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A topic of major interest in spe-
leology is the morphology of spe-
leothems. However, the chemical
and physical processes that occur
to form speleothems in nature are
quite complex. Speleothem growth
can be modeled computationally
with the input of various param-
eters. One could easily explore the
vast variety of potential shapes that
may arise from different conditions
in a cave.

Our research aims toward the
goal of computationally modeling
the morphology of speleothems.
We have investigated two models for
generating stalactite geometries,
and rendered these geometries as
realistic images.

The first of these is a rigorous
model based on the thermody-
namic and kinetic theory of calcite
deposition. It first generates the
shape of a calcite straw, based on
a linear approximation of the rate
of deposition. It then blocks the
straw and builds up the sides and
tip of the stalactite.

The second model is a stochas-
tic particle-based approach from
computer graphics. This model
starts off with a cylinder, represent-
ing the straw speleothem, which is
made up of calcite particles joined
together by edges in the geometry.
Water particles are generated at
the top of the straw and allowed to
flow along edges between calcite
particles. Deposition occurs on
every calcite particle visited by a
water particle, according to the
length of time the water particle is
present there.

The water particles accelerate
down the sides of the stalactite until
they reach the tip, where they are
removed, causing new water parti-
cles to be created back at the top
of the stalactite.

Computational methods

for synthesizing images of stalactites
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Introduction

Thare are Wya appraches la modaling
spebsathems: the flrel b based an Lhe
thermodymamic & thalk thaades af cakle
depashlan. The secand user campuer
gaphts h a sochaulb padkle mvad way.
Our mux@mech locuses an camblnhg thase
appoaches o praduse 3n adeqale ganeal
campuatlanal madel farspekahems (phie
1). 8 prese .. we are made lhg Yabalkes 1o
randarihem T realkik lmages.

Chemical Model
Deybrad, (1939 and Xadmann (2000)
hzve produced geachembml modek far
wabgymles. Our madel uses Lhe same
camanae geochemkir far vabales. The
vabola b ganeraied Inwa wages: (el as
a aw. falbwed by grawth o ks walk and
Up. Straw grawth Bads whh a drap an Lhe
cave eelihg wih cakhe depazhian occuring
agund Iy choumlgrence. The mle o
gmw.h o the daw kb wed o ablah Lhe
waw kengh aver a fked number af yaar,
Whanthe daw b blacted. the simubilan o
vabdle growth dads fram Lhe lap o Lhe
saw and canllnues down ks sHav. Ta da
this Lhe salclle paflk k braten Ina a
numbard sagmans.

The Uma fara ghen walume o walar la Mbw
awer @ach wagmen b cakubled lagainer
whh magnlude o cakle depaslbn nat
accurs narmal La the e dabcle sudace.
The cakhe depkied saluthn accumubles
azadrapal thallp. The walerflim thicknass
bk cakubled far 3 sarks o palns araund
tha Up. anda e camian, kaka akubled
fara@ch paln. The drap 2 the Up b albwed
a buld up ualll | 2acher a cdbal valume
(Or and Ghezzehel. 2000) and falk. This
dmubtlan canllnugs far 3 wer doflned
numberal years, Fler which the 2.0 prd ke
can be dhplyed. The 30 sabale b
paduced fram Lhks paflik hihe mannerd a
bBihe. Phle 2 shows how the madeled
dabole evakes auariime.

‘a-malld mericuBh osydeduan

Stalactites generated by both

Computer Graphics Mode
Bab and Caarg  |manucrip]
dewabpad a gmphk model thal b bavaly
basad an the canceps o walerfbw and
kbl depazlbn. K dozs mal Sempt ta
accudlely model the ale af grawh o Lhe
sabdle. Imicad. | cancedrales an
paduchg 3 rablk hatlng plktus. )
simubies 2 3.0 mdkk weiem made up o
akble mikbks. presenling the dabdle
hzel. and waler mikks. whkh depasl
cakble. The cakle parkke are jalned by
edges. ey dafhing ine aweal sald
geamelry o the sabstle.

The Inkkl siraw far aur madel can be
avalned ekner by 3 chambal appoacn. ar
deflned akark. The sabcke simubtlan
Hady by Introducing waler mdklkes anto
randamhy delemined cable mitlkes A i
lap o the saw. These waler miklkes Mbw
fram ang cakle padkck ta the naxl. Yadlng
ala ghan speed and accekeraling dawn Lhe
dabale. Fram amy cable patkk. ihe
agd mdkk la which the waler fllaws b
datemined pombliblall. The path o Lhe
waler bk ddflned by gavly. O the ballam of
the siabctle Lhe waler parlclke kb remaved
fram ihe simubtlan. Then | b recreaied 2
the lap on a @ndamly sekded cakle
pankk.

Depazhian narmalla the dabsoile suface
accurs an any ke mibtk wikh b
whhled by awaler mrdkk. padurbad slightly
accarding a3 ghen randamness
pamamater. The amaur af depazhlan k
based an acamiant user deflned depashian
. latlng Ihaaccaunt the Ume each waler
paikk k presen 3l @ padkulr cakle
padick. The deparblan b modekd by
madlng the cakle padkchk In the cakublad
dhacdibn bya glen amaun..

In ardar la reduce sharp patrashans arking
fram the dhcmie depashhns. & Gausshn
fundibn msed an the dblance o <ach
nalghbaur fram the maln cable mdkk b
uzad la dae ming the amaunt af depaslbn,
Hed . adaphe eflnemental Lhe geamelry bk
pedarmad. Whananodge becames hanger
than a ghean kengih. b B splk Ina Lo adges
jolnad by 3 cable mikk. P Jzhows a
dYabale produced by aur campuer
gaphts madkl,

haee

Texturing and Rendering

Ralkb lmagesal dabcaleraw atlalned by
glklng them calur and t@uure (Pl 4). &
cabur b 3ekded fram phdlogmphs. Lhan
bump-mapplng kE wmed Lo  produce
Impedacilans an the sabdle suface. Than
the ry lacer POV.Ray ks usad far Lhe flml
Habole leved Images |POV-Ray].

Future Directions

The chambal modelgheez ine gowth ale o 2
sabdle under speclk ghen enlaamenal
candlbm. Randam aspacts af Lhe campuer
gaphts model produce 2 =alkik mage whh
suface Impedecilan:. L bk proposed o
poduce 3 hybrld madzl by camblnhg tha v
modets. Farihe hybrld. 2 mare saphklbeaied.
genemllzad. waler flaw madel wil be wed,
Teulurlng kb was anky beeflly euplamd In thks
wart and requkes fuiher ms@meh. L b
popisad Lo wel the spebahems 1o ghe
them 3 way appeaance and helr calauring
wil b2 tkd 1o Lace maerhb prazed lnihe
cable.
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models were rendered as images
with realistic texturing and lighting
in a ray-tracer. Although the first
model provided a more chemically
accurate approach to generating
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geometry for a stalactite, the im-
ages produced by the second model
appeared much more realistic. We
aim towards a hybrid of these two
approaches that may result in more
realistic images.
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