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form of axis-angle representation, which has no constraint on the valiables, is
selected for description of motion data, and the technique of factor analysis is
|:| D |:| D |:| D |:| D |:| D |:| D |:| D |:| D |:| D |:| |:| |:| |:| used in the above arrangement process. For verification of this method, the
analysis of the artificially-made test data and that of the motion capture data,
acquired in the cases that two different dancers perform plural dances plural
times, are done. The results are as follows: (1) Primitive motions included in
o 0O gt 000 goft o O O 213 a dance are extracted as the form of common factor. (2) Use of the values
obtained by factor analysis makes possible quantitative comparison between
0 U 0 U 2,14 U U U U 1 U 0 0 fl+1 dances. (3) Combination with another analyzing method is required when the
characteristics in temporal variation of motion are considered or when the re-
lation to the transcendental information about each dance is discussed.
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Fig.1 Model of human body; (a) geometry of segments, (b) joint hierarchy.
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Fig.2 Correspondence between variables and joints.
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Fig.3 Basis orientation in construction of the test data.
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Table 1 Variation of joint angles in the test data.

part joint rotation ex.1l ex.2 ex.3 ex.4
L ForeArm Ny 02(t) 05 (t) 0.302(t) + 0.705(t) 05 (t)
- L Hand Ny 02 (t) 05 (t) 0.302(t) + 0.705(t) 05 (t)
n.p 02 (t) 05 (t) 0.302(t) + 0.705(t) 05 (t)
Ngd 02 (t) 05 (t) 0.702(t) + 0.305(t) 02(t) - 05(t)
IA“:f:l L EPF‘;ZX‘: nyd 02(t)  Os(t)  0.702(t) +0.305(t)  02(t) - 05(t)
nyp 02 (t) 05 (t) 0.702(t) + 0.305(t) 02(t) - 05(t)
Body No 02(t) 02(t) 02(t) 02(t)
- L UpperArm ny¢ 02(t) 02(t) 02(t) 02(t)
n.$ 62(t) 62(t) 62(t) 62(t)
shn ned 05(t)  06(t)  0.365(t) + 0.706 (1) 96 (%)
L Foot nyd —03(t) —06(t) —0.303(t) — 0.706(t) —06(t)?
n.¢ —03(t) —66(t) —0.303(t) — 0.766(t) —06(t)?
. Ny @ Bg(t) Bﬁ(t) 0.7603 (t) + 0.36¢ (t) 03 (t) - ¢ (t)
- L nyd | —Os()  —O6t)  —0.T05(1) ~0.306(6)  —6s(t) -0 (1)
n.d —03(t) —06(t) —0.705(t) — 0.306(t) —0O5(t) - Os(t)
Hip Na¢ 05(t) 05(t) 05(t) 05(t)
- L Thigh ny —05(t)  —0s(t) —05(t) —03(t)
n.¢ —05(t)  —05(t) —03(t) —03(t)
Hip ng 01(t) 01(t) 61(t) 61(t)
Trunk ~Body Ny 61(t) 61(t) 01(t) 01(t)
n:¢ 01(t) 01(t) 01(t) 01(t)
Hip Ny 05(t) 05(t) 05(t) 03(t)
) ny 03(t) 03(t) 03(t) 03(t)
- R Thigh ned | 6a()  0s(1) 3(1) 3(1)
. i Ngd 03(t) 06 (t) 0.763(t) + 0.306(t) 03 (t) - O6(t)
e e nyd | 0s(t) () 0.705(0)+0306()  Os() - o(t)
n:¢ 05(t) 06 (t) 0.703(t) + 0.306(t) 05 (t) - 06 (t)
R Shin Ny 03(t) 06 (t) 0.303(t) + 0.706(t) 06 (t)
"R Foot ny¢ 03(t) 06(t) 0.303(t) + 0.705(t) 06(t)?
n.g 03(t) 06 (t) 0.3603(t) + 0.705(t) 06 (t)>
Body Nz d 02(t) 02(t) 02(t) 02(t)
R UpperArm nyd —02(t)  —02(t) —02(t) —02(t)
n:¢ —02(t)  —0a(t) —02(t) —02(t)
X Nagd 02 (t) 05 (t) 0.702(t) + 0.305(t) 02(t) - 05(t)
Rt | RUPPEAI s | () —6s()  —0.76:() - 0365()  ~6a(1) 65()
n,p —02(t) —05(t) —0.702(t) — 0.305(t) —02(t) - 05(t)
A ForeArm ned 02(t)  05(t)  0.302(%) + 0.705(¢) 05 (%)
R nyd | —6a(t)  —65(t) —0.362(t) — 0.785(¢) —65(t)
n.¢ —02(t)  —05(t) —0.362(t) —0.705(t) —05(t)
Body nz¢ 01(t) 04(t) 04(t) 04(t)
Trunk  Hoad Ny 01(t) 04(t) 04(t) 04(t)
n.d 01(t) 04(t) 04(t) 04(t)

0;(t) = (x/16) sin(2n fit), f; = 0.2 x 1.50~1) [Hz].
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Table 2 Numbers of factors and cumulative contributions of the test data.

number of cumulative
data X R
factors contribution
ex.1 3 100.0%
ex.2 6 100.0%
ex.3 6 100.0%
ex.4 9 100.0%
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Fig.4 Factor loadings of the test data; (a) ex.1, (b) ex.2, (¢) ex.3, (d) ex.4.
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Table 3 Measured motion data (Kokiriko etc.).

motion data dancer frame
Al A (female) 1,296 (30 Hz)
ooooo
. A2 A (female) 1,296 (30 Hz)
(Shidetake
Odori B1 B (female) 1,296 (30 Hz)
ori) B2 B (female) 1,296 (30 Hz)
Al A (female) 421 (30 Hz)
ooo A2 A (female) 421 (30 Hz)
(Teodori) B1 B (female) 421 (30 Hz)
B2 B (female) 421 (30 Hz)
00 (walking) Al A (female) 45 (30 Hz)

measured by MotionStar Wireless ™.

05 0O00000000(a)000000(b) OO0
Fig.5 Motion of the measured data; (a) Shidetake Odori, (b) Teodori.
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Table 4 Contributions of each factor in the measured data (Kokiriko etc.).

contribution [%)]
factor - - - -
number Shidetake Odori Teodori walking
Al A2 B1 B2 Al A2 B1 B2 Al
1 16.40 15.16 18.17 19.14 | 13.70 14.51 16.49 14.55 | 29.42
2 16.04 1573 1546 15.64 | 11.65 12.11 10.73 11.11 | 10.69
3 9.21 921 13.29 1240 | 9.10  8.83 12.69 13.06 | 21.70
4 11.12 1017 9.03 941 | 7.66 816 7.34  7.19 | 11.40
5 500 558 9.66 898 | 7.43 7.58 7.93  6.84 | 18.45
6 7.66  9.16  3.75 429 | 4.60 7.23 559  7.11
7 577 568  1.18 458 | 272 379 150  3.77
8 480 525 529 638 | 7.58  3.61 4.84  4.59
9 2,93 3.12 542  4.67 | 4.96  4.63 475  3.66
10 3.66 353 154 120 | 521 158  4.90  4.64
11 2,08 2.8 409 1.00 | 3.13  2.88  4.93  4.40
12 241  1.98  1.09 1.14 | 435 744 389  4.20
13 1.04 099  1.16 1.08 | 4.97 403 374  4.70
14 095 090 1.10 075 | 1.78 222 142 148
15 0.70  0.80 2,03  2.40
16 0.83
cumulative 90.50 90.12 90.23 90.65 | 90.75 91.00 90.75 91.30 | 91.66
contribution

Fig.6 Animation of factor 1 for the data of walking.
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Table 5 Examples of cosine similarity between common factors in two motion data (Shidetake Odori).

factor number (Shidtake Odori B1)
1 2 3 4 5 6 7 3 9 10 11 12 13 14

1| —15 .66 11 12 14  —.04 06 23 .04 26 25 .08 .05 17

2 | —02 —.06 —.81 .02 37 —.19 —.09 .05 02 —.01 —.02 —.10 15 11

3 | =70 —.13 24 24 —.26 .34 01 —.34 —.31 —.15 29 02 —.39  —.07

4 39 —.26 —.17 —.14 —.46 .03 05 —.48 55 —.13  —.11 .00 14 —.02

5 | —.10 12 —.11 —.06 00 —.78 .04 01 —.03 27 07 —.15 41 —.07

6 29 38 —.05 —.80 00 —.04 —.09 17 29 25 —.27 .08 12 —.09

factor 7 | —48  —.07 13 .08 06 —.10 30 —.28 —.01 07 T —.02  —.16 11
number

(Shidstalks 8 | —.41 08 —.12 .10 57 .23 01 —.31 —.12 —.04 19 11 —.28 .00

i 9 | —42 —.11 18 29 .09 .20 08 —.01 —.80 —.33 .05 25  —.19 —.48

OAdf)“ 10 | —.37 —.13 —.04 04 —.22 —.30 11 —.35 .03 18 13 —.32 29  —.09

11 12 14 .10 .05 21 —.02 —.51 38 —.50 —.08 —.12 .07 .04 .01

12 | —17  —.30 .07 12 —.23 —.10 —.25 —27 —.29 —.10 —.12 —.03 —.06 —.63

13 | —.01 05  —.04 09 —.01 —.18 —.19 —.03 .02 45 01 01 12 —.13

14 22 —.10 15 00 —.18 31 —.03 10 —.04 00 —12 —.16 —.48 —.05

15 | —.09 —.11 —.01 02 —.13 —.08 —.08 —.23 —.11 .01 16 —.61 28  —.05

16 | —.07 02 —.04 —.06 —.36 —.02 33 —.23 .01 16 —.15 —.20 —.13 .03
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Table 6 Pairs of common factors with high similarity (Shidetake Odori).

AL-A2 ALBI AlB2 A2B1 A2.B2 B1-B2

11 ( 0.993) 1.2 ( 0.656) 1-2 ( 0.622) 1.2 ( 0.648) 1.2 ( 0.617) 1.1 ( 0.996)

22 ( 0.995) 23 (—0.812) 23 (—0.828) 23 (—0.821) 2-3 (-0.837) 22 ( 0.992)

3-3 (—0.992) 3-1 (—0.699) 3-1 (—0.700) 3-1 ( 0.685) 3-1 ( 0.687) 3-3 ( 0.996)

44 (—0.990) 4-8 (—0.483) 4-8 (—0.540) 4-8 ( 0.466) 4-8 ( 0.531) 4-4 (—0.994)

5-5 ( 0.965) 5.6 (—0.782) 57 ( 0.726) 56 (—0.799) 5-7 ( 0.724) 5-5 (—0.989)

, 66 ( 0.974) 6-4 (—0.800) 6-4 ( 0.806) 6-4 (—0.809) 6-4 ( 0.811) 6-7 (—0.971)

pairof o 0.070)  7-11( 0.768) 76 (—0.766) 7-11( 0.775) 76 (—0.778)  7-11 (—0.911)

Cg:trz:: 88 (-0.993) 85 ( 0.565) 85 (—0.639) 85 (—0.590) 85 ( 0.661) 88 ( 0.987)

o 99 ( 0.978) 99 (—0.801) 99 (—0.803) 9-9 (—0.806) 9-9 (—0.812) 9-9 ( 0.989)

(555 ) 10-10(—0.962)  11-7 (—0.508)  11-11( 0.470) 11-7 ( 0.375) 10-13( 0.330)  10-12(—0.901)

11-11(—0.930)  12-14(—0.626) 12-14( 0.455) 12-14(—0.672) 11-11(—0.341) 11-6 ( 0.984)

12:12( 0.905) 13-10( 0.445) 13-12(—0.593) 13-12( 0.468) 12-14( 0.548) 12-10(—0.943)

13-14(—0.773)  14-13(—0.485) 14-13( 0.303) 14-10(—0.426)  13-10(—0.467)  13-13(—0.817)

14-15(—0.876)  15-12(—0.611)  15-10( 0.468) 15-13( 0.341) 14-12( 0.508) 14-14(—0.821)
15-13(—0.478)

07 DO0OOODOC0OO0DOC0O0OOO
Table 7 Pairs of common factors with high similarity (Teodori).
ALA2 ALB1 AlB2 A2 B1 A2 B2 B1-B2

11 (—0958) 1.2 (0685 1.2 (—0.679) 12 ( 0.636) 112 (—0.486) 11 ( 0.986)

22 ( 0.967) 21 (—0.810) 21 (—0.827) 21 (—0.819) 2-1 (—0.831) 22 ( 0.991)

3-3 ( 0.848) 3.9 ( 0.664) 313 ( 0.617) 39 ( 0.717) 3-13 ( 0.722) 3-3 ( 0.986)

412 ( 0.844) 44 (—0.695) 4-4 ( 0.718) 4-14 (—0.316) 4-9 ( 0.341) 4-4 (—0.938)

55 (—0.870) 5-5 ( 0.361) 5-5 ( 0.379) 55 (—0.388) 510 (—0.414) 58 ( 0.703)

. 6-8 (—0.565) 6-13 (—0.539) 6-14 ( 0.420) 6-12 ( 0.592) 6-7 ( 0.569) 6-6 ( 0.871)

pair of 7-10 (—0.430) 7-8 ( 0.391) 7-12 ( 0.404) 7-11 (—0.446) 7-11 ( 0.421) 7-9 ( 0.402)

C;I:;Zf: 84 ( 0.950) 814 (—0.346) 8-10 (—0.180) 87 (—0.248) 86 ( 0.590) 812 ( 0.952)

0 9-7 ( 0.791) 9-11 (—0.586) 9-11 ( 0.528) 9-8 (—0.129) 9-8 ( 0.575) 9-13 ( 0.890)

(555 ) 10-6 ( 0.882) 10-12( 0.557) 10-7 ( 0.556) 11-10(—0.347) 10-5 ( 0.176)  10-10( 0.891)

11-11(—0.157)  12-3 ( 0.504) 12-3 ( 0.532) 12-4 (—0.802) 11-2 (—0.338) 11-11(—0.955)

12-13( 0.779)  13-10(—0.206) 13-8 ( 0.497) 13-13( 0.607) 12-4 ( 0.786) 12-7 ( 0.959)

139 ( 0.951) 146 (—0.441) 146 (—0.495) 14-6 (—0.399) 13-14(—0.403)  13-14(—0.614)

14-14( 0.753) 157 ( 0.170) 15-9 ( 0.264) 15-3 ( 0.456) 15-3 ( 0.464) 14-5 (—0.570)
15-15(—0.488)
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Fig.7 Factor loadings of the measured data (Shidetake Odori); (a) factors which correspond to factor 1 of Al, (b) factors which correspond to factor 2 of Al.
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Table 8 Pairs of common factors with high similarity (Shidetake Odori - Teodori).
Shidetake: Al Shidetake: Al Shidetake:B1 Shidetake:B1
-Teodori:Al -Teodori:B1 -Teodori:A1l -Teodori:B1
1-1  (—0.629) 1-2 ( 0.429) 1-5 ( 0.313) 1-12 ( 0.433)
2-2 (. 0.704) 2-1 (—-0.677) 2-1 (—0.646) 2-2 ( 0.688)
3-11 (—0.312) 3-14 ( 0.326) 3-2 (—0.797) 3-1 ( 0.754)
4-8 ( 0.514) 4-3 ( 0.264) 4-4 ( 0.802) 4-4 (—0.827)
5-6 (—0.694) 5-13 ( 0.552) 5-13 ( 0.214) 5-5 ( 0.834)
pair of 6-4 ( 0.684) 6-4 (—0.689) 6-3 (—0.642) 6-9 (—0.645)
7-3 ( 0.786) 7-9  ( 0.600) 7-6  (—0.667) 7-13 ( 0.592)
common
factors 8-13 (—0.459) 8-6 (—0.573) 8-10 ( 0.364) 8-3 (—0.320)
o3 9-5 (—0.137) 9-11 ( 0.671) 9-9 ( 0.750) 9-11 (—0.733)
(555 10-10(—0.600) 10-12(—0.498) 10-11( 0.422) 10-6 ( 0.316)
11-9 (—0.484) 12-8 ( 0.327) 11-7 ( 0.225) 11-7 ( 0.226)
12-7 ( 0.534) 13-7 (—0.274) 12-8 ( 0.146) 12-10( 0.434)
14-12(—0.299) 15-10(—0.216) 13-12(—0.466) 13-14( 0.285)
15-15(—0.267) 16-5 ( 0.336) 14-14(—0.412) 14-8 ( 0.476)
16-14( 0.255)
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Fig.9 Factor loadings of the measured data (Shidetake Odori - Teodori).
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