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Complex 3D Human Motion Estimation by Modeling Incompleteness in 3D Shape
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Fig.4 3D skin-bone model. (a) Estimated 3D shape

from multi-viewpoint images. (b) Embedded
bone structure into the 3D shape shown by
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(a). (c) Skin-bone assignment. Colors on the
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in blended colors indicate that vertices in such
regions belong to two bones in their vicinity.
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Fig. 10 Estimation result of tg. (a) the ground truth,

(b) ICP, (c) Ogawara[2], (d) p. only, (¢) p,
only, (f) the proposed method. Bold lines of
each figure illustrate the estimate bone pos-

ture.
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Fig.11 Enlarged image of Figure 6 (b) ts. Red or

yellow regions have low p, values and blue
regions have high p,. Gray regions corre-
spond to the surface where no or only one
camera can observe. The gray protuberance
like “fourth arm” on the center of the body is
a “phantom volume” due to self-occlusions.
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Fig.12 Limitations of outlier elimination by normal

direction. (a) and (b) show the vertical sec-
tions of Figure 6 (d) t7 and tg respectively.
The top row shows the cutting planes. The
black bold lines illustrate the observed 3D
shapes (photo hulls) and the gray bold dot-
ted lines illustrate the 3D models. The gray
bold lines in (a) illustrate the phantom vol-
ume part in the observed 3D shape. In the
case that the observation includes phantom
volume parts as shown in (a), the matching
process produces not only right correspon-
dences as shown by bold grey arrows but also
false correspondences as shown by bold black
arrows between the phantom volume because
the directions of the surface normals can be
similar with those of the nearest part of the
model. On the other hand, in the case that
the collided surfaces are missed in the obser-
vation, the matching process produces false
correspondences as shown by bold wavy grey
arrows because the directions of the surface
normals can be similar.
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Fig.14 Comparision between the proposed method

and ICP. (a),(b) and (c) show the results of
the proposed method by rendering from left,
front and right side respectively. (a),(b) and
(¢) show the results of ICP by rendering from
left, front and right side respectively. Bold
lines of each figure illustrate the estimate 3D
bone posture.

5.2 00000000

000000000000000000000 13
000000000000D00000000000
0000000000 Sony XCD-X710CRO 00O
XGA, 0000000 25fps0000000000 1ms
000000000000000000 N, =2300
00 2300000003N,+3=720000000
000D000D000D0000000000 000 (2)
0a 000700 (3)0a,000 000000
0000000000 CGOO0O0D000D000000
000 20,25 50,09 000000000000
00 CGOO0O0D00000000000CGOO00
000000000000000000000000



Jooooooooooooooooooooooooooooooooooooo

(a) 1o ® 71000
(b) 1100 (2 11100
(©) 1150 (h) 22000
(d) 1225 (1) 12350
(€) 1400 () 3000

013 O00O0o0oooo
Fig. 13 Estimation result using real data

0000000000000
0 13(a)0(j) 000000 300000000200
00000000D000000000000000
000000000000000000000000
000() 0t O00000000000000000
00000000000000000000000
00000000000 D000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
00000000000 CGOOOO000 1000
00000500000000000

000 1400ICPO0D0O000O0O0OO00 (a)d
()0000000000000000000000

000000000D00000000 (d)d(f) 0 ICP
000000000000000000000000
000000000000000000000000
000000 300000000000000000
000000000000000000000000
030000000000000000000000
000000000000000000000000
000000000000000000000000
00000000000000000000 1400
00 ICPO0OO0OO0OOOOOODODDOOOOOOOO
0015000000 (a), (¢) 000000 14(b) O
00 () 000000000000 ((b), (o000
00 14(c) 000 (f)0D0000000000
00000000000000000000000

11



00000000000 xxxx/xx Vol. Jxx—D-II No. xx

(b)
(d)

015 0000000000 IcpOoO0O0O0oOoOOOO
(a), () 000000 14(b) 000 (e) 000D
Oooooooo(m), (d)oooooo 14(c) O
00 () 00ooooo0oooooooooooog
goo0ooo0o0ooo0ooo0oooO0o0 3000
0oo0o0o0o00oooOo0oo0ooo0oO0o0o0ooo
gooooo

Fig.15 Comparision between the proposed method

and ICP. (a) and (c) show the “shoulder”
area of Figure 14(b) and (e) respectively. (b)
and (d) show the “hand” area of Figure 14(b)

and (e) respectively. Bold lines of each figure
illustrate the estimate 3D bone posture.
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Abstract While many methods have been proposed to estimate 3D human motion, most of them do
not work well for complex body actions such as Yoga dance. Major reasons for this are (1) contacts between
body parts which produce colided and unobservable regions where any 3D shape estimation algorithms
cannot obtain 3D shapes by definition, and (2) unreliableness of 3D shape estimated using multi-viewpoint
images due to self-occlusions or limitations on texture-matching between different viewpoints. These incom-
pletenesses break conventional methods such as ICP-based 3D motion estimation methods since they expect
observed surface is equal to the model surface. We solve this problem by introducing a novel modelling of
these incompletenesses into our 3D surface-to-surface fitting algorithm. Some experiments demonstrate the

advantage of our robust 3D motion estimation method.

Key words 3D motion estimation, 3D video, multi-viewpoint images, ICP



