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Research on Technology Status and Development Direction of Wearable Robot
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Dept of Mechanical Engineering/Soft Robotics Research Center/Institute of Advanced Machines and Design,
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Abstract: Technology status was investigated by analyzing patents and development cases of wearable robots. Devel-
opment direction of wearable robot for wearability was also suggested by understanding the problems of wearability from
development cases through the FGI technique. The number of patents per technical field was the most in the field of
strength support, but Al in the technology field was different in each country; Korea was found to be poor in the category
of daily living assistance. The number of patents by technology category was the most in the category of muscular
strength assistance. However, the values of Al in the technology category were different in each country; Korea was found
to be poor in the category of daily living assistance. Development cases were focused on rehabilitation, so development
is not fulfilled uniformly by use purpose. By wearing body parts, robots with single function type were mainly developed.
Rigid material robots were mainly developed. It was confirmed that wearable robot technology is not developed evenly
in the category of application because it is in the early stage of the technical proposal and centered on main performance
improvement. We derived twelve wearable conditions for wearable robots: Shape and Size Appropriateness, Movement
Appropriateness, Composition Appropriateness, Physiological Appropriateness, Performance Satisfaction, Ease of Oper-
ation, Safety, Durability, Ease of Dressing, Ease of Cleaning, Portability and Ease of Storage and Appearance Satisfaction.
Finally, the development direction of a wearable robot for each wearable condition was suggested.

Key words: wearable robot (801218 2%), technology status (7] &3}, patents analysis (53] £4), wearability (2
4-4), functional clothing (7157 2]7)
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2.1. ¢Jloj2{E 2R(Wearable robot)

Aol2lE ZE-(Wearable roboty> &l 2-8-3l= JH9 =
B AZEo 2 2RO QIFAT T AR, g1,
TNE AEES Q7] FREHA tdst sl ti-g-3ted]
2-g2re] Aol ks, E, 2RSS AdaTe
2RSS Wdltd(Jang & Song, 2016; Low et al, 2005). 5L
oujz 28y 2E o]F7A ZE(Exoskeleton robot), TE =
L-(Suit robot) 5o &of7} EE&HIZ Ut Al uwiet A
A 2EI §A A 2EOE vm F Utk A A 2
Be 7, Hehy, ZERIEE T TEet AR5 ARE-g 717
TZE THE 2RSS U, 49 A 2R dEfEH,
g, A} 22 FAT DR o]FoZ] BROZ TFA| A
of fd 2AE AFS F97A 233t

Hz9 dolydE ZE-2 19603t /ME v GEARY) 3}
Hul(Hardimen)o = &2 Utk 20009t 5t wl= =74
2kl W95 AT A B =H(DARPA)S] -8 dlojelE 23
ZZAE(Chemboty’} Aoz 2kgsle] zZh=re] gojgjd =
5ol E45EAT. dojde BEE MM, Alo], AZE
o] 71& ol A 2§, Ad T2E, A AARdE,
AN A5, G Hxg T okl &&= St 9
ojglE BELE A #A, 4ot AFolu AR T HIHRFAR
3ol B ZEAR stedg Q17 SAH dAE S5
Al Bted o) A1 B ) s WE FUAIRICH B
A FAGNA 2ol A g BRESAY AlF A=
3 F&e =72 &85 AriHa, 2016; Jang &
Song, 2016).
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g 71AA Vs A RS Y iR AolE ok
(Noh & Park, 2011(as cited in Korea Electronics Technlogy
Institute, 2006))
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A A=19] 7158 A ATIMY AR o] AERE
TH(Cho et al,, 2005). ©]ol| HHl| ojelE 2H-2 7|AF-8t
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< Zsleke ol 238 933 Advhk= A (Ha, 2016), A7t
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2.2. S5{ESX|(Activity Index: Al)
ES85A e AUA HdeE Ee €58 Yee A
H2A, AR 7 s 71de] B4 ZIsRok] st
T E5g5e JAFE devkE vE
Th A} 2 o] dold AF e SslgdEo]l 2udhs vl
w, 1~2 oH H|wA SUSHS on|stal, | olsto|d 53i&E
o] HHEe <ondti(Korean Intellectual Property Office

[KIPO], 2017).
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Aolgk 4= Jvh(Dunne & Smyth, 2007; Gamperle et al., 1998).
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st

o} AYATES M ), AojE 2Rl H8H 24
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3.1.1. &3] A& 4

E dplME 558 T8 dosE 2Ee] N 3
Mg flste 7 7R 295 HgE 55 »
IPC(International patent classification)s 53l Z5
ZHEoFE F|W|3R=(You et al., 2013) NDSL(National Digital
Science Library) 53] DBZ o]-&3le] 1990dth ©]% 2017d
7 29 30 2 559 SojdE 25 3 53] HolHE
TS o] W AN 2He=w 53] HolHe ¥ s
Al AT H7he dojels 2R e A5k
A =711 =y dEo® XA en shetel A
A E Fotatara} =g 23t dojEE 25 A4
AMol2 A5 9 SSlollX 7PE wWel ARET AdEE
“Wearable robot’, ‘Exoskeleton robot’, ‘Robot suit’S AR5}
AL TEE 555 AAske Ade AA HF 53] dol™
T 3505 Ak dolels 2] Fa 53gF 7]
EEoFE BA387] 93l 5351 DBE Fdl 4 diid 5519
IPCOll o5t 7]&oke 3 ik IPCE A4 s
53 gt SHERINE 9F 589 AV 0|3}
o) 713l A 53)% (WIPO, World Intellectual Property
Organization)ol|X] EF3hs 73} 33k0] 713k Ado] Atk
(Yun et al., 2011).
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32.1. E3E B3 e 53 B

Activity index)E 4 ]Ejj; ggale] 538 T3 N 5
TS TR ARE 58] &9 Fo, JlsiRopd 59
24 ¥lF, S7PE JEiol ESEEATE RERAsE)
E5)7F 2dH™ 58 A= vt 1d ool ZAFslok
T/ FERZ FAETHYun et al., 2011). wWEpA 20159 o] %
9 53 ofF vl dEHe] E4o] Bor=E dxd
5 &9 Folo thsle] 201537A% & o= Helst
53] 338700l thate] Akt i 5617} 2N olde]
71EReolE THRE A9 EARIER TlEewoke] 58 58
sle] B3] 3567000 isle] 7|&wor 537711E 24513t

IPCol| 9]k glofelE 259 7|ewoles & o7l okl Al
g AF(A6IHY, ‘LT HZ(AGIF)Y, 28 AL BAAY,
QAR ANAAREAAY, Aol Z2 W (GAAY, 71EHete.) 7}
EZFcK(Table 1). AAARAEEGFE)] 749 A6IHHE A
)9t AGIF(E AL Bx)E FgiehA FREJQCER W)
ZlERokR F718IaL A @EkERokE), DA GERFAIR), E
AR A TZE), HAKAEZ ) 49 531714571 10 o3t
AR Ueht TIEPRE Aesieth
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2000 o] Fj&jelA] AEE dlojEE 22X AR 1170
£ ez w7k AEH, AN &, 28 59, A, A%
o= B 7T g EAL RARIFAL AR S 2 H9,
ZAel upe} BF3M] RIERAS T8 N TS 4819
o AN 85w 8, A AEE At 28, A" X548,
AAAE Bz i £58, 8 Rs A, A, Al
&R bR Sl BolR e A 249 f9 AAE
EHE A0 2 20X A 2AlE A aAlTe R
T8 ZEE Yy fd 2AbE 79 AANeE oF
o7l 7 guenk ohujgl Ao < g Y A X3
st

Table 1. Classification of wearable robot technology by IPC (International
patent classification)

Technology Technology category IPC abbreviation
Rehabilitation A61H
Daily activity assistance AG61F
Wearable robot  Muscular strength assistance B
technology Engine & machine F
Control & programming G
etc. etc.

FfofetE 2R Tl HF AP N W Ak G 643

Table 2. Wearability condition candidates of wearable robot for focusing
group interview

No. Candidates of wearability conditions

—_

Appearance satisfaction

2 Performance satisfaction
3 Ease of operation

4 Accessability

5 Shape and size appropriateness
6 Movement appropriateness
7 Composition appropriateness
8 Physiologic appropriateness
9 Ease of cleaning

10 Safety

11 Burden of expense

12 Ease of dressing

13 Ease of repair

323. dlojEE 259 3
Hgf‘z, A<k

§792] A} dlojels 2| A

=

o] 28799 AAS} AoldE 2o JiE
52?"1 EH"PE E’J—ﬂon et o 2R N A e
E AR L SR At olRolzl ART} Hut
139E ez 223 Ay 5 A tigte] 24 A5
'E%E]':‘: 23 WH(FGI, Focus group interview)(Kim et
. 2012 A o] W o=, el o)F, slojel
Xﬂﬁ«] AR E 28 7 IS OE A8 A(Chae et
al, 2006; Cho & Lee, 2008; Gamperle et al, 1998; Yook,
20048 Frsle] ZHdE 284 29 FH 137)(Table 2)5
ol A9 g delelE 2 AN Alle] AR 8 A9 AR
(Table 5)2} 34 AAJEI%TE FGIZ Sl 274 SR} 284
Z70] HiA] ojig ulgslel A Al Zizel tiE 2
o] FAEE AFEA EESIES oo, dojeE 258 A
W A A0 AR B} el e Ade AN 5
e Sslek 9t e e ot 2de 1ges )
W Ao et Sl 2840 B 8 284 ol
o] dolEE 2&e| /MY U EESIith

s}

53144 += 200195E 1402 S7t =
w 20109 7E FEER FUete Axvict —%61 il
4071 oo = FAFHI UthFig. 1). F7/HER & =
o] Fol2 B 1w, 2000 dtH Zutolls F2 mlo)] 28] ¢of
HE 2] /MAEQYS S, oA Fate] Ao o]Fo]
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* 18 unreleased patents which are the data of 2016 and 2017 were excluded from 356 patents.

Total =—#=USA

Fig. 1. Number of patents of three countries by year (N=338%).
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4.12. 71&HopE ES|AS

ol Eolz BFE 71&iopd dojall 2 53] &9
H5S AU EY(Table 3), 71 Bo] 9% Foks 28 X
Qo) gl BAXQ2SN, 52.1%)02 Yepton g X

8o agale AGIHEB4N, 15.6%), Ao]-ZE e e sl
(7870, 14.5%) o2 Ukt i &9 53

k= GHA
S B3l gol dojeis 2] MEe 2 XYo| It
A SR 7HH A" X5 FFo] HwA i) o] FolA]

Ao olF Aojalar -atr] 9l 2ol o]
W o]Foixe Zo= FetEnt. AT B2 (A61F)9}
1271 A2 (FAA) dE 58] 29 &5 2 3.2%(17

7H), 2.6%(147)S A5t Ax3t 2= et

e T Y
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9,
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4.13 SslgEAT 24

=, v, 48 =] S7PE dojgE 2R ol 7ls
ol §EFAFADE A A(Fig. 2), ¢=9 AF &
sAFe 28 XY BAA) ot 60.6%(1517DHZ 7P
UATH(Table 3) A= A& X5°(A61H, 1.33) w7} 71
=7 YR AlE A dlojes 25 55 &5o]
71 gkl Aoz Yelgth Al X509k gEe] izl
AP FAA, 1.24), 28 AL BAA, 1.17) Eole 5318
ol vlwA st Folg B vl=e A9 2 A
L BAA) Bof EFATTE 22%EBI/NHE 7P BRI T
(Table 3) A|oj-Z2 " (GHA) &oke] AV 2.0602 e}
U E5|gso] Edsitia BAEH, «<dE BE(A6IF)
2okl A} 1472 YERY S8 gso] HlwA disiral &
A=At dE 739 28 AL BAA) EoF 5357t
50.5%47NHE 714 BATHTable 3) AN X F’(A61H, 1.33)
9} <Y BWZ(AGIE, 1.33), “AA7AZXFAA, 1.17)
Hoke] A} 1 oFo R Es|@Eo] vlwa &gt Z1oF
Ett). webA St JES dojeE 2R AL
g X9, A A5, YIYE Bz E58Fo] et v
H=E SojEE 2R Aloje} R awYAH S5l
453l e AoE FAEL o]9f ZFo] Table 39 535171
= = AL ZofellA 7P A JEREA R
Fig. 18] Al ¥4 3= Z50] tE2A E4 =30 d=33%
YHL dJojelE 2o Alg &0 gt E5d o] gt
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Z Foll= HlwA giket 5585 0] A o S
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42, AHIE S8t Y S 2 23t

42.1. IEEA A3

U9 AlE 55 Aol 28| e 53 24 4,
4§ Fof F, AR SRR dojHE 2R A AHEIE 4
HEH(Table 4) AE ZES AF XFL02 /dst A

Fig. 2. Value of activity index (Al) of wearable robot technology category by nation (N=537%).



Table 3. Number of wearable robot patents in wearable robot technology category by country

FJoletE =R Il HF AP N W A G 645

(N=537*)

Technology category Korea (counts, %)

USA (counts, %)

Japan (counts, %) Total (counts, %)

B 151 (60.6%) 81 (42.2%) 48 (50.0%) 280 (52.1%)
AGIH 51 (20.5%) 13 (6.8%) 20 (20.8%) 84 (15.6%)

G 9 (3.6%) 58 (30.2%) 11 (11.5%) 78 (14.5%)
AGIF 4 (1.6%) 9 (4.7%) 4 (42%) 17 (32%)

F 8 (3.2%) 3 (1.6%) 3 (3.1%) 14 (2.6%)
ete. 26 (10.4%) 28 (14.6%) 10 (10.4%) 64 (11.9%)
Total 249 (100%) 192 (100%) 96 (100%) 537 (100%)

*Duplication of technology category from 365 patents was allowed.

#7F 69.2%(8171)E YER} T2 Rk glom, Ak
HE(14.5%, 17H), 8(8.5%, 1071), LIEE H28(6.8%,
g/, A F2E0.9%, 17l) £ ekttt 58] 26

A% Amel] B SHPEL T PAd Frolot A}
AN el Aelels 23291 N AR AR 5 AT

Hof = ZoE Ueidth A AH8d 4 B
2 &8 et FdiE= FAo ol 7R AN AR @%
ZAoF wdwm 53] AREF o Hagh At F289 A
2 O Az Zer Yeht s S5 93 folglE
2Ho 7HH‘01 LTF5 UATH
2Hg- F-91 fofelE 2RO i Ateoll X (Table 4) 314
2R N ATE 342%@0NHE JERY 7P Beker A
A (22.2%, 267W), £&42(18.8%, 22) WHHE(17.9%, 21), A
21(6.8%, &7l) o2 Yelsth B3 58 S $8 1A
Bz 2Ro] sio] nlwa wWokou ALE BES Astar
2 B9t dutdo g w2 BIZ B sEuk AAlE b
Falo] AA F97F B oR AeE= AHEIE A gl A
o2 veht S 90l ZEshs 9 7SP R FR
H e Aol AAE F Utk YA &§ ZoplA 54
ofel| XFHe] AL U= HE IR 53 7152
ke ZRo| A9 glrke AL A dojelE 28 Ve
A7) Ajre] 271 dAld] 7] wielztar A=At
2 dlojEs 28] A ARFoA (Table 4) Z3A] A
25| s A7 82.1%0967N)E LR & HISS XEAIsH
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o7l flojell z3e 2 AAHs Wrgel gol ot ¥
Ak Rgem gsle AAlsl $HAL AckIe § A8
o BAZH WA ek AojeE mRol B Ax| 97w
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. 3 2 SRS ARIBBRL ole) AUIAGOE 45
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Hololl A4S =2]WtH(Cho & Lee, 2018). 3 37 thst
4358 Pelaly] g FEYIL fAT A7t AT
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Table 4. Number of case of developed wearable robot by use, body part and material (N=117)
By use By body part By material

Type of wearable robot Counts (%) Type of wearable robot Counts (%) Type of wearable robot Counts (%)

Military 10 (8.5%) Upper limb 26 (22.2%)
Industrial work 17 (14.5%) Lower limb 40 (34.2%) Rigid material 96 (82.1%)
Disaster relief 1 (0.9%) Whole body 8 (6.8%)
Rehabilitation 81 (69.2%) Hand & wrist 22 (18.8%) )
. . Soft material 21 (17.9%)
Daily activity 8 (6.8%) Foot & ankle 21 (17.9%)
Total 117 (100%) Total 117 (100%) Total 117 (100%)
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Table 5. Results of case research of developed wearable robot by use

Military

Nation Name Material Body part Characteristic Picture

Increasing the human strength, agility and
USA X082 Rigid Whole body endurance capabilities of the soldier inside
it.

Assisting the soldier with the carrying and
handling of heavy loads, thus increasing his

France HERCULE Rigid Whole body stamina. Three major advantages are a large
autonomy, the impulse of passive motion,
and the synergy of sensor use.

(https://www.defense.gouv.fr)

Increasing human strength. The legs of the
suit have motors at the hips, knees, and

Japan Power Loader Rigid Whole body ankles-and are controlled by signals sent by
six-axis force sensors located in the sole of
the shoes.

By measuring the interaction between the
wearer and the robot, the external skeletal
robot can enhance the wearer's muscle

Korea HEXAR-CRS0 Rigid Lower limb strength. Carrying a load of up to 40kg on
the back and moving at a walking speed of
up to 6.5 km/h.

USA X1 Rigid Lower limb Strengthening the strength of astronauts and

their ability to adapt to the earth.

Attached with a network of fabric straps and
network of cables to transmit forces to the
USA Soft Exosuit Soft Lower limb joints. Batteries and motors mounted at the
waist to avoid having any rigid components
interfering with natural joint movement.

(https://neszter.wordpress.com)

Industrial work

Nation Name Material Body part Characteristic Picture

P

Designed to prevent back injuries for
workers while doing repetitive manual tasks
Korea H-WEX Rigid Whole body and lifting heavy objects. Lightweight and
portable. Integration with mobile phones to
control motor behavior. I

(https://exbskeletonreport.com)
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Industrial work

Nation Name Material Body part Characteristic Picture
Whole body '
Japan exoskeleton robot for Rigid Whole body Exoskeleton robot helps worker.s Hpper
. body as well as lower body motion.
agricultural work
(Toyama & Yamamoto, 2009)
Elevating and supporting a worker’s arms to ;
assist them with tasks ranging from chest
USA FORTIS Rigid Upper limb height to overhead. Lightweight an?l low
profile and comfortable to wear in all
conditions while enabling freedom of
motion.
Upper body Assisting in lifting heavy objects when
Japan exoskeleton robot for Rigid Upper limb carrying out agricultural work. Using an
agricultural work electromyogram signal.
(Yagi et al., 2009)
Assisting in extending the knee and waist
by attaching a band to the body. Assisting in
Semi-automatic . lifting  objects  during  agricultural
J . Soft L, limb . _
apan flexible wearable robot © ower fim operations. By adjusting the length of the
band through the actuator, the force
supporting the movement adjusted.
(Tanaka et al., 2008)
Based on the braking mechanism, it is
possible to assist with large forces while
. . minimizing the actuator, and is very suitable " —_—
Semi-automatic for repetitive motion assistance and postural J =l |
Korea wearable robot using Soft Lower limb P . p . \ — - \
. . support. Stopping the brakes can eliminate TN
braking mechanism .. -
restrictions on movement by the band,
which can complement the disadvantages of (n et al., 2017)
conventional methods.
Disaster relief
Nation Name Material Body part Characteristic Picture
AR
Korea Hyper-3.5 Rigid Lower limb Assisting fire suppression for fire fighters.
“.
(https://www.kitech.re.kr)
Rehabilitation
Nation Name Material Body part Characteristic Picture
R
Supporting upper body weight with a . : !E_‘
Switzerland Armeo Power Rigid Upper limb display that provides visual effects. Mainly N 2 &
-

supporting extended motion.

(https://www.hocoma.com)
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Rehabilitation

Nation Name Material Body part Characteristic Picture
A type of robot worn on the knees and feet to
help th f th iflexi
USA Anklebot Rigid Foot & ankle elp the m.()vel'{lent c? the dorsi §x1on and
plantar flexion, inversion and eversion of the i
ankle.
(http:/news.mit.edu)
Assisting muscles in spinal cord injury
Israel ReWalk Rigid Lower limb patients (SCI).
Used for stand up, walk and climb stairs.
(https://rewalk.com)
Assisting stroke patients with the finger
.. extension and folding movement. Designed to
Ital HANDEX Ri H:
taly o8 gid and bend and unfold each joint of the finger
independently through wires. £5
(Chiri et al., 2012)
' IL.i
Helping walk patients with partial paralysis of [
Korea Angelegs Soft Lower limb lower extremities and superelevation and t e >
temporary damage. Lo ‘
_‘-—..l.
(http://angel-robotics.com)
Designed with silicon material for easy cleaning.
The unit configured to assist the two actuators
with the forces of thumb, index and mid-range
K Exo-gl H . . o .
orea xo-glove Soft and bending and unfolding. By using under activation
method using one tendon, it is possible to assist (http://
in grasping various shapes of objects. dongascience.donga.com)
Daily activity
Nation Name Material Body part Characteristic Picture
Powered at the pace of walking by the elderly
or the patient. Identify the idea of walking in
Korea Smart Walker Rigid Lower limb order to help you walk safely and then drive at
the speed of walking. To rest or use as a
wheelchair with a chair.
Helping the activities of a weak person. A
Korea H-LEX Rigid Lower limb walking robot as a kind of short-distance

vehicle to support daily life.

(https:/news.naver.com)
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Daily activity

Nation Name Material Body part Characteristic Picture
HAL Lumbar SuP.})ort.lng .the daily llfe. of the e.:lderly.
.. . Mitigating risks of back pain by reducing the
Japan Type for Care Rigid Lower limb . . J
stress on the back. Used for standing or sitting
Support .
motion.
(https://www.cyberdyne.jp)
Training device that efficiently supports
walking based on the inverted pendulum
model and the theory for bipedal walking. %
Honda Detecting movement of the hip joint during 3
Japan Walking Assist Rigid Lower limb walking with sensors built into the right and A
Device left motors, and guides the beginning and JI'
kicking movement of the lower legs by £
assisting bending and extension of the hip (https://global.honda)
joints with the computer-controlled motors.
Working by reading the faint nerve signals
(myoelectric signals) from the surface of the
USA Myomo Rigid Upper limb skin then activating small motors to move the

arm and hand depending on the user’s
intention (no electrical stimulation).

(https:/myomo.com)
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Table 6. Summary of development direction of wearable robot for wearable condition

Category Wearable condition

Development direction

Shape and size appropriateness

- Reflection of organic curved forms of human body
- Suitability for the variety of body shapes and sizes
- Suitability of extra between robot and human body

Movement appropriateness

- Selection of appropriate actuator and sensor for target movement

- Consistency of central axis change, body joint position, body joint range, body shape change

and body surface length change according to movement

- Consistency of location and operation of the actuator and sensor according to movement

Human body
appropriateness
Composition appropriateness

- Force dispersion by fixation, placement and bonding of component, and force offset due to

material friction

- Physical burden due to weight and size of a component, and pressure due to material

elasticity

- Noise caused by interplay between actuating principle and components, and psychological

burden caused by the occurrence of vibration
- Consideration of layered clothes depending on the wearing situation

Physiologic appropriateness

- Absorption by material properties
- Permeability by material properties and ventilation by openings

- Consideration of thermal effects due to material properties, source of power, layered clothes,

wearing conditions and wearing time

Performance satisfaction

- Wearer’s satisfaction with the performance of robot in use situation

Ease of operation

- Ease of method and procedures when operating the robot

- Protection of human body from physical and chemical hazards due to materials and

Safi construction
afety - Ability of robot to cope with emergencies: Function for emergency situations, multiple
i function of safety
Use convenience |
Durability - The strength of a device

Ease of dressing

- Securing life spans of robot for repetitive use

- Ease and quickness of dressing or undressing by simplifying adjusting method

Ease of cleaning

- Ease of disinfection, cleaning and decontamination of all or component

Portability and ease of storage

- Ease of transportation and storage: Simplification, reduction weight, reduction of separating

and folding, and convenience of using a storage case or stand

- Ease of charge: quickness of charging time, maximum usage time for battery

Aesthetics Appearance satisfaction

- Wearer’s satisfaction with color, shape and material

- Recognition of visible risk: Psychological burden caused by visibility

PABE f ) 2RO A4S 2Ae B TSl ok ok Wk AR AREE 2Y PuE vgelele] sE0lE &
o] 4e] Wasith S AT Ho], GAAT HEE RS ST wd ¥
Qo] 0w Uslo} Stk B4, B gkl A4 #ae)

@ B3 434 02 slelele] 2450 40 sefstn B WIS =
QA HEHE AFS HeR9S) FAYL wagomn sl 2eAe) Sl ek Uehks Fe) ws 2 AEw
842 koln 3 5ol EAHE FUST 5 ek dlolsl o] WS Agelo Ak A e AT Mok o)
2 2R ON A A A3 Sush) Pel $AHeR & ool A ofa) thehie] 2z Qs AEw Ao ws)
F9% A el Bael A 757) % AN Agolth. % el wabk vk Bk e AN o) w491
of W, B BAo) LTEE A 2 Ao S AT 54, Vot 93] gFow AAN AN W9, Je)
ol T AMgEolol sl SAe] §9F UGl 4 ws % AER o] Wee tenw 287 AY 54l
B e B e
Asie A 2 Pusth A Sre e FEOE gse]l  th AU, B2 sl e TE719% AN g 3 AH7}



652 ROl SIR] A21H A5E, 2019K

® 74 434

T4 el olsh 2g4ol BekAA Hrl AFE JTL
A S gk g AR SR A, Pol FAEES
7171 3278 A B = W] el ol ook s, 5+
aAle] v Apgol ofs) Feol A WES A sofok 3t
ok &8k ol @A) A ARlSelM 7 Aol A
A Eg g7 v BEE Ao® vt 717 B
THEL QA IS 1) F 2940 Pl Hgo] FFE
AR ) f1de opIske R 717] 2 Al o] Ak
CEA, PARY 3% 2 2700 o
op7|EX) kAL 4] AEAel o3 gruke] A4
Fejs|o] AAEolok dnt. FdEe] sl A%t HA
rom A FHw 277t AA A7 HgEHo T L
Aok A, 75 Y2, THE 7 JERgel &3 2% Wy
] o] 2hg Al Alg]3 Hgog zgel = 9lomg yEr}
28T WA, 28 Aol Folol= oBe] w27t Wa
O}D}. dolEle 252 28T o i A e el et
ol FYE F & Aom H5e AUY & YE el

Ao} Apo]zell Tk A 7E et

I >

@ A A
ARl & F5, B0 Sl 57, 2 Bl
4, Holol= SHol} 28 B A7 L] I o
slo] A2 A Suso Ak BAI vhrRel AojeE
o] A 2 ZRo|EE T wjEs) W exol v
WewA Be Fu AU vk FREow e 434
of fele A WiRSAY $7) 7o) e ei)
aAle] el Feelel old Lxe] Jao] BgAelA £
S8k ere FEOR Iolo} & Holek. Ee ol Al
O 72, AR e 2R A9 e Al 5540
ofal Wl WEAT e F714 294 9B 2]
slo} she 497} EART. 28 A7) Lojgel we} 42
A

3 990) 92 4 Rlon= A8

EIO[‘ 0_4.,
off
i)

<]

Q357

(<

5 29 42E e sl *ézésHOk k.

() AHe e WMF
MRS W WiFle e W, =%

WP, Heel Gl A gol, Ful 2 nak gol

H ]

8o, P,

» N F70] E?ﬁl&’i\:}.

@ /K—]‘-— )
W 0 ZAGNE A4 A8 Ao 8t 2
B AEo A ANel 1 AES NS 5 A= Aol

of gtk e ARISS 2 ) AR AelE TEse] A4S
polmA) Sk e BUSAT FAle] LA S, AL 7
o] AAGIA Holh M3 AMgske a8t st A
F A PyEe] FvkHolor & Rolck,

St ol EAME AA} 23 24

2337 9
AR 3 AR Golslol Tk AT AR olel B
dolele 2Rel Agow B AEe) WIS Adskas 5

& FAAolch, whito] AP Bx Bobw ATRRATL 44
2¥o nysiy Asie] Zasol slue AFEHAE 22t
Vsd pFow 2ol golslo} Fhk.

® 4
AA gk Qe Foluh Fa3k 2ot ¢4
o] A7 ARe] =e] Hs SFeERl SRl e QA ok
| StrEofor oy, AA7F 2-8-817] whel 71e] 9,

Falgol =A1A Z1Eel F-gte
9] FHkelE Sl Ao 293 @ koA §7)x] &
2o 97 Qo RE 9XFe Ut tlAsEo] 2%
olAok slojele 2io] BEHel HES AT = Yk A2
e B3 2 old 588 Hol 2Hexte] QbdA =W 3
7 Wl hek thePL ol 2ite| Jgke] o] FojxlE F
Aol o7, AHgAte] eliee} o] g2le] Fo] wolok A}
2] A =Y —’F glome =& zlojuut oz} g}
A3 Aofaks WA ALET Ak P A FEE, 2
A 2ARAE 2R 73%01] A B AN AEEe

o

fo Mz Ml ox >}E
o

O_I

AR ARS LT LR RE AEAVE A
oA 7h3kE & gl e mAelh, 1wy Al FIge] %
AH QAT AR F YOBE NI 7ol A
§O2 7NguI vl Gt 15 s m_fa Aol 5 5l
£ 715l FHlslo] B9l ergyel &

@ W74

W AN 717] A7 Asste] W ALgolE
3l 7 SR ol 7171 Zrjo]
ol =ito] Irhel AES W 717 41
A48 4 gom Wrge 21 28 K

A},

® 2hgel goly

gre] ool g elt o) FolAo} k. slofei



Z7lo|th. g5t YL Hxg 2R AFEHA
EA Felr) shsd FE0R Aok ARel 9l
CAgeld o) 9= 912 MEOR s A5l vXE
S biasy “6]-7]-]] al EoHO]: g=

:Lirﬂ

NEEEEERT

- hal
we auel o|Rel AE e Agsh) Y5tk 748 =
2ol A 19 A1gOR 9D 4% 3 Aol atud &

A9 Sl wsE 0REo| ol 27] e

ANES Slate] AlF golide] T aE) o} 7o)
25 47 A AHE ARl tiE 24} Aaslolok se AR

o AR THBe) WA A AF golge Iefslof ek,

@ Fo) ¢ 23 fo)A

Frof B2 B gold oM E ARAE fubetal B
7] golskes 7hash B st AL w247 71l el
3 2S5 7R stel ARARe] =8 S =Y

ATHSong, 2011). &23to] 7#se7] flaliA < A A
&0 &7, B3 Ao Ee AA|he] ARge] golsfof 5}
™ $x0] golskes T AlZke] Al&sial Hoh AR ARt
FEao} A},

(3) A W

v e ol

- o W=

o1 U S A, 49, I, A 2 o
o] g7} uk 5

A% 51 e ol B30 o 2]
o W FEe A8l el thale] MET W 7ol

rd
r'lj
H

3
P
ri
o
e
ok
i,
3

)

T

I H7] oyt 53] w2 AXES 3] As
A77F ARGz F3 Hole A3E 7 21
ol ofgt Er]e] 7kAasyt AddE|ofol 93tk o) Tzt
Qlo] 7Fsd Aol 2 39k oA 2g “ﬂﬂr 282}
o] Azol A A2 =Y & d=e *'W, Fel, AjAo]
AQbd wj 2HgAte] & WS o] ¥ F Uk A, 7t
Al oJgh Al FEel] ok AlEE] Fgel st vt 4
831t ATBHEAES A1 2AH o e TMIHeE B
ol AL Ad F Jdou 71E dE dojHE 2EE
2 olof] it aF= AL o|FARAA] Xk Aot A
kel A Rzgo] 75 A &gt Al F5o] A
J Fo @ glug S Eole TRkl At &

st

ko X m{u:

FfofetE =R Il HF 2AF o W A G 653

5.8 B
2 drerE 551 BT Al 248 53 doje =

o] A 53 LoluIor, FGIE Fal 2849) ol
£ 2o g W A,

5512 B9 Y FY B4 A3 H2 20104 o)FrE
golel =il i 77t BHBEI om, sleropa
SRl 2 A Bobt b e A0 vehist. ]

SRop AlE #43) Qio] flojel 2R AMg S
Yok 2 x1 2, A AR, QA Bx Foll SolHE

o] SR W, VISt Aojst w7y B SelgEe] B
Wab Ao Lebsieh, vl Q] Hla) Qe LIAE B
o] Y@ S5 B3] RA% 20w ehirh,

SUj9] N ARIE B N 5T B4 A3, A g
= AT Azgol AFHe] Yo AU DPAT 1S,
A gl Az o et dojeld 23
ol A8 B Pl Yople 25 WAl

7

—=

it
of

O
4

whe] 84 xdlew U 4Ty
S S Z_I t}—/ﬂ’ ‘?_/H Zqig—)ﬂ’
R AR, AR W s W, w2
o1, RPN, WP, HEel Gl AH gol

RRCERES
sjo] 2t 2484 A0 e ol =ye] A
sratsict.

AR SolelE 2 7|&e B8 Popt = WA B
3 Fo A% P FAL E 71 A 27] WAl o
Sk Aew GUHT Uk slolels 2R A1Ee A%

o P Ag FeAE MR s 1%
o A3 A5ie] LT B Folsle] &
Aoltk. slojelE o) A A7
l—o] ﬁEHE]U:‘/\ﬂ ]Eal— Ho];g]_o] o]
s ok slofel 2 el
12

s ¢
s

s
a

tlo ox,
2 %o ©

oot

[e]
=

T
s ﬂ_ﬁ&
o,
o,
Bl
9,
™

o
i
.y rﬂ-!iilx
3o
gko oX,
off
o
e
fﬁ

1o
Eﬂ

o
oX,
o

-
L
rr
>

2

Y

2 4o r2

i)
o
ox
B
2
2

>

lo,
rS
o, d
o
O
ox
tlo
2
p
g
)
)
>
=
T
z
1)
<
b
X,
2
)
[
2

o & ou b3
1

A

£
N
2,
H
)

o
» oo
_1

St flF= ZYHo] & dlojeis 23] JH

dHE HEATE felE 7RG, ol
FllM 7] e Fo] Rl Aag A o
ojler® 2 A FGIE flate] flojels 24 A
A o7 AAe] 2o A7 Atk flojeE 2

o
Lo o

Hu

o 12y o
o

o

M ox iz pZ
o
J



654 SOl BIR] A21H A55, 2019K

Rl A3k =71 AT FA7F s HYEE A gleng

FE APME dojzls 2R A &

OH HE7VS EFsle] Ag ZopdR FAIA A8 =
< AYdhs =go] o]Fojzjof & Aojr}.

AR dlofelE 2] FH o %VJPJ 7ES
at7] leiA = T A ARl ixt—
e AR T 74°lt‘r Hzrt dag % 4
HolE AlFdithes kS 98 F4o] {Wﬂ =
e A3 %L%*Jg BAIA MRS 3
o] i o] o]Fojxjof & ot}

331
5o} 7))}
19 sloleie

o
*S

b

HAtel =

o R 20108% FREIEPRENN] Aoz
ARk A9 vo} FAE 7] EATARIY (No. NRE-
2016R1A5A1938472)

References

Army Technology. (n. d.). Raytheon XOS 2 Exoskeleton, Second-
Generation Robotics Suit. Retrieved October 10, 2018, from https:/
/www.army-technology.com/projects/raytheon-xos-2-
exoskeleton-us/

Chae, H. S., Hong, J. Y., Cho, H. S., Lee, Y. J., Park, S. H., Han, K.
H., & Lee, J. H. (2006). The development of usability evaluation
for wearable computer: An investigation of smart clothing. Korean
Journal of the Science of Emotion & Sensibility, 9(3), 265-276.

Chiri, A., Vitiello, N., Giovacchini, F., Roccella, S., Vecchi, F., &
Carrozza, M. C. (2012). Mechatronic design and characterization
of the index finger module of a hand exoskeleton for post-stroke
rehabilitation. Mechatronics, IEEE/ASME, 17(5), 884-894.

Cho, H. K., & Lee, J. H. (2008). The development of sensor based
healthcare smart clothing based on usability test. Korean Journal
of the Science of Emotion & Sensibility, 11(1), 81-90.

Cho, H. S., Kim, Y. J., Kim, H. S, Seo, J. H., Lee, S. Y., Lee, J. H.,
& Hwang, E. S. (2005). A development of the prototypes of smart
sportswear for trekking and jogging. Korean Journal of the Science
of Emotion & Sensibility, 8(3), 213-220.

Cho, J. S., Kwon, T. K., & Hong, J. P. (2014). A study of evaluation
index development of healthcare rehabilitation device design.
Korean Journal of the Science of Emotion & Sensibility, 17(3),
129-142. doi:10.14695/KJS0OS.2014.17.3.129

Cho, K. J.,, & Lee, J. Y. (2018). Current status of soft robotics
technology and research trends. Journal of the Korean Society
Mechanical Engineers, 58(1), 42-46.

Choi, J. S., & Park, J. O. (2018). Smart clothing market status and
technology issue. The Magazine of the IEIE, 45(12), 29-36.

Chu, J. (2013, October 24). ‘Anklebot’ helps determine ankle stiffness.
MIT News. Retrieved October 11, 2018, from http:/news.mit.edu/
2013/anklebot-helps-determine-ankle-stiffness-1024

Cyberdyne. (n. d.). HAL Lumbar Type for Care Support. Retrieved
November 14, 2019, from https://www.cyberdyne.jp/english/products/
Lumbar CareSupport.html

Dan, B. J. (2014, March 6). Introduction of Futuristic gait robot, Smart
Walker. Social LG Electronics. Retrieved November 12, 2018,
from https:/social.lge.co.kr/technology/smartwalker/

‘Development of firefighter’s wearable robot, Hyper R1°. (2016, July).
KITECH Webzine. Retrieved November 14, 2018, from https:/
www.kitech.re.kr/promotion/page3-wz.php?pub_year=&page
=1&pidx=114&idx=126

Dunne, L. E., & Smyth, B. (2007). Psychophysical elements of
wearability. Proceedings of the SIGCHI Conference on Human
Factors in Computing Systems (pp. 299-302). San Jose, CA, USA.

Dunne, L. E., & Smyth, B. (2007). Psychophysical elements of
wearability. Proceedings of the SIGCHI Conference on Human
Factors in Computing Systems (pp. 299-302). San Jose, CA, USA.

Ekso BIONICS. (n. d.). EksoVest. Retrieved November 15, 2018, from
https://eksobionics.com/eksoworks/eksovest/

Gemperle, F., Kasabach, C., Stivoric, J., Bauer M., & Matin, R. (1998).
Design for wearability. Proceedings of Second International
Symposium on Wearable Computers, October 19-20, Pittsburgh,
PA, USA: IEEE.

Ha, J. H. (2016, September 12). The era of wearable robots is coming,
a step towards a better world. The Seoul Economic Daily. Retrieved
October 9, 2017, from http://www.sedaily.com/NewsView/
1IL1IEIPKKQL

Han, J. S. (2012). Wearable upper extremity support and rehabilitation
robot for repetitive tasks and daily support. Proceedings of HCI
Korea, 2012, pp. 1102-1112.

HEXAR Systems. (n. d.). HEXAR-CR50. Retrieved October 11, 2018,
from http://www.hexarsystems.com/new/product/product_p04.
php?p_idx=3

Hocoma. (n. d.). Hocoma. Retrieved November 14, 2018, from https:/
/www.hocoma.com/solutions/armeo-power/

Honda. (n. d.). Honda Walking Assist Device. Retrieved October 10,
2018, from https:/global.honda/products/power/walkingassist.html

Huh, Y., Jung, H. G, & Ryu, J. C. (2016, July). Trends and prospects
in rehabilitation medical devices. KEIT PD Issue Report, pp. 91-
111.

‘H-WEX’. (2017, March 22). Exoskeleton Report. Retrieved November
14, 2018, from https://exoskeletonreport.com/product/h-wex/

In, H. K. (2017). Agricultural and wearable technology. Korea
Robotics Society, 14(2), 30-35.

In, H. K., Cho, K. J., Kim, Y. J., Yang, S. H., Lee, S. D., & Lee, D.
K. (2017). Soft wearable robot to assist laborious farm work
unpowered soft wearable robot to assist laborious farm work.
Proceedings of Korean Society for Precision Engineering, Spring
Conference, Korea.

Jang, J. H., & Song, W. K. (2016). Current status of technology for
wearing robot. Journal of the Korean Society Mechanical Engineers,
56(2), 42-26.

Kim, B. H., Ahn, J. B., & Kim, J. H. (2012). Promotion strategy for
production industry of advertising contents in smart media by
focus group interview. Journal of Practical Research in Advertising
and Public Relations, 5(2), 60-87.

Korean Intellectual Property Office. (2017). The Patent Statistics in
Korea. Retrieved February 21, 2019, from http://www.kipo.go.kt/
kpo/user.tdf?a=user.html. HtmIApp&c=3081&catmenu=m04 06 01

Lee, W. S. (2016, Fabruary 16). Hand-paralyzed patient can open a
can. Dongascience. Retrieved October 11, 2018, from http://



dongascience.donga.com/news/view/10370

‘L'exosquelette Hercule’. (2012, June 11). Direction Générale de
L'armement. Retrieved October 10, 2018, from https://www.defense.
gouv.fr/dga/mediatheque/photos/I-exosquelette-hercule

Low, K. H., Liu, X., & Yu, H. (2005). Development of NTU wearable
exoskeleton system for assistive technologies. Proceedings of the
IEEE International Conference on Mechatronics & Automation,
July 29-August 1, 2005, Niagara Falls, Canada.

Ministry of Trade, Industry and Energy. (2017). Find Korea Route of
the Fourth Industrial Revolution: Lectures of department of
industry. Retrieved October 09, 2017, from http:/www.korearobot.
or.kr/wp/?p=8267

Myomo. (n. d.). Myomo. Retrieved November 12, 2018, from https://
myomo.com

Noh, M. J., & Park, H. H. (2011). Acceptance of the smart clothing
according to trend and information innovation. The Journal of the
Korea Contents Association, 11(11), 350-363. doi:10.5392/JKCA.
2011.11.11.350

‘Panasonic Power Loader Light exoskeleton takes a load off your
back’. (2013, January 8). New Atlas. Retrieved November 16,
2018, from https://newatlas.com/panasonic-power-loader-light-
exoskeleton/25682/

Park, H. J., & Lee, J. H. (2002). An explorative research for possibility
of digital wear based on motion-detective input technology as
apparel product and suggestion of the design prototypes(2).
Science of Emotion & Sensibility, 5(2), 35-50.

Park, J. E. (2015, August 7). Hyundai presents wearable robot. Etnes.
Retrieved October 21, 2018, from https:/news.naver.com/main/
read.nhn?0id=030&aid=0002383014

ReWalk (n. d.). ReWalk. Retrieved October 10, 2018, from https:/
rewalk.com

‘Soft Exosuit’. (2014, October 5). Neszter. Retrieved November 14,
2018, from https://neszter.wordpress.com/2014/10/05/soft-robotic-
exoskeleton/

Song, W. G. (2011). Status and prospects of rehabilitation robot. The
Journal of Korea Institute of Electronics Engineers, 38(11), 47-54.

FJofetE =R Il HF 2AF o W A G 655

Song, Y. S., & Kim, J. G (2010). Analysis of patents regarding
stabilization technology for steep slope hazards. The Journal of
Engineering Geology, 20(3), 257-269.

Steitz, D. (2012, December 10). NASA’s ironman-like exoskeleton
could give astronauts, paraplegics improved mobility and strength.
NASA. Retrieved October 23, 2018, from https://www.nasa.gov/
mission_pages/station/research/news/exoskeleton.html

Tanaka, T., Satoli, Y., Kaneko, S., Suzuki, Y., Sakamoto, N., & Seki,
S. (2008). Smart suit: Soft power suit with semi-active assist
mechanism - prototype for supporting waist and knee joint.”
Proceedings of 2008 International Conference on Control, Automation
and Systems (pp. 2002-2005). Seoul, Korea

Toyama, S., & Yamamoto, G. (2009, October). Development of
wearable-agri-robot~mechanism for agricultural work~. In 2009
IEEE/RSJ International Conference on Intelligent Robots and Systems
(pp. 5801-5806). IEEE.

Tratica. (2016). Robotics market forecasts. Boulder.

Yagi, E., Harada, D., & Kobayashi, M. (2009). Development of an
upper limb power assist system using pneumatic actuators for
farming lift-up motion. Journal of System Design and Dynamics,
3(5), 2036-2043. doi:10.1299/jsdd.3.781

Yook, H. M. (2004). Development of usability evaluation criteria for
smart jacket design. Unpublished master’s thesis, Yonsei University,
Seoul.

You, Y. B., Choi, K. Y., Park, B., & Jeong, E. S. (2013). Technology
trend of smart clothing: Based on patent information analysis. The
Journal of the Korea Contents Association, 13(4), 440-451. doi:
10.5392/JKCA.2013.13.04.440

Yun, I. S., Kim, S. J., & Jeong, E. S. (2011). Evaluation of technology
activity, innovation and productivity using Korean patent infor-
mation, Journal of Information Management, 42(2), 151-165.
doi:10.1633/1IM.2011.42.2.151

(Received 16 April, 2019; 1st Revised 8 May, 2019;
2nd Revised 16 June, 2019, 3nd Revised 17 June, 2019;
Accepted 5 July, 2019)



	웨어러블 로봇의 기술 현황 조사 및 개발 방향 제안 연구

