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Abstract: This study proposes a design process for an upper limb assistive wearable soft robot that will enable the
development of a clothing product for an upper limb assistive soft robot. A soft robot made of a flexible and soft mate-
rial that compensates for the shortcomings of existing upper limb muscle strength assistive devices is being devel-
oped. Consequently, a clothing process of the upper limb assistive soft robot is required to increase the possibility
of wearing such a device. The design process of the upper limb auxiliary soft robot is presented as follows. User anal-
ysis and required performance deduction-Soft robot design-upper limb assistive wearable soft robot prototype design
and production-evaluation. After designing the clothing according to the design process, the design was revised and
supplemented repeatedly according to the results of the clothing evaluation. In the post-production evaluation stage,
the first and second prototypes were attached to actual subjects, and the second prototype showed better results. The
developed soft robot evaluated if the functionality as a clothing function and the functionality as the utility of the
device were harmonized. The convergence study utilized a process of reducing friction conducted through an under-
standing and cooperation between research fields. The results of this study can be used as basic data to establish the
direction of prototype development in fusion research.
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Fig. 1. “Long arm brace”. (n. d.).
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Table 1. Design process
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setting development production
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. . . . Concept  Design concept . production .
Kim (2003) Information collection and analysis . . Design Review
setting setting and
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. . .. . Model Final product devel t
(2013) Setting design positioning odeling that product developmen
Identification Identification Identification of - Preliminary Identification of Selection of ldenuﬁcat.lon Evaluation of Selection of
Dunne (2004) architectural ~ aesthetic . of evaluation . .
of user  of user needs design decisions alternatives .o alternatives  solution
requirements design criteria
Kang and Kim Design . . Fitting and . Finished product
Pattern d fitt . S .
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Table 2. Subject's body dimensions

The 7th Size Korea

Item Size measurement 20~39 aged men standard size
(n=1523)
. Chest 98 cm 97.2 cm
circumference
| Waist 81.3 cm 83.1 cm
circumference
_ Hip 96.8 cm 96.5 cm
circumference
Height 178.6 cm 173.5cm
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User analysis and
required performance
deduction

Soft Robot Design

Fig. 2. Upper limb assistive wearable soft robot design process.
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Table 3. Questionnaires of prototype evaluation

Categories Questions Categories Questions
Upright posture
Both arms raised as far as possible
) Both arms raised 90 degrees
Neck 01.rcumference Movement Both arms raised 70 degrees
Chest c1rc1{mference adaptations Elbow bent 60 degrees and the arm raised 70 degrees
AH?ISCy? circumference Right arm raised to the side as far as possible
VV.alst.urcumference 90-degree back bent posture
Hip circumference Overall movement adaptability
Thigh circumference -
Sleeve circumference I'like the design
. Wrist circumference I'like the color
Fitness I like the fabric

Shoulder width

Chest width

Back width

Total length Design
Sleeve length factors
Hip length

Zipper length

Overall size

Easy to operate device

No clothing interference when operating the device

I feel the same feeling like wearing traditional clothes
No inconvenience caused by the device

The weight of the device is not burdensome

Upper limb assist function is satisfactory

Do not feel harm to human body

The device feels safe from external shocks

The device is attached in a comfortable position

Easy to put on and take off
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| . Tri-LAS

: - casin,
Anchoring g

. Passive
Actuator

_.Tri-LAS
casing

~ Zipper

. Passive
- Actuator

Tri—LAS
casing

Anchoring >~__

Fig. 3. Design idea of st prototype (left: one-piece type, right: two-piece type).
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433. 12 ZEEE] AA 5 AR

ATERYT gue fARFOR AYsjol Huw AT
o 1919] Alel=E Fwale] HA P AZS AWk
Stretch Fabrics Pattern Making (Keith Richardson, Fairchild
Books. The U.K.)ollA AASl= 2154 deke] A=} Julie
Ltd. (Canada)®] Skate Clothes PatternS E-3+40 & A&}
ojFe] AFHE ARtete] AAsT. o A= Yuka
apparel CAD system(Youth Hitech)o] AME-ESlom, A|2E
ZREERS T3 2thFig. 4).
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ol8 dAe] A3Pg wieke 418l CLO 3D(CLO Virtual Fashion
Inc)& ARE-SE 331 732t H7kE e ool WA E, 9

Table 4. Fabric properties

Composition(%)  Density(loop/5.0 cm) Tensile strength(N)

Bodice Polyester 93.2% Wale 87.6 Wale 689.9
Polyurethan 6.8% Course 127.8 Course 551.8
Belt o Warp 399.6 Warp 760
casing  Lowester 100% Weft 185.6 Weft1300
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Table 5. Evaluation of 1st prototype

AR] HFE fEEFH] oJEHFE 5] C]x)o] sJHF ZZHA 113

Front Back Side (right)
Lateral shoulder 134.05
‘R' Q Mesosternal 107.50
LA { Axillary level at midspine 112.80
/. { \ y »os 4 | i Lateral waist 111.45
Strain V. , \\ A N J Buttock protrusion 114.35
(%) Mid thigh-front 118.55
Mid thigh-back 117.05
Biceps 106.55
Forearm 121.05
Front Back Side (right)
Lateral shoulder 34.04
Q ' Q Mesosternal 26.25
: Axillary level at midspine 12.84
Clothing / 8 B N Lateral waist 11.64
pressure A’ N\ A N ?{f‘ Buttock protrusion 33.93
(gffem’) | ) Mid thigh-front 61.52
' Mid thigh-back 56.60
) b Biceps 21.40
Forearm 70.01
& Al FE3e] At Aol iR sAIRE, Hagke] Ale] Shoulder pads
drtew FZeA glenm AR dAe] Fsle] 3 ‘  Actator
o] AHeA| o] FolAA] ettt B, 2o Al Tri-LAS
HE el 2Q) dido] WAlshs TR <l EHgte] U
Sit). vh a2y el Al PAE Feolng 28
A RS VIS S9AT, AR} Helska dAY T Tt o
zo] AP 2O 7540] AsEA ke TR B

4.5 2x} =Z2EERR] MA| 3 HMZt

1A} Z2EE]] B, F 7] §39] vkl F d9
Feje] doyE A EZES EYE YzRRlE A% &, o
Al YARL A E Alzte] BAIR 3|7k TRkl olet]olE
=olBlaL HARIS WANT=E SGitt. YRl AR o
=3 2tk A HAR, 33 PR WUE Bete] o5t
o] TA UstE x| 7] g offifo] Rk of7f, g
F2le] "o ARGHS & - IS FseH, Bl
A 2ol & SrgA] W ofo] FA g2 RS IS
HHS 4 B3

1A Z2EERRIeIA BdE Fx2o] BA W2 migte] £
237, Tri-LAS HES] $-2lo) wlgt BAAdl A == &
A7F wAste], A2 AaAlz ZEIXCA AMSEXE ¥
Zatsict. o]9f -2 A WA RE AR Hato] LAY
EHES WX $A 5 SAlel Tri-LAS "MEZ}L #79] 5%

]

o A 2 2HY F AEE Bl gk AnjHoR
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o

Gusset_

Front Back

Fig. 5. Design of 2nd prototype.

Sth(Fig. 5).
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Fig. 6. Wear test of upper limb assistive wearable softrobot (left: 1st prototype, right: 2nd prototype).
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FITNESS

(1=VERY SMALL, 7=VERY BIG)

m 2nd Prototype  ® 1st Prototype

Overall Size

Zipper Length

Hip Length

Sleeve Length

Total Length
Back Width
Chest Width
Shoulder Width

Wrist Circumference

Sleeve Circumference

Thigh Circumference

Hip Circumference
Waist Circumference

Armseye Circumference

Chest Circumference

Neck Circumference

o
IN)
w
I
w

Fig. 7. Fitness evaluation.
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MOVEMENT ADAPTABILITY

TABLE

(1=VERY UNCOMFORTABLE, 7=VERY COMFOR

m2nd Prototype M 1st Prototype

Overall movement adaptability

90-degree back bent posture

Right arm raised to the side as far as possible
Elbow bent 60 degrees and the arm raised 70.
Both arms raised 70 degrees

Both arms raised 90 degrees

Both arms raised as far as possible

Upright posture

Fig. 8. Movement adaptability evaluation.



DESIGN FACTORS

1=STRONGLY DISAGREE STRONGLY AGREE)

m2nd Prototype M st Prototype

Easy to put on and take off

Convenience
The device is attached in a comfortable position  EE——————

The device feels safe from external shocks
Safety
Do not feel harm to human body

Functionality Upper limb assist function is satisfactory

The weight of the device is not burdensome

Operability
Easy to operate device | —————

| like the

Aesthetics 1 like the COlOr | ——————————————— s

Fig. 9. Design factors evaluation.

A S0l a2l AMleIY S¥de A 2o vepdet, ©f
= 12} ZEEEE Al FHy Aot i #A dAE A

oM 711 Ao 23F Z2EER]e] et A § HEOR
MAE Aoz vepsdtt 2 ole 22 ZREEYS 13} =
ZEERI vlsiA o HshAl =73 9l Ao® vEht. 2
A Z2EE]e] Beh AATE HAs olFolxl Ze= vt
St

CARL 8ol A3 Frke Avida 22344, 784, 7l
3, A, Aoy FEos EREHFg 9). AV 35
Q1 HARQIs A, el d@so] 22F ZREER|S] Pt
12} Z2EERiET 37 3 Ao Belvh 4 A
AR 13F ZREERIG 9] 2R FAAE ARelal, B
o A4 e B 2AE ARSIl 27 ZREER ]
H7h w2 UL ISt Egl, AnERR] 2
ollx 22 Z2EERle] ¥ w2 Wrke B, SA
HE 748 Sl AZERRC] TriLAS WES] S390] #
AelF7] o= KAl ey, ofne] #84 IR

A urf AT e BRI, ol B ot
ofn] ZEERYo] A E5r5Ho @M, I ¥k o)

& %438 K] dgl BHRe 7 It A0 et
sieh. S, Agust 4840 PIe A Al v
P AN RS vRdso} & Flolth. 154 $Ee 2
A ZEERlod o SaE Aoz Y gglow o
244 G2} PRIAZ BAN, ADEA % 22he] Bk
RO o)Fold AU & F AUt Y P
7P EREE BT kst Atk g, v
g T o ol 2%

rr

O

-
o
L
YE
N
~
T
)
Q‘L
o
El
o
_0|L
R
T & df e 4

E*‘%?ﬂo “77].1— A= Ziﬁ.i L}E}‘A’k‘:}. o]
Tri-LAS ®EZ} Q1
o] o] €7P-4°}7ﬂ = Oqul—i AAE7 1 vehvke 84
o2 Hou, o]y AXEZRO] HAGA A F7HHQ B
o] Fagh Ao=w ettt

—i)l

AR] HFE pTEFH] oJEHFE 5] C]x)o] JHF TS 115

52 £

2 AT e A Bz dojelE AXERRES Qe 4
EZNAE AN o]B 7Hlo g AKX HE AV EZHO

ousiE AL ALelsit Areaie) JusE F 2
A AGYL wolw, Hgole] PolYs} AmEwye] T84

1

S =Y 5 e OIS gRstaat skch AT e
Dunne(2004), Regan et al.(1998), Kang et al.(2011), Cho and
Lee(2013)9] Z2AM| 2 A S vlgo =z Ao FHo g s
4A 9] TR Z2AE S AT
2 A7) 8L gew 2o A, B 2% WY 242
Edlo] B3 Ak g Folet 4 9= 23y AHsk A
BHEE VRSlo] A B dojelE AxERL o
B8 A2 AR el olF Bal, A8l 27y
u]/ﬂ’ zhzl—,] ;Lo]/ﬂ gq]xuq —r]/%‘J—PE]/H_E

o= o
Faslely, A wE slefel Aneeie) Audel il

xga—a—wu} CRRER CEERSALE R
] olBown aAvERRY /54T EE
A) 0]391 9_];21] pake /H m 7<7-_Q_7l—_0_ ‘l:}\l-/\]a‘,g _/l: ATE XA

O, 1H < M= =2
she AL 71RH BER 43 U] BEpde A4l
SA), AT OARITRAZE Wgslel, ARl 2

58]

TS BT olws ZereRle) A4 Brts 714
A RAARIS MESST 17 ZREERle TRl dAe|
| 23] SIA 53R WLE B TR s
WYES oItk B7le Sel AzERRe] 75 W
ek aag gaiglon o¥el geE AEsa Aud
Aol uldaiack. 22 TREE]] Al oA 13} ZREE

ST BeR tARIS AASITH A% ¥
1ok 27 ZREERIS A HYPA A o)
3l x4 ﬁ‘u—l Br7F 2 AT HoL Akl 84 #rt
2 APk ANFE vlag 5 A Sk AKoez A
&A%Y L B4 AP PN 22 ZerEERle) o 4
e mow: Aud R =

N

gaigict. oht 5

8743 Ao AHelde & o %‘ﬂéﬁlﬁ%—‘% S Hide

S
AU FAHE YA %S AU, IF ZRERS 3
=8} Aol 7153t BeHe) FES o AN e F
HHow @77 WaY Aow Wl

B APE amEwys gue §YAT)] S8 A2
4 ZRA~E Ag] GEALe AYBUA lelrt ok,
T, 3] 1 AT 7 2o JEAES Teise] o
7

QA AT ool 2 5 ek

oh,

-

fa
o
i
X
X
X
9
_l
L
N
rr
o
:lo [}
N
‘lO
s
>
N
)
©
=
al
T



116 8F=79) 7219/ ek8]x] 423 A1%., 2021

sp7h g, Sg Rolel tie X121} ofs)
420 1 L o] ofFolAo} Tk, o2 2
£9] ulao] )5 Y71l do] 2l olsl o=e] A
3 g Fo| o] Mald 4 Yomm, S714Q) Wk
A AIAEE AT gl tie FRsa e
Basich 53], £ A7} g A o] §F A7
5 7be] @7 Rolol that olslsh B Bl e Zol
ke H4e sapsiin

SA, BIRAOIA ol5e] gl L AR oheh, 2
9] 7%540] FA H7hslolo} Stk el FEHL 7h
Atk ATERRS us} Sl AP ¥ 2R F @
ol 27 WIRTA, 43 AAREL AT &
5 glouz, o8 slsoeAel s 4R BeHoR
el 71540] & x8kg o|FaL A Bk

B ATE axezyel B4 54980 AAijel= 2
250) §490e Nejsle) Ameye) 72 sl Ao
B2 54 1912 UoR INERe Aeta §7iek
e o] AR AT, %5 sxERY xe) o8 3
dlo) wehe Fal BS We W) Aol 2§ Fsw A}
ol 7hwe] Wayol YrkaL sACh web] 2 Aol Az
& B3jo] 55 AT TREEY M P BYs
7 9% A% ARE BEY 5 9L Aotk FFurt He
Welel MgAE T ol nxslve A drw
WANA Whek & Zoltt.

by

HAtel =

£ ATE JIEREANe] AdoE SheAATe] A
< ol 73)E 7]2AFAKRIY (No. NRF-2016R1A5A1938472).

9

References

Asbeck, A. T., Schmidt, K., & Walsh, C. J. (2015). Soft exosuit for hip
assistance. Robotics and Autonomous Systems, 73, 102-110. doi:10.
1016/j.robot.2014.09.025

Cha, J. H., Ryu, T. B., Choi, H. S., Lee, J. B., Kim, M. K., Chung, M.
K., & Jeong, C. H. (2007). Survey of musculoskeletal disorders in
Korean dentists. Journal of the Ergonomics Society of Korea,
26(2), 137-147. doi:10.5143/jesk.2007.26.2.137.

Cho, H., & Lee, J. H. (2013). A study of design process for sensor-
based smart clothing based on requirement engineering. Science of
Emotion and Sensibility, 16(3), 397-408.

Choi, M. G, Choi, S. B., & Cha, S. E. (2006). A survey on the
subjective symptoms and risk factors of musculoskeletal disorders
in dentists. Journal of the Korean Society of Safety, 21(6), 106-
115.

Choi, S. W, Lee, J. C., Jang, H. D., Jeon, M. C., Kim, J. H., Kim, C.
H., Park, S., & Shin, B. J. (2016). Work-related musculoskeletal
disorders among spine surgeons. Journal of the Korean Orthopaedic
Association, 51(6), 464-472. doi:10.4055/jkoa.2016.51.6.464

Dunne. L. E. (2004). The design of wearable technology - Addressing
the human-device interface through functional apparel design,
Unpublished master’s thesis, Cornell University, New York.

Francés-Morcillo, L., Morer-Camo, P., Rodriguez-Ferradas, M. 1., &
Cazon-Martin, A. (2020). Wearable design requirements identification
and evaluation. Sensors, 20(9), 2599. doi:10.3390/s20092599

Galiana, 1., Hammond, F. L., Howe, R. D., & Popovic, M. B. (2012,
October). Wearable soft robotic device for post-stroke shoulder
rehabilitation: Identifying misalignments. 2012 [EEE/RSJ
International Conference on Intelligent Robots and Systems (pp.
317-322). Vilamoura, Algarve, Portugal; IEEE. doi:10.1109/
iros.2012.6385786

Ha, H. J. (2017). Study on torso patterns for elderly obese women for
vitalization of the silver clothing industry - Applying the CLO 3D
program. The Research Journal of the Costume Culture, 25(4),
476-487. doi:10.7741/1jcc.2017.25.4.476

Hong, G. J.,, Kim, G, Gwon, D. G, Yu, M. H., & Kim, N. G. (2006).
Characteristics of the upper limb muscular activities using orthosis
with artificial pneumatic rubber muscle. Proceedings of the
Korean Society of Precision Engineering Conference, (pp. 443-
444) Jeju, Korea; KSPE.

Jeong, B. Y. (2010). Ergonomics' role for preventing musculoskeletal
disorders. Journal of the Ergonomics Society of Korea, 29(4), 393-
404. doi:10.5143/JESK.2010.29.4.393

Kang. S. R, & Kim. Y. K. (2011). The problem of fit in wearable
computers - Introduction of a design process based on clothing
construction, Journal of the Korean Society of Fashion Design,
11(4), 119-134.

Korean Agency for technology & Standards. (2015). The report of
national anthropometric survey of korea 2015. Seoul: KATS

Kim. S. J., Park. J., Lee. W. S., Yoon. S. H., Jung. K. H., Kim. M. S.,
& Yoo. H. C. (2007). Development of an ergonomic product
design methodology based on natural human motion analysis,
Journal of the Korean Society of Ergonomics Conference, (pp.
354-357) Kimhae, Korea; ESK.

Kim. L Y. (2003). 5% : 227 Z2EZ =g g]o]e} {7
¥, 2E=F o] Ojz}FQ] Z Z A4~ [Development of design
process for sports wear|, Fiber Technology and Industry, 7(4),
457-470.

Koo, 1., Yun, C., Costa, M. V., Scognamiglio, J. V., Yangali, T. A.,
Park, D., & Cho, K. J. (2014, September). Development of a meal
assistive exoskeleton made of soft materials for polymyositis
patients. 2014 IEEE/RSJ International Conference on Intelligent
Robots and Systems (pp. 542-547). Chicago, IL, USA: IEEE.

Lamb, J. M., & Kallal, M. J. (1992). A conceptual framework for
apparel design. Clothing and Textiles Research Journal, 10(2), 42-
47. doi:10.1177/0887302X9201000207

Lee, H., & Lee, J. (2019). A study on the development of wearable
smart fashion product - Focused on the construction of optimized
functionalities for particular needs. Fashion & Textile Research
Journal, 21(2), 133-140. doi:10.5805/sfti.2019. 21.2.133

Lee. H. J. (1999). # %7 ] 3 o} o] F [Clothing merchandising]. Seoul:
Kyohaksa.

Lee, J. R. (2014). Eco-friendly smart outdoor jacket production and
usability evaluation. Journal of the Korean Society of Clothing
and Textiles, 38(6), 845-856. doi:10.5850/JKSCT.2014.38.6.845

Lee. S. Y. (2007). Study on a model of design process for smart



sportswear, Unpublished master s thesis, Yonsei University, Seoul,
Korea.

‘Long arm brace’. (n. d.) Modern Medical. Retrieved January 12, 2021,
from https://mdmshop.kr/product/%EA%B8%B4%ED%8C%94
%EB%B3%B4%EC%A1%B0%EA%B8%B0-%EA%B0%81%
EB%8F%84%EC%A1%B0%EC%A0%88%ED%98%95/34/
category/27/display/1/

Ludewig, P. M., & Cook, T. M. (2000). Alterations in shoulder kinematics
and associated muscle activity in people with symptoms of
shoulder impingement. Physical therapy, 80(3), 276-291. doi: 10.
1093/ptj/80.3.276

Mastenbroek, B., de Haan, E., van den Berg, M., & Herder, J. L.
(2007). Development of a mobile arm support (Armon) - Design
evolution and preliminary user experience. 2007 IEEE 10th
International Conference on Rehabilitation Robotics (pp. 1114-
1120). Noordwijk, Netherlands: IEEE.

‘Mobile Arm Supports Archives’. (2017). JAECO Orthopedic. Retrieved
February 9, 2021, from http://jaecoorthopedic.com/product-category/
mobile-arm-supports/

O'Neill, C. T., Phipps, N. S., Cappello, L., Paganoni, S., & Walsh, C.
J. (2017). A soft wearable robot for the shoulder - Design,
characterization, and preliminary testing. 2017 International
Conference on Rehabilitation Robotics (ICORR) (pp. 1672-1678).
London, United Kingdom: IEEE.

Park, D., & Cho, K. J. (2015). Design and simulation of the adjustable
weight bearing system to adjust the torque change by the distal
joint on 2DOF body limb. In 2015 [EEE International Conference
on Advanced Intelligent Mechatronics (AIM) (pp. 647-651). Busan,
South Korea: IEEE.

Park, D., & Cho, K. J. (2017). Development and evaluation of a soft
wearable weight support device for reducing muscle fatigue on
shoulder. PLoS One, 12(3), €0173730. doi: 10.1371/journal.pone.
0173730

Park, D., Koo, I., & Cho, K. J. (2015). Evaluation of an improved soft
meal assistive exoskeleton with an adjustable weight-bearing
system for people with disability. 2015 [EEE International
Conference on Rehabilitation Robotics (ICORR) (pp.79-84).
Singapore, Singapore: IEEE.

Park, J. S., & Kim, J. Y. (2012). Workload evaluation of various
shoulder posture by using muscle force, fatigue and

R HF fZEZHO] oJEHSIZ QJ5] rjxjo] sydl ZZ4s (17

psychophysical workload. Journal of the Ergonomics Society of
Korea, 31(2), 281-289. doi:10.5143/JESK.2012.31.2.281

Park, Y. M. (2019, Febuary 14). #-Z35}= A E 2 F 4 &
of 2Eg/2~ g7k [Overworking doctors are stressed out
by musculoskeletal disorders]. The Medical Times. Retrieved
December 06, 2020, from https://www.medicaltimes.com/Users/
News/NewsView.html?ID=1124382

Regan, C. L., Kincade, D. H., & Sheldon, G. (1998). Applicability of
the engineering design process theory in the apparel design
process. Clothing and Textiles Research Journal, 16(1), 36-46.
doi:10.1177/0887302X9801600105

Song, J. Y., Kim, H. G, & Yoon, J. W. (2015). Development of an
assistant robot for use in hot forging work sites and its
performance evaluations using electromyographic signals. Journal
of Institute of Control, Robotics and Systems, 21(5), 427-433.
doi:10.5302/J.ICROS.2015.15.9021

Stirling, L., Yu, C. H., Miller, J., Hawkes, E., Wood, R., Goldfield, E.,
& Nagpal, R. (2011). Applicability of shape memory alloy wire
for an active, soft orthotic. Journal of materials engineering and
performance, 20(4), 658-662. doi:10.1007/s11665-011-9858-7

Szeto, G. P. Y., Ho, P, Ting, A. C. W., Poon, J. T. C., Tsang, R. C. C.,
& Cheng, S. W. K. (2010). A study of surgeons’ postural muscle
activity during open, laparoscopic, and endovascular surgery.
Surgical endoscopy, 24(7), 1712-1721. doi:10.1007/s00464-009-
0834-3

Ueda, J., Ming, D., Krishnamoorthy, V., Shinohara, M., & Ogasawara,
T. (2010). Individual muscle control using an exoskeleton robot
for muscle function testing. IEEE Transactions on Neural Systems
and Rehabilitation Engineering, 18(4), 339-350. doi:10.1109/
TNSRE.2010.2047116

Wehner, M., Quinlivan, B., Aubin, P. M., Martinez-Villalpando, E.,
Baumann, M., Stirling, L., Holt, K., Wood, R., & Walsh, C.
(2013). A lightweight soft exosuit for gait assistance. 2013 IEEE
international conference on robotics and automation (pp. 3362-
3369). Karlsruhe, Germany: IEEE.

(Received 27 October, 2020; 1st Revised 28 November, 2020;
2nd Revised 26 December, 2020; 3rd Revised 4 January, 2021;
Accepted 29 January, 2021)



	상지 보조 소프트로봇의 의복화를 위한 디자인 개발 프로세스

