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MGUS, GPUS, and NPUS

These processors play crucial roles in modern ;q ‘
¢

electronics, powering everything from simple !’ \ 8 .
devices to complex Al systems. 2%
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Microcontroller Units (MCUS)

Definition Functions

A self-contained system on a Executes specific tasks within
chip integrating processor, embedded systems with low
memory, and peripherals. power consumption and

cost-effectiveness.

Examples & Market

« Controls appliances, automotive systems, loT devices

« Market size: $20B in 2023; projected $30B by 2028 (CAGR 8.4%)
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Central Processing Units (CPUS)

Definition Capabilities

General-purpose processors Offers high performance but
designed to execute a wide variety consumes significant power, suitable
of instructions. for computers and servers.

Market & Leaders

Dominated by Intel (70%) and
AMD (20%)
Market size: S90B in 2023
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Neural Processing Units (NPUS)

Purpose Advantages

Specialized processors Highly power-efficient for Al
optimized for machine learning workloads, excelling at matrix
and neural network operations. multiplications.

Applications & Market

« Used in smartphones, Al accelerators, autonomous vehicles

« Market growth: $8B in 2023 to $60B by 2030 (CAGR 33%)
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MGU vs. GPU vs. NPU: Key Differences

Power Consumption
Performance
Use Cases

Examples

MCU

Lowest

Low

Embedded Systems

Arduino, ESP32

CPU

Highest

High

General Computing

Intel 19, AMD Ryzen

NPU

Medium

Specialized (Al)
Machine Learning & Al

Google TPU, Huawei Ascend
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RAM, Flash Memory, and Glock
Speed Explained

RAM Flash Memory

Volatile memory used for Non-volatile storage for
temporarily holding active long-term data and

data and instructions; faster firmware retention; slower
access speeds. than RAM.

Clock Speed

Determines how fast a processor executes instructions, measured
in GHz; higher speeds enable better performance but increase

power consumption.
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Current Market Trends in Processors

1 Increasing integration of wireless communication for smarter

embedded systems.

CPUS

2 Adoption of heterogeneous architectures combining CPUs with

integrated GPUs for enhanced performance.

NPUS

o Rapid growth in edge computing and loT devices deploying Al

acceleration capabilities.

Emerging Al-Enabled MCUS

4 Projected annual growth of 40% through 2027, enabling more

intelligent low-power devices.
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PHYSICAL ELECTRICAL MICROCONTROLLER
INPUT SIGNAL (MCU)

\ ! U4

% Qo £

b 1)
DECISION/
ACTION

A sensor is a device that detects changes in
physical or environmental conditions and

converts them into measurable signals.
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Active vs. Passive Sensors

Active Sensors Passive Sensors

+ ‘

-
g’ ©

Active sensors emit their own energy to detect Passive sensors detect existing energy or stimuli without
environmental changes.

emitting energy themselves.
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Active Sensors Passive Sensors

LDR (Light Dependent Resistor)
Strain Gauge

Piezoelectric Sensor
Accelerometer

Ultrasonic Sensor
LIDAR

Radar Sensor
Hall Effect Sensor
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Analog vs. Digital Sensors

Analog vs Digital Sensor Readings

Analog Sensors
Continuous, smooth output signal with high-resolution
measurements.

Digital Sensors

Discrete output: 0 or 1, offering strong noise immunity -

and reliability

© 2025, Raushan Kr. Singh. Unauthorized use prohibited.


https://gamma.app/?utm_source=made-with-gamma

Common Sensor Types

Temperature Sensors Pressure Sensors Light Sensors

Measure heat or cold to regulate environments  Detect force applied per unit area and relay Gauge light intensity for adaptive

or processes. Found in thermostats, weather vital information in various settings, from applications in smartphones, cameras, and
stations, and industry equipment. automotive to healthcare. security systems.

« Thermistors - Strain Gauges « Photodiodes

« Thermocouples « Piezoelectric Sensors « Photoresistors

« RTDs (Resistance Temperature Detectors)

© 2025, Raushan Kr. Singh. Unauthorized use prohibited.


https://gamma.app/?utm_source=made-with-gamma

Advanced Sensor Technologies

Image Sensors Inertial Sensors

Capture visual data for cameras, medical Measure motion and orientation for
devices, and autonomous vehicles. navigation systems, robotics, and
Approximately 90% of these sensors wearable technologies. For example, the
utilize CMOS technology to deliver iPhone 14 employs a dual-core

enhanced efficiency and superiorimage  accelerometer for precise movement

quality. tracking.

Gas Sensors

Detect various gases for applications in

air quality monitoring, safety, and
industrial environments using

sophisticated sensor technologies.
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sensor Applications: Shaping Our World

Automotive

Sensors enable autonomous driving,
collision avoidance, and parking
assistance. Modern cars typically feature
over 100 sensors to enhance safety and

performance.

Fact: Cars contain 100+ sensors.

Smart Homes

Sensors automate lighting, climate
controls, and security, improving comfort
and energy efficiency in houses
worldwide.

Fact: Smart homes incorporate 50+

Sensors.

Healthcare

Wearable health trackers and remote
monitoring devices rely heavily on
sensors, supporting diagnostics and
personalized care. The market is rapidly

expanding, valued at $24 billion globally.

Fact: Global medical sensor market = $24B.

Industrial Rutomation

Sensors optimize process control, enable
predictive maintenance, and drive
robotics in factories, reducing downtime
significantly.

Fact: Sensors can reduce downtime by

30%.
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WOKWI

o o
WO kWI SI m u Iato r 4 \RI World's most advanced ESP32 simulator
ety Discord Community  LinkedIn Group
Wokwi Simulator is an online platform that =
An
. . b = < . .
allows users to simulate Arduino, ESP32, =~ Simulate with Wokwi Online
3
and other microcontroller projects in a ==
==
virtual environment. ) - =
| uno . IS ESP32
p— - ARDUINO
It supports B | e .. _
1 Semiion e il i
e Real-time code execution
e Virtual components ESk32
- ||
e Circuit design
UQBUUUUBUUUUHUUUUUUB
making it ideal for prototyping and o l= @ °
(o] 3 I~
: : : . ® J
rning without physical hardware. .
lea 9 phy ,./ RARRARRRRRRARARRARAR

Pi Pico
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Features of Wokwi

Drag-and-Drop Interface

1

Real-Time Simulation
2

Integrated Code Editor
3

Serial Monitor
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Benefits of Wokwi for TinyML Prototyping

Rapid Prototyping Cost Efficient

Risk Minimization D Collaborative
Qo Development

© 2025, Raushan Kr. Singh. Unauthorized use prohibited.
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WOKWI

World's most advanced ESP32 simulator
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Simulation : Step 1: Wokwi Account Creation

Wokwi Simulator Website :

Simulate with Wokwi Online

) @ uno .. i = ESP32
Welcome to Wokwi . i . '

....................

-
In order to continue, please sign in to your account e il c.
{5 Continue with Google ESP32

) Continue with GitHub

ofofoloRoReReloRoNoNoRoReRoR R R R  He )

E :
- 8

L]
RARRRARRRRRARRARRRRAR

Continue with Email

Ush

Lin

By continuing, you agree to Wokwi's Terms of Service and
Privacy Policy

Pi Pico

®
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Step 2: Featured Projects /

Mini Piano
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Featured projects
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Alarm Clock with RTC

t

Touch LCD Breakout Game
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32x32 LED Matrix Tunnel

Electronic Safe
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II ;e ...,... = >
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Dino Game

Start from Scratch /

ATtiny85

Start from Scratch

3 -

Franzininho

Arduino Nano

car

Latest projects

Total of 1791536 Arduino projects

[

JInxagée EBrenmii Ilpakrmgeckas
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speedSpeedometerStepperServo.ino
Copy (3)
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W e

fion et

Seven segment display
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Step 3: Arduino and Programming

WOKWi B save ‘ v A SHARE Docs %3

sketch.ino diagram.json @ Library Manager ¥ Simulation

i f void setup() {
// put your setup ¢ ere, to once: ° G °

1
J

void loop() {
// put your main code

W ARDUINO

N © O MV
® O

> POWER ANALOG I

o onoc

e > 2 2 ® = N M <IN
L I X I I

™M Ln o > <
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WOKWI

World's most advanced ESP32 simulator

LED Blin
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Step 4: Components Selection : LED & Resistor

Simulation o}

00D —

LED

_ Pushbutton -
i O (o) P St <8 Pk N :
. ) Pushbutton 6mm DIGITAL (PWM ~) :
s |
00 ™~ W m I 5
2 R < P
DIGITAL (PWM 2 ¥ Resistor
= »
|
Display
W ARDUINO
% RGB LED

OLED SSD1306 OLED display

OLED : Grove SH1107 - OLED Display

ANALOG I LCD 16x2

LCD 16x2 (12C)

Choose + to add component Select LED
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Step 5: Components Selection and Circuit Design

Q | Simulation

Basic

LED

‘D‘ Pushbutton

a;uo ~ O uwn <

) Pushbutton 6mm DIGITAL (PWM ~
- OO o/ _,
\\‘ Resistor RX W8 ARDUINO ®
/\
Display
[ e ©,O JENEIN,

ARDUINO

OLED SSD1306 OLED display

OLED : Grove SH1107 - OLED Display S SRR a Rl S e e

LCD 16x2
ER ANALOG I
- 5 @ = NM g N
n = < < < I =f =T
LCD 16x2 (12C)

Select Resistor - 220 Ohm Connect Components
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Step 6: Write Program and Hit Simulation

sketch.ino @ diagram_json @

Library Manager ¥
const int LED =

Qe
=

Simulation
void setup()
f
L
(LED, OUTPUT);

/3

()02:02.516 (9)99%

void loop()

(LED, HIGH);

(LED, LOW);
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WOKWI

World's most advanced ESP32 simulator

LDR Sensor - Analog
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Step 1: Components Selection : LED & Resistor

Simulation

i+ A

o 0 ~W;nm < m
2

I
DIGITAL (PWM

‘"
= ARDUINO

ANALOGIN.
= oM
I I I I I

Choose + to add component

Input

= Rotary Encoder (KY-040)

o
Q

]

-
-

‘ Potentiometer

e GEm e

| I =3 Slide Potentiometer

16 Channel Analog Multiplexer (CD74HC4067)
Sensor

(®)(@) HC-SR04 Ultrasonic Distance Sensor

: MQ2 Gas Sensor

520 DS18B20 Temperature Sensor (beta)
3 PIR Motion Sensor

Analog Temperature Sensor (NTC)

Photoresistor (LDR) Sensor

&= MPU6050 Accelerometer + Gyroscope

DS1307 RTC

ANALOG IN'
N m < n

®
<1 I

Select LDR Sensor
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Step 2: Wire Connections

~9
8
7
)
5
4
3
2

T Mo -« ©
w ™ v =
o ? ! DIGITAL (PWM ~)
L . e
i |
"UNO
TX Wl < _J

Rx #m ARDUINO

LDR Sensor Connections
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Step 3: Write Program and Hit Simulation

’ @ Assignment 1: Raushan Singh

sketch.ino @ diagram.json @ Library Manager Simulation

Lo !
const int ANALOG PIN = A®@; e o o ()00:46.133 (#)99%

s - :
void setup() { . Photoresistor (LDR)
ial. (9600) ;
@ ILLUMINATION (LUX)
500 lux

void loop() {

int raw = (ANALOG_PIN);

float voltage = raw * (5.0 / 1023.0);
("Voltage at A@: ");
(voltage, 3);

(" V)3

(500);
00 NW;gm

2 13

DIGITAL (PWM ~

ARDUINO

Voltage
Voltage
Voltage
Voltage
Voltage
Voltage
Voltage

, Raushan Kr. Singh. Unauthorized use prohibited.
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Practice 1

Write an Arduino sketch that reads the analog voltage from an
LDR sensor on A0, compares it against a 3 V threshold, and drives
the LED on pin 13 such that:

e LED ON when the measured voltage is below 3 V

e LED OFF when the measured voltage is 3 V or above
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Solution - 1

const int LDR_PIN = AO;
const int LED_PIN = 13;

void setup()

{
Serial.begin(9600);
pinMode(LED_PIN, OUTPUT);

}

void loop()

{
int raw = analogRead(LDR_PIN);
float voltage = raw * (5.0 / 1023.0);
Serial.printin(voltage);

if (voltage < 3.0) {
digitalWrite(LED_PIN, LOW);

} else {
digitalWrite(LED_PIN, HIGH);

}

Serial.print("Voltage at A0: ");
Serial.print(voltage, 4);
Serial.printin(" V");
delay(500);

Simulation

OO

Photoresistor (LDR)

@ wwmnaion | 17

_%>

Voltage at
Voltage at
Voltage at
Voltage at
Voltage at
Voltage at

Voltage at

: 3.3871 V
: 3.7488 V
: 4.1202 V
: 4.1691 V
: 4.1691 V
: 4.1691 V
1 4.0274 V

Docs yﬂ‘

()01:36.032 (#)99%
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WOKWI

World's most advanced ESP32 simulator

LDR Sensor - Digital
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Step 1: Components Selection : LED & Resistor

Simulation

i+ A

o 0 ~W;nm < m
2

I
DIGITAL (PWM

‘"
= ARDUINO

ANALOGIN.
= oM
I I I I I

Choose + to add component

Input

= Rotary Encoder (KY-040)

o
Q

]

-
-

‘ Potentiometer

e GEm e

| I =3 Slide Potentiometer

16 Channel Analog Multiplexer (CD74HC4067)
Sensor

(®)(@) HC-SR04 Ultrasonic Distance Sensor

: MQ2 Gas Sensor

520 DS18B20 Temperature Sensor (beta)
3 PIR Motion Sensor

Analog Temperature Sensor (NTC)

Photoresistor (LDR) Sensor

&= MPU6050 Accelerometer + Gyroscope

DS1307 RTC

ANALOG IN'
N m < n

®
<1 I

Select LDR Sensor
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Step 2: Wire Connections

LDR Sensor Connections

© 2025, Raushan Kr. Singh. Unauthorized use prohibited.
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Practice 2

Write an Arduino sketch that reads the digital pin of LDR sensor and
control LED when its getting high and low when its getting low.
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Solution -2

const int DIGITAL_PIN = 2;
const int LED_PIN = 13;

void setup() {
Serial.begin(9600);
pinMode(DIGITAL_PIN, INPUT);
pinMode(LED_PIN, OUTPUT);
digitalWrite(LED_PIN, LOW);

}

void loop() {

int LDR_STATE = digitalRead(DIGITAL_PIN);

if LDR_STATE == HIGH) {
digitalWrite(LED_PIN, HIGH);
Serial.printin("LED ON");

}

else

{
digitalWrite(LED_PIN, LOW);
Serial.printin("LED OFF");

o0 ~ Q m < l';l (2}
DIGITAL (mm ~)

'@@wuo].

™ ARDUINO
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Step 3: Write Program and Hit Simulation

M Inbox (10,100) - spectrumsolu x TinyML - 2. Hardware for Tiny X w Wokwi - Online ESP32, STM32, X @ LDR Digital Pin Contro
wokwi.com/projects/431741034814159873
@ Assignment 1: TinyML Raushan Singh led and Idr

sketch.ino @ diagram json @ Library Manager ~ Simulation

()00:49.628 (#)76%
const int DIGITAL_PIN = 2;

const int LED_PIN = 13;

Photoresistor (LDR)

@ ILLUMINATION (LUX)

DIGITAL_PIN, INPUT); J

LED_PIN, OUTPU
LED_PIN,

void loop()

int LDR_STATE = DIGITAL_PIN);

if (LDR_STATE == HIGH
(LED_PIN, HIG
("LED ON");

(LED_PIN, LOW);
("LED OFF");

‘i L -9 '— C 8 Q@ m e "” _ 05:14 PM

23-05-2025
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Assignment - 1

Simulation

m&,,r ﬁw ()00:42.239 (#)93%

® .o
GND VCC SCL SDA

Sensor Data

B Jeeien ]
2 L4 |
- LA [ ——y
pepeped H H H
sasanes
1
1

Temperature: 24.00 °C

Accelerometer - X: -7.35, Y: -5.88, Z: 5.88
Gyroscope - X: 1.40, Y: 1.13, Z: 1.48
Temperature: 24.00 °C

Accelerometer - X: -7.35, Y: -5.88, Z: 5.88
Gyroscope - X: 1.40, Y: 1.13, Z: 1.48
Temperature: 24.00 °C
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CCRELCEWWEVE
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MCUs are central to TinyML for low-power, real-time
edge Al tasks.

Know the trade-offs between MCUs, CPUs, and NPUs
for optimal hardware selection.

Sensor choice and memory (RAM/Flash) impact
performance significantly.

Wokwi is a powerful online simulator to prototype
TinyML systems without hardware.
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