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Development of Outdoor Jacket Design using Energy Harvesting System
by Arm Swing Motion during Walking
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Abstract: This study develops a user centered outdoor jacket capable of energy harvesting based on consumer
needs. Jackets are designed for typical outdoor activities such as hiking, trekking, and climbing, integrated with an
energy harvesting module that can generate electric power from arm swing in outdoor and daily life walking. Textile
based energy generators developed by the previous research of Lee & Roh (2018) were used. A prototype was cre-
ated based on the arm swing motion experiment for location options and energy harvesting system functions, the sim-
ulation by the design sketch, and evaluation of the wearing test by experts. In-depth interviews were later conducted
for the prototype with 10 outdoor experts to derive the optimal location of an energy harvesting system in three
ways, and the prototype was revised to 5 styles that reflected reviews by experts on function and appearance.
Research indicated that the energy harvesting jacket design signifies a user-centered design based on expert inter-
views and usability evaluation as well as previous research on energy generation and storage device. The jacket is
convenient because it combines an energy generator in an optimal position to maximize energy generation with a
storage and charging device that can be inserted into various position options for accessibility.

Key words: energy harvesting jacket (G| &¥|2~®] #JZ1), arm swing motion during walking (23] A|

e EE

%), charging device (3% X)), user-centered design (AFEA} 4] Ti=}Ql)

1. M =

FHA T 7€ o83 2] 7+ §5 =7t F43) welA
WA, g Aol 1T §§ 7]&dl g &njA 2
F29} HEo] doiglE HIAEEA AFo] F43] F75laL
AUk G HAZEA A7 AF2AF 713821 IDTechEx=
dojelE 7171 A% (Wearable device market)°] wid 1009
g o)A Al 2027390E 1,5002] Eol] o]F Ao
A& th(Hayward, 2017). ©] 5 A ZA, oF 2 A&
of AHHE doHE 71e AR 2409 DHolA 20269714
700 g2 3] o AT FOR oS3 th(Wearable

FCorresponding author; Jung-Sim Roh

Tel. +82-51-510-2841, Fax. +82-2-781-7527

E-mail: jungsimroh@smu.ac.kr

© 2019 (by) the authors. This article is an open access article distributed
under the terms and conditions of the Creative Commons Attribution
license (http://creativecommons.org/licenses/by/3.0/), which permits unre-
stricted use, distribution, and reproduction in any medium, provided the
original work is properly cited.

300

technology intelligence, 2019). AA| ZH ¥z} 714 A3
¢l CES(Consumer Electronics Show)E 20179¢ ‘gllojgl &
H 3= ZA] A9 (Wearable Technology Summit)’ollA A7)
TE 9T A= dolEE s IRTPIRY Hete] Alx
et s, Ao E 7]eo] thiHA BHAESIEL =
7hedl 8 &l Bk gA SR FEe] Al A
st Jl Adre} BeE BA|, dojHE 7leel tigt
A2FE3 TEo, 53] dojdE 71719 wWE ujel

g EAA JHe] Beds AZISHIATHCES 2017,
2017). oA dloj2lE 71&9] 4l R} fctslal Al|E 7|

BE A AR & Y A% P

of

=N
=9F5}3L QJTH(The state of wearables, 2019).
Foplre 2ntE A AlF VY F3FSuh &
Roh, 2015), olH=] s ~® 3| AF WEHASuh &
Roh, 2017)3 22 =] 7oA 719 8.9 AR Y=
71dket ol i ATl Ak AGZAPE o] FoH L, Hl
o E oA Aol AL = Qe dojElE Al2E AulE

H2el) 9 ofo]s] ] Tk Tk b7t o) FolAaL

o] -
AT

9\)1\



THAriyatum et al., 2005; Gemperl et al., 1998; Kim et al.,
2016; Lee & Roh, 2017; Lee et al, 2018; Lee & Roh, 2019;
Riemer & Shapiro, 2011; Schmuntzsch et al., 2014; Suh et
al, 2010; Wright & Keith, 2014). & dFoxE = of%
o] 5% S7e A S wE ATPES o187 &
o8 71719] wiEE] Sd "deAde| F5aa, A €58 E
=2 ouA] WARE 4, A7 71719 BARs, He
A, 28, bAde] HAE oA st 2" 7]Ee] FEE
U= sl "2eld A AES JREstaat skt

iz sh|welt dEoN HEAAY AREE
ANUAE Ro} AHor A&l V&R, WAEAZ T3
gl AA 10t F% 71e2 AAEAL, v=e] Feg
A, ‘Popular Science’dl|M& 45714 82l 7|&e] SR AR
HATHKim, 2016). %3, IF7IEFZITY||EAREZF(NCS)S
201595 10t) ¥#3F A EA= F stz ol oy
2] SAE 7S AT el duA] sy 7]
=2 JAY] FAAAN BAs= FF, oY, &, w1 59
NURE AR 7Fs ek 7] AUR R AATE VIR 7%
4 o, ZutE 9R|9t e dojHE AR} 7]7](Wearable
electronics)®] FAY T& wzxHYgoe=r &9 £ Jo
(“Wearable energy harvesting”, 2015). @A) 7]1& A&=7) =
3L 7P B2 AE3PT ol FolRl ouR] SIAE Ve HY
AA]e|A|RE ofg-mo] ggo] Frigell weh AAl FF el
s oY 52 A7IE wskle AlE, Al ErEle A
A GEollA et v A|AE Sk AlF Sol &S
Al A= 3 JrkSuh & Roh, 2017). IDTechExE olUA| 3}
HAY 7]e oMz npelu=] shl AR $13F W3] Al
7ol 20280l 49 8xIRE @] Aol B Zlolgtal o 53}
%32 (Triboelectric energy harvesting, 2018), 2029d¢l] o]=
A oz siAa"e] A 2o ARlE A&t AR
a0z ARsle|| 71edshA & Aolgkal R 18k ThEnergy
harvesting, 2019). ©|%% olU=] spi|2gel] tigh 712 4
2 AARLRE w9 IA FTIEIAL o, 247 estE 4
g 7ol W FA7F o] FoR| AL k. webA o] RN el
T e 7 As et o7kl tigk = Bl
oz F7tE dledA B F5slal s ofo|RlomA e
AP 2 TAR] o] Fadh Aol

obEo] &% 7|9t o] slAE i AlES AEE]
R R 15 P 2 et = Ea = ) B e R e g SR Sl

-

g A AEAG A28 927} A Apgslolol s, o5
7 A7 9 FHE Balel FNA 5499 we Basjh ©

gk o7 shel2E Bl erd Al BEe] g 9 FFHRI
Qated AMUES AFE T4 2 T sl A
A7t Hasit), AdAtor s AR ZA] A4
oA shj=E EZEARA HEAAF ZLE o83t
B3] Al oy tEe] walLFeR HES AN F e
dogE A SH2EE HEstAth(Lee & Roh, 2019).

[

HY A o] w3} £E of§et o] spg AE BRe A 301

o o

ARAlol S A= Qe A7) Basdel] FESRAL ol 4
et B wAb 258 o83 oA shl=E A7l tRelE
et AnlE AR Zled Held, A, A8, A
Al 2 5 dlojElE HasEAe oF F¢ Aol 289 Al
Hh ARFES TEste] 383t 7R S Eolaa JE it

A7 FAE the 2k

A, ool & 7|k ouA] shlag ke B4 of
ol /NS 9% AR U= A (Lee & Roh, 2017) A+
ol &1E YA spllage] 7hsdt 7o) Adse e &
AYozA wap o] AP oA shl g AjzE A
& 79 2 Al s A94E vEeZ A7 tAkle A
)

A4, e dojgE ouRA shlAE BEEA AR
FLRE A CRRlel H43 /XS AAZI) o] {5
A AF 270 SellA B 52 AAsl B WA &

AR Azdle] AdaE B HH] BE 91X
AR, AR S A" F U] A B S ]
ste] A3 A (Lee & Roh, 2017)°

A
il
M 2EE SAE 9T AEE LrfEde] Z2EERIS Al
5|
2k

9% Sl 238 skl o
A splzE AZe) A4S HA AT AAFS AgErh

¢

2.1. OflLiX] SHIAE! AlAH EX|

o E oA 2 A" FR|= A, YR, 2
. AGAE A 2 FHRR A Jor AR
ozl FYH= H2EY AlolE(Lee et al, 2018)= FE
=o] ArhFig. 1). AFF= T AA A IS 2em
(Width) x 4cm(Height) x 1cm(Depth))S AFE3IHoH, F 214
A= 15008 Y FA sFehes 3em 7H4S T =Y
£ B4 (Turned number)e] 71} Exle] /i &AAE %
g2 d4dstd Hg Aol Bollthe AdAT(Lee &
Roh, 2018)9] A5 wrgsle] 33AF FHle AT dreE ol
3lod 1500609] ZYS A&, AEPAE 38k 789 3t


http://www.kscodi.or.kr/index.php?mid=year_2015_sub02_03_field#6
http://www.kscodi.or.kr/index.php?mid=year_2015_sub02_03_field#6
http://www.kscodi.or.kr/index.php?mid=year_2015_sub02_03_field#6

302 FFYFIY ESIR] A21H A35., 2019F

Connection

with
portable Connectlon
device W|th Coil

Charging
device of
harvested

energy

«—| Textile cable
for power
transmission

Fig. 1. Magnet, coil, and power storaging and charging device. Textile
cable for power transmission connecting the coil and the charging
device.
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Fig. 2. Experiment of arm swing during walking.
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Fig. 3. Intersection area according to the arm swing motion of the four
subjects.
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2. Chest outside pocket(31.3%)

i /? - ["- e [-

3. Chest inside pocket(28.6%)

4. Side pocket(27.2%)

[——

5. Shoulder(24.9%)

6. Collar and hood(14.3%)
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Fig. 4. Sketch options for locations of energy harvesting system; coil, magnetic, and battery.
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Fig. S. Jacket flats (out-shell front, out-shell back, and inside).
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Fig. 6. Pocket options for the location of battery (example of right side).
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Fig. 7. Prototype of energy harvesting jacket for appraisal evaluation.
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Loop that prevents the textile cable
o 8 from loosening inside the jacket or
interfering with body movement

Charging device

Textile cable for power
B transmission
connecting the coil and
the charging device

Fig. 8. Inner appearance of a jacket with pockets for energy generation,
storage and charging devices.
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Table 1. Preference of the pocket position of the charging device through the usability test

Number of answers about charging
Location device pocket position preferred(N=10)

The reasons of the answer

1 2 3
Inside 5 3 | - Location where there is no part pressed or caught by the backpack
hemline - A pocket easily turned upside down to put the device in and out.
Inside the ) 3 3 - The most familiar pocket position where you can connect and store your phone at the same time
hand pocket - A device charged by putting your hand directly without a zipper.
Outside chest - The §econd familiar pocket Position to carry you.r l?elongings ‘
2 0 2 - Relatively easy to open the zipper rather than the inside pocket that should open the entire
pocket center front in order to open the chest inside pocket
Insrl)(ii]:;est 1 0 2 - The most familiar inner pocket and secure location that holds your wallet or cell phone
- Less contact with the bod:
Cuff part 0 3 2 - Convenient accessibility w}i,th near the hand
York part 0 1 0 - Located in upper body like chest pocket
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Fig. 9. Storm shell jacket style, light weight jacket style, hoody jacket style, padding jacket style, fleece jacket style: Outshell (up) & energy harvesting

system inside (down).
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