S.P Group of Institute
Internet of Things and its Applications Notes

Unit Name: (iii) Sensors, Actuators and Microcontrollers

T 1 - Sensor &t e STERUT O Level - NIELIT - M4=R5.1

Sensor: WHfdes fRIT T AT

Sensor I8 JUBHRYT & I Yep1el, TTIHH, =+, Sa1a a1 1fd SiRfY ifdes Tf9 31 ugame S9 919 a1 fagga dad o
§SeTdl 21 loT H Sensor SfRIT ¥ STT o BT Ugell A1EH &l

Sensor FT BT &7

Sensor Tt TR AT 9] 5 §U SSaTTd I HEGH Sl & ITDT output analog voltage /current T digital data &1
AT 81 Microcontroller 3 Tehd Bl UGHR SUATM SIBRT FHT &

@® i L]
st afe - Sensor I TR dova I Microcontroller
S TS AT YEaT & analog / digital gl 9 R o &
& SSTER0l Signal & U&R
« Light Sensor: 2T ST IR AT &1 « Analog: TFTAR 9&e aTal J19; S 0-3.3 VI ADC
« Moisture Sensor: gt a1 gaTef # =T+t &1 g < S digital AT § gl B
2l « Digital: 0/1 T protocol & ®Y H SeT; S I2C, SPI,
« Temperature Sensor: TTOH AU & One—Wirel

¢ 3177 Pressure, Motion, Gas, Sound Sensorl

3FTBT Sensor Jd T

Range (9 1), Accuracy (F&! 719 & faedT), Sensitivity (B1C s<eiid U= Wfdfshar), Resolution (Fa BICT UgaM T
JEAE), response time 3R ARV & IIHA TR €I S
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Internet of Things and its Applications Notes

Unit Name: (iii) Sensors, Actuators and Microcontrollers

AT 2 - Light, Moisture 3R Temperature 0 Level - NIELIT - M4—R5.1

"3 Sensor 3R D YA

& Sensor Ua 37T Hifdd wfer & Uit Haeaefier 8iar 21 W&l Sensor &1 AT AT &I T, ATra=yl, AR 3R
Controllerﬁ@@ﬁ?ﬁ%ﬂﬁﬁ?ﬁ%l

~o- Light Sensor LDR TR e 5 ¥ resistance SSotdl &1 $H resistor & AT voltage divider §
ik TP ADC | U197 T HIUET T¥ Ued &1 Photodiode a7 3R 318 Tie Haprer
19 J IuAnf 21

IHIFT: automatic street light, screen brightness, day/night detection.

6 Moisture Sensor Soil Moisture Sensor gt # Tt &t AT &7 AT T 81 Resistive probe ATd
HI9dT &; Capacitive probe capacitance ¥ sgaiid | =4I SdTdT & iR HE=Ia:
corrosion @ P 2|

JUANT: smart irrigation, greenhouse, atel} Y SRTe.

g Temperature Sensor Thermistor @7 resistance dIYH & TTeF g5l &1 LM35 analog voltage T &
DS18B20 digital 3k DHT22 temperature & &7 humidity Ht a7 &1

SUGRT: HIEH T2, HVAC, cold storage, SUdhRUT GRET.

Analog Sensor & felg ST voltage range aTell ADC Sensor I &I S8 oFTY, IRae qRICfT &
12T Digital Sensor & it ST protocol 3R library calibration &%, noise @ @ 3R @3 readings BT
| Supply voltage, pin compatibility 3R wiring average 21 Soil sensor & f'?-l'éT P UPR oft reading d&c1
diagram S| Hepall 2
|, _____ ST e . ST B
i &g < Soil moisture reading UTd: &ﬁﬂﬁ/relative value Bl 8; 31T gt & AT threshold BT STadR T Y | '
]
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Unit Name: (iii) Sensors, Actuators and Microcontrollers

T 3 - Actuator 3R ST UPR 0 Level - NIELIT - M4—R5.1

Actuator: TO%cH I fopaT T

Actuator g8 SUSRYT & i Controller & AT Bl RIS fohdT & dSeTal 8—orsl GAMI, WieHT-88 &1, Gl o1
1 faett load T AT, AT Sensor input @1dT 8; Actuator output action @< &l

[m] 5 0 U

Controller - Driver / Relay > Actuator s G sgema

AT AT § arfes FRifaa e & Sl @ fehar F aeerar & Uﬁ/@ﬁ/switching
DC Motor (6 Servo Motor @
faed Sof @1 TR o H aSetdr 21 T PWM ¥ frerffe e/ fefd ox ST & foiT feedback control
ffad; f&em & folv H-bridge driver STAR| &1 IR =T 1 Robotic arm 3R steering H AFFL |
Stepper Motor - Relay (I)
YA BIC-BIC steps H &R 8; positioning d ITARTT faerd U ¥ FRIAT switch 81 Controller dH—alecs
HHIA: stepper driver ATfaTI Hohd | 3T circuit/ load @ on/ off @R Febdll &
Solenoid & Pneumatic / Hydraulic &
Coil § €RT ¥ YT gt 9T & 3R plunger Hreft @1 91 I7 9 & 299 F cylinder/valve 9o & wY gt
4 FeTdT 21 Door lock/ valve ¥ IR aTel 3TNt Bl A 21|

ﬂ@?:iﬂ'\': Motor 3 TR TR T e &; Relay switching T &; Solenoid BIET linear motion T &1 & Tt Actuator &
ISR &
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Unit Name: (iii) Sensors, Actuators and Microcontrollers

AT 4 - Motor, Driver 3R STaRT 0 Level - NIELIT - M4—R5.1
Actuator T =0T 3R FRIAT Sire

Microcontroller 3T GPIO pin Fddl fREIF0T Hehd <dT &1 Motor 3T coil BT e pin & TATT GRI&T 81, FIfH I=
318 current/voltage @1feY| i  IWIH driver |

DC Motor @Y T E;\‘IQ Actuator

« Motor Driver / H-bridge ATcx & f&em I5eraT &1 « Servo: fAfEE control pulses & angle/ position|

« PWM duty cycle Ieara 3iiea orfh 3R 17 fFaifaa « Stepper: driver @1 step 3R direction signals|
el &1 « Relay: transistor/relay module § coil Ted|

« Motor @ AT 3T rated supply 3%; Controller 3R « Solenoid: MOSFET/transistor driver 3R protection
driver T GND common & (S circuit design SHHT TGP
T B |

A GRia fe=r ger
Microcontroller GPIO - Driver circuit - & Supply - Motor / Load

Control signal 3fR actuator power &T B 37T IE |

gRen & o=

1. Actuator oI rated voltage 3R stall /start current datasheet ¥ |

2. Inductive load (motor, relay, solenoid) % foiT TEl flyback diode T driver protection &; H-bridge/module &t
wiring guide qH|

3. 3T fuse, AR 3MR power supply 1 Mains voltage TR H™ UAfET afs & |

R R R R R RR————————————_————————_—_———_—_—_——_—_—_——_—_———_—_——
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Unit Name: (iii) Sensors, Actuators and Microcontrollers

AqTT 5 - 10T & 9fAaT 3R interfacing 0 Level - NIELIT - M4—R5.1

Microcontroller: Sensor 3R Actuator @T Controller

Microcontroller (MCU) T BICT programmable computer &, Si chip WX processing, memory 3R input/output
GfIem ST 81 I8 Sensor data Ul &, IH1 & SAR F0ig &eaT & 3iR Actuator &I FRIRT awar &1

% a
Microcontroller (MCU)

Firmware / control program

CPU Flash / RAM GPIO ADC / Timer 12C / SPI / UART
- v
Input: Sensor Output: Actuator
GPIO digital pin q HIGH /LOW ug; analog output Gl GPIO, PWM 3T communication interface & 313 A9 |
ADC ¥ ATY; digital sensor ¥ protocol GRT ST o Power AT 31f&d & @ driver module M|

DHRI-9 (TR SSTEX0T)

1. Sensor | reading il

2. Reading ! calibrate /filter @1 3R threshold ¥ ToeT FH=ATI
3. FYUig & gER Actuator @1el/3% a1 FRIGT HTI

4, TR &1 A6 Wi-Fi/Bluetooth / LoRa 3N & data oI

T MCU & Network Gateway &7

MCU, Sensor 3iR Actuator @I SIS dTel I Controller &1 Wi-Fi/Bluetooth dTeT MCU data T8 network/cloud T
A FHdT &, TR & MCU H connectivity &l Bl B3 loT HONTeidl § STeRT Gateway P3 devices & data BT internet/ cloud

o

% ugar & |

SETERT: ESP32 H Wi-Fi/Bluetooth SUcTed] %; Ueh HIYRI MCU H network & foTT a1&_t communication module & HadT
2l

e e e e e e e e e M e M R M M M R M R M R M M M M M A M M M M M M M M M M M M M M M M M M M Mm A M A M e = e e =

-
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Unit Name: (iii) Sensors, Actuators and Microcontrollers

HFT 6 - Felil O Level - NIELIT - M4—R5.1

Microcontroller 3fR Microprocessor H 3icR

ST H CPU 1T 8, <ifd =T SUIRT 3iR chip & enfiier gfIemd arer gl €1 Microcontroller embedded control

7 ot all-in—one EﬁﬁT%; Microprocessor UIJ: CIFSS memory AR peripherals & GTQIEIQ_ computing system T
hg ST &1

Micracontroller (MCU) Microprocessor (MPU)

& chip 3 CPU + memory + GPIO T timers/ADC & 9Id: CPU; memory/ peripherals 3feRER dTa¥! a1
peripherals JT: 17| system—on—chip e

qi= aH & (Af3d embedded &R @ RN I AR F=ATI ag—mrﬁ computing, EE) applications 3k operating
system TelT1

Power / SFId TR T power AR HF AN, T e AR TR 318 processing &FT 3R power: system
il

e 8051, ATmega328P, PIC, STM32, ESP32I PC & x86 CPU, Raspberry Pi S SBC ¥ application
processorl|

ST Thermostat, smart sensor, motor control, loT nodel Desktop, smartphone/embedded Linux board,

multimedia system|

MCU &9 T2 MPU @& T2

1§ @ power, @ SR, oW startup 31R et faeny 9 9 software, 31f8& memory, rich user interface,
H™ BT AMAR 0 ARSI temperature SIHR networking 3R 3@ tasks/0S &1 SIevd &l
fan eI

i TR W “CPU + memory + 1/0 T chip TR” Microcontroller $Y Y& UgdT™ &1 T8 T 98 8—3NgFd SoC H
| ST avE df g et Fadt 8

___________________________________________________________________________________
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Unit Name: (iii) Sensors, Actuators and Microcontrollers

9T 7 - Families, boards 3R T

O Level - NIELIT - M4—R5.1

Embedded ecosystem ¥ Microcontroller & UPR

Embedded ecosystem H 3eRT—3TeRT MCU families, development boards, tools 3iR software libraries 2ol &ld
g1 T PR T hde A 8, dfed pins, memory, speed, connectivity, power 3R supporté@l

8051

QR 3R e 3§ SRR 8-bit MCU family; basic
embedded control THEH & AT ST

AVR

8—bit MCU family! ATmega328P Arduino Uno ¥ classic
versions ¥ 37|

ESP8266 / ESP32
10T projects & SAT®T; Wi-Fi SUeted], ESP32 variants
Bluetooth I Pins/features model & AR d<ald &l

Board 3R chip U T8

Arduino Uno development board / ecosystem &; SE5
@R MCU board revision & STTHR AT &1 HaTT Bl
Raspberry Pi Pico MCU development board 2l Raspberry
Pi 4 U Single—Board Computer 2, MCU board T&|

1 -
| 3FFER MCU family iR connectivity g1

TE Hﬁ?{\q - Sensors — Controller = Actuators

PIC

Microchip T MCU family; 8/16/32-bit variants 3R
STENfes /faveror U

ARM Cortex-M

32-bit MCU cores; STM32 UR@R robotics, control 3k
industrial projects § e |

RP2040

Raspberry Pi @T MCU chip; Raspberry Pi Pico S8 3TER TR
T development board 2l

I checklist

&= GPIO TRT? ADC/PWM ST &7
Wi-Fi/Bluetooth @Tf&T? voltage 3R power budget T
22 Toolchain, library, ST 3R community support
T 7

B e e

]
I ¥{R: MCU embedded system &I programmable Controller 2: Sensor ¥ data @R Actuator FATdT &1 ATTLIHAT P

S ——

e e e e e e e e e e e e e e R e R R e e e e e e e
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