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An Accurate Shape Reconstruction Method by Integrating Visual Hulls

in Time Sequences

Masahiro TOYOURAT, Masaaki IT'YAMA ', Koh KAKUSHO'!, and Michihiko MINOHT?
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Fig.2 Integration of visual hulls (VHs).

000000000000000000000000
000000000000000000000
00000200000000000000000
000000000000000000000000
002000000000000000
00000000000 (0 2a)0000000
000000 (020b)0000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000D040000000000000
000 (0 2(c)0000000000000000
000000000
2.3 0000000000000000
00000000000000000000000
000000000000000000000000
0000000000000D0000D0000000
000000000000000000000000
000000D000000000000000000
000000000000000000000000
000000000000000000000000
00000000000000000000000
000000000000000000000000
Niem[15) 00 00000000000000000
000000000000000000000000
000000000000000000000000
0ooooOoooo
00000000000000000000000
000000D00000000000D0000000
000000000000000000 ¢0000
0000D0000¢000000000000000
000000000000000000000000
0000D00¢00000000000000000
0000000000D0D0000000¢D00000

3



000000o0O0oooo 2005/8 Vol. J88-D-II No. 8

Outside of sillhouette

‘Y:z .

Sampling
pitch I

utside
error

Inside 'arget object

error

Inside of sillhouette

03 0000000000000000D0

Fig.3 Error on surface of visual hull by sampling.
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Table 1 Parameters of target objects.

q N, o Num. of cameras

Sphere 1.679 | 1265791 | 1.88% 49

Cube 1.679 | 2424294 | 1.52% 406

Torus 1.679 268545 | 3.16% 103

Triceratops | 1.679 | 438310 | 2.68% 242
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Table 2 Rotational parameters.

x (degrees)
frame | Truth | Diff
1 0.00

y (degrees) z (degrees)
Truth | Diff | Truth | Diff
+0.02 | 0.00 | -0.01| 2.00 | -0.01
2 0.00 | +0.02 | 0.00 | -0.02| 4.00 | —0.06
3 0.00 | 4+0.03 | 0.00 |-0.03| 6.00 | -0.11
4 0.00 | —0.09 | 0.00 0.01 8.00 | -0.14
5 0.00 | -0.14 | 0.00 0.03 | 10.00 | -0.19
6
7
8

0.00 | -0.16 | 0.00 | 0.02 | 12.00 | —0.24
0.00 | -0.30 | 0.00 | 0.04 | 14.00 | —0.24
0.00 | -0.30 | 0.00 | 0.11 | 16.00 | —0.27
9 0.00 | -0.36 | 0.00 | 0.14 | 18.00 [ —0.32
10 0.00 | -0.31 | 0.00 | 0.15 | 20.00 [ —0.39
11 0.00 | -0.37 | 0.00 | 0.19 | 22.00 | —0.46
12 0.00 | —0.43 | 0.00 | 0.20 | 24.00 [ —0.52
13 0.00 | -0.51 | 0.00 | 0.23 | 26.00 | —0.56
14 0.00 | -0.52 | 0.00 | 0.26 | 28.00 [ —0.64
15 0.00 | —-0.66 | 0.00 | 0.27 | 30.00 | —0.74
16 0.00 | -0.72 | 0.00 | 0.25 | 32.00 [ —0.79
17 0.00 | -0.76 | 0.00 | 0.28 | 34.00 [ —0.83
18 0.00 |—-0.77| 0.00 | 0.28 | 36.00 | —0.93

03 0Dooooo

Table 3 Translational parameters.

x (voxels) y (voxels) z (voxels)
frame | Truth Diff | Truth Diff | Truth Diff
1 1.00 | -0.04 1.00 | -0.02 1.00 | -0.06
2 2.00 | +0.08 | 2.00 | +0.03 | 2.00 | —0.10
3 3.00 | +0.20 | 3.00 | +0.13 | 3.00 | -0.04
4 4.00 | +0.35 | 4.00 | +0.14 | 4.00 | —0.04
5 5.00 | +0.51 | 5.00 | +0.13 | 5.00 | -0.04
6 6.00 | +0.56 | 6.00 | +0.22 | 6.00 | —0.08
7 7.00 | 40.60 | 7.00 | +0.24 | 7.00 | —0.09
8 8.00 | +0.62 | 8.00 | 4+0.39 | 8.00 | —0.05
9 9.00 | +0.58 | 9.00 | +0.45 | 9.00 | —0.08
10 10.00 | +0.60 | 10.00 | +0.52 | 10.00 | —0.09
11 11.00 | 4+0.49 | 11.00 | +0.50 | 11.00 | —0.09
12 12.00 | +0.56 | 12.00 | +0.56 | 12.00 | - 0.00
13 13.00 | +0.62 | 13.00 | +0.60 | 13.00 | —0.01
14 14.00 | +0.79 | 14.00 | +0.79 | 14.00 | —0.04
15 15.00 | 40.88 | 15.00 | +0.86 | 15.00 | +0.06
16 16.00 | +1.01 | 16.00 | +0.90 | 16.00 | +0.13
17 17.00 | +1.02 | 17.00 | +1.03 | 17.00 | 40.19
18 18.00 | +1.23 | 18.00 | +1.24 | 18.00 | +0.28
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Fig.10 Result of integratation of 18 visual hulls.
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Table 4 Relation between frames and voxels with

multiple q
q N, e Add’l(xa) | Miss(xa) | Both(xa)
1.926 | 363118 | 2.49% 1.83 0.94 2.77
1.679 | 438310 | 2.68% 1.95 0.62 2.57
1.564 | 541697 | 2.68% 1.60 0.32 1.92
1.398 | 677086 | 2.78% 1.54 0.60 2.14
1.291 | 860893 | 2.78% 1.55 0.37 1.92
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Fig.13 Result of integratation of 18 visual hulls.
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Table 5 Parameters of target objects.

q N, ]

F;=4,A; =2 |1.679] 1193405 | 1.92%
F;=4,A; =4 |1.679| 1146325 | 1.95%
F;=6,A; =2 |1.679| 1208889 | 1.91%
F; =6,A; =4 |1.679| 1223334 | 1.90%
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Fig.17 Result of integratation of 18 visual hulls of
banana.
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Fig.18 Result of integratation of 18 visual hulls of
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Fig.19 Result of integratation of 18 visual hulls of
queen of chess.
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(a)Obtained image (b)Background image

(c)Silhouette of (a)
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Fig.20 Chip on silhouettes.
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Abstract In the volume intersection method, the more cameras are used, the more accurate shapes can
be reconstructed. Generally, setting many cameras up in a small space is difficult due to physical restric-
tions. In the case when the rigid object motion of the target is estimated, images in time sequences can
be integrated as if they were obtained from the different positions in the space. The motion is estimated
with the feature points of a visual hull at each time. Since the visual hull includes target object region and
additional region, to extract feature points which are corresponded each other between frames is difficult.
The proposed method is that the feature points are extracted by reprojection of voxels of the visual hull.
As a result, we can get more accurate shapes than those by the previous methods by integrating the visual

hulls from the images in time sequences in both of simulation and actual environment.

Key words Volume intersection method, extracting feature points, motion tracking, time series data,

sampling error



