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ABSTRACT

One of the complications of stroke patients, hemiplegic shoulder pain and adhesive capsulitis, are common and
uncomfortable complications, and rehabilitation treatment is needed to maintain and recover the range of motion
(ROM) of shoulder joint motion. To this end, rehabilitation robots are a mechanism that takes into account
shoulder-centered movements and scaupulohumeral rhythms, and it is required that the joints of the robot arm
naturally follow the movements of the shoulders and arms. Abduction-adduction, internal rotation-external rotation
of shoulder joint movement are effective movement for shoulder rehabilitation, and we proposed a rehabilitation
robot for shoulder pain treatment that can implement this movement for stretching and active assistive exercise.
The robot arm joint of rehabilitation robot is an exoskeleton type of 6 degree of freedom (DOF), 1 DOF of
upward rotation of scapulothoracic joint (ST joint), 3 DOF of x, y, and z direction movement of glenohumeral
joint (GH joint), and joints of 4 DOF are motor-driven. And 1 DOF of protraction-retraction of ST joint and 1
DOF of flexion-extension of elbow joint were manually operated. As a result of simulating the ROM of the robot
arm joint, it was confirmed that it is possible to implement the abduction, internal rotation-external rotation of
shoulder joint without interference of robot arm joint. We tested the implementation of abduction-adduction,
internal rotation-external rotation, and flexion-extension of shoulder joint with prototype robot arm by stretching
mode, and found that ROM could be implemented similarly to the simulation results of the robot arm joint. The
proposed rehabilitation robot is expected to provide patients with focusing of shoulder rehabilitation that enables

biomechanical movement to help restore the ROM and upper limb function of the shoulder joint.

Keyword : rehabilitation robot, stroke, shoulder pain treatment, scapulohumeral rhythm, range of motion

www.dbpia.co.kr



237
1%

A= =
29

X N
ES

=

L
=
ko

2

=

ol S5 A7 X
]

A A

A

A5 WG A, Yolrh A1gle] ¢

A

ol T e o Moo WP EBTFEIT oS S THFRAPPT FBE TN E T I ICEN
ol o XM Ho it a,oF =2 0 T oy R ‘S 0 %0 T o O 0 %0 O Il )
gFhgy PERZ P gl eapg ¥ X TRETH 2R DR TRy
33 R A e S B T - e A = E o T oo B K
% X oy < gk T Ne G ura on g B o 9 o k3 ol ol . wo 7 T . RIS
N o B o ﬂuﬂuﬂﬁmﬂ]mﬂﬂoio@%%E.ﬂwVLMormloge TET M T L AW T M
— F _ X IR < S - I ORI B ChasME o wAU M
o Mo I b LMOWLMAEWwWM @ﬁRﬂjﬂﬁmamwﬂﬂa??sz%.%armrwwr
Bl o G o0 qdwE AT o " T — o o
R D T N R R A RIS B S-S R T
S e o, BR RO R Koo E o M N oy S W N gy 0
A R I S N o o BET e T ool oo e
BT o 0 O H g S T S o — & = K 3 o X
A LW T | — 44 5 — o 2 0 g < X T W o K ™ gl
< o o Gl [y o 4 9 W 98 x I | ¥ r
Wazh gFmldiraeTea §y 2E g fERangsERTEREE oo
- ~ , - No < Ho moﬁﬂlm;wm O 5 o _ < SRS = of Py
O AR Sl i LR B i T - e w
of — T 3 T EwE SN, TRE N SR Clcs o
op Jo o ) T W ) s X = E 72 | 0w - 7 = = ° o o X ol X oo —
= X N il B e T o T s T ZU X =
H o= =0 n o oo % T o 3 o S X o .% N N M‘_u 35 My & = N T R T ISEEIE S L <© = ¢
o X .= ~ P ] _:t OW E o N = & T X X T . dﬂqw
= o =3 Q a7 e inQ = B A e o
WA T oNr o™ Gl m|j;%R N Tg o N oS g =g X D2 ® e PR
F T o X oo B Rk B dm ERRRERaq P s3I0 g
mnﬁogu.ﬂnﬂahﬂlﬁ%%ﬁmﬂ% o= mﬂuﬁ%u‘,%luﬂﬂm AR g
o%1%%@1wvwovmﬂléi@o_bimga:l:%ﬂ%%ﬁw_ﬂamﬁiﬂnﬁ S RWme R E
o W Loy BTN oW M SRy T o 2w I de e LTI
o o o oh D sEITR_ ® _BRAE I OE w03 I R R e
o THA SUWRNT R FRT YT TR TN gy T TR Py EET T A
T 2o X H Ao X RMpp T T T o WE RISV IMT T F o )
o B R X W QRN WE RR TR RN KT TN T %
rou B o %0 @ do ! = o8 " o )
ppyrPieiTe 2TErxRIlE zgrililea 7 z
Z2Rb by XY L PweTs o mEe L Ee STal P ¥
iy ?mﬂ&a T .ﬂlmﬂ o) ]Z,E mo X = o = 5 =0l [w_ s N T - i+
LI e 5015 TF o™ EmHT g NI SR S (=) v e P
EOLX s S - K] —_ 23 O_ —_ 1JM ~ T R‘_Iryl e —_ o~
oo R Jo = = R BT X g B of & W _ T W
ol o R X H o N B T o oy ) w5 o @) No to — X Njo o - 2 4 X
ﬂL,m.ﬂzTUerM_/ﬂoocﬂo Mﬂzﬂovﬂ,ﬂﬂr %W _m,momn\io mmamﬁ% Jo meﬂjﬁwﬁﬂﬂ
= M oy ~ X . f o o " N = ﬂ_u =) o X = ! = X_v o
CErlInlel s BTV RpdGZnaéssT © rEtored
E] - = 0 ,}W:Lmoﬁ%ﬂ%ﬂwﬂeguﬂi do T 7u50n7n_6 X PRy g
N~ E N T 2 PR -t EE O R SRS E 5L
JBE®EF N L T2 Dyt e Fhad e NS T s A B
o X - 2o =« W oo W 1 ;=BT Ny 2R mK ™ 5 g W 2
ﬂilx]iﬂou Moqﬂﬂﬂaoﬂbﬂe%br/muro%iodﬁi mﬂ.ﬂﬂﬂ = 569mauﬁmo,mmﬂ
[— - — ) T i
g op & ° o N T ® R %ﬂ%m%%ﬂ%é%éugo#ﬂ %_ﬂ,_ac 5 2.2.2.ﬂwav@m_
%o w = = = M T S T W Q) —_ Ak S 22w = 9% L
mfﬂwgoﬁ,mo7ﬂobmuuoﬂbti %ﬁﬂl ZT%ZT% zﬂﬂﬁﬁﬂwm = Z.ZZWﬂmWWW
~, ®° % = . T Y = <) o - [S\E NN} =0 [3)
WLMrom-Jmmm{w_.Eiﬂﬁmw%Hoﬁﬂodi Momﬂfdﬁmﬂ%aﬂgﬂ T %%%@ﬁwm_ﬁmﬁ
TR RSN g ERIRBARE S ST KT ge T g gy o e RNog AN BN
A THU —F A LT ST ok & W o W W - -
s..L R O# - » o T B o D HO_I_/wml‘_lﬂ,r X o ol o o
o T T T RN e R -~ = = B Wooh R o= oo A B ~
W) 1 el B - [} [~
FLCN zoﬂi X A A ~ B I o of O Yo T H W S\ ® = = S oo R = o
MmN o| = T T T S e _HBE ERH Wl N T TE T I
FR A N RPN o W oo S S B o Mo O T W ET T R o A w TR x

=

ol 5

=
=

o] F4¥ o] ROMO]

<4

2R AR

3}
=

A

www.dbpia.co.kr

THAZD AZA TR LE A}
-89 (#1NRCTR-EX21004) . =

5

A=}

-

ERIERY
EETEE SR

SEN

kimkg @gachon.ac.kr (3214 =})

A=
o

2=

A
A4 R&D)

o~
-

R

x H



(2022.11)

k=3

238 M=x|3stal =24 M16d M4

e}

&

L
L

AA

marker2]

ARA

3

o

J~g) A~ L
EY EF

=0
o

B2l InMotion, MIT-MANUS

o) 2

H

oz

Foturt

o

N

wepa o7 gae] A

W

o

gel

X

o
K

Ko

Ko

719 AAIR o

s

p==
o

)

marker ¢ 3

=i
=

a9 1. OptiTrack #HH]
Fig. 1. OptiTrack device and position of marker.
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1 B F2e4 22 kel ROM

Table 1. ROM of robot arm in target movement.
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Fig. 4. Prototype of rehabilitation robot.
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