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Abstract

This paper presents a new shadow testing acceleration scheme for ray tracing called Hybrid
Shadow Testing (HST) based on a conditional switching between the conventinal shadow testing
method and Crow’s shadow volume method, where the shadow polygons as well as the object
polygons are registered onto the corresponding cells under the 3-D space subdivision environment.
Despite the preprocessing time for the generation and registration of the shadow polygons, the total
shadow testing time of the proposed algorithm, HST was approximately 50% of that of the
conventional shadow testing method for several examples while the total ray tracing time was
typically reduced by 30% from the conventional approach, This is due to the selective use of the
shadow volume method with a compromise between the maximal utilisation of shadow’s spatial
coherency and minimising the computational overhead for checking ray intersections with the
shadow polygons. A parameter, Nth denoting the critical number of shadow polygons between
successive reflection points was used as a guideline for switching the shadow testing scheme between
the conventional method and shadow volume method. A method for calculating Nth from such
statistical data as the number of object polygons, average polygon size, average peripheral length of
the polygons was proposed, resulting in good agreement with the experimental results.
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The explanation of the conventionel shadow testing method and shadow volume method.

(a) In conventional shadow testing scheme, shadow ray (SR1 and SR2) is traced

toward each light source.

SR1 meets an object at P so that reflection point

RP1 is in shadow. while SR2 reaches the light source without hitting any
objects along the way so that RP2 is not in shadow.

Shadow calculation scheme based on the shadow volume in the same circumstance,

Because Rayl pierces a front-facing shadow polygon and meets a reflection

point RP1,

the depth count (DC) at RP1lis 1 so that RP1 is in shadow,

while Ray2 additionally intersects a back-facing shadow polygon so that the DC at
RP2 is decremented to 0. Reflection point RP2 is not in shadow.
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Ns denotes the total number of shadow
polygons registered onto the cells pierced
by the ray segment between P, and P,
and N, denotes the total number of object
polygon registered onto the cells pierced
by the shadow ray shot from P, toward
the light source.
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For each light source
if (N, equals 0) /* Shadow bucket is empty. */
( Null action) ;
else if(L-N<0) {/*L-N<0 means self -shadow.”/
shadow _condition—1;/* Shadow _condition of 1
or 0 denotes that that
the reflection point is in
shadow or not,
respectively. . */
shadow _depth_flag—0;/* Shadow _depth.flag is 1
when the shadow depth
count is valid and 0
} otherwise. */
else if(Ns <=N,, and( shadow _condition equals 0 or
shadow_depth_flag equals 1)) {
shadow _condition = shadow _volume_test( ) ;
shadow _depth_flag=1;

else {
shadow _condition—conventional_shadow_test( );
shadow _depth._flag=0;
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Table 1. Experimental values(in msec) for the

machine-dependent parameters,
CS, Cl, Cc and Co.

Cs C Ce Co

Items

(407)

Time 2.00 2.54 0.23 1.88
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the five fest images.

a) ‘Glasses’ (44¥

)
)
) Image
) Image
) Image
) Image

37H)

‘Desk’ (%< 374)
‘Stars’ (F 574)
‘KAIST (%4 470

‘Glasses’ (three ligut sources),

‘Desk’ (three light sources),
‘Stars’ (five light sources),
‘KAIST’ (four light sources),

244 shebulee] 23

Table 2. Experimental values for various statistical parameters for each of

PaIrnmeters Auver Laver Nor Not Ne a p Nin
mages
Glasses 1. 435 3.479 0.229 3781 74X 3267 0.115 0.276 7.042
Desk 2. 702 6. 656 0.332 523 39x22x32 0. 166 0.430 4.546
Stars 7.285 | 12.316 0.734 113 22X 14x19 0. 367 0.703 2.924
KAIST 17.704 | 15.868 0.590 981 45X 17x 69 0.295 0.844 2.657
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Shadow testing times by the HST scheme for various switching threshold values (Ny,),

compared with those of the conventional and shadow volume approaches for four
example images. N&,c denotes the calculated optimal value of Nw, and Nim
denotes the measured optimal value of Niw. (a) ‘Glasses’, (b) ‘Desk’, (¢} ‘Stars’,
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Table 3. The absolute numbers of the occurrences of each of the four
subschemes in the proposed hybrid shadow testing scheme for five

test images.

s [ st | gEbe, | oot | e | e
Glasses 109266 (47%) 19050(8%) 79971(34%) 24279(11%) 232566 (100% )
Desk 306847 (39%) 108861(14%) 169977 (23%) 201782(24%) 787467 (100%)
Stars 259048 (30%) 55152( 6 %) 346139 (40%) 207746 (24%) 868085 (100%)
KAIST 204471(21%) 107532(11%) 208535 (21%) 472442 (47%) 992980 (100%)

B 4. 233 CPUAIZH(AE3E 714l SUN 3/75, 417k Exigz velye)

Table 4., A comparison of the CPU times on SUN 3/75(in minutes) among
three shadow testing methods for (a) “Glasses”, (b) “Desk”, (c)
“Stars”,and (d) “KAIST”, respectively.

thti:)nses Preprocessings Shadow testing Others Total
Conventional 2.00(1%) 94.47(55%) 75.78(44%) 172.25(100%)
Shadow volume 6.50(5%) 48.82(37%) 75.78(58%) 131. 10(100%)
HST (Nin=9) 6.50(5%) 37.99(32%) 75.78(63%) 120. 27 (100%)
(a)
Sf}::rises Preprocessings Shadow testing Others Total
Conventional 0.42(0%) 170. 83(52%) 158.00(48%) 329.25(100%)
Shadow volume 1.42(0%) 174.37(52%) 158.00(48%) 333.79(100%)
HST (Ny,=4) 1.42( 1 %) 79.52(33%) 158. 00 (66%) 238.94 (100%)
(b)
Steps Preprocessings Shadow testing Others Total
Schemes
Conventional 0.08(0%) 147.55(61%) 94.00(39%) 241.63(100%)
Shadow volume 0.52(0%) 199.58(68%) 94.00(32%) 294.10(100%)
HST (Nuyw=4) 0.52(0%) 92.13(50%) 9f1 00(50%) 186. 65(100%)
(¢)
g;?;?nes Preprocessings Shadow testing Others Total
Conventional 0.67(0%) 335.35(71%) 135. 60(29%) 471.62(100%)
Shadow volume 3.63(1%) 321.10(70%) 135.60(29%) 460. 33(100%)
HST (Ny=5) 3.63(1%) 252.05(64%) 135. 60(35%) 391. 28(100%)
(d)
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