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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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2007) ' Product design characteristics analysis measurem.ent .and Product design by applying motion ov alt%ar;ion vy
characterization
. . . C t Desi Lo Sampl .
Lee (1999) Information collection and analysis onf:ep esign Designing amp .e Review
setting development production
Sample
. . . . Concept  Design concept . production .
Kim (2003) Information collection and analysis . . Design Review
setting setting and
evaluation
Cho and Lee Concept System level ~ Device . .
. . .. . 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 .
(2011) sketch aflern design fing modify ewing evaluation
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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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3} ZTH(Table 4).
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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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44.1. 954 H¥E Bt

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

o] ARE T4, 248 th(Table 5). CloolA ] WY&
2

o o
Iz
a7
rlo
m\g
-
1o
ue)
i)l
g
o
oft
2
oo
n
rr
> (&
of
1o,
o

H
ES FA9 MREEE AASHTE AREEEE o] 0
s mA) 3] Wo| HLEE B Fow 29
ot 2 A3, AAF ez AFAo] Qe FIF Aprke ¥
3} ghe] Wek Hiollx AUR|A glo|Estrial A EAC
, HEE9 ALE o71(134.05%), AL(121.05%), F1HA
(117.8%)°lA =4 71553 o], o)Ee] ofafo] Bo| 75
A YeEhks AS 4§ ek 9E8ge] Ae, A (70
gfiem?), 31#2](59.06 gflem®), ©1717(34.04 gfiem?), o] =
24 (33.93 gflem )ONM EA] e Aoz Ykttt me,
WSS 98] A Yor FEe oHozA EHFS
= 7Fs730] A, Tri-LASOl 49 Wallsle 84= 2
st g sEle] 7go] 8FH U

<]

o A

442, BLAS} T AL H7}
Ful2y EEEERle QAsle] WEwo] A7) vhRel, 3



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

rj(g

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.
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