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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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Lee, 2018; Han, 2012; Ministry of Trade, Industry and
Energy, 2017).
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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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(Noh & Park, 2011(as cited in Korea Electronics Technlogy
Institute, 2006))
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< Zsleke ol 238 933 Advhk= A (Ha, 2016), A7t
A F2 7 AAZ MR doEE ZRe] tgrolr] uio
oFHTE 7IAY ¥ 7Mths Fo] &nlE oFele] 2}
ojdolgt & 4 AUtk A dlojHE ZE A AldlolAM
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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).
ROV 71 B8 Age

(KIPO, 2017).
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2.3. &2 (Wearability)
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Aolgk 4= Jvh(Dunne & Smyth, 2007; Gamperle et al., 1998).
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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).

i

N Mo

e ot

N

3.12. Al A= 3

AHIE &5 dlgE 2R M 53 48 flste
2000 o] F AAE Fe] A=t 713 BHaM, 74 &
SINE B3l dlojgE 23] A Al 11T7HE -3t
Are=we] A 74 =2 YFEAS(F, Impact Factor)7t



1 olde] =72, FU =88 JIHA 47 EAs= KCIHF
o] =S EAERE ANt

3.2. BA giy

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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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 & =
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- 2003
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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,

F

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
ol w2 Alo]-zagfye] 3l E5)1&Fe] A5 9L

=13
s

[e}
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59l 2
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h=
2]

=
B 2

= Ho| EAA oY, sh=3} G vH dES HE B
Z Foll= HlwA giket 5585 0] A o S
< QG Bz Aoj-zragiil tigt 53]gEe] 53
FRe A & & Uik

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
A Q= A o] 23 7ol BB Bt o

oM FREE A8l HZskEo] W 4E1°1% o 719%

O

¢

. 3 2 SRS ARIBBRL ole) AUIAGOE 45
S} SR S gk B A A

Hololl A4S =2]WtH(Cho & Lee, 2018). 3 37 thst
4358 Pelaly] g FEYIL fAT A7t AT
Sloleis =yl o] Aww glort & Aol A% 4l
AR 22 A ARE s $58 oz AR,

<

F

p

422 AHEHIZAL A3}

Ak gloleld 2xe) A Al 2ol rjsiee )
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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
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