
The surfaces w
e w

ant to visualize are
d

efined
 as iso-value contours of a field

function 

The function S
F

is the sup
erp

osition of
local,  m

onotonic d
ecreasing

 kernel func-
tions K

(x,x
i ) w

hich are d
efined

 at a finite
num

b
er of nod

es x
i . Iterative techniq

ues
m

ust b
e em

p
loyed

 for the intersection
test, in contrast to p

revious G
PU

 b
ased

ray casting
 eng

ines w
here closed

 form
solutions w

ere availab
le. W

e use N
ew

ton
Iteration for the ray ob

ject intersection
test 

b
ecause 

of 
its 

q
uad

ratic 
conver-

g
ence and

 alg
orithm

ic sim
p

licity. 
M

od
ern G

PU
s are d

esig
ned

 to efficiently
d

isp
lay 

triang
le-b

ased
 

g
eom

etry 
using

rasterization. This m
akes it necessary to

m
ap

 the ray casting
 alg

orithm
 onto the

p
ip

eline stag
es of current g

rap
hics hard

-

w
are (Fig

ure 3). It is w
ell know

n that each
eye ray is used

 to com
p

ute the color for
o

ne 
screen 

p
ixel. 

Therefo
re, 

the 
ray

ob
ject intersection test can b

e com
p

uted
in the frag

m
ent  shad

er. This is efficient
b

ecause
• the frag

m
ent p

rocessor is currently the
unit w

ith the m
ost p

rocessing
 p

ow
er,

• the ind
ep

end
ence of the intersection

tests allow
s us to exp

loit the p
arallelism

of the frag
m

ent p
rocessor,

• the ray setup
 can b

e p
erform

ed
 in the

rasterization unit b
y m

ap
p

ing
 ray d

irec-
tions to texture coord

inates. 
Sim

ilar 
to

 
m

any 
G

PG
PU

 
alg

o
rithm

s,
p

olyg
onal g

eom
etry has to b

e rend
ered

to invoke the com
p

utations. Rend
ering

 a
screen sized

 q
uad

 and
 intersecting

 every
ob

ject 
w

ith 
every 

ray 
is 

inefficient, 
as

m
ost ob

jects cover only a sm
all p

ortion
of 

the 
screen. 

 
Therefore 

w
e 

rend
er

p
olyg

onal 
convex 

hulls 
for 

the 
scene

entities. For each ob
ject this g

enerates a
tig

ht b
ut com

p
lete set of cand

id
ate rays

w
hich are likely to intersect the ob

ject. 
For g

eneral nod
e-b

ased
 im

p
licit surfaces

it is non-trivial to com
p

ute a convex hull.
Eq

uation 1 can only b
e com

p
uted

 effi-
ciently for certain ap

p
lications such as

p
hysical sim

ulations w
here a p

roxim
ity

constraint on the nod
es exists. W

e there-
fore p

rop
ose a m

od
ified

 field
 function 

for w
hich the surface is b

ound
 b

y the
sup

erp
osition of the convex hulls of the

local field
 functions (Fig

ure 1).

D
ep

end
ing

 on the surface, often m
ore

than 100 nod
es have to b

e taken into
account w

hen evaluating
 a surface p

oint.
This is very exp

ensive and
, d

ue to hard
-

w
are 

lim
itations, 

im
p

ossib
le 

to 
im

p
le-

m
ent 

o
n 

current 
g

rap
hics 

hard
w

are.
H

ow
ever, om

itting
 m

any sum
m

and
s m

ay
lead

 to non-sm
ooth surfaces. W

e there-
fore sum

 up
 only the K

larg
est term

s and
ap

p
ro

xim
ate 

the 
co

ntrib
utio

n 
o

f 
the

rem
aining

 
nod

es 
b

y 
an 

am
b

ient 
field

.
This field

 is p
recom

p
uted

 on the C
PU

and
 stored

 in a volum
e texture. The res-

olution of the texture can b
e used

 to
trad

e p
erform

ance for q
uality. The im

p
le-

m
entation of the N

ew
ton Iteration and

the g
eneration of the initial g

uesses fol-
low

 those p
rop

osed
 in [1]

Raster U
nit

N
od

e-b
ased

 im
p

licit surfaces are a p
op

-
ular surface rep

resentation for m
od

eling
and

 
anim

ation, 
esp

ecially 
for 

org
anic

shap
es and

 natural p
henom

ena. In this
p

oster w
e p

resent a novel G
PU

-b
ased

 ray
casting

 eng
ine for the d

irect and
 efficient

visualization of these surfaces. B
ecause

our 
ap

p
roach 

is 
b

ased
 

on 
ray 

ob
ject

intersection tests, no interm
ed

iate sur-
face 

rep
resentation 

is 
necessary. 

This
red

uces 
the 

m
em

ory 
req

uirem
ents 

on
the G

PU
 and

 the com
p

utational costs on
the C

PU
. A

d
d

itionally, ray casting
 also

has the ad
vantag

e that the results are

g
uaranteed

 
to 

b
e 

p
ixel-accurate. 

For
sm

all to m
ed

ium
-sized

 scenes our tech-
niq

ue p
rovid

es real tim
e fram

e rates. For
scenes 

w
ith 

m
any 

nearb
y 

no
d

es 
w

e
ap

p
roxim

ate the contrib
ution of m

ost of
the nod

es b
y an am

b
ient field

. This p
ro-

vid
es interactive fram

e rates and
 sm

ooth

surfaces even for com
p

lex scenes. W
e

d
em

o
nstrate 

the 
ap

p
licab

ility 
o

f 
o

ur
m

ethod
 b

y visualizing
 a Lag

rang
ian fluid

sim
ulation, a p

rob
lem

 for w
hich existing

techniq
ues are m

ore com
p

lex and
 d

o not
p

rovid
e our p

ixel-accurate results.

To d
em

onstrate the ap
p

licab
ility of our

ray casting
 eng

ine w
e em

p
loy it to visual-

ize a Lag
rang

ian fluid
 sim

ulation, sim
ilar

to the one p
rop

osed
 b

y M
üller et al. [2].

This is a p
articularly attractive exam

p
le

b
ecause 

Lag
rang

ian 
sim

ulatio
ns 

are
nod

e-b
ased

 
and

 
lend

 
naturally 

to 
an

im
p

licit surface. For scenes w
ith a lim

ited
num

b
er of nod

es w
here no am

b
ient field

is need
ed

, w
e achieve real-tim

e fram
e

rates (Fig
ure 4), for m

ore com
p

lex scenes
w

here 
the 

am
b

ient 
field

 
is 

used
 

w
e

achieve
interactive

fram
e

rates (Fig
ure 2).

C
urrently, the tw

o m
ain lim

itations are
• the use of the am

b
ient field

 w
hich has

to b
e com

p
uted

 on the C
PU

 and
 w

hich is
only an ap

p
roxim

ation,
• the not p

erfect converg
ence of the

N
ew

ton Iteration.
W

e b
elieve that the next g

eneration of

g
rap

hics hard
w

are w
ill p

rovid
e the fea-

ture set and
 com

p
ute p

ow
er to d

iscard
the 

am
b

ient 
field

 
and

 
sig

nificantly
im

p
rove the p

erform
ance. 

A
void

ing
 p

ixel artifacts caused
 b

y failing
intersection tests w

ill b
e one of the m

ain
ob

jectives of our future w
ork; im

p
roving

the 
initial 

g
uesses 

fo
r 

the 
N

ew
to

n
Iteration is one p

ossib
ility; an alternative

is 
to 

em
p

loy 
root 

find
ing

 
alg

orithm
s

w
hich 

are 
g

uaranteed
 

to
 

co
nverg

e.
A

nother 
avenue 

for 
future 

w
ork 

is 
to

exp
lore other ap

p
lications for our alg

o-
rithm

, 
such 

as 
m

o
d

eling
 

system
s 

o
r

b
lend

ing
 p

olyg
ons w

ith im
p

licit surfaces
[3]. 

W
e 

also
 

p
lan 

to
 

im
p

lem
ent 

the
Lag

rang
ian 

sim
ulation 

on 
the 

G
PU

 
so

that p
hysical sim

ulation and
 visualization

run on the G
PU

.

G
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