect, Visualization Space}: multiresolution volume visualization [7].
1. {Point, Distortion, Image Space} this is the well- 8. {Point/Region, Both, Object Space}this would com-
known fisheye view of Furnas [5], and later Sarkar and bine 6 and 7 above.
Brown_[20], app_hed to the 'mage cre_ated by a volume 9. {Point/Region, Distortion, Both}: this has not been
rendering algorithm. The distortion is a simple mag- . ; . . .
e L . . studied, but we could envisage the image distortion be-
nification process, with pixels being replicated (or re- ing aoplied as a bost-processing ste
moved) from the original image. This can be applied g app post-p g step.
as a post-processing step on the original image. 10. {Point/Region, Refinement, Both} this is basically
. {Rectangular Region, Distortion, Image Space} the |dea_|n Levoys_ gaze d|recte_d VO".Jme rendgrmg
this is the bifocal display approach of Spence and Ap- [14]. Refinement in image space is achieved by higher
perley [21], with similar effect to the above. den§|ty of rays cast, and r_efmement in object space is
) ) ) . i achieved by higher sampling along the ray. Note that
- {Circular Region, Distortion, Image Space; this the focus region in object space is a frustum evolved
is a variant of the Spence and Apperley bifocal dis- from the focus region in image space.
lay.
ad 11. {Point/Region, Both, Both}: this would combine 9

Having made this distinction between point and re-
gion, for simplicity we now treat them together in

what follows, considering point as limiting case of cir-

cular region:

and 10 above.

To serve as a testbed for the implementation and eval-

uation of new methods, a prototype volume rendering sys-
tem was developed. This prototype currently uses the tradi-

tional 3D texture mapping method, as proposed by [1]. But

. {Point/Region, Refinement, Image Spacehere the

so far no distortion is actually taking place in the prototype:

accuracy of each pixel in the image is related to its dis- the distortion methods are being done in a stand-alone pro-
tance from the focus region. This approach has its ori- gram, which reads a volume dataset, applies the desired dis-



tortion and creates a new dataset. Only then the new datasetf the volume will be compressed, keeping the same volume

can be visualized on the prototype. size. As stated in section 4, this is an object space method, as
it effectively changes the original data before rendering. For
4. Distortion Methods simplicity, we are assuming all coordinates are normalized.

The basic distortion itself is directly adapted from Winch’s

According to the taxonomy proposed in section 3, it work [25], depending on three parameters:
seemed natural to begin the research with existing methods.
So this section discusses the implementation of two three- o ]
dimensional distortion methods based on two-dimensional ® Magnification factorihag - determines how much the

e Centre of focusxs, Ys,zt)

counterparts: 3D cartesian bifocal and 3D cartesian fish- ~ focus area will be enlarged
eye. Applying the terminology already defined, these meth- e Size of each half of the focus regiog.(s,,s;) in the
ods can be classified fBoint/Region, Distortion, Object original volume

Space} as there is no refinement yet. The first step is to compute six scaling factors: for each

Normally the distortion can be seen as a mapping func- axis and for each side of the focus region. These fac-

tion from orlgmal_ coordinates 10 new (dls_tortec_j) cqordl- tors are needed to determine how much the volume
nates. However, in our case we are dealing with discrete.

X 2 ~is compressed to each side of the focus region. Fig-
?g:;l(vo;elzéIiézelz‘_t;nctgn x]\':s gc;gilappcl:eg Ir?;;h:r:ﬁgg ure 4 shows how the factors for the x axis are obtained.
' way, the resulting volume possibly would hav ' Let Ay, be the distance from the right edge of the orig-

as happens with image warping. The solution is to use the

. . : inal focus region(xmax) to the boundary;Ay. be the
Inverse of the fungtlp n and work packwards, from dlstor.ted corresponding distance after the distortion. Using simi-
coordinates to original ones. This works as follows: first

. . " lar notation for the left side, we define scaling factors:
we create a new volume with the same size as the origi-

nal one. Then we traverse this new volume, applying the in-
verse mapping function to obtain the original coordinates.
Using the computed position, we fetch the corresponding
voxel from the original volume and store it on the new one.
This process is better illustrated in figure 3, which shows its
application to a two-dimensional image.

Furthermore, it is worth noting that although this is es-
sentially a nearest neighbour sampling, there is nothing that
prevents a better interpolation method (e.g. trilinear) from
being used. In such a case, the methods would be classi-

A A
scalg, = AX: ,scalg = 7=

(same for y and z)

0,0)

fied as{Point/Region, Both, Object Space} i Rl e I
! | | I
I 77777777777 Source region 1 I 77777777777
i i
A | | Axt
1 (xtyh :
[ = ® !
| I
! o i
1 .
,,,,,,,,,,,,,,,,,,,, N I B
Ax— | Xmin X max : Ax'+
- >I -+ -
S S N :
‘ - Xmin Xmax
Original Distorted
(xy) = F(x,y")
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Figure 3. Inverse mapping with an image

Figure 4. Scaling factors for the 3D bifocal carte-
sian distortion

4.1. 3D Cartesian Bifocal Display

This method can be seen as an extension to the 2D bifo-
cal display: the focus is a rectangular region which will be  Then, for each voxel in the new volume (distorted), the
uniformly enlarged by a factor and the remaining sections following algorithm calculates the correspondiadginal



voxel coordinate V(x,y,z), using the scaling factors and the 4.3. Example of application
limits of both regions:

To demonstrate how the methods currently perform with
real data, a section of a medical dataset has been used, com-
prising of 512 x 512 x 146 slices. This dataset contains a
— if X < xs —mag- s (left side): CTA (Computerized Tomography Angiography) of a pa-

X — ﬁ tient’s Circle of Willis - a circle of arteries at the base of

the brain. Congenital defects may occur in these arteries

o i o and result in the formation of aneurysms. An aneurysm is
= It X'> ¢ +mag s, (right side): a dilation of an artery caused by the vessel wall yielding

X=1- % and stretching due to the pressure of the blood. The surgeon
needs a precise view of the region around the aneurysm so
that he/she can apply a clamp, but only needs an overview
of the wider picture. Thus the idea is to use the aneurysm as

e if X' is outside focus region:

e if x is inside focus region, just apply the magnification

faft?(frixf+magxf afocal point, in order to assess whether the distortion is pro-
X="mag - viding a better visualization and understanding of the data
(the formulation is the same fgt andZz) or not.

First we present the results, viewed on a single slice,
in figure 5. The left image shows the original, unaltered
slice, where the aneurysm can be seen as a small white
. . . ball. The centre image shows the distortion obtained from

lee_ the previous T”etho.d’ this can .be also be. SE€EN as ay o 3p cartesian bifocal method. A small region around the
extension of a'two d|men5|olnal te“chmque, the Ilsheye dIS'aneurysm is used with a magnification factor of two. Fi-
play [2.0]' I_n th'.s case there is no “focus region ’.bUt a fo- nally, the right image presents the results from the 3D carte-
cal point (in this case, a voxel). The magnification factor sian fisheye method. In thisimage, the focal point is the cen-

- here specified by a “distortion” factor - is highest at this tre of the aneurysm but here the distortion factor was 1.2,
focal point, and decreases as we move towards the datase[}ying to keep the aneurysm roughly with the same size ob-

borders. This produces a good deal of distortion on the bo.r'tained with the bifocal method. From the images, it can be
ders themselves. Adapted irom Sarkar & FL.lrnas work, this seen how the fisheye method changes to a greater extent the
method depends on two sets of parameters: spatial proportions of the data, while the bifocal method re-
tains more of the original balance. This finding is also con-
firmed by looking at the volume rendered data, as seen in
figure 6. In the right image, it is also easier to notice that the
borders of the dataset are indeed very compressed. There-
Like the cartesian bifocal method, we use the distances before, although the bifocal method is non-continuous, this
tween the centre of focus and each dataset boundary. S@reliminary experiment shows that it is more appropriate
considering the x axis, there are two distances - right ) for this particular medical dataset. Further experiments are
and left(Ax_): to be conducted with other kinds of data.

Dy = 1—Xg

Dy =Xg 5. Conclusions and Future Work

(same for y and z)

4.2. 3D Cartesian Fisheye Display

e Centre of focusxs,Ys,zt)

e Distortion factor ¢)

Volume rendering is a well-known, established technique
Then, by traversing each voxel in the distorted volume to visualize three dimensional datasets. A number of differ-
N(x,y,z) the following algorithm calculates the voxel coor- ent solutions have already been developed to visualize this
dinate in theoriginal volume V(x,y,z): kind of data, but most of them suffer from tfeeus+context
problem outlined before: usually there is too much data and

o if X < Xt the most used approach is to zoom in and get closer to the
_ A (xg—X) X (X¢—X') desired feature of interest, at the expense of losing the over-
X=X BT X)X Txeax all context.

o if X > X
Dy (X' =xt) (L=x¢) (X' —x¢)

X=X+ prdBg X T Txe+d1—x)
(same for y and z)

Therefore this study aims to provide a better understand-
ing of how Information Visualization ideas can be applied
to Scientific Visualization in an effective way, in particu-
lar for the visualization of very large volume datasets. This



is a relevant problem: in a panel held at IEEE Visualiza-
tion 2002, Zuiderweld [19] mentioned that the ability to ef-
ficiently process very large datasets will be essential in the
near future.

A contribution of this work is to develop a number of so-

lutions to this problem, and identify through demonstration (10]

which applications would benefit most froimcus+context

approaches. We intend to investigate the feasibility of new
techniques to help visualizing large scale data and to stud
how the distortion effects change our views and therefore,
our understanding of the data. Some possible applicationg12] marc Levoy. Efficient ray tracing of volume dataACM
include (but are not limited to) medical data, CFD, mete-

orology, failure analysis, molecular modeling, seismic data [13] Marc Levoy. Volume rendering by adaptive refinemefte
and oceanography (time-varying) data.

[9] Y. K. Leung. Human-computer interaction techniques for

map-based diagrams. In G. Salvendy and M. Smith, ed-
itors, Designing and Using Human-Computer Interfaces
and Knowledge-based Systempages 361-368, Amsterdam,
1989. Elsevier.

Y. K. Leung and M. D. Apperley. A review and taxonomy of
distortion-oriented presentation techniquesCM Transac-
tions on Computer-Human Interactiph(2):126—160, 1994.

11] Marc Levoy. Volume rendering: Display of surfaces from

volume data. IEEE Computer Graphics & Applications
pages 29-37, May 1988.

Transactions on Graphi¢®(3):245-261, 1990.

Visual Computer6(1):2—7, 1990.

[14] Marc Levoy and Ross Whitaker. Gaze-directed volume ren-
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Figure 5. Non-distorted (left), cartesian bifocal (centre) and cartesian fisheye (right) distortions in a single slice

Figure 6. Non-distorted (left), cartesian bifocal (centre) and cartesian fisheye (right) distortions, volume ren-
dered




