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Embedded Tutorial for Beginners

Introduction
Are you a beginner interested in hardware but intimidated by microcontrollers,
complicated circuits, or confusing datasheets? Maybe you're finding it difficult to work

out how the code written in software actually interacts with the physical world?

Embedded systems are those tiny computers running everything from smartwatches to
industrial robots that are within your grasp. This tutorial provides a clear, practical path,
starting with fundamental concepts and hands-on projects. Learn to program

microcontrollers using C/C++. Ready to build physical intelligence? Download the full

Embedded Systems Course Syllabus to map out your journey!

Why Students or Freshers Learn Embedded System?
Knowledge in embedded systems opens the door to several key, high-growth

engineering fields:


https://www.softlogicsys.in/embedded-systems-course-syllabus/

e Foundational to loT: It constitutes the backbone of 10T, smart homes, and
industrial automation, which are the fast-growing areas.

e Deep Hardware Understanding: Learning Embedded offers important skills
related to working with microcontrollers, sensors, and real-time operating
systems that fill the gap between hardware and software.

e High demand for C/C++: Embedded programming greatly relies on C and C++,
which are the languages required for low-level performance and
resource-constrained environments.

e Diverse Career Avenues: These include robotics, automotive systems
(autonomous driving), aerospace applications, and advanced medical devices.

Ready to enter the world of hardware programming? Here’s a curated list of top

Embedded Systems Interview Questions and Answers that will help one secure an

engineering position.

Take your Knowledge
Check your Score =~
Test Report ~

Step-by-Step Embedded System Tutorial for Beginners
This Embedded tutorial for beginners leads you through initial steps on setting up the
environment, understanding core concepts, and writing your very first program for a

Microcontroller — or simply put, the “brain” of any embedded device.

Ouir first tool will be the very popular Arduino platform, as it will ease the setup for our

focus on core C/C++ programming concepts that a beginner should know.

Step 1: Understanding the Core Components
Before writing code, you need to understand the essential hardware components

involved:


https://www.softlogicsys.in/embedded-interview-questions-and-answers/
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e MCU (Microcontroller): It's a small, low-power computer chip that runs your
code. It's where the CPU, Memory (Flash/SRAM), and Peripherals (like Timers,
ADC, GPIOs) are located. In other words, the Arduino Uno uses the
ATmega328P MCU.

e Breadboard: A construction base used to build temporary, solderless electronic
circuits.

e Sensors/Actuators: Components that interact with the physical world. Sensors
read data, such as temperature and light. Actuators perform actions, such as
turning on an LED and moving a motor.

e GPIO (General Purpose Input/Output): The digital pins on the MCU that you
use to either read signals-in other words, input-from or send signals-out, in other
words, output-to external components.

You will need to obtain the hardware and set up the development environment.

2.1 Get the Starter Kit

For this tutorial, the essential parts are:

Arduino Uno or a compatible board

USB Cable (A-to-B or Micro USB, depending on your board)
An LED (Light-Emitting Diode)

A 220-ohm Resistor (required to protect the LED)

Jumper Wires

2.2 Arduino IDE installation

The Arduino integrated development environment, or IDE for short, is where you’ll be

writing, compiling, and uploading your C/C++ code to the microcontroller.

e Follow the link to the official Arduino software page and download and then
install the latest available version of the Arduino IDE for your operating system:
Windows, macOS, or Linux.

e \Verification To open the IDE confirms that the software has been installed
correctly.

2.3 Connect the Board



Connect your Arduino board to your computer using the USB cable. The Power (PWR)
LED on the board should light up.

2.4 IDE Configuration
In the Arduino IDE:

Go to Tools > Board and select your specific board, for instance, Arduino Uno.
Now, go to Tools > Port and select the COM port or device recognized by your
computer. This will be the communication channel through which you can upload
code.

The simplest and most important first project is making an LED blink. This confirms your

hardware setup, software installation, and code upload process are all working.

3.1 The Circuit Setup

Before coding, build the following simple circuit on your breadboard:

1. Connect the long leg (anode) of the LED to Arduino’s Digital Pin 13. Note: Most
Arduino boards have a resistor built into this pin, but it is considered good
practice to use an external one.

2. Connect the 220-ohm Resistor to the short leg (cathode) of the LED.

3. Connect the other end of the resistor to the GND (Ground) pin on Arduino.

A

3.2 The Basic Sketch Structure

In the Arduino environment, the program is called a Sketch. A program requires two

basic functions written in C/C++:

e void setup(): Executed only once at the start, and every time the board is reset.
This is used for setup (setting pin modes, initializing communications).



e void loop(): Runs repeatedly forever after setup() finishes. This is the main
program logic.

3.3 Writing the Blinking Code

Enter the following code into your Arduino IDE:
constint LED PIN = 13; // Define the pin number for the LED
void setup() {
// Set the LED _PIN to OUTPUT mode.
// This means the microcontroller will SEND a voltage signal (OV or 5V).

pinMode(LED_PIN, OUTPUT);,

void loop() {
// 1. Turn the LED ON (Write HIGH voltage — 5V)
digitalWrite(LED_PIN, HIGH);
// 2. Wait for 1000 milliseconds (1 second)
delay(1000);
// 3. Turn the LED OFF (Write LOW voltage — 0V)
digitalWrite(LED_PIN, LOW);

// 4. Wait for 1000 milliseconds (1 second)



delay(1000);

3.4 Compilation and Uploading

e The code is compiled (C/C++ translated into machine code) by clicking the Verify
button (the checkmark icon) in the IDE.
e Click the Upload button-the right arrow icon-to send the compiled code over the
USB port to the ATmega328P microcontroller.
Expected Result: The LED connected to Pin 13 should start blinking with a one-second

on, one-second off pattern.

Basic concepts of programming in embedded systems rely heavily on efficient C/C++.

4.1 Variables and Data Types

Since microcontrollers have limited memory (SRAM), picking the correct data type can

be crucial for efficiency.

Type Size (Bytes) Range / Use

int 2 Stores whole numbers up
to £32,767 (standard size
on Arduino Uno)

long 4 Stores larger whole
numbers.

float 4 Stores decimal numbers
(use sparingly due to
overhead).

char 1 Stores a single character.




bool 1 Stores true or false (1 or
0).

// C/C++ Data Types
int sensorValue = 1023; // 2-byte integer
float temperature = 25.5; // 4-byte floating point

bool isAlarmActive = true; // Boolean

4.2 Control Flow (If/Else Statements)

Used to make decisions based on inputs, such as sensor readings.
// Example: If/Else based on a sensor reading
int lightLevel = 500; // Simulated input from a light sensor
if (lightLevel < 200) {
// Condition 1: If it's very dark
digitalWrite(LED_PIN, HIGH); // Turn LED ON
} else if (lightLevel < 700) {
// Condition 2: If it’s twilight
// Do nothing, or dim the LED
Jelse{

// Condition 3: If it’s bright daylight



digitalWrite(LED_PIN, LOW); // Keep LED OFF

4.3 Loops (For and While)

Used for repetitive tasks such as iterating through an array of data or executing a task a

certain number of times.

// Example: Using a for loop to flash an LED 5 times
void flashLED(int count) {
for (inti = 0; i <count; i++) {
digitalWrite(LED_PIN, HIGH),
delay(100);
digitalWrite(LED_PIN, LOW);

delay(100);

void loop() {
flashLED(5); // Flashes 5 times

delay(5000); // Waits 5 seconds before flashing again



Embedded systems must read data from the outside world.

5.1 Digital Input (Reading a Button)

Digital pins can only read two states: HIGH (usually 5V, interpreted as 1 or true) or LOW

(OV, interpreted as O or false).

Hardware: Connect a push button between a digital pin (for example Pin 2) and GND.
Make use of the Arduino’s internal pull-up resistor to keep the pin HIGH when the button

is not pressed.

Code:

const int BUTTON_PIN = 2;

void setup() {
// Set the pin mode to INPUT_PULLUP.
// This uses the internal resistor to keep the pin HIGH (safe state).
pinMode(BUTTON_PIN, INPUT_PULLUP);

pinMode(LED_PIN, OUTPUT);,

void loop() {

// digitalRead returns HIGH or LOW. Pushing the button connects the pin to GND,
making it LOW.

if (digitalRead(BUTTON_PIN) == LOW) {



digitalWrite(LED_PIN, HIGH); // Button pressed, turn LED ON
Jelse{

digitalWrite(LED_PIN, LOW); // Button released, turn LED OFF

5.2 Analog Input (Reading a Sensor)

Analog pins read the continuous range of voltage, commonly between 0V and 5V. The
MCU converts the voltage into a number digitally through an ADC. On the Arduino Uno,
the reading ranges from 0 to 1023.

Hardware: Connect a sensor (such as a basic Potentiometer or LDR) to an Analog Pin
(A0).

Code:
const int ANALOG_PIN = A0;
void setup() {
// Start serial communication to print data to the computer

Serial.begin(9600);

void loop() {

// Read the value from the analog pin (returns 0-1023)



int rawValue = analogRead(ANALOG_PIN);
// Print the value to the Serial Monitor
Serial.print(“Sensor Value: ©);
Serial.printin(rawValue);

delay(100);

Verification: Open the Serial Monitor (magnifying glass icon in the IDE) to see the

numerical sensor readings change as you manipulate the sensor.

It's time-consuming to write low-level code for every peripheral. Libraries provide a layer
of abstraction, making it easier to implement complex hardware control-for example,

driving a motor, communicating over Wi-Fi, or driving a display.

Example: In order to use a complicated component such as an LCD display you only
need to import the corresponding library and invoke high-level functions such as

Icd.print(“Hello!”); rather than manually set several dozen register bits.

// Example: Including and using a library

#include <LiquidCrystal.h> // Includes the library for LCD control

// LiquidCrystal Icd(rs, en, d4, d5, d6, d7); // Initialization specific to the component
void setup() {

// lcd.begin(16, 2); // Initialize the 16x2 display



// led.print(“Ready!”);

void loop() {

// Your main code logic

You have successfully set up the environment, programmed GPIO, read inputs, and
understood the basic structure of the C/C++ language. The next steps involve moving

into more complex topics crucial for career growth:

e Advanced C/C++: Mastering Pointers, Memory Management, and Data
Structures.

e Peripherals: In-depth explanations on advanced microcontroller peripherals
such as Timers, Interrupts, and communication protocols such as 12C and SPI.

e RTOS: The learning of operating systems, such as FreeRTOS, to manage
complex and concurrent tasks for high-reliability applications.

Congrats on starting your journey into embedded programming! You need to actually
practice building solutions in order to embed these concepts. Download the complete

Embedded Systems Challenges and Solutions Guide! Test your knowledge by

building practical projects like traffic light controllers, simple alarm systems, and sensor

data loggers, then check your code and circuit diagrams against professional solutions.

The invisible computers running in devices all around you are embedded systems. To

learn about the field, understand the following applications:

Smart Home Thermostat (loT Device)
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e In the thermostat, a microcontroller reads data from both a temperature sensor
and a humidity sensor.

e |t executes a simple control loop (implemented in C/C++) that compares the
current temperature with the setpoint.

e When the actual temperature is too low, the microcontroller sends a digital signal
through one of the GPIO pins to an actuator-a relay-to switch on the furnace or
heater.

e |t often uses a Wi-Fi module (controlled via libraries) that connects to the internet
for remote monitoring.

Automotive Cruise Control System

e Various interconnected microcontrollers are involved in automotive systems. The
cruise control module constantly reads inputs from speed sensors and throttle
positions of the driver.

e |t uses Interrupts to respond instantly to critical events such as the driver
pressing the brake pedal.

e The control logic computes the required throttle adjustment in real time and
drives a motor to maintain the speed constant with precise timing and reliability.

Basic Digital Camera

e \When the shutter button is pressed, the event is detected as a digital input by the
main MCU.

e The MCU could then process several peripherals simultaneously: it reads the
image data from the CMOS sensor, processes the image (color correction,
compression) using internal DMA, and finally writes the compressed image file to
the SD card using an SPI communication protocol.

e This needs a strong code framework that can bear all operations simultaneously
and with speed.

Ready to turn these examples into working hardware? Download our list of curated
Embedded Systems Project Ideas now and begin to build and program physical

devices!

1. How do | start learning embedded systems?
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First, study the basics of programming in C. Next, get yourself an inexpensive board,
like Arduino or Raspberry Pi Pico. Practice direct projects with controlling GPIOs-for
example, how a blinking LED is implemented-read data from sensors, and learn to read
datasheets. Learn about basic electronic elements.

2. Which is easy, VLSI or embedded?

Generally, embedded systems are easier to get started with. VLSI, on the other hand,
deals with designing real hardware circuits at a transistor level, which requires deep
knowledge of physics and digital logic. Embedded focuses on programming already
designed microcontrollers and integrating them.

3. Does embedded use C or C++?

C is widely used for embedded programming because of low-level memory control,
small footprint, and efficiency, critical for resource-constrained microcontrollers. More
complex embedded systems, for instance, robotics or automotive, use C++ due to
features such as OOP (Object-Oriented Programming), which simplifies larger
codebases.

4. Canllearn C in 3 months?

You can learn the syntax and core concepts-variables, loops, functions, and pointers-of
C in 3 months with dedicated study. However, true proficiency and in-depth
understanding of memory management and data structures in C require continuous
practice and project building.

5. What is the salary of Embedded enginner in TCS?

Embedded Engineer Salary at TCS, In most cases, the salary for such a position at a

fresher or junior level is quite competitive with the industry standard. Therefore, it varies
from 3.5 to 6.5 Lakhs per annum in India, depending on location, experience, and the
specific project domain.

6. Is C++ a dead language?

No, C++ is not a dead language; it is highly relevant even now. In fact, it is irreplaceable

in performance-critical areas such as game development (Unreal Engine), finance,


https://www.softlogicsys.in/tcs-salary-in-chennai/

especially high-frequency trading, operating systems such as Windows and Linux, and
complex embedded systems where speed and efficiency matter most.
7. What is the salary of embedded C++ developer?

Embedded C++ developers salary in India are usually higher than those of

developers with experience in only C because of the complexity involved. They range
from %6 to ¥15 Lakhs+ per annum in India, depending on expertise with RTOS and
specific industry experiences.

8. Can | use Python for embedded systems?

Well, you can use Python on embedded systems, most often with either MicroPython or
CircuitPython on high-end microcontrollers like the ESP32 or the Raspberry Pi Pico.
While much slower than C/C++, Python does offer rapid prototyping and easier
development for projects that are not particularly constrained by speed or memory.

9. Which OS is commonly used in embedded systems?

The most common “OS” in simple embedded systems is a bare-metal loop, with no OS.
Complex systems use an RTOS such as FreeRTOS or Zephyr to handle time-critical
activities. Linux is mainly used for high-end devices like smart TVs and routers.

10. Can MATLAB be used in embedded systems?

Yes, MATLAB and its companion Simulink are used fairly universally, especially in
model-based design for automotive and aerospace applications. The tools allow the
engineer to design and simulate the control algorithm and then automatically generate

C/C++ code which can be compiled and executed on the target microcontroller.

You have mastered the basics of environment setup, basic C/C++ programming, GPIO
handling, and physical input reading. Now you know that Embedded Systems have a
great function-that of a bridge between digital and physical worlds, actually a common
denominator of every technology of today. Events described in this book form the
practical background necessary for further specialization in 10T, robotics, and industrial

automation. Ready to move beyond the basics and master complex hardware? Enroll in


https://www.softlogicsys.in/embedded-software-engineer-salary-in-chennai/

our comprehensive Embedded Systems Course in Chennai to learn RTOS and

advanced peripherals like Timers & Interrupts. Then go on to create professional

multi-tasking projects!
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