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Development of Self-trainer Fitness Wear Based on Silicone-MWCNT
Sensor
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Abstract Recently, as living standards have improved, many people are becoming more interested in health, and
self-training is increasing through exercise to prevent and manage pre-illness. In general, an imbalance of muscles
causes asymmetry of posture, which can cause various diseases by accompanying an adjustment force, circulation
action, displacement of internal organs, etc.. In this study, the development of fitness software that can be self -
training among smart wears has attracted considerable attention in recent years. In this study, a technology was
proposed for the commercialization of self - trainer fitness wear by a simulation through Android - based applications.
Self - trainer fitness software was developed by combining a conductive polymer, fashion design, sewing, and electric
and electronic technology to monitor the unbalance of the muscles during exercise and make smart wear that can
calibrate the asymmetry by oneself. In particular, a polymer sensor was fabricated by deriving the optimal MWCNT
concentration, and the electrode signal was collected by attaching the electrode to the optimal position, where the
electrode signal line using the conductive fiber was designed and attached to collect the signal. A signal module that
converts the bio-signals collected through electrical signal conversion and transmits them using Bluetooth
communication was designed and manufactured. Self-trainer fitness software that can be commercialized was
developed by combining noise cancellation with Android-based self-training application using a software algorithm
method.
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Table 2. Physical Properties of Various MWCNT

(b)
Fig. 2. Mold for Silicone-SWCNT Sensor

(a)Mold Design (b)Mold by 3D Printer
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Table 3. Detailed Spec. of Signal Module

Diameter Length 5
No. Purity(% Maker* i

o ) (uam) ty(%0) er Unit Spec.
MWCNT 1 5~20 ~10 90% C MCU Nordic nRF52832 (Cortex-M4)
MWCNT 2 5-15 ~10 95% C Communication Bluetooth 4.0 BLE
MWCNT 3 8~15 30~50 909 F

% Sensor TI ADS1299 8ch. x 2EA
MWCNT 4 50~85 10~15 94% F
Battery 280mA

MWCNT 5 10~20 10~30 95% (0]
MWCNT 6 8 10~30 95% (¢}

* Maker is the initial name of the manufacturer

AA MoldE A&et7] 954
3D Z3E|(MakerBot 2X, Makerbot
Industries(P59) 2 B3l E= Uzl A7 2 A =}a)
9=t 3D ZE HEY Afo]= @ Al Alo]z=
o], AN 6HE 7Fssle® AAs9. 3D =Y
el AHg-¥ el E= MakerBot Replicator 2X -8
ABS et E(Diameter 1.75mm), Tg 105C)2 S4<
AL glem, wFe) SR 230TR 448t Fig 2

T
s o] 2319

EEERCEREIN 35
i

Replicator

495

Table 33} 22 4 249} Fig. 4, Fig. 59 22 3]
2719 AAE $3F Fig. 62 Signal ModuleS- A <}3}

of AzEF oY JEYZA fojo] Agaelrh
p
DEVICE Smart Phone
P e .
. 1
1 { -
: ADS1299 e = ;s oth
! ‘ :
i 1
: ADS1299 - :
Juw"__ :
1
’ !
: :
: ;
- Y,

Fig. 3. Block Diagram of Signal Module



A 4T R EA AW ATE, 2018

£ Hamstringsin ‘.i.l ~ ~
Action L [ f )
4 \_/ U/

AR e —

[ =W r ' r 1

Traprits

Namsmn:s\ Spine-liing
contractingand

workingas
agonist

Abdominal Muscles

|
|
|
|
|
| extendean »
|
|
| Iliopsoas

Gluteus Maximus

|
|
I
!
\

Quads
lengtheningand Muscle Quadriceps Hamstrings
working as

| antagonist

FlexedKnee

Muscle Ticeps Sure

Fig. 4. Circuit Design of Signal Module

- Body mapping of sweating patterns in male athletes in mild exercise-induced i Journal of Applied Physio

)

LED
Indicator

Fig. 7. The Range of Analysis of Human Body Movement
and Sweating Area by Exercise[4][5]

70

ofF feleleXeleoXeXoXo)
00006 0000
00006 060000
00606 06000600

¥ \00666606060,

Fig. 83} o] A7d gAetd AsMHs AZEHo
Ul FJEY 2 9 of(Self-trainer Fitness Wear)oll 4-8-3}7
ke, A2A Aol Txd A=A IHEARTE 9
A 71¥(Laser Cutting)3}3l AZEZ oL FEL2 9

Hlol SEIQl0) HES EHASGES MeE ol 24 RE 2490 ol R

=

o

i = 1
& WAe) flskel QA 25 e WA Z(pattem
of A3 FAE A5

aL 1A A Slel FEE Hastele ARE S

x| WAS ottt A Al EHE YA = Wt Fig. 8. Integrated electrode networking design according to
o7} mejEolo} b, & e Ao glojA= human muscle pattern

TF A 25 FAQ)e] FQ ARt HER, F5E

Bxo] wEA] Qs 25 MoE®o|{ HELIA g0 2535}

Zr sted 2 A5k A2k Silicone- MWCNT Al
A], Signal Module, BAEFY AlsHdE Q1A 54 =

o|Z(Noise) & A48, 244 2 A5 A Fuia)

AR ) 2% 35 ZUEG AN A8 oFE s
W= S UG A 9 AREN ) o ce ne) mset s, A s mU
waly] flell 2 AlA o] $1A]= Fig. 70419k o]
) P g oA BEo] g 2§ AAYE Ak o F
# 592 1 £F A FES Bgstn 28TE .
- ¥ Fig. 93} o] E&alm Q14 $Adel] wE 2%
of el B A5 HESAE Aste] g2ty 4 )
o asen 9 %o 949 mRL F Ak Ao K
S-S ARs >
o A, ey 59 ned el 7% AAS 7w
o= 3] HFH o Fig. 103} o] AxZE | )

Evz glol Agstel Aol AHgshanh

496



Al

YE-gaeRE A4 ZHke] Az Eely BEYA gof g

(c)

Fig. 9. Standard Design for Self-trainer Fitness Wear
(a)(b)Top (c)(d)Pants

S

Y
=

(a)

Fig. 10. Final Design for Self-trainer Fitness Wear
from Stand
3. Mz Y %
3.1 A2|2-EALIERE £X|MAL MEM
H3l
Table 4= MWCNT 1, 298] 5=} A& 4] F5F
o W& AxA HEE e doh:}. MWCNTS] 5%

L

L

AA FA o8] 2+ 25%, 3.333%, 4.0%, 4.737%,
om, A 35l digk A%
3}93\‘:]- A. Saleem, K. G. Pricy 59
E49]NQZJJM]HE
Jo}(ﬁ zak=

=4
5]

5.263%, 5.333%%E T3
kel wsks g
A Aol LEL

]

497

3 U x| sf o sl A AYE wEsigh 2 9
ToIME olxle] dreh fAd Ais Hiled,
MWCNT®| 557} 4.737% o)/d o= F7kstd Al 7HA
A& 2] B5F ko] o] 9] wd3t MM E A2HE
T giglon, o)d upe} FiEA <l HAxprl ZA A EA
.

Table 4, Resistance of Silicone Resin and MWCNT 1

Concentration
MWCNT 1 : Diameter 5~154m (Unit : Q)
e w“,I f)““c‘ Resin A | Resin B | Resin C Remarks
0)

1| 2500 | 87.1x10° | 381.6x10° | 119.49x10°

2| 3333 | 15.9x10° | 837x10° | 27.30x10°

3| 4000 | 11.3x10° | 0.60x10° | 25.17x10°

4| 4737 | 83.7x10° | 0.41x10° | 3.44x10° | No agitation

5| 5263 | 0.71x10° | 48.47x10° | 0.83x10° | No agitation

6| 5333 | 6.08x10° | 36.21x10° | 0.66x10° | No agitation

?

(b)
Fig. 11. Appearance of MWCNT 1-Silicone Resin
(a)Resin A (b)Resin B (c)Resin C

(a) ©

Table 5. Resistance of Silicone Resin and MWCNT 2

Concentration
MWCNT 2 : Diameter 5~20xm (Unit : Q)
N wt“l f)"'“' Resin A | Resin B | Resin C Remarks
0)

1| 2500 [128.79x10°| 1.20x10° | 0.40x10°

2| 3333 | 0.52x10° | 0.35x10° | 112.5%10°

3| 4.000 | 57.87x10° | 20.95x10° | 38.02x10°

4| 4737 | 21.53x10° | 21.00x10° | 25.02x10° | No agitation

5| 5263 | 18.55x10° | 12.08x10" | 20.43x10° | No agitation

6| 5333 | 10.74x10° | 11.82x10° | 11.75x10° | No agitation

388 938 3

Fig. 12. Appearance of MWCNT 2-Silicone Resin
(a)Resin A (b)Resin B (c)Resin C

©
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Fig. 19. The Measurement Result of EMG of Various
Muscle (a)Pectoralis major (b)Shaggy (c)Biceps
brachialis  (d)Triceps brachialis (e)Kwak
(iMoo moo (g)Biceps femoris (h)Quadriceps
femoris  (i)Quadriceps femoris  (j)Gluteus
maximus
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Fig. 21. PCB Circuit for Signal Module

Fig. 22. PCB and Eyelet Connection on Fitness Wear
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Fig. 23. PCB Circuit Assembly Drawing

Fig. 24. Developed Self-trainer Fitness Wear with
Signal Module

EZ0|= 7|8 ojZ2|AH 0| JHe H
%‘EEHO“—'I OELIA 2o HBE
= SHL A T5(Active Muscle)oi—r
B @AEt= T "ﬂ Z15+(Small Electric Current)t} A1
(Signal)& <5 HIE 9] HFxH| ek A 3H
HZ(Detect), HEH Mo =9} 313 (Strength and
Pattern)& 75FE 2™ ‘%E}e T Aee BE,
ZEZJolE o] &3] Ho|HE MgA
HO]"’% oo Wl S A% %% A &4

’61- o) 1;]_

(a)
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Fig. 25. Developed Self-trainer Fitness Wear Based on
Silicone-SWCNT Sensor

(a)Top(Appearance) (b)(c)Top(Signal Line Attached)

(d)Pants(Appearance) (e)(f)Pants(Signal Line Attached)
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