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ABSTRACT

A man model is a useful design tool for the evaluation of man machine systems and products. An arm
reach trajectory prediction for such a model will be specifically useful to present human activities and,
consequently, could increase the accuracy and reality of the evaluation. In this study, a three-
dimensional reach trajectory prediction model was developed using an inverse kinematics technique.
The upper body was modeled as a four link open kinematic chain with seven degrees of freedom. The
Resolved Motion Method used for the robot kinematics problem was used to predict the joint
movements. The cost function of the perceived discomfort developed using the central composite
design was also used as a performance function. This mode! predicts the posture by moving the joints
to minimize the discomfort on the constraint of the end effector velocity directed to a target point. The
resuits of the pairwise t-test showed that all the joint coordinates except the shoulder joint's showed
statistically no differences at o = 0.01. The reach trajectory prediction model developed in this study
was found to accurately simulate human arm reach trajectory and the model will help understand the
human arm reach movement.
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°] Reach 715& AFslile o, o5 ZF Reach? 7}5A4 o2uts Bog 2
8lE Heuristic ¥18]F& A28 n Yh(Jung, Kee and Chung, 1992). 24 &
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FE ARG E v &3] Mdez, 7t B-ee YA v LU AFEHA Y3
AA W&o #gE 7hedd HAZAEE FE FAUYE Mo AAHALH
(Cruse, 1986), o1& Edz #o FZHdd #F 2dE AAFJH(Cruse and
Bruwer, 1987).

gy oj2{ g #e] FEo] B AFEL BT 22 HEAdY Yoz A%
3 AeeiM e Fato] B3 Aoz, B7HA Aol e 3 AolM el Y] Buf
A&7l F27F 2lew, Crusest Bruwer(1987)9 =d T3 3x1gozg 845l
71 oot B dFoAe 32k FdelA e 29 23 Jung et. al.(1994)0] A
A3 A &8 ¢te Xk (Psychophysical discomfort) & Bl &3+ 2 Al&dle] o] &
AAE A2 5 de 2dE A

2. Reach F#d& 24

2 ATME 9 JHcle A2 32 WA A AR2E w2y, Arg
2 Aol w7 AEeEA B (Psychophysical discomfort)d 4332 F
g g 713 & AAZ Reach $3d 3 298 Adsid.

A 2l E

ReachztAl 9] o &8 98] A E Open Kinematic Chaine. & 2d83lgon,
BAE F%, 2. g7 & 4709 Rigid Link2 A E 339 Multi-link System<
2 3¥3g . o] Multi-link System & #AZ Revolute JointZ 7F3slg o,
Hip Flexion(HF), Hip Lateral Bending(HB), Shoulder Flexion(SF). Shoulder
Abduction(SA), Shoulder Rotation(SR). Elbow Flexion(EF)® Wrist Flexion
(WF)e & 71 AF%E AYd ManipulatorZ TEH}. 3394 oM 7742 A4S
Zt= 4 Link Open Kinematic Chaine& 78 ® AAZd L ez 9o &8 93
AZ171 A3l B8 @ 4o ARERD ol B A{FEE AW Redundant Al 2®o|H,
LEE A & Link Systeme 19 13} Zt}.

713 A Multi-link System 2z} LinkZte] €219} wa  Kinematic
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a9 1. AA9 Multi-link System

Resolved Motion Method& ©| &3t Reach £3d|& g

2 d7odM e Reach &S ¢8te] Robotics Inverse Kinematics©llA]
Redundant manipulator®] aj*el] Al&3l+ Resolved Motion Method 712 Al &
&A™, Redundant manipulatorel #3% &' © &% = Kinematic control of
local optimization® Kinematic control of global optimization® 7} ¥He] 3l
29 (Liegeois, 1977, Tsai and Soni. 1981), Axe AAAZL Az vl HAs
(Global optimality)& B3] Fx %1, IAE vz A0S B8 F=x|v A
Aol Wrkbe Addol vk B Ao BAL Adardox e ReachE2S On-line
o2 #YstnA sted USEZE Local optimization 7[HE Al&3l9c}t. Local
optimization 7I'#°ll= PPscudo-inverse control, Resolved motion method, Task-

priority based kinematic control, Extended Jacobian method. Inverse
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kinematic method. Inverse function method %2 71| 3leunl o] & E 44
Me 713 A9 523 {418 Resolved motion methodE AHE3t4th(Klein and
Huang, 1983).

Resloved Motion Method¥ End effector® &% (Velocity)7} 43 % = 2z
B &R E File o R, AL udd 2.

0=J%x+(1-J"J)VH(O)

6=(,.6,,..,0,)"

. Joint vector

_ T
X=X X550 X,)" - 2 (End efffector) ol W@ 913 Vector
J : Manipulator Jacobian

J* : Moore-Penrose pseudoinverse
I : nxn identity matrix
VH() : performance function HO)e] Gradient

9 2o} oulgE vl End effector7t Eg3dot 3t EXAAH(X)7F Folxn
End effector7t 271912 ZHAH R dFEE(X) 2 FALW Z B9 o]5H
9 (0)% T8 Ao Inverse kinematicse] gt 9 2o gxy JX o
End effector7} FH4elA ol gate 44 4L vl sy, sixpe T-JIVHEO)
End effectore] Al 22 oy} #4 o] thdd(Redundant) AU 2HN, &g
A2 2% Internal motion(Self motion)9] &Jvl& 7}1Ac}h & End effectore] $1x|
g 23R A A AHEES QA g AA(Configuration) S Hetes AL 9n
89, End effectore] $1xo] o8 70zl Al okstol A Performance function HO) g
FHazske 7t WH| o] g E FiE Aotk wEtA $] 4 & o] &3l Ao F3}
< o Z87] 18 AE Perfromance function HO)7} alxd 2o A" e vl g4
o] AYS sAHY, Atge £49L 498 4 3lE Perfromance function HO) g
A sleE Aol 283t} Performance function H(@) o= Manipulability measure,
Condition number, Minimum singular value. Joint range availability (JRA),
Compatibility index, Minor measure, Winding number %°] Manipulator® €32

a]
=

ttlo

8802 AA2HA 37 ¢ AAHe et (Klein and Blaho, 1987,

=791 —



Liegeois, 1977), Az3te] AA 23S H@sed AsAls g, 2 dPqis
Performance function H@) & Jung et al(1994)0] Al v 8&23Q A2 e
¢ (Psychophysical discomfort) & Al o] UL 28 = e 2L
A A At

3. B2z AT

2 Ad7olM /Ed Reach $2d 5 2da o Fd 20 o & 219 200 AA
At a3 2004 #EHL ndo o3 o&E Ty $2L AA Algoel £AA A
2, AA Abgro] # 3 Al o B8] A o S8kt
g2de) dE=g FAACZ Brler] Azt ndo] o dFd E3a AA Al
#ol FAQA F2olA el 2t BHeol A E Pairwise t-testZ vHlmaH . 4709 EHX
Aol ddle] HA Algo] Reach®2g 33 5E 339 Motion Analysis Systeme
Atgstel zh B el fAE S Ao, 2 B AN ARG 4 NAFAN &3
d #BH9929 x, y, z 3ol el 2ol o} o ZH HHHAEY Pairwise t-testE
T&stAtt. Pairwise t-test Z23& £ 13 2o} Pairwise t-test 23 Hand$
Wriste] &%= # 0.0591A, Elbow §#94F 0.0114 EAH 2 3fo]7} §
© A2 yeey, Shouldere fo4E 0.01904 FAAA zol7t e Aoz B
A=At

¥ 1. Pairwise t-test A3}

Joint N Mean S.D. SE Mean T P-value
Shoulder 48 1.550 2.273 0.315 4.42 0.001
Elbow 48 -0.864 2.702 0.417 -2.07 0.044*
Wrist 48 -0.110 1.590 0.230 -0.48 0.63**
Hand 48 0.168 0.802 0.116 1.46 0.15**

T feladE 0.01 A Aelgl S

"R SE 0.05904 Aolgl e
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Sagittal view

Horizontal view

2d o & A 4A4 53 23

1% 2. Reach 3 d& A9 v

—793—



4. E 9

+ AFoM /WL HE Reach &S LA o Sd #He] 3ot HAA Alge
F2A 53 E 279 Pairwise t-test 23 Hand & Wriste] &3 & f9+2& 0.05
AA, Elbowe 4% 0.014 FEAACZ Hol7l gle Aoz Yelhgouy,
Shouldere #e4F 0.014 FAARY zel7l Y& AodE EMFHAJTD. Shoulder
#x7F A7t e F4 olfE AA e FF(Torso) & 1782 Rigid bodyZ Zd P 7]
HEA Aoz Azdant, A AdAMY BE5L /948 /A2 de AFZ o|FoA 3
of FZA 170¢] Rigid bodyste ©E& FHE HojAl®Eo =EFI QAAE
Sternoclavicular joint& 7FA|a1 8lo] & FRA] ZAle] F3bo sz, watA
Shoulder joint® #1217} Sternoclavicular jointe] &2 o o&l W3lslA Hr}. o] &
& ol #2 A3 M9l Rigid body2 ZEA g A7 A4 A 9dE 559 Link length
% Hip joint®] &2 delA 4 o]z} YefY Shoulder jointe] $1X]7F Bd o &) 9}
ApolZt BT, o] 2% Aol & BA Y] AdAM e 58S AREE AW Link system
o2 7E3d 2ddste Aol 48 Aol

Resloved Motion Method¥ End effector? %X (Velocity) & 9384 F1
7t B el A5 E Tibe e R, ofE End effector, & &0l AR AN ERAH
MA AR 2R FARJMGE 7P 8t 38 dE&3e Aot ole & A A g
Ader £o] Ao ARZE AM A2 w2de d7E (Morasso. 1981,
Soeching and Lacquaniti, 1981, Abend et al. 1982, Hollerbach and Flash,
1982) 3 A At 7Moot} £ & AFZATAAME &9 2L AM Zz29 EAR
o2 zo|7t fle ez JvEpgrt. 12ly Atkeson®} Hollerbach(1985), Cruse$t
Bruwer(1987)& F4 22& wtEte A7 2oz AAFHAoY, ol 231 Ao A
2ol AFd oA Jdetve d4dog AztEn & 33 FAAAME 23 YUY

Aol e Aelel A ol G52k A HHARE §ASE oz A7,
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2 A4 Resolved Motion Method$} A &2 A otetxe] v 8845 A}

—794—



€38t /% Reach 2o & Rdo] 3219 FZHAAlA AA 9] Reach £3te] &3¢9
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