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Development of Smart Athleisure Fashion for Dumbbell Economy
-Focused on the Analysis of Upper and Lower body muscle strength by angle-
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Abstract Recently, interest in home training and changes in lifestyle are expanding the market in the
healthcare field, and high value-added fashion products reflecting the dumbbell economy phenomenon
are being released. This study had the following objectives: to investigate the possibility of developing
a fashion item that can be applied to the dumbbell economy phenomenon; to develop the UI/UX of
a smartphone application for beginners who wish to work out their upper and lower bodies regardless
of time and space; and to create a wearable customized smart athleisure fashion device. First, the study
identified factors related to exercise methods, breathing techniques, and range of exercises for
beginners by investigating the postures of workouts of the upper and lower bodies by angles. Based on
the results, the study collected empirical data through a user needs analysis from muscle strengthening
exercise experts to verify the significance of the study and use as fundamental data. Second, the study
developed the UI/UX of a smartphone application with three different contents: counting, suggesting
exercise postures, and providing exercise calendars. Further, the study analyzed necessary
user-centered concepts and characteristics in terms of design and technology and developed a
wearable customized smart athleisure fashion device based on the results.
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Table 1. Survey analysis results and guidelines

Not
. Ve good
Eleet Necessary | Evaluation | good [Avera “Not| Guideline
elements contents | ~goo| ge
d very
good
Real-time Regl_ft\r_ne
notification
Exercise feedoack on of exercise
correct 85% | 13% | 2%
posture oxercise posture(arm
osture fleg
P protector)
Visual and Real-time
tactile notification
real-time of exercise
Real-time | feedback on o o o, |posture with
feedback | the exercise el 7% | 6% LED and
Detachab posture in the vibration
le smart smart arm and (arm and leg
guard leg guard protector)
Whether to
wear arm and JFVBZ:::SZ
r\é\t/;a:tror leg glrﬁ;tsctors 79% | 19% | 2% | protector
P streng%h (arm and leg
training protector)
Prefers Detachable/
Detachebility detachable 81% | 17% | 2% attachable
smart arm and (arm/leg
leg protectors protector)
Exercise
method, )
breathing epg;giz
Information|method, range| 76% | 24% | 0% information
of motion
notification (App)
app
Exercise count
real-time Real-time
Counting cqu_nnn_g 79% | 19% | 2% co_u_ntm_g
notification notification
smartphone (App)
app
gmhoaﬂon Smartphone Off Time
P Break time| app that o . o P
h ; 83% | 156% | 2% | Notification
information| checks the
break time (App)
Smartphone !
Exercise
app calendar result
Calender t::z;%acag 85% | 15% | 0% | calendar
exercigse managemen
results t (App)
Exercise area Exercise
Exercise notification 29% | 21% | 0% area
area smartphone ° ° ° | notification
app (App)
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Tt Eﬂi—rH(JJEH FEAZ7E 927 o] "AA
(flex sensor)}& AMES AARBOlA T &= 30°,
90°, 150° Z&9] Aggkat A4 thE9 2t
2 90° 49| APk A5kt
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T AREEH 3ojyo] wat WMok AREEE ARES #
o ArgE SAe) A9 E Wl A4 AL
E°l8lE E9v YTVt ZYEE/] glom, AA7t F
XA = YA9] YAEo] AR HOJRA E oA A
T S7HIZIA == dEjolth4]. wehA gol $of
AE Agte] AAA FHERE ol23t dE &85
of 2885 A 24l ZheE el mE 259 A=
J’]’ ERRJFNFZAH)E AEES| Hall FAAE
285 stEgolE AASIATE B3 AvE o] B
S A A" FLRAE SiA FAA, 21s BE, LED, of
TFolle MCU, EF5A 1E, 3.7V 2EZ2H viEe
£ AMESHA o] F 37HA] Ztof| whE AJZ4E o =H
< 99 SlolE, 429 I7 3714 A2l LEDE A}
&3lom, 7t NEZF EUE 4= AME 2444 Ty
oz d#HZF7] 98] s HE(vibration board)S A
&otqich E3h B Qo] AWESH HET AME
WA £ gl A2 344 AEEYH e (lithium
polymer battery)E AH&3 AA” HAE SIGIH.
ARG AU 2= AR, AUEE oA Al Foh=
UI/UXollA] 2550l digh e 23 |5 94
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TS A E5R9Ee 4E 5 ovA9
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Tgo| == adol] digt JRE Algotr Ut EF
+53E 7|5E0] &5 Adrd 4 s A=REE
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Z Ao AL o, AAtoR AF }xﬂ ﬂl‘r A2
5l LEDZ AlZta m=els Agsict, AA5o4 &

2= 300 90° 150°7F em 30° 4= o= 3

°|E LED7} AR, 90° A=Y W= SPo]EQ A=
LED7} AXIH. 150° 4= wi= slolE, d=¢, 19
LED7} 5% AAA "ot A& LED7} AA= A&7t
NG A= AL ZHEE2 Sk AlA"olth 3
7HA ZtE= LED A#E oE2A AHs) ARgARIA
APHor HARE &5 Ao tigt A2 rede
AAREe R AFstH. sl solA te] Axes

90°7F AL, 90°F S = 30°5 AUA 7o
Slo|Et A= LED7} AA=E A & 3HE
9] &5 F AT AEA 9= &5 7hedel E4d
e A dElE A5 HEvE &8 208 mew
o AgH A, 25 a3 532 A AR H &
|48 8 A Al PCE(printed circuit fabric)
29 714, 249 QIEAYY QAeso|As g T
29 ojseA 2ulE BT LS Siic ER, A
E 2rje] B eizols Briele] R 25
AR AAe] S gis) dele PEj Aolag
At T FAAE WAste] JES XS = Y=
AR, AvlE Bohe) BT o] M APk
_L]. LED \:v] ;ﬂ% E___ Eo]. /\1/\]7} J‘q]:]ﬁ /\]/\E-ﬂo
t+2 Table 29+ Zt}.

Table 2. System implementation

Arm 30° angle | Arm 90° angle [Arm 150° angle | Leg 90° angle
750¢=sen 790¢sens 850¢sens 735¢sens
value | sorValue( | value |orValue(=| value | orValue{= | value | orValue(
=790 820 870 =750
) White, .
White White, Yellow, White,
LED LED ON LED | Yellow | LED Green LED | Yellow
LED ON LED ON LED ON
Vibration Vibration Vibration VSEEZH
during | . .| during | . .| during | . .
vibration| break at wk;;atl break at w:;at\ break at th;;atl ?r:zafenadt
the end of the end of the end of] of each
each set each set each set set
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Table 3. App screen for exercise counting

& N = 2
[ ] 10
we|| | o o
20
30
. © O O

STEP.1 STEP.2 STEP.3

application
select number
S start screen

select counting .
of exercises

. AsAls AA 71s

Al gl 22 A% ot & a
1 o TEL Tt RIS A 7] "
g &5 Al 7hedY S 2835k e &
52 thfotA FEEo] ATHE]L Lt B
1~ Zkg Welel 9ig olgsto] 12~13579] 54
HESl= X EIH(E] o|ERE T | &2
& itk I8ER 255 ot 5% 9 FFdlof
Skl 50] B f7HA AEHA 1L fAlsk= A
T %8935

GHS o] &3t oA 2852 &5 ot
/\ZO H]-E;Q__i _,_oﬂo]—.__ :L_)’?_é o:]EHOﬂ ]I}-E}— —7(4
A(isometric), S7d4(isotonic), S%/J(isokinetic)
$££07 JRE} E5] 544 s=(isotonic contraction)
2 I 7ot A 5] Zo|7F WHolHA Aeo]
A= 22 ol 52 $°=(dynamic contraction)©]
Sk Stk SR 2452 25 ol FA A
ol what £59] Zolet #H9| A4ert HItsh 5
9] s wetis 34 4E4(concentric)@t
A& A (eccentric) %08 FRELH WA £52
459 o7} BolAHA AEE YA = 5=
Tote, AR 52 250] dojAHA] g=o] YA
Ste 52 U7 554 I5F(isokinetic
contraction) o5 &7 IAstal, HAEA ¥
oA H= FH3LE Flo] AFoE Agstug ojn
3 AR EAA T | Foigo] fAE &= ItH8l. &
& TeES 0|8 5 252 A 25 WYl 4
A o] U3 4 Sle Y 299 Fotg AlFshH
58852 B 59 AEER s L &
TYP5EE SHs=d AHHoRE Jrrd 5 e,
=8 S3A] 60-90°/% :LX]:r" 532 240-300°/
282 /‘k:jxo o] 2A3IHI). 54 &% A A1 =
I sy 5 1 44"41:5—”13_ H]JJ-O}‘;’S‘\~ ‘IH =
ZoA A 50l BEY SEED = "ﬂ Aq =8
£0] = Ao AT A3t vehtar 31‘:}
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£ Aol FEol AoIA 2059 45
A TeeS Al L9 AAe) PRst AT 0% 20
Apgo] A el THES Slstel 4AeE
AT TALEANE AR TRPor], T8
3 olft A2y U A2y wAZws 4
B9 54 Aol SHY 53 AT A 2

2o] Z7heet ohuje} S5z ke W
o wsp7} 7] @l ], 4o A 2
5 A Rt 2% FRo) wet SEET T8,

5= *(;-010}1:}. IHEE 7 R ogA
SAAE I |ABHEA, ol BolYol &2 W4
Eol4lofoF h=A], A1A|9] ofE F9]9] Z5o 50|
HE=AE SR8t o]sfjolHA 52 dfoF Abdol &
ABAE =Dl ezt MR o BIHQ] 258
IE 9 4 ok

A ENA = B ARES F3E FR19] A &
g_‘%oi_ ) /\ O]EE uJ-_,] 7?5_ F1g 1_\,]. 7Po] 30°,
90°, 150°2 Wo] & 16702 E4519ict. AEE
F 3FH WollA Hol= 30° &g [FAISloF sk A
L5 AANZE=E TEE Fo|Z A(front raise A), TEZE
#o]= B(front raise B), €& Fok= AAQ] A=
g Ed Fo]Z(side lateral raise), THA —’iﬂ'ol
(reverse fly)& & 4712 55} 7l TH12].
9] ZtEE 30°% A olf+= ol +RHAE= -'?L"?
EE HISIHA ok 25 AAle]7] wiiZoltt.
90° & =& |ASoF St &5 AR I Pt
+ AA9] ftolE A &t 280l A(upright one
arm shoulder rotation), &< 3Fol= AHA] & =T
HA(shoulder press), HIE ¥ =ZE2(bent over
low), F& dol= AAQ] Z H¥(kick back), LB
Eglo|A JAEIH(overhead triceps extens1on)i
% 5707t itk B A& 90°% A3t olf= TEA
B9l 71w} 90° A= & J1o] Fojof OH%L =59
W2 250 Ao] 7eiA &5 B SHE] EHPr
olth. 150° # A=E /AFoF ot &5 AHAE=
< ke A9 E¥Z A(dumbbell curl A), Ed‘%‘?é
B(dumbbell curl B), AXEH0]A A(concentration
curl), FEOlE Z-H(upright low), oFsE= I
(arnold press), ¥ ol= A9 Ay Hio|HA
3] A(standing biceps hammer curl), 259 o]y
vlo]AlA A(standing inner biceps cur)Z & 7717}
ATH13]. T LS 150°2 A3 olf= Boj| I
A 7R FlE S01 &8 Zo| 53 AEE 9]

kI Ho

3jei, ojg} T80 Aol TS 747 uZelct. A
5 AR 30°, 90°, 150°9) B ZtEE ATk 5
L 2885 A4 F Algo] 7hssie A8 WSk
AA0] e5e Mestel SRS WMo HA
ofu|x|7} Hol 1, ol Wiroli: LB BT
5 W9t Aol 9tk o} eska £5 ol
AEs g 25 A A Agelas SR
Aoz Qo] B, olF Fo) 3 ¥l o &5 AA
SAY & A et

it Ho

it 1

ol

"

W

sy E

. — - S —

Fig. 1. Range of exercise posture by angle of upper
and lower body

o BAE A4 oy 252 AlESH =Y A
AREo & &5 AAol| sl L] ofdAE ARFE
E FE 53l medio] HAdHtt 5 AA7F AEstH
successgt= HAIA7F E31, ofUJH failurecl2te
MA7F Tt AAsiE 7119l st Al EVF SR vt
o 74 AIZkE gEF AREAEE FellA 7R Edlely
9] FAE Hh= LAo] EXE JEsiqltt. HEHoR
= 3NES 50| HEFS Al A VEAZF e
o, sk 3PS d= I AR EAZ Yo ks
71€sk3ict

Sl sl A= EARY] 717 Qo AREAE A
Ao 7 Tt HRELY] 51 2EEZ T & AUk
£ 90° v A& fAsoF sk 25 AAIE 496t
At 90° ZERks sHAls AAR AEgt ol f+= F
S3d 23 4% 45°, 60°, 90° & Sk &8 AsE
A FEIHEo] 90°= w3 | AA7E 7P B3
olgt= HF Ayt R Zwrt 90°ET © A
AA =HH BR8] Q7] fiRoleH14]. AREE <Y
3HH WollA Hol= 90° 4k9] sHAlEs AA=RE
< Fohe A AHE(Gquat), FE AFHE(Gump
squat), @A(lunge), F& Foh= AAQ] go|= AT
E(wide squat), A°|= #A|(side lunge), BIA] & &
AFE(reach on toe squat)® & 6719 HA-&50|
ATH15]. sHAlEE AAl= 90°9 the] Z=E Aok
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S LT AL A ARtk AntE te) BE
dot AUEE e BRRAR AFsle, SALE 4
A A AT AA B A2TOE HASE,
HIALE AAE Adslel LEYUS LAk A
A 25 AW A BAL Table 49} 2k

Table 4. body exercise posture app screen

STEP.1 STEP.2

Exercise attitude
selection

Smart arm guard to Ul
bluetooth

O

STEP.3 STEP.4

Select body movement Select user desired 30°

from bod
three angles(30°, 90°, Y
150°) movement

application
screen

STEP.5 STEP.6

Describe the exercise
area, method,
range, and
breathing method

Automatically
connect exercise
coaching videos

with youtube

Success/Fail
real-time counting

Select exercise
method description

STEP.9 STEP.10

Reminds of rest Time |Triangle completed If 3 sets
with vibration board after| are not successful in the
set completion correct position screen

o AsiAles Add 7s
+& AddE= ARATE od 52 FeAdl dit

BE 29| dolelg A5 AT ek AgAT 5
4 A4 £F 715 FAKLA T W, NG, &,

Aot &5 71EE0] 2Rl 7sditt AR
5 % S AR NEZ gmdE &

52 upper bodyollA 2583 Hol WMo R Vi
Al EH, SHEEA] 23 A e S 27 P2 o
sploz AR EAZ} U} o2 B9 5 UGS
HHA ARR AAE F7]R0] B2 WS sh Al
SiA HAS £ JEE UI/UXE RSl

AL AUHE AALE Aabe 2L Aade
2 AAEQL, BE *F 7|5 A= lower bodyoﬂ
7|Z5} A-siAleE AU E Ags] 25 7152 B
= 9L Table 59 Zth

Table 5. Body exercise calendar app screen

STEP.1 STEP.2 STEP.3

Automaticuploading
of exercise posture
with perfect
/incomplete display

Select the year,
month, and date
you want

Exercise calendar
selection

applicatio
n screen
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3.2 ORI =H

x
gaield Ede] BRat A8A7} 2eeE A 4
- O

=
AZRoR A, FAH 0 e TE o e Ve

A AAE= Wdshe ZAolth 285 Al 4 7Hs
Hejoll 2 259 AT FREAFHA=EAA)7T
tt27] 2o ol& SHok= BAATE AAY Bd B
ol Gat=]ojof g}, stEgoj9] Afo]2E HATIAA
Bod ko] WAz ow, A7 HA #AY
2Zo|A] gom, Holtt AThE WHES|E A AHE
35 £ =S 27 Qo) AEE AstL I ]t
HAAE WEAHT Z EodoA= TR, o 2
SHfjollNs F& A5l FAAE 5] 2FAIAL
517] o] AlAo] ¢ gh= Ho FEjo] tARlS A
g5ttt 12y et AMEE Adsks Aido] &
utE Ztie] Bor QkEof ATt AA| ARAF
olF 2Hgolal IR Al HEQF AAH AMY &4
(soldering)e] #oj& 4= glom, AEHX|o] gl=
AHOR gl *F AAE FHot=tl EHFo] LAYt
Al dct. o]F Bt sl PCF, A IEAH4Y
(fastener interconnecting), %24, #2E0lo]A]
tARlolgh= 4714 HARIA SHe| HEE S i
Shoich

AR, S thAlet 4= Q= Qo] ARt IE nYy
ARl PCF 7|H& ARESIIT}. FPCB(flexible printed
circuit board)®t YHHH o R gfyl AFEL =F34 4
FA, WEAA, WEA, Y =8 542 71A
I QlolA H=; F 2o d AMSE DL jlow, HeEA
o|a A7} Azo] HH mAEE s Fdo] 7hegt Ao
Ao Rt BHEA = 9 2o gt BE g F
Azt & HIlo] o2 sfH] 23 d IH u2a
of oJgt wiE whe] & oA, Aol 93t AlSE E HA
59 BAIE 23l QltH16). ol=st BAIE sfidsta &
tlE oA MY AnE Frhe] BHodf 2E A
AAe] P&EE Aol fARIc|EE HMoR QIgh
olEfT EHEE 4slr] fI8 PU(polyurethane)
Qo] AHE B AvHo]AE(conductive silverpaste)
£ ARgl AaAad &Y &, S3AA dEear] o

A ARgS) et 9ol A D9 (welding)& ke &

AN

Aog APsiiet. 1 23 A £ IH 2
F4Jo] /HAE PCFE st AntE Zrle] 2
tje]l Z3tEl= PCF= AE7|4 I 28 ZHgsh=
Hogn 7t 7iQ19] 3ol HEE AFATH U7}

7¥s3] #2Huto](customizing) TARRIO] 7Hs3sict
= o] ok A4, ZEY ERAS fldf wiad
AU QIEHo]AS 28530, o] 283t B
o] gol, AT F2of whgh Adat B 0 A
HE R 7hse gARIe R TEjon, Z47te 1
B2 AW QIFAYYOR AZEHLEE HASHYt A
A, FE24E PCF ddshe 719 siay QIE 74
golke 7S AAl 7150l e AUtE T EoT
of A&ttt ARAS] AlAeF DatE = TARRIo)7]
gizo] HEel SREA HiE, FAA, AE HE,
LEDE dZste AAd FES Haskshr] A8 764
2 FejQl PCFE ARSI APtE Ttje] BT
ti7h ool F2ke Aol obd Ay JAHAYH
= B 49 REdE g-5A0] 7hssh] hiZol A
SA7E Hoh A 2Hstal B 4 lEs A A"
gl HAE skl At Zue] HodlE g7
25k W2 Table 63 2t

Table 6. Attaching and detaching modules

Smart leg protector

Smart arm protector

A, ALEToIY HARR1 ke ATtE of&H|A
w ol 285 o] =] 3714 ALEueldE E3f
LIRS LEEOR HFE wEF HYo] Tkt
CARISHAT. ALEuel ol BAAAY 544t
S0°] 9] g0 mEt AL wEolFE 4FI H
A ARIAE Tole Ao T ARt &
o= ojHu(17], FZolle ITARY] Wdo= /ad
EFHo|Y 7|t AHIAE AH|Re] g7 whet st
= FHE A A LA st Aos 11 oyl
7t S ATH18].

2 =wollA ARt AntE ofe#A w2 sh=d
oje} £ ELo7E 23kd 7150l = 24 ALEHT
ojAe] s AvtE widolct. PCF €3 71|} o
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AU QJIEAYY 7|HE AR ThE ARtE Hthe] K
SiE 252 71sst 429 mEoly| wiEgo] ARSR}
9] Fgko] =4 thekst PCF AAEHO|A AgqATE
ngo] 7hsolth. ESE, AntE Trhe] HoTf Qo
WFET &5 & o 7hs3t oh&dA ZAES] HA
ol7] wjgoll ALEAT} A9 FHFo| IA 9] Uk
FE, IE, 255 3714 FH=E HFA7IH PRl
AulE =2 5 JYES ALEHTo|Y fARICRE AHA
StQiTt. AULE ofi&d|#] Hjdo] Ao Wk AAEuLo]
A fAQlE Table 73+ Zth

Table 7. Customized design type

TYPE. 1 TYPE. 2 TYPE. 3

ATFE of&HA] AL QAEY 2589 AAE
AALAEA U= Hdol7]o) A9 deS &5z
LEAHR A FE, FE, 255 FEHE AR
ol gh= ALH|AS T 5 s A
2AntE ZrrhE] Bdio] ARSE 49 7S odollA
T AZAA A mEs| Yol e TRl AAE
(seam sealing) T84 99202 of&HA 7o) Y=
£ 27 fARIE oot ks &5 Alolk Hekgt
2-g7to] KA =olof stEE 57 FE-Z WE FHR
Slal Afo]2 2Ao] RS SHEE QFEe] & FASIG
t}, AntE ZhrE] BStiE AR 2AF S ot 9
Aol dAF e Eolfl= FEi7) ofd dEo R g7
2o] 7hsole s TRl 9 AAsteitt. PCF 9do] €
FE3 A QAU S 59 A" HESF ERF
2, wiEE], FAlA, 2s B5rt Ol =, LED7F Y=
27 HEL2 AAo] BatElE FEjo]7] Wi A A
82 Aot £ ARSATE A ZEotar B
T 5 =S A|A"I HRRI HAE sigloH 2E A
=9 A& o]u|X|&= Table 83 Zth.

Table 8. Smart Athleisure Fashion

Upper body arm exercise posture | Lower body leg exercise posture

R

r
" 4

we

Detail

4. Z2 % HA

A ZE LPAALoA A TS 5 e 2=
A A s fsiMe et e &
EFIAe] 8ol a7Hal 9lor ofet wyd Hil
ojF-n| @Fo] whE FAA A= F7kskaL et v
LRI AT o] 23t T/l whet HetshEAE AlfH
L9 QYER F550E &8 7hsst ofi&dA o
Aol Edleg RN Qi 253 Adelel ¥4
o] STl Y= B2 AAl &ol= EE o3k |
gol=kal i FAA 0] AWtE OJF ZopoAe 7ls
gol = Y AvtE A ofoldE SAISkAL L
ot olofl & o] B2 gl o]dlen| A4l uE
AutE of&HA Al AlEFe] AN e ZASL &
s 2HAS R AR i) BARlel &utE
AME s A= 282 & 5 e AeEE
3 AnE of&HA il Zee-so] dE AARE
mEwS 7] 913 UI/UXE 7idshe dlo a4+ &
Aol qlow, Aik= o Ztt.

A, SEH IS ol S7etaL e AlFCNA
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Ay A|A”L] ARl EF FHIQI ofEYACIA
Ul 7S BaiA A-siAl9] 2t 222 Aol o
S AXNTE AE AT E s EWo] 7hs3t ANTE s dS
AASHAL. olF ol 5 2EA AAE ALY 2

gdo] A A7 7hssh 5 Mg AL A
& 571507t HeE AT 4, PCF 99 71&
o] 485 A= AAZE 7|6t A-ok4 Hothe} A
SR At B0 et 52 7ksd HER AL
Erfo] = ARLE of&# A S Jidste] 1xHHsHY
o] 5t flolHE 71& WIS ATt AR, Aut
EZ H& A&t 252849 &8 o] g
71" 7l -,ix]-ﬁ] F5 25 715 A AT L &
== Yy Vs B9 °}X1 AsHA ERAME BE
%l 50| 7ksotes A WA, 7153 TRl
A 2EY ALEU|R AUE w4 FHste] 7|E
of 49 FejERt EAE ALY AEZE FUAL A
AEHlo|2 ARLE mjdo] 2 H2UA 2d 9 &
AFZS ARbstdr.

2 =22 5] 2ol FE 9ol AR AL
2 B 752 28 2 Alolet AN FHF ot
3, B0 g g AAEH|R st AARE A
opgick= Fell A+ 997t itk S| ICT
(information and communications technology) &
3714S H83 dAA 0] Hofo] AntE mjAd AJAo]
% 9 grjjEortal QIA|TE sjALAdolA 2L Al
A F29 7430l e AUIE of&HA miAo] &
A8 A9y 977t gons B =z ools} gl

F3o] AAA o] Eopiyl ofugt o7 HoloflA %
28 7hs A= AlA LS B e 1:'-1’1—4 e
A=7F 483% %}ZF—"ﬂ?‘ﬂ AT A+ 2 AES g
SR} Bt} ERE SEAGoA= ol EY A0l E B
o] AR 9 28/ BIRE Bote] AskA 4=
452 At AAY et AEES FHe, 4
A AAfo] Fefet F2F X0 gk 71 A+9] e
go] Ut
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