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A Study on the User Needs for Developing Smart Fashion Items Using
Energy-Harvesting Technology Based on OQutdoor Activity
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Abstract : This study researched the needs of smart fashion items using energy harvesting for outdoor wearers and sur-
veyed the application areas and design preferences for energy-harvesting systems based on outdoor activities. A total of
217 subjects were surveyed. Subjects who had at least 3 years of experience in outdoor activities were selected in order
to increase the reliability of the research results. The survey investigated lifestyles based on outdoor activities, outdoor
clothing and electronic equipment usage, purchase style, utilization plan, and design preference for energy-harvesting
clothing and supplies. The results showed that 62.7% of the respondents had experience in outdoor activities for more
than five years. 96.3% of the subjects carried electronic equipment, and 179 participants(82.5%) experienced discomfort
due to battery consumption/dead batteries during outdoor activities. 78.4% were interested in smat fashion items using
energy-harvesting technology, and the energy-conversion technology that was useful for outdoor activities was “kinetic
energy”(74.7%). Participants showed a high preference for a detachable type(30.9%) and a city type(69.1%) that can be
worn in outdoor activities as well as in general life. The preferred location of the electric power-charging device was the
“Hem area of top garment”(35.9%), and the reason for this selection was that it was easy to operate and did not interfere
with movement. The data from this paper can be used as a basis for product planning and product design for energy-har-
vesting apparel designers and supply developers for outdoor clothing.
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YA 34 7ledt &5 A8 WUt dis] sk 214
Nk} BEHAE Swallow et al. 2008y HH Ae B8 A
55 ARl olvAl & A sidel sl Nilsson et
al.(2014)2 = M A o5 A& AR oduA 8]
£ sl st ?4#501 A

A ogA sy slelEE Xﬂ < FE #loly ok
Eoldls A S 7H“‘El At AAGEE o83 ol
A =g 7 2] 2ol FreE ], Aivre)

Hlo] 24 39JAKBionic power)ollX= AFEe] ThE]ox] AR
= ke 991939 (Powerwalk M)olghe 71717} 7R =
ol, = MITSF 9L 5AFA 8= (DARPAYS 0.9-3mW
o] 7heet AEsE AAES WE7IE I tH(“Energy
harvesting”, 2015). v]=2] &3}%](Solepowery= A2 247 b
A7NE 2tk (“Solepower”, 2013). E=3F F=2o] o]FE4]
AAIQ] EHE(VodafoneA ol A 7t -8 A= &9 A
AES olgsty M=ES FH= ' d(“Energy-generating
sleeping bag”, 2013)= It} ] Bro| =18 3 AH(Tommy
Hilfiger)o} 22 o] FEHA=AAME A% Fold(solar panels)
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Table 1. General information about the subjects

(N=217, Unit: person(%))

Table 2. Outdoor experience of the respondents
(N=217, Unit: person(%))

Factor Level Frequency Outdoor experience Frequency ~ Cumulative frequency
Male 108(49.8) More than 10 years 16(7.4) 16(7.4)

Sex Female 109(50.2) 7~10 years 72(33.2) 88(40.6)
20s 46(21.2) 5~7 years 48(22.1) 136(62.7)
30s 62(28.6) 3~5 years 81(37.3) 217(100.0)

A 40s 59(27.2) Under 3 years 0(0) 217(100.0)
50s 50(23.0)

] High school 32(14.7)

Thth;iztﬁ(l;vel Undergraduate 163(75.1) 322, ok9Fo] % 8
Graduate 22(10.) AR WAl 2713 Qe okmels] Bhel B
Less than 1,500,000 won 2109.7) & B orto] 15ElE=E Aol Al & 384.8%F FAA
1,500,000~2,500,000 won 27(12.4) o3 g Alo] 3714 o]Ate] o} EE 27| Q= AoE
Income level 2,500,000~3,500,000 won 43(19.8) et o2 ZeME A sigels stol7 (1774,
3,500,000~4,500,000 won 49(22.6) 81.6%), ‘E&NA’(1799, 82.5%), &ul, Fehold @414,
5,500,000~6,500,000 won 44(20.3) 18.9%)°] 2 1029%E 7P e RBS ixsy )
More than 5500000 won ___33(152) (Table 3). 58] Eej7e Slolgz Subel F73eje) 43y &
pa A
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Table 3. Outdoor activities of the respondents
(Multiple response, N=217, Unit: person(%))

Item Percent of cases(%)
) Hiking 177(81.6)
]Zi‘t’l“v‘:;ae‘g Trekking 397(182.9%)  179(82.5)
Climbing 41(18.9)
Camping 107(49.3)
Fishing 83(38.2)
Cycling 115(53.0)
Skiing / Snowboarding 72(33.2)
Scuba diving 29(13.4)
Paragliding 24(11.1)
Extreme sports 1(0.5)
Other 7(3.2)
Total 835(384.8)
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Table 4. Frequency of outdoor activity = (N=217, Unit: person(%))

Frequency Frequency Cumulative frequency
1~3 times a month 109(50.2) 109(50.2)
1 times a week 48(22.1) 157(72.4)
2~3 times a week 37(17.1) 194(89.4)
4~5 times a week 10(4.6) 204(94.0)
Every day 13(6.0) 217(100.0)
o= UEsith
324, o1$0] oF 79 Al 710l HE BE 24}
ohgme] o)f 74 A Fashl Felsks 95 o4 ¢
AR, 715, WA, Aelz, 2, MR Fo g

SHslA & Ax AAHo = Hao] 480 FA vske ¢
A1 FETRI 3912 YERTE oJAE ol oF Y

7154, BeAA, AlolZ, &A, 7HE e BE FEE
Z03% 74 71F0] "Htpy B = 9tk I FolME olEo]

PES BN A3k P mE F2lF Aol g 2

© 2 JERATH(Table 5).

Table 5. Requirements for purchase of outdoor apparel

Y ARl we} oo} ofF ) Al FosHA st
= ARl bEA 43 43, Yzl 71, B, 71
o Jofr= Afol7} YISem, Afo]=st LAl oA 40th 2t
50tH7F 20cH 2t 30thell HIS) Ato]Z(p<.01)8 24 (p<.05)E o}
w0 o Tl Al B}k SR8 yelshs AoR JeRdth
(Table 6).

3.3, TAMHAIRte] AR R HHE2] &2

33.1. AR Fo 79k SR

ZAN RS ANA olEe] &5 T AAPgRe Ful 59
T2 Fosi s Axge] FHel s Aelskiich
96.3%2] SHAEC] AAPE FolslL JE Ao e
o, FUIshA = SEAENA olfel tisl Aefst A A
A7) Foje] 84S =R Beba i $HEIN S
(678, 3.6%), AR Fof Al, ofx&o] Yot 5ol HSh
7F frkoal @8t ol AATH1Y, 0.6%) (Table 7).

Foista the AxPgE1e] FRell tial] AoEH FoE
[22mE E2(1527, 95.0%)> A5 EE) (69, 43.1%)>MP3’
(479, 294%)>F 8 o] e @29, 26.3%)> =EE/HEE]
PC’ (307, 18.8%) ©O 2 UEISITH Table 8). whebr] o<l
SEHAF HiFo] ofgwo] & Al FulEely &5 e
e E o= ke ARPHIE ARl dglon, Mx

(N=217, Unit: person(%))

Statistics Classification
Item M SD Male(SD) Female(SD) t-value

Design 391 0.70 3.84(0.69) 3.980.71) 0.14

Function 432 0.76 4.35(0.75) 4.29(0.76) 0.57

Fit 415 0.674 4.14(0.65) 4.17(0.70) 0.78

Size 421 0.719 4.12(0.68) 4.29(0.75) 0.08

Fabric 4.10 0.730 4.05(0.74) 4.15(0.72) 0.31

Price 4.17 0.770 4.17(0.83) 4.17(0.71) 0.99

Table 6. Important considerations when purchasing apparel, by age

(N=217, Unit: person(%))

Statistics

Classification

Freq. (%) Chi-Square
Level 20s (n=46) 30s (1#=62) 40s (n=59) 50s (n=50)
Not at all important 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0)
Not important 5(2.3) 4(8.7) 1(1.6) 0(0.0) 0(0.0)
Size Neutral 23(10.6) 9(19.6) 8(12.9) 1(1.7) 5(10.0) 25374
Important 111(51.2) 15(32.6) 32(51.6) 39(66.1) 25(50.0)
Very important 78(35.9) 18(39.1) 21(33.9) 19(32.2) 20(40.0)
Not at all important 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0)
Not important 2(0.9) 2(4.3) 0(0.0) 0(0.0) 0(0.0)
Fabric Neutral 42(19.4) 11(23.9) 19(30.6) 6(10.2) 6(12.0) 18.691°
Important 106(48.8) 19(41.3) 26(41.9) 33(55.9) 28(56.0)
Very important 67(30.9) 14(30.4) 17(27.4) 20(33.9) 16(32.0)

p<.05, "p<.01
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Table 7. Whether electronic equipment is carried or not
(N=217, Unit: person(%))

Table 10. How to deal with battery consumption/dead batteries
(Multiple response, N=217, Unit: person(%o))

Item Frequency  Total
Yes 209(96.3)

It interferes with my outdoor activities. 6(3.7)

217

coor ad 8(3.7) (100)
I do not need any electrinic equipment. 1(3.7)

Table 8. Main electronic equipment carried during the outdoor activity
(multiple response, N=217, Unit: person(%))

Item Frequency
Cellphone / smartphone 201(96.2)
MP3 player 54(25.8)
Portable radio 48(23.0)
Laptop / tablet pc 34(16.3)
Flashlight / lantern 87(41.6)
Others 1(0.5)
Hle] viEjE) 27 WS Ak Ao e,

332, wiEE] 230749 3 A

ZAP AN A 0&#01 &5 Fo wiEy Axle= <l
EHE Age Ho] Aol disf dejgt Az 128 A
AR (1004, 46.1%)>F%F 7331 (624, 28.6%)>7

‘(_‘5:'6]—1:]- (171:!21 78%)J_ Orﬂ—gﬂo:q E_AO ﬁtﬂb‘]— o]

o] F 17982 =R 825%F ALt o= $EAF o
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% THTable 9).

e AxoR Qg BHg e Al §
Qgk 17978 (82.5%)S W= xpgu] o] wiEg] 4% Al o]
| Wgel ois] defst A3} Table 103} 70| L}E‘r‘;b:} 5 B
9 SHAEL HEuE (1297,
292%)2 7HA 3 thn, AxAn) o] HHEM Eaedl] EH%JO KU
ANeH, AP AAZI7IE o o) ARESHA] Be=TH49%,
28.7%)2FL SHE o= AIFTE XAt
g AtEEel e TR oR SHEH g
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Table 9. Inconvenience due to battery consumption/dead batteries
(N=217, Unit: person(%))

Division of variable  Frequency Cumulative frequency
Nearly always 17(7.8) 17(7.8)
Often 62(28.6) 79(36.4)
About once or twice 100(46.1) 179(82.5)
None 38(17.5) 217(100.0)

Item Frequency

I do not use the relevant electronic equipment any more.

49(28.7
(e.g., turn off the phone, do not listen to music). (28.7)
I carry a spare battery. 129(75.4)
I carry a charger, charge the battery, and use it again.  50(29.2)

oHeS AJTHTIE, 32.7%), B4, A7+l ARRIE o]

7¥eiA Z2EE AAY, &9 EX B3 FEFS =71 FHo| 3l
THA0', 18.4%), A, B4t 5 wFHo|u 9] gl Eris)
o olEHeS AJTHGH, 2.3%), YA, W WAl A, dE AL
o] B7HI oEleS AU, 1.8%), THAl, AAgHIE

AREIA] B3l sRAY 2de Aol FEud FAeS &
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Table 11. Interest and purchasing experience for energy harvesting
(N=217, Unit: person(%))

Item Frequency Cumulative frequency
Yes 171(78.8) 171(78.8)
Interest
No 46(21.2) 217(100.0)
wearing experience  No 169(77.9) 217(100.0)
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Table 12. Preferences of energy conversion technologies

Multiple response, N=217, Unit: person(%
(Multiple response, , person(%))

Item Frequency
Kinetic energy: energy that Ais genera.ted when a.person rr.loves his body 162(74.7)
(e.g., arm movements, walking, running, using piezoelectric pads)
Triboelectric energy: energy from static electricity generated from clothing 83(38.2)
Thermal energy: electric energy gathered from temperature differences (e.g., body heat) 102(47.0)
Solar energy: energy converted from solar energy to electricity (e.g., clothing with solar cell panels) 119(54.8)
ElecFromagnetic .ene.rgy: cor.lverting electromagnetic energy into electric power (e.g., broadcasting radio waves or radio waves from 50(23.0)
mobile communication devices)
Sound energy: energy that is generated by environmental sound that vibrates a plate (e.g., t-shirt charged by sound energy) 44(20.3)

Fig. 1. Preferred outdoor design style. (N=217, Unit: person(%))

343. A% AFF bRl

x| epil=Eo] 71t ZnfEg o] M3 tixRle| o
3 "ojgt As} ol-xo] & 9 Ut A= 28 JHs
g tjxiel, = REIF (1504, 69.1%)°0] AEHo 7 oferojd
T2 g Fgo] 7hse YR, o=l (677, 30.9%)l
Hlg)] #& ATwEE 2RI kFig 1).

ol HZ olxEoIME T 715S 2 “éEl %ﬂl°1
o] olo|eo] EH*‘]]E Eaﬂ?l 711::—] /\7] = o0
&k 715788 2 BAlO YR AE e Elﬂ@

ol &v] Edzrt wigE Ao th(“2017 outdoor flow”,

2017). &, #AEAteRloly 270 (skier)7F oP ™ L A1 g
A 2871 geje] NEE tixiele] B} S8 er) 2 A

o]7] wjZo|t}. B3 Table 3914 vreRd v}l 7ho], AR
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Fel E713L e Aoz vehy] sl o8 7 2
A 3 7Fse NEF CARle] Bt B ASEE ep,

T oA splag Ve 83 AT oF=e] AlF

Table 13. Preferred outdoor product type using energy harvesting

technology (Multiple response, N=217, Unit: person(%))
Item Frequency

Outdoor goods or accessories

(e.g., watch, handbag, key chain) 115(3.0)

Detachable type: An energy charging system that can 157(72.4)

be attached to and detached from a garment (jacket) ’

One-piece type: A non-detachable energy charging 6128.1)

system that is integrated into clothes (jacket)

A= oAU T Alz=dlo] olFe] W 2tk &
e FEAH (678, 30.9%)>01-E0] &y A (67
1, 30.9%)>UA] 4 AlZHlo] ofFe] FEEo] v YA
(67, 30.9%) o8 MFsle AoE Uelth olxy o
AFe] 7 Al Al & ferh =R ot o8 9% 71s
o] Faspr o]F I Hl% et & Al Fo AL
Et}. SARE AP ] 7S AREAIR ] AREAES] A9
o Hr} Wyt 22 %@01 Uk WHHE R e] A9 Hiw
7<4 )\l%zqo] 7Aooz ;q]z]—o] 7}‘:-3].3/_ x-]]EP .E.oﬂ 101 H]J—Jr_
A a7l W2l SEREe] Aoy kA FEje]
AFE Asste A2 Yeptti(Table 13).
oA sHAE 7|ES EE3 oo £EE] FA
2o w2 MFsh= fﬂﬂloﬂ 3 Aelst A AAl, BA, F
A3t o] 3t Eof| FAE= FE(125%, 57.6%)7F 7S
2 As FE= Urﬁ}kkcmﬂ tgo g 71869} Zo] sl
o] A5 F27Fe fﬂa](méug, 48.8%)F w2 IS
B3 ol &F9] A% HwA o2k el Wit =
A e &3 FEE R HFo] A U RS & F
ATH(Table 14).
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Table 14. Preferable attachment type of outdoor equipment using energy Table 15. Power generation by parts of the body during outdoor
harvesting technology activities (Multiple response, N=217, Unit: person(%))
(Multiple response, N=217, Unit: person(%)) Ttom Frequency
ltem Frequency Swinging movement of arms 126(58.1)
Attached to head or face (e.g., hat, glasses, etc.) 44(20.3) Elbow joint 87(40.1)
Attached to the body (e.g., belt) 87(40.1) Cross-leg swinging movement 113(52.1)
eAtZte)tched to arms or hands (e.g., watches, bracelets, gloves, 125(57.6) Knee joint 90(41.5)
' Other 2(0.9)
Attached to foot or ankle (e.g., shoes, sock, insole, etc.) 74(34.1)
Bag type (e.g., backpack, handbag, etc.) 75(34.6)
Freely attachable form (e.g., key holder) 106(48.8)
ol A ABAE AEE =% ol = e
Protection for joints (e.g., knee, elbow protector, etc.)  26(12.0) Erieleld Ade dHe S4=7] <) dash 4554

ON

Jx10] A5 K2k o] dis) Fejsisitt. Aol e e
Ak F-91°(78%, 35.9%), VI v EA(689, 31.3%), 7t
(1264, 58.1%)3 T (113, 52.1%)8] 29-8-% o] 714 & A& TA(629, 28.6%)°] Bl AT FAAXZ el

d

I

AASHA AA7FES FAZ A =3 R (874, o, 3k H=oME VK| LeP (549, 24.9%), BIA] FH E
40.1%), F2(904, 41.5%)2] ¥4 F-LoMx H|wd oux] 7 (531, 244%)°] A5 F2AXE JERH AT Table 16).
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0 @Collar, hood area

O ®Chest inside pocket

[0 ®Side pocket of jacket

pS
~

~y
[0 @Back pocket of pants

Fig. 2. Power generation by parts of the body(®~@) & preferred location of electric power charging device(D~@0).
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Table 16. Preferred location of electric power charging device
(Multiple response, N=217, Unit: person(%))

Item Frequency

Collar, hood area 31(14.3)

Shoulder area 54(24.9)

Top Chest inside pocket 62(28.6)
garment Chest outer pocket 68(31.3)
Side pocket of jacket 59(27.2)

Hem area of top garment 78(35.9)

Back pocket of pants 53(24.4)

Front pocket of pants 39(18.0)

Pants

Side pockets of pants 31(14.3)

Hem area of pants 54(24.9)

Other 0(0.0)

It can be applied anywhere 13(6.0)

el th(Table 17).
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Table 17. Reason for preferred attachment location of power charging device
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(N=217, Unit: person(%))

Division of variable Frequency Cumulative frequency
Accessibility: close to where power is generated 13(6.0) 13(6.0)
Activity: Easy to operate, no interference with movement 123(56.7) 136(62.7)
Design: It's the best place for clothing in the design 32(14.7) 168(77.4)
Convenience: It is convenient to take out by hand 39(18.0) 207(95.4)
It may be applied to any area 7(3.2) 214(98.6)

Other

3(1.4) 217(100.0)
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