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Example of Incorporating the Concepts of Maker Education
into Physical Education: A Case Study Exploring the Electro-
myography Power Spectrum Characteristics of Fatigued Mus-

cles Using Self-Made 10T Electromyography Machine

Cheng-Chang Jeng

Abstract

Physiological monitoring equipment such as pedometers, electrocardio-
graph machines, and electromyography (EMG) machines can assist physical ed-
ucation teachers in enhancing their teaching effectiveness and achieving their
teaching objectives. However, the application of such technological equipment
in the physical education venue is limited by high equipment prices and the
types of software and hardware provided by manufacturers. According to the
concepts of maker education, a low-cost, portable single-channel EMG machine
that can connect to an Internet of Things (IoT) platform was created using the
Arduino integrated development environment. This self-made EMG machine
was used to analyze an amateur triathlete and compare the EMGs of the subject’s
rectus femoris during lying flat after resting for three days with no training and
after a training session involving biking for 90 km and running for 5 km. T tests
and Fourier transform analysis revealed the following: (1) the lying flat of the
rectus femoris in a rested state presented significantly higher EMG signal inten-
sity than those in a fatigued state; (2) the EMG power spectrum of lying flat of
the rectus femoris in a rested state displayed a peak around 28.689 Hz; the range
around this frequency may be the synchronization signals of the muscle; (3) the
EMG power spectrum of lying flat of the rectus femoris in a fatigued state pre-
sented peaks around 24.61 Hz, 16.219 Hz, and 7.649 Hz, thereby verifying that
fatigued muscles show low-frequency EMG; (4) downshifting occurs in the
EMG power spectrum of fatigued muscles. These findings can provide physical
education teachers or trainers with objective reference when they observe mus-
cle exertion and fatigue. Suggestions on possible improvements were put for-
ward.

Keywords: maker education, Arduino, Internet of Things (1oT), electromy-
ography (EMG), power spectrum.
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FEERRRE T0h B RS B 20 Am 2 2 SR A HL B R R me Bz i 2R
BE o DURGRABER AR S B BB RS B BT B RV Y - MmNk
S B AH RA RIS LR A - SSRGS &5 205 1y (SHAPE America, 2017)
ARG - SRR BB TR E N - fEEE A ERIE
FARM LU R B Fra e HVE Y 2N R EREZ B R - Gl > &5
HESERRAVET D a5 B 24 i P Ve TR - ARSI RBLE st 28
R SHHEE « sE A EE) H RS R (e S EI SRS Y2
= HIBE BN - SR FBEANBAEEMER - BERERRE
DL B2 (1744 (Beighle, Morgan, & Pangrazi, 2004 ) o FHA LRI =
(A EEHY5RE 2 I m AR - PRI Sy AR B AR - Bl
2RELHI{ZE (heart rate monitor ) JNA BT S 5 222 - Nichols, Davis, McCord,
Schmidt B Slezak (2009 ) 3% » FEM LR ECRIFENEE B 2R, - HE
HiEseE HARR LR (target heart rate zone )  AE/A REEIER A4 H BepkEk
I FENS2EE LARE B EE) AN S @ QSRR 2A TR AR
W ERAENSEEE  WACEEE T ERHE o B2 ORI
TERS B PR KA N ER R AT R a5 i B EAS BLE Y 2 B TR -

{5 IR S TN A B 2l i 15 2 4 2 il HL G B 22 IV BEE H
foe LLE AT [ LAY R AR (accelerometer )JE i f ] » Costa, Oliveira,
Mota, Santos £ Ribeiro (2017 ) FH T ERIIZER > 7347 472 %4 10 2 18
PRIV AEAE R B AR ERYEEN/KCE (activity level ) 35357 - FEG TS 54
TEERE F R R =58 s 2 B8 AE ES) (moderate and vigorous physical
activity, MVPA) HIRESE - (& K S0%:RAZATERRAY MVPA /K4 - 57 >
BAENFRRZEN G ESREN R - I HEERENHERAE - t7EaH
BARRBEESEE LAHE BMI (body mass index ) fE¥IERR - hEmEE
A BMIFEEU R {r] » BAAEER e FAVFRIREMERIAFHER « Sl HAH2E FR A
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BT EINZER HEE(ELY 200 JrEE » s EREAERRR AR
BHRENHERREZE S — -

bR 7 _EACPRE ~ LRFEIRI - HE AR REE IR o] 2R A
SRR AY ~ A E LS L Horp SRR R E RS B EL R 222 A
R0 M AT AR EL A RS 22 (MROB 2R » 2012 )~ HILIATiE J 1R RE (AR
FUE ~ MRIERR - BRE R - 1558 - 10T > 2020) ~ R E5IRRE (SEiGH -
2000 ; Z=fgRE - 2005 5 FAEE - MHX - Rl ~ Bl - FREAE - 2018)
(IZES - BlERE X oy Rz AZ(ALEERE (indwelling EMG, iIEMG)  BilZe
HHALER (surface EMG, SEMG) » 2 AZUAILEE G R LLGHETRIARIL A
DIBRZERLE - HAEB it ri ] - SRR e - (B2 R R m=
AIVEE RS (S0 B AYREZAR (K P RIRYE 1 A E A REAY g
FEDH BRI IR R RG0S R 2 g LU ALAR R HTERSE - Bk
R HEIERER RS - BN OMR ASALE RS S R AN RAE
I TSN > 2016 ) - {HIZ FE s IR EN ST 2 sz B A s B R R Y
8 RRIAANLER EZEAYGES o LS E S SR R 72
AN iwmil - BRI S ERE LV EBHRAIA S - BLEE
fs=t ~ FERA SRS E o AR T RS S Ay
4 » Walters, Kaschinske, Strath, Swartz B Keenan (2013)#5H »
ERDIE BN - RSN 4 NG EENEREREETER
20,000 S=TTHTAT - AItEE I ER - (ESHLERRERAHEEI 72 {E
REAEE R IRETT - MIRE B AN T E BB AT - e
FOAERL 1,800 =G0 B Ra | B FE A ELHFT A - H2E
TERG BN ERE B2 AL AR (E FHAILEE 8 - R 1 AR S AT R AR
RSN BT EERIARE -

ﬂ&%ﬁ)\‘é"%ﬁ%&ﬁﬁﬁﬁf%ﬁ HELEMEER RS ~ AR 1@ : {EL

SERBEE B EREAREY - BEREGEHIER ~ TR
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B 5 20 B AR S R H R R R ARS B ARV R - & R AYH B
RZE » AIEZE (maker education) SRy HIE & ZE RS (HEGET Al 12
PRI R AR S BRI - IR ER HAVIER A AR
Tam > AIAEREAE AT - Bl - TAZBIEERRY RIRBLIR A » A 22

(makerspace ) HLB& & /E AR FE (4 = R REHY gt 15 ZE ( Valente & Blikstein,
2019) - fEIEFTEEAYAIR 22 /] » NMEZTE —MRAVEREIRES - MERE T F
HURIERBHEIRER S, ~ RELIA(F ~ 20 A TE B AL TR ~ &%
AE ELAS B 1R HH 28 i DA B P R R Y SR B B2 22 ]

B W95 BANERE) —2E B AR B S B E4= r r HAL
RIRE BRI » B T B2 A AR ARG 25 F BBt o - k= 2 Y &0 T
AT AT » AR - FHR RS B FEERIEER] - RSk
1 FE 2 2 Bl Eh TR DR R IR R B A A ARG - (hACHY &
AR N o R AR LRI A RPRERSR & B R 5 b AT 4
I FEE  (Fourier transform, FT) S3ARAILEE » 2538 B {EAREGEHER
A nT D ARIHLEF AR 27 B 5 (= » 2000 ) - == {gzE (2005 )
HIbFE 23R - BLAR 50 - & 8 AT W (AR AR R 8~12 Hz Bl
20~40 Hz 1 » I HREIEAVATETIEE(E - PEas TR T Bl s s e T SR 45 58 0
IERE - LA 250 » SRR GR & 5 Rl s -

FRER A BRI IR B BB BRAT B W IR SRS DURGER AIL AT 55 Fi
FEANVESIGE - AR HNEREELL FT By ook BBt 2824
Sy M RILATRE B3R R A T A TR E A - (EZFRIAHLEERY A S E = sME
RS Sy ERS - AR A BT LR RN EEERE U HE 4R
BEAETTARON > PRI > R R E R LR AR TRIEREEIIE W > 5
TR ERHERRIEE RS - AR (Intermet of Things, 1oT) HYRER: - {65
W R R E SRR EERRE - ek DERER L RRE AR T - oK
B A TR S5 2 oo TN RN BB e YA - tHT HAUAEE 1



116 BRERABHBFBE 2020, 31(2), pp. 111-136

(1) BEAERA ~ nEAALERE - feftEE T ER R e R T
(2) BEHLERE AT EAEES _ERIRE 20 Z AILEEIR
Q) HEHANEEATEEEAVEDE - DLFT LR S HIH LR L -

&~ AR T RETA

FEET R e B AN 9T B B R 2 RS - BIRSaRaT B AGHLEE
BHEUSHY 2 o friefiit FT BRI EERAEER 2% -
—  BEREELET

eSS - R AR R AETTHLE I E SR T &
HY > A HER - DR R BB PARS AV T o BR TR S - FTHUSAY R LA
BB TME BRI R PR BE AR AR T IR T 5 2 M REARRIRS - [HZH
2RI RS PR LRSS AT TRE AL - (R AHH 72 BR A BRG AR - b
HoPHSEERET » AR TR LRI =CHLE RS » Al TR E EUS RGH L E
BRFECH TR ~ BERS - D8EG £ SRR R ALY ESP8266 fufZilzs (micro
control unit, MCU ) iy D1 Mini {540 » HiHE4HELS WIFT 4R 2 GE T » 38
Gagat 10T FHEAEM -

) ) . = e 7 T 5V
USB | D1mini $lEitseE/ |3 f| AR AD8226 i
| e Iy 2RO |:> R |3
: h : H RS i |
P KE @ ﬁmg @
: : : AQ :
: : :| ESP8266 |k
i 3.7v960 mAH §EE L |3 2 b1 Mini D1Mini |:
: : : - @ MicroSD | :
E E MCU F5i4H E e E
----------------------------- WIFI :,?H E

” Thinger.io P4 15
wifi

1 RRRBE
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BRS R EE 1 ] oyl EZAYE Y [ 1 2T RE AR TR
HER T R R R L EESRES - TRESR T8RN MCU BilR| BB RREE S (&
fF4REE - D1 mini $HEE M 70 B/ L EE HR R i T S8 ) USB 5 $5 BE T e 28
UK s s R % ik BE 45 H B B F-14HAY D1 Mini SN - (HH
IRHEFRBIIAE D1 Mini (i files Bl BT TAE « Y AD8226 B imiEH]|
BEHFELHAMHIE - SRR - Kt H 25— BREREAE - DIHY
15 +5 SERAEREEAHAR R T LIF - HLEBAHAY GRS i AlE R
D1 Mini MCU f&E4HAVEEE RS AlmEE A0 » D1 Mini MCU & ﬁ)% 100
Hz YEUEE B TR A R AARGE 1% RIS R 2 SRR & EHAT SPI e
Micro SD 1541 - fU &= f#{E 2 Micro SD SCiE-RA LIS -

FE7 D1 Mini MCU f554H EL WiFi #8EREE T EEUSHIEE TS
ERIEIRE - RS A AR 4IER (% E 10T & Thinger.io o
Thinger.io & —BHE#EE (open-source software ) » AJ%Z47 4 R [E] MCU
Pi A RIS HYE N » ok S S EOHME SR DA I 4R ] ~ Bl E %
LT B 23 & w4 B2 38 25 - (Luis Bustamante, Patricio,
& Molina, 2019) - AWF5EHEF Thinger.io ‘522881 Linux Z.4% » 1] &
P 4EPHE4E (intranet) BGAEIR4ERS (internet) BIZZ S LAV &S

& 2 /e b Rl SRR SR A ETRE R - [ 2 75 EAEESRIHY 2
Tliﬁ: R4mE IRy - (1) ESP8266 D1 Mini MCU 1521 ~ $H & 7t/

BRI 4H B Micro SD SC 1 -RAH4AH 3 = (B4R A (2)3.7V 960
mAH $8EEt 5 (3) FEEBRE E & ERAMEAH  (4) AD8226 B EH/ Eats
4H - & 2 A BT RS e B AR R AR AR AR 0 RVINEy 8.5 2 73%6.0 &
73x2.0 257 o @ 2 FHAEEATRIRBAER - BREKEMALR 0 KZE
2 N RFRREOAIRER - B4l ~ smEMRAHIELY 3 A7 M ZHIE AL
AL & EE TTE'JEST AL AT DY &I - BEAG R ALY Ry & i 600 T
J5E 20 JuEd - BURRCARLT EHERERAY 1/90 - 8RB IEEE
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= AR EEEI SRR IREERAE BTEE - thEREMENE
EHEHHLERENS @ e NEERE LEM - EERIN - B 2 A
Z 3.7V 960 mAH $HEEH R RSk AR i 150 o8 - EHIAE 2 B
RE B o PER - E SRR RIS 0 HA - o SR Ry T e LAY 1250
mAH $HEE > RIPREY R EEEECERHLEE 195 708 » REme REMA RS B ok
HIIFRIRE K o 5 AL EERIE DR AR R Boh B AR
b DUR o4 B AY R R TR - B0 EREEARFERYIFE - AL A
BEIFRFAEE 6 /NF5eRk - MEEEL 600 TTE LA -

— -~ pifesEt

AR IRRVAZ =0 HFE F Arduino BrSSEREEES A ESP8266
D1 Mini MCU r » #2504 100 Hz #YEUEEZR (sample rate) 7 Analog 0
i Al S AD8223 H|EEIEAHAYIFAGHIE % - RIS R A Micro
SD 20 Foft - FRIEFETRIAK WIFi {857 Thingerio P& - SEATATETEYE
HENH SR —F U2 > DU SR AASTRSAE (IR 2R, -

s —mrT9t 1 2 27 RN AENG I HEE » F 72
Thinger.io FY & » 1755k 4 8¢E 10T “FEHY IP ~ 1755 5 £ 7 73 5IEEE 10T
PERYEEHEAIE L EMG B4 TRELRLS - 279k 8 K 9 5
TARPS FHESHY SSID BHEANE - 175% 23 3% HUBRAYIH RARAME » 2= e
Ry 10 feRP U —2 =R 1 FP AR 100 2K - 253 EHY/Z SD f54HHAY chip
select PRI EAE D1 Mini 1y D8 3535 € $E M A B S0 IR 7R -
1759% 28 £ 84 Ky setup () p=(AYEDE] » £ 2 E MRS Y FIAAIAE
Hrp{T5% 50 2 67 kG EFEF I LI R IES S CFEEEES
RSP HEN 1 IS CFEERES m3.xt - AL S &RitE
HiE ks matxt > (K EEE R E T AL E RPN EETS 2 R E R
1F < 7755 85 21 131 £y loop () pR=NAVEEE > LLER k= Ry A A S G RE EUL
BIRAE ~ FHig 2 10T ‘FEIFREREFEE R ERER o =17t
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89 £ 113 RygkE 10 fbBITESATLEm Alm s I EEEHSR G Ei 2 10T
5 0 4 10T SFERFEMIEGREEE R =R » E=REEEARD)
AR - BEHTITIE 113 2EOK T FEFALEER 2R RIvER
FrEse

BRGHYHY S AR VT B RV s Bl - ot Thinger.io HYRAE
FEEF AR MCU EEEE] 10T “F&ryiEER - elapsedMillis 2z R ELH]
easa A SOR BRI AT 22 W R e =UBE AT Arduino FYRE=EEE
SR b A FGREEE T o B ER N EENE SD Ui RekzUE
G & THE A &EF] Arduino FTRfT Y 4G =0 - BZ AW FEE A
ESP8266 HUhEHRG LN E I ELLk 1 55—& SD pizUEE » 8 Arduino [R5
(9 SD p=BE & A= 728 - AR ek R B bR1% - B EARRE
P& B 5 PR ] ESP8266 Frffif iy SD ph={J= -
= EER IS

FEEIREERE (patellofemoral pain syndrome, PFPS ) B (A A
F&Crunner's knee ) & 25 4E i F& ( Esculier, Bouyer, Dubois, Frémont, Moore,
& Roy, 2016) svE{THESI (FRAFRES ~ MEfP5E ~ 220990 - mfEk - 3F
2 - 2009) - AL EALAEERTERRIRELHIREED - HHIS BB A 2R
5[#E PFPS PR — (Kaya, Citaker, Kerimoglu, Atay, Nyland, Callaghan,
& Doral, 2011)  HfRASHHFEHY B —<258 38 Ky 38 B 2V - P EAE 1
i ST EEEEINR - IS\ =08 R HAR - METAS0 42.195
INERRSRIPAE 113 N EE R A =TEAVASES - H 2 &CRE PRPS JER » RIFEDAE
R ELHLEs E 2N BRI B - #ELARARAT REEREROD K BT TR EN % - Bt
BRI - EEEEFREE - SEMERE Y HAVEHI R E A
G&EZ g -

3 JHAE Thingerio P& HEPEEEEINY 25 & LA FIHIREE
5 B R EALALEE BB 2l - Bss AL RS n{F a5 2 loT P& » F
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LLBIEE 257550 10T ~FE4ghl LISEEENRE H RN ~ AL EEERERaRE - thE
PILEE 56 P el B S Y B R Ry BILER UK 12 2 48 9 (B ML 2 ST B B0 Ry B0

(rectified ) 5% - W H#E D1 Mini MCU %% 0 & 1023 FY{EIk#EE -
AL ER RS B B T S A ZZ LB At ) BUE B8 - e
HORRIEER R AR T AOR > PEE T DA B n] 4 P AR A T 22 REHY Y
# (Lobov, Mironov, Kastalskiy, & Kazantsev, 2015) - [& 4 f<z sl & 1E
RHIRRE - REFEZIISR HERE=H1& - FriSHALEER o 25 Py
€10 7y - RUSA BRI STy SHE R EEEREE - B 4 th&T iR 41 il
ER&R y = -0.0002x + 72.061 » H] ASFHREE (R S IV E R - BIESEEIE
SIS EHIARNS TS - Pz S HIME AT 10 ZCErE A B LA YE)
TEt% - JHiSHEl 5 B BN HIEELE - FhiE 5 n DDA 10 JCFr s
IFHIRES - DURAILEEAIRIE AN « &8iC ke EgL b, - SRR R
FLETHIGHEHE - BEEREEA R AT ERGE - SR E SR (pilot experi-
ment ) EEEICKIIE 3 ZlE 5 Bt 1 AHSEHY E R | B R AREEHL - (5 -
PR EEERSE -

g~ HH E R T R

e a0 AE 3 /NKF 20 7358k 90 A BB 1T ELARE . 40 73§58

Y 5 N HEREE - BT AR B RVER SR T - (6 T ZE R
s A EE RIS IR EE R - BIREORZHE N RS EY) -
fth N B HIE > WGZ2R% ~ PR AT 8 2 S8t 10 oy 87 AU HRE 5571k
REIFRE ELALATRILER R - (IR RV EEZE T - AR S50
ERNSESENSERE SR (E5# 0 2000 ; S=E{#)EE > 2005) @ RIILARTZE
R FT 2% B R AT 2SN RS T - DIBRTEAILA
TS5 R EE SRR AT B L -
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FT AVERA (1) EIRBEE - H N (CRALERSHIGERE - ).t
Rl - my IR t BFHIHLEERSRORIE - §f RARRESEH - Kt S
FyEFRVEUSE - G140 10 b EUEE— 2K > Al 1 FD %y 100 ZXHUES - JRERF S
=100 (Hz) - 3 (2) RHERE - NILHEIHBFREE (3) -

N-1
F(f) =3y meel2) j = 0N ~1 (1)
t=0
f = S.IJV_' (2)
1
9; = ]T] (3)

b ZedE H AILEE o AR R B 0% B B G B 2Bl P E A2 Y 5 2 6 Hz
DUy E R EBR(KAE(=9E (Burden & Bartlett, 1999; Benoit, Lamontagne,
Cerulli, & Liti, 2003; Onish, Yagi, Oyama, Akasaka, Ihashi, & Handa, 2002 ) -
RIEARRZEER T (4) BITEE » BERERIEE 5 Hz DU NS 5REE DUE
b B HS E AR IV RARENSRTHE -

F(f;<5Hz) =0 (4)

FHMEEZEN TR 60 Hz » fi s BRI B R es A 15

(humming) FERAVF48 > FIAZC (5) mIEER 59 Hz # 61 Hz 2Ry
A5E - #ELUERR 60 Hz oG AV & A THEE oA -
F(59Hz<f;<61Hz)=0 (5)

(& > FREEA5REE B LR AR (power spectrum ) = (6) 515 -
B By f R AEF () B % P S 2 A R SOICELAL . (norm) SE 05 > 1B
e amA L BB AR AT

P(f) = [FUI = F(R)F(5) (6)

A LFEFC6)HETEAHE R NI A TR RS R -5 Matlab

2015- FZ 08 Ak 6 (e ZE P altny FT 85 KON R TRE =(3a T
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DISHEELS AL ERRGE - BB (6) 945 R FHEE 2% B>
Hoefr X @l B SERS 0 Y BB TR P(f) » A7 EFE S B P E R
(R A(wvaniiyetor
2 - HHSeaE R o

B St i RIS B S5 R AL B R FRSR 22 5 > R SE
HE R o BEEFEHThRAEELNT T - 53R ER e JLEE sEEg
i o
— ~ IR EAR R B AR R B R BB = R o i

B 6 3t IR B = F AT - AREE H P A P 2R E
AIRSELLLEE (M = 65.88, SD = 4.15) Hilifk{T 90 /3B HTHEE 5 /N HEK
BT& RS 2 IRREA R B HILAILEE (M = 14.70, SD = 1.29) 4@ E— &
Z2 BEfTEEES - FRE P TSR (R EUREE L R TR A AR = R SRR
REEORLEE R > FERL t IEH BRI - MBTESGT LB B g7 R
(t (104184 ) =2672.64,p=0.000) -

PR EIRAE > L FE T3S BRI R > AL EBSR S A B2 T RATiE
B EEEFZ y = -0.0002x + 72.061 JR AT Z2EERIR By £ 5 2RI 25
REE L EE £ PR RS R R A B BB E T RIS - EIRAIRIAM &
A48 - HESSREALEEAYIEER HR2s y = -7x10° +14.875 > Rk
-7x10° #6F By 0 0 HILRPRE B R SRS AL B FR 4R AR 35/1000 -

BV A NS 2 B A 52 e Y BRI SR+ ISR ER
SR ZEEE O AR © kR RS T R R A B AR R (i B
PN RS2 T E N B E TR A RS - BEARIRIS Bt
A4 SRS AT B F st ok S B 2 IR e Ay B e B = R - 1
MRREEES% » SR LIy ATEREAT =S > 2RI CHIAL
IR ) SRRSO LA 2R -
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=~ IREIRRREE SR AR A BE THERBFEL 04T

7 RSzt E RS 3 HRFEZHNIR1% » ARG PRt D s AT M
TR E AR - FhlE e SR AR 28.689 Hz HIFR T IRIE(H
1540 > fEH ERVRES AR IR - IR AT e 2P - IE
AR IHGREE » AT A AL A R A MR R LR EREE -
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8.689,1540

7 REFRREA B T RIEFE B

TEREIL ~ AR 8GR & 3R AR AL ER SR - PRIE H R R T]
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B AT ARSI RI A 242 IR AR RIS A P RAlE © DUEERES S 4 s
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ARG 0 5 CPU B 2% EH BITHRERIZ L EIP sk i E TAF -

PEEEIE N AR S IRRE R 4E S - 18] 8 Ryl ST BT 90 &
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RE H AR S RO T P 2R HIR E A VB ARRS « e TR s
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ER{R S IR R BRI ER BE — I E AR ARG » S59M T AR ZL 5
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#include <Arduino.h>
#include <ThingerESP8266.h>
#define _DEBUG_
#define THINGER_SERVER "192.168.0.100"
#define USERNAME "emguser"
#define DEVICE_ID "realtimeEMG"
#define DEVICE_CREDENTIAL "realtimeEMGpassword"
#define SSID "WiFiSSID"
#define SSID_PASSWORD "WiFipassword"
bool thingerConnected = true;
bool serverFailed = false;
ThingerESP8266 thing(USERNAME, DEVICE_ID, DEVICE_CREDENTIAL);
int connectReryCount = 0;
float realtimeEMG,;
String strinitname = "m";
String strMainname = strinitname;
String strExtname = ".txt";
String strFilename = strMainname + strExtname;
#include <SPI1.h>
#include <SD.h>
#include <elapsedMillis.h>
elapsedMillis timeElapsed;
unsigned int interval = 10; //unit: milliseconds
const int chipSelect = D8; //chip select on pin D8 for D1 Mini SD shield
const int LED_PIN = LED_BUILTIN;
unsigned long preTime, currTime;
int LEDMode = HIGH;
void setup() {
Serial.begin(9600);
pinMode(LED_PIN, OUTPUT);
Serial.printIn("Connecting to WiFi AP...");
thing.add_wifi(SSID, SSID_PASSWORD);
thing["realtimeEMG"] >> outputValue(realtimeEMG);
thing.handle();
connectReryCount = 0;
if (1SD.begin(chipSelect)) {
Serial.printIn("Card failed, or not present. Flashing LED");
while (1) {
digitalWrite(LED_PIN, HIGH);
delay(500);
digitalWrite(LED_PIN, LOW);
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42 delay(500);
43
44 return;
45 }
46 Serial.printIn("card initialized.");
47 int fcounter = 0;
48 int initNameCounter = 0;
49 strMainname = strinithame + String(fcounter);
50 while (SD.exists(strFilename)) {
51 if (strFilename.length() == 8) {
52 initNameCounter++;
53 strMainname = strinitname;
54 for (inti = 0; i < initNameCounter; i++)
55 strMainname = strMainname + strinitname;
56 }else {
57 fcounter++;
58 strMainname = strinitname + String(fcounter);
59 }
60 strFilename = strMainname + strExtname;
61 Serial.print("File exists, new File Name =");
62 Serial.printin(strFilename);
63 digitalWrite(LED_PIN, HIGH);
64 delay(250);
65 digitalWrite(LED_PIN, LOW);
66 delay(250);
67 }
68 File dataFile = SD.open(strFilename, FILE_WRITE);
69 String dataString = "Elapsed, raw";
70 if (dataFile) {
71 dataFile.printin(dataString);
72 dataFile.close();
73 }else {
74 Serial.printIn("error opening file. Flashing LED.");
75 while (1) {
76 digitalWrite(LED_PIN, HIGH);
77 delay(500);
78 digitalWrite(LED_PIN, LOW);
79 delay(500);
80 }
81
82 timeElapsed = 0; preTime = 0; currTime = 0;
83 LEDMode = HIGH; serverFailed = false;
84 }/lend of setup
85 void loop() {
86 LEDMode = ILEDMode;
87 digitalWrite(LED_PIN, LEDMode);
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88 currTime = timeElapsed;

89 if (currTime - preTime >= interval)
90 {
91 preTime = currTime;
92 int sensorValue = analogRead(A0);
93 if (IserverFailed) {
94 if (thing.is_connected()) {
95 realtimeEMG = sensorValue;
96 thing.stream(thing["realtimeEMG"]);
97 thingerConnected = true;
98 thing.handle();
99 connectReryCount = 0;
100 }else {
101 Serial.printIn("Failed to connect to Thinger.io Server!");
102 connectReryCount++;
103 if (connectReryCount++ < 3) {
104 Serial.printf("Retrying...(%d)", connectReryCount);
105 Serial.printIn();
106 thingerConnected = false;
107 thing.handle();
108 Yelse { //if (connectRetry...)
109 Serial.printf("Faild to connect to server. No more retry!!");
110 serverFailed = true;
111 } // if (connectRetry...) else...
112 } // if (thing.is_connected()) else
113 } /1'if (IserverFailed)
114 String dataString ="";
115 dataString = String(timeElapsed, DEC) + "" + String(sensorValue, DEC);
116 File dataFile = SD.open(strFilename, FILE_WRITE);
117 if (dataFile) {
118 dataFile.printin(dataString);
119 dataFile.close();
120 }
121 else {
122 Serial.printIn("error opening file. Flashing LED.");
123 while (1) {
124 digitalWrite(LED_PIN, HIGH);
125 delay(500);
126 digitalWrite(LED_PIN, LOW);
127 delay(500);
128 } /1 end of while(1)
129 } // end of if (dataFile) else

130 } /1 end of if (currTime-preTime...)
131} //end of loop




