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ABSTRACT

We present the 
on
eptual design and dis
uss the major issues of a very 
exible and

extensible visualization framework. This framework uses the metaphori
al abstra
tion of

a virtual 
an of spray paint that 
an be used to render data sets and make them visible.

The idea behind this framework is based on behavioral animation and parti
le systems

from 
omputer graphi
s. Combining these two ideas, paint parti
les are endowed with

intelligen
e so that they may seek out di�erent features in the data set and manifest

themselves visually. Di�erent types of paint parti
les will generally result in di�erent

visualization te
hniques. We have used this framework to imitate existing te
hniques

used in surfa
e and 
ow visualization as well as in dire
t volume rendering. Aside from

generalizing existing te
hniques, the framework also provides other advantages su
h as:

(1) works with regularly gridded to s
attered data sets; (2) handles both dense and sparse

data sets; (3) allows sele
tive progressive re�nement; and (4) is modular, extensible and

provides s
ientists with the 
exibility of exploring relationships in their data sets in natural

and artisti
 ways.

Key Words: Intera
tive Visualization, Parti
le Systems, Behavioral Animation.

INTRODUCTION

Today, there are many visualization te
h-

niques whi
h provide users with di�erent

ways of looking at their data sets. Variations

in these te
hniques may also arise depending

on appli
ation spe
i�
 needs. Di�erent meth-

ods also exist for handling di�erent data types

(s
alar, ve
tor, tensor, higher dimensional)

and stru
tures (regular, re
tilinear, 
urvilin-

ear, s
attered). For example, iso-surfa
es

from the mar
hing 
ube algorithm

[

Lorensen-

Cline87

℄

, surfa
e shading from 
uberille data

[

Chen-et al.85

℄

and dire
t volume rendering

[

Drebin et al.88, Upson-Keeler88, Sabella88,

Levoy90

℄

are quite popular in mole
ular bi-

ology and medi
al imaging. On the other

hand, parti
le tra
ing

[

Hin-Post93

℄

, stream

lines and surfa
es

[

Hultquist90, Helman-

Hesselink91, van Wijk93

℄

and streak lines

[

Lane93

℄

are more popular in visualizing 
ow

�elds from 
omputational 
uid dynami
s ex-

periments. Users are also often provided

me
hanisms for animating and intera
ting

with the data sets.

Another signi�
ant development in visual-

ization is the availability of several 
ommer-


ial produ
ts su
h as AVS

[

Upson89

℄

, Iris Ex-

plorer

[

Sloane92

℄

and Data-Explorer that pro-

vide users with an easy-to-use and extensible

visualization environment. One of the ma-

jor appeals of these produ
ts is their simple

box wiring diagrams where users 
an graphi-




ally 
reate a network of modules that trans-

form data a

ordingly as they 
ow through

these networks. As su
h, these environments

all use the data 
ow approa
h. When a re-

quired module is not available, one 
an be

built in a modular fashion and hen
e these

systems are easily extensible. However, de-

spite their popularity, these environments do

have some drawba
ks. Among the draw-

ba
ks of these systems in
lude limited data

types and the �le oriented nature of data sets.

None of the systems take advantage of power-

ful query tools available in 
urrent database

systems

[

Stonebraker-et al.93

℄

. In addition,

users also en
ounter system limitations when

dealing with very large data sets or dynami-


ally 
hanging data sets.

This paper presents an alternative visual-

ization framework whi
h preserves the ease-

of-use and extensible nature of existing visu-

alization environments and yet also addresses

the limitations mentioned above.

In the next se
tion, we present the 
on
ep-

tual design of spray rendering. We then dis-


uss some of the design issues as well as how

spray rendering 
an address the limitations

brought up above. Finally, we present some

examples and the dire
tions of our 
ontinuing

e�ort.

SPRAY RENDERING

What is it?

Spray rendering is a 
ombination of two 
om-

puter graphi
s te
hniques for modeling and

animation

[

Pang-Smith93

℄

. The �rst ingre-

dient of spray rendering is parti
le systems

whi
h

[

Reeves83

℄

originally developed as a

te
hnique for modeling natural phenomena.

Parti
les are de�ned to have initial attributes

su
h as 
olor, traje
tory and life span. These

are then �red from some de�ned region and

may spread and produ
e new parti
les of their

own. Flames and �reworks are readily mod-

eled with parti
le systems. In addition, if

the path of these parti
les are integrated over

time, then �elds of grass 
an also be mod-

eled. As mentioned earlier, parti
le systems

have been used in the 
ontext of visualization

where the parti
les are for
ed to intera
t with

the data set as their environment. By adding

another ingredient, one 
an obtain a mu
h

ri
her set of visual e�e
ts. The se
ond ingre-

dient of spray rendering is behavioral anima-

tion whi
h was introdu
ed by

[

Reynolds87

℄

to manage the animation of a large num-

ber of a
tors. Examples that Reynolds pre-

sented in
luded 
o
ks of birds and s
hools of

�sh. Ea
h member's behavior was di
tated

by its relative position in the environment

and in
luded e�e
ts su
h obje
t avoidan
e.

It was also not ne
essary for ea
h member

to know the whereabouts of everybody in its

group. Thus, armed with the knowledge of

the positions of a limited number of nearby

friends, the spe
ies 
an exhibit behaviors su
h

as group 
entering, and maintaining average

speed and dire
tion.

How does it work?

By 
ombining parti
le systems and behav-

ioral animation, parti
les are endowed with

instru
tions to seek out spe
i�
 target fea-

tures in the data set and to rea
t appropri-

ately in a 
hanging environment. Thus, the

underlying me
hanism behind spray render-

ing is the spe
i�
ation of di�erent targets and

behaviors for the parti
les.

To see how spray rendering 
an be a visu-

alization tool 
onsider the following. Render-

ing a data set is like painting. Given a data

set, the rendering algorithm makes the set of

numbers visible by assigning appropriate 
ol-

ors to the display that will faithfully mimi


what the numbers are trying to represent. A


rude equivalent to this pro
ess is pouring a

bu
ket of paint over an invisible obje
t in or-

der to make it visible. The invisible obje
t


orresponds to the set of numbers that one is

trying to visualize, while the rendering algo-

rithm or the paint is the me
hanism for mak-

ing the data visible. One 
an also imagine

using a paint brush or a 
an of spray paint

instead. With the spray 
an, the user 
an

aim the nozzle at the invisible obje
t and se-

le
tively paint areas of interest by moving the


an around. Thus, the name \spray render-

ing" is a result of our metaphor of providing

users with virtual 
ans of spray paint for ren-



dering their data sets.

The power of this abstra
tion 
an be real-

ized when one 
onsiders additional fun
tions

that these paint parti
les 
an do aside from

sti
king to invisible surfa
es and highlight-

ing those surfa
es with the 
olor of the paint.

Sin
e these parti
les are intelligent, we refer

to them as smart parti
les or sparts for short.

Visualization users who use spray rendering


an pi
ture themselves with an entire shelf

of virtual spray paint 
ans loaded with these

smart parti
les that 
an be applied to their

data sets.

Components of spray rendering

There are two 
omponents of spray rendering:

the spray 
an and the sparts.

The spray 
an is the delivery me
hanism for

getting the sparts into the data set. It is also

a very intuitive metaphor so that most peo-

ple 
an learn how to use it very qui
kly. The

users 
an 
ontrol several parameters of the


an in
luding the 
an position, orientation

and 
ontents. In addition, the user 
an also


hange the spart density (number of sparts re-

leased per dose), the distribution pattern of

sparts and the shape of the 
an nozzle. Aside

from the typi
al 
oni
al nozzle shape, the user

may also spe
ify a square nozzle, a line (rake)

nozzle or a simple needle point nozzle.

The se
ond 
omponent of spray render-

ing is the sparts. Just like ordinary parti-


le systems, sparts keep tra
k of their 
ur-

rent state information 
onsisting of position,

age and traje
tory. In addition, sparts also

update their lo
al set of data points as they

move around the data set. More importantly,

sparts may have an optional set of targets and

behaviors. A wide variety of targets and be-

haviors may be 
ustomized as alluded to in

the previous se
tion. Aside from the visual

behaviors of leaving a graphi
al primitive or a

glyph

[

Ellson-Cox88

℄

indi
ating that the tar-

get was found, a spart may also leave behind

non-visible markers. This type of behavior

may be used for di�erent sparts to 
ommuni-


ate with ea
h other. Yet another property

of sparts is a position update fun
tion whi
h

tells them where to move to in the next time

frame.

Graphi
al user interfa
e

Fig. 1 shows the main graphi
al user inter-

fa
e for spray rendering. The user 
an 
reate

multiple spray 
ans using the upper left panel

buttons. Can parameters are adjusted by the

middle left panel widgets. The main graph-

i
s window shows the user's 
urrent point of

view whi
h 
an be 
ontrolled by �rst sele
ting

the 
amera i
on on the bottom and then us-

ing the mouse to modify the view. The a
tive

spray 
an is similarly manipulated by �rst se-

le
ting the grab 
an i
on on the bottom. To

spray, the user simply sele
ts the spray i
on

on the bottom and uses the mouse to pi
k and

drag the 3D spray 
an. The lower left panel


ontains another graphi
s window. It shows

what the a
tive 
an sees and helps the users

fo
us their spray better. Users may also 
on-

trol the 
an dire
tly in this smaller window.

DESIGN ISSUES

Exe
ution model

In 
oarse grained data 
ow environments su
h

as AVS and Explorer, the modules making up

the network of modules or the visual program


onsume and produ
e blo
ks of data. These

environments are 
oarse grained be
ause the

blo
k size is the same as an instan
e of the

data model

[

Williams et al.92

℄

. A problem

with this approa
h is that when the data sets

are large and the networks are 
ompli
ated

there is a serious growth in memory require-

ments be
ause of data bu�ering and the per-

forman
e su�ers. A �ne grained data 
ow

environment has been proposed to alleviate

this problem

[

Song-Golin93

℄

.

Our approa
h is not data 
ow oriented.

Whereas in the data 
ow paradigm, data

passes through in a stream-oriented fashion

and are operated on by the modules, our fun
-

tional building blo
ks operate on a limited

region of the data set. We make use of the


on
ept of sending multiple intelligent agents

into the data set to look for features and dis-

play them.



Figure 1: Graphi
al user interfa
e for spray rendering.

Dealing with grids

There is no inherent requirement that the

data to be visualized must lie within some

grid system. Sparts have the notion of a lo-


al neighborhood. The range of this neigh-

borhood is user de�nable and the data 
on-

tained in it will 
hange as the spart's posi-

tion 
hanges. The nature of the neighbor-

hood is dependent on the nature of the data.

If the data 
omes with an expli
it or impli
it

grid stru
ture, the neighborhood 
an be de-

�ned in terms of the 
omputational spa
e. If,

on the other hand, the data is unstru
tured,

the neighborhood 
an be de�ned in terms of

Eu
lidean distan
es. Furthermore, for sparse

data sets, a spart may extend its lo
al domain

to a larger region, or it may simply not man-

ifest itself if there is insuÆ
ient lo
al data.

Dealing with data types and formats

The sparts basi
ally look for targets and

exhibit a 
ertain behavior depending on

whether that target is found or not. This im-

plies that the sparts need to know the data

type that they are operating on. They han-

dle di�erent types a

ording to the prin
iple

of polymorphism. For instan
e, if a spart

is to 
al
ulate the maximum of a �eld in

the pro
ess of a target sear
h, it will intelli-

gently 
all the appropriate routine depending

on whether the �eld is a s
alar or a ve
tor

�eld. If on the other hand the spart expe
ts



a s
alar �eld to do an iso-surfa
e extra
tion

and �nds itself in a ve
tor �eld, it will warn

the user a

ordingly. If new data types need

to be handled, the sparts 
an be modi�ed or

new sparts 
an be 
reated to handle them.

Internally, sparts have their own data

stru
tures and data formats. New data for-

mats are handled in one of two ways. One

way, is a separate external program whi
h


onverts the data format into something that

spray rendering 
an handle. This would be

suitable for handling 
ommon data formats

su
h as NetCDF

[

Rew-Davis90

℄

. Alterna-

tively, one 
an extend spray rendering to han-

dle the new data format by adding a new in-

put routine. Eventually, we plan to integrate

spray rendering with a database management

system to take advantage of the more ad-

van
ed data handling 
apabilities.

Dealing with large and dynami
 data

When 
alled to visualize large data sets, it is

often not ne
essary to view the data set in

its entirety. Unless dire
t volume rendering

is 
alled for, most parts of a large data set

are o

luded and are not visible. Even when

the entire data set needs to be viewed, the

limiting fa
tor is often the s
reen resolution

and our limited ability to digest all the details

at on
e. Thus, one 
an often get away with a

lower resolution rendering spe
ially when this

is 
oupled with animation.

Sparts 
an address the issue of intera
tively

handling large data sets in two ways. But

�rst observe that the 
omplexity of spray ren-

dering is dependent on the number of a
tive

sparts and the size of a spart's lo
al neigh-

borhood. If this neighborhood in
ludes a

substantial amount of data, then the perfor-

man
e of spray rendering will be slower. How-

ever, be
ause sparts are not dire
tly depen-

dent on the size of the entire data set, spray

rendering 
an allow the user to investigate

very large data sets intera
tively by the fol-

lowing methods: (a) Sele
tive Fo
us. Adjust

the nozzle of the spray 
an so that it has a

wide area of 
overage. After the initial spray,

sele
tively highlight regions of interest with a

narrower beam of sparts. Note that be
ause

sparts look at their lo
al neighborhood data

points, they do not need to pro
ess the entire

data set. (b) Progressive Re�nement. Adjust

the size of a spart's neighborhood or the size

of the abstra
t visualization obje
ts (AVO)

[

Haber-M
Nabb90

℄

. Having a larger neigh-

borhood to work with the spart may have a

built-in smoothing operator. Alternatively,

it may work on a small lo
al neighborhood

but produ
e a large AVO (e.g. sphere instead

of a point) to represent the target that was

found within that neighborhood. By adjust-

ing these parameters, image quality is traded

o� with intera
tivity.

Dynami
ally 
hanging data sets su
h as

those found in turbulent 
uid 
ow experi-

ments 
an also be handled within the domain

of spray rendering. Time is simply another

parameter that the sparts use when seeking

target features or de
iding their next 
ourse

of a
tion. For example, 
ow paths su
h as

those from streak lines are determined by the

parti
le adve
tion at the 
urrent time. Its

next step is determined by the adve
tion �eld

in the next time frame, and so on.

Ease of use and extensibility

In order to make the system easy to use, we

provide both a graphi
al user interfa
e and a

very intuitive metaphor of spray painting the

data set. The operations of a spray 
an be

learned very qui
kly and the only limitation

is the users' imagination on what a spart 
an

be designed to do.

There are two options to make spray ren-

dering extensible. Either allow the users to

build entire sparts (just as users 
an build en-

tire modules in AVS and Explorer) or allow

users to build sparts from 
omponents. In the

latter 
ase, we take advantage of more graphi-


al user interfa
es and extend our spray paint-

ing metaphor to in
lude mixing pigments on

a palette to get the desired 
olor. There are

two 
lasses of users: those who know exa
tly

what they are looking for in the data set and

those who want to explore their data sets.

For the former, we plan to provide an equa-

tion/relationship parser and for the latter, we

provide a mix-and-mat
h 
apability.



The ability to graphi
ally 
reate new sparts

using mix-and-mat
h is easily a
hievable on
e

it is re
ognized that sparts 
an be broken

down into more elementary 
omponents. A

spart is made up of four basi
 
omponents.

Targets are what the spart is looking for in the

data set and are fun
tions that try to satisfy

a boolean 
ondition. Behaviors are usually

made dependent on the targets and usually

produ
e AVOs that are passed to the ren-

derer. The other two 
omponents are fun
-

tions that determine the new position of the

spart and fun
tions that determine whether a

spart is to die or be spawned. Spart designers


an 
ompose new sparts from su
h fun
tions

to 
reate di�erent visualization te
hniques.

Intelligent queries/targets

Targets 
an be thought of as lo
al feature

extra
tion operators. They 
an be as sim-

ple as determining whether a data value at a

point is within a 
ertain range. Be
ause they

are boolean returning fun
tions, 
omplex fea-

tures 
an be sear
hed for by 
onstru
ting


omplex boolean relationships. Also, a par-

ti
ular target fun
tion 
an be designed to

parse 
omplex mathemati
al expressions that

the user enters intera
tively. For instan
e,

this 
apability 
an be used to in
rementally

derive data from raw data. A ri
h vo
abu-

lary of primitive targets that are interoper-

able 
an lead to a very expressive fa
ility to

de�ne what a spart is to look for. A parti
ular


ombination 
an be saved as a ma
ro so that

it 
an be used as a primitive to fa
ilitate ease

of use. Thus, simple targets 
an be 
ombined

together to form more 
omplex targets.

Arbitrary behaviors

Behaviors 
an be made dependent on the

satisfa
tion of the target 
ondition so that

visual obje
ts are produ
ed where the 
on-

ditions are satis�ed. For instan
e, if one is

looking for an iso-surfa
e, polygons making

up part of the surfa
e will be generated only

if the 
ondition de�ning the surfa
e is satis-

�ed. However, behaviors need not always be

visual. Markers 
an be deposited at those

lo
ations as well. These are non-visual be-

haviors that 
an fa
ilitate 
omplex 
ommuni-


ation between sparts over time. Su
h 
om-

plex behavior 
onstitutes the behavioral ani-

mation aspe
ts of spray rendering and 
ould

be useful for a
hieving interesting visualiza-

tion te
hniques.

The position update 
omponent of a spart


an be deterministi
 or random. It 
an also

be dependent on the data �eld su
h as parti-


le adve
tion in 
ow �elds or gradient des
ent

in s
alar �elds. The users may 
hoose to de-

�ne some other position update fun
tion as

well. The same thing is true of death fun
-

tions whi
h determine when the spart is to

die. Examples in
lude a �xed number of time

steps, going out of the data boundary, �nd-

ing the target, et
. Even a small 
olle
tion

of these fun
tions enri
hes the expressiveness

of the system in a
hieving novel visualization

te
hniques.

En
apsulating other algorithms

Spray rendering 
an take advantage of ef-

forts elsewhere by en
apsulating other algo-

rithms within its framework. This is a
hieved

by \lo
alizing" the algorithm so that it is now

viewed from the perspe
tive of a spart. This

pro
ess is not unlike the exer
ise taken in


onverting sequential programs to data par-

allel programs. For instan
e, in the mar
h-

ing 
ubes algorithm for iso-surfa
es, all the


ells in the volume are visited to determine

the presen
e and orientation of a surfa
e. To

lo
alize this algorithm, we pretend that the

spart is traveling through the volume and

therefore must do the same surfa
e test for

ea
h 
ell in its path. Note that the lo
alized

version does not require all the 
ells of the

volumes to be visited. Therefore there is a

distin
t possibility of holes in the resulting

surfa
e. This is examined more 
losely in the

next se
tion.

As des
ribed above, one 
an see that spray

rendering 
an be easily extended. As new

data types need to be in
orporated or new

targets or behaviors need to be implemented,

new sparts 
an be programmed to handle

them. Sparts o�er a modular and extensi-

ble me
hanism for adapting to the 
hanging

needs of the user.



ANATOMY OF A SPART

This se
tion will analyze the di�erent 
om-

ponents of a simple spart. We also show how

small variations in the spart's de�nition 
an

lead to quite di�erent visualization e�e
ts.

As an illustration, we examine the iso-

surfa
e sparts. These sparts have the same

obje
tives as the mar
hing 
ubes algorithm

but have a di�erent sear
h path. Here, ea
h

spart is sampling the data volume de�ned by

its path from the 
an to the �rst target sur-

fa
e it �nds. The iso-surfa
e spart 
onsists of

the following four 
omponents:

Target:

IsoThresh[Data℄ (SurfFound) (Tag)

Behavior:

IsoSurf [Data℄ [SurfFound℄ [Tag℄

Position update:

RegStep [Data℄

Death:

OutOfVol [Data℄

In the 
omposition above, inputs are in-

di
ated by square bra
kets and outputs by

parentheses. All the 
omponents take the

data set named Data as input. The target

fun
tion IsoThresh determines whether the


urrent 
ell 
ontains a surfa
e, spe
i�ed as a

threshold level by the user, and outputs the

boolean SurfFound. The en
oded tag for the

lookup table is also output. These outputs

are re
eived as input by the IsoSurf behav-

ior 
omponent. Whenever the SurfFound 
ag

returns true, this fun
tion outputs the sur-

fa
e polygons using the tag and lookup ta-

ble. The RegStep fun
tion takes regular steps

along the initial dire
tion of the spart. The

step size is governed by a parameter. The

OutOfVol death fun
tion kills the spart if its

position falls outside the bounding box of the

data set.

This parti
ular 
omposition will allow the

sparts to �nd all the relevant iso-surfa
es

along its path within the data volume. A

small variation in the death fun
tion will al-

low the spart to �nd only the front fa
ing

surfa
es with respe
t to the sparts. This


an be a
hieved by introdu
ing a 
ompound

death fun
tion des
ribed by OutOfVol[Data℄

or [SurfFound℄. Also noti
e that a similar

small 
hange to the position update fun
tion

will allow traversal of all adja
ent 
ells along

the path as opposed to �xed step sizes along

the path. This 
an be a
hieved by repla
ing

the RegStep fun
tion with NextCell fun
-

tion.

It is quite easy to obtain a di�erent vi-

sual e�e
t from the same data set. Sup-

pose the user wishes to paint the surfa
e


olors a

ording to the steepness of the

neighboring region. The IsoSurf fun
tion

may simply be repla
ed with another fun
-

tion, say GradientSurf[Data℄[SurfFound℄,

whi
h 
al
ulates the steepness of the surfa
e

around the 
ell and paints the surfa
e as a

fun
tion of steepness. The rest of the spart


omposition would still be the same. Yet, the

visual e�e
ts 
an be quite di�erent.

Be
ause of the dis
rete sampling nature

of these parti
les, surfa
es will be generated

only on the 
ells that have been hit. In this


ase, the user 
annot be sure whether the

absen
e of the surfa
e in an area is due to

undersampling or there is in fa
t no surfa
e

present. This is not parti
ularly a problem

sin
e the users 
an 
hoose to 
ood the data

with sparts to ensure that all the 
ells are

traversed. Alternatively, users 
an also mod-

ify the behavioral 
omponent su
h that aside

from IsoSurf, it will also spawn o� a new iso-

spart in the vi
inity of a previously dis
overed

surfa
e.

SAMPLE SPARTS

Here are some 
ommon and not so 
ommon

sparts that one 
an easily identify with exist-

ing visualization te
hniques.

Surfa
e seeking sparts

These sparts look for surfa
es in the data set.

The determination of what 
onstitutes a sur-

fa
e is made lo
ally by the spart. So, it 
an

�nd more general surfa
es than those present

in the standard polygonal world. For exam-

ple, a surfa
e may be represented as a bilin-

ear pat
h by a spart's four nearest points. Or

a surfa
e may be deemed to exist based on



the density of the data points in the spart's

neighborhood. The behavior of the spart is

not limited to highlighting the entire surfa
e

that it hits. It may simply display the in-

terse
tion point. Alternatively, the spart 
an

blot part of the surfa
e with a paint spot, or

it may just boun
e o� the surfa
e in sear
h of

other surfa
es.

Figure 2: Two iso-surfa
es of a syntheti
 vol-

ume where densities falls o� uniformly away

from the 
enter. Outer iso-surfa
e shows par-

tially �lled in e�e
t.

Volume penetrating sparts

These sparts may not have spe
i�
 targets.

They may a
t like high energy parti
les bom-

barding the data sets. The visual e�e
ts of

passing these sparts through the data set de-

pend on their behavioral des
ription. Sin
e

the dire
tion of the spart's path does not have

to 
oin
ide with the viewer's gaze, one 
an

generate view dependent e�e
ts whi
h high-

lights the internal stru
ture of the data. The

dust sparts in Fig. 3 simply 
olor their posi-

tions a

ording to the data values that they

en
ounter.

Flow tra
king sparts

Flow tra
king sparts are ideal for visualizing

ve
tor �elds. These sparts typi
ally do not

have spe
i�
 targets and usually do not have

Figure 3: Dust parti
les in syntheti
 volume.

Bounding box and spray 
an are visible.

an initial velo
ity or traje
tory. Instead, they

are introdu
ed into ve
tor �elds where they

are in
uen
ed and 
arried around by the sur-

rounding neighboring for
es. The phenomena

of interest are usually the 
ow patterns rather

than surfa
es. Therefore, these sparts man-

ifest themselves by leaving a tra
e of their

path as they advan
e from one state to an-

other. Flow tra
king sparts may work in

pairs or groups so as to form 
ow ribbons and

rakes respe
tively. Di�erent integration rou-

tines may be plugged in for 
al
ulating parti-


le adve
tion. Finally, these sparts may also

be modi�ed to do streak lines in time depen-

dent 
ows.

Meta-sparts

Meta-sparts are slightly di�erent when 
om-

pared to the previous sparts be
ause their

targets are not based on the original data

set. Instead, meta-sparts seek out markers

left behind by other sparts. An example of a

meta-spart is a garbage 
olle
ting spart that

simply removes the visual 
ues from the ren-

dered image. Typi
al uses for su
h a spart in-


lude editing, 
leaning the rendered s
ene and

redu
ing the overall s
ene 
omplexity. With

meta-sparts, one 
an also 
reate sparts that

produ
e se
ondary e�e
ts by 
ombining re-

sults of previous sparts. It is important to



Figure 4: Stream lines in a simulated wind

ve
tor �eld.

note that the original data set is left un-

tou
hed by this and all other types of sparts.

SUMMARY

Spray rendering provides a framework for ap-

plying diverse visualization te
hniques in a

uni�ed manner. It is born out of a need

for s
ientists to be able to visualize and ex-

plore large data sets with widely varying data

stru
tures without learning several di�erent

pa
kages. Be
ause of the properties of sparts,

novel visualization e�e
ts 
an be easily de-

signed and tested. The interfa
e for laun
h-

ing sparts appears intuitive and en
ourages

users to intera
tively explore their data sets.

We have shown that spray rendering has

great potentials and is also pra
ti
al. Pra
-

ti
ality 
omes about by providing user ad-

justable parameters to trade-o� intera
tivity

against image quality. We are 
urrently ex-

panding spray rendering to in
lude the mix-

and-mat
h 
apability, 3D VR interfa
e and

also to a multi-media 
ollaborative visualiza-

tion system.
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