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Linear Solution for Oneshot Active 3D Reconstruction
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Development of active 3D scanning system that can capture fast-moving dy-

namic objects is an important research topic for many applications. To capture
fast-moving objects, a oneshot scanning method that uses a single static image
is preferable than those that uses multiple patterns. Recently, oneshot scan-
ning methods that use intersection points of grid patterns have been proposed.
In those methods, solutions only from intersection points have ambiguity, and
thus, additional information, such as variation of grid intervals, were used to
solve this. However, the variation of grid intervals makes it difficult to increase
the density of the pattern. In this work, we propose a system that consists of
a camera and multiple projectors and each of the projectors projects a parallel
line patterns instead of grid patterns. Shape is reconstructed from the intersec-
tion points between those two sets of parallel lines. It is shown that a unique
linear solution is possible for such a system, thus, dense grid patterns with
uniform intervals can be used to increase density of the pattern. Furthermore,
by using two projectors, blind areas caused by occlusion and self-occlusion are
drastically reduced. In the experiment, we built a system which consists of two
projectors and a single camera, i.e., a minimum configuration of the method,
and successfully captured a dense shape of fast moving object with video rate.
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Fig.1 The minimum setup of the proposed approach consist of two projectors and a camera. The
two projectors project vertical and horizontal lines patterns, respectively, and the camera
observes the intersection points of the lines.

0ooooooog Vol 52 No. 5 1923-1938 (May 2011)

0000000000000 belief propagation 000 0000000000000 0O00
000000000000 0000000O0®YY Qpooooo0000000DNnon
0ooooooo

3.2 0000000000
0000000000000000000000000000000000000000
0000000000000 00000000000000000 10)000000000
ooooooooo
0000000000000000000000IDO0000000000O nO000
0¢0000000000000 ¢"000000000 n00000000000000
0000000000000000000000000000000000000 200
0000000000000 000000000000000000000 n000000
0000000000000000 6)016) 00000000000 IDO0O0DODO0N
000¢0-,00000000000000000000 10)000000000000
000000000000000000000000000000 IDO000000O00O0
00000000000000000000000000000000000000000
000000 ¢0-0000IDO00DO0O0OOOOOOOOOODOOOOOODOODO
000000000000000000000000000000 ¢=200000000
00 »=300000000000000000000080000000000000
0ID0 00D 700000000D000000O00O0DOOOODOODODOOOOO0
0000000000 ID0O000000000000O0Y00000000000000
00000000000000000000000000000000 RGBOOOOOO
000000000000000000000000000 2000000000000
000000000000000000 RGBOOOOOOOOOOO0OOO0OOO0O0O0
000000000000000000
0000000000000000000000000000000000000000
000000000000 0000000000000000000000000000
00000000000000000000000000000000000000000
000000000000 00000000000000000000000000000
0000000000000 0000000000000000000000000000
0000000000000000D000000 300000000000

(© 2011 Information Processing Society of Japan



1926 O0OO0OO0OO0OOO0OO0OO0OO0OOOOCOOOOO0OO0O0O0OO0OOOOCOOO000

4. 300000000000

4.1 0000000000000

gobobooooooo 20000000 l1oooooobooooooooooooon
gooboooodooooooboooooboobooooboooboOoooboooooooooboo
goooobooooooooooooobooooOoOoboOo0ooooobocboboOoooooboo
gooobooboboooooooooboooooooboobooOobooooooboobooobOoooobooboo
gooogoo

lobooooooooocoooooooobooooobooooOooooboooooDoboo
gboooooobooooboooooobooooooobo10obooboobooOooOo0oooOoOoboOoDo
goooooooooooooooooooooOoooooooboooobocOooooooOoDboo
goooooooooooooboooooooboooboobooooooooOoooooDooonoo
goooooooooooooooo 1ooooooooobooobooooooooOooOonbo
goobooooobooooobibooooooooooooooo0ooobooooooDoboo
gooooooooooooooooooobooboolooooooooobocoooooDooo
goooooobooboi1oobo0o0oooooboooooooboooooooboooooDboOnbo
goboooooooboooobooooboobooooo

oooooo40nolo0l2)00000oo0o0ooo0ooUoooooooooo
goo3booooooooboooobbooooooboooboboooobbooooDboboo
goooooooooobooooooooboooooobooooooboooboboooobooDbDo
goboboobooooooobooboooobooooooboooooooooooooonoa
gooobooooooooboooooboboobooooboooooooboooooonoa
oooooo®ooo 40noloioUo0oUoUoUoUoUooooooouoo
ublob0o00oo0o0oodooobooobooo0ooooboooooboooobooooo
O0o0o0oo0oooo0ooUoU 12)U0o0ooooo IbodooOooOooooooo
ogooa

gbooobooboooooobooobooooooooboboooboboUoOOobOoOooOoOoDo
gooooooooooobooooooocoooobooOoooboOoboOoboOobooooDooboon 2
gooooooooooooooooobooOooOobOooOoooooooOoooOoobooOooOoobo
goboobooooooooboobooooooboooobooooobooooooobooooooboo
gobooooooooboooobooobooOooooooooboooboooooboboOoOooboooooboo

0ooooooog Vol 52 No. 5 1923-1938 (May 2011)

Correspondences
are unknown.

C&l'a Projector
Projector

Focal plane
02 00000000000000000000000000000O00O0000000000 20000000
oooooo

Fig.2 Two projectors are placed so that the axes of the pencil of planes are configured to be skew.
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Table 1 Cases for degenaration of linear solution using information of intersection points and

adjacency.
1 projector 2 projectors
Linear solution only from cross points 1P 2P
Linear solution from both cross points and adjacency 1PAd 2PAd
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Fig.5 Experimental system with a camera and two projectors.
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Fig.6 Configuration of experiments for evaluation of accuracy improvement: (a) the source image,
(b), (c) positions of the projectors, (c) is viewed in the direction of the axis of the horizontal
pattern planes, (d) and (e) are the results of line detection for vertical and horizontal lines,
respectively.
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Fig.7 Rconstructed shape of each method in the common coordinate system: (a) the result of
method A using only information of grid points viewed from direction of the edge between the
faces, (b) the result of method B using adjacency information, and (c) the result of method
C using de Bruijn sequence seen in the same way. The result of method A is shown by dark
gray points, the result of method B is shown by light gray points, and the result of method
C is shown by black points. In the result of method C, the position becomes the same as the
gray code measurement, which is the correct up to the calibration accuracy.
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Table 2 Evaluation of accuracy improvement by using adjacency information and de Bruijn

sequence.
Evaluation Methods
values A B C
Angle between
2 faces (degrees) 102.6 | 87.5 89.2

Debiation from
gray-code measurement (mm) | 225.8 | 96.5 | the same
RMSE of points
from fit planes (mm) 0.46 | 0.75 2.46
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Fig.8 Configuration of experiments for a small axes distance condition: (a) the source image, (b),
(c) positions of the projectors. (b) is viewed in the direction of the axis of the horizontal

pattern planes.
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Table 3 Evaluation of accuracy improvement by using adjacency information and de Bruijn

sequence for a small axes distance condition.

Evaluation Methods

values A B C
Angle between

2 faces (degrees) fail | 89.9 89.0
Debiation from

gray-code measurement (mm) | fail | 70.1 | the same
RMSE of points

from fit planes (mm) fail | 1.46 2.47
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Fig.9 A hand is reconstructed bylo) (left) and the proposed method (right). The top row is the
input images, the middle row is the grid graph by line detection, and the bottom row is the

reconstructed shape.
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Fig.10 Reconstruction of moving human bodies: (a) input images of different poses, (b) detected
grid patterns and (c) reconstructed shapes for poses.
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Fig.11 Reconstruction of object with texture: (a) target object, (b) input images, (c) detected
grid patterns and (d) reconstructed shapes.
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Fig. 12 Experiment of entire shape acquisition using multiple projectors and cameras (System con-
figuration and curve detection): (a) Experimental system (6 projectors and 6 cameras. The
figure shows a part of the system.), (b) captured image of one camera, (c) detected curves,
(d) de Bruijn ID.
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Fig. 13 Experiment of entire shape acquisition using multiple projectors and cameras (reconstruc-
tion results): (a), (b) recovered shape with camera and projector position and (c)—(e) shaded
results.
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Fig. 14 Pattern plane position in projector coordinates.
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