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High Speed Shape Reconstruction Method by Testing Overlaps
between Object and Measuring Partial Spaces’ Boundary Planes

SHOGO HAMASAKI,t HIROYUKI YOSHIDAt and SHINICHI SHIGENAGAT

This paper presents a high speed algorism of view volume intersection method for 3D voxel-
based reconstruction from multi-viewpoint silhouette images. In a known method, space of
interest is divided into partial spaces, and 3D volume of measured object is reconstructed by
efficiently testing overlaps between the object and the partial spaces with the loss of testing
accuracy. In our method, testing overlaps is performed exactly and at high speed, in terms of
size and shape information about measured object. Suppose that measured object consists of
known sized jointed parts, space of interest is gradually divided into partial spaces of which
size are initially determined by the minimum size of object shapes, and partial spaces without
a overlap on the object are eliminated exactly and at high speed by scanning intersection
of the object and given spatial resolution voxels on partial spaces’ boundary planes at inter-
vals determined by the minimum size of constituent parts. In the prototyped system with
2 PCs and 4 cameras, which takes body motion expressed by polygons in a virtual world in
real time, we confirmed reconstruction performance of 15.9 [frame/sec] in the case of 25 [mm]
spatial resolution at 2,400 [mm] cubic room.
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Silhouette on Camera Plane
01 000000000

Fig.1 The concept of view volume intersection method.
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Fig.2 Testing overlaps between partial space and object:

(a) Partial space division, (b) Traditional improved
method, (¢) Our method.
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Fig.3 Voxel occupancy determination.
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Initialize all entries of status table to be "Occupied”
for each voxel v do

call Func_intersection_test
end

(a)

Func_intersection_test
for each camera c do
Project v into pixel p of camera plane
if p locates outside of the silhouette then
Set v to be "Empty"
Break this loop
fi
end
return

(b)

Initialize all entries of status table to be "Empty" (1)
Set Po to be "Occupied"
for Level m=1to N do
for each partial space Pm-1 do ..(2)
if Pm-1is "Occupied" then
Divide Pm-1 into Pm
fi
end
for each partial space Pm do .(3)
if Lm >=d then
Put sampled voxels on boundary plains of Pm into Q
else
Put all voxels on boundary plains of Pm into Q
fi
for each voxel v of Q do
Set v to be "Occupied"”
call Func_intersection_test
end
if one v of Qis "Occupied” then
Set Pm to be "Occupied"
fi
end
end

(c)
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Fig.4 A flow of view volume intersection method:
(a) Basic method, (b) Overlap test, (c) Our
method.
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Fig.5 Boundary plane generation at m-th division.
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Fig.6 A comparison of number of tested voxels between
basic method and our method:
(a) Sn, TN against N, (b) Sy, T'n against k.
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Fig.7 System architecture.
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NEXTFRAME:
Capture run-time images (1)
Determine frame id FID
for each camera c do .(2)

Exec SilhouetteExtraction

Put silhouette and FID into imgBufflc]
end
Send imgBuff to PC2
goto NEXTFRAME:

PC1

Receive imgBuff from PC1 at any time
Initialize frame counter fc=0
NEXTFRAME:
for each camera c do
SKIP:
Get silhouette and FID form imgBuff[c]
if FID < fc then goto SKIP:
if FID > fc then
Unget silhouette to imgBuff{c]
fc = fc+1
goto NEXTFRAME:
fi
end
Exec VoxelReconstruction
Exec PolygonGeneration_VRworldManagment ...(4)
fc = fc+1
goto NEXTFRAME:

PC2

#Frame Sync. ...(3)

08 0OO0OOOOODOO
Fig.8 System flow on PC1 and PC2.
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Fig.9 Images from voxel reconstruction: (a) Run-time im-
age, (b) Extracted silhouette images, (c) Voxel rep-
resentation.
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Fig.10 Screen shots of the user interface console.
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Table 1  System performance.

a [mm]

25 12.5
Capturing time [ms] 19 19
Silhouette extraction time [ms] 55 55
Voxel reconstruction time [ms] 24 49
Polygon geneartion time [ms] 63 337
System latency [ms] 155 460
System throughput [frame/sec] 15.9 3.0

011 0000O0000000O0O0O0O000 12.5mm0O

Fig.11 Example of arm reconstruction (a = 12.5 mm).
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