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Fig. 1 Trend of Wearable Robot for Upper-arm

2. Human ROM(Range of Motion)
ANBAEES B S Zw (Humerus)e}t o] 7 (Scapula)oll
ol AR Jom ofe] LFEC o) o7 wHe] 4l
/== (extension/flexion), <] /W A (abduction/adduction), 4
3] #1/9] 3] A (internal/external rotation)©] o] Fo] X T}, HEdH £
Zhj o} o] 7w Afolof = E--47 %< E(Ball-socket joint) 2]
FE2 T oy, ditdor A8y 2o A7
Al o7 BHe] F2E B4 ZJAES HEHE 717g5]
ATE At Yl FEA FES HAHEWE 8=
(Rasius)®} 2 =(Ulna), 912" (Humerus)= ©]Fo]x] glom
gukx o2 3% FQJIE(Hinge joint)e] Fe|=Z 7143tz A

& dasta glow, H AT E oABE B A
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Table 1 ROM(Range of motion) of Upper Extremity

g

Joint Motion Range of motion

Flexion 0°~180°

Extension 0°~50°

Abduction 0°~180°

Shoulder Joint -

Adduction 180°~0°(0°~75°)

Internal Rotation °~90°

External Rotation 0°~90°

. Flexion 145°~0°

Elbow Joint Extension 0°~145°

ol gt Abgke] o R FEA FA] digtd T
7Fs W 91(ROM : Range of Motion)S A3 X Table 1 3}
o, ol g RIFIE st oATE XAEE FA4
2 3= 3 ANEAE S R Reu ol 1/8 THS
43 2R Ao Aot AFE T

2 fo oy

3. Design of Shoulder & Elbow Part
%ﬂ +° E= 7}7“5P Oi?]Hl“éOﬂ o 5o iiﬂr 73}

BE 7559 34 45 5427 2AEY FHE A
U, 2t Ja59 3 dA ek JaAtole] He]

Object function :
B(y—axisrotationangle) = Atan2(-r;;, m )
a(x—axis rotationangle) = Atan2(r,, / cos A,1,, / cos f)
7(z—axis rotation angle) = Atan2(r,, / cos 3, ,, / cos )

Subject to :
9, 3\/(mebm = PxXoyman )+ (PYrator = PYnuman ) (PZuopor = PZyman)” <0
0, = (AT )~ (AT ey T ) <O

g3 = \/((Atanz(rzl_ruhut I Cos ﬂ' rll_robol l C0s ﬂ)) - (Atanz(rzl_human / Cos ﬂ' I'11_human /COS ﬂ)))2 < 0
0 = J((AN21y, g /€03 B, 1605 ) — (AAN2(Ty /€05 .o g /005 ) <0

Fig. 2 Coordinate System for Optimization

ZEA wHe T ofdEy g A=
(extension/flexion)©] 1 ZHTEUJQ agsg e, xS 7}

A3} Zo] AARJER 7pA3IGlTE. d&s FAAH #
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3. Kinematic Analysis

Table 3 D-H Table

a_y Qi—q d; 6,
1 0 0 0 0, +0p
2 a, 0 0 0,4+ 6
3 a, 0 0 0+ 055
4 0y 0 dy 0,+0p

29 845 1Ede A FAL AAFE A
Az el 7] 7-8}(inverse kinematic) o2& 34
e w=

CRERE!

& 31‘;. gutH o 7 oAR{FE A]AES
o}kl W o] EASHANE B AF A=

(Pseudo-Inverse Kinematics) S AF-&-3ko] &4 ak it}

Jacobian

[:“1 .0,.0,.0, Unitlector
Pseudo-inverse | v b, dr
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Fig. 3 Flow Chart of Kinematic Algorithm
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Table 2 The electronic specifications of the robot
90W, 4670mNm(stall torque),
0.697 (speed/torque gradient)
50W, 822mNm(stall torque)
8.8(speed/torque gradient)

CSD20-160 (160:1)

Motor(DC)

Harmonic Drive
CSD25-100 (100:1)

HEDL 550
4-Q-EC Amplifier(maxon)

Encoder

Motor Driver

Motion
PCI-6722, PCI-6602, PCI-6281(NI)

Controller

Fig. 4 Experiment of Trajectory

IS
my
i

-
off

o
)
lo
M2 Kb 2 Y O Ho 30 i K KT of T

it »

X
T
T30 oy 1y

r 1 o

Augc, =

i
=)
x
ot

-0,
B
oX, ot X0

e J
L
.&
- o
qg
|
O
a
_‘>i
Hdo X
o F
mlm
II,N —l}ljl
2
N
>
R
br
fru
oo

01 X‘J‘lX}J EX#" HU}p 5
L5 stk B AglA % %3} HEXAR Rehab °
woprte] FAAAR ofleh Pl e Sl
Q83 79 CPM(Continuous Passive Motlon)oi 2
U Aolth. AAE st=dofol] ZE ] 21101%
N A e8] s Agstal A A9
A5 (intent signal)s AA38te], Azte] PHE =W
ofxte]l 2 S BHEd =  Av =R g

& Aot}

K
o
i
_OL
X
4
08‘;,‘4
i)
offf oxl A

Mo

alN o Olﬂ

_YH

Fig. 4 HEXAR-Rehab
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