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ABSTRACT

A Study on the Human Motion Analysis using Inertial

Sensor

Ko, Kyeong—Ri
Advisor : Prof. Pan, Sung Bum Ph.D.
Department of Control & Instrumentation,

Graduate School of Chosun University

Due to the recent increase of interest in education, welfare, and other
recreational activities, various self—coaching systems using motion capture
technology are being developed following the demand of the health—care field
and development of IT based information technology. To implement self—
coaching systems, acquisition of location and direction data on the motions of
experts and users necessary for coaching, and analysis of human motion data
of motions of experts and users for coaching user motions are necessary.

In this thesis, to establish a self—coaching system, a motion capture system
using inertial sensors to solve the problems of the previous systems was
established, and studies on methods to acquire and analyze data using the
established system were done. The inertial sensor based motion capture
system is categorized into a 4—joints based motion capture system and a
human motion capture system.

The 4—joints based motion capture system uses 4 major joints to obtain
and express human motion, and are composed of 4 inertial sensors, 3 channel
receivers, a PC and a server for establishing a DB. The human motion based
motion capture system obtains and expresses human motion, and is composed

- Vi -



of 15 inertial sensors, 3 channel receivers, a PC and a server for establishing
a DB.

Human motion data was acquired from 10 volunteers to obtain and analyze
human motion data using each system. The motion data was acquired while
the volunteers were listening to a lecture, and to compare this with the
normal posture data obtained from experts, this data was categorized as
abnormal posture data.

The obtained data through the 4—joints based motion capture system is the
Euler angle, and this data is analyzed using the right handed coordinate
system. According to the analysis results, in the normal posture state, the
values of the 12 factor data (Roll, Pitch Yaw of the right shoulder, Roll, Pitch
Yaw of the left shoulder, Roll, Pitch Yaw of the right pelvis, Roll, Pitch Yaw of
the left pelvis) of the 4 joints average near O °, and in the abnormal posture
state, this value deviates from O ° . The data obtained from the human model
based motion capture system is in BVH format. This motion data is converted
to 3 dimensional location data by the OFFSET stated in the HIERARCHY
section. According to the analysis results, the characteristics obtainable by
the human model based motion capture system are the Euler angle, 3
dimensional location data, vertical/parallel data of the joints, and the angle
inside the display connecting 3 to 4 joint points, and this characteristics data
was confirmed as possible to be used to determine normal and abnormal

postures.
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{
if r12 > -1)
{
thetaY = asin(—rl12);
thetaX = atan2(r02,r22);
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Pitch, Yaw7} A= ddHY, H59 A4 E2 @9+ X (degree) ©|th.
RightShoulder LeftShoulder RightHip LefiHip
Rall Aich Yaw Roll Fitch Yaw Roll Pitch Yaw Rall Atch Yaw
1" frame | -08501 | -0.8488 | -0.2100 | -12019 | -0.2076 | 0.0872 | 0.8463 | -0414 | -00116 | 04139 | 01522 | -0.0739
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{"frame | -08191 | 08752 | -0.2030 | -12019 | -02076 | 0.0872 | 08252 | 02059 | 0019 | 04031 | -0.1028 | -0.0650
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§% frame | -07589 | 08738 | -0.2068 | -10658 | -02168 | 00565 | 08193 | 01442 | 00257 | 03950 | -0.0891 | -0.0625
7 frame | -07234 | 08781 | -0.2007 | -10638 | -02168 | 00365 | 0.8468 | -0.1266 | 00131 | 04030 | -00019 | -0.0631
8% frame | -0.6839 | -0.8041 | -0.2048 | -10638 | -02168 | 00565 | 0876 | -0.0532 | 00224 | 04306 | -0.0865 | -0.0625
9" frame | -0.6839 | 08941 | -0.2048 | -10658 | -02168 | 00565 | 08745 | 00423 | 0024 | 04306 | -0.0865 | -0.0625
10" frame | -0.6152 | 08916 | -0.1935 | -09754 | -02674 | 00198 | 08936 | -0.0135 | 00464 | 04421 | -00910 | -00522
N®frame | N Roll | N™ Bitch | N™ Yaw | N™ Rol | N™ Pitch | N™ Yaw | N Roll |N™ Bitch | N" Yaw | N™ Ral |N" Piteh | N™ Yaw

9 11470 - TNE B A

A AxEe dele A Y
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¥ o7 AAEY. BVH WL BiovisionAolA QAIRAS x3sH7] s 71
st wAdely 29 o® HIERARCHY A4 MOTION AMdo=® 4, 17
12+ BVH AlZ T3l 9gt mds vepdl 29o|t}

Right Left
Kinee . '. Kne
Right Len
Ankle @ @ Ankle

9 12. BVH Al 7%l o3¢ =4
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HIERARCHY
?OOT Hips

OFFSET 0.000000 0, 000000 0. 000000
ng#Elﬁg 6 ¥position Yposition Zposition Yrotation Xrotation Zrotation

OFFSET 0O,000000 9, 475708 0. 000602
CHANNELS 3 Yrotation Xrotation Zrotation
JOINT Chest2

OFFSET 0.000000 8, 484043 -0, 001204
CHANNELS 3 Yrotation Xrotation Zrotation
%OINT Chest3

OFFSET 0.000000 9,444709 0. 000000
HAMNELS 3 Wrotation Xrotation Zrotation
#O\NT Chestd
OFFSET 0.000000 8, 435073 0. 000000
CHAMNELS 3 VWrotation Xrotation Zrotation
fOINT Meck
OFFSET 0.000000 14, 266373 0, 000000
CHANNELS 3 Yrotation Hrotation Zrotation
JOINT Hea
OFFSET 0.000000 3, 828424 -0, 002588
CHAMMELS 3 V¥rotation Xrotation Zrotation
End Site
' OFFSET 0.000000 16.837203 -0.001357
i

¥
%OINT RightCol lar

¥
%OINT LeftCol lar

i
¥

%OINT RightHip

i
JOINT LeftHip

-

% 13. BVH 2" ¢ HIERARCHY Al A o

29 13 sfeleley] MY HYl o2 ek 1welt). stelofely] AMe
7} o] ol W /e AL 915 27] OFFSET, el ¥2/44

7}
AA Tl ARE 7)4stt, HIERARCHYE slolojg]7] A Alzbe A

= sl
7IEZ HE] AT Jos AAdsth ROOT+ ASTx9] 48 A=
548 2QER Hips7l FE =270 @k JOINTE #Ew-T7) i 2AEES
Adsts 7199 =elH, END= ASTx9 T4 553 2UER OFFSETRS
Qar yost, shelto] mEgHY. OFFSETE 8l ZAES] 324 9%
AiEow FEO A Aol g 27|9A7 dAEH X, Y, Z =42 A

riot

hC’>_
AFT} OFFSETOZ Aodw %7] gx:= 98] % 29 34 AR W3
PLE P87 A FEE AgET. CHANNELSE BA dolge] H4& A
Astiz 7I9=R 994 E= Fdow Al
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MOTION

Frames: 327
Frame Time: 0.016667
0 1000132 0 -2.1372 -5.82918 -14.5236 -1.10853  3.46405 2.50549

0.020631  100.024 0081369 -2.23299 -5.82362 -14.3202 -097245 342525 2533
0.039575  100.023 0281356 -2.38356 -586097 -14.1241 -0.7939 348074 251162
0.048705  100.023 0.508691 -2.56275 -591026 -13.9369 -0.59825 3.56104 243792
0.045048  100.013 0776347 -2.73529  -59479 -13.7613  -041822 3.64043 2.3006
0.041589  99.994 1.0579 -2.87716  -592933  -13.6111  -0.2579 3.65354 2.1838
0.033731  99.9672 1.34043 -3.00593 -591292  -134931 -0.10155  3.65571 217142
0.011983 9991719 1.63174 -3.07105  -592488  -134517 -0.03249  3.68645 215127
-0.03377  99.87759 1.93203 -3.20125  -594709  -134068 0106681  3.74015 2.11587
-0.0721 99.832 2.18989 -3.31248  -593177  -134011 0199774  3.69537 1.99742
-0.06356  99.7902 2.35304 -3.42349  -590312  -134477 02282 351591 1.792
-0.04704  99.7455 249152 -3.5089 -5.83364  -13.5096  0.199968 3.26518 1.46503
-0.09383  99.6796 272013 -3.53203  -57255 -13.604 0175217 3.09621 1.32501
-0.12945  99.6053 2.9646 -3.53338  -559603  -13.7436 0084401 292943 1.00047
-0.21475  99.5108 3.26511 -3.46009  -546314  -13.9094 -0.03747  2.84501 0.795156
-0.35345  99.39769 3.65242 -3.3365 -5.33148  -14.0639 -0.16342 2.8679 0683326
-0.52262  99.27449  4.09342 -3.19285  -522407  -14.1857  -0.27676  2.99161 0.653551
-0.71148  99.1468 4.56623 -3.06353  -5.16267 -14.2888  -0.35435  3.20971 0.725661
-0.91218  99.0119 5.07235 -2.95321  -514823 143777 -043614 349666 0.739292
-1.02183 989153 5449 -2.85922  -5.1622 -144461  -0.57817  3.80722 0639313
-1.22556  98.7663 5.99783 -2.75607  -513582  -144723  -0.66926 4.0729 0491478
-145352 9860109 6.60719 -2.65138  -509838 -144978 -0.73047 4.36668 0.441957
-1.69078 984184 7.26672 -2.55014  -507374 145114 077968  4.68522 0.424244
-1.93177  98.206 7.971549 -2.44229 -509345 -144885 -0.81151 501512 0.550136
-2.21022  97.9624 8.73256 -2.32602  -51284 -144605 -0.82283 535752 0.736497
-2.50182  97.69039 9.54141 -2.21002  -516312 -14.438 -0.82669  5.69608 0.943524

719 14. BVH £ 2] MOTION A4 2] o

3
t}. Frame Time %9 X#<¢ H5E FPSe 945 7|&sth. 24 dolg =
Frames, Frame Timeel ©o]o]A Zt QoA ] AMNARE s 3H 7]z
ket 7F o) A v stolojy 7] AlMe] AddE HipsE AF%E CHANNEL
SO v A9 ti-&at] @9l & (degree) oltt
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E 5 0 R D RARA Axgeld e9e 2w 24

7% 7l A (&3] 4) Anterior flexion of body
Roll
(-180° ~+180") (93] #1) Posterior extension of body
XF 71+ 3Hd (&3] 4) Right flexion of body
Pitch ) )
(=90" ~+907) (k3] A) Left flexion of body
Y& 7% 31d (53] A) Right rotation of body
Yaw . .
(-180° ~+180") (k3] 4d) Left rotation of body

N
e
flo
N
N
(0]
il
tots
2
ol
rlr

3l AR RJVA v GAARIA] A 7Sk

eode A FAoAE FdAAL B A Al tE 127] LA (REZ o)/
9] Roll, Pitch, Yaw, 9% o}71°] Roll, Pitch, Yaw, 2&% ="t Roll, Pitch,
Yaw, ¢1% =4e] Roll, Pitch, Yaw) e FRE 242t 222 sdste] F4AA
o} v AA AE g

O 1958 29 30 HAS5E GAAASE vl e 127] 248 1
s vebd otk sy el 107 WA S B8R A HlolH
= A Fdsto] v, EA4 e

TJYPZANA xF2 AIFFOE frame? MFEE YEW L, yF2 4EE YERA
ko A7He] dolEle 21 100=ZE Yo HASER S8t ASHMOER, xFH& 1
~30,0007H41 8] WIS YehdH, yF2] W9l oy FolE wox fA <l
st7] 98 —20 ° ~20 " = AAsATE. FAAA volH e Ao RE HASH AL,

/

NG ElolE = P e EASIT
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a7l 2= 7|8 2 EZF {7 2] Roll

P Y e e PPNV " A
o - rAA

35
True_o1 True_o2 True_03 True_oa True_o05 True_06 True_07 True_os True_09 True_10
o1 02 ¥ 04 ¥ _o 07 o o 10
I% 19, 470 #E 71 L EE o719 Roll
47l 23 7| 2 B o{7 2] pitch
20
15

-15
-20
01 02 . 03 04 05 _06 07 _08 X _10
o .
I3 20. 478 A 76 L EZ o719 Pitch
a7 = 7|89t L 2 Z o77l12] Yaw
20
-
10

-10
-15
-20

True_o1 True_02 True_03 True_o0a True_05 True_06 True_07 True_08 True_09 True_10

_01 _02 _03 oa _05 _06 _07 _08 _10

9 21 47) AR I 2% oA Yaw
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a7l 2t2 7|5k 21 Z o{7 2] Roll

P’ ol O
-45
Ok _02 _( _04 _( O _07 False_08 False_09 False_10
37
% 22, 478 A 7N 9& o719 Roll
a7 B 7| %F 212 OfMH2] pitch
20
-
10

I oA A A
S, L .:..:‘, S

-10

15
-20
01 _02 03 _04 _05 _06 _07 _08 _( _10
19 230 478 #A 71N 9 o}7) 9] Pitch
471 2= 7|4t 21Z 72| yaw
20

-10
15
-20

True_o1 True_02 True_03 True_o0a True_05 True_06 True_07 True_08 True_09 True_10

_01 _02 _03 _0a _05 _06 _07 _08 _10

I8 24, 47) BA 7HF 9% o7 Yaw
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-10
-15
-20
01 _02 X _04 X O 07 False_08 False_09 False_10
A = S o
19 25, 47 B4 7IWE 2 & k9] Roll
47} 2t E 7|9t @ EZ Z 99| pitch
20
-
10

-15
-20

True_01 ——True_02 ——True_03 ——True_04 ——True_05 ——True_06 ——True_07 ——True_08 ——True_09 ——True_10

01 02 . 03 04 05 _06 07 _08 X _10

T A = vl o) .
a9 26. 471 #E 7|4 @ 8% ZRE] Pitch
47l - 7|8t 2 B ZHO| vaw

20
15
10

True_01

True_02 True_03 True_04a True_05 True_06 True_07 True_08 True_09 True_10

_01 _02 _03 oa _05 _06 _07 _08 _10

¥ 27, 470 BE 7IRE 2 8% =90 Yaw
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a7 2 Z|Hk 1% Z 92| Roll

-10
-15
True_01 ——True_02 ——True_03 ——True_04 —— True_05 ——True_06 —— True_07 —— True_08 ——True_09 —— True_10
01 _02 X 04 X O 07 False_08 False_09 False_10
y}oA v [e)
% 28, 470 #E 7IRE 9% =91 Roll
a7 22 7|2 1% Z49Eo] Pitch
20
15
10

° s, 1_, S
B
-10
-15
-20
01 _02 03 _0a 05 _06 o7 08 X _10
S| 3Lyl o :
1% 029, 47) ¥4 7N 9% =4Ee] Pitch
a7l BE 7|5 21 20| vaw
20
-
10

-10
-15
-20

True_o1 True_02 True_03 True_o0a True_05 True_06 True_07 True_08 True_09 True_10

_01 _02 _03 _0a _05 _06 _07 _08 _ _10

T 30. 478 A 7N 9% B0k Yaw

29



tchtb YawRth £389 Sl=z 0% vepgeh =3, o5 =i, 9% i 34
o] ©HlolE Bt} % o)/, 9% oj7f o] HeolH t £

wahd, 2= A A Rollel dHolg 9 xpolzp Fa, Uk #ART o7 BE
Aedo] o AA vebdh. AAAAR]D 9ol Roll, Pitch, Yaw ®l°]E7} 0
Hel ExsHE ddE Ay E9Edh

o2 AA GAAA dolEeA EAE ztzhe] Fo el g ey 7}
T ARE o] g FAAA, nFAAAE wksich H5E AA YA ot
oole &9 Hyt, FFUAE ol &8 AAAA HolEZE A EE wET:E
717 dtell AAE A st

o] Aol = & 6,

1=}
ﬂ
i)
my
o
—
O

o] AR e FHS5E AdARAeL v A
AR ) HlolElo A A 127] 24 (92% oj7]9] Roll, Pitch, Yaw, 9%
7M€ Roll, Pitch, Yaw, &% ZI4I9] Roll, Pitch, Yaw, 9% =4t Roll, Pitch,
Yaw) o] B4, #4F 58 AEE o] &3l AAlE A SR

%

- 30 -



6. A A W, 1078 470 ol oigh Ft, EAk, =R
Q8% o 1% o7 QB2 ik 1z Tt
Roll Pitch Yaw Roll Pitch Yaw Roll Pitch Yaw Roll Pitch Yaw
hin —2.0290 | 0.7568 1.0459 | —1.9816 | 0.2646 0.0057 1.1060 | —1.3547 | 0.9398 0.3975 | —-0.3884 | —-1.1113
EHE}X} Ak 5.3052 0.6682 0.7547 3.0696 0.2485 1.7581 0.3877 0.1896 0.1929 0.1477 0.0849 0.3801
EFEAzk 2.3033 0.8174 0.8688 1.7520 0.4984 1.3259 0.6226 0.4355 0.4392 0.3843 0.2914 0.6165
Ein —2.0274 | 1.9964 | —0.2473 | —2.0930 | —0.4871 | 0.2330 0.3165 [ —0.0322 | —0.0760 | 0.3974 0.2358 | —0.3780
EH}SX} Ak 0.5118 0.3250 0.0315 0.5293 0.1404 0.1078 0.0273 0.0457 0.0176 0.0480 0.0712 0.0396
EFAzk 0.7154 0.5701 0.1775 0.7275 0.3747 0.3284 0.1653 0.2137 0.1328 0.2191 0.2668 0.1989
Ein —1.8701 | —1.3873 | —2.1914 | —2.3845 | 0.9633 1.2518 0.2342 | -0.8786| 0.6987 | —0.2370| 0.1147 | —0.3623
EH};}X} Ak 1.3783 0.2516 0.6702 1.2389 0.6368 0.2074 0.0308 0.1983 0.1782 0.0817 0.0353 0.0479
EFEAzk 1.1740 0.5016 0.8186 1.1130 0.7980 0.4554 0.1754 0.4453 0.4221 0.2858 0.1879 0.2188
Ein —5.6465 | —1.4505 | 3.2906 | —5.5236| 1.5561 | —0.5869 | 2.1075 | —0.2178| 1.3888 1.4128 | —0.0299 | —1.0533
EHE}X} Ak 3.1875 0.7359 1.8140 2.7580 1.4399 0.4202 0.7301 0.0567 0.7185 0.2745 0.0288 0.3833
EFEAzk 1.7853 0.8579 1.3468 1.6607 1.2000 0.6483 0.8545 0.2381 0.8477 0.5239 0.1696 0.6191
Ein —0.7402 | —1.4939 | 0.9323 | —-1.5962 | —0.3951 | —1.3898 | 0.0200 | —0.6372| 1.7307 |[—-1.7925| —1.8937 | 4.3117
EHE}X} Ak 0.1534 0.4533 0.1748 0.4720 0.0848 0.5199 0.0434 0.1017 0.8011 0.0999 0.1040 1.5507

0.3917 | 0.6732 | 0.4181 | 0.6870 | 0.2912 | 0.7210 | 0.2084 | 0.3189 | 0.8950 | 0.3161 | 0.3225 1.2453

B —0.0331 | —0.1206 | —0.7962 | —2.0746 | —0.2711 | —1.7152 | 0.4872 | —4.0516 | 1.8081 | 0.5183 | 2.3118 | 0.0644

hids 0.0999 | 0.0870 | 0.0529 | 0.1258 | 0.0533 | 0.1946 | 0.2755 | 2.8254 | 0.2750 | 0.4542 1.0466 | 0.1870

0.3160 | 0.2949 | 0.2299 | 0.3547 | 0.2308 | 0.4412 | 0.5249 1.6809 | 0.5245 | 0.6739 1.0231 | 0.4324

B —2.8925 | —0.9304 | —0.3670 | —3.8453 | —0.3743 | —0.6123 | 0.2311 | —0.2637 | 0.5974 | —0.0788 | 0.1134 | —0.1654
K };}X} il 3.0524 | 0.1183 | 0.0353 [ 3.5393 [ 0.1596 | 0.0711 | 0.0998 | 0.0698 [ 0.0879 [ 0.0615 [ 0.0697 | 0.0904
®EAzt 1.7471 | 0.3439 | 0.1878 | 1.8813 | 0.3995 | 0.2666 | 0.3160 | 0.2643 | 0.2965 | 0.2480 | 0.2640 | 0.3007
B 1.9462 | —2.7102 | —1.1554 | —4.1961 | 0.6562 | —5.6342| 3.3171 | —1.7831| 0.3995 | 2.8011 1.4990 | —0.3094
EH};}X} il 3.9974 1.3469 | 0.1458 | 1.1353 | 0.2601 | 3.6346 | 0.8230 | 0.2354 [ 0.0313 | 0.4758 | 0.1437 | 0.0653
®EAzt 1.9994 1.1606 | 0.3818 | 1.0655 | 0.5100 | 1.9065 | 0.9072 | 0.4851 | 0.1770 | 0.6898 | 0.3791
B —0.4453 | —0.4834 | 0.5939 | —0.6138 | 0.8751 | 0.0439 | 0.1718 | 0.2944 | 0.8547 | 0.3119 | —-0.3176 | —0.9211
EH};}X} il 0.3219 | 0.3759 | 0.2829 | 0.2366 | 0.2988 | 0.0852 | 0.0480 | 0.1054 | 0.1008 | 0.0851 | 0.1049 | 0.2296
®EAzt 0.5674 | 0.6131 | 0.5319 | 0.4864 | 0.5466 | 0.2919 | 0.2190 | 0.3247 | 0.3176 | 0.2916 | 0.3239 | 0.4792
B 0.9115 | —1.3051 | 0.2839 | —0.1278 | —1.7462 | —1.0833 | 1.2215 | 0.4285 | 1.2595 | 0.6808 | —0.0917 | —0.2582
EH;C(})X} il 0.9888 | 0.4150 | 0.5248 | 0.4273 | 0.2095 | 0.3317 | 0.2404 | 0.5028 | 0.4741 | 0.0549 | 0.0353 | 0.0530
®EAzt 0.9944 | 0.6442 | 0.7244 | 0.6537 | 0.4578 | 0.5759 | 0.4903 | 0.7091 | 0.6886 | 0.2343 | 0.1878 | 0.2302
Ein —0.905 |—-0.7128] 0.1389 |—2.4437| 0.1042 [-0.9488| 0.9213 [—-0.8496| 0.9601 | 0.4411 | 0.1553 |—0.0183
AA il 3.7951 | 2.0677 | 2.4485 | 3.7959 | 1.1695 | 3.8464 | 1.2854 | 2.0109 | 0.6063 1.41 1.3003 | 2.5275

EFAA | 1.9481 | 1.4379 | 1.5648 | 1.9483 | 1.0814 | 1.9612 | 1.1338 | 1.4181 | 0.7787 | 1.1874 | 1.1403 | 1.5898
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F7EAAA A w107 9] 47) el Wig Ha, Bab, st
LEF o) 2% o7 LASS Ll A%

Roll Pitch Yaw Roll Pitch Yaw Roll Pitch Yaw Roll Pitch Yaw
hin —1.3846 | 0.0866 |—7.2705| —5.7461 | —0.5739 | —1.5513 | 9.6656 | —7.2914 | —6.3938 | 8.6535 | —1.0588 | —3.0828
EHE}X} Ak 1.5677 0.0637 0.0372 1.2091 0.1977 0.3962 0.0118 0.0405 0.0315 0.0315 0.0453 0.0600
EFEAzk 1.2521 0.2524 0.1930 1.0996 0.4446 0.6294 0.1086 0.2013 0.1775 0.1776 0.2129 0.2449
Ein 3.1341 4.2946 3.1854 5.3254 4.9807 | —1.5392 | 9.8184 | —0.9974 | =7.9475| 9.0907 [ —2.8407 | —0.8611
EH};}X} Ak 0.7861 2.6809 0.6099 2.7012 1.3039 0.5145 0.1656 0.0434 0.0664 0.3407 0.0543 0.4113
EFAzk 0.8866 1.6373 0.7810 1.6435 1.1419 0.7173 0.4069 0.2082 | 0.2576 0.5837 0.2329 0.6414
Ein —31.7431| 5.2893 7.0126 [—-42.4118| —4.8088 | 5.1218 6.6516 6.1671 | —6.3005 | 8.8343 | —1.9618 | —0.4318
EH};}X} Ak 0.1493 0.0875 0.1467 0.5774 0.3027 0.1830 0.1597 0.3466 0.0802 0.1564 0.0792 0.0984
EFEAzk 0.3864 0.2957 0.3830 | 0.7599 0.5502 0.4277 0.3997 0.5888 0.2831 0.3955 0.2814 0.3137
Ein 10.9444 | —7.3475 | —5.8293 | 15.1013 | 3.7404 0.0890 [ 13.0354 | 3.0603 |—12.2580] 20.7514 [—10.9525| —4.1858
EH}EX} Ak 0.1871 0.1065 0.1713 5.7377 3.2084 2.0622 0.0601 0.2567 0.0464 0.0640 0.1461 0.0327
EFEAzk 0.4326 0.3263 0.4139 2.3953 1.7912 1.4360 0.2451 0.5066 0.2155 0.2529 0.3823 0.1807
Ein —27.1341| 9.0556 | —1.7102 |—-26.8850| —2.8661 | 12.3888 | —1.7328 | 2.8996 3.9981 | —4.9349 | —6.5627 | 4.5566
EHE}X} Ak 0.4007 0.3948 0.5725 0.1734 1.3994 0.8331 0.1353 0.2624 0.7239 0.0567 0.0884 0.1388

0.6330 | 0.6283 | 0.7566 | 0.4164 1.1830 | 0.9127 | 0.3678 | 0.5123 | 0.8508 | 0.2381 | 0.2974 | 0.3725

B —8.6547 | —1.7271 | —1.1338 |-10.5869| 1.1877 | 2.0118 | 0.8932 | —3.3268 | —1.8300 | 2.8478 | 2.1733 | 0.3688

-2k 0.2168 | 0.1410 | 0.0415 | 0.1895 | 0.1850 | 0.0907 | 0.3929 | 0.3166 | 0.1280 | 0.6955 | 0.1130 | 0.1606

0.4656 | 0.3755 | 0.2038 | 0.4353 | 0.4301 | 0.3011 | 0.6269 | 0.5626 | 0.3578 | 0.8340 | 0.3362 | 0.4007

B —7.9547 | 2.2592 | 5.3467 | —9.1575| —5.5896 | —2.1207 | 18.0011 | —8.7555 | —6.5017 | 17.2402 | 5.9018 | 0.8624

EH};}X} il 0.1960 | 0.1826 | 0.1248 | 0.2600 | 0.3516 | 0.2514 | 0.0674 | 0.2382 | 0.1017 | 0.0658 | 0.2046 | 0.1148
®EAzt 0.4427 | 0.4273 | 0.3533 | 0.5099 | 0.5930 | 0.5014 | 0.2596 | 0.4881 | 0.3189 | 0.2565 | 0.4524 | 0.3389

B —22.2012| 9.2233 | —7.5896 |—-30.5153| 5.6970 | —2.0474 | 11.5027 | =5.1698 | —6.7048 | 14.7326 | 6.5356 | —2.1353

EH};}X} il 2.9346 1.9707 | 0.5518 | 2.7055 1.1431 1.4592 | 0.7487 1.3576 | 0.2777 1.6379 | 3.0655 1.1255
®EAzt 1.7131 1.4038 | 0.7428 | 1.6448 1.0691 1.2080 | 0.8653 1.1652 | 0.5269 1.2798 1.7509 1.0609

B —20.9169| 3.0457 | 13.7479 |—18.7110] —3.1189 | —0.9881 | —5.9894 | 3.9543 [ —0.7654 | —=5.4706 | —0.4101 | 0.4288

EH};}X} il 2.7954 1.0820 | 0.4430 | 0.2426 | 2.8118 | 5.1199 | 0.4522 | 0.2209 [ 0.0880 | 0.4078 | 0.1061 | 0.0484
®EAzt 1.6719 1.0402 | 0.6656 | 0.4926 1.6768 | 2.2627 | 0.6724 | 0.4700 | 0.2967 | 0.6386 | 0.3257 | 0.2199

B —17.7478| 6.0004 | —0.2083 |—-12.3355| 2.0792 | 0.2931 | 5.8185 | —3.5612| 0.0929 | 6.3372 | —7.9256 | 1.2870

EH;C(})X} il 0.6613 | 2.6542 | 0.1985 | 0.8379 | 0.1776 | 0.1345 | 0.0925 | 0.5863 | 0.1921 | 0.0398 | 0.0428 | 0.1138
®EAzt 0.8132 | 1.6292 | 0.4456 | 0.9154 | 0.4214 | 0.3667 | 0.3042 | 0.7657 | 0.4383 | 0.1995 | 0.2068 | 0.3373

Ein —12.366] 3.0180 | 0.5551 |—13.592| 0.0728 | 1.1658 | 6.7664 |—1.3021|—-4.4611| 7.8082 |—-1.7101|-0.3193

AA il 173.972123.9135 |42.5428 [260.752|16.0655|19.5753 [47.8312]23.9452|20.3879|67.6827 [ 29.6018 | 5.7279

EFAA [13.1899] 4.8901 | 6.522

$il

16.1478 | 4.0082 | 4.4244 | 6.9160 | 4.8934 | 4.5153 | 8.2270 | 5.4408 | 2.3933
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# 9. QUAIEE ZIME YA AAFelM el 7 24 Wy
7% 7l A (9¥3] 7)) Right flexion of body
Roll
(=180 " ~+180") (&3] 4) Left flexion of body
XF 71+ 3Hd (93] #) Anterior flexion of body
Pitch
(=90" ~+90") (23] %) Posterior extension of body
(0 °) Northern direction
Y& 7] 3A (90 ° ) Western direction
Yaw
(=180" ~+180") | (180", —180 ") Southward direction
(=90 ° ) East direction

Z o7} BAa¥ =4k #A 9 Roll, Pitch, Yaw 34

A B AAA LA Ao Tk et

)
kit
a
4%
fijo
off
ol
o
o
N
2,
o

BVH X9l A dole= 3% 109 HIERARCHY AlMe] AdAd¥ OFFSETe]

S 3
A7k Mz s 970 ddse] A, 2/90XE JFow edy A=
2 949 Fo ANARE AAY FH FL NFOR 49 o B, I B
o Aelg A5 ol wA, Bk e Fulo] B Ba) AAAMAA v

A Q1A #2407}k,



B

E 10, QARG 7R RAHA A|AEo|A AAd¥E OFFSET

JOINT NAME JOINT OFFSET X | JOINT QFFSET Y | JOINT OFFSET Z
Hips 0.000000 0.000000 0.000000
Chest 0.000000 0.478709 0.0008602
Chest2 0.000000 9.484043 -0.001204
Chest 0.000000 0.444709 0.000000
Chest4 0.000000 9.433073 0.000000
Neck 0.000000 14.256378 0.000000
Head 0.000000 3.828424 —0.002588
Head End Site 0.000000 16.837203 —-0.001357
RizghtCollar —2.889356 9.434859 0.000000
RightShoulder —13.459763 0.000000 0.000000
RightEbow 0.000000 -20.521327 0.000000
RightWrist 0.000000 —-23.870026 0.000000
RightWrist End Site 0.000000 -17.651364 0.000000
LeftCollar 2.889336 9.434859 0.000000
LeftShoulder 13.459763 0.000000 0.000000
LeftElbow 0.000000 -29.521327 0.000000
LeftWrist 0.000000 —-23.872028 0.000000
LeftWrist End Site 0.000000 -17.651364 0.000000
RightHip —7.700738 —0.002948 -0.000301
RightKnee 0.000000 -40.214844 0.000284
Right Ankle 0.000000 —-39.123446 0.000478
RightToe 0.000000 —0.992664 13.477474
RightTee End Site 0.000000 —1.437731 6.147048
LeftHip 7.700738 —0.002948 —0.000301
LeftKnee 0.000000 —-40.214844 0.000284
LeftAnkle 0.000000 —-39.123446 0.000478
LeftToe 0.000000 —0.992664 13.477474
RightToe End Site 0.000000 —-1.437731 6.147048

9 o BA R,
o] o]Ft 79 AV F AA

ok



2, 7+ ol el d(,m.n), dy(,m,.n,) etk 1% 33 o] F )
H7l o)%E 2 0= A(5), A6), A(NS W d,, d, T B yHoz
gkt
AZ
F;(IE, m,, n.)
;-j_.!
719 33, 3Akd FRbelA F HAdo] olF& 7
COSO = i ——— (5)
d1 ‘dz
A cosO e x dd 0+ cos golth
0 =cos™ ——— (6)
d1 ‘dz
d,-d,| = iy + mymy +nny|. ‘a‘ =JIF+mi+n’, |d,| = \//22 +m,” +n,
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Pitch, Yaw, €92 9]7]9] Roll, Pitch, Yaw, 22Z Il Roll, Pitch, Yaw, 9%

kel Roll, Pitch, Yaw) ] 8% 747 e mastol ZaabAst g 2
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9 A 28} Euto] WsE 4
9 36%H 19 45 1079 widAtel digk FdArAl ek v g A A el el &
% o, 9% o/, Q8% =
o] Wizts B8] flall xy@w/del vebdl Tgojrh 9% a9 didate] 4
BAA] g 47 B 912 WstE UErd TRlelr, 8% 9 e
H 7 g2 p Aol digt 47 o] 9] WskE vepd dot). dFol= ohekst 3
Aol A thdAte] w4 WstE wEeto] o9l =kl okF Eoldd, #9 Eo1A
59 3xd AR WS EAsk] S AE A Al gl

<<CHARH 2| [ZAKIA] RightShoulder, LeftShoulder, RightHip, LeftHip>> << CHAIRH Q| [HIZAKIM RightShoulder, LeftShoulder, RightHip, LeftHip>>
0 70
60 60 r g o
) [
50 50
40 40
.
> >
30 . 30
20 20
10 10
20 15 10 5 0 5 10 15 20 20 15 10 5 0 5 10 15 20
X X
[« rRs ¢ 15 o mo tH] [« rRs ¢ 15 o mo LH

I3 36, WAL L) xyHHAF o)zl 9F =HF W)

<<[HARF2 2 [FAIM] RightShoulder, LeftShoulder, RightHip, LeftHip>> << [HAIRF22| [HIZAKIM RightShoulder, LeftShoulder, RightHip, LeftHip>>
70 70
60 - - 60 & L
50 50
.
40 40
.
> >
30 30
20 20
10 10
20 15 10 5 0 5 10 15 20 20 15 10 5 0 5 10 15 20
X X
[« rRs ¢ 1s « m tH] [« rRs ¢ 1s « m LH

2% 37, A2 xyREa olsh Fuk st
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<<CHAIRF3 2| [BAKIA] RightShoulder, LeftShoulder, RightHip, LeftHip>>

<< CHAIRF3 2| [HIZAKIM RightShoulder, LeftShoulder, RightHip, LeftHip>>

70 70
60 60
- -
50 - 50
40 40
-
30 30
20 20
10 . 10
0
20 45 10 5 0 5 10 15 20 20 45 10 5 0 5 10 15 20
X X
[+ rRs ¢ 15 o m L] [+ rRs ¢ 15 o m LH
o o 7 5
9 38, thdAR3 e xyBHEd o ek =k W st
<<CHAIRH 2| [BAKIA RightShoulder, LeftShoulder, RightHip, LeftHip>> << [HAIRH4 Q| [HIZAKIM RightShoulder, LeftShoulder, RightHip, LeftHip>>
70 0
60 60 - J
- -
50 50
40 40 -
-
30 . 30
20 20
10 10
0
20 45 A0 5 0 5 10 15 20 20 45 A0 5 0 5 10 15 20
X X
[« rRs ¢ 15 o mo tH] [« rRs ¢ 15 o mo LH
o o 7 5
9 39, A xyBad oz ek =k st
<<CHAIRHS 2| [BAKIA RightShoulder, LeftShoulder, RightHip, LeftHip>> << [HAIRH5 2| [HIZAKIM RightShoulder, LeftShoulder, RightHip, LeftHip>>
70 70
60 60 7 r
50 ° - 50
40 40
> L]
30 30
20 20
[ ]
10 10
0
20 45 10 5 0 5 10 15 20 20 45 10 5 0 5 10 15 20
X X
[« rRs ¢ 1s « m tH] [« rRs ¢ 1s « m LH
o o 7 5
% 40. A5 xyBE A o9l =nk W}
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<<(CHAIKI6 2| [BAIKIA] RightShoulder, LeftShoulder, RightHip, LeftHip>>

<<[HAIRE 2| [HIEAKIM RightShoulder, LeftShoulder, RightHip, LeftHip>>
0

70
60 60 - >
- -
50 50
40 40 L
N
30 30
L]
20 20
10 10
0 0
-20 -15 -10 -5 0 5 10 15 20 -20 -15 -10 -5 0 5 10 15 20
X X
[+ rRs ¢ 15 o m L] [« Rs o s ¢ m LH
o 3T 5 5
9 41, A6 S xyBEd ol ek =k A st
<<CHAIKH? 2| [BAKIA] RightShoulder, LeftShoulder, RightHip, LeftHip>> << CHAIRH? 2| [HIZAKIM RightShoulder, LeftShoulder, RightHip, LeftHip>>
70 0
PR i i
60 - - 60
50 50
40 40 A
. >
30 30
20 20
10 10
0 0
-20 -15 -10 -5 0 5 10 15 20 -20 -15 -10 -5 0 5 10 15 20
X X
[« rRs ¢ 15 o mo tH] [« Rs ¢ 1s o m LH
o 3T 57 5
9 42, AT xyBad ol ek =k A st
<<CHAIXI8 2| [BAIKIA RightShoulder, LeftShoulder, RightHip, LeftHip>> << [HAIRES | [HIZAKIM RightShoulder, LeftShoulder, RightHip, LeftHip>>
70 70
60 60
50|—of - 50
40 40 , ,
>
30 30
20 20
10 - 10
0 0 .
-20 -15 -10 -5 0 5 10 15 20 -20 -15 -10 -5 0 5 10 15 20
X X
[« rRs ¢ 1s « m tH] [« rRs ¢ 1s « m LH
o 3T 5 5
9 43, A8 e xyBAad o e =k W st
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<<CHAIRt9 2| [BAIKIA RightShoulder, LeftShoulder, RightHip, LeftHip>> << [HAIKHO O| [HIZAKIM RightShoulder, LeftShoulder, RightHip, LeftHip>>

70 70
60 60
T T - -
50 50
40 40
-
30 30
P ]

20 20
10 10

20 15 10 5 0 5 10 15 20 20 15 10 5 0 5 10 15 20

X X
[+ rRs ¢ 15 o m L] [+ rRs ¢ 15 o m LH
A [e) RY2 A Sl o)
% 44, A9 xyBE AL o9l =nk W3}

<< CHAKH02J[ ZAIIM) RightShoulder, LeftShoulder, RightHip, LeftHip>> <<CHAIHMO02| [HIRAIKIM] RightShoulder, LeftShoulder, RightHip, LeftHip>>
70 70
60 60 = ™
50 50
40 40 L

. >

30 30
20 20
10 10

20 15 10 5 0 5 10 15 20 20 15 10 5 0 5 10 15 20

X X
[« rRs ¢ 15 o mo tH] [« rRs ¢ 15 o mo LH

B WHNEE o] g3to] ol BF9 FHoliel ofAfsl Fuk

B2 BA3t). g3 o= UAFE (screw axis)E o] 8310], 2] Eo]3 9]

& Aol ool I, oj el HFe tia] =3, 4 AFE 4 7hs st

- 45 -



hya
ar

1L B4R W, 1089 o7, HF, Buk wae] e 52/89

22 AA o7 // =} o7 -2

2 1.5857 83.0596

Ak °
g fX} ERYE 0.2433 0.0709
FEEp) 0.4933 0.2662
Bt 11422 86.4043

Ak °
g gﬂ ERYE 0.0892 0.0676
S 0.2936 0.2601
Bt 31217 83.0140

Ak °
g §X} ERYE 0.7787 0.3274
SR 0.8825 05722
Bt 1.5074 89.7217

Ak °
g ZX} ERYE 1.0314 0.0435
S 1.0156 0.2086
B 13899 875112

A ©
g gx} HAL 0.3412 0.1182
SR 0.5841 0.3139
B 25803 87.6200

A ©
g gﬂ By 0.1538 0.1611
S 0.3922 0.4014
B 9.6657 86,8711

Ak °
g ;X} ERYE 0.1590 0.4263
B 0.3938 0.6529
Bt 82476 83.0876

Ak °
g gﬂ Py} 0.1449 0.1189
S 0.3807 0.3148
Bt 1.2861 89.2211

Ak °
g SX} ERYE 0.2010 0.1538
S 0.4434 0.3985
Bt 38471 86.7868

Ak °
ﬂl‘f ERYE 0.1627 0.1838
S 0.4034 0.4287

118 10799 tia7h AAatalel ), ol 7o) warue o

=

o|f& Z%, oz Wk El e} Znke] whEFElE] 7} o] F
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B 12, vAARA A 9, 1092 o7, HF, =RE el oisk 72/4 3

H] g 23 A1 A o7 // =Rk o LA
N 3 2.3761 87.6686
i fx} A 0.1995 0.1804
R 0.4467 0.4248
Bt 15208 86.7641
o4
; EpY; 0.1205 0.0949
EEAA 0.3471 0.3081
Bt 10710 86.1009
o4
: EpY; 0.1665 0.1645
EZAA 0.4081 0.4056
Bt 15.5851 89.3057
SIS ;
h EpY; 12564 0.3641
EZAA 2.0631 0.6034
Bt 15796 86.1131
o4
: EpY; 0.0846 0.0756
EEAA 0.2909 0.2750
Bt 25946 89.5578
o4
: EpY; 0.1782 0.0674
R 0.4222 0.2596
Bt 6.2834 89.5430
SIS -
: EpY; 0.3344 0.0760
EEAA 0.5783 0.2756
Bt 75108 83.8903
R :
. EpY; 17911 05423
EEAA 1.3383 0.7364
Bt 6.6614 84.3362
SIS - ;
: EpY; 1.9370 1.4203
R 1.3918 1.1918
Bt 43595 87.7159
o4
9 EpY; 0.7106 0.2801
EEAA 0.8430 0.5292

Folst Zhw, olzje] wauElsl Fuke] MaUEs} o R ARl Wi, B

A5 b 2ol o)
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¥ 13, AAA 4w, AlEE ole Ao Uizt

g ALA Q8% o) BESE o=z Zul Q2 =zl
oA it 70.7003 71.0736 50.9175 50.9175
; Ak 0.0028 0.0023 0.0000 0.0000
xEAz 0.0531 0.0475 0.0000 0.0000

o it 71.2529 69.9474 50.9175 50.9175
; Ak 0.0023 0.0026 0.0000 0.0000
xFHA 0.0479 0.0513 0.0000 0.0000

o it 70.4765 71.1908 50.9175 50.9175
‘,3 Ak 0.0227 0.0063 0.0000 0.0000
xFHA 0.1507 0.0795 0.0000 0.0000

o it 70.8998 70.8926 50.9175 50.9175
Z Ak 0.0050 0.0034 0.0000 0.0000
xFAA 0.0706 0.0585 0.0000 0.0000

o it 71.3311 70.4385 50.9175 50.9175
; Ak 0.0062 0.0025 0.0000 0.0000
xEAz 0.0790 0.0495 0.0000 0.0000

o it 70.4747 71.3277 50.9175 50.9175
g Ak 0.0046 0.0063 0.0000 0.0000
xFAA 0.0680 0.0794 0.0000 0.0000

o it 71.1692 70.0330 50.9175 50.9175
,; Ak 0.0138 0.0217 0.0000 0.0000
xFHA 0.1173 0.1474 0.0000 0.0000

o it 69.3440 71.8845 50.9175 50.9175
; Ak 0.0067 0.0043 0.0000 0.0000
xFHA 0.0820 0.0660 0.0000 0.0000

o it 71.0026 70.7276 50.9175 50.9175
; Ak 0.0048 0.0072 0.0000 0.0000
xEAz 0.0696 0.0847 0.0000 0.0000

oA it 71.4238 70.2695 50.9175 50.9175
100 Ak 0.0052 0.0077 0.0000 0.0000
xFHA 0.0723 0.0876 0.0000 0.0000

A3

132 10789 A7t AdAAld o,

ebd A wpol ),
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o,

4

kel

- . _
14 0N A W, MRS QAR Uz
373 AA 2EE o AZo)7) LEH = 4% =
Fat 70.3539 71.1943 50.9175 50.9175
o= Y :
1 s 0.0092 0.0041 0.0000 0.0000
xFEHzak 0.0959 0.0642 0.0000 0.0000
Fat 71.2732 70.1027 50.9175 50.9175
o)A o " f
9 =2k 0.0035 0.0029 0.0000 0.0000
xFEHak 0.0594 0.0538 0.0000 0.0000
At 71.5850 70.1871 50.9175 50.9175
PR e
3 =2k 0.0040 0.0074 0.0000 0.0000
xFEHzak 0.0629 0.0863 0.0000 0.0000
At 70.8725 70.8668 50.9174 50.9175
o= T - -
4 s 0.0241 0.0317 0.0000 0.0000
xFEHzak 0.1554 0.1782 0.0000 0.0000
Fat 71.4693 70.0685 50.9175 50.9175
o= Y :
5 s 0.0029 0.0041 0.0000 0.0000
xFEHzak 0.0536 0.0641 0.0000 0.0000
Fat 70.8966 70.7469 50.9174 50.9175
B ) Py o
6 s 0.0033 0.0033 0.0000 0.0000
xFEHzak 0.0578 0.0575 0.0000 0.0000
. Fat 70.3724 70.5070 50.9175 50.9175
A
E”,; ¥ il 0.0056 0.0062 0.0000 0.0000
xFEHzak 0.0748 0.0787 0.0000 0.0000
. Fat 69.7762 71.9660 50.9175 50.9175
A
E”; ¥ Ak 0.0266 0.0122 0.0000 0.0000
xFEHzak 0.1630 0.1104 0.0000 0.0000
a At 71.5025 69.4357 50.9175 50.9175
A
E”; b Ak 0.0358 0.0822 0.0000 0.0000
xFEHzak 0.1892 0.2867 0.0000 0.0000
. Fat 71.0804 70.2669 50.9175 50.9175
A
Eﬂloo b Ak 0.0178 0.0147 0.0000 0.0000
xFEHzak 0.1333 0.1211 0.0000 0.0000
, _
145 1099 oAzl A o, A8 ol Azde) Wz
A, EFEAAE UEhd o]ty
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o WA 9 AAEY W
o] BAAME 1090 dARERE HASEF FAGAe v Holeo
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