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— Simulation of Whole Body Posture during
Asymmetric Lifting -
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Abstract

In this study, an asymmetric lifting posture prediction model was
developed, which was a three-dimensional model with 12 links and 23
degrees of freedom open kinematic chains. Although previous researchers
have proposed biomechanical, psychophysical, or physiological measures as
cost functions, for solving redundancy, they lack in accuracy in predicting
actual lifting postures and most of them are confined to the
two-dimensional model. To develop an asymmetric lifting posture prediction
model, we used the resolved motion method for accurately simulating the
lifting motion in a reasonable time. Furthermore, in solving the redundant
problem of the human posture prediction, a moment weighted Joint Range
Availability (JRA) was used as a cost function in order to consider
dynamic lifting. However, it is known that the moment weighted JRA as a
cost function predicted the lower extremity and L5/S1 joint motions better
than the upper extremities, while the constant weighted JRA as a cost
function predicted the latter better than the former. To compensate for this,
we proposed a hybrid moment weighted JRA as a new cost function with
moment weighted for only the lower extremity.
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In order to validate the proposed cost function, the predicted and real
lifting postures for various lifting conditions were compared by using the
root mean square(RMS) error. This hybrid JRA reduced RMS more than
the previous cost functions. Therefore, it is concluded that the cost function
of a hybrid moment weighted JRA can be used to predict three-dimensional
lifting postures. To compare with the predicted trajectories and the real
lifting movements, graphical validations were performed. The results also
showed that the hybrid moment weighted cost function model was found to
have generated the postures more similar to the real movements.

1. A&

AZr-E ok QloJA AA e FZdZT AL Reachtt Vision, gait, &
Liftingd 7ol H&Hojgrh 28y o]de d7E 2319 HAAe F38 o
Faled 2329, 33442 JdE AdA ALE QA R B0 F3E
o] Ak AAM FAL wS BFstn oy AAAAL B3 A9
4] AE B AFARES ZE AlagoZ JAAFZSE 92317 9
gt HAshPo] ALgH ok EXEYe B8 79 A, =713 A
TESY Az APAY AAR g HHHE FE= Wy
Global Optimization Method?} 2 A}g&3 o] $c}1,236,8]. 28y o83k
¥2 W computation Time2 2734, Whole BodyE W4og 3= A%
T 2 AL 718 AEFAHQ] AHE 23t g S AR
of #xt olygt dymo]d RoflE A AAFRE oEFE & =
Inverse Kinematics o] x5 A& o] g}

Reach Posture Prediction®] 7 $-& 339 Al E#H oA & o] &3ty 3 &= &
< & &9 AFL d3ses A7 AR HRH59,10,11). Zhang# Chaffin
o AFdAE BT & £ BE 7 AREE ZE w9 Aaz AHAsY
©9[10], Weighted A} =ZH]¢HS X}€% Inverse Kinematics¥'d & o] &35 o
do AAE 9433}t Shin® AT %  Inverse Kinematics®H & A&3tg
on, Rdg FEH d&oz gAY oH, T A AYL EAY 3
T Y=L 3ATHI). 22U Reach Posture Prediction®] A4 tii el m
do] FFFH & ¥ F& F¥EZ Ho 9o EVIAYH ZE Whole Body
Motion®] & &&o] Erls3st).

S713YL A BE #BEY AP 2oz JAE o=k )
o] Whole Body Modele] & 7€t £3] 24 g Fo|A ulHs] Aol



A3 G A A 43 A 23 20029 6¥ 13

Ve vy 71349 A%E Fdy FHEIFo|d AL 838, oy @
RPL 2EAS F23 ddoz L33 oy, ol x EV|FYG #E
AN ZE AFE0] 229 AlE ol Ao FE AAoloA ol FFE F
zZ & AlBolAd e wrddA Z3tx Jdd

mta B Ao B ugid 7] AYES st ¢ JAY 2FLE
A F3dF 4 9+ 3239y Whole Body Lifting Posture Prediction Model2 71
et AdE 2dE St AAY Z #dY AXE 458 F de HE
F4e AR Ed o =3 2l MNAA BFAdE AF3] Hdsteq B
48 EA fojR 2 Ao AH-I dA] EVFAYPeEZ RE X 4 #
Ao AFE ¥R

2. A7
2.1 3xt¢ Whole Body Lifting Posture Prediction Model

E AFoME 3219 E7FYE FEE 4 AEF 12 A WBAFEE
7Z+= Whole Body Lifting Posture Prediction Model & A&3t5th. #-$ o7}
A-y FH$ n@dd ogix 1581 #HLE 39 AHFEE = Spherical
Joint, ¢ ZTEXNVAYN FEZAHEL 1719 AFEE 2= Hinge Joint, 1
T g2gdeoe AFEE 2= Universal Joint2 714 3JAHIY 1). <
E 1>& 7 #EdM 9 MovementE WERE Aolth. Ed <T@ 2> 7o
249¢& Hands Constraint Condition®] &3t = A 371¢] Modules(Legs,
Trunk, Arms)2 ¥ Hybrid manipulator2 7}33Hth &, o] RN E &5
A E qduF Fo2x 3lHdo] dojuA] F= v JHFRALH, FE
Atojol A-le E712de] dojue Fetdl 3 A& A FAETL MR
Attt =3 712 Fo w3 5T 23709 #AHY 4=y FoAA YE
9 F g 7HA s

Whole Body Lifting Posture Prediction Model ¢} €732 %% Ankle joint
o] FHo g AHIYY XF L LEF HEAHAAN 9F HEAH WFoE 7
2o FY3 wdges B13s g9 wFgo s HAA}IPLH, YE2 2EE
2o wet AAQsA

b



14 gy 71849 339 AEHoA HAA
< 3 1> Degrees of freedom of the model.
Joint Degrees of freedom
R/L Ankle Dorsal/Plantar Flexion, Inversion/Eversion
R/L Knee Flexion/Extension .
R/L Hip Flexton/Extension, Abduction/Adduction, Internal/External Rotation
L5/S1 Flexion/Extension, Lateral Bending, CCW/CW Rotation
R/L Shoulder Flexion/Extension, Abduction/Adduction, Internal/External Rotation
R/L Elbow Flexion/Extension
12-link model with 23 degrees of freedom

R/L represents right and left

<29 1> Whole Body Lifting Posture Prediction Model
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Aersyt 2AE #Fs7l Sdstd 5Kgd EAE 27MA &7 (Floor to
Knuckle, Floor to Shoulder)ol A, 0°, 45°, 90°¢] ®v]|A ZA=E Zt= 7134
& AystAch WA Zxe Ao 29 3% Zvh A¥L 8399 A F
ARE Yoz ¥ZE A (Toe)d A EHH, F5a4d, 184, 8F, A7AH
A 2EABA &2 FA0 & 15719 wAE 223t ProReflex(Qualy-
sis Inc, USA)E AH&3ta E7139] A9 ZF #d9 AXY FA3AeH, &
712+ A9 A Hutule (Bertec Corporation, USA)S &A3le, 2 #4de] ¥
ANEE o2 AFESAT A0 Fg JAFHREY AAH 4L <
g 2> 8 #Zrh

<E 2> J4dgAES] AAH 54

Subj Age(yrs) Height(cm) | Weight(kg) MVIS()
ubject gel(yrs eight(cm eig g H=30cm H=98cm
Mean 25.50 173.3 64.8 76.91 43.03
S.D. 1.16 4.0 75 1052 9.63
3. 249 HF

wdo AZ W oF Positiond] E Root Mean Square(RMS)E F A3
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el x 9k, Whole Body Motiong! A& 7<¢td o, vigiAAd 7139 & ¥
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Asymmetry7} 0°9} 45°91 A4 22 RMSe AT gE e A2 Yyt (o
4 3).
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Right Hip

(a) Left Shoulder

(b) Right Elbow

(c) Right Hip

<Y 4> A48A 19 HA Ad 2dE 53 4923 AFH 7He] v m(d)
(Range= Floor to Knuckle, Load=5Kg, Asymmetry=45°)
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<29 4>E  Floor to Knuckle® E7]73telA 5kgel EAE,
Asymmetry7t 45°¢) A Fo] Eoj&d W HAYA 19 AF ANTHTY 28
z gEXBE 180 92% BN AL 2 vebd ot A
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Whole Body Posture Prediction modelg o] &% vl £71&%% &3¢ 45
AxE 29 59 #oh

Actual Constant Hybrid Actual Constant Hybrid

(a) Asymmetry =0 (a) Asymmetry =0

(b) Acymmetry =45 (b) Asymmetry =45

(c) Asymmetry =90 (c) Acymmetry =90
Floor to Knuckle Height Floor to Shoulder height
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