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Parallel Volume Intersection Based on Plane-to-Plane Projection

XI1AOJUN WU,t TOSHIKAZU WADA,* SHOGO TOKAT
and TAKASHI MATSUYAMAST

Silhouette volume intersection is one of the most popular methods for reconstructing the
3D volume of an object from multi-viewpoint silhouette images. This paper presents a novel
parallel volume intersection method based on plane-to-plane projection for real-time 3D vol-
ume reconstruction using active cameras. This paper mainly focuses on the acceleration of
back-projection from silhouette images to 3D space without using any sophisticated software
technique, such as octree volume representation, or look-up table based projection accelera-
tion. Also this paper presents a parallel intersection method of projected silhouette images.
From the preliminary experimental results we estimate near frame-rate volume reconstruction
for a life-sized mannequin can be achieved at 3 cm spatial resolution on our PC cluster system.
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Fig.1 Silhouette volume intersection.
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Fig.2 Computation schemes for volume reconstruction.
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foreach v € {voxel} begin
v :=" occupied’
foreach ¢ € {camera} begin
project v to image plane of ¢

if projected point isn’t in the silhouette

then
v :="empty’
goto ENDINNERLOOP
endif
end
ENDINNERLOQOP:
end

03 sSsCMOOOOOOOOO
Fig.3 Basic algorithm for SCM.
{vozel}: set of all voxels, {camera}: set of all cam-
eras, 'occupied’: value of occupied voxel, ‘empty’:

value of non-occupied voxel.
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{vozel} := {'occupied’}
foreach ¢ € {camera} begin
{F(0)} = {'empty'}
foreach p € {silhouette(c)} begin
project p to 3D space and generate a ray
b(p, c)
(P} = (FO}Ur(p,o)
end
{vozel} := {vozel} N{F(c)}

end

04 VIMOOOOOOODOO
Fig.4 Basic algorithm for VIM.
{vozel}: set of voxels, {silhouette(c)}: set of sil-
houette pixels observed by camera ¢, p: silhouette
pixel, {camera}: set of all cameras, {F(c)}: frus-
tum generated by back projection from silhouette
observed by camera ¢, b(p, ¢): a 3D ray passing both
p and the opticalcenter of c.

{vozxel} := {'empty’}
foreach {v} € {{v}} begin
{v} := {'occupied'}
foreach ¢ € {camera} begin
{F(e)}y = {"empty'}
foreach p € {silhouette(c)} begin
compute projection by, (p, c) from p to {v}

{F(a)}e :={F ()} Ubu(p, )

end

{v} == {o}N{Fu(e)}
end
{vozel} := {vozel} | J{v}

end
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Fig.5 VIM algorithm with voxel-space decomposition.
{{v}}: disjoint decomposition of {vozel}, {v}: sub-
set of voxels, {F(c)}, = {F(c)}ﬂ{v} , bu(p,c) =
b(p, <) ({v}-
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(a)
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Fig.6 3D space representations: (a) 3D voxel space, (b)

Disjoint decomposition into parallel planes.
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07 DO00OO0O0OoOOoOooOoooo
Fig.7 Linear-wise plane-to-plane perspective projection.
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Base Plane

08 OOOOOOOOOOO
Fig.8 Plane-wise plane-to-plane perspective projection.
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Table 1 Number of arithmetic operations in the case of n, = n®.

perspective projection plane-to-plane perspective pro- | linear-wise & plane-wise PPPP
jection (PPPP)

n add mul div add mul div add mul div
100 9.0E6 | 9.0E6 2.0E6 6.0E6 | 6.0E6 2.0E6 2.0E6 | 2.1E4 800
1000 | 9.0E9 | 9.0E9 2.0E9 6.0E9 | 6.0E9 2.0E9 2.0E9 | 2.0E6 8000
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Fig.9 Process flow of the local silhouette division method.

SIG: silhouette image generation, BPP: base plane
projection, PPP: parallel plane projection, INT: in-
tersection.
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Fig.10 Process flow of the base-plane duplication
method.
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Fig.11 The camera settings.
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Fig. 12 Pipeline processing on node PC.
IC: image capture, SIG: silhouette image genera-
tion, BPP: base-plane projection, BPD: base-plane
duplication, PPPI: parallel-plane projection and
intersection.
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Fig.13 Multi-thread implementation of pipeline process-
ing. IC: image capture, SIG: silhouette image gen-
eration, BPP: base-plane projection, BPD: base-
plane duplication, PPPI: parallel-plane projection
and intersection.
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Fig. 14 Examples of captured images by nine node PCs.
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Fig. 15 Examples of base-plane images.
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Fig. 16 Reconstructed volume of the object.
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Fig. 17 Average elapsed time in processing stages for 50
frames.
IC: image capture, SIG: silhouette image genera-
tion, BPP: base-plane projection, PPPI: parallel-
plane projection and intersection, BPD: base-plane
duplication.
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Table 2 Processing speed.

total elapsed time: sum of the elapsed time in all subprocesses, through-

put time: time interval between the outputs, volume/sec: number

of volumes reconstructed per 1second, pipeline factor=(total elapsed

time)/(throughput time).

voxel size total elapsed time throughput time volume/sec pipeline factor
1cm?® 651.019 ms 564.413 ms 1.77 1.15
2cm® 145.127 ms 114.065 ms 8.77 1.27
3cm® 107.031 ms 80.873 ms 12.37 1.32
5cm?® 80.484 ms 64.013 ms 15.62 1.25

—time

018 000000000000

Fig.18 Example of continuous human body reconstruction.
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