HERAUSTTAUUWS

-1‘ hadows in a three-dimensiona

':) SCENE AfE a pow erful cue bo
understanding thi -"'.||'-.' af an
object and its relation to other abjpects in
the scene. Historically, shadow creation

technique has been | lml'-'-i as shadows

could onlv be cast onto a single fla

face, and objects could not sha
themselves, With some clever use of the
stenicil I,'.I;u":_-- and the z-buffer on
[RISV0X g
ble to generabe cormect shadows, cast on

l-ﬁ-
any '|.||'|'|"'-|I.II'|-\.1-"1|. objects, and do
it in real-time for .'.'u..:'. comples T

A |'|'.:.'."|'-.'r of techniques have been
devised for calculating and displaving

shadows, ray-tracing being only one of

them. The method wie are using here 1s
called "shadow volumes,” FIrst pro
Ell"'-\q'l_'l by Frank Crow in 19771, it works

like this: Consider a triangle lst by a
single poant Ight sournce Figure 1la), The

volume of space behind the triangle in

the shape of a truncated pyramid
extending off to infinity 15 in shadosw

(Figure 1b). If you place a surface behind
the triangle (Figure 1ch, the part that lies
in that I |

caleulate the value of that part
rface, consider just the polvpona

faces which boaamd £

For the sh

1a

angle, there are thr
as if they were a semi-transparent shell
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In the VGX implementation of the
algorithm, we let the stencil planes do
the counting, The stencil :.'l.!."l."*- Are
additional |.'~|:p'|.'.|'|-.'.- on the YGX which
can be wsed to it .1r.'|1.-.'1'l!'. koy certain
areaz of the screen on a pixel-by-pixel
basis. Like the z-buffer, the stencil plane
values are set at all the _'.1|'n.-:'|=\. covered
when a line or polygon is drawn to the
sereen. Aldso like the z-buffer. a test can
be done on the stenci] value at each |'l.~.|.'|
— greater tham, less than, equal to some
value, and so on to diecide whether
that piwel gets drawn. Buk unlike the
#-buffer, the stencil plane values can be
made to increment or decrement at each
hat

wor Nt

pixel covered by a line or polygon.
feature lets us do the counting
tor make this method successful.

First, we draw the entire scene from
the viewers perspective to provide
Then,
after clearing the stemcil planes bo zero,
we draw the faces of the shadow val-

propsT values into the z-bs

ume as polygons, using the “increment™
stencll operation on faces which are
going into shadow, and “decrement”™ on
faces going out. We do a z-buifer com
parison whien |_!!'|Il.l.il'|:_! thiese taces to
correctly calculate where objects in the
seene hit the shadow wvolumes, but we
do ek -.;51.:1|'|::|' thie values .I|.'|'.'||.E:\. in tha
z-buffer or do any new drawing into the
color planes

If we drasy the objects in our scene
the first Hme with just the emitted and
ambient components of their surface
material those |.i|II1|.=i|II'.'I'I|."'\- Lhal
weould be visible im shadow then all
that remains is to draw the entire soene
again, adding the diffuse and specular
material components at those pixels
which are mot in shadow, We can con-
sirain our drawing to those areas by
setting a stencil condition to sucoeed
only at :_'-i'-.«.'Ia whire the stencil |l!.|||-."~
have a zero value that is, where we
have gome out of shadow as many times
as we have gone inbo fthe shadonw:,
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If you now repeat the process of
clearing the stencll planes — drawing
shadow volume faces and adding high-
light material components with a light
spurce of a different color in a different
position — you can build up the comect
resull for a4 scene containing any
number of lights (Figures 4a, 4b, 4c, 4d,
Syt

Mow that we have explained the
basles of the idea, lets expliore Some
more detabls abowt the technigue:

My s i orlculate M pertioes af Hu
w5 bounding e shadow volumes? To
accomplish this, for every polygon edge
in ewvery object casting shadows, you
nitisd B0 project a line from the light
source through the vertices on elther
crd of the edge for some arbitrary dis-
fance to come up with two mose ver-
tices, which complete the quadrilateral
face of a shadow volurme, Although the
volumes should actually extend o
infinity, initially we need to pick a
length which will extend through every
object potentially in shadow, but stll
lets us draw the resulting quadrilageral.

Herie dlo W determime whether 0 shadow
o face i geing irde shador or going
aet? To manage this, it is imporkant ko
pay clse attenton to how ]'h.'\']:..'l_l'|_'||'|:1 ane
drawn., Assume all ]'\-nl:.'mmg of the
objects in your sceme are drawn in a
counter clockwise direction, so each
|1||'I:|.';.1|.:-r'. normal lj?'-.'*_:-_l faces oulbward
from the object {Figure 2k When a poly-
igom is facing the light source, U the
shadow volume face obtained by pro-
jecting an edge is drawn in the direction
oppasite that of the divectbon of the orig-
inal edge, the normsal of that face (M)
will point cutward from the shados
vialume. When the scene B viewed from
the eye’s position, front-facing poly-

ons will be poing indo shadoma, and
back-tacing polygons will be gpoding ot
of the shadow, When the criginal poly
gon is tacing avay from the light source,
thew direchions ane reversed,

Although the shadow wvolumes
misthad works if we progect every qin‘!l,h:-
ed e of CVETY |'I|I|!|'j:l.:ll'. in the sceme, all
Wi rr.ll'.:.-':nw'd to da s conisider the faoes
fonr s l'l_1.' |1:rn;1'rlin:,'_ thie silhiouette
el e of an object. A -iihnur~|1r-|_15|_r||_' can
be defined as an edge bounding only
one |:l||l'.'_|';-::-|'.. o an u.Eﬁ:* chared l‘-!.' e
F:.r]:.'p;l'-n'\.. o of which is facing toward
the Ii_p;hl and the other f.h_'in:.: away
(Fignare 3).

U the current VGX hardware, stencil
values are clam |'-|'|1 Froem O boe 255, IF we
draw a going-out-of-shadow face belone
the corresponding going-into-shadow
face, wie could hit the lower lmit. To
avoid this, either draw all going-into-
shadow faces first, or lake the simples
approach of using some positive
nrmvber, such as 128, as the “'zero® sbencil
value, This allows shadow faces to be
drawn im any order with some range for
the count to go high or low.

Figure & was created from thirty-two
separale images in only a few seconds
on the WGX hardware. By drawing a
shadowed scene several times, each
time movimg the light source a small
amownt and accurmulating the images in
the soft shadows, we achieve accurate
soft shadows. The technigue described
15 just & starting point for a wide variety
ob applications.
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