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Abstract

Electromyography (EMG) is a technique for acquiring bioelectrical signals of muscles during
contraction and relaxation. This technique is used as a tool for monitoring neuromuscular activities
as well as for its pathological diagnosis. Generally, to acquire this small electrical signal, a specific
device is necessary for amplifying the EMG signal to a proper voltage level of its applications.
Mostly, the clinical EMG devices are costly and designed for stationary uses. These cause
difficulties in investigating and monitoring neuromuscular activities during sports or high mobility
required movements. Accordingly, this biomedical engineering project aims to develop a
prototype EMG data logger for recording the EMG signal of a specific muscle during activities such
as walking, running, or cycling. The device consists of an EMG amplifier circuit that combines a
pre-amplifier, a filtering circuit, and a secondary amplifier. Then, the analog outputs of the EMG
amplifier circuit are converted to digital data using an ESP32 microcontroller before recording the
digitalized signals to an SD card for later investigation or diagnosis. The developed prototype can
filter the acquired signal within the frequency range of 5-500 Hz according to the bandwidth of
the EMG signals. The device lasts for up to 9 hours on battery power. It can record the EMG signal
data as the .csv files on the SD card. However, due to the sampling frequency of the analog-to-
digital conversion (ADC) control loop is too low, the shape of the EMG signals was unable to be
illustrated via data plotting. Therefore, the firmware of the ESP32 microcontroller must be re-
programmed to improve the sampling frequency of the ADC control loop. Lastly, the recorded

EMG data must be re-validated to confirm the correctness of the data.

Keyword: Electromyography Devices, Optional Amplifier, Bioelectrical Signals
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5. Extensor digitorum muscle yhuihiilunismdsnthilouazdeilo Wundulleiiiganizeiu

agUSIUNTZANAULIY UasuTnaUatenaduilossddnuwaeadiedy 4 wu anluingds
PR
nsggnihiles 4 U7

6. Extensor digit minimi muscle vihwiilunsiwdentiaies Wundwiilefiegfniu Extensor

digitorum muscle anluineENusunsEanvesiiney

Brachioradialis

I:I Extensor carpi radialis
longus and brevis

[] Extensor digitorum

D Extensor digit minimi

- Extensor carpi ulnaris

Anconeus

AN 2.2 AR N BULVDINANULDFIUUA B LY UAIUNA

i - https://salusmt.com/forearm-extensor-muscles

2.1.3 “q;mgzu‘lﬂﬁmé’wtﬁa (Electromyography: EMG)
Fyanalnihnguile fo igé’ummﬁaéf’mmﬂé’mL‘l‘f@Lﬁ@lﬁi”umegéjumﬂmﬂuaﬂ
otsuussisdmalindudaiansved Tasnmvnfveandunilonnfniulddesedonisudeuntas
vasndlniwazmadvien (Action potential) Tnemsuashvesnduiiioinansrhnuuasdinisves
anpwhumadulssamivhniiiaueusandmdedug Wuusnsgdulasaasnnisuendsal

1 a d‘ o I 1 U dl
sunmeiansiedeulniluanuaueiimieeg [1] daandluning 2.3


https://salusmt.com/forearm-extensor-muscles
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M9 2.3 uanediregainaiuilodialasunsinseiuaInneuen

i - http://easydoc.in.th

Tuvauziindyaadnihannduiilossiirmanusedngdlniagluyis 70-90 mv
wiilawadnauiilegnnsedulagduiainaieueniiuniadulsramindaindulovesnduiilotus vin
WiAnausisdng i iiinaniaTinvemihewadnaulengnnssauvate asideiy (Action
. = [y { [ a Aa 1 a Y 1 [ a1 L= v
potential) Feaansainalaniudianinsaifneg uuimis lngausisdndluiaziirunnvsetes
& %Y v o o 1% & | @ v &
Fuagiunsgnnseduvesssuuysvam tnevludyaralviannduiielunudnfaziiusadunduiile

YU 500 - 100 mV wazdianudoglutig 2-500 Hz

HnUD fndladin (mv) audlunis
Foyeyrauliin pavauad (Hz)
ausy (EEG) 0.001-0.10 0.02-100
WIla (ECG,EKG) 0.02-3.0 0.1-30
n&auile (EMG) 0.003-5.0 2-1,000

AN5197 2.1 e Radng iwazAINURved duad 13l warnanuLile

i1 : https://ams.kku.ac.th

[

2.1.4 wise¥aduanalniinguile (Electromyography: EMG)

v v

o

w3estadyanailwiind e (Electromyosraphy: EMG) iluiedesiiednsuians
evALeWIonsieend e Lﬂmmﬁﬂmsi’mé’i’zgapmﬂé’mmfawé’qmﬂmigmszéjuﬁaaé’igﬁgm
meliisumadulszam mamageuiildiitensiadurnuinuniivesmsrhnuresndanienasszuu
Ussamiideutunduniodndu  Tasasfuiudidnlnsagninlifuuuinuimdaniiondudeiiala

gihnsesaiaadygialviivesnaiude Fwnvuznsinsnanazsidunsiadygraliiives


https://ams.kku.ac.th/
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ndauelutiwazinuazluvasinduiiaiiansnaniegiguuss mnnduleusnunindianinse

o

Lifinsedulmnseianisngaisazlifinisdsdyarameiiinduan wasmnnanulieifinanisnauay

AanezdwmaliinANuUAruLlasesdy I nsdunalaainnisiddsuntasvosmdndliiuas

o

AMUDAILEAILUANA 2.4

A 2.6 uanaedesiadauaailniinganile (Electromyography: EMG

i - https://www.medicinenet.com

2.1.5 2995w (Instrument Amplifier Circuit or Amplifier)

v v

[

nsasratadanadliiiindiuile (Electromyography: EMG) Wudnuilanailafildlu

ALY

nsaTrindygrulniifiifinainnisuadiesnaiuiie dedauaaiondsnunisnsiaia

aaulni1iala wazedulndause wailiandnuainuana1enululs asvasnnuiwasdnd luin

'
[ 1 a

[ = Y = 1 o ° o & £ = J [ 1
dyaraunincuimidsazianuasdndluiisuazdnduassdnisvgisanuaedng lninu

o

2995venedeya1a (Amplifier) Tsznauiie sauweud (Op-Amp) uazgunsaldidnnseiinduile

A

Ae g Tidggrudauiadaauuinduneunisirluldluainuaely 1995v8redyyu

oo

(Instrument Amplifier Circuit or Amplifier) 1JulsasdiannsefindAfidrurrelunisiinvuin

;%4

Wemasenevasdyaa Inedgyainaineianmileaeiisussdnvagmiiouiudygyiadunm

[ a =

dl v o 3 A Y o " ° Vo Aa
ngndoudnies widyarasendnniliasivualngnindyaiudunn Jilalidyqyiand

vualuiaziinnudauinndedy aunsaidauseruserieniduisuinuazauduilessnain

e luliusUudnuntuleaste [4]


https://www.medicinenet.com/
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Baseline  Muscle Activation
<> <>

5 | | | | | | | ]
|

e A

-400 |

| 1 |

1

Quantisation Level
o

0 04 0.8 12 16 2 24 28
Time (s)

a (Y 1 o ¥ d’lj = ¥ dy a Y (Y
A9 2.5 wansiegedygralnihannduledienauiieinnsuaiinazAaisi

fisn - https://www.hopkinsmedicine.org

@mﬁuﬁ’ﬁﬁummi%&l’l&lé@ipﬂﬂﬂWﬁ’ﬁﬂﬂﬂfﬁuL‘ﬁa
1. dfMdsvenegs dleswnsuevesdyanailniihanndaifossiaueiidnunn Sndugesings
venedyanaditaunalngdu ﬁaaﬁwé’wmaﬁgﬁu Wielianunsaneadiudyanaldognsdna
2. fimsmevaussnualutie 2-500 Hz Wesenduanailiianndadeninldansidnlnsed
Arudeglugas 5-500 Hz
3. il Common Mode Rejection Ratio (CMRR) g4 kansfisanuaninsalunisiin Foyunais U
9199z UrUunnlugasle

Ry

7
/ out

AT 2.6 UANIIATVENE feyey1ad (Instrument Amplifier Circuit or Amplifier)

fian - http://howiwasteyourtime.blogspot.com


http://howiwasteyourtime.blogspot.com/
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A13130AIUMENTINTVEEV0RTIINNNITUTUAT Rygin (09 2.6) N0 n18uaeas Ingdwin

Mnaumseselui
Vo = %(1 + ;::) (V, — V) W
V, = A (V, + V) 2)
A,(Gain) =1 + RZR_ (3)
gain

2.1.6 aauuaud (Operational Amplifiers)

souuandifugunsalBidnnsednduyiianis vhwihidusivenedyyanwsvenonsm

T o

£ '
1 (Y o a

Tiflvwangiunseilumnsesdyaarnuddmiulusasnsesrnuisuuuingeg Inglaswadeaniegly

o

[

paUuwaulasiidnuasidudou suUsEnoURle AIR1uNIL (Resistor), Ns1udaLnas (Transistor), HaAu

Us2q (Capacitor) uazlalan (Diode) {usdwauun [5]

Output
O
| Positive Power Supply
Inverting Input |

Non-Inverting Input | OP-Amp g 9<

LY.
! Negative Power Supply
-V

A 2.7 uanseatueud (Operational Amplifiers)

fisn : http://www.atom.rmutphysics.com

anwauglassasenuguwasnannislidnuvasealuand (Op-Amp) dwuanslunini 2.7

aaUwandusznaulumeuInanun 5 91 awn


http://www.atom.rmutphysics.com/

15

[
YU o

YBUNALUUNGUNE (Inverting) tidwiuleudyaravndmduliisdyaalinssuanse

v E4 a o =) v

wasdgralnnssuaadu dedyaianendnni lnasddnvagnsaiudiunionduinaniu

o d‘

dyayauiignUounieuian

T

dunawuulinduma (Non-Inverting) Lidwmsudeudyayravndidulavsdyaialn

o [ 3

nszuanslardyyIulnnTzuaasy Fedyruedne

[ Ae] q

£y
Alpasiidnwuzlinduanse

WilloununudaanUauniavn

A7) U

91 Output vesealuent dlAHeusnisanzn1svnuYetesUiond FAnTUIINAIT
wihmsdeudyaraninivduneiaesvesesliaud

1 +V Wurtdeulnuin Tneaziawsesulnuszua 9 V e 18 V

91 -V 1Wurdeulnau lnsaziiausesuluseuna -9 V 81 -18 V

AaudRlumsanuafivesealleud

1.

2
3.
a

1Y

figmsnsvenewssiuduetiug
fifnausuumesiudunsdueiiud nssuadunedianviniumud
a0 4 1 (3 3 6
fifnAuAunIusAue RN dueug

Y

A1150naUAURIANLALAAIATEaUlRsslUauR R uanT A Tue s

IngluiuguanautAveseeuwendigniuildnuluiasivanvang suuuu 1wy

NITVYIUTIAULUVUNS ULHE 299598180590 unuUlnduLa 199305098y 1A1NUD LazI99Io U

samaluil

1.

WITVYBLTIAULUUNAUWNE (Inverting amplifier)

FITVYIUSIFURUUNT UG enwauefie Yy aiignuenevata dnnilaaInieesasd

anwaugassiuiuvisendumlatudyaungnUeoun1ewidnreins dauandunini 2.8
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Vm T / ‘
\‘ R

Ym T~ !
/ AN Vi N
p—O VU / I ]
\

AT 2.8 LARINATVUIBULTIFULUUNAULWE (Inverting amplifier)

fian - http://pws.npru.ac.th

2. 19asvnsLsenukuulinauwa (Non-inverting amplifier)
19svenesiukuuliinguina dnvarhe dygiaiignuengvede innilaanieasas

fanwasniisuiunislindumlaiudyaungndeunwiiivens lnedygiasodnalaainiems
wimlanseiuiumlavasdyaradunnigndeulniuins awansdunma 2.9
VO

A

Vm T N\

Vin
t Vi x Vo / \
Ay p——O f \ \
~ " ‘\ [ ‘\
/ “‘
! J ! >t

Vm - ;
‘ |
\ \ |

AT 2.9uaR9ATTEneusuLuUldndua (Non-inverting amplifier)

i - http://pws.npru.ac.th

3. 29950589AUA (Filter Circuit)
1993n509ANND 3B9aTNTRAdANLD (Filter Circuit) Wulsasnsesmanudviin

< o o v A & A a 1 a £ a
nilsfansaimiiidwieasnsesaudydawuusieg (1 2.10 ) lavainvatgyianieluiems
= v A vad A fa  ea v o Ay v o 1Y) =
Wiy daaaudfne JYiawusudianiinine inanisnevaussvesnnudlias ldusadulnmdesdy
Y3unadasuazaiuisneenkuuisasinde annedildaunsallunisesniuuieasdnuiudes a1

ponuuulmsasidendienudinesnisuazingepudnliassniseonlsa lnervasezseulidya o


http://pws.npru.ac.th/

[

AnudlugsmuualnaiulduavanisaaneudyyiauenumtionnauU RN ST aN T U ey

sunu (No

ise) No199zvuNelu99sts [5]

[

ANUNTOBUIUTELANIIDINTBIANUDNNNS ITwrasaelwle 2 wuu sall

1.

|4 (o)}

29930583ANUA LUUMIETH (Passive Filter) tTUI995UsELANT lidadldundssglaiann
Agusnasiamnsaviauld Tasliifissauautives RLC Tnsgunsaliildluasasnses
Auduuunadyl ldun fuAuuseq (Capacitor) #wileati (inducton) wagdadumiu
(Resistor)

2995n509ALAUUVLENTIN (Active Filten) 1waasuszianiisndudoddunaadnelnain
asueniiielisasaansahaulfegsanysal uazldquandves RLC Wudeafuas
NT8IANUALUUINETH UsiagdnTiiinasasvesidiniiude Tnsgunsalililulsasnses
audnuuseniiv 1aun eauueut (Op-Amp) ns1udawmes (Transistor) ¥unses ufufu
fuUseq (Capacitor) wazfmuyu (Resistor) \ensasnnudisosnisle

[

TRAYAIUTAIMUNTLAVDIIATNTDIANUALA 4 UseLnn el

1993n509ANUDFIHIU (Low-pass Filter : LPF) 1uisasfivenligisaruiisininfinesnis
anansanueentuduoidnnle
2993N509MUAGIN (High-pass Filter : HPF) 1lwisasfigenlidaemnudgeniniidesns

aunsarueantuduednale

| Low-Pass High-Pass Band-Pass Band-Reject
|H(0))|l |H(m)|m M)
[ il : :
f f f

(n) (2) ) ()

29 2.10 LL?H?NNaﬂ'ﬁma‘Uaua\iﬂ')’]Mﬁ%ﬁ]ﬁ?ﬂﬁ]‘iﬂﬁﬁ]\‘iﬂﬁﬂmmugﬂLL‘U‘U(F]I'NG]

fisn : http://www.pws.npru.ac.th


http://www.pws.npru.ac.th/
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3. 2993N98IMOUAIMNANIY (Band-pass Filter : BPF) 1uisasiivenlitasauiianisuaunse
FAudnFeINsWintuausariueenuguendnala
4. 1993MdnuauALd (Band Reject filter w5 Notch filter : BRF) Wuisasiuaslsivianinug

UBNAMIZUAUMIDYIIMNDLIUALLENTIRBINSWITWLEBNlUS o Nm e

v a o

= Y] v & Av . v a a
Weosndaaralnihnaullenlainddyaiusuniu (Noise) unsndanluaneadan

[

Foureszmivgunsalnelusasuieandgunsaldidnnsedind Jvdndudewinisnsesdygiaeiud

Tuu99909NLNDANTUIATDIA QYE IUTUNIUDBNDINNDT YINIRLAANITODNLUULAZ WAUISTANTUN

=

9YI8U1UANUDLALNTBIRYQYIUTUNIUDINDINIAT AMITUIUNITEDNKULIISNTBIANAT DU FDs

o = a o

Adsdalszdnsnmazamnundugvesasiieliainisansesnud lanuiifesnisiazandygiu

sunIu (Noise) Mdnanvsiululeasta

[V Y
[y [ va o

InglunisAnwiayideasaiidelaienldiasnsewauanudsiiy (Band-pass Filter :

BPF) dan1snsasdyqnanudluteideinishe e f; 89 £ asnuandluninwi 2.11

|H(w)] b Passband

Stopband Stopband

AT 2.11 KAR9YIIANNAYD9RINTBIAUANUTAHY (Band-pass Filter)
11 © http://www.pws.npru.ac.th
SNurUe9I99INTBIUAINIHIY (Band-pass Filter) Usgnousig 1995n589A1da

W1 (High-pass Filter) ¥mtnilun15nsee39muddendniaeenis (f,) waei9asnsasndnuianiniy

(Low-pass Filter) ¥mtn#lun13n509939ANDAININNADINT (fyy)


http://www.pws.npru.ac.th/
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High-pass Filter Low-pass Filter
R}
A
R WWA
R 'V ¥ V— Ry
" W S .
—A'A'A'A' - ™ - AZ o
Ay o AMA + Eg R
S

Vin I >
Cc
R

AT 2.12 LAASENWIZTDINATNTOIMAUAMNUDAKIU (Band-pass Filter)

i - https://webstor.srmist.edu.in

NN 2.12 A11150TLATIBRAIUINNIAUANTAVII9IINTBILAUAINAKNIU (Band-pass

Filter) laa1naunisaadl

i

_ (4)
fu= 27RC

I (5)
fu = 27TR'C’

2.1.7 fiuUszauuUAUUAS (Coupling Capacitor)
FufuUsEuuUAUUA (Coupling Capacitor) Aadanudszyivimihilunisiouse
Fyaraainaasmilsludidnisasuladseiu Inevialuudinsidunuussguuudiasntdluasasi

TonUszasaiatasnulnnszwanse (Direct Current , DO) tnadaunauluvmeyvinnisuaaely b

9

Nzuaaay (Alternating Current , AC) Inan1ua99s Sawtslunistesiunsgnsuniuluvasndayeyia

(%
v o

gnasludiiunausaly WsananuiuNIuesdyaIMdNalidyy T UTHT ULz An Ty UI9as

'
v o o [ v a

tegadnvadaimhidusunmesluvasigunsaimaswgnldau (6] dafuandunmi 2.13


https://webstor.srmist.edu.in/
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Coupling Capacitor
AC signal

%

Circuit 1 || Circuit 2

DC signal Blocked

AT 2.13 Lanen137auresiaLAuUszuuUAUUAT (Coupling Capacitor)

i - http://99thai.com

2.1.8 n3natadiau (Virtual ground)
nsnkaiieu vimthiUSeuaiioudunnvaseatuand (Short circuit) o4a1n
| M Y & a = i 1 v @ 15}
v; = 0 w1n vouslaladunsneies insiziliesann vy, llaluanu Ry, 8409126 Asdulsssuan

AOU Ry F9llAwvindu v, asdansluning 2.14

Ry
VAR

A 2.14 wansnsasadiou (Virtual ground)

i - https://th.nipponkaigi.ne


https://th.nipponkaigi.ne/

21

2.1.9 n3esdauazgunsaldmiunsnadadgralniindiuile

¥
1 v A

Wesmnmsiadygralnihnduidesreinddednanseildamnsainalanieisas

o

ddnnsetindlagnss esannisuaniudeulossuiiegneludulonduile Jsdnluszdedigunsaiiivh

wifiuvasaududuvedlessuliludndlnilaeldgunsalinifandn 8idnlnsn (Electrode) 1lu

gunsaldnsunsriadygraliiinduile viuthnlunisduiindyaalniivesnduiaainioni

yuiuRwmdenaudanaulatlugsesae [7] drundsdiuussunanaiiolandnatazyinn1siasiei

AU

Bianinse (Electrode) Wudnlwihlddwiulunsasiainadudygralnihanauile

[1] Wneiallasidudaniivinannlansiiu (4,) vielanslunaunaslsd (4,CD aunsouuauseLay

a & % (v % v} ‘29‘,
AN LAMIUANWULAT I UN T

1.

a &

Sianlnsawuusy (Needle electrode) Wudlaninsandvuismanuin (nIwi 2.15) AN

[ )

o v & v v 0o & a & ¥ [ a £ Y
‘1/I’1ﬂ'ﬁ’]ﬂﬁﬁUﬁU’]va‘Wﬁ'H]’]ﬂﬂﬁ']@JL‘lJE]l@"\]%G]ENU’]L“UlIE]LﬁﬂIVIiﬂLL‘VNﬂE]@L“EJWIUENU?L’JNL&HELEJM@

A

¥ '
=

naruileNdeensinnisin Feidedreidumstuinduanavirludulonauileffivun
W@nannle vilvannsatuiindaaliiimsedndlnirandulonaruidelalaense ual
Taidonseiiidunisnsiaiauuuinaisnievesadeveianalitinuinunanioainis

U’]@L%U"\]Wﬂﬂ’ﬁﬂﬂﬁ@Uiﬁ

—

29 2.15 kanaddninsawuusly (Needle electrode

i - https://www.biopac.com
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2. Binlnsauuuansuuians (Surface electrode) Wudidnlnsauuuunudalwind nsuling
vuimdaniedanduieiiauleszyihnstn wsesanidu 2 Ussuan Tdun

2.1 8idnlnsauuuilen (Wet-type surface electrode) 1udianinsaviinlaandzaauu
Andaniedandundefiaulaasinnisiandeutuinaednundiaies sidnlnsauuuden
$uduagdeddian iWudenadlumsinlessunnideidolinnduievesmaaouinduilane Su
floguinaununatsowusudidninge Stuvuriefianmsolitilivasaduasuuuiianusald
dosnduiendafic foidsvesdidninsauvuden fe ewinuiuulzsndugeinadion
wihiluns@nasuuiinids madnuuilvidwesmaaeuidunaiuiugeisszielian ennisu

Wosannnle

AN 2.16 wansdidninsawuuien (Wet type surface electrode)

s - https://th.aliexpress.com

2.2 8LanInIALUULIS (Dry-type surface electrode) Wudidninsasfinlaveulzasuu
Andandodinnduiilonaulaszyiinisin lnedidninsauuuwisazsyiuainianfiunnsneiu wu
Tanuszianaunulaananegiilen (Anodized aluminum stainless steel) lavigldu (Silver)

1 o

lavznaauns (Copper) Wusu iasndianinsawuunisyinunandagussinlane villuden
donstlunsihlessunazenalamdndluinlaannisimsiadadessudunaainauiiun
Aauuivils msaglddidninsasuuwinddnduniazdedddnsinisveneussiuiiganiwuusile

DU


https://th.aliexpress.com/
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AN 2.17 LARIDLENTNTALUUKIAS (Dry type surface electrode)

i - https://professionals.ottobock.com.au

2.1.10 msdaszduaralniinduiile
2.1.10.1 wiedoaadaladlay (Oscilloscope)
dlongudaiinnmsnanazaanesazdumalifnauisuwiawesdnglifi
LLa3ﬁ'iyliuu’1mVLWﬁ’]ﬁvLﬁﬁ]85\hUM'i“U81EJ(;f’JEl?ﬂ‘i]'i‘l?llgﬂaaﬂLL‘U‘U Jenduavdeadinsuansnavesardnglain
ponulugUuuuraansw Tasardndlninazaud i fadoooadaloalatazuansuas onundu

dyanaeundentuglrensmiiiumnsesadalaglay (Oscilloscope)

Al 2.18 uanaIetesadalaalay (Oscilloscope)

i - https://th.aliexpress.com


https://th.aliexpress.com/
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a o

2.1.10.2 n3esruiladuana (Function Generator)

g

= o a o I sag v o o A A
wsesmuilndnia Wusunsalnlddmsulunisnaaeunslai w3esdle uway

v q

gunsaldidnnsetind Tnsaunsabinndadyaraldainvalsgluuy wu dygin

supdulel (Sine Wave) dayarausundudivivy (Square Wave) dygyiaugund uiiad

(Pulse Wave) udu fauanslunni 2.19

AVEsEEET

F) 4 g 3 = 4 o
A land CETERIEEEPES ammiad

AN 2.19 WARIENYUEIUARULUUANY

fian - https://sites.google.com

'
v o Aa o L9 A

dl' o a o ei [ Y A
w3esAdndygn (i 2.20 ) imthilduiniledygiasusuuiie
ASIAFBUAINGNADIVBIFY QKUY 08 UnsalBAnNIeTindsingy aunsaniuau
Ieviansusuumsguaiu mnuusauazaudvesdyaaduiuuls wWelddudyyiu
deeanludegunsalvsainialioniey lunsnsiraeunsedalsouiisua lnediadn
[ d' v & fa a s a J a o I [
doygraungnloudniaivsegunsaididnnseiindaniaiesniiiadyay sl udayayu

wnsgiuansathundudyaudnsda

| 0.000.000 0kt '

AT 2.20 uanaAIRInLilndyead (Function Generator)

fian - https://www.ngmedyaz.com


https://sites.google.com/
https://www.ngmedyaz.com/
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2.1.11 dasmsguinegnsdyaunud ( Sampling Rate)

[ N

gn3INsd U0 1ad Yy IAud (Sampling Rate) Aw 8n3 N5 udId9Tayan oglugy

g

sunaen uwlasliidudeyalusuuuuadnea (Analogue to Digital Converter: ADC) L3 un1suUas

[

daaldniieglugeunfonlanunsedoasniedidayaludineuiinenslugluuundneatiieldlunis
Audeyald Feliviendu Hertz (Hz) Wesainnisvauluguwuuvesdygineudenaziaulugy
LuuRBLiled (Continuous) wiin1sviaulugluuuvesdyginaineasziaulugluuuiideawu iy
4390981 (Interval) nMsuvasedayaianinseaulii (Voltage) vesdynnudaseioeglugudyag o
< o 2w aa . A v a R | <
aunden (Analogue) linanaiduaduaalussuufinea (Digital) iesmispauiimesuuliaiuisaiiy
deyayraunalnitanleanundvinliiesdinsdudegsdygianiud ( Sampling Rate) 1udwiuge

| a = 1Y) | = Y] = o & d Y v ‘:4' .
Ao 1 Auditumsldnaidasislunmsussainanavesdyaiu Jsdndunasdsddaianuiass Sampling

| Y 1o ] ! ] N v cs' ° & o o= A Yo aa
Rate E]El']ﬂu@ﬁliﬂ@']ﬂ"]'] 2 L‘V|']6Ua\'1ﬁ"]ﬂ?qmﬂﬁﬂaﬂﬂa\isﬂaﬂﬂﬁw"\]3‘1/]"!ﬂ’]3LﬂU‘UUV]ﬂLWaimﬂﬂiyﬁyﬂmWNﬂ')qﬂJ

RUR |

' '
aa v =

gndesnnil 2.21) Wedesnsnudeyaniidyainninudginisiiudnsnisguiiegndyyianinud
(Sampling Rate) TrunTu Fsazdsnaliinisivdsullasvessyaudygiunudiladaninuazidunuay

TnalResiudya unudRuNINEITY

§ bits

8 samples per second

8 bits

16 samples per second

AN 2.21 UanednyEnIINITduiIegedyy1aud (Sample Rate)

fian - https://kekasihpuisi.blogspot.com/2013/07/audio-sampling-rate-about.html
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1l 9397n8RIINsq 08 19d Yy 1Al (Sample Rate) SuduazAesinisUssuiana
(Process) Tayadnuiuiine Wiiuaiglugieiaivesdygyiauuy Realtime At ugsdoyanidiaiy
a ] ] ¢ ol & a v ° o £ | & & oaa A
avldunawnwiivsgunsainldlunsussinanafazdaiauhnuninunntuwintu g93snsuwaledymi
zaNsatIsanAuntneInITUTEINaNalalaen1siin Buffer Size Miazusnuiheyszananaliviinag

AU rtneunazdeyaeeni

2.2 mswvmumu%é’sﬁnﬁm%’aa
2.2.1 C. Kast, M. Krenn,W. Aramphianlert, C. Hofer, O.C. Aszmann taz W. Mayr [8] Tavin

nswaugunsalifiuviuiindeyadayaam1adinmuuunuaaiase lngaiuisaduiindogyayaliii

Frinlansouiuds 8 Yesdyain dnvisarunsadaudyaialugluuudeyaninealudunsog

Y

[

Aewfnmaslaiufitun1siWeuseuuu Universal Serial Bus (USB) Tngluin3asindayaiaazdsenaudie
lulaspoulnsalaednsena PIC32 wasdud miuindya1aBia1n ADS1299 uinlagu3yn Texas
Instruments, Ussinaanigowiani gunsaifinamgaimundulusuuuuveslugs Ssenunsaifonsiewdiy
gunsalgunuuRfy iWoveneduuvesmshidndynaliaeds 64 tes

2.2.2 Daniel Sa pina, Antonio Angusto Fernandes, Renato Natal Jorge, Joaquim Gabriel
Mendes [9] lavinn1siau1gunsal Tuiindaya1amn1ad 10 muuun1iiIaite N1unsuanidoyaves
Fyaauuvesuladvesdygrandniesersdans Tnedinsvinedeeiiunsendudn AIuALlaeg
TUsunsu Raspberry Pi wazfin1ssemedyaiamsdousowuulias WiF) Wuunwmestouduundadne
w&snulinduindesindoyanm anwagvesgUnInlaziivesndmiuIilseaianalayias Inellangse
oonmndsuvaaidalwiliuaes wassdimeniendetunsiadaaaisersdansvesiioe ndsan
fuflsdnmsianifndulaedmsfuussuussananaligsdudmiunadounis Python wasan
w3esdunuuwsniinslédyanadeusowuy 36 vilifamundenndy 36/46 Wauvesaliinesn
USB wagszuuufuanisitannsasesiunauld

2.2.3 Sandra De la Pefia, Aura Polo and Carlos Robles-Algarin [10] Tavinnseanwkuu
w3estanauliinnduifeuvunamdunuudnsuasaduaudiesdvesndauielutnfiu Tneld
‘1'7\1@L@@%ﬂiaqm’m?{qqLﬁaﬁﬁmé’mwmmi‘umuﬁnﬂﬂé’ﬂmﬁaiam’hw%mam?{aulmmaaﬂéﬁmﬁa%u 9
TneviiN1500nWULINATUENEANE (instrument amplifier) daelodiuas INA128P lun1sueneaudiis
wwndnliivunlngdu wareenuuuiasnsesnudlagldinassin UAFS2 Sadufanseuoniin
olunUszasAfianansafmunanlddmiuldlunisnsesnnuigeinu (High-pass filter) Buiasuny

meusnfianuisarulalalaglusunsy Filter 42 ¥o9 Burr-Brown Iagyvinnistuiindagiandiuiile &
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v av v ' o a s v & 1
Tayanlaaggndiiiuugys (Bluetooth) lugsaemauiiames dn153mAu Ussaians Lashaninaniy

woNAwIs LabVIEW Fafuunannesuniseonuuuiilddmsulsyinanadygunineails
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unil 3
ATN1TAEUIU

[

Tuunilazidun1snanfeanIns IS n1sA NI U UAINTUNISANEIUITeN Taevinisuus

a ] o a [ ) 1 v 1 &
iwaxLaaﬂsuwuumaumsmLuuaamﬂwumaumaG]mmaiﬂu

3.1 nann1svinuveeTasfuiuwuudmiudadyaalnindaiasiiannnd

iwsossuiuLUUdmsUIadyaalnihnduiisrtiannnnlivannisiauiusenaulusig 2 du
loun daugunsal (Hardware) drulszananawazdstaya (Microcontroller) Asuanslunini 3.1

3.7¥V-->3.3V

3.7v 3.7v
L B R =
Power Manage 1

—— — —— ]

SD card

Battery 3.7 V 3.7v unit / Charger
18650 Voltage regulator
|
[ —= -
3.3V 3.3V 33v | | 3.3V |
M |
! |
1 |
Pre- High pass Secondary | | l I
amplifier Low pass amplifier ] Microcontroller
IPOX filter 100X ESP32
AD623 LM324 LM324 : |

|

|
_________________ 'y |

I

AT 3.1 KAAININTINVDIMENNTIINNWATEsTURURUUA MU TR

dyeralindailovdannng

[

3.1.1 daunsasvenedaalninndruiie (EMG Amplifier Circuit)

[ )
1

duagnedygralniinaisile (EMG Amplifier Circuit) Wudmfivimindilunisiuen

o

wazvenedyradliinihnduileluguuuuvesdygmewden Minnssudygiasiudidninsanfnet
. .

Y Y v

vuimduuiledananidenaulaszinniinsiaia deazvinisiadygralainduielugravuzy
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nanullaiinnisualazaaesi 1ne9assvivtnveedy g alideualngiunsouninsodyy el

wideuaaudlugisiidesns ethdygralvldnulutuneussld

3.1.2 dulszaiananazdsdeya (Microcontroller)
TudesnsUszuanauazasioya (Microcontroller) azilumsimunyamas

iepuANMIYILYBIveIavnasstlulasaeulvsalesnIzna ESP32 meuwnanosu Arduino IDE

[

3.2 mIeanuuUIsTEednLazaUnsainelueasiudunuudmiuia Syaadviingnanile
FUANWAN
3.2.1 Anwwazidenldaunsaldidnnsedinddmsuldnieluicas
Lﬁmmﬂé’aujzymlw%mﬂﬂﬁmLﬁaﬁlﬁmﬂﬂwsi’mmﬁmﬁﬂ%ﬁﬁwnmmq
Fndlaiindisn Faduduszdewinisveneairnusiednglniinuisasveedyaias (Amplifier) 1%
Fyaraitldfauamanusisindilngtulneresvesduaiadng swuszneusieledeeuuend

6 1

(Op-Amp) uazaunsaididnnselindsingg Fsarnnisfinwinuindyaaliinduiledngnsuniuldine

[

Fenanedade vililuduaaddyanasunu (Noise) Usdudnun faduisasnsesnnudsadudnmis
drulszneuididny i eviinisnseaedygasuniuainaisusneentuliuiniian wasliusiie
FanalnihwenduniedeuhlvldanulugwusollL 1]
Tuduil awvenamisieyavesgunsaibidnmseindddiigninanld
dmsumsiaugunsaliukuy Town

1. eaUuaud (Op-Amp)

a

1.11e@ues AD623AN (il 3.2 ) 1Tuled Instrumentation Amplifier #1595ULUY rail-to-rail
dnnauifae drusaldaula i suuuuna s 1ol s 87 (Singlerail power supply) waz
wasdnglilhuusieg (Dual-rail power supply) Tnansnsasesusziuussilnilddoud 2.7 v s 12 v
Fadulsinauseuliihiitesldneliinsunsesesnnie awnsausuidwens (Gain range) lnaus
1-1000 i1 3 Common mode rejection ratio (CMRR) 44 200 Hz anunsafdndyaasuniuiidn
WeUulureasha Tonsvualniinludsuna 480 lulaswend drelvianunsashwissaninmuesgunsal

a & a 4
alannIvUNd
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8 | +Rg
[7]+vs

|6 | ouTPUT

| 5 | REF

Al 3.2 uandoaUwend (Op-Amp) LUas AD623AN

i - https://bh.rsdelivers.com
1.2 lediued LM324 (nwi3.3) 1uled Optional amplifier fiauauddfe a1eluled 1 &
Usgnaulusagesduaudianua 4 #1 amisaldauduunasgnelnuuusiaien (Single-rail power

v o o

supply) ldsiaus 3.0V s 32V fidnwusdugudaddiuom 14 o1 Juqlilagld LM324 Wiws 1 6

PIN CONNECTIONS

/
Out 1 [1} 4] out4
2 13
Inputs 1 {’: 4 =l } Inputs 4
(3} 2]
Vee E E Veg, GND
5 10
Inputs 2 {E% ’—él:g } Inputs 3
Out2[7} 18] Out3

(Top View)

(n.) ()
Al 3.3 wanseauuexd (Op-Amp) wes LM324

. anwazAmnedladeaunaudiuas LM324 2. lnazwnsuveseaunaud LM324

fisn : https://www.amazon.com


https://bh.rsdelivers.com/
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(% '

2. U (Resistor) SVILUURIAUNIUAIAIN (Fixed Resistor) wazhuuisinumulsuale
(Potentiometer) lngvinnsidenldddumuansiivinfidulans (Metal Film) (0wl 3.4 (1)) uazsa
Fumudiuaildviauuaziden (Trimmer Potentiometers) (AWl 3.4 (v)) Wufadunuiivang
dwsultlusnuinuasnaaouisasineg aunsovsuuiuaauiuuldauidesmslusinalooias
fauaziden iesnifumuisassuuuiideuaaiadouditiosinn dsfdunuaiasiivin fidy
Tavig (Metal Film) fiAnanuaainndeusgil £0.1% &1 +2 % waglasannsanusonisivasuuias

gamgianaieuentan vliAndygasuniuldtesiionseuisuiusiiuniusingy o

(n) (¥)

AN 3.4 WERIEIe1UNIY (Resistor)

. feunuAIPINRaNanlane (Metal Film) 2. fduniudsualavinusuaziden (Trimmer Potentiometers)

i - https://www.joom.com
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3. daiuUszaeiaunumniau (Tantalum Capacitor) (0wl 3.5) Wusaivuszandvuinén

MumMusanIsita daanurainiadeutes AunmAdslineliinnssuasiivavaziluldeu

A7 3.5 uansiaiuuszgulaunumiay (Tantalum Capacitor)

- https://goodpriceth.com

3.2.2 N159NLUUINATVLE Ty a0l
Tnuneluesessusunuudmsuindyaalwihnduleviannmazusenouly
A8 @UNITTANITNEIUIINLUALABSTS (Battery Power Management Unit) @21299508188gyay e
(Amplifier Circuit) Lazdunsesdayayad (Filtering Circuit) fAspaluil
1 a 3 o v al (% <@ [ dl' I
1. duuunmnes ((Battery Power Management unit) Y1919 LUA19ALAUNS 191Ut 91T

'
VA v

wasdngldesliiuies luduvesunneingidelminniseeniuulaenisiientd wuawess Lithium-
ion 3.7V {A3133 3400mAh 8% Panasonic 34 NCR18650B 913U 1 Aoy Zasauunmasilusenulni
Tun13v13agegail 4.7V uazilieanawingail 2.75V asnsannsaliligegn 500 aswianunnes 1 neu an
& = [ a Y a A - s da o g

vaiasdesiu (Protected) Msifanszuasiluavesiunne’ WonssiuwkeysUUANBI AW euiTuy
lugadmivnsalu irunesnidousde USB Ju HW-107 7ldleddnnisndsnuiues TP4065 laga1unsa

PFWUANIMEuTUlNisEAU 5V uagnszualiindmiunisusagegn 2A
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[ (G &l
R3 HW-107 QUT-

AT 3.6 LaRSAIULUALAEY (Battery)

A, uUAWeS3 Lithium-ion 3.7V @. Tugadwmsumnsalu fu HW-107

fian : https://www.myarduino.net

2. druvenedayyia (Amplifier Circuit) iWudiufivimdinlunisveredgaralniiflaainis
v d’l’ PN o [ | [ | i {
nautienaulaazyiinisin lnsuvsesnidu 2 d@ laun

a

2.1 1asvenedgaaugund (Pre-amplifier Circuit) {uN1590nLUUIRIV &0

Y

o
LY [ [

TUKTN Feoonkuulneasinawe18esdyI1uaInAN 10 111 A18led Instrumentation Amplifier

= o w

du5a3U wes AD623 (Al 3.7) Fsidwenevenaasansausulalaenisiuisuainaudiuniu

R

gain MELUAT AUENNTT

100K.2 (6)
R, ="
gam — (Gain — 1)

Gain 78 NMAYILNADINIT

Ryain A8 A1ANAUNIULUUUTUALARUNRBINTS


https://www.myarduino.net/
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\aaanauzdavideinisldesluauyd (Op-amp) AD623 LU Pre-amplifier fi8n1560MWUY

Single-Supply fatansluntn 3.7

+3V TO +12V

Vour

REF (INPUT)

Al 3.7 wanan1sesaUked AD623 WuU Single-Supply

s - https://www.alldatasheet.com

AN3IAANIUN Rygin MAINMTUSEUTBUATTUANS9ASARSlUAIWT 3.8

Desired | 1% Standard Table Calculated Gain Using
Gain Value of Rs 1% Resistors

2 100 kQ 2

5 24.9 kQ 5.02

10 11 kQ 10.09

20 5.23kQ 20.12

33 3.09 kQ 33.36

40 2.55kQ 40.21

50 2.05kQ 49.78

65 1.58 kQ 64.29

100 1.02 kQ 99.04

200 499 O 2014

500 200 Q 501

1000 100 Q 1001

Al 3.8 uanan1sHesaUwend AD623 WUy Single-Supply

s : https://www.alldatasheet.com


https://www.alldatasheet.com/
https://www.alldatasheet.com/
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WLAAN Rygin d1913UlEl02935 Pre-amplifier fe AD623 Widasn1sasuanslunimi 3.9

+VDC

Vin

Rg=11KQ AD623 >——— Vout

|||\H

— +VDC

ATl 3.9 wdn9I9a5 Pre-amplifier §e AD623

2.2 Wasvenedayaamiendl (Secondary-amplifier Circuit) {wasasvenedayayoudud

o

=

#04 leVNN1TU81UFYITUBA 100 i1 [12] NSIRINNIUTURDUNITNTOIAE I Ty IRd ey oull

izé’mmé’fuﬁmmzamﬁ’umsﬁﬂé’zyiyﬂmvﬁ’@jﬂ’mmaﬁzyiymmﬂamﬁaﬂLﬂuﬁmmﬂmaﬁmaa (Analog-to-
digital Conversion) sigueianaasdlulasnaulvsaaes lngdIdelaiinisesnuuuiasvenedyyin
nAggfisyledeeuuendiues (Op-amp) LM324 (n1wdl 3.10) ¥in1sennuuuasaslugueesisas Non-
inverting Amplifier #s3U7l 3.10 Tnsanunsafuamevesiafumuiomavesssielildtdmesly

[y 1Y

SEAUNADINTG bHAINFUNTT

Rg (7)
G=1+-8
e
1KQ
100 = 1 + (®)
Rs
Rs ~ 100 0 ©)

R¢ fAe nwmualndawyindu 10KO

Rs A9 A1IANUAIUYULUUASAIRIUARDINTS
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ASAIUIUAINAUNTHINANYI AP ANANUAUNILUTELAL 100 Q

1
; Rs R5

LM324

AWl 3.10 wane Secondary-amplifier #ae LM324

o w 1 o

3. @unsesdgad (Filtering Circuit) Wudiudidgaeviwiflunisnsesdyae

o

[

sunu (Noise) Mzduagaanandyarliinduiledudsorniaduliannaiedads 1wy annaie

a o A 1 i ¢ ] Y = fa & a ¢ o
wdaidousoseninegunsal anunasTienasnuliivseaingunsaldidnnsetindniglulsasies i

@) v [

VAW UADI

—2

1NITOONLUUNITNTDIFYYIAUAILD LHBNTOIDIFYQYIUANIZTNANLANADINITUAS

1Y

Wadyarasununlddesnisesnandygralniind e [13] Fdasmludygralniinauie

o

Do

'
a

finsnouaueinuABgluge 2-500 Hz el isinisesnuuunasvetedyaialiiannndiuile

D

ﬁi’mmﬂ%LﬁﬂIﬂiﬂiﬁﬁﬂamﬁaﬁuﬁN 5-500 Hz. (nwidt 3.11) Tufidldvinisfinwuareenuuuiasnses
AUARE (Low-pass Filter: LPF) Freranudfneen (Cutoff Frequency) 71 500 Hz \Hunseenuuu
2vasfisenlinudsiinit 500 Hz dululalegliifnsmaneudygia andunsesdygyaninud
(Cutoff Frequency ) 71 5 Hz. é”gmwsmmmm?{qqmu (High-pass Filter : HPF) viwthitlunisannau
Fyananednalutisannad 0 Hz. auilstasaaddia (Cutoff Frequency ) Aifmualy [14] Taganmnsn

Aulalaanaun1saInalUll

1 (10)

Je = 22RC

f- A9 AUdFn (Cutoff Frequency) M1ABIN1T
R A9 ANAUAIUNIUAIT

C Ao Adunulseq
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LPE

\lim Vout

Ci=1 pF

AW 3.11 BAATINATNTDIAYQYIUAIILDYE 5-500 Hz.

Wesangunsaididnnseiindnieluisasuisdindinmslduseiulihg 3.3v §3dedaihms

2anLUUUNITUTULSIs Ul Favinisusunsssulnannumrasanelluusnass Lithium-ion 3.7V Tsidu

ussulviaunn 3.3V edestunsiinluiindansas (Short dircuit) Tnsnsnlugauvadludi (Voltage

Regulator) (Ml 3.10) wlaauwsesulas (Step down Converter) 310 3.7V 1WAt 3.3V i alek

wsssulnfianumnzaudmsuaunsaldidnnsedindnieluies

Output 3.3V.

=

Input 3.7V

Al 3.12 wanslugawuaslniih (Voltage Regulator)

lngvsnelugunsalddnvsednddnlusssesdingnmaiiou (Virtual ground) viwmditunis

BNIEAULTIAY LW ESP 32 anunsauuasaiatn ADC Wugunsdgaadlvihndanionuiidesnisle
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JwhnseenuuunIMalaleu (Virtual ground) seeaUienl LM324 [@endeainns1nues Secondary-
amplifier M udruve1edy It uiiaotveeas Geeadueud LM324 9s1duf1A10ANLIIIULUY

Single rail fauanslunmii 3.13

I Rs =200K Q

AN

+33V

L

I

l |
: R3=100KQ‘</> n% :
I - |
| |

> =

R, =100K Q

AT 3.13 LEAAIANWaIENNTRNAINI AL DU (Virtual ground)

A o = ca & a ¢ Y = o o
Wevmsfnwgunsaldiannseiinduazeaniuuiiasaieluwad 9153198939350

SiannsatindiauaeielUsunsy Proteus sanandluning 3.14



AN 3.14 AN UE9Rs T SlannTatndnanunselUsinsy Proteus

39
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=Y

W9YIN1599NLUUNIVN8 A QI nuamelUTLNTUADN TILABTIAT 31NUUTIIINITHMU

LS DITAFEEUNUAULUU

g

(%
Y

gunseiBiannseiindvisvunasuuveialivar tnveenuuuliudazdiuvesasinumunzay
AananslunIng 3.15

§
i
o8
L3
R
d
8
g
§
g
i:
§
8

AN 3.15 WAATISDTVE A QY10

3.3 M3anuwuurandwlIsamsutuiinadyyalnilindiuile

o Y

Tudiuvesnsussitanataz Juiinendyiadninguile fidelavinisesnuuuisnmsuuase

A

£

Fyugluuveundend eanainasasversdyyraliiindad e 1l udyy uidnoadae
llasmoulnsaiaeinsza ESP32 (Microcontroller ESP32) (n1wil 3.16) Fsfisanitlaiga gnanunsamile
5 iemuviesnann Sniedasesiunisineedeaisuuulsareriumalulad Wi-Fi way Bluetooth Low
Energy (BLE) n1¢/lu29asil PTC Fuse v‘imﬁﬂﬁmuamsﬁuﬂigLLﬁlV\lﬂﬁLﬁaqmﬁuﬂdw 500 mA #179351500)

anUSusEauLsssulniReladans 3.7V 89 5V wazuSunseiulingd 3.3V iegnglilisudn ESP32 [15]
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By (GPio23 | (VsPimosi )
Bl GPio22 | [ I2CseL
BY Grio1 | (UARTOTX
BY [ GPio3 | (UART O RX
BY [ GPio21 ) (TT2CSOA
Rl GPiO19 | (VSPIMISO |

_EN .
[Sensor VP GPio3s | |
(Sensorvi [ ADC1 cr3 ) (GPio3s | [
[Aocicrs ) cpiosa ) 3
Abcich7 ] Gpioss | 3
f@% GPio32 | i
(CoucHs ) (aoci crs ) Gpio33 | [ B3 (Gpio1s | (Vesicik
(7oAGE ) [(aoc2 cve ) Geio2s | [ B} ( Grios | vspicso |
(oaca ) [Aocz cro | (Geiozs | [ B} (GPio17 | (UART 27X
(oucHT) [(Aoc2 cv7 ) (GPio27 ) | Rl (GPio16 | (uarT2Rx
_HsPICLK | (ToucHs | [(Apcz cks | GPio14 | 4 il crioa " TOUCHO
ws Miso | (ToueHs ) [Aoczons ) (Gpior2 | [ B crioz ToucH2
HsPiMOs! | (TToucHa ) [Aoca cha ][ GPIO13 | i
GN

Rl [ GPIO15 | [Anca o3 | (TOUCHS €0

A 3.16uanslulasaaulnsalaainszna ESP32 (Microcontroller ESP32)

s : https://www.allnewstep.com

nniuldlalasaeulnsamesnszga ESP32 (Microcontroller ESP32) sntiglun1suszananaain

v a

Fyaalwindwileniinlduuy Analog dwiudeyaluiiulifimiieninugiuuu SD Card WugnAds

Woaulaeluswnsy Arduino IDE iiveduiindayaiadusuwuulvld Digital deuandlunini 3.17

Analog EMG

Circuit ¥

A 3.17 LansdruvesnsusznanawazUuiinadyaluihnauiile


https://www.allnewstep.com/

a2

3.4 MsnagaulsEansnwvasgUnsal
dl' 2 & LY = v o £d A val o
Wawasdun1seanwuUkarimuAIesIndygamuiuy (0 i 3.18) lalinsvihnismaaaunis

auresgunsal lnsuvadutuneudssaluil

= (% U s o
AN 3.18 LLﬁﬂx‘laﬂHm%‘UENG]'JQ‘UﬂﬁﬂJV]?J%VHﬂ'ﬁV]Wﬁ@U

3.4.1 YURBUNBUTINNITNAGDY
1. WesnnmsiadygraliiinauiednduazdedinisieuazornRavtdanouyi

o a

n39m Lﬁaammsgmumumaqammﬁmuuwawﬂa Tnevhnistnuruusnaimdandedanduileves
Fundesaeuvuvdenauile Extensor mnturaEzenRanTitsueanosed

2. ynsinunudanInsalivuiandandedanduild sfundsweslasusunse
n&uiile Extensor TnsRnlisaasiumiainetulihiu 3 wuwns mnduinisaniasidninsailaly

v o 1% & A I a e
myindygralwihnaudenurudianingg
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NN 3.19 LARINISARLAUBLANINSAVURMTawilatin

v & 4 o Y
nanuleaulasgyinnisia

o

2 L, X
3.4.2 Junaun1sInaadliiinduile

v v

Y v a

IRMegouNaiInge naagantiniiaind unyueenuindlivulsy andulvnaaeui

v a4 X . . s ' v al v v & a
N13NTEANUYBUBVULALAY (Wrist flexion-extension movements) 8819919 wWelwnautilofia
MsuafIkarAatesa Lagazdanslanainanuladsusiaswesnsiiuueeadalaglal fakanaly

A 3.20

NN 3.20 wansdnuagnmageulaslviiedeunszantailoTuas
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uni 4

NANISAILUUIIY

Tuunilaznarferfunanisnaasdtazafusiona wualady 3 d1u A9 Nan1sI9IUVDY

[y

asvenedyaalniinaiuie nmsussananaveslulasaeulnsaaesiunistuiindygreunaenuay

[y

i [ aa a a a = = o &
LU@EJULUUE‘TQJ,QJJWN@QG]@@ LAENIINARDUUTEENTNINVDILUMLNDT FIUNANITVNARDINIU

4.1 NM3IANAUTEENTAINNITNUYDIUUALABS
o e o ‘N‘ Y 1 Og.'ll 1 (%
¥1N15TRs2esrIn1sukUmees 3.7 V Idatenseualuisasnanun Tnuniudaulas
wsaulndinlgeAn 3.3 v iin1591e le® AD623 LM324 wag ESP32 9nuuvimsinuuataeinng 10
A ] & ] | A =i Y = =
W ENTINABUIHUANABIILANBIN 3.92 V anasluvilvg aulleluiign wssiuvasuunmaIanasi
yaitldanansadenszualninieluangligunsalaeglulastd YSunaiude 3.3 v lagldnamimue
9.83 ¥lya w3eUszann 9 Falus iaseinduyaanauilelnihagyihnuliegdiss@ninmasan
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Single and Dual-Supply, Rail-to-Rail,
Low Cost Instrumentation Amplifier

AD623

FEATURES

Easy to use
Rail-to-rail output swing
Input voltage range extends 150 mV below ground
(single supply)
Low power, 550 pA maximum quiescent current
Gain set with one external resistor
Gain range: 1 to 1000
High accuracy dc performance
0.10% gain error (G=1)
0.35% gain error (G> 1)
Noise: 35 nV/v/Hz RTI noise at 1 kHz
Optimal dynamic specifications
800 kHz bandwidth (G=1)
20 ps settling time t0 0.01% (G = 10)

APPLICATIONS

Low power medical instrumentation
Transducer interfaces
Thermocouple amplifiers

Industrial process controls
Difference amplifiers

Low power data acquisition

GENERAL DESCRIPTION

The AD623 is an integrated, single- or dual-supply instrumentation
amplifier that delivers rail-to-rail output swing using supply
voltages from 2.7 V to 12 V. The AD623 offers user flexibility by
allowing single gain set resistor programming and by conforming
to the 8-lead industry standard pinout configuration. With no
external resistor, the AD623 is configured for unity gain (G = 1),
and with an external resistor, the AD623 can be programmed for
gains of up to 1000.

The accuracy of the AD623 is the result of increasing ac
common-mode rejection ratio (CMRR) coincident with
increasing gain. Line noise harmonics are rejected due to
constant CMRR up to 200 Hz. The AD623 has a wide input
common-mode range and amplifies signals with common-
mode voltages as low as 150 mV below ground. The AD623
maintains optimal performance with dual and single polarity
power supplies.

Table 1. Low Power Upgrades for the AD623

Typical Quiescent
Part No. | Total Supply Voltage, Vs (Vdc) | Current, la (pA)
AD8235 | 5.5 30
AD8236 | 5.5 33
AD8237 | 55 33
AD8226 | 36 350
AD8227 | 36 325
AD8420 | 36 85
AD8422 | 36 300
AD8426 | 36 325 (per channel)

FUNCTIONAL BLOCK DIAGRAM

50kQ 50kQ
D ;
OOUTPUT
50kQ | 50kQ 5 .
OREF f
Figure 1.
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AD623

SPECIFICATIONS

SINGLE SUPPLY
Typical at 25°C, single supply, +Vs =5V, =Vs =0V, and load resistance (R:) = 10 k), unless otherwise noted.
Table 2.
AD623ANZ, AD623BNZ,
Test Conditions/ AD623ARZ AD623ARM AD623BRZ
Parameter Comments Min Typ Max Min Typ Max Min Typ Max Unit
GAIN G=1+
(100 k/external
resistor (Rg))
Gain Range 1 1000 1 1000 1 1000
Gain Error! G1 output voltage
(Vour) =0.15Vto
35V
G>1Vour=
0.15Vto 4.5V
G=1 0.03 0.10 0.03 0.10 0.03 0.05 %
G=10 0.10 035 0.10 035 0.10 035 %
G=100 0.10 035 0.10 035 0.10 035 %
G=1000 0.10 035 010 035 0.10 035 %
Nonlinearity G1Vour=
0.15Vto35V
G>1Vour=
0.15Vto4.5V

G=11t01000 50 50 50 ppm

Gain vs. Temperature
G=1 5 10 5 10 5 10 ppm/°C
G>1' 50 50 50 ppm/°C

VOLTAGE OFFSET Total referred to
input (RTI) error =
Vosi +Voso/G

Input Offset, Vos: 25 200 200 500 25 100 uv
Over Temperature 350 650 160 uv
Average Temperature 0.1 2 0.1 2 0.1 1 uv/eC

Coefficient (Tempco)

Output Offset, Voso 200 1000 500 2000 200 500 uv
Over Temperature 1500 2600 1100 uv
Average Tempco 2.5 10 2.5 10 25 10 uv/C

Offset Referred to the
Input vs. Supply (PSR)

G=1 80 100 80 100 80 100 dB

G=10 100 120 100 120 100 120 dB

G=100 100 130 100 130 100 130 dB

G=1000 100 130 100 130 100 130 dB
INPUT CURRENT

Input Bias Current 17 25 17 25 17 25 nA
Over Temperature 275 27.5 27.5 nA
Average Tempco 25 25 25 pA/°C

Input Offset Current 025 2 025 2 025 2 nA
Over Temperature 2.5 25 25 nA
Average Tempco 5 5 5 pA/°C

Rev. G| Page 4 of 32




AD623
AD623ANZ, AD623BNZ,
Test Conditions/ AD623ARZ AD623ARM AD623BRZ
Parameter Comments Min Typ Max Min Typ Max Min Typ Max Unit
INPUT
Input Impedance
Differential 2||12 2||2 2|12 GQ||pF
Common-Mode 2||2 2||2 2|12 GQ)||pF
Input Voltage Range? Vs=3Vto 12V (=Vs) = (+Vs) = | (-Vs)— +Vs) = | (-Vs) = +Ve)— |V
0.15 15 0.15 15 0.15 15
Common-Mode Rejection
at 60 Hz with 1 kQ
Source Imbalance
G=1 Common-mode 70 80 70 80 77 86 dB
voltage (Vew) =0V
to3V
G=10 Van=0Vto3V 90 100 90 100 94 100 dB
G=100 Vau=0Vto3V 105 110 105 110 105 110 dB
G =1000 Vau=0Vto3V 105 110 105 110 105 110 dB
OUTPUT
Output Swing Ri=10kQ 0.2 (+Vs)= | 0.2 (+Vs)= | 0.2 +V9) - |V
0.5 0.5 05
Ru=100 kQ 0.05 (+Vs) = | 0.05 (+Vs)— | 0.05 (#Vs)= | V
0.15 0.15 0.15
DYNAMIC RESPONSE
Small Signal -3 dB
Bandwidth
G=1 800 800 800 kHz
G=10 100 100 100 kHz
G=100 10 10 10 kHz
G=1000 2 2 2 kHz
Slew Rate 03 03 03 V/us
Settling Time to 0.01% Vs=5V
G=1 Stepsize=3.5V 30 30 30 us
G=10 Step size =4V, 20 20 20 us
Vem =18V

' Does not include effects of external resistor, Ra.

20One input grounded. G=1.

Rev. G | Page 5 of 32
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LM321LV, LM358LV, LM324LV Industry Standard, Low Voltage Operational Amplifiers

1 Features

* Industry standard amplifier for cost-sensitive
systems

+ Low input offset voltage: +1 mV

+ Common-mode voltage range includes ground

« Unity-gain bandwidth: 1 MHz

+ Low broadband noise: 40 nV/\VHz

» Low quiescent current: 90 yA/Ch

* Unity-gain stable

» Operational at supply voltages from 2.7 V to 5.5 V

+ Offered in single, dual, and quad channel variants

* Robust ESD specification: 2-kV HBM

+ Extended temperature range: —-40°C to 125°C

2 Applications

+ Cordless appliances

* Uninterruptible power supply

» Battery pack, charger, and test equipment

« Power supply modules

» Environmental sensors signal conditioning

» Field transmitter: temperature sensors

+ Oscilloscopes, digital multimeters, test equipment
* Rack mount server

* HVAC: heating, ventilating, and air conditioning
+ DC motor control

+ Low-side current sensing

3 Description

The LM3xxLV family includes the single LM321LV,
dual LM358LV, and quad LM324LV operational
amplifiers, or op amps. The devices operate from a
low voltage of 2.7 V to 5.5 V.

These op amps supply an alternative to the LM321,
LM358, and LM324 in low-voltage applications that
are sensitive to cost. Some applications are large
appliances, smoke detectors, and personal
electronics. The LM3xxLV devices supply better
performance than the LM3xx devices at low voltage,
and have lower power consumption. The op amps
are stable at unity gain, and do not have reverse
phase in overdrive conditions. The design for ESD
gives the LM3xxLV family an HBM specification for a
minimum of 2 kV.

The LM3xxLV family is available in packages that
have industry standards. The packages include SOT-
23, SOIC, VSSOP, and TSSOP packages.

Device Information("

PART NUMBER PACKAGE BODY SIZE (NOM)
SOT-23 (5) 1.60 mm x 2.90 mm
LM321LV = —== -
- + |scro(s) 1.25 mm x 2.00 mm
SOIC (8) 3.91 mm x 4.90 mm
SOT-23 (8) 1.60 mm x 2.90 mm

LM358LV
TSSOP (8) 3.00 mm x 4.40 mm
VSSOP (8) 3.00 mm x 3.00 mm
SOIC (14) 8.65 mm x 3.91 mm

LM324LV
TSSOP (14) 4.40 mm x 5.00 mm

(1) For all available packages, see the orderable addendum at
the end of the data sheet.

Single-Pole, Low-Pass Filter

Rg Re

R, Vour

An IMPORTANT NOTICE at the end of this data sheet addresses availability, warranty, changes, use in safety-critical applications,
intellectual property matters and other important disclaimers. PRODUCTION DATA.
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LM324LV D, PW Packages
14-Pin SOIC, TSSOP
Top View
(" )
O
outt [ 1 14 [ ] outa
wN- (] 2 13 ] e
N+ (] 3 12 [ s
ve [ 4 ] v
N+ (] s 10 [ ] iNas
Ne- (| s 9 [ J ms-
out2 (| 7 8 [_] ours
\. >,
Not to scale
Pin Functions: LM324LV
PIN
/0 DESCRIPTION
NAME NO.
IN1— 2 | Inverting input, channel 1
IN1+ 3 | Noninverting input, channel 1
IN2— 6 | Inverting input, channel 2
IN2+ 5 | Noninverting input, channel 2
IN3— 9 | Inverting input, channel 3
IN3+ 10 | Noninverting input, channel 3
IN4— 13 | Inverting input, channel 4
IN4+ 12 | Noninverting input, channel 4
ouT1 1 (e] Output, channel 1
OouT2 7 (e] Output, channel 2
OouT3 8 o Output, channel 3
OouT4 14 (o) Output, channel 4
V- 11 | or — | Negative (low) supply or ground (for single-supply operation)
V+ 4 | Positive (high) supply
Copyright © 2018-2019, Texas Instruments Incorporated Submit Documentation Feedback 5
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6 Specifications
6.1 Absolute Maximum Ratings
over operating junction temperature range (unless otherwise noted)"
MIN MAX UNIT
Supply voltage, ([V+] — [V-]) 0 6 \
Common-mode (V-)-0.5 (V+)+0.5 \
. Voltage ?
Signal input pins Differential (V+) - (V=) +0.2 \
Current® -10 10 mA
Output short-circuit(®) Continuous
Operating, Ta -55 150 °C
Operating junction temperature, T, 150 °C
Storage temperature, Tgig -65 150 (6]

(1) Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings
only, which do not imply functional operation of the device at these or any other conditions beyond those indicated under Recommended
Operating Conditions. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

(2) Input pins are diode-clamped to the power-supply rails. Input signals that may swing more than 0.5 V beyond the supply rails must be
current limited to 10 mA or less.

(3) Short-circuit to ground, one amplifier per package.

6.2 ESD Ratings

VALUE UNIT
¥y Human-body model (HBM), per ANSI/ESDA/JEDEC JS-001(" 42000
V(esp) Electrostatic discharge = : > 2 \
Charged-device model (CDM), per JEDEC specification JESD22-C101! +1000

(1) JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process.
(2) JEDEC document JEP157 states that 250-V CDM allows safe manufacturing with a standard ESD control process.

6.3 Recommended Operating Conditions
over operating junction temperature range (unless otherwise noted)

MIN MAX UNIT
Vg Supply voltage [(V+) — (V-)] 2.7 5.5 \%
Vin Input pin voltage range (V=-)-0.1 (V+) -1 \
Ta Specified temperature -40 125 °C
6 Submit Documentation Feedback Copyright © 2018-2019, Texas Instruments Incorporated
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6.4 Thermal Information: LM321LV

LM321LV
THERMAL METRIC " DBV (SOT-23) DCK (SC70) UNIT
5 PINS 5 PINS
Rosa Junction-to-ambient thermal resistance 2329 239.6 °C/W
Rgycitop) Junction-to-case (top) thermal resistance 153.8 148.5 °C/IW
Ross Junction-to-board thermal resistance 100.9 82.3 °C/IW
it Junction-to-top characterization parameter T2 54.5 °C/W
VB Junction-to-board characterization parameter 100.4 81.8 °C/W
(1) For more information about traditional and new thermal metrics, see Semiconductor and IC Package Thermal Metrics.
6.5 Thermal Information: LM358LV
LM358LV
THERMAL METRIC (") D (SOIC) DGK (VSSOP) | PW (TSSOP) | DDF (SOT-23) | UNIT
8 PINS 8 PINS 8 PINS 8 PINS
Rosa Junction-to-ambient thermal resistance 207.9 201.2 200.7 183.7 °CIW
Ryycqtop) Junction-to-case (top) thermal resistance 92.8 85.7 95.4 112.5 °C/IW
Ross Junction-to-board thermal resistance 129.7 122.9 128.6 98.2 °C/IW
T Junction-to-top characterization parameter 26 21.2 27.2 18.8 °C/IW
ATATY Junction-to-board characterization parameter 127.9 1214 127.2 97.6 °C/W
(1) For more information about traditional and new thermal metrics, see Semiconductor and IC Package Thermal Metrics.
6.6 Thermal Information: LM324LV
LM324LV
THERMAL METRIC ") D (SOIC) PW (TSSOP) UNIT
14 PINS 14 PINS
Rosa Junction-to-ambient thermal resistance 102.1 148.3 °C/W
RyJc(top) Junction-to-case (top) thermal resistance 56.8 68.1 °C/IW
Ross Junction-to-board thermal resistance 58.5 92.7 °C/W
Yut Junction-to-top characterization parameter 20.5 16.9 °C/IW
B Junction-to-board characterization parameter 58.1 91.8 °C/wW

(1) For more information about traditional and new thermal metrics, see Semiconductor and IC Package Thermal Metrics.

Copyright © 2018-2019, Texas Instruments Incorporated
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6.7 Electrical Characteristics
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For Vg = (V+) — (V=) = 2.7 Vt0 5.5 V (£1.35 V to #2.75 V), T, = 25°C, R, = 10 kQ connected to Vg / 2, and Vgy = Vour =

Vs / 2 (unless otherwise noted)

PARAMETER [ TEST CONDITIONS [ MN  TYP max|  uNIT
OFFSET VOLTAGE
Vs=5V 1 13
Vos Input offset voltage mv
V=5V, Ty =-40°C to 125°C 15
dVos/dT Vs vs temperature Ta=-40°C to 125°C +4 pvirc
PSRR Power-supply rejection ratio Vs=27V1to55V, Veu=(V-) 80 100 dB
INPUT VOLTAGE RANGE
Veu Common-mode voltage range No phase reversal (V-)-0.1 (V+) -1 \
Vg=27V, (V=)= 01V < Vg < (V#) =1V, -
CMRR Common-mode rejection ratio TasA0CR126:0 dB
V=55V, (V-)-01V<Vey<(VH)-1V, 63 92
Ta=-40°C to 125°C
INPUT BIAS CURRENT
lg. Input bias current [ Vg=5V I 15 I PA
los Input offset current | 15 | PA
NOISE
E. Input voltage noise (peak-to-peak) [7=01Hz1010Hz, Vs =5V [ 5.1 [ Ve
o Input voltage noise density [1=1kHz, V=5V | 40 [ vz
INPUT CAPACITANCE
Co Differential [ [ [ pF
Cc Common-mode | I 55 | pF
OPEN-LOOP GAIN
Vs=27V, (V-)+0.15V < Vo < (V4) - 0.15V, R = 2kQ 110
o Open-loop veitaglign 1 V=55V, (V=) + 015 V < Vo < (V4) - 0.15V, R_= 2 kQ E 125 { ®
FREQUENCY RESPONSE
GBW Gain-bandwidth product Vs=5V 1 MHz
O Phase margin Vs=55V,G=1 75 L
SR Slew rate V=5V 1.5 Vips
% — T00.1%, Vs =5V, 2-V step, G = 1, C_ = 100 pF i
T00.01%, Vs =5V, 2-V step, G = 1, C_ = 100 pF 5
tor Overload recovery time Vs =5V, V, x gain > Vg 1 Hs
THD+N  Total harmonic distortion + noise RSV Vi m 25 Vo =1 JR, G AR =1k 0.005%
OUTPUT
Vou Voltage output swing from positive supply R 22kQ, T, =-40°C to 125°C 1 \
Vou Voltage output swing from negative supply R 10kQ, T, =-40°C to 125°C 40 75 mV
lsc Short-circuit current Vs=55V 140 mA
Zy Open-loop output impedance Vs=5V,f=1MHz 1200 Q
POWER SUPPLY
Vg Specified voltage range 2.7 (1.35) 5.5 (+2.75) \
lo=0mA,Vs=55V 90 150
la Quiescent current per amplifier lo= 0 mA Vo= 55V, Ty = 40°C 10125°C = A
8 Submit Documentation Feedback Copyright © 2018-2019, Texas Instruments Incorporated
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1 Overview

1 Overview

ESP32-WROOM-32 is a powerful, generic Wi-Fi+BT+BLE MCU module that targets a wide variety of
applications, ranging from low-power sensor networks to the most demanding tasks, such as voice encoding,
music streaming and MP3 decoding.

At the core of this module is the ESP32-DOWDQ6 chip*. The chip embedded is designed to be scalable and
adaptive. There are two CPU cores that can be individually controlled, and the CPU clock frequency is adjustable
from 80 MHz to 240 MHz. The chip also has a low-power co-processor that can be used instead of the CPU to
save power while performing tasks that do not require much computing power, such as monitoring of
peripherals. ESP32 integrates a rich set of peripherals, ranging from capacitive touch sensors, Hall sensors, SD
card interface, Ethernet, high-speed SPI, UART, I2S and [2C.

Note:
* For details on the part numbers of the ESP32 family of chips, please refer to the document ESP32 Datasheet.

The integration of Bluetooth®, Bluetooth LE and Wi-Fi ensures that a wide range of applications can be targeted,
and that the module is all-around: using Wi-Fi allows a large physical range and direct connection to the Internet
through a Wi-Fi router, while using Bluetooth allows the user to conveniently connect to the phone or broadcast
low energy beacons for its detection. The sleep current of the ESP32 chip is less than 5 pA, making it suitable for
battery powered and wearable electronics applications. The module supports a data rate of up to 150 Mbps,
and 20 dBm output power at the antenna to ensure the widest physical range. As such the module does offer
industry-leading specifications and the best performance for electronic integration, range, power consumption,
and connectivity.

The operating system chosen for ESP32 is freeRTOS with LwIP; TLS 1.2 with hardware acceleration is built in as
well. Secure (encrypted) over the air (OTA) upgrade is also supported, so that users can upgrade their products
even after their release, at minimum cost and effort.

Table 1 provides the specifications of ESP32-WROOM-32.

Table 1: ESP32-WROOM-32 Specifications

Categories ltems Specifications
RF certification FCC/CE-RED/IC/TELEC/KCC/SRRC/NCC
Certification Wi-Fi certificatfc?n ' Wi-Fi Alliance
Bluetooth certification BQB
Green certification RoHS/REACH
Test Reliablity HTOL/HTSL/UuHAST/TCT/ESD
802.11 b/g/n (802.11n up to 150 Mbps)
WicFi Protocols A-MPDU and A-MSDU aggregation and 0.4 us guard interval
support
Frequency range 2.4 GHz ~ 2.5 GHz
Protocols Bluetooth v4.2 BR/EDR and BLE specification
NZIF receiver with =97 dBm sensitivity
Bluetooth Radio Class-1, class-2 and class-3 transmitter
AFH
Audio CVSD and SBC
Espressif Systems 6 ESP32-WROOM-32 Datasheet v3.1
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1 Overview
Categories Items Specifications
SD card, UART, SPI, SDIO, I?C, LED PWM, Motor PWM,
_ 128, IR, pulse counter, GPIO, capacitive touch sensor, ADC,
Module interfaces : . :
DAC, Two-Wire Automotive Interface (TWAI®, compatible
with ISO11898-1)
On-chip sensor Hall sensor
Integrated crystal 40 MHz crystal
Hardware Integrated SPI flash 4 MB
Operating voltage/Power supply | 3.0V ~3.6 V
Operating current Average: 80 mA
Minimum current delivered by 500 mA
power supply
Recommended operating tem- 40 °C ~ 485 °C
perature range
Package size (18.00+0.10) mm x (26.50+0.10) mm x (3.10+0.10) mm
Moisture sensitivity level (MSL) Level 3
Espressif Systems 7 ESP32-WROOM-32 Datasheet v3.1
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2 Pin Definitions

2 Pin Definitions

2.1 Pin Layout

Keepout Zone

1 z] GND GND E 38
2 :] 3v3 1023 [ a7
3 z] EN 1022 E 36
4 il SENSOR_VP ™00 E 35
5 i] SENSOR VN RXDO E 34
6 D| 034 1021 (q 33
7 % 1085 B NC E 32
8 z] 1082 1019 E 31
9 z| 1033 1018 E 30
10 i] 1025 105 E 29
1 z] 1026 1017 E 28
12 z] 1027 1016 E 27
13 p] 1014 04 [q 26

A A A A A A A A1 A1 [A]

& & 3 & 3 8 % N B R

Figure 1: ESP32-WROOM-32 Pin Layout (Top View)

2.2 Pin Description

ESP32-WROOM-32 has 38 pins. See pin definitions in Table 2.

Table 2: Pin Definitions

Name No. Type Function

GND 1 P Ground

3V3 2 P Power supply

EN 3 | Module-enable signal. Active high.

SENSOR_VP | 4 | GPIO36, ADC1_CHO, RTC_GPIOO

SENSOR_WN | 5 | GPIO39, ADC1_CH3, RTC_GPIO3

1034 6 | GPIO34, ADC1_CH®6, RTC_GPIO4

1035 7 | GPIO35, ADC1_CH7, RTC_GPIO5

1032 8 Vo GPIO32, XTAL_32K_P (32.768 kHz crystal oscillator input), ADC1_CH4,
TOUCH9, RTC_GPIO9

033 9 Vo GPIO33, XTAL_32K_N (32.768 kHz crystal oscillator output), ADC1_CH5,
TOUCHS, RTC_GPIO8

Espressif Systems
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2 Pin Definitions

Name No. Type Function
1025 10 I/0 GPI025, DAC_1, ADC2_CH8, RTC_GPIO6, EMAC_RXDO
1026 11 I/0 GPI026, DAC_2, ADC2_CH9, RTC_GPIO7, EMAC_RXD1
1027 12 I/0 GPIO27, ADC2_CH7, TOUCH7, RTC_GPIO17, EMAC_RX_DV
014 13 e GPIO14, ADC2_CH6, TOUCH®6, RTC_GPIO16, MTMS, HSPICLK, HS2_CLK,
SD_CLK, EMAC_TXD2
1012 14 Ve GPIO12, ADC2_CH5, TOUCHS, RTC_GPIO15, MTDI, HSPIQ, HS2_DATA2,
SD_DATA2, EMAC_TXD3
GND 15 P Ground
013 16 Ve GPIO13, ADC2_CH4, TOUCH4, RTC_GPIO14, MTCK, HSPID, HS2_DATAS,
SD_DATA3, EMAC_RX_ER
SHD/SD2* 17 I/0 GPIO9, SD_DATA2, SPIHD, HS1_DATA2, UTRXD
SWP/SD3* 18 I/0 GPIO10, SD_DATAS, SPIWP, HS1_DATA3, U1TXD
SCS/CMD* 19 I/0 GPIO11, SD_CMD, SPICS0, HS1_CMD, U1RTS
SCK/CLK* 20 I/0 GPIO6, SD_CLK, SPICLK, HS1_CLK, U1CTS
SDO/SDO* 21 I/0 GPIO7, SD_DATAO, SPIQ, HS1_DATAO, U2RTS
SDI/SD1* 22 I/0 GPIO8, SD_DATA1, SPID, HS1_DATA1, U2CTS
015 23 e GPIO15, ADC2_CH3, TOUCH3, MTDO, HSPICS0, RTC_GPIO13, HS2_CMD,
SD_CMD, EMAC_RXD3
102 o4 Ve GPIO2, ADC2_CH2, TOUCH2, RTC_GPIO12, HSPIWP, HS2_DATAO,
SD_DATAO
100 25 I/0 GPIO0, ADC2_CH1, TOUCH1, RTC_GPIO11, CLK_OUT1, EMAC_TX_CLK
104 %6 Ve GPIO4, ADC2_CHO, TOUCHO, RTC_GPIO10, HSPIHD, HS2_DATA1,
SD_DATA1, EMAC_TX_ER
1016 27 I/0 GPIO16, HS1_DATA4, U2RXD, EMAC_CLK_OUT
1017 28 I/0 GPIO17, HS1_DATAS5, U2TXD, EMAC_CLK_OUT_180
105 29 I/0 GPIO5, VSPICSO, HS1_DATAB, EMAC_RX_CLK
1018 30 I/0 GPIO18, VSPICLK, HS1_DATA7
1019 31 I/0 GPIO19, VSPIQ, UOCTS, EMAC_TXDO
NC 32 - -
1021 33 I/0 GPIO21, VSPIHD, EMAC_TX_EN
RXDO 34 I/0 GPIO3, UORXD, CLK_OUT2
TXDO 35 I/0 GPIO1, UOTXD, CLK_OUT3, EMAC_RXD2
1022 36 I/0 GPIO22, VSPIWP, UORTS, EMAC_TXD1
1023 37 I/0 GPIO23, VSPID, HS1_STROBE
GND 38 P Ground
Notice:
* Pins SCK/CLK, SDO/SDO, SDI/SD1, SHD/SD2, SWP/SD3 and SCS/CMD, namely, GPIO6 to GPIO11 are connected
to the integrated SPI flash integrated on the module and are not recommended for other uses.

2.3 Strapping Pins

ESP32 has five strapping pins, which can be seen in Chapter 6 Schematics:

Espressif Systems
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Source code : @rumruaikUakazn15as19 SD card Weaulwd Juiinlwa

#include "FS.h"
#include "SD.h"
#include "SPI.h"

String dataMessage;
String potValue ;

#define potPin 35
#define BTN_STOP 0

bool runningFlag = true;

void writeFile(fs::FS &fs, const char * path, const char * message) {

Serial.printf("Writing file: %s\n", path);

File file = fs.open(path, FILE_WRITE);
if(file) {
Serial.print(n("Failed to open file for writing");
return;
}
if(file.print(message)) {
Serial.printin("File written")
}else {
Serial.printin("Write failed")
}
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void readFile(fs::FS &fs, const char * path){
Serial.printf("Reading file: %s\n", path);

File file = fs.open(path);
if(Ifile){
Serial.printin("Failed to open file for reading");

return;

Serial.print("Read from file: ");

while(file.available(){
Serial.write(file.read());

}

file.close();

}
// Append data to the SD card (DON'T MODIFY THIS FUNCTION)

void appendFile(fs::FS &fs, const char * path, const char * message) {

//Serial.printf("Appending to file: %s\n", path);

File file = fs.open(path, FILE_APPEND);

if('file) {
Serial.printin("Failed to open file for appending");
return;

}

if(ffile.print(message)) {
Serial.printin("Append failed");

}

file.close();

}
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void logSDCard() {
potValue = analogRead(potPin);
dataMessage = "\n"+ String(millis() + "," + String(potValue) ;
appendFile(SD, "/data.CSV", dataMessage.c_str());
Serial.printin(String(millis()) + "\t" + String(potValue));

void initSDCard(){
if(1SD.beginOX
Serial.println("Card Mount Failed");
return;
}
uint8 t cardType = SD.cardType();

iflcardType == CARD NONEX
Serial.println("No SD card attached");
return;

}

if(SD.begin()

{
Serial.println("SD card is ready to use.")
}else
{
Serial.printn("SD card intialization failed");
return;

}




File file = SD.open("/data.csv");
if(!file) {
Serial.println("File doens't exist");
Serial.println("Creating file...");
}
else {
Serial.println("File already exists");
}
file.close();

}

70

Source code : d@umnuANSYINTSUAINgULazimua delay Tun1s81ua1 ADC ne 1 Tad3und

void setup() {
Serial.begin(115200);

pinMode(potPin,INPUT);
//pinMode(BTN_STOP, INPUT);

initSDCard();

void loop() {
logSDCard();
delay(1);  // Delay ADC Reading for 1 msec [1000 SPS]

}
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