U-71A L =o| = 23 9] ks A%
Reach posture 9| ¢f =

Reach posture 2] 7 8§t o 22 17t 2 ¥ o] T 5|03l CADA|
2o A AT HoHE sk o YoM $2.F 4 ¥E ¥
U FAF2] EFEAAL 2349 S| dT Ao FFo 2
A& 7 247} wln] g o2& Fofe} shloh £ oA U
£ ERHEQ 7ZF2 Muli-link systtmo 2 ZFEdly, EHE
KinematicsS Z{-23}o] Reach postureE o &35}1x} 3o} Alx|=
Hip, oj7}, ¥Fx| ¢} &EFHPE 449 8A <2 Redundant
manipulator?} &1, 3}X| = Hip, 753} =33 9] 6A-5 link
systemo] Ht}. 4] ¢] Reach posture+ Resolved motion methodE- o]
83813, 3}A| = Pieper's method S A]-§-3tef o &-3ich. AF2]of oj gt
Reach postureod2ZA3}E ¢17to] AA|2 33= AA|S Motion
Analysis system © 2 A58 ¥ 23 FALS 2S5 B

LA &

7|2 UgE Al 2Rl o] BAF |2 $-2 A (Design)o] o 3 A3 A, 3],
HEH 279 712 A3, 2ol B A FY AA 27 2A A A7
71A 832 gol g ¥ QA 22 E PR =2 3k o} A 27 DA A
o) QbR T AFL o BED ¢ F AAE] e Blo] ula A
205} w2 WY 4 Q1 Aol SUTHeL o] T BohwY el B e B
4ARES BE4E FUAIY] 5] AVBUNY CAD AEHE R
(Ergonomic CAD interface model)o]] o 3t 977} @ P o] x| Qi) AAS 28 1
§2 330 H T Jlshekd By, 34 QAR HAARY, 94 29
tjolE}l Ho]X, A2} Interface B L Q73H}HE) o] £ IHrjnd2
SAMMIE(System for Aiding Man-Machine Interaction Evaluation)o] &} Z}eo] =)
Vision} Reachi} 5 5 71%5-& 71212 glch. & @#7olME Reach B7h o g
ThE 3R giet 7)o Yopgls A3 43 23 o A= Reach) oW
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e FWsHE AAE AZsket] QolM B2 7] Heurstic algorithm)S
FR AR o) o2 WA VYL ke W A FolA skt
S A sk oloh wW2hA 3 F 71y A9 AA7E Azbe] AA = # 3
£ ZA 2ke] FAMd ol B ek dojA g 2 H 3} 52 B 3] 23t
3 gtk o] AL A7 AAE AFsHE A FABIAL oA §4d 0 71U
3 A Zbe ok 22t A G AA Y o F2 43 SAo|A B, ZpA o] o
ehA A 7} F-4] o] A2 = Felvh SRR B S Ao v ¥ P g Pt
S AsA Aol thE o Fo] 2T HFE i £ 5 gtk SAMMIE?] o
g EolB9, 7 533 $1XI(Neutral position)E #3FL FollA & A
(Distal links)* ] £2) g2 24 A E o £} gIoH8]. =3 SAMMIE:= T3
FolR YA EEZo] o} o] F& £ Y A e ATSHA ST
ojth. £ AF AL o] T EAHE FEH 2wl dstnA} QA Link
system @ 2 7V, 2 8 g2 o] &= 3} (Kinematics)2] |3 & £ Y3l LEZ
A}z] (Right upper limb)2} 3} 2] (Lower limb)2] Reach X}A| & of &35} 7148 A A]
3kaAt gt

IL Link system

1.A}A] (Upper limb) 8] 2.3 3}
Q1A S 2 ¥ E 9l 7to] Link system© & B 11, B3 3}E Ro|3}7 3}7] ¢35} o}
<29 7Hd e 4.

1) 4kx) 8} 8}2] (Lower imb)= Sagittal plance] T3] 245 o Qo] c.
2) Hip joint= AFA] o] t i & 32 £ 5 713 Virtual joint2 2}H-8-5} 31, 5} of
o) 3 A= 32+ £ 9] Real joint2 -8-%hc},
3) ©2-9] Adduction3} Abduction Reach 52l A 2] H & X 2] Qk= F=}o)
7] W&ol 7)ol A= 22 3HA] =t
se FHe Hud ARE oo 5 REoe Us 5 9%, H9 4 BE
(Trunk), AF&+(Upper arm), 1 $H(Lower arm)3} €0 2 o]F o]l Link system®
£ 2= o)t} 7} Linke] A (JointyS Hip joint7} 3R X, Shoulder?} 32+, 1
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g &2l 1AM EE 7R 8A-E9 Link systemo] $lt}. Link éystemol 62}
FEE Y7 wfe 2EYZ2AY AFAFE vy Eefo] E](Redundant
manipulator) ¥&| 7} ¥ o] Exact solutiono] £x3}x] kA B cH7l. AXA| <] o §F
Link system& 19.0 2 Ljeh & ok 18154 2ok 7ol AR 29 i)
o|g} 3}9].2. B 2 Link system= #-$-7} 7t}

x5 8 x8
shoulder flexion
z4 z5 3 28
I :"‘14 { :xs end-effector
shoulder adduction
x4
23
shoulder rotation " x3

yd

. y2
- trunk rotation
x2
b X1
®: joint vl
L trunk lateral bending
. Y )

. ‘/1—-> 30
hip flexion

* 5
23 1. AHX] 9] Link system

2. 8} (Lower limb)9] = 8 3}

3}X]+ Hip, 53} W5 (Ankle) -2 o]Fo] %l Link system® 2 & 4= glth
Hip &3-& Flexion, Abduction-adduction¥} Rotationg-5°] oy~ 32 E, F-
E 33X L Flexiond} Rotation=E9] 2xf%, 281 YEF AL Flexion- |
extension?] 1AM 5F 7}X] &= Link systemo|2} 7r3kc). 4] #H 2 Revolute T
Ho|m, &5 6AFE§ o] FE& 42| o= ¢ Exact solutiong 8= 3l ¢]
Lh} gich. 3hx] o] ¥ Link systems 237} 20 ml, oFE 29 29} k.

IM. Link system2] uf} 7} ¥l 4~(Parameters)

2w 2olAE 7 Linke) #1219 8- YD £52 37 (Kinematic
relationship)2- ¥ 3 3}7] $13}e] 4 x 4 3) Y 2] D-HDenavit-Hartenberg) Notation-S-
Argatn itk 28 S $5 8 4Bkt a7lel A st e v,
29 30] Ueht Qom, 2 48 ohe 3} 2o,

a, : Common normal 2] Z] o}
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wrist

x7
8
i /_“ .ZJ/K x8
shoulder flexion IA’ 8
{ ‘/ys z
l : 4 t ZxG end-effector
shoulder adduction : 26 elbow
2
fé’z
> trunk rotation

:‘. 23
shoulder rotation
- 51 x2
e joint 21
trunk lateral bending

yl

‘/I‘—> z0
) hip flexion

y0
23 2. 3}X] 2] Link system

&: 97 0,3 4 HAAR 8 A3

a, : Joint axis i®} Z, &= Alo] o] @ EZ u}3ko 2 o] 7te

6,:Z,5% 4= £33 X,,% 3} Common normal HO, A}o] &) z} =

A7) a9t o Links] ®ebo] upet 2s}e A4 djARS (Constant
parameter)o] 2, d,9} 8 Jointzh g5 elol weh Waks Wero|rh. Ha] 6
Revolute jointo| A= ¥4 & &-&- 31X 2t Prismatic jointo] A = Ab- 8 2}2-3},
a8} wiele] o g g B,
9 2ol N9} o] ZRE S| HEAL Linkie] Qo] i9H) FESL, Q2 Tof
1A 9] HE S-S ek B APOIN T4 SH 4 849 Link
system3} 8}%] 2] 6= Link systeme]] off gt vl 7l == o} ¥1.29} 7t}

N
<

x0

Joint i

Jaiati -1 Jolnt i+

4
i

0.}
313 3. Denavit-Hartenberg notation
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X 1. AA] 9 Link system wjj 7] H 4>

i o a, - 4 6,
1 90° 0 0 6,
2 90° 0 0 6,
3 -90° 0 L 6,
4 90° 0 0 0,
5 - 90° 0 0 o,
6 (N 0 '96
7 0° 1 0 9,
8 0° 1, 0 8,

oi71A 1, : BE2] Zol,L: AHge] ol 1,: kel o], |, 1] Ao
X 2. 3}A) 9] Link system wjj 7} 4=

link | a d o 8,
1 0 0 -90° 6,
2 0 0 90° 6,
3 0 L, 90° 6,
4 0 0 -90° 0,
5 0 L, -90° 0,
6 L 0 90° 0

o714 1, : Upper leg®] Z o], L, : Lower leg?] Zo], 1,: %e] Zo]

o] 3= ¥ %9] T+ Transformation matix®f 2] 3] YR X1, Frame (i-1}
o] o & Frame (i}Z Z % &} = Transformation matrix = Th2 7349} 7to] 9
gt

Iv. 3
PR
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Il

T = 6, -sBcoy sOso; ach
sO, cb,coy -cOsoy a;sh;
0 sa co, d;

P

where n :Normal vector

o : Osculation vector or Sliding vector

a: Approach vector

p : Position vector

13 4. Transformation Matrix
Redundant manipulatore] &3t s} e 2= = 7] 5 7}X]- Kinematic control of
local optimization} Kinematic coatrol of global optimization-7} 317H3,71. WA+
A Areke- A 2] vt Global optimality S B8] FA] Z8kaL, FA4= Rid) 2 Global
optimality’= ¥ 8] 52| ¥ AAbo] B 27] B 7R Yok ol @ 3
iAo 7 Q13 AAR= AlAjol o3 Aol B FE3|7] 9 7+2 Real-time control of
AFES) T, FAHE 2R Workspaceol ] ¥ 2] S22 278 ZolAS
£3]7] 9} 2& Off-line trajectory planningo] A=) ek & AFeIA A est
22} sh= A7k AbE AL 2 32 Reach A & o 5-3f= 7|52 On-line2
2 sz} sh= v gl.e =2 A 2}e] Local optimal control 7}¥-& AH-3F3LAt
31t} Local optimal control 7] Y- T}A] Pseudoinverse control, Resolved motion
method, Task-priority based kinematic control, Extended J acobian method, Inverse
kinematic method, Inverse function method5 o Z{ 7}X| 7} W RE o] Q= ¢, o] F
7} glo] AFR-¥] 31 91 Resolved motion method & AHS-37| 2 3t} I 42 o
&3} 7o) Fojziet.
60=rx-1-J7) HO)

71X 8 =[6,6, ... 8, "= Joint vector,

X = [X, X, ..... X, J'i= £ (End-effector) o] o ¥ $} ] Vector,
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x=dx/dt, 0 =d6/dt,

J+= Manipulator Jocobian,

J*= Moore-Penrose pseudoinverse,

I + n x n identity matrix,

H(8)+= Gradient of a performance function H(0 ) to be minimizede]t}.
Al e] A 582 E2]2 2 2= Internal motion(Self motion)2] 2)u]E 7}z
™, End-effectorg 7}513] & A W 2] JointE% $2] oJ x| thE ConfigurationS
H3he 22 o|m] Beh. HE)E Singularity A1} 2ol 2 35 519} 2 2
22 olgg F & shte] g o=z AREE Stk o]2| % Performance
function H(B)°]| = Manipulability measure, Condition number, Minimum singular
value, Joint range availability(JQRA), MVR, Compatibility index, Minor measure,
Winding number, TOMM-G-¢| Manipulator®] £-2) & §-54 Q1 AA2A 3}
7] $jste] A= o] 9T} o]} B Measure S 217 FHHH EEE 7HA| T 9]
L1}, £ Aol A= Joint7} Range of motiono]] o] 2% HAFS- u}y] $]5} o] JRA
£ AH2317) 2 ) T A& ohe ) o] Fol Wk,

JRA =X ((6,~6,)/ A0,
7] X] 6.+ Center angle for the i* jointo] I, AB3= Maximum one-sided excursion
of the i"jointo] c}.
2. 8] 9 sy

8}A] = 6 Link system©] 2.2 Transformation matrixollA} 22 s o} &} 67} 2]
w7} @48 1= 3 o] Lhe} 9.1, Pieper's method & S 4= STH4]. o] why
= AH8-# %%l D-H notation’9] 2,7} 25 00] o ", 16742] 9] 87} EA) 8}
A Bk 3 9d o] FoA Fo]3 7]F(Criterion)- Monemt2] 2|23}, Az
(Distance)] 3 238 BE3HE o1S Aestd Aok o] whye] By e 949
o] of2] 24l Fol M 27t ek A A Y 5= 3l o ek
4 3
o A= L8%F AR (Right upp-limb)ol] of 3+ A3}-E A|A]sk31 2} $ick 4}
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2] 9] Reach #4| 2 7] $|8|4) = Link systemeo]] tj 3 7] Are] o} 2| o 9]
x|, 28 dae] x| o)A FREAF 7R Edste o] dele A0S PR R
She o ohe-3 o] 7H Tt
11=5.0,12=2.5,13=3.0,14= 1.0
6, = -90°, 6, =90° 0, =08, =0°
6, = 90°, 6, = -90°, 8, = 90°, 6, = -30°
2gzHe] 9% x=-5,y=-4.5z2=1.
EGR])7F =500 ms
Teja & Aol A AFE-THIRAA 2 T3 Atk
JRA =25*[(8, + 2.355)/0.785}* Jr'zloo*[(_e2 -1.57)/0.785)*
+ 1500*[(6, - .0)/ 1.05P + [(8, - 0.5495)/ 1.14)
+[(85 - 0.82)/1.58] + 150*[(8, + 0.46)/2.17)
+[(6, - 1.24)/1.24]* + {(8, - 0.079)/1.649F -
o] 7] A TRA | A} AR2-3}= 7} Joint2] Range of motion2 Laubach(1978)2] &34
2 AR EH2).
50ms7F 0 = 3t 7} Joint] 0. THS- ¥3,71859} Zhoh (9] radian).
¥ 3. 2 & A}x] 9] Reach posture o = Z 3}

joint 1 2 3 4 5 [ 7 8
AR : ,
0 -1,571} 1.571] 0.000} 0.000( 1.571|-1.571} 1.571 0,524
1 -1.572| 1.576] -0.01{-0.004} 1,561}~1.519] 1.558] 0.526
2 ~1.575{ 1.578|-0.005|-0,015] 1.538|-1.466] 1.545{ 0.528
3 -1.579| 1.572} -0.01 .10.024 1.518|-1.412] 1.531] 0.529
-4 -1.584{ 1,.582]-0.001]|-0.034] 1.497|-1,359| 1.516| 0,529
S -1.5911 1.565]-0.016{-0,043] 1.478]-1.304] 1.499}{ 0.529
[ -1.595] 1.595] 0.012}-0.053] 1.457}-1.251} 1.483| 0.529
7 -1.608[ 1.543]-0.037{-0.0683| 1.439]|-1.195] 1.463} 0.527
8 -1.601| 1.6833} 0.050{-0.073] 1,416]-1.145] 1.449] 0.527
9 -1.625) 1.478 -(_). 103]1-0.083] 1.401}-1,087] 1.423{ 0.523
10 -1.566]-1.7321 0,164{-0,091} 1.370;-1.057] 1.436] 0,532
VLE 9

B oo A] & A] 3 7] & Reach AHA|E Y

(s
>
r
rd
N
2
2
e
i
4
oft
R
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EEEREE PSP RECEEE

= At 7129 93 7% 0] 213 A4 (Final posture) THe- A F-5H ol ¥
&, 2 Jointo] of ¥ | H(Trajectory)E A3 A2 o v| Tt o] A HFH
BaolAe) A7 & 3 e ol Reach EHE sk ol Bl e 35
e uigN YA 29 ATE WY 5 U ol itk stk 292
2 AFolA AAE 7] of 23 B ejR] A= Motion Analysis System @ 2 %3
A7ro] AAZ 3k A AR A4S X0

w}e}x] Redundant manipurator 7} 3} Pieper's method9} 72 28 E Kinematics
71950] ATy e S B ol Reach A E A2 3k of WS 53}

AAEE A 5 5L Bt 5 3l

R
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