Preface . . ...ttt i i i 25
Chapter 1 ¢ The ESP32 ProCeSSOr . . ... vvvsnnnnnnnnsssssssnssnnnsnnssass 28
1.1 OVeIVIEW . . st e e e e e e 28
1.2 The Architecture of ESP32 . . . . . . . . . 29
1.2.1 The CPU . . . e e e e e e 30
1.2.2 Internal Memory. . . .. 31
1.2.3 External Memory . . . .. . e e e 31
1.2.4 General PUrpose Timers. . . . .o ittt e e e e e e e e 31
1.2.5 Watchdog Timers . . . .. e e e e 31
1.2.6 The System CloCK . . . . . o o v it e e e e e e e e e e e e e 31
1.2.7 Real Time Clock (RTC) .+ v v it e e e e e e e e e e e e e e e s 31
1.2.8 General Purpose Input-Outputs (GPIOS) . ... .. .. ittt e 31
1.2.9 Analog To Digital Converter (ADC) . . . .. ittt e 31
1.2.10 Digital To Analog Converter (DAC) . . .. .. ittt e e e e e 32
1.2.11 Hall SENSOr & v v e 32
1.2.12 Temperature SenSOr . . . o v i ittt et e e e e e e 32
1.2.13 TOUCh SENSOK & & v v e e e et e 32
1 2. 04 UART . o e e e e 32
1.2.15 12C INterface . . . ..o 32
1.2.16 12S Interface . . ..ttt e e e 32
1.2.17 Infrared Controller . . . . . . .. 32
1.2.18 Pulse Width Modulation . . ... ... ... 32
1.2, 10 LED PWM L Lo e e 32
1.2.20 Pulse CouNnter. . . v e 33
1.2.21 SPIINterface . . ... e e 33
1.2.22 Hardware Accelerators. . . . . . o oo ittt 33
1.2, 23 Wi-Fi s oo e e e 33
1.2.24 Bluetooth. . . . . .. 33
1.2.25 Controller Area Network (CAN) . . . . . o i it e e e e e e e e e e 33
1.2.26 SD Card SUPPOt. & v vttt 33
1.3 ESP32 Development Boards . . . ... .. it i e e e 33
1.4 SUMMANY & . ot e e e e e 34



The Complete ESP32 Projects Guide

Chapter 2 ¢ ESP32 Devkitc DevelopmentBoard. . . . . .ttt vttt v e et e s e nnnnnnnn 35
2.1 OVEIVIEW . ottt e e e 35
2.2 ESP32 DevKitC Hardware . . . . oo ottt e e e e 35
2.3 Powering Up the ESP32 DevKitC . . . . . . .00t i eeeeea 37
2.4 SUMMANY . o v et e e e e e e e e e e e e e et e e e e e 40

Chapter 3 o Arduino IDE for the ESP32DevKitC ...... .. v vv it et ennnnnnnnns 41
3.1 OVEIVIEW o v vt e 41
3.2 Installing the Arduino IDE for the ESP32 DevKitC ... ... ... .. .. ... 41
3.3 SUMMAIY & o vt e 46

Chapter 4 e Basic projects using the Arduino IDE and the ESP32 DevKitC....... 47
4.1 OVEIVIEW & o it e e e et e e e e 47
4.2PROJECT 1 = Flashing LED . . . . . o oo e et e e e e e s 47
4.2.1 DeSCIiPtION . it e 47
4.2, 2 The AIM. o o e e e 47
4.2.3 Block diagram . . . oo e 48
4.2.4 Circuit Diagram . . . . . o e e e 48
4.2.5 CONSEIUCHION. & . v oo e 49
4.2.6 PDLOf the Project. . . . . o oo e e e e e e e e e 49
4.2.7 Program Listing . . . . . .o oo e 50
4.2.8 Program Description . . . . . . .. e 51
4.2.0 SUGQESEIONS . . . v i e e e 51
4.3 PROJECT 2 - Lighthouse Flashing LED . . . . . . . .. . i e e 51
4.3.1 DesCriplion . . .. e e e e e e e e 51
4.3, 2 The AIM. . . o e e 51
4.3.3 Block diagram: . . . . . i e e e e e e 51
4.3.4 Circuit Diagram . . oo e 51
4.3.5 CoNSErUCHION. & v v v vt st e e e 51
4.3.6 PDL of the Project. . . . oo oot e e e 52
4.3.7 Program Listing . . . . . . .o e 52
4.3.8 Program DesCription . . . v v v it e e 53
4.4 PROJECT 3 - Alternately Flashing LEDS . . . . . . . ittt e e e e 53
4.4.1 DesCription . . . v i e 53
4.4.2 The AIM. o o e e e 53



4.4.4 Circuit Diagram . . . . . oo e e e e 53
4.4.5 CoNStrUCHION. & v v v it 54
4.4.6 PDLoOf the Project. . . . . . o oo e e e 55
4.4.7 Program Listing . . . . . ..o e e 55
4.4.8 Program Description . . . . . . . e 56
4.5PROJECT 4 — Rotating LEDS . . . . . . .. e e 56
4.5.1 Descriplion . . . .. e e e e e e 56
4.5, 2 The Aim. . . . e e 56
4. 5.3 Block diagram:. . . .. i e e e 57
4.5.4 Circuit Diagram . . . oo e 57
4.5.5 CoNStrUCHION. & v v v i i e 57
4.5.6 PDLof the Project. . . . . o oo i e 58
4.5.7 Program Listing . . . . . . .. e e 59
4.5.8 Program DesCription . . . v v v v it 60
4.5.0 SUggesStioNS . . . . .. e e 60
4.6 PROJECT 5 - Christmas Lights. . . . ... ... . i s 60
4.6.1 Descriplion . . . . oo e e 60
4.6.2 The AIM. . . o e e e e e e e e 60
4.6.3 Block diagram: . . . o oo e e 60
4.6.4 Circuit Diagram . . . . . oot e e 60
4.6.5 CoNSErUCHION. & o v v i 60
4.6.6 PDL of the Project. . . . . . o i e e e e 60
4.6.7 Program Listing . . . v oo i it 61
4.6.8 Program Description . . . . . . . i e e e e 63
4.6.9 Modified Program . . . . oo 63
4.6.10 SUgQgEStiONS . . . . o e e 64
4.7 PROJECT 6 - Binary Up Counterwith LEDs . . . . . .. ... ... .. o oo 64
4.7.1 Descriplion . . ... e e e e e e e 64
4.7, 2 The AIM. . o e e e e e e 65
4.7.3 Block diagram: . . . .o e e e 65
4.7.4 Circuit Diagram . . . . .o e e e e 65
4.7.5 CoNStrUCHION. & v v v it 66



The Complete ESP32 Projects Guide

4.7.6 PDL Of the Project. . . . . o oo e e e e e e e e e e e e 66
4.7.7 Program Listing . . . . . . oo i e 67
4.7.8 Program Description . . . . . . .. e 68
4.8 PROJECT 7 - Binary Up/Down Counter with LEDs . . . ... ..... ... ... ..... 69
4.8.1 Descriplion . . . . oo e e e 69
4.8.2 The AIM. . o o s e e s e e e e e e 69
4.8.3 Block diagram: . . o o oo 69
4.8.4 Circuit Diagram . . . . ot e e e e e e e e 69
4.8.5 CoNSEIUCHION. & . v v i e 70
4.8.6 PDL of the Project. . . . . oo i e e e e e e e 71
4.8.7 Program Listing . . o v v v i it e 72
4.8.8 Program Description . . . . . . .. e 74
4.9 PROJECT 8 — Knight Rider Car LEDS. . . . . . . . ottt e e e e 74
4.9.1 Descriplion . . ... e e e e e e e 74
4.0, 2 The AIM. . o o s e e e e e e e e e 74
4.9.3 Block diagrami: . . . o oo e e e e 74
4.9.4 Circuit Diagram . . . oo e 74
4.9.5 CoNSErUCHION. & v v vt s s e 74
4.9.6 PDLOf the Project. . . . . . oo e e e e e 74
4.9.7 Program LiSting . . . . . . .o i e 75
4.9.8 Program Description . . . . . . . e 76
4.9.10 SuggestionsS . . . . . e e e 76
4.10 PROJECT 9 - Changing the Brightnessofan LED. . .. ... ................. 76
4.10.1 DeSCriptioN. & o v v vttt e 76
4.10.2 The AiM . o e e e 76
4.10.3 BloCK di@agrami . . v oo e 76
4.10.4 Circuit Diagram. . . . . oo e e e 77
4.10.5 CoNSErUCHION. & . v v i i e 77
4.10.6 PDL of the Project. . . . . .o oo e e 77
4.10.7 Program LiSting . . . v oo i it e 77
4.10.8 Program Description . . . . . . . i e 78
4.10.9 SUGESTIONS . . . o it e 80
4.11 PROJECT 10 - Generating Random Sounds Usinga Buzzer................. 80



4.11.1 DesCription. . . . o i e e e e e e 80

4,11, 2 The AIM . o o e e e e e e e 80
4.11.3 Block diagram: . . oo e e 80
4.11.4 Circuit Diagram. . . . . oo o e 80
4.11.5 CoNStrUCHION. & v v v v 81
4.11.6 PDLof the Project. . . . . . .o oo 81
4.11.7 Program Listing . . . v v v it e 82
4.11.8 Program Description . . . . . . i e e e e e 83
4.11.9 SUggeStiON. & o v i e 83
4,12 PROJECT 11 = LED ColourWand . . .. .. .ot e e e e e 83
4.12.1 DESCHiPEION. & v v ot 83
4.12. 2 The AIM . o e e e e 83
4.12.3 BloCK di@agrami . . oo e 84
4.12.4 Circuit Diagram. . . . . oo e e 84
4.12.5 CoNSErUCHION. & . v v i e e e 84
4.12.6 PDLof the Project. . . . . . oo oo e e 85
4.12.7 Program LiSting . . . . o oo 86
4.12.8 Program Description . . . . . . . o e 87
4.12.9 Suggestions . . . . . e 87
4.13 PROJECT 12 - Using the Built-in Hall Sensor - Door Alarm . ............... 87
4.13.1 DesCription. . . . v v e e e 87
4.13.2 The AlM . e e e 87
4.13.3 Block diagram: . . . . . o e e e 87
4.13.4 Circuit Diagram. . . o v o 88
4.13.5 PDLof the Project. . . . . . . i e 88
4.13.6 Program LiSting . . . v v v i it 89
4.14 PROJECT 13 - Using the Built-in Temperature Sensor. . . . . ................ 91
4.14.1 Description. . . . oot e e e e 91
4.14.2 The AIM . . e e e 91
4.14.3 Program Listing . . ... oo i 91
4.14.4 Program Description . . . . . . . .. e 92
4.15 PROJECT 14 - Chip Identity . . ... ... i e e e i 92
4.15.1 Descriplion. . . . .o e e e 92



The Complete ESP32 Projects Guide

4.15.2 The AIM . . e e e e 92
4.15.3 Program LiSting . . . o oo i it e e 93
416 SUMMAKY & o vt e et e e e e e e e e e e e e e 93
Chapter 5 e Simple projects using the Arduino IDE and the ESP32 DevKitC...... 94
5. L OVEIVIEW L ot e 94
5.2 PROJECT 1 - Thermometer with Serial Monitor . . . . ...... ... .. . .. ... ..... 94
5.2.1 DesCription . . . . .. e e e 94
5.2, 2 The AIM. o o e e 94
5.2.3 Block diagram: . . . . . . 94
5.2.4 Circuit Diagram . . . . .o it e e e e e e e e e 94
5.2.5 Construction. . . . . . . e 95
5.2.6 PDLof the Project. . . . . . . . . 96
5.2.7 Program Listing . . . . . . . o e 97
5.2.8 Program Description . . . . . . ..o e 97
5.3 PROJECT 2 - Temperature and Relative Humidity with Serial Monitor. . . ... ... .. 99
5.3, DesCription . . . . e e e e e e e e e 99
5.3, 2 The AimM. . . . e 99
5.3.3 Block diagram: . . . . . .. e e e 99
5.3.4 Circuit Diagram . . . ..ot e e 99
5.3.5Construction. . . . ... . . s 101
5.3.6 PDLof the Project. . . . . . . . . 101
5.3.7 Program Listing . . . . . . . . e 102
5.3.8 Program Description . . . . . . . o i e e e e 104
5.4 PROJECT 3 - Measuring the Light Level . ... ... .. . . . . i 104
5.4.1 DesCription . . . . i e e e e e e 104
5.4.2 The AIM. . . . e e 104
5.4.3 Block diagram: . . . . ... e 104
5.4.4 Circuit Diagram . . . . .. s 105
5.4.5Construction. . . .. ... . s 106
5.4.6 PDLof the Project. . . . . . .. s 106
5.4.7 Program Listing . . . . . . . . e 106
5.4.8 Program Description . . . . . . . s 107
5.4.9 Suggestions . . . . .. e 108

e 10



5.5 PROJECT 4 - Darkness Reminder. . . . . ... it i e e e e e e e 108

5.5.1 DeSCription . . . v v i e 108
5.5 2 The AIM. . o e e e e 108
5.5.3 Block diagram: . . . . . ... 108
5.5.4 Circuit Diagram . . . . . ..ot e e 109
5.5.5 ConstrucCtion. . . . . . oo i e e 109
5.5.6 PDLof the Project. . . .. ... . . e 110
5.5.7 Program Listing . . . . . .. i i e e e e e e 110
5.5.8 Program Description . . . . . . . . . 111
5.5.0 SuUggestioNs . . . . . e e e e e 111
5.6 PROJECT 5 = LED Dice . . . . . o it e e e e e e e e e e e 112
5.6.1 DesCription . . . . i e e e e e e 112
5.6, 2 The AIM. . . . e e e 112
5.6.3 Block diagram: . . . .. ... 112
5.6.4 Circuit Diagram . . . . .. s 112
5.6.5Construction. . . . ... .. . e s 113
5.6.6 PDLof the Project. . . ... . . . . 113
5.6.7 Program Listing . . . . . . . . e 114
5.6.8 Program Description . . . . . . . . 117
5.7PROJECT 6 — Logic Probe . . . . ... i 117
5.7.1 DesCription . . . o o e e e 117
5. 7.2 The AIM. . . e e 117
5.7.3 Block diagram: . . . . ..o e e e e 118
5.7.4 Circuit Diagram . . . . .. s 118
5.7.5Construction. . . . .. ... . i e 118
5.7.6 PDLof the Project. . . . .. .. . 119
5.7.7 Program Listing . . . . . . . e 120
5.7.8 Program Description . . . . . . . . 121
5.7.9 Madified Program . . . . . . .. 121
5.8 PROJECT 7 - 7 - Segment LED Display Counter. . . . ... .. 124
5.8, 1 DesCription . . . . e e e e e e 124
5.8 2 The AIM. . . e e e 127
5.8.3 Block diagram . ... ... .. .. 127



The Complete ESP32 Projects Guide

5.8.4 Circuit Diagram . . . . . . . i e 127
5.8.5 Construction. . . . . . . . e e 128
5.8.6 PDLof the Project. . . . . . . . . 128
5.8.7 Program Listing . . . . . . . .. e 129
5.8.8 Program Description . . . . . . . . . e 131
5.8.9 Modified Program . . . . . . . . e e 131
5.9PROJECT 8 -Clap ON = Clap OFF . . . . oo e e e e e s 134
5.9.1 DesCription . . . . i e e e e e e e 134
5.9.2 The AIM. . . . e e e 134
5.9.3 Block diagram . .. ... . i e e 134
5.9.4 Circuit Diagram . . . . . . s 135
5.9.5Construction. . . . . ... s 135
5.9.6 PDLof the Project. . . . . . . . s 136
5.9.7 Program Listing . . . . . . . i 136
5.9.8 Program Description . . . . . . . e 137
5.10 PROJECT 9 - LCD "Hello from ESP32". . . . . . . .. e e 137
5.10.1 Description. . . . . . e e e e 137
5.10.2 The AIM . o o e e e e 137
5.10.3 Block diagram . . . . . .. e 137
5.10.4 Circuit Diagram. . . . . . . o i e e 138
5.10.5 Construction. . . . . . o o 139
5.10.6 PDL of the Project. . . . . . . . 139
5.10.7 Program Listing . . . . . . o i e e e e 140
5.10.8 Program Description . . . . . . e 141
5.11 PROJECT 10 - LCD Event Counter . . .. ... ittt as 141
5.11.1 Description. . . . . . oo e 141
5,112 The AIM . o o e e e 142
5.11.3 Block diagram . . . . . .. e 142
5.11.4 Diagram. . . . ot e e e e e e 142
5.11.5 Construction. . . . . . . . s 142
5.11.6 PDLof the Project. . . . . . . . . 143
5.11.8 Program Description . . . . . . . e 145
5.12 PROJECT 11 - LCD ComMaNd .« « v v v oot v e e et e et e it i e e s s 145

L]
—
N



v oo »un 1 1 1 1 1 L1 1 »1 U1 L1 L1 L1 L1 U1 U1 L1 U1 L1 U1 L1 L1 L1 L1 L1 L1 L1 U1 L1 UL U

12,1 Descriplion. . . o e e e e e e e 145
2. 2 The AIM. L e e e e 145
2.3 Block diagram .. ... 145
12,4 Circuit Diagram. . . . o o e e e e 145
2.5 Construction. . .. s 145
126 LCD Commands . . v v v 145
12,7 Program Listing . . . . . . o e 146
.12.8 Program Description . . . . . . o ot e e e e 148
.13 PROJECT 12 - External Interrupts . . . . . . ... .. s 149
L1301 Descriplion. . . o e e e e 149
13 2 The AIm. L e e 149
133 Block diagram ... .. 149
13,4 Circuit Diagram. . . . s 149
3.5 Construction. . .. e s 150
.13.6 PDLof the Project. . . . . . . oo i 150
13,7 Program Listing . . . . o o e e 151
.13.8 Program Description . . . . . .. s 152
.14 PROJECT 13 - External Interrupts . . . . .. ... . i s 153
14,1 Description. . . o v e 153
142 The AM. o e e e e 153
143 Block diagram ... .. 153
.14.4 Circuit Diagram. . . . . o o e e e e 153
4.5 Construction. . ... i 153
14,6 PDLof the Project. . . . . . oot e e 153
14,7 Program Listing . . . . o oo e e e e 154
.14.8 Program Description . . . . . ... o s 155
.15 PROJECT 14 - Using the Touch Sensitive Inputs - Touch Based LED Control . . . . 156
15,1 Description. . o o v e e e 156
15, 2 The AM. o e e 156
JA5.3 Block diagram ... s 156
.15.4 Circuit Diagram. . . . . o o e e e e 156
15,5 Construction. . . . e 157
.15.6 PDLof the Project. . . . . . . .o i 158



The Complete ESP32 Projects Guide

v oo uun B 1 B 1 L1 L1 L1 »1 U1 U1 L1 U1 L1 U1 U1 L1 U1 L1 U1 U1 L1 U1 L1 L1 L1 L1 U1 L1 L1 U

°
-
o

.15.7 Program Description . . . . . . . e e 158
.15.8 Using Touch Interrupts . ... . ... . i 160
.16 PROJECT 15 - Using the Touch Sensitive Inputs — Changing the LED Brightness. . . 161
16,1 Description. . o v .o e e e 161
16,2 The AIM . e e e e e e e 161
L16.3 Block diagram ... . 161
.16.4 Circuit Diagram. . . . . o e e e e e e 161
16.5 PDL of the Project. . . . . oo i e e 161
.16.6 Program Description . . . . . v i it i 161
.17 PROJECT 16 - Using Multiple Touch Sensitive Inputs - Electronic Organ. ... ... 163
7.1 Description. . o v s e e e 163
7. 2 The AImM . e e 163
7.3 Block didagram oo. . 163
174 Circuit Diagram. . . . oo e e e 163
17.5PDLof the Project. . . . oo oo 164
.17.6 Program Description . . . . . . .. e 165
.17.7 Suggestions For Additional Work. . . . ... ... ... . o 167
.18 PROJECT 17 - Using the SPI Bus - Digital to Analog Converter (DAC) ........ 167
L18.1 DesSCriptioN. & . 167
18 2 The AIM . e e e e s 169
8.3 Block diagram ... . 169
L18.4 Circuit Diagram. & v v v 169
.18.5The Construction. . . .. . o oot e 171
8.6 The PDL. . oo e e e 171
L18.7 Program Listing . . . . o oo e e e e e e 172
L18.8 Program Description . . . . v oot 173
19 PROJECT 18 = Using the UARTS . . o o v o e e e e e e e e e e 175
L109.1 DESCriPtiON. & . e 175
19,2 The AIM . e e e e 175
L19.3 Block didagram oou v . 175
.19.4 Circuit Diagram. . . . . o e e e e e 175
19,5 The PDL. . oot e e e 176
L19.6 Program Listing . . . . . oo e 177



5.19.7 Program Description . . . . . . . .. 178

5.20 PROJECT 19 - Writing Data to the Flash Memory. . .. .......... . ........ 179
5.20.1 Descriplion. . . . . .o e e 179
5.20. 2 The AiM . . .o e e e e e e e 179
5.20.3 Block diagram . . . .. ... . . e 179
5.20.4 Circuit Diagram. . . . . o o i e e e 179
5.20.5 The PDL. . . . oo e e e 179
5.20.6 Program Listing . . . . .. . o i i e e e e e 180
5.20.7 Program Description . . . . . . . s 181
5.21 PROJECT 20 - Reading Data from the Flash Memory . ... ................ 181
5.21.1 Description. . . . . .o s 181
5.21.2 The AIM . o o o e e e e 181
5.21.3 Block diagram . . . . ... s 182
5.21.4 Circuit Diagram. . . . . . . o e e 182
5,21, 5 The PDL. . . it e e e 182
5.21.6 Program Listing . . . . . . . . i 182
5.21.7 Program Description . . . . . . . . s 183
5.22 PROJECT 21 - Writing Floating Point Data to the Flash Memory. . ........... 183
5.22.1 Description. . . . . i e e 183
5.22.2 The AIM . o o o e e e e e 183
5.22.3 Block diagram . . . . ... 183
5.22.4 Circuit Diagram. . . . . . . o s 183
5.22.5 Program Listing . . . . .. . i e e e e 184
5.22.6 Program Description . . . . . . .. s 185
5.23 PROJECT 22 - Reading Floating Point Data from the Flash Memory . ......... 185
5.23.1 Description. . . . . . s 185
5.23.2 The AIM . . o o e e e 185
5.23.3 Block diagram . . . . ... s 185
5.23.4 Circuit Diagram. . . . . . . o e e e 185
5.23.5 Program Listing . . ... .. . . 185
5.23.6 Program Description . . . . . . . . e 186
5.24 SUMMANY . . . . s 186

e 15



The Complete ESP32 Projects Guide

Chapter 6 ¢ Intermediate projects using the Arduino IDE and the ESP32 DevKitC .187

6.1 OVEIVIEBW . vttt 187
6.2 PROJECT 1 - ON-OFF Temperature Control . ............. ... . ..., 187
6.2.1 DesCription . . . . i 187
6.2, 2 The AIM. . . ot e e s 187
6.2.3 Block diagram:. . . . . . . 187
6.2.4 Circuit Diagram . . . . o oot 188
6.2.5 Construction. . . . . .. .. e 189
6.2.6 PDLof the Project. . . . . .ottt e e e 189
6.2.7 Program Listing . . . . . . oot e e e e e 190
6.2.8 Program Description . . . . . . . o o 193
6.3 PROJECT 2 - Generating Waveforms - Sawtooth Waveform .. .............. 194
6.3.1 Descriplion . . . . i 194
6.3.2 The AIM. . ot e e e 195
6.3.3 Block diagram:. . . . . .. i 195
6.3.4 The DAC . . o it e e 195
6.3.5 Circuit Diagram . . . . . it 196
6.3.6 Construction. . . . . . . o i 196
6.3.7 PDLof the Project. . . . . . . . i 197
6.3.8 Program Listing . . . . . . . i e 197
6.3.9 Program Description . . . . . . o o e e 198
6.4 PROJECT 3 - Generating Waveforms - Triangle Waveform .. ............... 198
6.4.1 DesCription . . . . i e e e e e e 198
6.4. 2 The AiM. . . e e e 198
6.4.3 Block diagram: . . . . . . i e e e e 198
6.4.4 Circuit Diagram . . . . oot 199
6.4.5 PDLof the Project. . . . . . . . i i i 199
6.4.6 Program Listing . . . .. ... 199
6.4.7 Program Description . . . . . . . . e 200
6.5 PROJECT 4 — Port Expander . . ... ..t e e e 201
6.5.1 DesCription . . . . i e e e e e e e 201
6.5. 2 The AIM. . . oo e e e e e 201
6.5.3 Block diagram:. . . . . . i i 201

e 16



6.5.4 Circuit Diagram . . . . . . . e e 201

6.5. 5 The MCP23017 . . . it e e e e e e e e e e e 202
6.5.6 Construction. . . . . oot 204
6.5.7 PDLof the Project. . . . . . . . o i 204
6.5.8 Program Listing . . . . . .. i i e 205
6.5.9 Program Description . . . . . . . o e 206
6.6 PROJECT 5 - Mini Electronic Organ . . . . ... .. ittt et e e e s 207
6.6.1 DesCription . . . . o i e e e e 207
6.6.2 The AIM. . . . o o e e e e e 207
6.6.3 Block diagram: . . . . . . i e e e e e 207
6.6.4 Circuit Diagram . . . . i 207
6.6.5 Construction. . . . . .o i 209
6.6.6 PDLof the Project. . . . . . . . o i i 210
6.6.7 Program Listing . . . . . ..o e 211
6.6.8 Program Description . . . . . . . o it i 214
6.7 PROJECT 6 - Calculator with Keypadand LCD. . . . ... ... .. i it i i 215
6.7.1 DesCription . . . . i e e 215
6.7, 2 The AIM. . e e e 215
6.7.3 Block diagram:. . . . . .. 215
6.7.4 Circuit Diagram . . . . . . . e e 216
6.7.5 Construction. . . . . . . e 217
6.7.6 PDLof the Project. . . . . . oo i e 217
6.7.7 Program Listing . . . . . . i e e e e e 218
6.7.8 Program Description . . . . . . .o i i 223
6.8 PROJECT 7 — High-Low Game . . . . . vttt e e e e e e e e 224
6.8.1 DesCriplion . . . v 224
6.8. 2 The AIM. . .t e e e 224
6.8.3 Block diagram:. . . . . . i i 225
6.8.4 Circuit Diagram . . . . . .. e e 225
6.8.5 Construction. . . . . .. i 225
6.8.6 PDLof the Project. . . . . . . o oo i e 225
6.8.7 Program Listing . . . . . . o 226
6.8.8 Program Description . . . . . . . . e 229



The Complete ESP32 Projects Guide

6.9 PROJECT 8 - Learning the Times Table. . . .. ......... ... ... ... ... . .... 230
6.9.1 Descriplion . . . . i 230
6.9.2 The AIM. . . o o e e e 230
6.9.3 Block diagram:. . . . . . . 230
6.9.4 Circuit Diagram . . . . . . . e e 230
6.9.5 Construction. . . .. ... . e 230
6.9.6 PDLof the Project. . . . . . . o oo i it e 231
6.9.7 Program Listing . . . . . . i i e e e e e 231
6.9.8 Program Description . . . . . . . . o o e 234
6.10 PROJECT 9 - Learning Basic Mathematics. . . . .. .... ... ... .. . ... 235
6.10.1 DesCription. . . . v i i 235
6.10.2 The AIM . . . oo e e 235
6.10.3 Block diagram: . . . . . . oo 235
6.10.4 Circuit Diagram. . . . . . o i e e 235
6.10.5 ConStrucCtion. . . . . . o oo e 235
6.10.6 PDLof the Project. . . . . . . o oo i i e 235
6.10.7 Program Listing . . . . . .. o i 236
6.10.8 Program Description . . . . . . . . e 237
6.10.9 SUGQESLIONS . . . . v i e e 237
6.11 PROJECT 10 - Keypad Door Lock . . . . . . oo e e e e e e e e e e 238
6.11.1 Description. . . . i 238
6.11.2 The AIM . . . e e 238
6.11.3 Block diagram: . . . . . . i e e e e 238
6.11.4 Circuit Diagram. . . . . o o oo 238
6.11.5 Construction. . . .. . . i e e e 239
6.11.6 PDLof the Project. . . . . . . . o oo e 240
6.11.7 Program Listing . . . . . . . oot e 240
6.11.8 Program Description . . . . . . . oo i 244
6.11.0 SUggesStioNS . . . . . . e e 244
6.12 PROJECT 11 - Using SD Cards - Writingtoa Card. . . . .. ...... ... .. ... .. 244
6.12.1 Descriplion. . . . . i e e e e e e e e 244
6.12.2 The AIM . . . e 244
6.12.3 Block diagram: . . . . . . oo 244

e 18



6.12.4 Circuit Diagram. . . . . . . oo e e e e 245

6.12.5 ConStrucCtion. . . . . . . oo e 247
6.12.6 PDLof the Project. . . . . . . oo i i i e 247
6.12.7 Program Listing . . . . . . oot e 248
6.12.8 Program Description . . . . . . . . . e 249
6.13 PROJECT 12 - Using SD Cards - Reading fromaCard ................... 251
6.13.1 Descriplion. . . . . o i e e e e 251
6.13.2 The AIM. . . o ot e e e 251
6.13.3 Block diagram: . . . . o 251
6.13.4 Circuit Diagram. . . . . . o ot e e e e e e 251
6.13.6 PDLof the Project. . . . . . . . o oo it 251
6.13.7 Program Listing . . . . . . . e 252
6.13.8 Program Description . . . . . . . o oot 253
6.14 PROJECT 13 - Infrared Receiver (IR) . . . . . o i i it i e e e e e e e s 253
6.14.1 DeSCiPLION. & v v it 253
6.14.2 The AM . . . o o e e e 254
6.14.3 Block diagram: . . . . i 254
6.14.4 Circuit Diagram. . . . . . . o e e e e 254
6.14.5 PDLof the Project. . . . . . . . o it 255
6.14.6 Program Listing . . . . . . .. . e 256
6.14.7 Modifications . . ... . .. 259
6.15 Low Power Operation . . . . . . . .. e 260
6.15.1 Deep Sleep Mode . . . . . ot e e e e 262
6.16 PROJECT 14 - Using TimertoWake Up. . . . .. ... .. o oo oo oo i oo 262
6.16.1 Description. . . . . o i e e e e e 262
6.16.2 The AIM . . . et e e 262
6.16.3 Block diagram: . . . . . i 262
6.16.4 Circuit Diagram. . . . . . i 262
6.16.5 PDLof the Project. . . . . . . . o i i i i 262
6.16.6 Program Listing . . . ... oo ittt 263
6.16.7 Program Description . . . . . . . .. e 264
6.16.8 Wake Up REASON. . . . . i it e e e e 265
6.17 PROJECT 15 - Using Touchpadto Wake Up. . . . .. ... ... ... ... ... ..... 267



The Complete ESP32 Projects Guide

6.17.1 Descriplion. . . . o o i e e e e e e 267
6.17. 2 The AiM . . .o e e e e 267
6.17.3 Block diagram: . . . . . . . o i e e 267
6.17.4 Circuit Diagram. . . . . . i e e 267
6.17.5 PDLof the Project. . . . . . . . o i i i e 267
6.17.6 Program LiSting . . . . . . . oo it e 268
6.17.7 Program Description . . . . . . .. 269
6.18 PROJECT 16 - Using External TriggertoWake Up ... ................... 270
6.18.1 DesCription. . . . . i i i 270
6.18.2 The AIM . . . o o e e 270
6.18.3 Block diagram: . . . . . . . o i 270
6.18.4 Circuit Diagram. . . . . . . i e e 270
6.18.5 PDLof the Project. . . . . . . . o oo 271
6.18.6 Program Listing . . . . . . . . o e 271
6.18.7 Program Description . . . . . . o oo oo 272
Chapter 7 e ESP32 DevKitC network programming using the Arduino IDE...... 276
7.1 OVEIVIEBW . vt e e 276
7.2 Scanning the Surrounding Wi-Fi Networks . .. ......................... 276
7.3 Connecting toa Wi-Fi Network . .. ... ... . . . . 278
7.4 HTTP GET ReqUesES . . . . o o i e e e e e e e e e e 281
7.5 Using the Socket Library. . . . . .. ... o i 283
7.5.1 UDP Programs . . . . oot e e 284
7.5. 2 TCP/IP Programs. « v v v v v it e e et e e e e e e e e e 288
7.6 Getting the Time from NTP Client . .. .. ... . . e 290
7.7 SUMMIAIY & . v v i e e e e e e e e e e et e e e e e e e e e e e 292
Chapter 8 e Project — The temperature and humidity onthecloud............ 293
Bl OVEIVIEW & v 293
8.2 The Block Diagram . . . . . . i it 293
8.3The Cloud. . . . o oo e 293
8.4 Program Listing. . . . . . o o oo it 295
B SUMMAIY . . ottt e e e e e e e e e e e e 298
Chapter 9 ¢ Remote Web Based Control-Web Server ............ .0 vun 300
0.1 OVEIVIBW . o ot e e e e e e 300

e 20



9.2 The Block Diagram . . . . . ittt e e e e e e e e e e e e 300

9.3 HTTP Web Server/Client . . . . . . . i i e e e e e e e e e e e e 301
9.4 ESP32 DevKitC Program Listing. . . . . . . . . oo e 302
9.5 Accessing Web Server From Anywhere. . . . ... .. ... . 306
9.6 SUMMAIY . & . ottt e et e e e e e e e e e e e e 308
Chapter 10 ¢ Remote control using mobilephone............... ... vus 309
10,1 OVEIVIBW & vttt e e 309
10.2 The Block Diagram. . . . . oo it e e e e e e e e e e 309
10.3 Mobile Phone Application ... ........ . i 310
10.4 ESP32 DevKitC Program Listing . . . . . . . . . it i e e e 310
10.5 SUMMANY & . ettt et e 314
Chapter 11 eSend temperature and humidity to a mobilephone ............. 315
11,1 OVEIVIEW . .ttt e 315
11.2 The Block Diagram. . . . . it i e e e e e e e e e e e e e e e e e 315
11.3 Mobile Phone Application . ... ...... .. i 315
11.4 ESP32 DevKitC Program Listing. . . . . ... .. . i 316
11,5 SUMMANY & o e e 320
Chapter 12 e Webserverwithrelay. ........... it nnnanrnnnnnnnns 321
12,1 OVEIVIEW . ot e e e e e 321
12,2 The AIM . e e e e 321
12.3 The Block Diagram. . . . .. e e e e e 321
12.4 Circuit Diagram . . . . . o o e e e e e e e 321
12.5The Construction . . . . . .. ... e e 323
12.6 Program Listing . . . . o v oo i 324
12.7 Program DescCription. . . . . . . o o i e e e e e 326
12,8 SUMMANY & ettt e 328
Chapter 13 e ESP32 DevKitC Bluetooth programming............ v arns 329
13,1 OVEIVIEW . .ttt e 329
13.2Bluetooth BLE . . . . .. .o e 330
13.2.1 Bluetooth BLE Software Model . ........... . ... . . .. 331
13.3 PROJECT 1 - Sending Data to Mobile Phone Using Bluetooth BLE. . ... ....... 332
13.3.1 DeSCriPtiON. & . 332
13.3.2 Program Listing . . . . . . . oo 332



The Complete ESP32 Projects Guide

13.3.3 Program PDL . . . . . o e e 334
13.3.4 Program Description . . . . . . oo it i 335
13.3.5 Testing the Program . . . . . . . . . i i i i e 335
13.4 PROJECT 2 - 4-Channel Relay Control Using Bluetooth BLE. . . ... .......... 337
13.4.1 Descriplion. . . . . o ot e e e 337
13.4.2 The AiM . . . o e e e e e e e 337
13.4.3 The Block Diagram . . . . . . . o e e e e 337
13.4.4 Circuit Diagram. . . . . . ittt e e e e e e e e e 337
13.4.5 Program PDL . . .. 338
13.4.6 Program Listing . . . . . . . i e e e e e 338
13.4.7 Program Description . . . . . . o o oo it 341
13.4.8 Testing the Program . . . . . . . . . i i 341
13.5 PROJECT 3 - Serial Communication Over Bluetooth Classic. . .. ............ 343
13.5.1 Descriplion. . . . o i e e e e e e 343
13.5. 2 The Aim . . . e e e 343
13.5.3 Program Listing . . . . . . . e 343
13.5.4 Program DescCription . . . . . . . o it it 344
13.5.5 Testing the ProgramonthePC.......... ... .. .. ... . .. . . . ... .. ... 344
13.5.6 Testing the Program on Mobile Phone . . . .. ....... ... ... ... ... .... 345
13.6 PROJECT 4 - 4-Channel Relay Control Using Bluetooth Classic ............. 346
13.6.1 Description. . . . . oo e e e 346
13.6.2 The AIM . . .ot e e e e e e 347
13.6.3 The Block Diagram . . . . . . . i e e e e e e e e e e e 347
13.6.4 Circuit Diagram. . . . . it e 347
13.6.5 Program Listing . . . . . . . i i i e e e e e 347
13.6.6 Program Description . . . . . . o o i i it 349
13.6.7 Testing the Program on Mobile Phone . . . ... ....... ... ... ... .. ..... 349

13.7 PROJECT 5 - Sending Temperature and Humidity to Mobile Phone Using

Bluetooth Classic . ......... . i e 351
13.7.1 DeSCHiPtION. & v 351
13.7. 2 The AiM . . .o e e e e 351
13.7.3The Block Diagram . . . . . . o oottt e e 351
13.7.4 Circuit Diagram. . . . . . oo e e e e 351

® 22



13.7.5 Program Listing . . .. . . . . e 351

13.7.6 Program DescCription . . . . . . o i ittt 352
13.7.7 Testing the Program on a Mobile Phone . . . . ... ...... ... ... ... .. .... 352
13,8 SUMMAY . . e et e 353
Chapter 14 e Using Micropython with the ESP32DevKitC........ .. v rnn 354
14,1 OVEIVIEW . o it e e e e e 354
14.2 Installing MicroPython on ESP32 DevKitC . . . . ... ... ... . i 354
14.2.1 Testing the MicroPython Installation .. ... ......... ... ... ... ... ... 360
14.3 Flashing LED . . . . i et e e 360
14.4 LED With Push-Button Switch . . . .. .. ... . 361
14.5 Temperature and Humidity . . . . . ... ..o oo oo 361
14.6 Connectingtoa Wi-Fi. . . . . . . 362
14.7 MicroPython UDP Programs. . . . . . o i i i it e e e e e e e e e e e e 363
14.8 Storing Temperature and Humidity onthe Cloud . . . . .. ................. 366
14.9 Remote Control Using Mobile Phone (Web Server) . .. ................... 368
14.10 Loading MicroPython Programs to the ESP32 DevKitC. . .. ............... 372
14.10.1 Using the ampy. . . . o oo 372
14.10.2 Creating and Running a Program. . . . . . . . o o i it i i e e e e e e e e e e 374
14.10.3 Running a Program at Boot Time. . . . . ... ... . i 375
14.11 Using the Real Time Clock (RTC) . . . . v v i i i i e e e e e e e e e e e e e e e e 378
14.11.1 Timestamping Temperature and Humidity Readings. . . ... ............. 379
Chapter 15 e Using ESP-IDF for programming the ESP32 DevKitC ............ 381
15,1 OVeIVIBW & e 381
15.2 Installing the ESP-IDF . . . . .. i e e e e e 381
15.2.1 Setting Up the Toolchain . . . .. .. .. . . e e 381
15.2.2 Getting ESP-IDF . . . . . . . 382
15.2.3 Path to ESP-IDF . . . . o oo e e 383
15.2.4 Required Python Packages . . . . . . . .. . i ittt i 383
15.3 PROJECT 1 - Flashingan LED . . . .. .. .ot 384
15.3.1 DESCriPtiON. & e 384
15,32 AIM . o e e 384
15.3.3 Programming and Uploading Steps . . . . . . . .. ... o o o o 384
15.3.4 Description of the Program. . . . . . . . . . . o ittt i 387



The Complete ESP32 Projects Guide

15.3.5 Project Files . . . . . oot i e 388
15.4 PROJECT 2 - Three LEDs Flashing at DifferentRates .. .................. 388
15.4.1 Description. . . . . o o e e 388
15,4, 2 AIM . o e e e e e e e e e e e 388
15.4.3 Circuit Diagram. . . . . . . oo i e e 388
15.4.4 Programming and Uploading Steps . . . . . . . ... ... . 389
15.4.5 Description of the Program. . . . . . . . . . . . i i e 391
15, S SUMMaANY & . ot e e e e e e e e e e 391
Chapter 16 o Security features Of ESP32. . .. ... ... it etnnrnnarnasnns 392
16.1 OVEIVIEW & ettt e e e e 392
16.2 Flash Encryption . . . ... i e 392
16.3 Secure BoOt . . ..t 393
16.4 USINg @SPefUSE.PY .+« v v i i ittt e e 393
16.4.1 eFUSE SUMMaANY. . . o o i it e e e e e e et e e e e e e e e 393
16.4.2 Write Protecting FLASH_CRYPT_CNT . . . . .o it i e e e e e e e 395
16,5 SUMMaANY & . ot e e e e e e e e e e e e e e e 395
APPENDIX A - List of Components usedinthebook ....................... 396
APPENDIX B - ESP32 DevKitC features used in projects in the book. .......... 397

e 24





