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Construction of Motion Evaluation/Simulation System
Based on Musculoskeletal Human Body Description

TAKAKO SATO,t KAZUNORI SAKAKIt® and HIROSHI ARISAWA'

This paper presents a human body motion evaluation/simulation system using a precise
human model. This system consists of 4 component technologies: measurement of human
physique, detection of human motion, evaluation/simulation by precise human mockup, and
realistic display of those results. In this paper, we are focusing on measuring physique method,
precise mockup generation, and motion evaluation method based on musculoskeletal model.
Also, this paper describes the experiments, each of which proves the adequacy of component
technology. Finally, it reports the result of a total experiment of motion evaluation/simulation
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system.
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Fig.1 Concept of Info-Ergonomics Simulation System.
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Fig.2 Data flow of Info-Ergonomics Simulation System.
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Fig.4 The procedure of object extraction.
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Fig.7 The result of motion extraction.
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Fig.10 Example of evaluation/simulation result.
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Fig.11 Motion of evaluation experimentation.
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Fig.12 Experimental result and normal range of motion.
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Table 1 Description of human body model.

oooo oo oooo oo
VRTCLENGTH float 483.5 goooooooo
SGTLLENGTH float 181.6 oo-00000000
FRNTLENGTH | float 169.2 oo-0000000D
NXTVECTORn | float x 3 —10.25 —4.35 —47.05 00000000000n=00000000000000
ROMFLEX float 125 oooooo
ROMEXTN float 16 gooooo
ROMABDC float 45 oooooo
ROMADDC float 20 oooooo
ROMEXTROT float 45 gooooo
ROMINTROT float 45 oooooo
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oooooooooooboooOooooooooOooooooooooon

Table 2 Description of precise human body model (bone).

02 000000000000

751

oooo 0o oooo 0o
SEGID four digit (<1000) | 0003 OO0 IbOoo
SEGNAM string right shinbone oooo
VRTNUM int 1082 oooo
VRTn float x 3 0.1282 0.343 1.849 n000000000000 (0<n<VRTNUM)
SRFNUM int 1254 ooo
SRFLOOPr float x (X+1) 487 486 489 —1 000000 (0<r<SRFNUM, X>2) (CCW)
LENGTH float 8.3 4.8 48.2 0o0ooO0ooooooD
NXTSEGNUM int 2 oooooo
NXTSEGIDm four digit 4 m 000000 ID (0<m<NEXTSEGNUM)
NXTSEGCRDm | float x 3 —63.3 —39.6 —23.43 | m 0 0000000000000 (0<m<NEXTSEGNUM)
MSLVRTNUM int 4 Ooooooooooooo
MSLVRTCRDp | float x 3 —59.2 —64.9 —19.23 | pO00O000000O0O0O00O (0O<p<NEXTSEGNUM)
03 DOooooooooooo
Table 3 Description of precise human body model (muscle).
oooo oo oooo oo
SEGID four digit (>1000) | 1002 OO0 Iboo
SEGNAM string right quadriceps | 0000
VRTNUM int 4 ooooooooooo
BONEIDq four digit (<1000) | 0001 00o0oDoo ID (0<q<VRTNUM)
MSRVRTIDq | int 3 BONEIDq DOO0O0OO0O ID (=0 2 MSLVRTCRDp O p)
MAXFORCE | float 10.52 ooooooooo
LENGTH float 28.3 ooooooooooooon
05 ODO0O0OO000ODOO
Table 5 Motion description of precise human body model.
oooo 0o oooo oo
TIMEPOINT float 1.333 oo
SEGID four digit (<1000) | 0003 0o IbOo
MOVEMENT | float x 3 0.02, 0.01, 0 ooooo
ROTATION float x 4 0.866, 0.354, 0.25, 0.25 | 00000000 O0OO0OOOO0OOO0OOOO
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04 0O0OODODODOO
Table 4 Data description of motion capturing.

oooad oagd oood oad

r_hip_flx float | 44.504120 gooooooo
r_hip_add float | 13.810194 oooood
r_hip_rot float | 19.383473 gooooo
r_knee_flx float | 88.577799 gooooooo
r_ankle_flx float | 5.316606 oooood
r-ankle_add float | 0.000000 gooo
r-ankle_rot float | —2.300084 |00 OO
1_hip_fix float | 1.355093 gooooooo
1_hip_add float | 6.106591 gooooo
1_hip_rot float | —8.378870 |DO0O0OOO
1_knee_flx float | 4.982179 gooooooo
l_ankle_flx float | 5.671249 gooooo
l_ankle_add float | —5.729578 |00 OO
l_ankle_rot float | —9.406515 |00 00O

r_scapla_flx float | 0.450225 goooooooo
r_scapla_add float | 85.208535 ooooooo
r_scapla_rot float | 0.000000 goooooo
r_shoulder_flx |float|—8.206596 |0 0000000
r_shoulder_add | float | 1.912280 oooood
r_shoulder_rot |float | —70.622801 |0 00000

r_elbow_flx float | 3.111705 gooooooo
r_elbow_rot float | 0.000000 oooood
rowrist_flx float | 22.918312 oooooooo

r-wrist_add float | —11.530272 (000000
l_scapla_flx float | 3.587444 goooooooo
l_scapla_add float | 88.272966 goooooo
l_scapla_rot float | 0.000000 gooooood
l_shoulder_flx | float |0.686393 gooooooo
1_shoulder_add | float | 16.853457 oooooo
1_shoulder_rot |float |25.498637 gooooo

l_elbow_flx float | 31.453829 gooooooo
l_elbow_rot float | 0.000000 oooooo
l_wrist_flx float | 5.697020 gooooo
l_wrist_add float | —5.828183 |00 OO
lumbar_flx float | —3.790072 (0000000
lumbar_add float | —1.045172 (00000
lumbar_rot float | —1.925812 (00000

thoracic_flx float | —4.160839 (00O 0OOOO
thoracic_add float | 4.396958 goooo
thoracic_rot float | —3.108300 |ODOOOO
neck_flx float | 3.408454 goooooo
neck-add float | —7.721569 (00000
neck_rot float | —5.582693 |0D0O0O0OO
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