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ESP32 History i care-tabke

d4510|0] 2AIE E HAZEYAZE A|ARIX(Espressif Systems) & Y7[ZE 7| 7}0| X}
AIX|L|0fQ! Ef| 2 A 2| 9 (Teo Swee Ann)O| 20080 A&l
« 2013H0|| EA|El 2.4GHZz Wi-Fi A|AEI2%Xl(S0C)Q! ESP8089
- 2014 ESP8266, Wi-Fi %! SR EA DHl 4 (Tensilica) Xtensa L106 32H|E
O AZEHEED
- 2016 ESP32 EA|

&) ESPRESSIF

«  CEO HA|X] https://www.espressif.com/en/company/about-us/ceo-letter

«  HASICHE 07
https://www.reddit.com/r/esp32/comments/a2pnk9/i want to say thank you to_espressif for doing/

o AT AZ AJARIX - & oo & 107}X| ZR2% AFE https://dotcommagazine.com/2023/06/espressif-
systems-top-ten-most-important-things-you-need-to-know/

«  NUS S MM ATHEXLE https://vulcanpost.com/769625/singapore-billionaire-teo-swee-ann-espressif-
tech/
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ESP32-P4 Introduction i caretabke

LCD Display
HMI, GUI,

Touch screen

S MY

[ Periphera\ls/_] MIPI/TTL/SPI Camera
L2 Q14 /7 AFE Q1A
H.264 / MIPEG S 34
. JPEGA}Z!
USB2.0 OTG, USB1.1 device < Egpgché} MIPI/DVP/TTL Camera ISP
UART/12S5/12C/13C/SPI/SDM i
MC/PWM/ADC/TWAI/GPIO

400Mhz Dual core

SD Card  [SallelSy 40Mhz LP core _izs/PoMTOM
eMMC i Al accelerator il Audio

H.264/MJPEG SEQ4,

SPI 125/PDM/TDM Audio play, Recorder
Security engine

RMII SDIO/SPI/UART

Storage Network
Program storage WiFi/BT Ethernet, WiFi,
Data storage Ethernet [Zigbee Bluet?rol;ch, %igbee,
rea

https://espressif.co.kr/25 5



https://espressif.co.kr/25

ESP32-P4-Function-EV-Board i care-tab.kr

Datasheet https://docs.espressif.com/projects/esp-dev-kits/en/latest/esp32p4/esp-dev-kits-en-master-esp32p4.pdf/
SIEQ 0] A https://docs.espressif.com/projects/esp-hardware-design-quidelines/en/latest/esp32p4/schematic-checklist-esp32p4.html

(2) ESP32-C6 Module
Programming Connector

GND IT F38 22 (:V-O 37 4 GND ~NC 38 .)I NC CND 54 OND 48 27 NC(45)
zaf[owo 21 200 6 av3 3 [2 NCGNO NC 33 26 48 33 47 GND

s o > (3) ESP32-C6-MINI-1 Module
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%\\ ;s; MIC’::F;:' : H (4) Microphone
@ ' + (5) Reset Button

(6) Audio Codec Chip
®——— (7) Speaker Output Port

(8) Audio PA Chip

SPI flash (27)
MIPI DSI Connector (26)

32.768 kHz XTAL (25)
40 MHz XTAL (24)
ESP32-P4 (23)

MIPI
DISPLAY

i
_ E[
i
E

e 1

E B ¢sBOOT | e
Buck Converter (22) - ;;JH i b ’ (995V1t03.3VLDO
- . __._‘::“ av ] i Fun:.i ion_EV_Board (10) BOOT Button
MIPI CSI Connector (21) = il Gly, 5.2 e

Switch (20)

) (12) Buck Converter
Power Switch (19)

USB 2.0 Type-A Port (18)

(13) 5V Power-on LED

& (14) RJ45 Ethernet Port

(17) USB 2.0 Type-C Port (15) USB Full-speed Port

(16) USB Serial/JTAG Port
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ESP32-C5 SoC =B = WiFi+BLE+Zigbee -
. EEk" A'I: 32|:|IE RISC-V g% _|_0'| HP core ( (Espressif’s ESP32-C5 Wi—Fi+BIuetooth®wLow Energy + 802.15.4 SoC f N -
m ireless nd z
240 MHz + LP core 48Mhz CPU Syste ] Wireloss MAC @ 2.4/5 GHz RF
. B M AZA: 24Ghz + 5Ghz Wi-Fi 6 i e ||| () e
(802.11aX), Bluetooth 5/6 (LE), Zigbee3.0, P,ﬂic:rc:p:ocessor Microprocessor
Thread 1.4 - Y --
- S A/RAM: 2|7 SPI E2{A U PSRAM @J Lp
x| e ||
- GPIO: Z|H 227l|9| GPIO ~ ,
° E?_I': E?_I- -=|I—E, %EH AI Cé|'§§|.' EIIIEE-I A'I%d' Peripherals Power Management
HMAC % SPI ﬁJ 12C *J G0 ¥ ( LPIO l Power Management Unit J
. J_I.I'Iil xl: QFNA48 (6mm X 6mm) o r . *} . = ¢] Dt = {RTCka\f::Z?dog - _ J\
. Hg B MEEY 47, oY Y RE e o
xl _?I;_I | GDMA J | e ] L RMT ) {Watohdog?ﬂmer AES 2 SHA = RSA =
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ﬂ (RF) LED PWM ]r ETM ]r ADC [ RTC Timer r&glrg\azlrf HMAC'#‘ o o
PARLIO ﬂ MCPWM *] US?Ti:;'IaV'# { LP UART ) a )
L L L , B B [ &
. Wi-Fi 6 (802.11ax): 2.4/5 GHz Dual band, SO (e (I o, v | | (R0 (O
Target Wake Time (TWT), BSS Coloring , & T T ( SWEBODT#N e #
g, 52 SA HZNI HHH 52y A, 1 =
* Bluetooth 5 /6(LE): BLE Long Range XI&, e e e | | oo
BLE extended adv, BLE Long Range X|&. D s — .
° Zigbee 3.0 / Thl"ead 14 (MATTER) I|-°,L.| Modules having power in specific power modes:
-Active
@D :ctive and Modem-sleep

. ) Active, Modem-sleep, Light-sleep; ( %) optional in Light-slee
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ESP32 SoC, 2 & Y DevKit i core-tabkr
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Espressif ESP32

[ 32bitMcU |

[ epIO

[ Touch Sensor J -

| 8-bitDAC |

Fjo{2H care-lab.kr



ESP32 Function Block Diagram

Espressif ESP32 Wi-Fi & Bluetooth Microcontroller — Function Block Diagram

B care-lab.kr

.
Ty a A SU0SNEEEE R R R SRR R e e e
Radio Bluetooth =
Bluetooth SRR ; Embedded flash memory
Y Y - baseband n : included in ESP32-PICO-D4 system-in-package GFN module
[ RF receive ] controller ;
c _E L A T I """""""""""
2 = Clock t ( ) ( i - . ' |
@ | n Wi-Fi Wi-Fi interfaces Serial Peripheral Interface
[ RF transmit ] basEha“d MAC
S W
A Ay Ilc IEE
. Inter-Integrated Circuit Inter-IC Sound
Cryptographic hardware acceleration Core and memory
SDIO UART
i AN A i i A Secure Digital Input Output Universal asyne. receiver-transmitter
RSA SHA Xtensa LX6 microprocessor
Rivest-Shamir-Adleman FIPFS PUEB 180-4 32-bit; dual-core or single-core
, CAN ETH
. - .|| - . Controller Area Network Ethermet MAC
RNG AES ROM SRAM
Random number gen. FIFS PUB 197 Read-only memory Static random-access mem. IR PWM
b e - )L b 4 Infrared Pulse-width modulation
RTC and low-power management subsystem Temperature sensor Touch sensors
Internal; range of -40°C to 125°C Tan capacitive-sensing inputs
i PMU _ Ultra-low-power Recovery DAC SAR ADC
DWEr MARageament unit co-processor memory Digital-to-analog converter | Successive approx. analog-to-digital conv. |
"
-
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Introduction to ESP32

ESP-Wroom-32 contains a low-
power Tensilica Xtensa® Dual-
Core 32-bit LX6
microprocessor at 240 MHz:
994.26 CoreMark; 4.14
CoreMark/MHz

448 KB of ROM for booting and
core functions.

520 KB of on-chip SRAM for
data and instructions.

4MB of Flash Memory
16 KB SRAM in RTC
Wi-Fi 802.11b/g/n

Bluetooth v4.2 BR/EDR and
Bluetooth LE specifications

B care-lab.kr

ESP-Wroom-32 Dev Kit

ESP-WROOM-32 Chip

External Voltage Source

3.3V Voltage Regulator

p_@p\OOOOOOOOOOOCOOOO‘
. . FEREEERIFRFEES '

e £453

2.4GHz
Antenna

619 OND 129 Oxy )] 9 ON

ooaboooooéooooooboﬂ
Status LED
USB To UART Bridge
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ESP32 GPIO Pinout i care-tab ke

©: 40
O:n -Glol ~ crio23 NN
INPUT ONLY SENSORVP SN cro3s ~[olY - b G{o8 ~ GPIO 22 SCL
INPUT ONLY SENSORVN B Grio39 ~KOFt L8 ~ GPIO 1
INPUT ONLY B GPIOM ~ O'-': :ro ~ GPI03 [EIPEIE
INPUT ONLY BN  crio3s ~oHL E100 ~ GPIO 21 SDA
XTAL-22-P TOUSHE BN crPio32 ~NOiL. .- 0
XTAL-22:N  ITONSHED BN crio3 ~EeoRl. Elol ~ crio19 N
Bl cro2s ~gok Aol ~ Grio1s T
B cro2 ~gok ol ~ GPIOS [
B crio27 ~goh Aol ~ GPIO 17
B croi14 ~KoF IO N ~ GPIO 16
N cro 12~k SR Lo0 ~ crio+ S
OF BECIol~ crioo NN
EEEDEE  cro13 ~[foF BN} ~ cro2 S
crios ~[foF : : Jol ~ crio15 [T
GPIO 10 ~ OF BN Lo} ~ GPIO 8
GPIO 11 ~NOF A ~ GPIO7
OMN ok oM~ GPIO6

BOOT
. ®

6Pl Hl+cc B B Bl vArT Bllosc Bl oucH Il RTC SYATEM ~PWM
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ESP32&= C/C++ YU MicroPython Z212|U AN E 2+ X[ &
C/C++2 ESP32 A|2|=X HEE Z2 18U £ 9/ |DE 282
 ESP-IDF

e Arduino IDE
« VS Code

ot

MicroPython2 £ ESP32 A|2|= HEE =22|Y

« Thonny IDE

 PyCharm

« Mu Editor

- uPyCraft IDE

« VS Code + Pymakr 274 =2 7] 7
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ESP-IDF API Reference i care-laba

APl Reference
https://docs.espressif.com/projects/esp-idf/en/v4.2/esp32/api-reference/index.html

# ESP-IDF Programming Guide

& ESPRESSIF

ESP32
wd.2

Search docs

Get Started

APl Reference

H/W Reference

APl Guides

Libraries and Frameworks
Contribute

Versions

Resources

Copyrights

About

15 B /Languages

Guide Downloads

# » AP| Reference

API Reference
(]

+ Bluetooth
o Bluetooth Controller && VHCI
o Bluetooth Commaon
o Bluetooth LE
o Bluetooth Classic
e NimBLE
o ESP-BLE-MESH
» Metworking
o Wi-Fi
o Ethernet
o |P Network Layer
o Application Layer
« Peripherals
o ADC
o DAC

o GPIO (including RTC low power |/Q)

) Edit on GitHub

14


https://docs.espressif.com/projects/esp-idf/en/v4.2/esp32/api-reference/index.html
https://docs.espressif.com/projects/esp-idf/en/v4.2/esp32/api-reference/index.html
https://docs.espressif.com/projects/esp-idf/en/v4.2/esp32/api-reference/index.html
https://docs.espressif.com/projects/esp-idf/en/v4.2/esp32/api-reference/index.html
https://docs.espressif.com/projects/esp-idf/en/v4.2/esp32/api-reference/index.html

care-lab.kr

ESP32 GPIO Pin

3V3 ©:¢ 40 GND
- pinMode(pin no, Mode) EN O:g —EAoll ~ GPIO23
GPIO 36 ~ [OFY - o8 ~ GPIO 22

L g\'UPTUPTUT GPIO 39 ~[OF3 - LAl ~ GPIO1

INPUT_PULLUP GPIO 34 ~OEL- oM~ GPIO3

GPIO 35 ~ oKL . £{Of ~ GPIO 21

> GPI032 ~[ok a:0 GND

« digitalWrite(pin no, Output value) R O°= =:O R—
GPIO 25 ~ Ok FYTTT T T T T T A2l ~ GPIO 18

L HIGH GPIO 26 ~~ O“{ ESP32 Board A0~ GPIOS

LOW GPIO 27 ~ Og ElectronicWings.com :‘O ~ GPIO 17

GPIO 14 ~ Ok im Aol ~ GPIO 16

* digitalRead(pin no) GPio 12 ~[ok Aol ~ GPIO 4
GND ©:2 Ol ~ GPIO O

GPIO 13 ~ KOk AOM~ GPIO2

GPIO9 ~NOFE AOM ~ GPIO 15

GPio10 ~NokN I I I JoM ~ GPIO8

GPIO 11 ~ ok Aol ~ GPIO7

[ B AOM~ GPIO6
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ESP32 GPIO Pull-up, Pull-Down B care-lab.kr

+3.3V

h L

Input -[—- Input

switch close =0 V switch close = 0 V
switch open = undefine switch open = +5 V

High Impedance State Pull-Up resistor
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ESP32 GPIO 0O Blink

Oz z
of o
void setup() { 03= =§O
pinMode(0, OUTPUT); O;’*’E igo
; o33 220
oz $:0
void loop() { Of saadsaasaas :2©
Os ESP32 Board 20
digitallﬁlr‘itE(D, HIGH:]J O;‘ ElectronicWings.com 2©
delay(1000); O: | 3
o™ R
digitallWrite(0, LOW); 85 100E
dElE}F{‘I[][][]}J O: - ot -
) e B DY
O% l l l R
02 =
O
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ESP32 &=XI& ® &

:! ‘I’ 3

EN

void setup() {
/{set gpio pin {0,4,2,15} as output

SP

ESP- WROOM-32

-
.
"
O
£
2,
N
Lo
.
~
N
)
x
7

O ®
53 &
02 20
o:® | 4:0
pinMode(0, OUTPUT); O'*’ - ( € @ =§ P
pinMode(4, OUTPUT); o - "~
pinMode(2, OUTPUT); O3 = 6 (R] 205 - 000519 :2 O
pinMode(15, OUTPUT); O o IFccspAcraesPiRooN 2 | g = ©
¥ 4 1 e . B
O a:©
void loop() { ©f Sasaaaasaas 30
digitalWrite(4, HIGH); // sets the digital pin 4 on O% ESP32 Board 20O
delay(1000); /I waits for a second O§ ElectronicWings.com 20 P
digitalWrite(0, HIGH); // sets the digital pin 0 on ©: I ! 2@ _DI_ LED1
delay(1000); // waits for a second O; iC G4 'V\/\rm P
digitalWrite(2, HIGH); // sets the digital pin 2 on O;: i o R2 —ISN— L ED2
delay(1000); // waits for a second 5 e
N ‘ " 11111 » G2 R3 )}
digitalWrite(15, HIGH); // sets the digital pin 15 on 05 : s 3 C N LED3
delay(1000); // waits for a second 03 oWCIONARL 7,
O’S tiram gO DI LED4
digitalWrite(15, LOW); /I sets the digital pin 15 off - l I l >
delav( 10001 - /I waits for a second Of = O
Be EO -

| R1,R2,R3,R4 = 100E | "
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ESP32 AL K| AFE

- o GND
O z 2
| O\u- ‘*O -
int pushButton = 0; O},= :%’O
- _ 19. o F
int LED = 19; Oz =;O
Ol a©
void setup() { Oz= 20
// make the pushbutton's pin an input: O3 = :go R s
pinMode(pushButton, INPUT_PULLUP); //config O£= :EC = =
. _ = 100E  LED —L
pinMode(LED, OUTPUT); /fconfig % SaEsassaas 2@® =
¥ Og ESP32 Board 20
i~ ElectronicWings.co o
” ();j ectronicy 1(: (()m| 2 O
void loo - -
p{}d{h | | ©: [ = 2@©
‘.I? read the input pin: o I- 'y o © - R2 |
INt buttonState = digitalRead(pushButton); 032 o ( P
digitalWrite(LED, (!(buttonState))); i > N i pr : : 100E SWitCh_r‘
delay(1); I :
! AN
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ESP32 GPlO XI_'|7|X_‘I| _7|<_9_| Al.'c')él- BN care-lab.kr

- Output LOW &7 = vccof HAEsHX| 57| « Output HIGH 278 = GNDOj| &SI X| 247

x

= GPIO Pin HIGH

+3.3V

x OUTPUT

GPIO Pin LOW
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ESP32 GPlO II_'|7|X_‘I| 2|S9-| Al.'c')él- BN care-lab.kr

- VCC T2 XX gpI100j| HASIX| &7] - LED HZT o]l = X ALE

+3.3V

¢ 3.3V +3.3V
R

Switc hJ_

—_l:‘ GPIO Pin —E. GPIO Pin

GPIO Pin LOW GPIO Pin LOW

X—LT-IW J -|:J' GPIO Pin HIGH
: ‘ N¢ In
Switch GPIO Pin Switch GPIO Pin b
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ESP32 12Bit ADC i care-tab.ke

- analogRead (pin)
returns - digital value 0 — 4095

analogReference (type)

« ESP32= & 7H2| 12H|E SAR(Successive ApprOX|mat|on Register)
ADCE &35t & 18742 =3 MEOILZ2a XA EHE
Xl%@'—lﬁf.

« ADC I:ar0|H1 APl= ADC1(8M Y, GPIO 32~390f HZ)ut ' |! ......
ADC2(10XHE, GPIO 0, 2, 4, 12~15 W 25~270] AZE ] || ] |_|_|_|!|
X Qs Tt d2{Lt Oj=a|# 0| MOolA ADC2 AFEOl= T 7iX|

Mgt Aretol gLt

O ADC2_0}
« ADC2+= Wi-Fi E2tOo[H 0 2|5 A& & L|CE. el A ey ADC2 2]
OHZ 2| A 0|2 Wi-Fi EE2tO|H 7t A|ZEX| A2 ZHL0fTt —IT K]

ADC2E AHEY = UFLICEH

|(GPIO 0,2, 1522 A8EER
CHE 4 2 ZIE0M 223

.—'- |'|:I

« ESP32 DevkitC: Q& XI5 =22l 322 Q8] GPIO 02
AMEE = &LICH

« ESP-WROVER-KIT: CtYot 9| 2 AZZ QI GPIO 0, 2, 4

A 158 MEY = USLICE

22



ESP32 12Bit ADC Interface i care-tab ke

3.3V
iNnt sensorPin = A@; // input pin for the potentiome o:® | 220
| - . | ADCOIp- —
int digitalValue = 0;// variable to store the value 0.5 i
038 30
void setup(){ gs Eg
Serial.begin(9600); oy O OéE EEO
} 10k Potentiometer O“'; - ©
— Og 20
O3 2
void loop(){ g§
digitalValue = analogRead(sensorPin);// readt GNP Oz
Serial.print('digital value ="); s gg
Serial.println(digitalValue); /print di og
delay(1000); 82
) .

23



ESP32 ADC Led Control using Potentiometer B core tab.kr

3.3V [ o
9 J z g
O:z® D
& e ) . =
ADCO 0. B -0
int ledPin = 12; // LED connected to digital pin D12 O,: 5"’ - WROOM-32 :;O
. _ . G \ -
int analogPin = A@; // potentiometer connected to analog p Oz c € Q :50
i = L'). f
int val = 0; [/ variable to store the read value Oz® § = (&) 205- 000519 :Eo
: Oig Fecomacnesmroons | 32O
void setup() 10k Potentiomete | Oz K —10
{ = ©% sasasasasa :=©
pinMode(ledPin, OUTPUT); // sets the pin as output D5 ESP32 Board A
} - Og ElectronicWings.com 2
LED1 100E [k
void loop!() l< A% % O:
‘4 o
{ — GO
val = analogRead(analogPin); // read the input pin — Oz : :
analoghrite(ledPin, val / 16);// analogRead values go O’ § 1o, 3 >
) SINN 50
OF: 2@

24



ESP32 12Bit ADC H| M &M D creabi

Vout = digital value (—~¢
e — out = lgla value 2n—1

Send

digital value
digital value
digital value

0.412V

digital value

Vout = 512(

digital val 5 1 2
digital valu

4095)

5
1686
1904

2192 int sensorPin = A@; // select the input pin for the potentiometer

2927

4095 int digitalValue = 0; //variable to store the value coming from the sensor

digital value
digital value
digital value
digital value
digital value
digital value

| | A (A

digital value

4095 ¥, ﬂ D D D
| []Show timestamp Both NL& CR v 9600 baud | | Clear output oat analogVoltage = 0.00;

void setup(){

Serial.begin(9600);
ESP32 ADC Responce }

void loop(){
digitalValue = analogRead(sensorPin);// read the value from the analog chan
Serial.print("digital value =");
Serial.print(digitalValue); //print digital value on serial monitor
//convert digital value to analog voltage
analogVoltage = (digitalValue * 3.3)/4095.00;
Serial.print(" analog voltage=");

Serial.println(analogVoltage);
delay(1000);

e Series] emmmSeries2 }

25



ESP32 Hall Effect Sensor i care-tabike

MAE A6t YLz Z=ots M, =28 T2 X2 M~[of 52

I

Hall Effect Sensor

\ :\‘ : z
L - &
(- o . B

, JANNER - - Hall Effect Sensor

1 2 —fs e .
=ge” » a Position
---------- a
- -+
Magnetic Field Voltage Output o Tk
(based on Magnetic cm . i
Field's Strength & o o ol o o o o &
Pole) P32 rd

G4 G27 G26 G25

hallRead()

GND G12

5 10S

0000000000000 000O0MN

02
©
O
oF
(OF
O
©:
©
©
O
O
©
©
©
Oz
©3
(o}
O3
D:;
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Hall Effect Sensor Readings Without Magnet Earphone Magnet

@ CcoMs A
7o GHEEE RAEBpER W=k
so0 Permanent Magnet
48 Readings Without With South & North Pole
—
e . Opposite Pole Magnet
wme Attracts & Sticks

@ coms

Reading are Negative

: South Pole M t
Readings are outh Pole Magne

319 | Positive
North Pole Magnet

.
B RS B B [“] Autoscroll [] Show timestamp

,u -)C) J |

R R L  —

S8 OMIB 176 M 7L Zom €78 TS
W e W e e e »
—

~ - - - - - -
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ESP32 TOUCH Sense: 10 84 B X| AlA D core-table

touchRead(touch_sensor_pin_number)

ol 24

- HXA HAME M =28 B5S HXISts €H

A LICE.

rr

EN

3
0 €29 ONO

ONONONONONONONCNON S|

« HX MMl FF: MEA HA A, A HA A

G34 SN SP
axi zZ

ONO 12O OXY

GPIO 32
GPIO 33

G25 G33 G32 G35

? Board

G26
9 SO 8LO 61O

GPIO 27

O000O0O0O00O0O0OOO0

12 G4 G27

AN | ANAN & GPIO 14

M)\A/\)\IA\A/ \/\\/\\/\/VV\W FOUGHEN GPIO 12 = GPIO 4
GND 2 GPIO 0

; : GPIO 2

M| ElX: YeoR ozg Waa SLich HEA| EXAARL of 03 GPIO 15

o2 pAE0 Yo, EXAARS F2B ME 0| sl S0 ezggg "M

HES10] =3 Mo 4t HIA| LT Mok, M 7Y (EMI)O| O'fgi

Ciot i ol f=3t0, LHFt-d0| FojLtn, BE Ol Ao CisH

A& gLt

- ™A HA: F o S22 K0 AL, X XpA|Of HSHIE U0
oIM o2t MFoHy| 20| MY HXAIZIECE M= ELLE 7t40
HIMD, HA 227 =20, 7€ E&= HEHXE X &5t HE
Ot M= Al G0] Fo0f, MaeY HAAIZEL W80l 28
| od LH Tk



ESP32 TOUCH Sense: 10 84 B X| AlA D core-table

touchRead(touch_sensor_pin_number)

Oz z@
Oz :O
O'?. :O
©; :0
const int Touch = 4; /* Define Touch Input Pin to T@ (GPIO 4)° O3 1)
const int led = 12;  /* Define led Pin to GPIO 12 */ =4, -
int TouchVal, TouchThreshold = 58; o3 E;o
O3 2©
] Og 2@
waid tﬂ"'llp{} { Oh ‘O
Serial.begin(9600); /* Set the baudrate to 9600 */ LED1 crio12 I 20
pinMode(led, OUTPUT); /* Define led pin as a output */ & g g
delay(508); f* Wait for @.5 Second */ - & : lH : 2©
} ©3 2©
ezppp M 40 Aluminium Foil
©3 L)
void loop() { B =©
TouchVal = touchRead{Touch);
Serial.println(TouchVal); /* Get value of Touch @& pin = GI BEFE
if (TouchVal < TouchThreshold) /* Check the touch status */ @ o -2
digitalWrite(led, HIGH); /* Turn ON led */ |79 SendA
79
|
else 79
digitalWrite(led, LOW); /* Turn OFF led */ =
10
12
delay(108); /* Wait for 160 Mili Second */ 9
10
} 154 8
10
3.
[v] Autoscroll [_] Show timestamp Newline v 9600 baud v = Clear output
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ESP32 PWM 28 Pulse Width Modulation Pin ES care-lab.kr

Duty Cycle of Signal e ©: 2@ GND
on EN ©: 2 {08 ~ GPIO 23
DutyCycle = * 100 GPIO 36 OFY - {0} ~ GPIO 22
Ton + Tof f - -
GPIO 39 Oz Lol ~ GPIO 1
K O = Lo}~ GPIO3
0l) 10ms 37| BA 7} 2msaks high 2 2 arioss  OH LY~ croz
GPI032 ~okT 420 GND
D=2ms/10ms = 20% =] - —
GRIO 33N~ OS. .50 ~ GPIO 19
GPIO 25 ~ Ok Q GPIO 18
0% S TTTTTT T T A ~
GPIO 26 ~ MOk ESP32 Board AOM~ GPIOS
|TON ‘ | GPIO 27 ~ OS ElectronicWings.com ~O ~ GPIO 17
L GPIO 14 ~ oK im ' ~ GPIO 16
— a) Signal A with 50 % duty cycle =
Period GPIO 12 ~KOK ~ GPIO 4
10% GND (O} ~ GPIOO
|_ il il I (1 GPI0 13 ~[OEEN - ~ GPIO2
GPIO9 ~ Ok ~ GPIO 15
b) Signal B with 10% duty cycle % e
30% GPIO 10 ~ Kok I ] I ~ GPIO 8
o a
GPIO 11 ~ Ok ~ GPIO7
c) Signal C with 30% duty cycle _ D;”.' ~ GPIO6
70%

d) Signal D with 70% duty cycle

30
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ESP32 Fading using PWM

©: 28
- analogWrite (pin, duty cycle) ©:z 3 | 4o
duty cycle — 0 (0%, always off) ~ 255 (100%, always on) oL = =S ©
Oz -0
< il 2
o3 430
int led =12; // the PWM pin the LED is attached to Oz - L
int brightness = 0; / how bright the LED is Ok a: ©
i o
int fadeAmount = 5; /{ how many points to fade the LED by O: = : 2@
o .' .E
. 7y o
void setup() { Og dddddddddd 5;0
pinMode(led, OUTPUT); // declare pwm pin to be an output: O§ ESP32 Board o @®
i ©= ElectronicWings.com °@®
‘ R1 o -
void loop() { 100E ©O: 1 2 O
analogWrite(led, brightness); // setthe brightness of led T ! o @®
S IR
Q
/f change the brightness for next time through the loop: LED1 \/ \\: OS I B O
brightness = brightness + fadefmount; O: - - e - o O
O - ~ N
// reverse the direction of the fading at the ends of the fade: O a : z ;
. . . ™ pEssRnn o0
if (brightness <= 0 || brightness »>= 2535) { Oa l l I O O
tadefmount = -fadelmount; Og ' . 7 O
} 8
delay(30); // wait for 30 milliseconds to see the dimming effect D" = O
¥
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ESP32 Interrupt i care-laba

. QEHEL o

—

JP>

S je]

L—

|of

2 H0M BEQE EHstE O|HE « Polling

- ESP32&= F Vel 2O E ZHA| 1 e, Z1Zf 32712| PIHEEE Me[gLtt 4 AHEEN= §73
FA=?7t Y2H, HFE2f AHEE(T OtE)= HEE BEIS=AM0 Cﬂ”.

« GPIO & QIE{E E = attachinterrupt, detachinterrupt@t 22 Arduino QIHEE ot+E ES

Ral
[0

« OHHEEE= = GPIO T HEE = ASLCH HIGH, LOW, CHANGE, RISING, FALLINGY} 22 ®#&
Arduino QIE{EE SdO0| X|&l.

. 92 OIE[YE: £X GPIO TO| =2 ME| RS0 Ofsf LMBLICL HE £5, ST HA I
OITCIO| WA WA S2 UKot O 9% QIEYES ABY & sLch 72X
FSP327t 9 #7o| Welo] Z2AHCR HSHEE HLitt
E
o

. U8 QIHHE: ElO|O, E{X| MM, EA FHI|Z|(UART, 12C, SPI) S ESP32 L& SIEL
SMELCEH o =0, 1X 7I2E EIO|HE 4 *orm UM =2aWS ZX|A7|= delay() &=
sz QHEBEE ER[AY = USLCH OHEH7EX| 2 ESP327F Al2|d ZEE &3l HO|HE =+

.
UART 2IHEE7I SA| “EJE”OH 2 E L

https://docs.espressif.com/projects/esp-idf/en/v4.2/esp32/api-reference/system/intr_alloc.html?highlight=interrupt 32
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https://docs.espressif.com/projects/esp-idf/en/v4.2/esp32/api-reference/system/intr_alloc.html?highlight=interrupt
https://docs.espressif.com/projects/esp-idf/en/v4.2/esp32/api-reference/system/intr_alloc.html?highlight=interrupt
https://docs.espressif.com/projects/esp-idf/en/v4.2/esp32/api-reference/system/intr_alloc.html?highlight=interrupt
https://docs.espressif.com/projects/esp-idf/en/v4.2/esp32/api-reference/system/intr_alloc.html?highlight=interrupt

ESP32 Interrupt - attachinterrupt(GPIOPin, ISR, Mode); Bl cor-labkr

« GPIOPin2 ESP327t HHE 2 BLIHEG o & EM EZ X gtL|Ct,

« ISR(Interrupt Service Routine)2 Q& &

|m
N
I8
0=
bl
mjo
i)
>
>
ot
ke,
A
rir

o
1>
10
o
ojn

o
-
_|TI_

+ Modet OfH Z29| AZ H37t UM 2 I HES
QgL

|m
i)
N
ot
o
Ot
rir
Ral
oz
1o
ot
-
inl
inl
o
N
Ral
N
or
rot
Ho
Iy
N
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ESP32 Interrupt - Interrupt Service Routine (ISR) B care-tabe

- Q9IHEZHE SN detachinterrupt(GPIOPin);

* ISR(Interrupt Service Routine)

ISRO| IRAM_ATTR &°40| 2 Q3% 0|3 Fge7 rR?

TEIYS UHIYOR P2 Eof EsP320| IZE HEo| Hol o= ERA| B0 MEELICL Espl JHA| HESEE Sof 0f ZA

M 22|0f HMA5H=G], 0= %.%EM Cf W2 HMAZ Qs A3 AFRE/E GIO[EZ jAlSHE WAIDF SARILICE O AJAHE Yol

D20 0= B AHSYUCL =28 2 SA0|M EO S 7HME S0 of7to| X[ 0| wdstHet: 2 X7 =X g7] T2 LT
AH

S1XI2t OIE{Z E = X| @ 60| ZA| X2|5|0{of SHLICY,

07| EX7F et listL|C QIEEETL YAlistH ESP32= ISR & REE TA| ZESED ABMS|oF SFL|CH i E f SeiAl o 220
J(‘|7“E|01 U[e %—?—, ZEMNME= Al HEEHE AN ZEE 71O SLIC SHX|ZH FHA| HAEE 27t HIZ O & 01| i-Fi TEO0[L} MA
CIO|E 87|2f &0| CHE X YUS St QUCHH O{E7te? OfL|H °|E1E*EE TETL FHA| RHM[E B 2[st= 5§O|Efﬂ1 o E 7fﬂ7 olz{st s st
=ZH0| “EHM HZ2|of M2Ste{0 o H ESP327t "2 E FX["et 242 FJ e &) SSSHAL 0|5 = Sl s&82 & = JASLICL

SfZ "2 ISR & 4+E IRAM(Instruction RAM)O|Z2t= % HEZ2|0 HESH= AYULICH E2iA| HE2|QF E2| IRAME ESP32 Rof 2
LH§5|01 U0l =M M7 ScfA| B 22 E 7|EPE' 2R g0 ZA| dMAT = YSLICEH MM CHE 20| 2 Fo|Eete 2N HHfE
St AFEY = UEL|TH

OP

IRAM _ATTR £M8 M35[H A7} ISR T2 BZE ZajA| M 22| 7} OfHl 0] E2 M 220 MEASIEE X|AISH TS 2=7H0)| Alsist
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ESP32 Interrupt - Interrupt Service Routine (ISR) &

« ISR FAXQ Z2OY XFZ ST
HH =2 12H0| 0|5 =7ts5tAH S%5tA
L £ 0| M delay(), Serial.print() & &g 7
gicte ojn|QLCh Al Eaja WS ML Ko ==aWo| LIS A |3E
7| &F5t= A0 7ty &5 UL

+ ISR2 YU D75 &S 5 Bl S Here 2
H

= A
ol X(tz2= 2=V =0 SEE MHotAL gk &= 2R 0| S7| W= /L T

B care-lab.kr

=l IEf O|= ISRO| 2 E7} Ol SHES| 00
=1

- 37 B volatile2 MOUSHYA|R, ISR LY 0f| A *"*EII'- F0M S22 Bp(Es O B
dF)= HEA] volatile 7|} EZ A5 OF °“—|Ef Ol& ALL A ofid H=7t AHEER 215
= o7 IXI BA HEE = A28 =, FHAIE 4LO|LE *I’ﬁ.ér | = ALESHA| B3 &y B2 2|0 A]
24 o = 70 0F g LELILE volatileS f%ﬂxl OH ZZ2H0| AIHEE T HEE &=
S ISIN %5H 37| Of2{2 M7 e & sl

- St Aits OotdA R 25 ad A, SEe At B2 O E 2 =2 ZU0NeE Rt
B27t Ot ISR Li 70 A ~ASHA| OrA| 2

. IRAI\/I ATTR &£d2 AIESIMA|L. B2 E ISR & 0| 0| IRAM_ATTR 7| EE F7I5t0 df
Ul HFE LS RAMO| XWEIEE Sff OF SfL|LC.
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ESP32 Interrupt GPIO

5 @ O GPIO23 |

5 o G GPI022 |
2o ECE GPIO] |
20 ey GPIO3 |

5 O WOy GPIO21 |

5 © I ey GPIO19 J

= © Iy GPIO18 J
ly o—
i £ O CE GPIO17 |
] o—
20 W e GPIO4 |
20 WO GPIO2 J

R GPIO15 |

|

: =@
]
@
ey

QO000000

s = I =

https://docs.espressif.com/projects/esp-idf/en/v4.2/esp32/api-reference/system/intr_alloc.html?highlight=interrupt

QO T000DO00

B care-lab.kr
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re-lab.kr

ESP32 Interrupt

ok 2@
oz a2 ©
. . w s i
const uinté_t InterruptPin = 12; ©- = 420
'JI. .‘:
bool Request; i - B
oF1 420
void IRAM_ATTR isr() { O:= =°O
Request = frue; o —
& I P
} ot o
3 —E ©
void setup() { 3.3V O3 dddddddddn 20
- QP29 o
Serial.begin(9600); R O34 ESP32 Board 20O
> ElectronicWings.cc o
pinMode(InterruptPin, INPUT); 10K § OS ronicwings.com ©
attachInterrupt(InterruptPin, isr, RISING); O'S’ [ [ |
} oF
-
id | . S
voIida 100 -
. PO { Button —|, ©: Il ) :
if (Request){ N - -
Serial.println( Interrupt Request Received!"); r—

™
O
v

D

Request = false;

5 CM

[S—_—
@
V5
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ES P3 2 DAC B care-lab.kr

IR REIET AVAVAY

dacWrite(pin, value)

€29 ONO

CNONONONONCNCNCN &

™
-
™M
>z
=z
W
a
w
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w
<t
™

”~
&

8LO 619 ONO 129 OX¥ OXi 229

G25 G33 G32 G35

dacDisable(pin) GPIO 25

DAC?2 GPIO 26

i ol o o o
ESP32 Board
ElectronicWings.com

26
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©

OLO LIS

Digital Storage Oscilloscope
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ESP32 DAC

//Define Pin no 25 for DAC Output

#define DAC1 25
void setup(){}

void loop() {
,l"*
* here we are using 8 bit DAC so 2*8=255
* Means 0 = 0V and 255=3.3V
*/

for (int i=0; i<255; i++){

dachirite(DAC1, i);
L

/fwrite on DAC Pin

for (int i=255; i»=0; i--){
daclirite(DAC1, i);
}

{/write on DAC Pin

@D Peak-Peak
@D Frequency

@D Amplitude

104.942Hz )
Aug 18, 2022, 15:23

,,‘-!c
ESP32 DAC Sine Wave Generation
http:://www.electronicwings.com
*/

int Sin_Array[256];
float Period = (2*PI)/256;
float Rad_Angle;

// Define array to store sine wave values
[/ Define the sine wave conversion factor

void setup(){

for(int Angle=0; Angle<256; Angle++) {
Rad_Angle = Angle*Period; /f calculate the angle in radian
Sin_Array[Angle] = (sin(Rad_Angle)*127)+128; // caclulate the anagle an

¥
¥

void loop(){
for(int i=0;i<256;i4++)

dacWrite(25,5in_Array[i]); // Write the sinewave vale on the DCA pit

3.16V |
210.0Hz @& Amplitude 8V

2.50ms 71.76V 209.456 )

;']*
ESP32 DAC Sawtooth Wave Generation
http:://www.electronicwings.com

*/

#define DAC1 25

//Define Pin no 25 for DAC Output
void setup(){}

void loop() {
},’*
* here we are using 8-bit DAC so 2"8=255
* Means 0 = 0V and 255=3.3V
*/

for (int i=0; i<255; i++){

dacWrite(DAC1, i);
¥

//write on DAC Pin

(@D Peak-Peak 3.12v
| @B Frequency 210.0Hz

Amplitude
M 5.00ms

B care-lab.kr



ESP32 Deep Sleep Mode i care-tab.kr

O) 1000mAh HiEHZ| 2 2 Y S & P L|HE S 10200 MHE 0| E ™&s= of=2|#A oM

.I_V\

24°m4

wobE 10 Secondls:
Reacl sens;er Dec:ta 1\ \/e :

S ™y p> Read sensor
g Y - Data &% send to

( v Ly vy -SeFVCZ’

(i

( - L4
( —:ESPBZ ; ‘l‘”“

\ TIEER L

Y y A
7~ Delay For =
1o mins.

1: 2"0mA

8ATTERY LIFE
noyelé HOULRS .

BATTERY LIFE
N 2491-4 HOLLYS
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ESP32 Power Mode B care-lab.kr

POWER MODES=> — Achive - Modem ' Light ' Deep 'Hiber- !

e @ | .. mode Sleep » siep ) Slecp nar) |
P WiR BT -t | ' ( l ‘
| =ig | | ON |, OFF | OFf ) OFF: off,
@ , ! I ‘ ‘ : :
S . ( : : ’ '
--------- . ' | I \
' o ' : ; -
' Esp32, ULP | , \epu ,cpv ' OFF
YR " N F :
" '["j[’ ! ) ON [ O » PAVSE O t :
o / ' ULP: oN | ULP:
T — ,, :' ULP:ON o, :
e e 5-' ( : ’R’TCMeﬂ‘p
[ R ) R'TC—" ls; ' ,1 '\ : :Peﬁﬂbgrﬂ.ﬁ
ISy Fesipheraty ' TR
4@ menory |1 0N ON o ON  ON ipne
:" ! s f 5z o __‘_______-r__ _,_th_-_
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Power 2 H]

Powe Mode

Active (RF Working)
Modem Sleep

Light Sleep
Deep Sleep

Hibernation

Power Off

Description

Wi-Fi and Bluetooth ON

CPU ON

ULP ON
RTC Timer+ RTC Memory
RTC timer Only

B care-lab.kr

Power Consumption
95-240 mA

Max Speed: 20mA
Normal: 5-10mA
Slow: 3mA

0.8 mA

150 uA

10 UA

o UA

0.1 uA
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Deep Sleep Mode

Appliaation: Sending Daja to Sexvey.
Achve mode 1= 24o0mA

Deep gicep mode T = j1omA.

1o second  Active Node A\l time Active Mode
5 mMing, 50Sec. Sleep Mpde

-
| WITH SLEEP MODE] [WmUGHT SLeEP Mmape

BATTERY LIFE | RATTERY LIFE
249.4 HOU% 4.‘6 HOUQS
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Deep Sleep Mode

H=E ZE0ME= cput M 2E|2| A O] XHTHE L|CH esp327t IO ' | 2] S} S7H| XH Al ZFE L Ct.

XF1.
o-1-. =
S Zb o Uy OICH T2 O3 A%O| §EE AZHEE o|n|BHLC

esp_deep_sleep_start() Deepsleep ZEE %I

RTC memoryQ| H|O|E| H& =&/258 SO HOIEHE Ar&E3{0F of= &%, RTC_DATA_ATTR
y S &M2 JE MY W42 Ho|slo] RTC B 22| 0 G O|E{E A&
RTC_DATA_ATTR int bootCount= 0;
Wake Up Source https://www.electronicwings.com/esp32/esp32-deep-sleep-mode
* Timer
* Touch Pins

- External Interrupts (ext0 and ext1)
* ULP co-processor(Ultra Low Power )
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ESP32 Deep Sleep Mode: Timer Wake UP B coretabkr

+ RTIC HEZ20|= LHE = EfOIH 7L A GO =l A[ZHO| X[t 2 ESP32S = = US LI
+ A|Zt2 Opo[a =z B = X[FEL|L} OFF0| IDEO|AM = Of % ZrErot A EXN L Tt

esp_sleep_enable _timer_wakeup(time_in_us)

Code
ESP32E B S8 ZLEE [etord 5 2 HO|M A4S AHESH0] e L. ot £E 712E B3 RTC O
2ejof] MEstn £ S5 SHY UL
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ESP32 Deep Sleep Mode: Touch Pad Wake UP @ care-tabe

esp_sleep_enable_touchpad_wakeup()

@
=
Code (@ z2@
: ©: 1)
File>> Example>> ESP32>> Deep Sleep, and open TouchWakeUP Sketch. © a0
%  ESP-WROOM-32 | @7
-6mgps-ok i O z -\ - O
nec-6mgps-ok | Arduino IDE 2.3.6 . o \\ . (o
File [Edit Sketch Tools Hel < 2
- e 4 DNSServer » O @ c E @ = X O
Mew Sketch Ctrl+N EPROM N O 0 s ) ]
, o 7 EHG)
New Cloud Sketch  AltsCtrl+N £5p neiaris R © T 205-000519 | &
3 . @

i o PN Az
open. O cep e > Oz [FccubaAcizEshiRooms2 | i = ©
Open Recent » ESP 125 N O g \ . g O
Skeichbool > - , ©x L | 2©

[ecmees e : § dAdiAdAEERE 3
Close Ctrl+w [te] ’ 5
‘” | esea2 > | anaiogout > OS ESP32 Board 2©
o S Espaz agnc uo > Anslogresc ©x ElectronicWings.com 2@
save As.. Curl+shift+3 ESPMDNS > AnalogReadContinuous © o
— 3 ) @
Preferences.. Ctril-=0p Ethernet > ArduinoStackSize O o > O
FFat > ArduinoWaitTimeBeforestartingSketch O g I- g o
Advanced 4 Firmata > Camera b4
Q
Hash > ChiplD y O E) 8 O
Quit Ctrl+Q fnan
FE) rr :er-:eu. L] FTRClent ’ ol ‘ 0‘2 - @ O
7 o = N
19 Serial.begi HTTPUpdate ¥ I DeepSlesp > I ExternalWakelp O ~ = = C To uc h Pad 3 (GP | 01 5)
(o) = =
;T L | HTTPUpdateServer > FreeRTOS > SmoothBlink_ULP_Code 2 o ]
st Se mann
22 gpsserial.b  Keyboard b GPID b TimerWakeUp Oé I I I " 8 O
23 Serial.prin : L} | =
LiquidCrystal > HWCDC_Events Q
2% ) ©z g0
25 Littlers > MacAddress > o =
26 wvoid loop(){  papter > ResetReason » D 2 = O
27 while (gpsS 2
28 get th MetBIOS > RMT >
29 char gpsD wetwarkClientSecure > Serial >
3a Serial.pr
31 B COpenThread > Template >
32 delay(20@); ppp > Time ?
33 Serial.prin
24 ! Preferences > Timer b4
sD > Touch ;
SD_MMC > TWAI >
Servo >
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ESP32 Deep Sleep Mode: External Interrupt Wake Up

E2{0|= RTC GPIOE AtE3I0] 20|22 EE|AHEH= 22 0]

GPIOE AtEY == ASLICt o~
_ eRnEn I I I
ext1 - ¥ 0|2 &2 @let A2 7H2| H E0| JUS I} AtESHLLCE. =
Oo - 7 snpEn 3
@3 11
ESP32 wake up using ext0 @ !'! 11
O(E 'ElectrdliCWiM!m :
esp_sleep_enable_ext0 wakeup(GPIO_NUM _X, level) Qo ESP32 Board
05
@2 EEEEEERERRE 2
esp_sleep_enable_ext0_wakeup(GPIO_NUM 33,1); o2k Py = GPI033
//1 = High, 0 = Low O3k | momesuoears §20
=@ | 615000- 50z (] % .o
Qim = = L Ele)
ol N N 3 . '8
oc% I 5: o
Code g: ¢ WOO¥M ~ds3 (12fT) =m
File > Examples > ESP32 > Deep Sleep > ExternalWakeUp: O:; =:O
(@] =-0 1
@z 30 L -

B care-lab.kr

GND
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RTC GPIO Pins i core-labiba

ey eE N RTC GP L)
GPIO39
[FIEY RN RTC GPIO04 .
S ELNN RTC GP 0
GPI032

%%

GPIO33

L

s

GPIO2 RTC GP )
[

GPIO26

L&

GPIO27
(S ENN RTC GPIO1G .
GPIO12

SR ENN RTC GPIO14 -

. RTC GPIO10 SEeleE
oML | Go10:
o——LITICTEY | Grio1s

VM GND DR D12 D04 027

https://lastminuteengineers.com/esp32-pinout-reference/
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ESP32 wake up using Ext1

Ext1s AFEotH O2 71| H=2 = ESP32E = =
%'\Q'—I'if extOX & B LT o=z TR

@
I:IAI:I L-| E|' 20

)
FEE FAELILCH esp_sleep_enable_ext0_wakeup()
et L4l esp_sleep_enable_ext1_wakeup() OF—T—%

(€)
(€
20
AH880F S| Ch - so
esp_sleep_enable_ext1_wakeup(BUTTON_PIN_BITMASK,ESP_E ectchon B =
XT1_WAKEUP_ANY_HIGH); 5 20
Q2 FEEEEEFEEE 2o
Oom e a:0
0% 7 HOOUNASTULONE U 904 -0
052 e»sooo-soz@ = Ego
o SISO 3:0
® é; 26-WOO¥M -ds3 (13f1] E% e .
Ofm -0 R 10K
@3 . o IRV S YA
Swz2 R 10K GND
X ~AN——b

GPI02
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ESP32 Timer Interrupt K corerable
EfO| X

. ESP320{= % 7Ho| Efo|H 1E0| YBLILt
. ZH AE0js = o] ¥ 3=90f EFO| Tt QL0], & 474O| EHO| I} QU LT

+ D= EfO|HE 64H|E Ft2EQ 16H E Z2|AAH LY (2 7))E 7IU2 2 L o,

- ZE[2AEE s 7l 29 FH(ES 80MHz)E 22 ote O AHEE LI

« L+ OZ o= EO|H 72 EH0| QI32[HE = A HEELZ HSE LT

. IP|AH YL 16H|EO|EZ 80MHz 7|E 23 Z=ht42 2EE 655367HK| Lt £ 90 0L &9

Tot

FLICF.

et M (ESP322| EIO|H QIE{EE)
. ElO|O{ ZfO] A Ztnt YUK U} EFO| {7} LS 2HMA|Z = QS LICEH

- O] 42 EIO|HI} AtS2 2 022 MEFEH, AHEEY

I

futot
0x
ot
il
02
i
Id
g
ro
m
v
|m
M
nE
0z
>
I
I
inl
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Programming Timer Interrupt(Alarm Generation)

* Step1:initialize timerBegin() Functione

EFO|0H MY == timer= timerBegin(0, 80, true);

- EfO|H ¥z 0 ~ 3

. 23/ Z2|AHLYZ : 80Mhz/80 = 1MHz 1 microsecond
« Up(true) Down(false) 221

 Step2: Attach Interrupt

timerAttachlnterrupt(timer, &onTimer, true);

OIE|BIE ISR 840 &7 onTimer( B4+ A%
7 olgi% Efo|oje] ZOIE|
g4 o5 Fo

 Step3: Define the match timer value

timerAlarmWrite(timer, 1000000, true);

6H L OOOOO (500 ms= 500000, 1T0ms=10000, 0.8s=800000).
c ASL2 022 WEAZEH AHYE ISR g7t 2lS AL

« HX timerAlarmEnable(timer), &2 9l & E/OFE*% =2t 3ol OF 2t L Ch

= O =

B care-lab.kr
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#define LED_PIN 2

volatile int interruptCounter; //for counting interrupt "_ » .§

g & o

. i -

void IRAM_ATTR onTimer(){ //Defining Inerrupt function with IRAM_ATTR for faster access & = :’:‘

portENTER_CRITICAL_ISR(&timerMux); Z: :S

interruptCounter++; :: ::
portEXIT_CRITICAL_ISR(&timerMux); o = =
} o A
» L |

ESP32 Board

void setup() {

vO 9LO LD SO 8LO 619 OGND

G12 G4 G27 G26 G25 G33

timer = timerBegin(0, 80, true); // timer O, prescalar: 80, UP counting AR
timerAttachlinterrupt(timer, &onTimer, true);  // Attach interrupt N | l‘
timerAlarmWrite(timer, 1000000, true); // Match value= 1000000 for 1 sec. delay. =
timerAlarmEnable(timer); // Enable Timer with interrupt (Alarm Enable)

}

void loop() {

if (interruptCounter > 0) {
portENTER_CRITICAL(&timerMux);
interruptCounter--;
portEXIT_CRITICAL(&timerMux);

S 29 09

000000000 OOOOO0O0

CMD SD3 SD2 G13 GND

000000 OOOCOOO0O0O00O0OO0MO

A0 00S 1AS

B

totallnterruptCounter++; //counting total interrupt
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« ESP32 7i¥t HE 0= UARTO, UART1, UART2
Ml 72|l UART QHLO|A Y} o, H|57

D5 Cng Cng

HAl M 22 &

& 2(RS232 % RS485)1t X 5Mbps? O
IrDAE K| & gfL(Ct. HO®

_ R E®

« UARTO 2 USB-A|Z2[& H2t7|0 AHZA L[ O] 2@
=efd 8 O Zo| AFEE L CE MrEkA ™
UARTO & A2 HEE|X| &L CH ﬂ.

o

o

: ST S e

- HFH UART2E GPS, X2 A, AH2| MA
I €2 UART X AdZq o™t

« CTS 9 RTS M3z 9 BEgof 2 et
|0 (XON % XOFF) =
M= gL Cf.
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S
=

e

k

=

—r
o

Al

M
=

QOO OOOO OO0

B0 € ofl Ofd LE0 Sid =ld 50 T IXH Wl 0 S5Ld ORE EAE

P EE

_ Loog

EI

. M3 dA MA ¥EQ SEQ TEQ EEQ S5T0 ST0 LI0 FIO TIO ELD ONS MIA

POOOOO O

XX ONNN HENN_.—. XXX
ofoNcXcNoNoNoNcNeNoNoNeN-NoNoNc e NoNe

GND G23 G22 TXD RXD G21 GND G19 G18 G5 G¥7 G116 G4 GO G2 G615 SD1 SDO CLK

SEENREEEREREEN

ElectronicWings.com

i 1 o o
ESP32 Board

dedsshdddddida
EAE N3 dS NS vED SEO CZ£D £EO STO 929 (29 vLO CI19 OND E£L9 TGS £0S On

PPPPPPOPOPPPOPOPPOEEPO®OO
oo e N HHHN . HXXX

O
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ESP32 Arduino IDE

“BLE Communication

00

000000
[ - [ -
- -
[ - -
[ o e
[ - | [ -
=3 -
000000,

ESP32

Micrometoller

CeD

“BLE Communication

“BLE Communication
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ArdUinO IDE AE‘|X| BS care-lab.kr

Download

https://www.arduino.cc/en/software/

Bring Your Projects to Life with Arduino Software

Release notes

= Arduino IDE 2.3.6

The new major release of the Arduino IDE is faster and even more
powerful! In addition to a more modern editor and a more responsive
interface it features autocompletion, code navigation, and even a live

debugger. For more details, check the Arduino IDE 2.0 documentation.

Windows Win 10 or newer (64-bit) - DOWNLOAD

Nightly Builds

Download a preview of the incoming release with the most -
updated features and bugfixes.

The Arduino IDE 2.0 is open source and its source code is hosted on GitHub.
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Arduino IDE ESP32 HE A X]

File - Preference

) sketch feb19a | Arduing IDE 2.3.1
Edit Sketch Tools Help
Mew Sketch Ctrl+M

Mew Cloud Sketch Alt+Ctrl+MN

£ indexang: 12/85

Cpen.. Ctrl+0

Open Recent » Eotun
Sketchbook k
Examples b

Close Ctrl+W

Save Ctrl+S main
Save As.. Ctrl+5hift+5

Advanced k

Ouit Ctrl+Q

Wpr LU

1]

Ln 1, Col 1

[1+]

Arduino on COM3 [not connected]

CER

0

B care-lab.kr

58



B care-lab.kr

Arduino IDE ESP32 HE A X]

= f LA
=027
https://raw.githubusercontent.com/espressif/arduino-esp32/gh-pages/package_esp32_index.json

Preferences

Settings Metwork
Sketchbook location:
c\Users\sarin\Deskiop BROWSE

[[] Show files inside Sketches

Editor font size: 14

Interface scale: M Automatic 100 o

Theme: Light w

Language: English v (Reload required)

Show verbose output during ] compile [(Jupload

Compiler wamings Mone W

(] Verify code after upload
Auto save

(] Editor Quuick Suggestions
Additional boards manager URLY: | https://raw.githubusercontent com/espressif/arduino-esp32/gh-pages/package_e
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sketch_jun11a | Arduino IDE 2.3.2 = O po
File Edit Sketch Tools Help

o e @ J ESP32 Dev Module

BOARDS MANAGER sketch_jun11a.ino
2 - + - - cat - aatal: .._... -
Type Al .

3
4 1}
Arduino ESP32 Boards 5
y Arduinc & wvoid loop() {
Boards included in this package: 7 L al f , L
Arduino Mano ESP32 8
More info g ]

18
2013 ~ INSTALL

esp32 by Espressif
Systems

3.0.1 installed

Boards included in this package:
VALTRACK V4 VTS_ESP32 C3
M5Station, Heltec Wireless...
More info

301 w REMOVE

{3 indexing: 23,52 Ln1,Col 1 ESP32 Dev Module on COM11 [not connected] [
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sketch_feb19a | Arduine IDE 2.3.1
File Edit Sketch Tools Help
4 Arduino

BOARDS _feb19a.ino

espd266

void setup() {

2
El Type All o 3
4}
Select Other Board and Port X
Select both a Board and a Port if you want to upload a sketch.
If you only select a Board you will be able to compile, but not to upload your sketch
BOARDS PORTS
doit Q
L

DOIT ESP-Mx DevKit (ESP8285) COM3 Serial Port (USB)

DOIT ESP32 DEVEIT V1

DOIT ESPduino32 DOIT ESP32 DEVKIT W1

(] Show all ports

B care-lab.kr
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HZE AZ - XI5 Reset - A

ot

k) sketch_feb20a | Arduino IDE 231 = O >

File Edit Sketch Tools Help

11
12 Serial.begin({115288);
13 pinMode(LED, OUTPUT);
14}
15
6 void loop() {
18 digitalWrite(LED, HIGH);
19 Serial.println("LED is on"};
28 delay(le8e);
21 digitalWrite(LED, LOW);
22 Serial.println("LED is off"};
23 delay(l668);
24} —
Qutput = 5

Writing at exeee4be7rd... (1680 %)
Wrote 262688 bytes (145826 compressed) at @x008188088 in 2.4 seconds (effective
Hash of data verified.

Leaving...
Hard resetting via RTS pin...

Ln24, Col2 DOITESP32DEVKITVienCOM2 33 B
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Serial 2 L|E

B sketch_jan24a | Arduino IDE 2.2.1

File Edit Sketch Tools Help

Q e 9 ¥ DOIT ESP32DEVKITV1 ~

1
2
3
4
5
6
7
8
2

e
[RET CE

13
14
15

sketch_jan24a.ino

e open serial monitor
Complete project details at https://RandomNerdTutorials.com/vs-coderp
#include <Arduino.h»
#define LED 2
void setup() {
/{ put your setup code here, to once
Serial.begin(115288);
pinMode(LED, QUTPUT);
¥
void loop() {
'/ put your main code here, to run repeatedl

digitalWrite(LED, HIGH);

intlnd/ "I FN ic An"™% -

=]

=]

-
an
-

Ln 24, Col 2

Mew Line

v O =

v § 115200 baud -

baud rate

DOITESP32 DEVKITVionCOM3 (32 B

B care-lab.kr
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| @ nec_m8ntinyplus | Arduino IDE 2.3.6 I‘"EEJLI = | *
FI|E' Edit Sketch Tools Help

e e @ + ESP32 Dev Module -

l‘-"'IﬂEn‘nE-ntln}rpIu5 ino EEQI‘ gn'lEE Jél;g' %EE-I/M' EI%ELIE.I .

Rui Santos & Sara Santos - Random Nerd Tutorials
E]“le'luwld:e instructions at https://RandomNerdTutorials.com/esp32-neo-6m-gps-module-arduino/

Permission is hereby granted, free of charge, to any person obtaining a copy of this software and associated documentation| f
he ahowe copyright notice and this permission notice shall be included in all copies or substantial portions of the Softwar
2lo]=2i2] ojLix],
| 7
8 /{ Define the RX and TX pins for Serial 2

9 #define RXD2 16
1@ #define TXD2 17

11
12 #define GP5_BAUD 9688
13
14 f{ Create an instance of the HardwareSerial class for Serial 2
. . .- BEE =1
15 Hardwareserial gpsSerial(2); ﬂz EE»‘U‘I?.I'-E"‘”EH_‘ Ealui
Serial Monitor < | O] =

Mz|gE41 Hjo|E] 2i=d New Line * 115200baud  ~

SPEED (kn/h) = 0.70

AT (min)= 6,40

HDOP = 1.6 ME|H 2L / HIY H2C Al MEl A
matellites =7

Tine in UTC: 20295/12/8,13:41 52

Ln1, Col1 ESP32 Dev ModuleenCOM2 00 B
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Trouble Shooting

« ESP32 EE & QIASHA| XSHAILIR?

USB A O|= HAE HCHZ =HQSIM (2= Micro USB H0| 20| =&8tA HZAZ 4= ASL|CH.
K| 22| XHo| A USB E2tO0|H7F AX| &[0 A=K 2SN 2.

PCEE= EE USB ZEJ} ’“E*P X| =I5t .

ESP322| ME 55 EX[Z =QIoHM 2.

ESP32 HET} &50t=X| 2QI5IM Q.

+ ESP32 EE7} QIASHA|T Z2 a2 o~ BiLIR?

ZHX| 22| Xt2F Arduino IDEOA ESP322°| 2HIE COM ZE 7} 5L oHXA| =HOISHN .
MENSE | E 7} ESP32QIX| ZHQIsHN 2.

- ESP32 EE A2 FH0QE == 2jde 5= QiLiR?

ESP32 HEJ} EEl pEof Q=X SOISIN L. £E oo RAUSHE HEO| LHE ZOtA £8 mEZ XIQEHK|
Eo|.'— 7107|. OIA|_||:|.
ESP320| Al USB AHO| &2 HN|HINCI7} ESP32 HEE CHA| H4stD HE mE 2 MHSAM L.

-+ ESP32 O USB A 0|== HZotH TAHY| E0| Ll =LCt.

2E W& E= F HEO| ZlSHHE of 2H| 7F Zd giL(C]
su U S =ostMe. S5 Tl 34 HYEL 52 820 % O] 2H 71 Ll 2Lt
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. ESP-IDF VS Code

4
gooopon
- -
- -
“BLE Communication --- = = “BLE Communication
e [ o
- - | o=
000000,
: " | ESP32 “BLE Communication
® b ‘ Micromestoller

5
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Arduino vs ESP-IDF 28 BD care-tab.kr

D)

8

ESP-IDF ARDUINO IDE

£d £4

e 7|2 FreeRTOS X|& : & MM M= 4™, 7 % o ZtATIEI MA . Arduino IDEE MX|8t1D ESP32 EE ZHE| K}
MIOFEZ O AFE, URLZ F7 r&&l T2 Y F=H|7t = EL|CY

« HAH SIEAUN MO : H=ot Efo|Wnt AHdoZE DE FH . Yt 2tolE (2| K| : M, CIAZE| 0|, Wi-Fi, BLE S&
X0 MM AL flet =8 74e| 7|4 2to|E {2

- O L2 ds 4 &2 Ho|H 2|, AMztEl HEFY, O L2 « =9t & : ArduinoOf CHsH €0 QUCHH ESP32= HHHE A|
22| 22, Matat 4= %quiL-lE"

« M™EJ 2F : VS Code, Eclipse?t ZT2HE|H JTAG CIHZ S - HE ZZ2EEIY M AR loT Z2HE LED ZEE, HA
X| @lghL| Lt S 7|2 Xbs2Ho| Mkt Ct

otA| oAl

- o JU40| JHELCE @3S0 O BT EEA= - HBHE FreeRTOS M Of : ESP32= WE MO =Z FreeRTOSE
API17} E&SICED =72 5= QUEL[CE S NL,L Ardumo'.: HE22 F=A=tetL| o)

« HX SX4Y : Python, Git, EX 2, &4 HE=E HX| |0} - M5 A3t S : ESP-IDFOf| H|Sf ALY A|Zt0] =2l
ehL|C}. HFO|LH 2 a7|7r °t7+ E| ELIEt

- 2 W ZHO0| 20olExg LA B2 Arduino « SF% Mo PE%IOWJ =H HX&= 2oz 2[E Sdl
20|23 2|E ESP-IDFE I El8{OfF StL|LC}. S e === X—l = X|™37F MiehE L C

https://fishpoint.tistory.com/12397 67
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Arduino vs ESP-IDF Blink Code

)

ESP-IDF

#include "freertos/FreeRTOS.h"
#include "freertos/task.h"
#include "driver/gpio.h"

#define LED_PIN 2

void app_main(void)

{
gpio_reset_pin(LED_PIN);
gpio_set_direction(LED_PIN, GPIO_MODE_OUTPUT);

while(1) {
gpio_set_level(LED_PIN, 1);
vTaskDelay(1000 / portTICK_PERIOD_MS);
gpio_set_level(LED_PIN, 0);
vTaskDelay(1000 / portTICK_PERIOD_MS);

B care-lab.kr

ARDUINO IDE
#define LED_PIN 2

void setup() {
pinMode(LED_PIN, OUTPUT);

}

void loop() {
digitalWrite(LED_PIN, HIGH);
delay(1000);
digitalWrite(LED_PIN, LOW);
delay(1000);

}
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Ease of Use
Setup

Hardware Control
FreeRTOS Tasks
Libraries
Debugging
Performance

Target User

Very easy

Minimal

Limited

Hidden

Thousands ready-to-use
Serial monitor

Good for small projects

Hobbyists, beginners

B care-lab.kr

Moderate to complex

Complex (Python, Git, toolchain)
Full access

Full control

Must port or use native APls
Serial + JTAG, breakpoints
Optimized, professional grade

Embedded engineers, researchers
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D)
ESP-IDF

Native FreeRTO0OS
Support

©.0,

O ArRDUINO CORE

Limited RTOS
support

Task-based
applications

setup() and
loop() functions

Multi-core by
default

Single-core by
default

Support for new
ESP32 Releases

Limited Support for
new ESP32 releases

Less Beginner-
Friendly

Begginer-Friendly

Smaller Community

Large Community

ESPBOARDS.DEV

https://blog.naver.com/nanotoly/22332206526J8 care-tab.kr
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ARDUINO IDE
ESP-IDFE ALE238IM| 8: Ct2 1t 22 A2 Arduino IDEE AHESHM 8.
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KA ZO| 7| ™ ESP-IDF 2 MS5I CE ME U= Hojet V272 Z2EHMEE UM L.
oro 7HE(GPIO, 12C, SPI, Wi-Fi)O| ArduinoOf| Al ESP-IDFZ O] &| & L|C}.

HMEXQ AHCIE 740 7t7H2 IDE &= ?I5H ESP-IDF + VS CodeE ZE oA
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CMake / IDE | * ESP32

« ESP32-S2, ESP32-S3

. ESP32-C2, ESP32-C3, ESP32-C5, ESP32-C6, ESP32-C61
« ESP32-H2

N « ESP32-P4

ESP-IDF

Toolchain

Application

" BUILD

‘ &g 1. RTOS ©
/ *““*ffir“‘“\\ U 3 = @
CHE1I0IE ©
et Lo = @
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O_:w HIX| 0 @
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Pt
o

g =218 AN XL =Z o 20| 2te|= 89, 8 B2H Ol SE= ME

[Ok

et

https://docs.espressif.com/projects/esp-idf/en/latest/esp32/get-started/index.html#manual-installation

We highly recommend installing the ESP-IDF through your favorite IDE.
master (latest) v

Search docs » Eclipse Plugin
= VSCode Extension

B Get Started .
) Manual Installation ESP-IDF Tools Installer
Introduction
- i The easiest way to install ESP-IDF's prerequisites is to download one of ESP-IDF Tools Installers.
# What You Need For the manual procedure, please select according to
B Installation
e ( » Windows Installer ) >
. Lir'lu:‘{ and maCDS Windows Installer Download
= Manual Installation
Wirdons et Installer
1 . 1= = - -
Build Your First Project
Linux and macOS
Build Your First Project If you already have the ESP-IDF installed and are not using an IDE, you can build your first project
Uninstall ESP-IDF from the command line following the Start a Project on Windows or Start a Project on Linux and

API| Reference macOS.
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ESP-IDF VS Code ¢+ &l

of £X| 1

« XNZAStE E20|A 2Q10| AFE SO SF= ESP32 EE7 25 M ALY =X| B = 20l

File Edit Selection View Go Run

EXTEMSIONS: MARKETPLACE
esp-idf

ESP-IDF

Install

« X Z ESP-IDF = CMD 2 Powershell &0 72 2tAd S X3 StLt O|= OFX| mtO|M ol IDLE =& 2|
A& Ol E7FsSIc £ E L O}
dE M 102 A 7|02 AX| 7t bt EICH AX| 71 ’l2E|H yS A EE AH

M

ot

I-|__|

.

Extension: ESP-IDF - blink - Visual Studio Code [Administrator]

BY Extension: ESP-IDF X

ESP-IDF vi-1e.2

Espressif Systems ## esp com 1,185,634 AW (132)

Develop and debug applications for Espressif chips with ESP-IDF

Disable % Uninstall |~  Switch to Pre-Release Version /' Auto Update £5%

DETAILS  FEATURES  CHANGELOG

ESP-IDF Extension for VS Code

Documentation Troubleshooting version v1.10.3 Github Releases Forum esp32.com

Develop, build, flash, monitor, debug and more with Espressif chips using Espressif loT Development Framework

Latest master installer for Visual Studio Code. You can use this VSIX to test the current github master of the exts

View -> Command Palette..., type Install from VSIX and then select the previously downloaded .vsix

B care-lab.kr
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« View -> Command Pallete... 0| -] Configure ESP-IDF extension= = 2lsiTH,

: E . .
g ESP-IDF: Configure ESP-IDF extension

+ OMX|Z} =AM ESP-IDF 7t HX|E|O{ QA0 Rl2tget £t M| BIR AHE S ==L

EXPRESS

Fastest aption. Choose ESP-IDF, ESP-IDF Tools directary and python executable to create ESP-1DF.

Confi . C P-1DF, ESP-IDF Tools directory and pythor cutable to create ESP-IDF
iload or manually input each existing ESP tool path.

Search ESP-IDF in system...

75



ESP-IDF VS Code Bl cor-labkr

ESPRESSIF

ESP-IDF Extension for Visual Studio Code

2

ESP-IDF ESP-IDF Tools Python virtual environment

Installing IDF Prerequisites... \/

IDF-Git:
Installed in C:\Espressifitools\idf-git
IDF-Python:
Installed in C:\Espressif\tools\idf-python

Installing ESP-IDF... \/

ESP-IDF:
Installed in C:/Espressif/frameworks/esp-idf-v5.1.2/

ESP-IDF is installed in C:/Espressif/frameworks/esp-idf-v5.1.2/ \/

Installing ESP-IDF Tools... \/
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https://fishpoint.tistory.com/12218

https://code.visualstudio.com/

Y
ﬂ Docs Updates Blog APl Extensions MCP FAQ H L I

The open source
Al code editor

Download for Windows

Web, Insiders edition, or other platforms

By using W5 Code, you agree to its license and privacy statement.

DapyF e 05 MailList.tsx (®) x MailListitem.tsx (9] & Extract 0¥

AGENT SESSIONS import { For, createSignal, createMemo }  CHAT + ®
import { useNavigate, useParams } from "@

LOCAL CHAT AGENT
e import { getEmailsForMailbox } from "~/da

Please update the

% Refactoring MailList c... import { MailListItem } from "~/component MailList component
to abstract mail list
export function Maillist() { items into their own
const params = useParams({ strict: fals standalone
mailbox?: string;
* t
GITHUB COPILOT CLOUD id?: string; componen v
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Selection

v OPEN EDITORS
X ) Welcome

v NO FOLDER OPENED

You have not yet added a fok

Open Folder

clone a repository

Clone Repository

e control in VS C

> OUTLINE
» TIMELINE

X ®@oAo

ESP-IDF Visual Studio Code & X| 2t&

] Welcome X

8- s DE0

Visual Studio Code

Recent

Walkthroughs

* Get Started with VS Code

ditor. learmn

art co aing

Learn the Fundamentals
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ESP-IDF LtO|M A X]

« ESP-IDFZ ESP328 Z=2WUSI2{™ AFHO| Python 3.5 0|4 BT O| EX| |0 UO{OF ShL|LC}.

https://www.python.org/downloads/

& python’

About Downloads Documentation Community

Download the latest version for Windows

Download Python 3.13.3

Looking for Python with a different 05? Python for Windows,

Linux/Unix, macOS, other
Want to help test development versions of Python 3.14? Pre-releases,

Docker images
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« ESP-IDFZ ESP328 Z=2WUSI2{™ AFHO| Python 3.5 0|4 BT O| EX| |0 UO{OF ShL|LC}.

https://www.python.org/downloads/

B Python 3.12.3 (64-bit) Setup - b4 B Python 3.12.3 (64-bit) Setup - X

Install Python 3.13.3 (64-bit) Setup was successful

Select Install Mow to install Python with default settings, or choose
Customize to enable or disable features. Mew to Python? Start with the online tutorial and
documentation. At your terminal, type "py" to launch Python,

= Install Now or search for Pythan in your Start menu.

ChUsers\sarimAppDatatLecal\Programs\Python\Python313
See what's new in this release, or find more info about using

Includes IDLE, pip and documentation Pyvthon on Windows

Creates shortcuts and file associations

—» Customize installation
Choose location and features

pgthgn ([ Use admin privileges when installing py.exe pgthgn
- e on.exe to ancel - ose
windows = windows .
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VS Code® ESP-IDF &% 224 M & core-abir

« "ESP-IDF"E ATl Espressif Systems2| ESP-IDFE M EY

File Edit Selection View Go Run £ Extension: ESP-IDF - Vis

EXTENSIONS: MARKE... () RS Extension: ESP-IDF X

esp-idf ==
ESP-IDF

PlattormlO IDE .
o Gt Espressif Systems &

£ Platformi( =3 Develop and debug applications for

ESP-IDF P 961K install | /' Auto Update 953
Develop and debug applica...

&) Espressif Systems  install
CETAILS

ESP-IDF Extension for VS Code
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VS Code& ESP-IDF 2%t 2 2 AX|

=% Ofef of

-IOP

« O|X| Espressif Systems2| ESP-IDF 2% =T 2 10| IDEO|| A X| & U S LICH X 2t =
espressif Ot0| 20| 7|11 O| A4S = &|SIH Of2f et £ =2 2tHO| LI=2LF,

Platform|O IDE v3.3.4

PHO6M | K 5

jkearins Install

Your Gateway to Embedded Software Development Excellence: CMSIS, ESP-IDF,
Platfurmlﬂ IDE ©o2ig2ms  FreeRTOS, ibOpenCM3, mbed OS, SPL, STM32Cube, Zephyr RTOS, Arduino, ARM,

Gatewav to Embedde Espressif (ESP8266/ESP32), FPGA, MCS-51 {8051), MSP430, Nordic (nRF51/nRF52),
ﬂ Natform -: £ PIC32, RISC-V, Raspberry Pi (RP2040), STMicroelectronics (STM8/5TM32)

iy

& This pubhisher has verified ownership of platformio.org

P
tEn _I
Install

Activation time (Startup): 2192ms

Hold Alt key to mouse over

How to use

ElectricThanhTung Install
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« O|X| Espressif Systems2| ESP-IDF 2% Z=712H0| IDEO| EX|Z|FSLICE. AX| &5 T 2F Oz
espressif OtO| 20| 7|11 0| 4= S E|6tH Of2f{ e} £ 2 2t HO| Li=LCF,

Platform|O IDE v3.3.4

PHO6M | K 5

kearins Install
'I ' Your Gateway to Embedded Software Development Excellence: CMSIS, ESP-IDF,

Platfurmlﬂ IDE “Uzie2ms  FreeRTOS, libOpenCM3, mbed OS, SPL, 5TM32Cube, Zephyr RTOS, Arduino, ARM,
Gatewav to Embedde Espressif (ESP8266/ESP32), FPGA, MCS-51 {8051), MSP430, Nordic (nRF51/nRF52),
ﬂ NatformlO £ PIC32, RISC-V, Raspberry Pi (RP2040), STMicroelectronics (STM8/5TM32)

iy

& This pubhisher has verified ownership of platformio.org

P
tEn _I
Install

Activation time (Startup): 2192ms

Hold Alt key to mouse over

How to use

ElectricThanhTung Install
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] Welcome X
N S ESP-IDF Basic Usage

Guide Welcome to ESP-IDF Extension Basic Usage
Guide

S S S

Learn how

@ 0

& (

* Extenson conbgurat

S ®

© Introduction to ESP-IDF in VS
Code

¢ Creating projects from ESP-IDF examples

~

* Buiding, flashing, and monitonng ESP progects

This walkthrough wall guide you
through configunng the ESP-1DF ? Need Hﬂp? If you encounter any ssues while going

extension and demonstrate it "
' through the walkthrough, consult out

v
v
v
v
v
v 0
v
v
v
v

basic usaqge in Visua Swudso Code

DOCUMENTATION SEARCH RESULTS
DEVICE PARTITION EXPLORER
APPUCATION TRACER
APPLICATION TRACER ARCHIVES
RAINMAKER

EFUSE EXPLORER
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&8

ESP-IDF Setup X

AN

ressif Device Tar ;t‘T(l?‘F TARGET) - ESPRESSIF
nfiguration Editor (menu { L

nuconfiq)
ESP-IDF Extension for Visual Studio Code

Welcome.

o A Choose a setup mode.
)F: Build, Flash and Mot
J Open ESP-IDF Terminal

A Configuration settings will be saved in User Settings.

A.I tart/Stop QEMU Server
v 3 [OpenOCD Server)

Advanced

v
v
v
v
v
v
v
v
v
v

5 Configure ESP-IDF Extension
Show Exampl

New Project Wizard

) ESP-IDF Size ADVANCED
D Erase Flash Configurable option. Choose ESP-IDF, ESP-1DF Tools directory and python
Doctor Command executable to create ESP-1DF
Create ESP-1DF From Extension Templates Can choose ESP-IDF Tools download or manually input each existing ESP-1Df
L"L, Install ESP-ADF tool path
AY Install ESP-MDI
»> DOCUMENTATION SEARCH RESULTS
> DEVICE PARTITION EXPLORER
> APPLICATION TRACER
> APPLICATION TRACER ARCHIVES

> RAINMAKER

USE EXISTING SETUP

dect existing ESP-IDF setup saved in the extens or find ESP-1DF in your

system

> EFUSE EXPLORER

XD Server]  Screen Reader Optimized
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ESP-IDF Setup X

AN

ressif Device Tar ;t‘T(l?‘F TARGET) - ESPRESSIF
nfiguration Editor (menu { L

nuconfiq)
ESP-IDF Extension for Visual Studio Code

Welcome.

o A Choose a setup mode.
)F: Build, Flash and Mot
J Open ESP-IDF Terminal

A Configuration settings will be saved in User Settings.

A.I tart/Stop QEMU Server
v 3 [OpenOCD Server)

Advanced

v
v
v
v
v
v
v
v
v
v

5 Configure ESP-IDF Extension
Show Exampl

New Project Wizard

) ESP-IDF Size ADVANCED
D Erase Flash Configurable option. Choose ESP-IDF, ESP-1DF Tools directory and python
Doctor Command executable to create ESP-1DF
Create ESP-1DF From Extension Templates Can choose ESP-IDF Tools download or manually input each existing ESP-1Df
L"L, Install ESP-ADF tool path
AY Install ESP-MDI
»> DOCUMENTATION SEARCH RESULTS
> DEVICE PARTITION EXPLORER
> APPLICATION TRACER
> APPLICATION TRACER ARCHIVES

> RAINMAKER

USE EXISTING SETUP

dect existing ESP-IDF setup saved in the extens or find ESP-1DF in your

system

> EFUSE EXPLORER

XD Server]  Screen Reader Optimized
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&3

ESP-IDF Setup X

S

SDK Configuration Editor (menuconhq) Q

Full Clear

 ESPRESSIF

ESP-IDF Extension for Visual Studio Code

IDF: Build, Flash and Monitor Select download server:
[ Open ESP-IDF Terminal

[*] Execute Custom Task Github

Ll Start/Stop QEMU Server

v
Vv
v
v
v
v
v
v P
v
v
v

& [OpenOCD Server 8 Show all ESP-IDF tags
Advanced A
a - Select ESP-IDF version:
ﬂ, Conhqgure ESP-IDF Extension

o8l Show t .l..}(l.'.l{',“.

-+ New Project Wizard

v5.4.1 (release version)

() E5P-10F Size Enter ESP-IDF container directory:

y Erase Flash

Doctor Command
. ) CAUsers\rui_s\esp E
reate ESP-1DF From Bdension I\‘llp-lh"u

BY Install ESP-ADF

A |nstall ESP-MDF Enter ESP-IDF Tools directory (IDF TOOLS PATH):

Sy Instal 5S¢ -Mil
> DOCUMENTATION SEARCH RESULTS =
y DEVICE PARTITION EXPLORER C\Users\rui_s\.espressif
> APPLICATION TRACER
) APPLICATION TRACER ARCHIVES

Install

> RAINMAKER
> EFUSE EXPLORER

Screen Reader O
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ESPI0F Setup X

COMMANDS
v BB Select ot Project v ‘ J
8 Select curvent ESP-10F versis ESPRESSIF
J ' ESP-IDF Extension for Visual Studio Code

®

SS S

Installing ESP-IDF Prerequisites... v/

SAKSSSAKAKNKS S

\

SS S

Installing ESP-IDF...

C\Users\rul_s\esp\v5.4.1\esp-Idf already exists. Delete it or use another location
(ERROR _EXISTING_ESP 1DF)

DOCUMINTATION SLARCH RISULTS

DEVICE PARTITION LAPLORLA

APPUCATION TRACIR Installing ESP-IDF Tool
APPLICATION TRACER ARCHIVES

RAINMAXTR

TFUSE DOPLORER
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File Edit Selection View Go Run Terminal Help

X Extension: C/C

EXTENSIONS: MARKETPLACE ) e A5 Extension: C/C

C/C++ ATd
C/C++
C/C++ U 134ms

' - Microsof
C/C++ IntelliSense, debugging, and code bro... icrosoft &
& Microsoft £

C/C++ IntelliSense, debugging

C/C++ Extension Pack install| ./ Auto Update €23

&M

C/C++ Themes
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e (C/C++ Extension Pack " C/C++

] File Edit Selection View Go Run Terminal Help — D Extension: C/C++ Extension Pack - bli
EXTENSIONS: MARKETPLACE ) e 5 Extension: C/C++ Extension Pack X
C/C++

C/C+ + Extension Pac

C/C++

- . Microsoft & D 41.96¢
'ﬁ - Fi ﬁ'} c,c+ + PUL]L.Il.;j' r.'xtl'_'r'l'_'-iUf]:;. {U' [:++ d‘."'-"L'IUF_JTT'IL'[It

C/C++ Extension Pack install | /' Auto Update 4§23
Popular extensions for C++ development in Vi...

O 3 & Microsoft L
— DETAILS

C/C++ Themes
- ey Extension Pack (3)
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File Edit Selection View Go

ESP-IDF: EXPLORER Use ESP-IDF C\Users\rui_s\esp\v5.4. 1\esp-idf ESP-IDF v5.4.1
~ COMMANDS

v Build Project

Flash Device

Monitor Device

VE

ESP-IDF: Build, Flash and Monitor

al Studio Code
evolved

el | L F e

Open ESP-IDF Terminal
Execute Custom Task

J;. Start/Stop QEMU Server
v ,E., [OpenOCD Server]

BEe0s %

Start

~ Advanced
5 Configure ESP-IDF Extension
Show Examples
MNew Project Wizard
ESP-IDF Size
Erase Flash
} Doctor Command &8 |
Create ESP-IDF From Extension Templates -
Install ESP-ADF
" Install ESP-MDF
" Install ESP-Matter

! Install ESP-Rainmaker

Recent
CAUsers\rui_s
CA\Users\rui_s\Desktop\soft_AP\simpl...

| Project Configuration editor C:\Users\rui_s\Desktop\soft_AP
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Ij| O| X| A EHOJA] "hello_ world ZEXME

ESHF-IDF w5.4.1 Examples - Visual Studio Lode

ESP-IDF v3.4.1 Examples =

+ COMMANDS :
For external IZZliIII'I"I.Z"i:'IIE'“r't:“Z EXIIMHES, . . .
B oo ot L Select location for creating hello_world project
¢ Build Project check

{# Flash Device

i:\

] Monitor Device Supported ESP32 ESP32- ESP32- ESP32- ESP32-  ESP32
[> Debu Targets c2 C3 c5 Co Ci1
g~ Debug

& ESP-IDF: Build, Flash and Monitor
E Dpen ESP-IDF Termina H II w Id E I
[#] Execute Custom Task blink €lo or xamp =
|:| Start/Stop QEMLU Server hello_world
B [0pen0CD Server] bluetooth
— [=ee the README.md file in the upper level ‘examiples’ drectory for more nt

bluedroid examples.)

get-started

Starts a FreeRTOS task to print "Hello Wiorld

W
e
o
o
o
'
o
o

=
e

]" Conhgure ESP-IDF Extension
EE Show Examples Bluedroid_Beacon

+ New Project Wizard Bluedroid conner 1OW 1O use example
© ESP-IDF Size Bluedroid GATT Se

= Erase Flash

@l

Follow detailed instructions provided specifically for this example

nimble

fectar Comimand Select the instructions depending on Espressif chip installed on your develog
+ Create ESP-IDF From Extension Templ MimEBLE_Beacon

_',|_-' restall ESP-AD MimBLE Connectio
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£ 11: Google Drive/One Drive/Dropbox =G = AFESHK| DM | ZETV) EEE= S0 B2 OdS
N

/885 EH, 2EFE 200 e 8% O ZEMATF O =3 = AS UL

Choose Project Location for hello_world example

4 B> Desktop » ESP-IDF_Code

Organize = MNew folder

Date modified Type
% Home I »E
v Rui - Persanal Mo items match your search.
> I Apps

s [ Attachments

5 [ Documents

> [ Imagens

Downloads

Folder: | ESP-I DF_':Gd &

Select Folder for New Project Cancel
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ESP-IDF ESP32 =2 12 US| — Hello World Code

A Hello World Z2ME 9| ZHE W&t = o L0 et S5 51800F gL " O, XS
=

NI

Do you trust the authors of the files in this folder?

Code provides features that may automatically execute files in this
folder.

If you don't trust the authors of these files, we recommend to continue
in restricted mode as the files may be malicious. See to learn

maore.
C:\Usersirui s\Desktop\ESP-IDF Code\hello world

Trust the authors of all files in the parent folder "ESP-IDF_Code’

Yes, | trust the authors Mo, | don't trust the authors

Trust folder and enable all features Browse folder in restricted mode
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L LXK &= AL ®7|AN ZHO| https://fishpoint.tistory.com/12218

XPLOREF

v HELLO_WORLD

devcontainer

app main(

printf

t chip info;
t tlash size;
esp _chip info(&chip info);
printf X
R CONFIG_IDF TARGET,
> TIMELINE chip_info.cores,
> PROJECT COMPONENTS chip info.features &

® b [¢
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ol LA(UART),cOM LE H [l A & X|(ESP32)E MEHSI D FEE Yot 5 HE Sl &5l 0F gt L| L},
0| 2 & HEH2 VS Code SHEH D1I1'? '%*EH O| A AtE S = /S L L}

B ®EspDFvs41 WUART 9 espd2s3 & W F P e ® bJ B ®@sho & Builc

« HELLO WORLD

devcontainer

OUTLINE

TIMELINE

PROJECT COMPONMNENTS
B s FvG.d 1
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AsH MEfOAM COM EE(E2{1 Ot0|2)E 2 &!St0 ESP32E LtEtLjl= SHIE

Edit Selection View

¥PLORER COM9
w HELLD WORLD COMT1 ESP32-53 ([OQFNSE) (revision v(.1)
» devcontainer COME
> wsoode
L

Chakelists. b

Chakelists bt
pytest_hello_world.py
README.md

= sdkconfig.ci

app_main

» OUTLINE - .
printf

» TIMELINE

» PROJECT COMPOMNENTS

¥ B ®ESPIDFvSA1  TTUART | 9 CO epl? & R R




ESP-IDF ESP32 2 Jcff A5H| - Hello World Code i care-tabkr

O & &K= MEAS|OF oL T SHEF HEC| & OF0| 22 S EISHM| 2. K| 0= esp32s3 £ 0| Z&tE
ESP32E AlE3tD

= i

Edit Selection View

@ EXPLORER esp32

HELLO WORLD esp32s2
» .devcontainer esp32c3
» .wscode esp32s3
W i esp32c2
CMakeLists. b espilch
esp32h2
CMakeLists bt
pytest_hello_world.py
README.md
= sdkconfig.ci

app_main{
# OUTLINE
TIMELIME

PROJECT COMPONENTS
S B M ESP-IDF w541 17 UART ) COM sp32 || £ I P Y C & X)2 M0 4P Build

printf(
ESP-1DF: Setting device target
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ESP-IDF ESP32 =2 12 US}7| — Hello World Code
ESP-IDF L2 USB JTAG L& &X|E Sdl ESP32 S3 &= MEiSHL| LY,

|Ent5rih:5niHZDai:rﬂgJ"Et:ﬂ-:He Paths list

ESP32-53 chip (via builtin USB-JTAG) ESP32-53 debugging via builtin USB-JTAG (board/esp32s3-builti...

ESP32-53 chip (via ESP-PROG) ESPZ ESP32-S3 debugging via builtin USB-JTAG (board/esp32s3-builtin.cfg)

SP32-53 Chip [:‘-.fia ESP-PROG-2) ESP32-53 debugging

Filter ESP-IDF

idf/components/xtensa

-- Configuring done (9.2s)

-- Generating done (1.5s)

-- Build files have been written to: C:/Users/rui_s/Desktop/ESP-

Target ESP3253 Set Successfully.
C:\Users\rui_s\.espressif\tools\xtensa-esp-elf\esp-14.2.0 202411
esp32s3-elf-gec.exe

ESP-IDF: Setting device target...

@ coMm11 € esp32s3 & & [ ®oMAo @Build T D 99
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ESP-IDF ESP32

T af st
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— Hello World Code

VS Code St&te| B dH B2 50| & H|=

54

Ofeh Ol X[off Al =l X &

» DUTLINE
» TIMELINE
# PROJECT COMPONENTS

X B ®ESP-IDFvS4.1  TF UART

= | ® ESP-IDF v5.4.1

H=30[ dEE|Of RLO{OF BFLLC.

[OF

O esp32

w7 UART COM11

I-T

- Configuring done (9.4s)
Generating done (1.5s)

< frui_s/De

- Build files have been written to: C:/User

et BulldProject + ¢\ cassfully.

o $ 5 B ®oho

. o

Tarﬁ

® coM11 O esp3 & ¢ @
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ESP-IDF ESP32 &

= el

VS Code & E Hello World ZE2X E

)

&

File

ORER

HELLO WORLD
devcontainer
'."'-'.'(‘(1-“

> build

v main

1 CMakelists.txt
hello_world_main.c
CMakelists.txt

b pytest_hello_world.py
README.md
sdkconfig

& sdkconfig.a

dkconfig.old

> OUTLINE

TIMELINE
PROJECT COMPONENTS

o} 7|

hello_world mainc X

nai nello_wondad_mn

|

image size:

world_main.c - hellc

world - Visual

Memory Type Usage Summary

bytes (.bin may be

padded lar

Studio Co

de

Build Succ

Hello World Code

ESP32 ESP-IDF A= 0| A| X]

Edit Selection View

essfully

B care-lab.kr
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ESP-IDF ESP32 2 Jcff A5H| - Hello World Code i care-tabkr

M= Of0|Z0| U

rr

"EHK| E2HA| " HE S 221510 Hello World ESP-IDF Z2HMEE ESP320]| S A|

Total image size: 207308 bytes (.bin may be padded larger)
TS Flash Device

T2 UART © COM11 Q) esp32s3

oMo £ Build

HEEOf M2 ESP322| 225 BOOT HES =8 Stid ZE= Hetfiop & == UASLICH Z2MATt
2 E|H " SEA 2= "2t JE HAIX| 7 E gL

python -m e [11'"- 11 chip esp32s3 -b 460808 before default_reset aftter hard
‘ o --flash size 2MB --flash freg 28m 8x0 bootloader/bootloader.bi
“n_Tnh1PIpnPtiTinn table.bin
or from the "c:\Users\rui_s\Desktop\ESP-IDF_Code\hello world\build" directory
python -m esptool --chip esp32s3 -b 460888 --before default reset --after hard
[/Build]

[Flash]

Flash Done #
# TIMELINE Flash ha

as finished. You can monitor your device with Flash Done 4
» PROJECT COMPOMNENTS

B ®EsPaDFvs4d fruaRt QO comil O

esp32s3 8 W S~ § I 1Y oMo EBuid T
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ESP-IDF ESP32 2 Jcff A5H| - Hello World Code i care-tabkr

2HOIO|EC 2 HA|=E"AX| BLIHE "EHE =& https://fishpoint.tistory.com/12218

> TIMELINE
> PROJECT COMPONENTS Monitor Device
¥ B ®ESP-IDFv54.1  TYUART  © COM11 O esp32s3

W (236) spi flash: Detected size(16384k) larger than the size in the binary image header(2
. Using the size in the binary image header.

Hello world!

This is esp32s3 chip with 2 CPU core(s), WiFi/BLE, silicon revision v®.1, 2MB external flash
Minimum free heap size: 389900 bytes

Restarting in 186 seconds..

T

Restarting in HF(DHdH...

Restarting in seconds. ..
Restarting in
Restarting i
Restarting

testarting in

h =] Q0

seconds. ..
Restarting seconds. ..
Restarting
Restarting
Restarting
u

= ok L BN

(%

Q comi1 e 3 & W L2 P &2 & B [+ 0 4 Build
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o0

“BLE Communication

o0

- ESP32 Wi-Fi

gooooan .-

- "BLE Communication

gooooaon
gooooo

~ /000000,

\

ESP32 “BLE Communication
Micromestoller

s’
’
7 .
’ 5\
@ Co©no
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Wi-Fi 2fo|B2{2] ZS}7| - #include <WiFi.h>

Wi-Fi 2E: AHO|M, MM A ZQIE Gl E CHAHO|M + WM A ZQIE):
Wi-Fi HIEQ3 A7H;

Wi-Fi HEQ3 HHA,;

Wi-Fi A2 HEf =2Ql;

Wi-Fi €42 Z4x =tol.

ESP32 IP 2 #9l;

ESP32 11 IPp T4 MH,;

Wi-Fi %E‘ '5HX'||;

HEA 24 = Wi-Fi CHA] A 3E;

ESP32 Wi-Fi O|#lIl E;

HA 27 F Wi-Fi HELA CtA] HZ(Wi-Fi O]l E):
ESP32 WiFiMulti

ESP32 SAE 0|8 HA

&n 2A
https://fishpoint.tistory.com/11170
https://fishpoint.tistory.com/10981
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https://fishpoint.tistory.com/11170
https://fishpoint.tistory.com/11170
https://fishpoint.tistory.com/11170
https://fishpoint.tistory.com/10981
https://fishpoint.tistory.com/10981
https://fishpoint.tistory.com/10981
https://fishpoint.tistory.com/10981
https://fishpoint.tistory.com/10981
https://fishpoint.tistory.com/10981
https://fishpoint.tistory.com/10981
https://fishpoint.tistory.com/10981

2 235k Wi-Fi 20| E 32| B care-lab.kr

—

Wi-Fi ZE: AH| O], N £ ZQIE Sl = CHAHO]E + AM A ZIE);

WiFi.mode(WIFI_STA) station mode: the ESP32 connects to an
WiFi.mode(WIFI_AP) access point mode: stations can connect to the ESP32
WiFi.mode(WIFI_AP_STA) access point and a station connected to another access point
Wi-Fi Client
(STATION)
.
Router C{'
(ACCESS POINT)
ESP32 Wi-Fi Client
(STATION) (STATION)

HERIZL Q= ESPO| HZSIH X O{sliof St= dA0= O] 40| MotshX| = = ULSLCL oA
ZAoL ESpP EEE A ZOEZ AHXN3|OF S| Ct,

106
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=

Wi-Fi Client
(STATION)

(o

Wi-Fi Client
(STATION)

(ACCESS POINT)

WiFi.mode(WIFI_AP);
WiFi.softAP(ssid, password);

WiFi.softAP(const char* ssid, const char* password, int channel, int ssid_hidden, int max_connection)

e ssid: WM& ZQIE O|F - X|CH 63K},

- password: E|2& 8A; WM A EZQAEE IS NULLE E7F,
« channel: Wi-Fi X2 H=Z(1-13)

« ssid_hidden: (0 = EREF|AE SSID, 1 = SSID &7|7|)

« max_connection: Z|Cff SA| AZ S2t0|AHE =(1-4)
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Wi-Fi 20|/ + M A EOQIE
WiFi.mode(WIFI_AP_STA);

ESP32= Wi-Fi 12| LHOIA 2X Wi-Fi MlE%ﬂ% AF0SH ¢ QAEL|ICH Arduino IDEOAM It > O|XM| > WiFi >
WiFiScan2 2 O| &35t a. Od2{™ ESP32 EE HR| L] Wi-Fi HIERAE A7St= AAH X7 2EFlL|CH

it.

FFEESIEA BERE AW

L
-
]
L]
L]
[ ]
L]
-
-
L]
-
L]
-
-
]
-
L]
]
L]
-
]
L]
]
]
L]
]
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Wi-Fi HE{3 A7H;

int n = WiFi.scanNetworks();

WiFiSSID()= £ HIE®A2 SSIDE &F

WiFi.RSSI)= oS LIERIAL| RSSIE et - ESHgf0| H=+= Wi-Fi HZ0| 7t ZEe= o0 gL .
WiFi.encryptionType()2 HERD E=3t Fd= dhet

« WIFI_AUTH_OPEN

« WIFI_AUTH_WEP

« WIFI_AUTH_WPA_PSK

« WIFI_AUTH_WPAZ2_PSK

« WIFI_AUTH_WPA_WPA2_PSK

« WIFI_AUTH_WPAZ2_ENTERPRISE
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—

Wi-Fi HES3 AHE;
void initWiFi() {
WiFi.mode(WIFI_STA);
WiFi.begin(ssid, password);
Serial.print("Connecting to WiFi ..");
while (WiFi.status() '= WL_CONNECTED) {
Serial.print('.");
delay(1000);
}
Serial.printin(WiFi.locallP());
}

B care-lab.kr
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—

Wi-Fi A2 Ef =el;

=1 Ly

while (WiFi.status() '= WL_CONNECTED)

0 WL_IDLE_STATUS: WiFi.begin()0| ZZE! [} Stete|= QA
1 WL_NO_SSID_AVAIL: AF2 7453t sSID7t gls Z#2QlL|C

3 WL_CONNECTED: WiFi HERZ0| HZE 42 L|LCt

4 WL_CONNECT_FAILED: 2= A|=0| = HZ0| Ailiot 42 L|Ct
5 WL_CONNECTION_LOST: 80| Z0{Tl A2 L|C}.

6 WL_DISCONNECTED: HE®3 HZ0| 0Tl ZLYL|LCH
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ESP32 IP A =9l

Serial.printin(WiFi.locallP());

ESP32 1™ IP A MHAH.

I

// Set your Static IP address
|PAddress local_IP(192, 168, 1, 184);

// Set your Gateway IP address

IPAddress gateway(192, 168, 1, 1),

|PAddress subnet(255, 255, 0, 0);

IPAddress primaryDNS(8, 8, 8, 8); // optional
IPAddress secondaryDNS(8, 8, 4, 4); // optional

setup()0l A WiFi.config() HIMEE S&5I0{ ESP320] 42 &

// Configures static IP address

if (IWiFi.config(local_IP gateway, subnet, primaryDNS, secondaryDNS)) {
Serial.printIn("STA Failed to configure");

}
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—

Wi-Fi &2 six;

WiFi.disconnect ()

1
AHE 24

2 Wi-Fi C}A| AHHA:

WiFi.reconnect() ¥

WiFi.disconnect();
WiFi.begin(ssid, password);

HEEIU=X F7IH2 2 =0l

unsigned long currentMillis

Serial.print(millis());

Serial.println("Reconnecting to WiFi...");

WiFi.disconnect();
WiFi.reconnect();

previousMillis = currentMillis;

}d

millis();

// if WiFi is down, try reconnecting
if ((WiFi.status() != WL_CONNECTED) && (currentMillis - previousMillis >=interval)) {

B care-lab.kr
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HA 2 3 Wi-Fi HHESA CHA| A (Wi-Fi O|HI E):

rr
)
40
oo
ot
4>
$0
o[>
r
A

Wi-Fi O|HIE= AZO0| B XS LX|StD HIE MAHAZAZ AT
(SYSTEM_EVENT_AP_STADISCONNECTED O|HI E A}&)

ESP327t GIZE I, IP FAZ WS 1f, G1ZO| BO{A W] A 7}X| Wi-Fi O E 7}
WiFi.onEvent(WiFiStationConnected, WiFiEvent_t::ARDUINO_EVENT _WIFI_STA_CONNECTED);

WiFi.onEvent(WiFiGotlP. WiFiEvent_t:ARDUINO_EVENT_WIFI_STA_GOT_IP);
WiFi.onEvent(WiFiStationDisconnected, WiFiEvent_t:ARDUINO_EVENT _WIFI_STA_DISCONNECTED);

B care-lab.kr
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ESP32 WiFiMulti;

ESP32 WIiFIMultiE AIESIH 3 4 E Jﬂ(SS|D/HI%'tﬂ§ ZTehE 522 = JUS L Lt ESP32= 7tH& &
MB(RSSNE 7+E Wi-Fi W ER 0| HASLLCH HZ0| BOXH FE9| CtF HERIZN HZAELCL O
WiFiMulti.h 2t0|E2{2| & ZE2t6lOofF SLCHEX|S 2o+ HAEEH ESP32 |0 7|2 ™Mo = [0 JUSLICH.

2 o

ESP32 SAE 0|2 HA

O_|_

EEOﬂ Arﬂxf ANY SAE OB HMSIE{™ WiFibegin(); M0 WiFi.setHostname(YOUR_NEW_HOSTNAME); &

| 2.4GH:

HA M TAE 0|E2 HolLIL}. 0f: String hostname = "ESP32 Node Temperature”;

O3 CHE WiFi.begin()2 2=5t7| ™0l WiFi.setHostname() &S == 2HLIC} Of2f 2t 20| WiFi.config()= 2= HOF
2L Ct.

WiFi.config(INADDR_NONE, INADDR_NONE, INADDR_NONE, INADDR_NONE);

WiFi.setHostname(hostname.c_str()); //define hostname
115
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Wi-Fi 20| 2 2{2| 7|E}

tofl & L| Cf. WiFi.begin(ssid);

e

UHS 213)2 Z2 AEJHO

HEHIH

==
—

Q

JLICEH M2 o e S S0 EEoHH K.

Wi-Fi E’E:l _E_x." EIH.I °| - E7E=| é,l'EH ELI E-‘I-"él, WiFi.status() -6|;||-

RO
X

I

WiFi X

joll
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ESP32 HTTP Web Server i caretabke

2 MHE J|2XHo2 WAOES HISD 0|F LMt ASKIA MYsts o olLio 2 YRE Tl S48
HEEQULICEL 22t K0 WAO|E FAS Y7Lt IS 2T O, ol2{22 2L o MU0 F2S L=
ALt
Web server
_
I 0|l oo —
Request T [HTML
"""'"""""} L 90 I,
T |
HTTP —
oo o] cel]
I N
Response =
—— I LN @ O J5
I
i

((74.125.130.139 )
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ESP327F & MH Z 7|55t & WO[X|E MIotA™ BHXA M 7tX| wi-Fi 2E & SILIE AFE5t HESRR AZE=S
MM OF ThL|CH A O|M(STA) EE, MM A ZOIEAP) BE, 5 (AP+STA) ZEQIL|LC}

!

Station (STA) Mode

ESP327F STA 2EQ = 7|= Wi-Fi WESLA0 9ZAStHs CEEO|Ll AQEX N} ZH2 CHE EHX| ¢}
&SI AEL|CE Wi-Fi HEEQZE AMStD, HERA O|E(SSID)I H|ZE2HSE ALESIY HZst 2

off g HEXHIS €57 L.

() (D)
el | === == ===
' I
| l
Mobile ' [
|
, : PC/Laptop
J I
! I
! 1
|
i
BN . ... . D |
. [
WiFi Router
|
1
_________ |
(&D)]
Tablet
ESP32 Web Server
WiFi Station(STA) Mode
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Access Point (AP) Mode

ESP327F AP 2= M XA Wi-Fi HERKIE 4d5tH, SSIDHERZ 0|F) HIYEHZ, Ip FTAE SIS LLCH
AOEEO|LL ZRH &2 LHE 77|52 0| HERIE BMot = 80 H2S 2 AZS = USL|CEH KA
SYHE P FAE SO ESP32= ME2 MHE HEAY AE= 2= 7|7|0 & HOo|X[E AF M = USLIC
(=) ((I-I})
Mobile
PC/Laptop

ESP32 Web Server
WIFI Access Point (AP) Mode

((l . ]})

Tablet
ESP32 Client
WIFI Station(STA) Mode 119
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Dual Mode
ESP327} £E5| LI Ct

O|2 AP+STA RE = £ neEgtn $HLCEH O] 2A0|M ES
SA|Of CtE 71717} HZE S = *

P32 2AH 0|2 = 7|E Wi-Fi HERIZO HE5I=
dgh = Us XM AM A ZAES Hdg = JAS LI
Ol= Wi-Fi AH Z|X| & =HEtAL M2 CHE HESRR 20| E2|X|E dd3t= 77| & #+5%t= & S80IER 7tsda
20 ELICH
= =] .
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Ex1. ESP32 Web Server in Station (STA) Mode S care-lab.kr

r A 192.168.1.6

Counter
1
VISITOR COUNTER
QOutput  Serial Monitor ¢ ¥ @ =
Mew Line * || 115200 baud -

Connecting to

WiFi connected..!
Got IP: 182.1eB.1.8

HTITF =erver started

server-stationmode.ino
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Ex2. ESP32 Web Server in Access Point (AP) mode

Output  Serial Monitor x ¥

& A 192.168.1.1 + @

New Line * | 115200 bauc

zerver started | n-tern e.t

4 B VISITOR COUNTER

Wi-Fi

Find and connect 1o Wi-Fi netwarks 1

@ ESP32

Saved f Mo Internet access

<
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Ex3. Displaying Sensor Readings on an ESP32 Web Server B care-lab.kr

TEMPERATURE sssssssessssecso NI EEETteTRees 0 A19216816
27 U ________________ II: iiiiiiii
L [ . | « « « = s I -E -------
iiiiii l LI L

80.6

-

i | i

[N

2 8 9 )

Output  Serial Monitor x ¥y O = J=
Mew Line * 115200 baud - 84 O

Connecting to

WiFi connected..!
Got IP: 182.1eE.l1.&

HTITP =erver started
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Ex4. Controlling Physical Things with a Web Server

: v A 192.168.1.6/led1on
- & L & & & & iifl Ll
L ' LI - 8 & &
- & & & =R =t & &
= =
- & & li.l.i II-I"
& & & & LEE - & & &
A | | LED CONTROLLER
Output  Serial Monitor x v O = Output  Serial Monitor x ¥y O =
Azl o sl New Line * 115200baud  ~
Connecting to - .
Connecting to
WiFi connected..'! -
Got IP: 192.168B.1.6& WiFi connected..!
HITF =zerver started Got IP: 192.16E.1.4
HITP serwver started
LED1 Status: OFF LEDZ2 Status: OFF

LED1 Status: ON

124



B care-lab.kr

A

iOl
E_
A O]
T A

=

CE

=

=

e s Z2E

—_
o

ol

M=K M 20| A HAlX]

L

(=)

= 7F

A
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"WebSocket"O| 2}

J|EX0| 0|82

ESP32 Web Server with WebSocket

Lo I N
< 1U<F KIr

|C
=
T
=
E
OF
o

ChE L
=
=
S|
S
L0
=]

=
|0
S
X

HTTP &4 1}
& E0AM O

L—
2

HH A
= =Ci0|¢UE FA

OEI
MS
[}

7L
z=

H} & O]
-

K
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HTTP Websocket

CLIENT SERVER CLIENT S
(Browser) o

Response o)
Web&atkettunnecnon ®
C\osed

\J | ' '
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ESP32 Web Server with WebSockets Code i care-tab ke

oholEe{2| 22X

ESPAsyncWebServer ¥

OFF

AsyncTCP 4

. ‘.,, @ coms — [} b4

Send

Connecting to MiFi
Connected..!
Got IP: 192.le8.12.112

Autoscroll [] Show timestamp BothML &CR - | 115200baud -~ Clear output

@ come - [} b4

¥ Send

rl Connecting to MiFi

OFF S OO

- Connected. . !
Got IP: 152.168.12.112
WebSocket client #1 connected from 192.168.12.221
WebSocket client #2 connected from 192.168.12.65
WebSocket client §1 disconnected
WebSocket client #2 disconnected

R ———

Autoscroll [] Show timestamp BothNL & CR  + | |115200baud ~ Clear output 127
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ESP32 SERVER ESP32 CLIENT
Access Point Station
D ) (g
D g Z HTTP GET: 192.168.4.1/temperature ‘ g Wi D) g;
$: P a: 32.16 °C . D ) §
: - i HTTP GET: 192.168.4.1/humidity
73.56 % o
% HTTP GET: 192.168.4.1/pressure

A 4

1017.79 hPa

|
Station connected to :
ESP32-Access-Point i

wireless network I

-------------------------

https://fishpoint.tistory.com/9983 128

5 Password: 123456789 E
' |P Address: 192.168.4.1 !

B ——————————————————————— -~
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ESP32 Wi-Fi & CH A{H| SZt0[AE

ZHME X1 https://fishpoint.tistory.com/9983

1=
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ESP32 Wi-Fi & Cf Al S2t0|HE

HES 7| & M 2ol 2e{2| EX|

-

lil

LIBRARY MANAGER

ESPA

Type: Al
Topic: | All

ESP Async E1.31 by forkineye

Async E1.31 sACN for ESPE266. Library
for the asynchronous processing of
sACM (E1.31 DMX over Ethernet) data.

Maore info

103 w INSTALL

ESP Async WebServer by

Me-Mo-Dev
3.3.17 installed

Asynchronous HTTP and WebSocket

Server Library for ESP32, ESP8266 and
RP2040 Supports: Web5Socket, SSE, ...
More info

337 w

REMOVE

sketch_oct18a.ino

W 0~ o w .

10
11
12
13
14
15
16
17
18
19
20
21
22

Permission is hereby granted, free of cha
of this software and associated documenta

The above copyright notice and this permi
copies or substantial portions of the Sof

*/

// Import required libraries
#include "WiFi.h"™
#include "ESPAsyncWebServer.h"

#include <Wire.h>
#include <Adafruit_Sensor.h>
#include <Adafruit_BME28@.h>

// Set your access point network credential
const char* ssid = "ESP32-Access-Point";
const char* password = "123456789";

B care-lab.kr
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H|S 7| TCP 20| E2{g|

LIBRARY MANAGER

async TCP

Type:  All v
Topic: Al w

AsyncHTTPSRequest_Generic by Bob
Lemaire Khoi Hoang <khoih. prog@gmail.com=

Simple Async HTTPS Request library, supporting GET, POST,
PUT, PATCH, DELETE and HEAD, on top of AsyncTCP_SSL
library for ESP32 (including ESP32_52, ESP32_53 and...
Mare info

250 w INSTALL

AsyncTCP by dvarrel
1.1.4 installed
Async TCP Library for ESP32. Forked from

https://github.com/me-no-dev/AsyncTCF to build 2
WebServer, with files saved in flash
More info

114 ~ REMOVE

AsyncTCP_RP2040W by Hristo Gochkov Khoi
Hoang

sketch_oct18a.ino

5
6
7
3
9

1@
11
12
13
14
15
16
17
18
19
20
21
22
23
24

Permission is hereby grant
of this software and assoc

The above copyright notice
copies or substantial port

*/

// Import required libraries
#include "WiFi.h"™
#include "ESPAsyncWebServer.

#include <Wire.h>
#include <Adafruit_Sensor.h>
#include <Adafruit_BME28@.h>

// Set your access point net
const char* ssid = "ESP32-Ac

const char* password = "1234

/*#include <SPI.h>

B care-lab.kr
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 Adafruit BME280 20| E 22|
« Adafruit unified sensor 2}0| E2{Z|

v ¥ Arduino UNO R4 Mini... = )

' LIBRARY MANAGER One-button.ino
i adafruit_bme280| #include "Keyboard.h"

[

Type: Al v 2 #include "Mouse.h"
5 Topic: Al v 3
| mm 4 [/ set pin numbers for the five but
Adafruit BME280 Library by Adafruit 5 // ht'tpf.:f,ffizhp::sint+tistcnr‘~y+cmmf93
prdano toraryfr uesosersos ooty |6/ iteps : //creatorjoseph. con/268
More info 7 // https://docs.arduino.cc/language
224 s
9 const int startlow = 12;
10
11 const int yellow = 3; //SW1l —
12 const int blue = 4; //SW2
13 const int green = 11; / /SW3
A4 A N . S S M. f e
Qutput  Serial Monitor = 5
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 Adafruit BME280 20| E 22|
« Adafruit unified sensor 2}0| 2 22|

v 2 ¥ Arduino UNO R4 Mini... -

One-button.ino

LIBRARY MANAGER

Idafruit unified sensor 1 #include "Keybca rd.h"
Type: Al v 2 #include "Mouse.h"
! Topic:  All e 3
| R 4 set pin numbers for the five but
Adafruit Unified Sensor by Adafruit e L - C . . o
<info@adafruit.com> 5 https://fishpoint.tistory.com/93
Required for all Adafruit Unified Sensor based 6 https creatorjoseph.com/268
libraries. A unified sensor abstraction layer used . ~ N - e ~
by many Adafruit sensor libraries. 7 https://docs.ardulno.cc/language
More info 8
\ 1115~ [ INSTALL ] ) 9 const int startlow = 12;
10
11 const int yellow = 3; //SW1 —
Adafruit 10DOF by Adafruit 12 const int blue = 4: ' SN2
<info@adafruit com> . ? o
— - M=
Library for the Adafruit 10DOF Breakout. This 13 const 1int green = 11; / /SW3
driver is for the Adafruit 10DOF Breakout, and — aa mmim e = mde  mm ] N [T INE
makes use of Adafruit's Unified Sensor Library t.. Qutput  Serial Monitor = 5

Maore info
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Adafruit SSD1306
Adafruit GFX 2}0| 22{ 2|

I LIBRARY MANAGER
i Adafruit SSD1306

Type:  All v
5 Topic: Al v

Adafruit S5D1306 by Adafruit

5501306 oled driver library for monochrome
128x64 and 128x32 displays 5501306 oled driver

library for monochrome 128x64 and 128x32...
More info

2513 v INSTALL

Adafruit SSD1306 EMULATOR by
Adafruit, extended by Sam P

5501306 emulator oled driver library for

One-button.ino

183
184
185
186
187
188
189
196
191
192
193
194

1QKE

Keyboard.releaseAll();

delay(560);
Serial.println(“operate black e

-
.

if (digitalRead(white) == LOW) /
{
Serial.println(“"white Button");
delay(56€0);
Serial.println(“operate white e

5 —

*/

B care-lab.kr
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« Adafruit SSD1306
- Adafruit GFX 20| E&{Z|

LIBRARY MANAGER One-button.ino ves
Adafruit GFX| 183 |-;:E-jl_jgaﬁd,*e'_ease--__  ;
Type: Al v 184
Topic: Al v 185 delay(500);
R 10s ~ [ INSTALL 186 Serial.println("operate black e
| 187 }
188 if (digitalRead(white) == LOW)
Adafruit GFX Library by Adafruit 189 {
Adafruit GFX graphics core library, this is the ‘core’ 198 Serial.println("white Button"):
class that all our other graphics libraries derive ) . _ ) ’
from. Install this library in addition to the displa... 191 del ay (560 ) ;
More info 4 .
192 Serial.println("operate white e
120 QD) ) 105 ) :
194 */
195
Adafruit ImageReader Library by -
Adafruit Qutput  Serial Monitar = 5
| Zo il b il -
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ESP32 Wi-Fi & Cf Al S2t0|HE

#1 ESP32 AH{ (WM A ZIE) BME280 ESP32

VIN/VCC 3.3V

GND GND

Wi G

pe! o
n o
n o
n o
o @n
n o
el o
pol o3

SCL GPIO 22

SDA GPIO 21

€ coms - 0o X
|
A

ets Jun 8 2016 00:22:57

rst:0x1 (POWERON‘RESET) ,boot:0x13 (SPI_E‘AST_FLASH_BOOT)

configsip: 0, SPIWP:Oxee

clk drv:0x00,q drv:0x00,d drv:0x00,cs0_drv:0x00,hd drv:0x00,wp_ drv:0x00
mode:DIO, clock div:1l

load:0x3£f£f£f0018,1len:4

load:0x3fff001c,len:1044

load:0x40078000, 1en:889¢

enfjry 0x400806ac
Sefjting AP (Access Point)..AP IP address: 192.168.4.1

v

Autoscroll [7] Show timestamp BothNL&CR | | 115200baud Clear output
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AOFEZO|A Wi-Fi A™H 92 0|=3}0] ESP32-Access-Point0f] HZASHL|CI H|2HS = 123456789Q! L},

11:43 M e W LHE 11:46 O €L
&  Wi-Fi Q, O @ 192.168.4.1/temperatu
Use Wi-Fi O 18.80
E\- l""‘ e B 11:46 '® |||:||| e“xﬁ
' Connected Q
O ® 192.168.4.1/humidity :
¥  ESP32-Access-Point A
69.91
¥  MEO-WiFi
11:47 e ©LH

¢ MEOL T A

O ® 192.168.4.1/pressure

1021.21
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#2 ESP32 =C}O[AE(AH|O|M)
OLED ESP32

VIN/VCC VIN

GND GND

HTTP Response code: 200

b & I
- Wi ) = GPIO 22 (SCL) SCL GPIO 22
_'{,1'.1 ®) o
; D = SDA GPIO 21
n x
2 n I -
J: f & coms - 2 %
wu J: | Send
: 8 e — —

HTTP Response code: 200

Temperature: 18.89 = Humidity: 74.41 % - Pressure: 1021.20 hPa

u

“
m
(r}
=

HTTP Response code:

o Bl
o e

HTTP Response code:

o

HTTP Response code:

Temperature: 18.92 * Humidity: 74.41 % - Pressure: 1021.18 hPa

HTTP Response code:

=]
= G O I |

HTTP Response code:

o

HTTP Response code:

Temperature: 18.96 * Humidity: 75.60 % - Pressure: 1021.20 hPa

T

HTTP Response code:

D O

HTTP Response code:

o O
o O

HTTP Response code:

*
O D NN MDD O D DD DD DO
= o S O O
(=

Temperature: 18.99 *C - Humidity: 75.39 % - Pressure: 1021.17 hPa

v

Autoscroll ["] Show timestamp BothNL &CR  + | |115200baud Clear output
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Mo

DHT MAMOM 22 8! 5= & 10 ST}
ESPAsyncWebServer 2l0|E2{2| & AIE 10| H|ES7| &l AHE 2E
2 HO|X[E M2 13 EHe g0 Xts2= MM Etxgis RO o[Eg L Lt
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ESP32 Bluetooth

“BLE Communication

00

000000
[ - [ -
- -
[ - -
[ o e
[ - | [ -
=3 -
000000,

ESP32

Micrometoller

CeD

“BLE Communication

“BLE Communication
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Bluetooth Classic vs. BLE

Data Rate

Frequency Band
Number of Channels

Communication Range
Power Consumption

Device Pairing is Mandatory?
Supported Topologies

Modulation Technique

Latency

Bluetooth Classic
1 Mbps for BR2-3 Mbps for EDR

2.4 GHz ISM band
79 Channels with 1 MHz spacing

8mupto100m
High (up to 1 W)
YES

Point-to-Point (1:1)

GFSKmt/4 DQPSK8 DPSK
35ms

B care-lab.kr

Bluetooth Low Energy (BLE)
500 kbps — 1 Mbps

2.4 GHz ISM band

40 Channels with 2 MHz spacin
g

8mupto100m
Low (0.01 Wupto 0.5W)
NOT Mandatory

Point-to-Point (1:1)Broadcast (1:
many)Mesh (many:many)

GFSK
2-16ms (Avg. 9ms)
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ESP32 Bluetooth Protocol Stack

ESP32

Bluedroid / Apache NimBLE
PC / Smartphone / Tablet

S UART / SDIO
> ~ O] Linux / Android
Bluetooth @'—j
Controller h PC
L
O] Test Tool (BQB)
UART

Espressif's Bluetooth architecture description.

@ coms - O X
Send
The device started, now you can pair it with bluetooth!
Code
File > Examples > BluetoothSerial > SerialtoSerialBT
[+ Autoscroll [] Show timestamp Newline « | 115200 baud Clear output 142



https://www.espressif.com/sites/default/files/documentation/esp32_bluetooth_architecture_en.pdf
https://www.espressif.com/sites/default/files/documentation/esp32_bluetooth_architecture_en.pdf
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Connecting to the Android Phone

551 Mon, 28 Aug e A BT

i serial bluetooth
£ Bluetooth

Connected devices Pair new device 0 [

= Do Not Disturh § Toreh -

+ Pair new device Device name
Bluetooth will turn on 1o pair A
No notifications

Previously connected devices Avallable devices

, Seeall E ESP32test

Eluetooth will Turm on

Phone's Bluetooth address: 609760004 F2:31

Similar apps

= Terminal

Serial Bluetooth Terminal Terminal

Terminal Bluetooth Classic  Bluetooth LE

Devices ESP32test
E0:70:3ACE 1256
Settings

Infio
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Connecting to the Android Phone

& come — O *

Send

The device started, now you can pair it with bluetooth!

Hi! |

[«] Autoscroll [] Show timestamp Mewline w | 115200 baud Clear output

@ coms — O b4
How are you? Send
The device started, now you can pair it with bluetocoth!

Hi!

[+#] Autoscrall ] Show timestamp Newline v | |115200baud Clear output
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Bluetooth-Controlled Relay

. o000 ODOOUODODODODODODD
W £E0 L 800N BOO 61§50 ¥ DAL E08 WO B0 $10 08D TAL

Pss6ce666006006nn
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Bluetooth-Controlled Relay B care-lab.kr

2 come

Send

The dewvice started, now you can palr it with blusetooth!

Autoscroll [ ] Show timestamp Mewline w | | 115200 baud -~ Clear output

2 come

Send

The device started, now you can pair it with
on

off
on
off

bluetooth!

[+] Autoscroll [ ] Show timestamp Mewline w | (115200 baud Clear output
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Bluetooth-Controlled Relay

R P T

Edit Macro / Edit Macro

(D) HEX () Muiiline Text ] (O HEX () Muhiiline Text

Fn Y
) ISt [ s L] [l

[ repeat [ Repeat
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Bluetooth Low Energy (BLE) Basic

Bluetooth Profiles HE2EA EZZOAUL J|E E2ZEA EFES JlHoZ
=752 250 &= HOIH fY¥s X8t H =
AE BM S SQots U, Z2LE2 AE TAE oL

=552 71717t A Jdts ZE2ME2

MxTa| SEEA HEMS G EA

OIE{ I O|A C|H}O|A(HID) Z2I}Y

Special Interest Group) =& F

ZEO o ™A 552 o7|0A =

o

ot A (HSP)2 At&3Ste

erL|C}. o]2{et ==}
bt

= Az L

.

https:.//www.bluetooth.com/specifications/specs/

HE BF BLE Z20j20| Ol 7|HC= 5t2 2, 0j2{F0| BIEA =X

GAP1 GATTRILICE O|A| Ol=& H AtM|o|] EOtE %l L.

B care-lab.kr
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https://www.bluetooth.com/specifications/specs/
https://www.bluetooth.com/specifications/specs/
https://www.bluetooth.com/specifications/specs/
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GAP (Generic Access Profile)

oy

T

(=
=

F

o 2

=L

ohEl X =,

1 Of A

O M =H0|H A+

1

-
(@]
o

et DLIEL 28 BANY 2

O T

Z
=

Peripheral devic
Y 71710 A

tE BRI =, ALE At

=
=

N2l s=Har M2 e

o e

M
L

Jofl

=
|

o|Lt Ef = alH

T
—

CH

o~
o
TT

Astxoz

=

Central devices

CH&F R L EF.

FF

FlConet

Piconet #1

KEKE Ko &

Piconet #4

Piconet #3
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GATT (Generic ATTribute Profile)

GATTE= OIO|He| 4 =Alnp = BLE &X| 7t G|O[ &
GAPI} 22|, GATTE A HO|E H& HXtet HADHS

o 1L =

CO|Ef= Ofgf It 20| ABMOE ‘AMH|ABts MMOZ TMED, Ol HUHOE BAE AFSX HlO|E T2l

S4'8 AESUU T

GATT Server

SERVICE

CHARACTERISTIC

CHARACTERISTIC

CHARACTERISTIC

SERVICE

CHARACTERISTIC

CHARACTERISTIC

CHARACERISTIC

Value

Descriptor

Handle

Permissions

BS care-lab.kr

—
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GATT Server and GATT Client i care-abe

CHARACTERISTIC

Requests / Commands

4

Responses

CHARACTERISTIC

CHARACTERISTIC

FHrESFFEETEEETE

21 X311 R

CHARACTERISTIC

CHARACTERISTIC

GATT Server
ESP32

GATT Client
Smartphone / PC
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BLE on the ESP32

Code

File > Examples > ESP32 BLE Arduino

| @ server | Arduino IDE 23,6

Ed'lt sketch Tools Help

Mew Sketch Ctrl+M

Mew Cloud Sketch  Alt+Cirl+N

Open.. Ctrl+0
Open Recent b
Sketchbaook >
b
Ctrl+W
Save Ctrl+5
Save As. Ctrl+Shift+5
Preferences... Ctrl+Z=0f
Advanced >
Quit Ctrl+Q
— I
28
29
3@ BELEAdvertis
31 pAdvertisin
32 pAdvertisin
33 pAdvertisin
34 pAdvertisin
35 BLEDevice::
36 Serial.prin
7}
38
39 void loop() {
48 put your
411 delay(2000)
42}
43

07 Display

08.5trings

09.USE
10.5tarterkit_BasicKit

11.ArduinolSP

Examples for ESP32 Dev Module

ArduinoCTA

BLE

BluetoathSerial
DMNSServer
EEPROM

ESP Insights

ESP RainMaker
ESP_I25
ESP_NOW

ESP SR

ESP32

ESP32 Async UDP
ESPMDNS
Ethernet

FFat

Firmata

Hazh

HTTPClient
HTTPUpdate
HTTPUpdateServer

Keyboard

_ i i e dnl

bl

bl

> GEes creAcacanaaln

>I Beacon_Scanner

b BLES_extended_scan

> BLES_multi_advertising

b BLES_periodic_advertising

> BLES_periodic_sync

> Client

> Client_secure_static_passkey
b EddystoneTLM_Beacon

> EddystoneURL_Beacon

> iBeacon

> Maotify

> Scan

> I Server I

b Server_multiconnect

> Server_securs_authorization
b Server_secure_static_passkey
> UART

> Write

3

bl

N Ln1,Col 1 ESP32 Dev Module on COM14 0

: :PROPERTY_READ

nel™y;

BLECharacteristic: :PROPERTY_WRITE);

B care-lab.kr
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nRF Connect to Test i care-labbe

5:51 Mon, 28 Aug

= Devices i = Devices STOP SCANNING &
W Intemnet y % Bluetooth
SCANNER BOMDED  ADVERTISER SCANNER BOMDED  ADVERTISER

=) Do Mot Disturb H Torch

69 nRF Connect for
Mobile

Nordic Semiconductor ASA

Nofiter

CONNECT :
No natifications

153
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NRF Connect to Test

Devices DISCOMMECT  § = Devices DISCOMMECT Devices DISCOMNECT

BONDED  ADVERTigER MYESP32 BONDED  ADVERTISER MYESPS2

y ATIS MYESP32
S BONDED  ADVERTISER ¢

DANCENZSE

Generic Attribute
01801

Generic Attribute Generic Attribute
01801 1801

Generic Access
01800

Generic Access Generic Access
01800 01800

Unknown Servic
4f

Unknown Service Unknown Service
4fafe201-1b5-45%-8fccol G 4fa 1-11b5-459e Bfcoob
Unknown Characteristic :
[ beb5 F6e1-4688-b715-ea07361026a8
;- READ ITE

Unknown Characteristic
0 beb 6e1-1688-b715-ea073
rt WRITE
F-20-57-6F-72-60-64-21,

154
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“BLE Communication

o0

. ESP32 GPS

4

gooooan .-

o

~ /000000,

- "BLE Communication

000000
000000

\

ESP32 “BLE Communication
Micromestoller

s’
’
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’ 5\
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NEO‘6M GPS E% SpeC BN care-lab.kr

+ GPS modules NEO-6M, 3V-5V power supply Universal & N
* Model: GY-GPS6MV?2

» Destined module with ceramic antenna, signal super |

« Save the configuration parameter data EEPROM Down |

« With data backup battery 1 4 /
« There are LED signal indicator N\

« Antenna size 25 * 25mm

« Module size 25mm * 35mm
« PCB size 36mm*26mm GY-GPS6MV2
« Installation aperture 3mm

« Default Baud Rate: 9600

« Compatible with various flight control modules that provide GPS computer test software

- Tiny GPS 2}0|E 212

- HE2 Do UK Hs L

At C|HFO|ADOLE https://www.devicemart.co.kr/goods/view?no=1321968
Datasheet https://content.u-blox.com/sites/default/files/products/documents/NEO-6 DataSheet %28GPS.G6-HW-09005%29.pdf
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NEO-6M GPS 2= Interface B care-labkr

3.3V low- dropout Regulator

@ ® .
UCC RX TX EAD y

NEO-6M Chip

ZNUSSda-A9

= Antenna

Position Fix LED

B UART
B vCcC
B GND

» U.FL Connector

Operating Voltage 3.3V LDO Regulator @

3.7V 0 5V oo | & ——® NEO-6M GPS Chip

NEO-6M-0-001
24221838061

NEO-6M-0-001
24221838061
1510

ZNH9Sd9-A9

Rechargeable @
Button Battery

= Position Fix LED
Indicator

HK24C32 Serial EEPROM

NEO-6M PS n_ le

_ PINOU

r PIN

F10: C|HIO|ADLE https://www.devicemart.co.kr/goods/view?no=1321968 157



https://www.devicemart.co.kr/goods/view?no=1321968

NMEA =% O3}

B care-lab.kr

NMEA+ National Marine Electronics Association2| %AtZ 72| B= GPS =A17|0] B HA|X] & Al

GPS - NMEA sentence information https://aprs.gids.nl/nmea /

$GPBOD - Bearing, origin to destination

$GPBWC - Bearing and distance to waypoint, great circle
$GPGGA - Global Positioning System Fix Data
$GPGLL - Geographic position, latitude / longitude

$GPGSA - GPS DOP and active satellites

$GPGSV - GPS Satellites in view

$GPHDT - Heading, True

$GPROO - List of waypoints in currently active route

$GPRMA - Recommended minimum specific Loran-C data
$GPRMB - Recommended minimum navigation info

$GPRMC - Recommended minimum specific GPS/Transit data
$GPRTE - Routes

$GPTRF - Transit Fix Data

$GPSTN - Multiple DataID

$GPVBW - Dual Ground / Water Speed

$GPVTG - Track made good and ground speed

$GPWPL - Waypoint location

$GPXTE - Cross-track error, Measured

$GPZDA - Date & Time

—p $GPGGA, 130113.00, 37XX.XXXX,N, 07XXX.XXXX, E,1,04,3.97,404.9,M,45.7,M,,*79

130113 - H|O|E{7} =% =l A|ZFQl 13:01:13 UTCE LIEHMHL|C.
37TXXXXXX,N - Q&= 375 XX XXXX' N

O7XXXXXXX,E - BE 007% 07XXX.XXXX,E

1- 52 £3(0 = ]23IX| 8; 1 = GPS +7%; 2 = DGPS +7%; 3 = PPS +7; 4
= HAIZt 28385 = ERERTK; 6 = FY(FY 8Y); 7= +8 Y3 BE; 8=
AlZeo]d 2 E)

- 3.97 - f1X|e] =4 3|H

404.9, M - olI'& 0= (0|E)

45.7, M - WGS84 EtH| {2 X|20]|E(E# o) =0

. H|O| 92 - DGPS UL|O|E A|Zt

H[O] QA

olo

- DGPS AE|0|M ID

. *79 - M3 HIO|E{S SA 2 ARELICL
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ESP32 NEO-6M GPS 2= 3|2

HoHHHHHY

-------------------------------------------------------------------------

3

B

35 B3IY VN VP

©

25 133 B3 D

24221857710

1816

NEOQ-EM-0-001

0100 21 =
@ @i Bl

® 7@
UVCE R T® GHD
o4

____________________________________________________________________

" " 6SP 061225
@ O- of 110mAh 3.7V

* AEQ} 2| & https://fishpoint.tistory.com/12360
159



Code B care-lab.kr

ESP32 - UART A|Z2| € (Serial)
#define RXD2 16

frdefine TXD217 UART RX 10 TX 10 CTS RTS
#define GPS_BAUD 9600 UARTO GPIO3 GPIO1 N/A N/A
// Create an instance of the HardwareSerial class for Serial 2 UART1 GPIO9 GPIO10 GPIO®6 GPIO11

HardwareSerial gpsSerial(2);
UART2 GPIO16 GPIO17 GPIO8 GPIO7

void setup(X

// Serial Monitor UART1(GPIO 9 % GPIO10)0f Z8t0f — O] GPIOE= ESP32 SPI Z2jA| o 22|0f
Serial.begin(115200); AZE e OE AFBE = USLICH UARTIS AMBSHY CHE X%t

a2 ™ HardwareSerial 2t0|E2{2|& ALE5L0] CHE TS E2|sOF L Ct.
// Start Serial 2 with the defined RX and TX pins and a baud rate of 9600
gpsSerial.begin(GPS_BAUD, SERIAL_8N1, RXD2, TXD2);
Serial.println("Serial 2 started at 9600 baud rate");

}

void loop() UARTO

while (gpsSerial.available() > 04
/] get the byte data from the GPS
char gpsData = gpsSerial.read(); . . UART?2
Serial.print(gpsData); vr E1

}

delay(1000);

Serial.println("-----====== === mem e e e M)

}
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$GPRMC,041436.00,A,3722.34280,N,12657.10130,E,0.163,,291125,,,A*71

$GPVTG,, T,,M,0.163,N,0.303,K,A*27
$GPGGA,041436.00,3722.34280,N,12657.10130,E,1,06,1.20,47.7,M,18.5,M,,*68
$GPGSA A, 3,32,31,26,29,16,03,,,,,,,2.45,1.20,2.14*0D $GPGSV,2,1,06,03,22,296,2800,A,A*60
------------------------------- $GPRMC,041437.00,A,3722.34257,N,12657.10132,E,0.207,,291125,,,A*79
$GPVTG,,T,,M,0.207,N,0.383,K,A*2E
$GPGGA,041437.00,3722.34257,N,12657.10132,E,1,06,1.20,47.5,M,18.5,M,,*63
$GPGSA A, 3,32,31,26,29,16,03,,,,,,,2.45,1.20,2.14*0D $GPGSV,2,1,06,03,22,296,2800,A,A*69
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NEO-M8N GPS B = Interface

6PS Module
With Gompess

Specifications:

GPS line order:

black wire: GND

Green line: TX

Yellow Line: RX

Red Line: + 5V

White Line: SDA

Orange Line: SCL

Color: Black
Size:53*53*10mm/2.09*2.09*0.39inch

B care-lab.kr

GPS/QZSS L1 C/A, GLONASS L10F, BeiDou B1
SBAS L1 C/A: WAAS, EGNOS, MSAS
Galileo-ready E1B/C (NEO-M8N)

Nav. update rate1 Single GNSS: up to 18 HZ
Concurrent GNSS: up to 10 Hz

Position accuracy?2 2.0 m CEP

Acquisition2 Cold starts: 26 s

Aided starts: 2 s

Reacquisition: 1.5 s

Sensitivity2 Tracking & Nav: =167 dBm

Cold starts: =148 dBm

Hot starts: -156 dBm

Assistance AssistNow GNSS Online
AssistNow GNSS Offline (up to 35 days)3
AssistNow Autonomous (up to 6 days)

OMA SUPL & 3GPP compliant

Oscillator TCXO (NEO-M8N/Q),

Crystal (NEO-M8M)
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VP EN

8

efeflefofofofole
| RRRARARA_

5 133 D32 P35 D3N VN

L2

o
M
-

7y VoS

UCC RX TX GHD
N o= - -
- (=] - .
BN
L=

Q@oiox® ®CD

NEO-MBN-0-001
24221857710
1816

0100 21

@ © ubionis

g CMD Sp3 53D2 D13 DPL2DL4 D27

GY-GPS6&MU2

A M| AFE R I A E https://fishpoint.tistory.com/12408
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NEO-M8N GPS 2 & A& CHA

XHZ NEO-M8N GPS E& 2 ESP320|| ¢ZAstL|C}

Al GPS LIO|HE @2 M L.

Al HOIHE &40t WEiE1 85 = A= GPS S§ES Fa L

X ?IKE =2t 8.

-

QK| £ microSD 7t=o| mof 7| EgtL|Ct,

=
Google EarthOAM & == & kml Tt Z HO|EHE BHEtetL|C},

BE2F HEAISHHH kml I}¥E Google Earth0l| = ESHA Q.

B care-lab.kr
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TinyGPSPlus 2t0|E2{Z2| & A&%H NMEA 2% #& =4

TinyGPSPlus 20| 2.2{2] MX| Code

neo_ma8ntinyplus.ino

P — .
sketch_jul uino 3. =
& sketch_jul3d | Arduino IDE 2.3.2 a x|

File Edit Sketch Tools Help

' 21

LIBRARY MAMAGER sketch_jul3d.ing wee

— L ot setw0) { | LAT: 37.372395

e Al v : S LONG: 126.951942
o Topic: Al v -ﬂ } SPEED (km/h) = 1.06
[ TinyGPSPlus by Mikal Hart , void loop() { ALT (min)= 37.70
| @ | of o7 nch semcences e s 2 HDOP = 1.69

S 10 B Satellites = 6

More info

103 w INSTALL

TinyGPSPlus-ESP32 by Mikal Hart

A GPS library A compact Arduino NMEA
(GPS) parsing ibrary

More info

002 INSTALL

Ln 10, Col 1

X Mo board selected [

Time in UTC: 2025/12/8,3:27:40

LAT: 37.372395

LONG: 126.951942

SPEED (km/h) = 1.06

ALT (min)= 38.10

HDOP = 1.69

Satellites = 6

Time in UTC: 2025/12/8,3:27:41
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TinyGPSPlus 2t0|E 22| & GOl &3

if (gps.location.isUpdated()) {

A= gps. XL =)

A gps.?IXl.Ing()

£ & (km/h) gps.Z &= kmph()
12 (O]8f) gps. 1 =.0]E()
HDOP gps.hdop.value()

20| EO0lE 249l % gps. 214 240

HE gps. ZR.H()
2 gps. .20

= gps. ER.2 ()
AT gps. AlZEAIZH)
= gps.AlZEE()

= gps Al *o

BS care-lab.kr
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Google EarthOlM GPS 2H U HAE HA|

€24 22¢ Dx4 Ox¥ T2¢ LT¢ 910 5S¢ 2xi 2xX¥ et s
HHHHHHHY
)

I
z L |
I
X
X
I

ARAARRARAR "'

ha 2t

B care-lab.kr

NEO-M8N GPS Module | ESP32

VCC 3Vv3

RX TX2 (GPIO 17)
X RX2 (GPIO 16)
GND GND
MicroSD Card Module ESP32

3V3* 3V3

CS GPIO 5

MOSI GPIO 23

CLK GPIO 18
MISO GPIO 19

GND GND
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Code: neo-m8n-sdcard.ino

microSD 7tEQ} GPS &S X7|25t1, CIO|E] ZQAETJ} A 7t5ollX|n MZ2=2 ZQIEJ} O|H
ZOIEO|AM 10/E 0] EO{X|H GPS HIO|E{ S XFeL|LCt.

HIO[E{E 7|F%t £, microSD 7IES Z2E0M 22|51 HFE0| HESIML. microSD 7IE0= F2
7t Mg E data.txt L+HO| UFLILCL.

KML It
data.txt IIY S .kml YA O = Het
https://developers.google.com/kml/documentation/kmli_tut

Google Earth0f| 22 HA|

~ Earth Q,
<+ Mew .
Start exploring
Google Earth provides the latest data and imagery for compelling maps and stories
m All projects

[0 Create a new project . =] Import file to project
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;l.% O-I iO-” 7OZ|E EA' BN care-lab.kr

ESP32 GPS Data «» sa

~ File

G View all projects cri+0 B, M ® A

View Add Tools Help

Find
Saved to Google Drive

L [ New project Ctri+J

5] Import file o ESP32GPS Data @B @ imoort from Drive (S ESP32 GPS Data ' @ Stideshow
File

View Add Tools

® Open My Maps from Drive [ Upload from device

Local KML files
B New local KML file Ctri+K

B Open local KML file Ctrl+l

& Export as KML file Ctrl+E

@ Delete

s : » 3
anta de Gramio_ o

A &S
N TYFREDIEIRC
. %t
o e N




ME8 Z& SIM800L QIE o] A B care-tab.kr

SIM800L GSM/GPRS Module A& https://www.espboards.dev/sensors/sim800l/#code-examples
73 XIE https://fishpoint.tistory.com/12402

GSM E &2 Global System for Mobile Communications(0| s & 4S @8t HE A|AH) 7|22 ALESHY, 7|7|7t
SUHZEME GSM HESAE &l 2d % HOolH STt AL, O._|E1 S & = A SiF= StERY AL Ol=
T2 OO|ZAZHEZE(MCU)7L = .:.E._ YHICI= *l*E“ AtE QIHY, A0HE 7[7] §)0M ZEHFEHI FOE2 7|52

ASIA|AHA BEM EAES 2 SH= O AR EIL|CF

o=
SIM800L

]

NTEE00EE 00D

[ 111 r'111 1117
COODOOODOOPOBODODBMN

[s]

]
o

o
o
[ ]
]
[#]
[ ]
=]
)
[ =]
=]
[5]
o

]
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ESP32 GPS =&7| #+d 84

B care-lab.kr

Component Purpose Voltage
ESP32 Development Board Main processing unit & Wi-Fi 3.3V (5V input)
SIM800L GSM Module GPRS cellular connectivity 3.7-4.2V
NEO-6M GPS Module Satellite location tracking 3.3-5V

Neo-6M (RX) -» GP1017

SIM80OL (TX) » GP10O18

SIM80OL (RX) » GPIO19

GSM/GPRS
Antenna

L v ©

EIFE sz )

a

LT OIdD

8T 01dD.

0000000000 O0G0
LR ET]

1L

-------

GPIO 32 470Q - LED(+ve)

Data Sent
Indication
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GPS =X & /%t Geolinker 222 E S E HH i core-tabi

Circuit Digest Cloud0fl Af AE& BEEM K. https://www.circuitdigest.cloud/

Geolinker - GPS Visualizer

Visualize GPS data from loT devices on an interactive

# CIRCUIT map with route tracking and timestamps. Perfect for
CHSE ST asset and people tracking solutions.

£ SReurr sty =3

Welcome Back
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B care-lab.kr

Geolinker AP| 7| Al A
£ ciReum

Generate APl Key

Your API Details

Date of Expiry AP| Usage Geolinker Waypoints

0,100 this month
CAS & AMPR APg

0/10000
1% trackineg dats

Phone Numbers

® You can link up to 5 Indian phone numbers

A% HI0|H EZO9IE = 10,0007 &

A 2 SMS 5L ANPR APIS| B2 7|E AL S+ £ 1002/ = HgtE|D , GPS =X 2
Mgt &L L. O| X1|°+01| Eororn 1oo_ca| A8 TR MBSt M 712 MAE £ LT 0] AL RS M A
FoHE LX|5H7| floi H&ELCh.
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M #include <Geolinker.h>

ESP32 GPS _7|S 7 Z2 a2 Q BB care-lab.kr

1. 2fojEg{z| 3

2. Neo-6M GPS B & ESP32 QIE Io|A

HardwareSerial gpsSerial(1);
#define GPS_RX 16

#define GPS_TX 17

#define GPS_BAUD 9600

3. GSM 2& #/d

HardwareSerial gsmSerial(2);
#define GSM_RX 18

#define GSM_TX 19

#define GSM_BAUD 9600
#define GSM_PWR_PIN -1
#define GSM_RST_PIN -1

4. WE YEYI Y

const char* apn = "yourAPN"; « APNE Access Point Name: AOIEZE Zt2 77|71 EAMAI &
const char* gsmUser = nullptr; Soff QIE{Hlo[LE MMS Z2 GOl MH|AE 0|8Y == JUEE
AAS] == A O|EQI0]' 9 Z ot= 478 78

const char* gsmPass = nullptr;
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ESP32 GPS =AM 7| =2 ¢ BN care-lab.kr

5. GeoLinker 2% +4

const char* apiKey = "XXXXXXXXXXXX";
const char* devicelD = "ESP32_Sim800Ll";

CIO|Ef & 5! Ko M3
AMXA.
= 0.
6. LED &E EA| 7|

. QX7 MB3Foz2 HZEL|H DataSent LEDZ} 2t L|C},
« GPS7t 7=t X[ HO|EH & 22 ™ GPSFix_LEDZt 74 & L L.

7. Geolinker X£7|3}

Geolinker geo;
geoZt= ZEHSH M7t BEE =X, GSM X S2HRE XS el ok
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ESP32 GPS =AM 7| =2 ¢ BN care-lab.kr

8. 2% GeolLinker 22t%E T

const char* apiKey = "XXXXXXXXXXXX";
const char* devicelD = "ESP32_Sim800Ll";

CIO|Ef & 5! Ko M3
AMXA.
= 0.
6. LED &E EA| 7|

. QX7 MB3Foz2 HZEL|H DataSent LEDZ} 2t L|C},
« GPS7t 7=t X[ HO|EH & 22 ™ GPSFix_LEDZt 74 & L L.

7. Geolinker X£7|3}

Geolinker geo;
geoZt= ZEHSH M7t BEE =X, GSM X S2HRE XS el ok

AL, 3|2 XMF Git https://github.com/Circuit-Digest/GeolLinker.git
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