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Linear solution for oneshot active 3D reconstruction
using multiple projectors

RYo FURUKAWA, ! HIROSHI KAWASAKI , 2
RYUSUKE SAGAWA, 3 KAZUHIRO SAKASHITA, T4
YUYA OHTA,™ RYoTa ZusHI, ! YAsusHI YaG!T

and NaOKI ASADA 1

Development of active 3D scanning system that can capture fast-moving dynamic ob-

jects 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 scanning 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 intersection 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 pat-
terns 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
cameraj.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.
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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.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 infor-

mation 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 f}y(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 configuration and curve de,
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Fig.13 Experiment of entire shape acquisition using multiple projectors and cameras (reconstruction results): (a),(b)

recovered shape with camera and projector position, and (c)-(e) shaded results.

oooooooooooooboooooobooOoboooooobooobOOooDOboOoOoooonon
ooooo0O30000000000O0O00O000O0DO000O000000bOOODO0O0O0O0
gobooooboooobooooboooooooboooooboo
00 00000000000 00000oO0DooOoOoOoO (scopPe)iIcCTUOOOOO
00000000 (1017100020 000000000 DO0O21700183,212000020 0O OO
ooboooooooobooooooobooooooon

tection): (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. 14 Pattern plane position in projector coordinates.
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