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To Whom this Content is for?

- Engineering Students: Across disciplines such as EEE/ECE/CSE/ML-AI/
Mechatronics/ Mechanical/Instrumentation, students seek clarity on the significance
of Embedded Systems, the steps they should undertake, and how this knowledge can
transform their engineering education into a practical and engaging experience

- Engineering Institution: The rationale behind incorporating “Embedded Systems” as
a core subject across all BE programs, along with the resulting advantages for
students, faculty members, the institution, and the nation at large

« Faculty: By embracing hands-on Embedded Systems design alongside their students
and fellow engineers throughout the four-year academic journey, faculty can cultivate
a vibrant atmosphere of “true creation” across the college campus.

« Note: Better viewed on a large monitor/Laptop/Desktop computer

@ Seekers SignpOSt A Learn @ Understand Build ':@:‘ Innovate Empowering Engineers. Shaping Tomorrow.
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> YOUR GUIDE TO THE WORLD OF

¢/ EMBEDDED SYSTEMS
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THE BRAINS BEHIND SMART DEVICES
Embedded Systems are small, intelligent computer systems
designed to perform specific tasks inside larger devices or machines.
They sense, think, act and connect - quietly working behind the scenes
to make our world smarter, safer and more efficient.
. IN THIS JOURNEY, WE WILL °
LEARN UNDERSTAND EXPLORE BUILD INNOVATE
the fundamentals how embedded systems real-world examples practical skills for and create solutions
in simple terms think and work and applications real-world use for tomorrow
L Whether you are a student, a professional, or simply curious, Sma// Sggtems,

= = this guide will help you build a strong foundation :
Q\ Big Impact.

r'd
and open the door to endless opportunities in technology.
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e— UNDERSTAND. VlSUALIZE. BUILD THE BASE. —o

Every great engineer starts with strong foundations.
In this part, we build your understanding of what
embedded systems are, how they work, and why
they power the intelligent world around us.

"a
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Curiosity is the first step.
Understanding is the foundation.

IN THIS PART (SECTIONS 1-5)

—

4. MCU BASICS
Inside the Microcontroller:
the heart of embedded systems.

3. SENSE — THINK — ACT

The fundamental cycle of
intelligent systems.

(@} @) ®

2. HUMAN ANALOGY

Understanding embedded
systems like the human body.

1. WHAT ARE
EMBEDDED SYSTEMS?

The invisible brain
in everyday devices.

i} STRONG FOUNDATIONS. CLEAR UNDERSTANDING. LIMITLESS POSSIBILITIES.

66

(77)

5. SYSTEM ARCHITECTURE

How components work e
together as a system. . » =

Embedded systems
are the invisible
intelligence behind
every smart machine
you see.

pr—

LET’S BUILD
THE FOUNDATION.

¥/ :;

The journey begins here.

@ Understand the basics. Master the future.



WHAT IS HAPPENING?

e EMBEDDED s ' STEMS
Embedded systems are quietly working behind
the scenes in thousands of devices around us.
They sense the environment, make decisions,
and control actions automatically.

—— Small Systems. Big Impact. -—

WHY ARE THESE DEVICES SMART?

@ They have sensors to sense.
@ They have a brain (microcontroller) to think.

EMBEDDED SYSTEMS AROUND US

@ They have actuators to act.

—— THE SIMPLE IDEA —

SENSE THINK ACT

Collect data from Process the data Perform actions
the environment and decide in the real world

WHY IT MATTERS

[ & Embedded systems make our lives easier, safer and more efficient. m
- N

Traffic Signals Medical Equipment Industrial Automation Home Appliances o They are the foundat!on ofmedem technoiogyiand
the future of innovation.

L& N
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HUMAN BODY ANALOGY

Understanding Embedded Systems Easily!

am—— THE BEST WAY TO UNDERSTAND EMBEDDED SYSTEMS - =1

The best way to understand an Embedded System is to compare it with the Human Body.

Sensors = Sense Examples:

~

=

iz B

(@) SENSORS = SENSE

Like our eyes, ears, skin...
They sense the world
around us.

REAL LIFE EXAMPLE:

Temperature Sensor

\ 4

ij} Controller Processes

4

& Fan Turns ON

Sense
(Input)

Seekers Slgnpost

A J

EMBEDDED SYSTEM All these working together

® ./ #

Think

(Process)

C 3 ‘( 2 l'
SE¢ SS ‘

(Output) (Action Happened)

Temperature sensor,

Just like our eyes, ears and skin sense the world, light sensor, pressure
’

sensors collect information from the environment.

sensor, etc.

- Brain = Think Examples:
BRAIN = THlNK The brain thinks, understands and decides MCU, MPU, DSP,
Decides what to do. what to do. In embedded systems, this is Microcontrollers

done by a Microcontroller or Microprocessor.
(Microcontroller /

Microprocessor)

% Muscles = Act Examples:
Our muscles take action based on the brain's Motors, LEDs,
decision. In devices, actuators perform actions Buzzer, Display,

4 like moving, turning ON/OFF, showing output. Relays, etc.

MUSCLES = ACT
HOW IT WORKS TOGETHER? - EVERYDAY EXAMPLE
‘\Sense ) g

Take action in the real
world. - Temperature sensor
(Motors, LEDs, 6 0 Sensors collect data (Input). / \ & detects heat

Buzzer, Rela ' . A~ n
) 1 e The controller (brain) processes it. ( /Act =% | Think ) Gantroler:checks the
' Sy &S temperature
o It decides what action to take. ' 3
& Fan turns ON
o Actuators produce output (Action). = 'l
O Room becomes cooler
/
Q - @ WHY THIS ANALOGY HELPS? TAKEAWIY

‘ Q It is simple and easy to remember. Embedded systems are the

intelligent “brains” that sense,
\ think and act in the real world!

Act Result

| @ It connects real life with technology.

@ 1t helps you think like an engineer.

X

M) Learn | & Understand ’ Build

@ Innovate ‘

Empowering Engineers. Sha_ping Tomorrow.



TH E H E A RT OF AN EM BED DED SYSTEM DEVELOPMENT BOARDS - YOUR STARTING POINT (NOT THE FINAL DESTINATION)
MICROCONTROLLER (THE BRAIN) s o SPRDEIT  STMZMCLE | A\ weomr sy cec

These boards are a
PROOF OF YOUR LOGIC,
not the engineering itself.

o— Small Chip. Big Intelligence. —o
A Microcontroller (MCU) is the brain of an embedded system.

It reads inputs, processes data, and controls outputs. They hide the complexity so
T ? ¢ you can focus on learning.
INPUT OUTPUT ; : S A W (e e
@ Beginner friendly @ Built-in Wi-Fi + Bluetooth @ Industrial grade MCU
From Sensors To Actuators ® G ? : Your true journey is to
reat for learning @ Powerful & affordable @ High performance
=\ * Temperature Y Z J * Motors @ Huge community @ Ideal for loT projects @ Used in real products UNDERSTAND WEATILIES
Sohg, \ . = 03 UNDERNEATH and build
o Light S 3 ~— $ 0 systems from the ground up.
* Moti \ S ; « Displ
o — - —— 55 COMMON MCU FEATURES WHAT LIES UNDERNEATH?
* Pressure f - * Relays
o e \ : = . y 3 Q @ + CPU Core
- - ﬁ
(RRN! PROCESS Inside the MCU \ ﬂ ; + Memory (Flash, RAM, EEPROM)

- B £+ Execute program High Low Power Multiple Reliable &  Programmable * Peripherals (GPIO, UART,
TIT1 * Make decisions Speed Consumption  Peripherals Robust & Flexible SPI, 12C, ADC, PWM, Timers...)

* Perform calculations * Registers & Configurations

¢ Manage timing * Interrupt Controller

WHAT'S INSIDE THE MCU? * Clock & Power Management
3 EXAMPLES OF MCU APPLICATIONS
o /PR / o\ /o
©) () (B =)
e NV ./ ?

CPU Memory Timers ADC I/O Ports Communication
Executes Stores program Generates delays, Converts analog Communicates (UART, 12C, SPI, CAN)
instructions and data PWM, time events signals to digital with outside world Talks to other devices -
Smart Thermostat Drone Flight Controller Washing Machine Control Car Engine Control Unit Industrial Automation
( THE ENGINEERING GROWTH Pﬁi FROM USE;! TO CREAT(TR B B : S )
\ ™ 5 KEY TAKEAWAY CHALLENGE YOURSELF
i ' ‘ ’ Don't just use.
1. USE BOARDS 2. UNDERSTAND DEEPER 3. GO LOW LEVEL 4. DESIGN & BUILD 5. ENGINEER SYSTEMS o © MCU is the heart of every embedded system. U?\:e:::a:df
Arduino / ESP32 @: Peripherals, Protocols, = Registers, Bit =) o =% Schematic Design, = Optimize, Debug, @ Development boards are tools to learn and prototype. Don't just copy.
-~ &mm’ S'M‘ n’, s ::,m:::og @}' :ca L"W‘:e " , g :""ld::::; ::""d @ Real engineering begins when you design, program Erea'n:e:. ; :
Prowe your logk: o " e it " e at register level, and build your own hardware. R TR
Engineer solutions!
L @ That's where true embedded engineers are made! L BE A MAKER. NOT JUST A USER. |

* .
*) Seekers SlgnPOSt @ Learn Understand Build @ Innovate jering Engineers
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BEYOND DEVELOPMENT BOARDS
FROM USERS TO ENGINEERS

o———o— Real Engineering Begins Under the Board —o—

_‘@_ Arduino / ESP32 boards are a great way to learn and prototype.
L But they are just the BEGINNING, not the destination.

THE JOURNEY OF AN EMBEDDED ENGINEER

@ vusesoaros @) unoerstano @) corowrevee @) oesionasuo @) enGINEER svsTeEms

DEEPER
Il:—. <
7
— — — e ¢
= ==,  Fan,
* Peripherals * Registers + Schematic Design + Optimize
« Learn basics * Protocols « Bit Manipulation + PCB Layout * Debug
« Experiment * Timers, Interrupts * Bare-Metal C * Power Design + Validate & Test
 Prove ideas + Datasheets * Memory Map * Bring your idea to life * Real-World Products
USER LEARNER DEVELOPER DESIGNER ENGINEER

Move from Using — Understanding — Creating — Engineering -

FROM IDEA TO REAL PRODUCT - THE ENGINEERING FLOW

_\ ! ,‘. —ﬁ— f 2l ﬁ—_vL:]o see
B -l=-B-)-® -®

IDEA REQUIREMENTS SCHEMATIC PCB LAYOUT FIRMWARE TEST & DEBUG PRODUCT
Identify a Define features Design the Design the Write low-level Verify, debug Real world
real problem & constraints circuit PCB code & optimize solution

* This is where true engineering happens!

Seekers Signpost

e
: ‘L!lj Learn
seekerssignpost.com =

Understand

Build

DEVELOPMENT BOARDS - PROOF OF YOUR LOGIC (NOT THE ENGINEERING)

ARDUINO UNO
(ATmega328P)

ESP32 DEVKIT
(ESP32)

STM32 NUCLEO

/\\ IMPORTANT REALITY
(STM32)

These boards provide
libraries and abstraction.

Libraries make things easy
but they hide the magic
underneath.

@ Wi-Fi + Bluetooth
@ Powerful & affordable
@ IoT ready

@ Industry grade MCU
@ High performance

@ Easy to start

Your true journey is to
UNDERSTAND WHAT LIES
UNDERNEATH and build
systems from the ground up.

®

@ Great for learning

@ Quick prototyping @ Professional ecosystem

WHAT YOU MUST LEARN TO BECOME A TRUE EMBEDDED ENGINEER

4 e W CIT=] 11011
: T | OE 6 00090 /
S aad GG 11010
Datasheets Registers & Bits Peripherals Low Level Timing & Signals Debugging System Thinking
Read & Understand ~ Control the MCU  Configure &Use  Programming Understand Find Root Cause Build Robust
Bare-Metal C Hardware Systems

REAL ENGINEERING — WHAT YOU WILL BUILD

Communication

Sensor Interface Module

Custom PCB Power Circuit Motor Driver Display Interface

You don’t just use technology. You understand it. You design with it. You build with it.

*,@: Innovate

€3



FROM LOGIC TO REALITY
DESIGN IT. BUILDIT. OWNIT. ©-©-0O-0-@-0O-©

° ThIS is where real embedded en lneerln be InS —— 1. IDEA 2. SCHEMATIC 3. PCB DESIGN 4. MANUFACTURE 5. ASSEMBLE 6. TEST & DEBUG 7. PRODUCT
g g g ? Identify the Design the circuit Create PCB layout, Generate files & Solder components Power on, test, Your own
problem & define using components route tracks & manufacture & assemble the debug & validate embedded
\@' Using deve!opment boards is good for Iearning. requirements & datasheets check rules the PCB board the design system is ready!

= But building your own hardware is where engineering truly starts.
gy & g y Y This journey transforms you from a user to a creator. This is real engineering.

DEVELOPMENT BOARDS vs REAL ENGINEERING FROM SCHEMATIC TO PCB - YOUR BOARD, YOUR DESIGN

DEVELOPMENT BOARDS (Arduino / ESP32) REAL ENGINEERING (Your Own Board) 1. SCHEMATIC 2. PCB LAYOUT 3. 3D VIEW 4. REAL PCB

@ CQuick start, easy to use

@ Full control over hardware K] -

@ Good for learning & prototyping @ Optimized for performance t

@ Libraries hide hardware details @ Understand every signal & < 7
@ Limited customization @ Industry grade design P 2 : s 3
@ Not industry grade @ Better reliability & scalability Lo =
@ Designed for convenience, @ Build products. Solve real
Rovpetorwace world problems. J" You design it. You understand it. You build it. You own it.
Great for proving your logic. This is where you become an TOOLS EVERY ENGINEER SHOULD LEARN

But not real engineering! EMBEDDED ENGINEER!

HIGH LEVEL
(Libraries)

Easy, quick, limited understanding $ a:] g @
ol o ¢ @
_— =10
IHEDERTHITOUIMUSTIMASTER HAL / SDK Better control, still hides details - °'

(Abstraction) KiCad / Logic
| 3 Oscilloscope Multimeter
o101 ; Altium Analyzer
m " @ DRIVER LEVEL Closer to hardware, more control ia
. GO (Register Access)
DATASHEETS REGISTERS PERIPHERALS FIRMWARE DEBUGGING = SYSTEMDESIGN ~ CFEPR LSO GEIEII ) ool maximom performance IQ , h
Read, understand Control the MCU Timers, ADC, PWM, Write efficient, Use tools, logic Power, Clock, Reset, (Bare-Metal) °'°“

and extract what at register level, UART, SPI, 12C, modular, scalable analyzers, scopes Protection, EMI/EMC, HARDWARE . Power ST-Link / J-Link Soldering
! You talk directly to the hardware Programmers
matters. not just libraries. DMA, RTC, etc. and portable code. & breakpoints, Thermal, etc. v (Peripherals) Supply Debugger & Rework
. = . Tools don’t make an engineer.
Y These skills make the difference between a student and an engineer. Y Real engineers don't just use tools. They understand the engine.

L Understanding + Practice + Curiosity do!

KEY TAKEAWAY: Don’t stop at using boards. Go deep. Understand. Design. Build. This is the path to become an embedded engineer who creates impact.

Seekers Signpost @ Learn Understand Build ‘\Q- Innovate Empow ering "";—xgmeerz:;,
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PART 2

CORE ENGINEERING

’

~— CODE. FIRMWARE. HARDWARE. PROTOCOLS. DEBUG. BUILD. —

Now we go deeper. You'll learn the languages,
tools and techniques that turn ideas into

reliable, efficient and real-world embedded systems.

{:@_& Master the

S technology.

6. EMBEDDED C

The language of
embedded systems.

©

Understand
- the details.

L1l

U

i

7. MICROCONTROLLERS ‘
& ARCHITECTURE
Inside the brain
of embedded systems.

Build with
confidence.

- IN THIS PART (SECTIONS 6-11) -

D) —

=0
8. REGISTERS &
PERIPHERALS

The control center
of the MCU.

LEARN DEEPLY. BUILD ACCURATELY. DEBUG FEARLESSLY.
THIS IS WHERE ENGINEERS ARE MADE.

L

9. COMMUNICAT
PROTOCOLS

12C, SPI, UART, C
and more.

L1l Every line of code.
ID = Every signal.

Every detail matters.

main.c
int main(void)

{
init();
while(1)
{
read_sensor();
process();
control();
}
}
// Real code. Real impact.

=

i

MEMORY MAP REGISTER VIEW
GPIOA->0DR  0x40020014

USARTI->SR  0x40011000

FLASH  0x08000000
SRAM 0x20000000
PERIPH  0x40000000 |

—_—

SPI COMMUNICATION

- N ) 77 e L
Most L [ ]t ™

MISO

TIMER1->CNT  0x40012C24 |

:

e §
(gL

ION

10. PCB DESIGN ‘

11. DEBUGGING &

& LAYOUT | TESTING
AN From schematic Find. Fix. Verify.
to a real board. Make it reliable.

Stronger skills.
f@ Smarter systems. {
7 Greater impact.

ENGINEERING IS
IN THE DETAILS.

Precision today.

Performance tomorrow.

Impact forever.

i

FROM THEORY TO REALITY.
FROM CODE TO IMPACT.
THIS IS CORE ENGINEERING.



HOW EMBEDDED C MAKES THINGS WORK

>-0-€

GIVING LIFE TO HARDWARE WITH
EMBEDDED C PROGRAMMING &@- € -

e~—- The Language that Powers the Microcontroller ———= C Code Compiler Machine Code Registers Peripherals Pins Real World
You write Code is Binary instructions =~ MCU stores & Hardware modules  Signals go out LED glows,

Hardware is only potential. Embedded C turns it into intelligence. instructions converted (0s & 15) executes respond or come in motor runs,

data is read

= Code — Instructions — Action — Real World Impact

EXAMPLE: BLINK AN LED - 3 WAYS TO LOOK AT IT

#define LED_PIN (1<<5) // PAS ( W—
int main(void) {

Y& Embedded C connects your ideas to reality through the microcontroller.

ANATOMY OF AN EMBEDDED C PROGRAM

#include "

0 Include Header Files

Gives access to register definitions

pinMode(13, OUTPUT); ] Progra
main(voi and MCU features.

void loop() { Core
RCC->AHB1ENR |= (1<<B); // Enable GPIOA
digitalWrite(13, HIGH); GPIOA->MODER &= ~(3<<(5°2)); // Clear bits I in E
delay(1eee); GPIOA->MODER |= (1<<(5°2)); // Output mode Write to RCC->AH81ENR |- (1<<0); Initialize / Conflgure
digitalwrite(13, LOW); while(1) { Register —»[GPIOAoooR]—o[ Pin PAS ] GPIOA->MODER |- (1<<(5°2)) Enable clocks., set pin modes,
delay(1000); GPIOA->0DR |= LED_PIN; // LED ON [ Prograr configure peripherals.
} for(volatile int i=0;i<508008;i++); \"1119(1)

GPIOA->O0DR = ~LED_PIN;

o Easy to write
@ Libraries hide the details
Q Good for beginners & quick start

@ Full control over hardware
@ No hidden layers
@ This is real embedded engineering

LEVELS OF ABSTRACTION - CHOOSE YOUR POWER

LEVEL WHAT YOU WRITE WHAT YOU CONTROL
High Level Functions like digitalWrite(), .
Pi |
(Arduino Style) analogRead() e oY @
HAL / Library Level HAL functions Peripherals

Register Level
(Bare-Metal C)

Assembly Level
(Advanced)

n (STM32 HAL, ESP-IDF)

¥ Start high, go low. Real engineers understand every layer!

REMEMBER

(HAL_GPIO_WritePin())

Direct register access
(GPIOA->0DR, etc.)

Assembly instructions

(GPIO, UART, 12C, ADC...)

o)

Everything inside
the MCU

CPU Instructions
& Timing

Embedded C makes

// LED OFF —\ ,-
for(volatile int i=0;1<508008;i++); - >
}
’ i d

(V] Register changes pin state
@ Pin outputs HIGH or LOW
@ LED turns ON or OFF

BEST FOR
Read a Button
Beginners, Prototyping,

Learning if (1 (GPIOA->IDR & (1<<8)))

Faster development, // Button Pressed

Portable code }

Real control, Performance,
Understanding

-

(@1

° S—
@,

Extreme optimization,
Bootloaders, ISRs

Reads input pin

GPIOA->ODR |= (1<<5);
for(volatile int i=0;i<500000;i++);
GPIOA->0DR &= -(1<<5);

for(volatile int i=0;i<5000800;i++);

MORE QUICK EXAMPLES

Control a Motor Read a Sensor (ADC)

ADC1->CR2 |= (1<<38); // Start
while(!(ADC1->SR & (1<<1)));
uint16_t value = ADC1->0R;

TIM3->CCR1 = 15€0; // PNM
// Controls speed
)

Generates PWM signal Gets analog data

Master Embedded C

Embedded systems run in an
endless loop (super loop).

Do Work
Control pins, read sensors,
communicate, make decisions.

(2]
9 Main Loop
©

KEY TAKEAWAY

° Embedded C is the bridge
between software and hardware.

0 it gives you control, performance
and understanding.

Q The deeper you go, the more
powerful you become.

Code is not just text.
It is control, timing and
intelligence in action!

NEXT STEP:

Libraries are training wheels,
Let's go deeper into
Registers & Peripherals

and see what lies underneath!

Without firmware, the microcontroller think, Real engineering is learning and you can build

to design the vehicle. 2

hardware is dumb. decide and act. anything!




UNDER THE HOOD: REGISTERS & PERIPHERALS
THE REAL POWER OF A MICROCONTROLLER @- @ - @ - - @ -

s=——- Know the Hardware. Control the Hardware. Become the Engineer. ————— C Code Compiler Registers Peripherals Pins Real World
You write Code is converted MCU registers Peripherals perform  Signals go out LED glows, motor
High level code works because it talks to REGISTERS instructions to machine code are updated the operation (or come in) runs, sensor data
3 is read
Registers control PERIPHERALS. Peripherals control PINS. Pins interact with the real world. :
This is where real embedded engineering begins! Q Master registers, and you master the microcontroller.
1. WHAT IS A REGISTER? 2. TYPES OF REGISTERS (EXAMPLES) 3. EXAMPLE: TOGGLE AN LED (REGISTER LEVEL) 4. COMMON PERIPHERALS & WHAT THEY DO
—— TYPE PURPOSE HIGH LEVEL (Arduino Style) @ Timers (TIM) Generate delays, PWM signals, time measurement,
= 3 Control input/output pins digitalwrite(LED_PIN, HIGH); input capture, output compare
‘7|61514[3[2[110‘ GPIO Registers 1gitalhrite(LEO_PIN, ;
(Mode, Output, Input Data) @ USART / UART Serial communication (TX, RX) with PC, GPS,
Bluetooth, loT modules
8 bits (: Byte) TIM Registers Timers, Counters, PWM generation REGISTER LEVEL (STM32 Example) = =
/] A LED PAS @ SPI High speed communication with sensors,
« Small memory inside the MCU USART Registers Serial communication (TX, RX, Status) / Assume o0 memories, displays
s GPIOA->ODR A= (1 << 5); // Toggle PAS 3 ST =
(8, 16 or 32 bits) ADC Reiietirs Analog to Digital Conversion control @ 1°c Two-wire communication with sensors, EEPROMs,
+ Holds data, status or control bits g and data WHAT HAPPENS? l RTC, displays
+ Each bit has a specific meaning NVIC Registers Interrupt enable, priority, control © Write to GPIOA Output Data Register (ODR) _\ ,__ @ ADC Convert analog signals (sensors) to digital values
+ Read from or write to change
’ s N
hardware behavior RCC Registers Clock configuration and control © Bit 5 changes state (0 to 1 or 1 to 0) @ PWM Control motors, brightness, servo position, power
: : regulation
Registers are the control panel i o © Hardware drives PAS pin HIGH or LOW g
: SYS Registers System control, reset, configuration
of the microcontroller. @ LED turns ON or OFF 0 EXTI (Interrupts) Respond to external events immediately
5. MEMORY MAP (THE BIG PICTURE) 6. EXAMPLE: READING A SENSOR (ADC) 7. KEY TAKEAWAY
—»| Start Conversion i . . ) .
CODE (FLASH) 0x0800 0000 Program memory (your code) // Read ADC Channel @ (PAD) l @ High level libraries are built on top of registers.
m 0x2000 0000 Varlibles itk runtime data ADC1->SQR3 = ©; T Salact Chahneliio Ao(c: Hard:ave @ Understanding registers gives you full control.
ADC1->CR2 |= (1 << 22);  // Start Conversion °"Ie s @ it makes your code faster, smaller and smarter.
PERIPHERALS 0x4000 0000 All peripheral registers (TIM, GPIO, USART...) while(!(ADC1->SR & (1 << 1))); // Wait for EOC = @ You can debug, optimize and create anything.
esul eady .« . H
SYSTEM 0xE000 0000 System control, NVIC, SysTick... uintl6_t value = ADC1->DR; // Read 12-bit result l @ This is the difference between a user and an engineer!
E T = ; R // ‘value' now holds the analog reading (@ - 4695) Read ADC_DR * Go beyond libraries. Talk directly to the hardware.
Q eripherals are memory mapped — you access registers using addresses. That is real embedded engineering!

/ FROM USING TO UNDERSTANDING. é«:ﬂ READ DATASHEETS. KNOW THE REGISTERS. & PRACTICE. EXPERIMENT. REAL ENGINEERS
‘ o ’ From understanding to creating. A They are your best friends .. They are the key to 4 /9 The more you do, the deeper control the hardware,

From creating to innovating. in embedded engineering.

)
unlock the hardware. ," you understand. not just the code.




HOW DEVICES TALK TO EACH OTHER
| COMMUNICATION PROTOCOLS s i O O ¢

LLLLA

g~—— No Communication. No System. ————=3 Connect  Reliable & fast ~ Longdistance = Lowpower  Cloud & Internet  Real world

multiple devices data transfer communication operation connectivity systems

LitLl

i

Protocols are the languages that embedded devices use
to share data, commands and information.

UART (Serial) ) SPI (Four-Wire) ) [ Wi-Fi | Bluetooth (BLE)

°©

T A - P
%
# T Memory I "l u _____ *uo. v
e (Slave) CRH L N ¢ 7
MCU (Sozz) =l S S e
MCU 1 McU 2 Maey ——— im o =1 D (& (Cloua)

@ Simple 2-wire (TX, RX) @ SDA (Data) + SCL (Clock) @ Full-duplex, High speed @ Multi-node, Robust & reliable

L 2
=000

Short L
@ High data rate Q. St Tatige; Lo powet

@ Point-to-point communication @ Multi-master, Multi-slave @ Master-Slave, communication @ Long distance, Noise immune @ Internet connectivity @ Wireless personal area network

@ Asynchronous serial data @ 7-bit / 10-bit addressing @ No addressing (Chip Select used) @ Used in vehicles & industry @ TCP/IP communication @ BLE - Ideal for wearables

Typical Use: GPS, Bluetooth, Serial Typical Use: Sensors, EEPROM, Typical Use: Flash, SD Card, Typical Use: Automotive, Robots, Typical Use: loT Devices, Web Typical Use: Wearables, Sensors,
monitors, Modems RTC, OLED displays Displays, ADCs, DACs Industrial Machines Servers, Data Logging Wireless Control

COMPARE AT A GLANCE REAL WORLD EXAMPLES

HOW DATA FLOWS

Wires Speed Range Power Best For
2 * Short Low Simple serial link
2 * % Short Low Sensors, EEPROMs
4 * % % Short Medium High speed devices
MCU Protocol Wires / Wireless  Other Device Data / Action 2 e ihe Low dtrial 7 At = )
Medical Automotive Drones &
Wireless Wk %% Verylong High Internet / Cloud Automation Devices Systems Robotics
& Protocols convert data into signals and bring systems to life! Wireless * ok Short Very Low Wearables / loT

- Every smart device you use is communicating
@ using one or more of these protocols.

. < >4 \ ! /
Seekers S|gnlpost (WM Learn é@[g}\ Understand @ Build @ Innovate

seekerssignpost.com
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SEE, SENSE, ACT: SENSORS & ACTUATORS ) Sestens arguet
THE EYES, EARS & HANDS OF EMBEDDED SYSTEMS

o——o Sensors bring data from the real world. Actuators take action in the real world. o——o
THE FLOW IN ACTION

[giml Embedded systems interact with the physical world
SOZ through sensors (input) and actuators (output). @ @ -> — -

@ Sensors give awareness.

@ Actuators create impact.

S ‘ @ Together, they enable smart, intelligent systems.

d

@ No sensors, no data. No actuators, no action.

Sense it. Process it. Act on it. Sensor Signal Actuator Real World
Detects Converted to Processes Performs Change
something electrical data the data the action happens

EXAMPLE: AUTOMATIC ROOM LIGHT
COMMON ACTUATORS (OUTPUT DEVICES) —

COMMON SENSORS (INPUT DEVICES)

Temperature Humidity Light Distance Motion / PIR Buzzer DC Motor Servo Motor - | ‘T,
(DS18820) (DHT22) (LDR / BH1750) (HC-SR04 Ultrasonic) (PIR Sensor) > - > > ﬁ
o -
o
o }‘ Light Sensor MCU Relay / LED Room Light
\\‘\ 5 / Measures Compares with Controls Turns ON
/ \@ . = ambient light threshold the light or OFF
Pressure Gas / Air Quality Sound / Mic IMU / Motion Camera Solenoid Step Motor OLED / Display  Vibration Motor Loudspeaker Q S'mple idea. Real impact. That's embedded 'nte“'gence'

(8MP280) (MQ-2) (MAX9814) (MPU6050) (OV2640)

SENSOR TO ACTUATOR EXAMPLE (FLOW)

@ \ kh : ‘ '
& . 7= 2 * —~
Temperature MCU Relay Fan Room

0 Sensors convert physical conditions (light, temperature, motion, etc.) into electrical signals for the MCU. 0 Actuators convert electrical signals into physical action in the real world. Sensor Reads & Module (Actuator) Cools Down

Processes
ANALOG vs DIGITAL SENSORS INTERFACING MADE EASY

(-@q —_ ﬁ}ﬁ

ad

KEY TAKEAWAYS

Type Analog Sensor Digital Sensor @ @ @ @ @ @ Sensors bring awareness. /y -~
5 Output Cg"\\/ti::;u;\;';';zﬁe DiS(c‘;e;re Sﬂa @ MCU makes decisions. @
- 2 wires 4+ wires 2 wires Analog Voltage HIGH / LOW @ Actuators make things happen.
@ Example LDR, Temperature (LM35) DHTZ2, HC:SR04; MRUGOSO (SDA, sCL) High speed Simple Use ADC Simple @ This cycle repeats, creating intelligent behavior. /
Q MCU Pin ADC Pin Digital 1/O Pins Many devioss Short distance Folbviasomnt Notberto e E¥ncticontrol @ Great embedded systems connect the physical and digital worlds. ‘
@ Advantage High resolution Noise immune, Easy to use ¥ Choose the right interface. Read the data. Take the right action. Y& Observe. Understand. Act. That's how smart systems are built.

Every concept Turn knowledge Practice builds = ~  Create solutions T
\ lomorrow.
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deepens clarity. into insight. real skills. - that matter.




FROM CIRCUIT TO PRODUCT: PCB DESIGN & DEVELOPMENT

WHERE IDEAS TAKE PHYSICAL SHAPE

&\ Seekers Signpost

seekerssignpost.com

GOOD PCB DESIGN MATTERS

o—o——o Great embedded systems are built, not just coded. o——o—o
@ Improves performance
THE JOURNEY: IDEA TO PRODUCT —
A PCB (Printed Circuit Board) connects your electronic @ Ensures reliability
components reliably and beautifully. .O. = - B2 - _— . =p ,@ © Reduces EMI/ noise
E(: @ » @ Better thermal handling

Good design = Reliable product. Poor design = Problems later. Idsa / Sehermatic PCB Layout Prototype Refine Build Deploy @ Lower cost in production

Requirement Design & Test & Validate the Product & Impact @ Makes debugging easier

smsznoscsre
44 pao e — |
3] PA1 PB1 55 (4 C1
1] PA2 PENO [T5 I I 2MH Solder Inspect Test Program
RESET ;_; ;’:g gg}g i = = Components Carefully Continuity & Test Code
%] PAG P12 2>
21| PAB [ Y ———
Wi —3] PAT P14 23 USE THE RIGHT TOOLS
= I 33 voo PR1S r 2 & LED1
f 23 V00A ¢ ® (Red) Multimeter Soldering Station
= VSSA BOOTO <— $7 3
B cz cs : -
229' L _L @ Place components smartly. Oscilloscope Hot Air Rework

@ Route signals (Top & Bottom layers).
@ Follow design rules (clearance, width, vias).
@ Add power planes for stability.

Logic Analyzer ESD Protection

@ Generate Gerber files.
@ Send to PCB manufacturer.
@ They fabricate and ship your board.

D=
Po N = AN

@ Draw the electrical connections and components.

Power Supply Good Lighting

@ Define how everything is connected.

Q Tool Example: KiCad, Altium, Eagle, EasyEDA ﬁ Measure. Validate. Iterate. Perfect.

Q Good layout reduces noise and improves performance. éj Many great PCBs start small and scale big.

O

Follow Design
Rules

PCB DESIGN BEST PRACTICES

P L

Keep traces Add Decoupling  Separate Analog
short & clean Capacitors & Digital

TYPES OF PCBs KEY TAKEAWAYS

Single Layer Double Layer Multi Layer @ PCB design is engineering, not just drawing.
e @ Good design saves time, money and headaches.
@ Your board is the foundation of your product.

@ Great products begin with great engineering.

85

Consider
Thermal Paths

{

Use solid
Ground Plane

Simple & Low Cost Most Common

High Density, Complex ¢ Design it right. Build it proud. Impact the world.

Learn
Concepts
Clearly

Seekers Signpost

seekerssignpost.com

Build
Practically

Understand Empowering Enr/meers

Deeply

Innovate
Boldly

Impact
Real World

C . T
\\})apmq lomorrow
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NOT WORKING? PERFECT! WELCOME TO DEBUGGING & TOOLS

REAL ENGINEERS FIND, FIX AND MAKE IT WORK BETTER
o——o——o Bugs are not the enemy. Ignoring them is. o——o—o

@ Change one thing at a time.
THE DEBUGGING MINDSET & WORKFLOW @ Verify after every change
Every embedded system will fail. ry change.
or, 50 ’ S 2 @ Use instruments, not assumptions.
Debugging is the skill that turns frustration into mastery. - - - - -> - © Read the datasheet (seriously!)
-
S it, it didn't h _
Measure. Observe. Understand. Fix. lmprove_ 1. Observe 2. Question 3. Measure 4. Analyze 5. Fix 6. Verify 7. Improve © fyou didn't document t, it didn't happen
What is Why is it Collect Find the Make the Test and Make it
happening? happening? the facts root cause change confirm better * Good engineers prevent bugs. Great engineers fix anything.
1. ESSENTIAL TOOLS FOR EMBEDDED ENGINEERS 2. COMMON PROBLEMS & HOW TO DEBUG THEM 3. DEBUGGING TECHNIQUES THAT ALWAYS HELP
Digital Multimeter (ODMM) Oscilloscope Logic Analyzer Power Supply Problem Possible Cause How to Debug Q Blink an LED The classic “I'm alive” test.
z e T | Wrong connection, Check power rails with DMM, ) Print to Serial Simple | = big visibilit
‘ e Eg; ¥ 3 O No Power short, blown fuse verify connections ” ' ; e e 6 VIO
. WYy Y ST
! 0060 29 ) 9 LED Not Wrong code, pin config, Check code logic, measure @  Measure Voltages Trust the meter, not your guess.
e 23 ~ y Y ;
v — = Blinking no power, LED fault pin voltage, test LED N
) o ey ; i O,  Use Breakpoints Stop and inspect the exact point.
Measure voltage, current, See signals, timing, Capture digital signals Provide stable, adjustable as Wrong baud rate Check signals with scope /
i , continuity. ise and glitches. 12C, SP1, UART, CAN... power to the circuit. g ’
resistance, continuity. noise and glitches ( ) ok b Communicatior wiring, protocol logic analyzer Check Datasheet Most answers live in the datasheet.
Soldering Station Hot Air Rework Station Debugger / Programmer ESD Protection _'o". Wrong Sensor Noise, wrong wiring, Verify supply, check signals, 1?9 Isolate the Problem Test modules one by one.
X > Readings bad calibration compare with datasheet
k @ @ Motor ot Driver issue, no PWM, Check driver inputs, PWM «&;  Simplify the Code Remove complexity, test, then add.
- Workin, Wrong wirin, signal, power & GND i o
s SATe s o Document Findings So you (and others) don't repeat it.
Build, repair and modify SMD rework, component  Program MCU, set breakpoints, Protect sensitive components (El 2{::'"; Reset ‘;’::‘::d:i':wd( overflow, ::::'; I‘:f:-a:::::"::;hd‘%
hardware. t. tep through code. from static damage. J . . P m
s s e it ~ Y% Debugging is detective work. You are the detective.
0 The right tool at the right time saves hours (and sometimes days). Q Stay calm. Break the problem into small, testable parts.

4. SERIAL CONSOLE ~ YOUR BEST FRIEND 5. TOOL USAGE SYNERGY — BETTER TOGETHER KEY TAKEAWAYS

@ Real-time visibility into your system.

@ Tools extend your senses.

@ Log values, errors, states. — @ Debugging builds deep understanding.
@ Works on almost every platform. = @ Every bug you fix makes you stronger.
@ Cheap, simple and powerful. Logic Analyzer Debugger Powerful @ Master tools. Trust data. Improve systems.
Debugging
* If you can print it, you can debug it. No single tool sees everything. Use the right combination. * Great engineers are made in the lab, not in the library.

R . : -
? Seekers SlgnpOSt Learn 79 Understand A Build p Innovate Impact Fm’pm‘]emg E”Ja,.mem

Every failure O 5 Dig deeper. Apply knowledge. & Make it better Create systems o
5 / Make it work. ;7 than before. that matter. oNaping - 1omorr:ow.

< seekerssignpost.com

teaches you. ;) Find the root cause.

.
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Cx) seekerssignpost.com ENGINEERED TODAY. IMPACTING BILLIONS.
Embedded Systems Drive the Real World.

PART 3 A A A A
REAL SYSTEMS

o— REAL PRODUCTS. REAL WORLD. REAL IMPACT. —

Embedded systems are everywhere.

In the machines we use, the vehicles we ride, ‘
the devices that save lives, and the industries i
that power the world.

@ From ideas to implementation.

From systems to societal impact.
- ————- EMBEDDED SYSTEMS IN ACTION o——
AUTOMOTIVE INDUSTRIAL AUTOMATION MEDICAL DEVICES CONSUMER ELECTRONICS 10T & CONNECTED SYSTEMS AEROSPACE & DEFENSE ENERGY & INFRASTRUCTURE AGRICULTURE &
. - . g ENVIRONMENT
= oo Hb 1R Vo I
—— ! %% N y) :
: -"\\fs« '&/ « p -‘\ﬁn"ll}r‘?.‘
Uiy —8 o/ ) :
- ‘ -
Tt R T
Smarter. Safer. Higher Productivity. Precision. Safety. Smarter Devices. Connected World. Mission Critical. Efficient. Sustamable. Smarter Farming.
More Efficient. Better Reliability. Saving Lives. Better Experiences. Real-time Intelligence. Built to Perform. Future Ready. Better Tomorrow.
REAL SYSTEMS. REAL CHALLENGES. g é e el @ il @ gk o THIS IS WHERE
REAL ENGINEERS. REAL IMPACT. We build solutions. We create impact. We power the world. 2% ENGINEERING MATTERS.



BEYOND THE LAB: REAL EMBEDDED SYSTEMS IN THE REAL WORLD
THE TECHNOLOGY YOU BUILD CAN IMPACT MILLIONS

"\ Seekers Signpost
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o——o Embedded systems are everywhere — working silently, 24x7, to make life better. o——o CHARACTERISTICS OF REAL EMBEDDED SYSTEMS
@ Work in real time
?
What you learn is not just theory. WHATIMERESITHESE OIS IEMOREALS @ Resource constrained (CPU, Memory, Power)

" i fail-
It powers products, saves energy, improves safety, — 9 thisi e "f‘l'ab'e - _a" e
< > o~ (( )) @ Interact with the physical world
enhances healthcare, connects the world and ‘ I @ Designed for specific applications
@ Often operate in harsh environments

drives future innovations. Reliable Efficient Smart Sensors  Communication ower Safety & Security  High Performance g 2
Long life cycle and maintenance support

Hardware Firmware & Actuators Protocols Management Mechanisms & Real-time Response ©
Y% They don't get “rebooted” in real life!

WHERE EMBEDDED SYSTEMS MAKE AN IMPACT

EXAMPLES OF REAL EMBEDDED PLATFORMS

AUTOMOTIVE INDUSTRIAL CONSUMER MEDICAL SMART HOME & COMMUNICATION ENERGY & AEROSPACE &
SYSTEMS AUTOMATION ELECTRONICS DEVICES BUILDINGS SYSTEMS ENVIRONMENT DEFENSE

-

Tl ESP32 Raspberry Pi
LaunchPad Module (Compute Module)

* Engine Control Unit (ECU) ¢ PLC & Motion Control * Smart Watches & Bands * Patient Wonitoring * Smart Thermostats ¢ Routers & Gateways * Solar Inverters * Flight Control Systems
® ABS, Airbag, Power Steering @ Robotics & CNC Machi e C & Drones ¢ Infusion Pumps * Lighting & HVAC Control * Base Stations ® Smart Meters ® Avionics :
Condition Monitori * Home Appli Di tic Equi t ® Security & Access Control e Satellite Syst * Wind Turbine Control * Navigation S; $
e prms | W oo OO Bl WO ot el v vt e ool ool o T S S P
* ADAS & Autonomous Driving T ive Maintenance plantal e gy 7l i.MX Series Industrial (NVIDIA) Systoms
REAL SYSTEM DESIGN CHALLENGES EXAMPLE: ELECTRIC VEHICLE (EV) — A SYSTEM OF SYSTEMS KEY TAKEAWAYS

& Environment Constramts Deadlines & Safety Privacy  Scalability

b . - @ Real embedded systems solve real problems.
- et _, 0 ; - 4 . @ They require a blend of hardware, software, and systems thinking.
et @ Quality, reliability, safety and security are non-negotiable.
. = @ Your skills can create products that change lives.
Battery BMS Motor Motor Vehicle Dashboard @ Think beyond the code — think i "
Temperature Real-time  Fault Tolerance Security &  Cost & Pack (Battery Mgmt.) Controller Control Unit &loT R OnC VM8 Cogo = T pace:

You are not just learning a subject — you are becoming an engineer

Q Many embedded systems working together = Smart, Efficient, Safe and Connected EV who builds the future.

*
= : Q
& \ Seekers Signpost @ T, éﬁ.)% Real Solutions

\g y
Real Impact \ d Real Change ’.g Real Engineers
Y74

4
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COMMUNICATION IS KEY: PROTOCOLS & CONNECTIVITY
EMBEDDED SYSTEMS TALK. YOU JUST NEED TO TEACH THEM HOW.

SECTION 13

o—o—o  From a simple sensor to the cloud - communication makes it possible. o——o e
- Q THE COMMUNICATION JOURNEY
Embedded systems communicate with other @ Systems need to share data.
devices, systems and the cloud using protocols © Remote monitoring & control.
S s @ 10T and cloud connectivity.
and connectivity technologies. © Better decisions in real t
Sensor / Device MCU / Processor ication y / Network Cloud / Server / App User / Dashboard tter decisions in real time.
o (Data Source) (Processes Data) (Protocol / Link) (Romas Data) (Stores & Analyzes) (Takes Action) @ Scalability and automation.
Good communication = Smart systems.
Data In — Process — Communicate — Analyze — Action 9% No communication. No connectivity. No smart systems.
POPULAR SERIAL COMMUNICATION PROTOCOLS WIRELESS CONNECTIVITY OPTIONS REAL-WORLD CONNECTIVITY EXAMPLES
PROTOCOL WIRES SPEED RANGE USE CASES Wi-Fi Bluetooth ZigBee LoRa ot
X BLE 802.15.4 Long R
UART / USART 2 (TX, RX) Up to 115 kbps Short Debug, GPS, Modules e g B8 ¢ ) (Loog Benen) L
Monitoring
I12C 2 (SDA, SCL) Up to 3.4 Mbps Short Sensors, EEPROM, RTC
4+ (MOSI, MISO, Displays, SD Cards, Smart Home
SPI SCLK, CS) VRtoSOMERer | SHOR | Serors Light Control -
) ) NB-loT LTE /4G / 5G GNSS / GPS RF (Sub-GHz) Switch / Sensor MCU Wi-Fi Cloud App
CAN 2 (CANH, CANL) Up to 1 Mbps Long Automotive, Industrial
RS-485 2(A,B) Up to 10 Mbps Long Industrial, Multi-drop Industrial
Predictive 4 -
LIN 1 (Single Wire) Up to 20 kbps Short Automotive (Low cost) Maintenance
Vibration Sensor MCU LoRa Cloud Dashboard

o Choose the right protocol based on speed, distance, noise immunity and use case.

KEY COMMUNICATION CONSIDERATIONS

* Different applications. Same goal -~ Connect, Communicate, Control.

Q Wireless makes your system mobile, remote and truly connected.

TOOLS & INTERFACES THAT HELP KEY TAKEAWAYS

it's about

g Bendwidth = Hc;w much data you need to send. @ Communication connects your embedded system to the world.

Lat - H t dat. t be delivered.

o :genc{ s :: (::1 ) :4 : ;\::1 i o:. :,v:; e 9 @ Protocols define the rules of the conversation.

@ Power - Battery or mains powered? Cloud @ Wired or wireless - choose what fits your application.

@ Reliability - Error detection and recovery. USB to " S Platforms @ Security and reliability are just as important as speed. O
s ic

@ Security - Encrypt and protect your data. Serial An;l’:zers Analyzers Gateways (AWS, Azure, @ Master communication to build smart and connected systems.

* Converters ThingsBoard)

Good communication is not just about sending data -

sending the right data, reliably and securely. ¥ A connected system is a powerful system.

o The right tools help you see, test and improve your system communication.

Communicate Collaborate
Clearly. Build

Confidently.

Connect

%%
\8

Cngineers

Seekers Signpost
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/\ Stay Connected.

S Stay Ahead.
Create Impact. ) ay Ahea

Empowering
Ideas to ‘

Real World.

Systems. 2
omorrow

&

aAping




& "\ Seekers Signpost

o seekerssignpost.com

THE BIG PICTURE: CONNECTED SYSTEMS, SMART FUTURE
EMBEDDED SYSTEMS POWER THE WORLD - AND THE FUTURE IS SMARTER

o—o—o From simple devices to smart ecosystems - it all starts with embedded intelligence.

WHY THIS MATTERS
gueey FROM THEN TO NOW - THE EVOLUTION
Embedded systems are the invisible force _

& @ Solves real-world problems.
H o
behind the modern world. @ # % > "_:; . .' @ Improves lives and creates opportunities.

They sense, think, communicate and act - ; ~ 'a‘ 3 @ Drives innovation and economic growth.

24x7, everywhere. Simple Devices Smart Devices Connected Systems Intelligent Ecosystems Autonomous Future @ Builds a sustainable and smarter future.

Single function, More capable, Share data, Learn, adapt, Self-optimizing, @ You have the skills to shape tomorrow.
Smart systems. Connected world. Better life. isolated connected work together create value self-healing =
The journey continues — and you are part of it. Y Think big. Build smart. Impact the world.

EMBEDDED SYSTEMS ARE EVERYWHERE

THE TECHNOLOGIES COME TOGETHER TRENDS SHAPING THE FUTURE

0-0:9:'9 g @ & 6 2

Hardware Connectivity Cloud & Al Security

v

Wearables Industrial Automation Healthcare Devices Al at the Edge 5G & Beyond loT Explosion Sustainability Autonomous
- — - Stronger Together = Smarter Systems Focirs Everything

Reliable « Scalable = Secure e« Intelligent

Smarter decisions  Faster, reliable Billions of Energy-efficient From vehicles to
happen on the connectivity devices .
a3 — . - systems for a factories and
5.0 - - — > > Q- ;
- @i < {3} ¢ device. everywhere. stay coqnected. better planet. cities.
. . | | Collect Process Communicate Act Learn &
Automotive Systems Smart Agriculture Energy & Utilities Aerospace & Defense Data Intelligently Seamlessly Effectively Improve
o Different applications. Same foundation — Sense. Process. Act. Communicate. Q Data is the fuel. Intelligence is the engine. Impact is the destination. ﬁ The future is connected, intelligent and limitless.

EMBEDDED ENGINEER'S MINDSET KEY TAKEAWAYS

YOU HAVE THE POWER TO BUILD THE FUTURE

Keep learning. Stay curious. sahecs O N @ Embedded systems are the backbone of the smart world.

@ Build projects. Solve problems. O Q o m ﬁ @ They sense, process, communicate and act.
= 4
@ Collaborate. Share ideas. % @ Technologies are evolving - opportunities are endless.
i Be Curious Be Observant Be Practical Be Collaborative Be Impactful ° You can build solutions that change lives
@ Innovate. Create impact. Ask why. Notice details. Build, test, Work together.  Build solutions > § e S
@ Lead the change. Explore more. Understand learn by Create more. that make a @ The future is not something we wait for.
patterns. doing. difference. It is something we build.

W Your skills today. A better world tomorrow. € Knowledge + Skills + Attitude = Real Impact YX Dream it. Design it. Build it. Connect it. Impact it.

Seekers Signpost Learn Today. %) Thi : Code. Create. Solve Problems. ~ @7 Bethe Engineer
o B 0.0
Impact Lives. || of Change.

seekerssignpost.com Build Tomorrow. ,0 Design Smart. Connect.
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PART 4

FUTURE &
INNOVATIDN‘\.

©

THE FUTURE IS INTELLIGENT.
THE FUTURE IS EMBEDDED.

‘ »
PF @ @ 3
e’ N o _o-
Al & MACHINE EDGE CLOUD & ROBOTICS &
LEARNING INTELLIGENCE CONNECTIVITY AUTONOMY
]
-k E

o— [NTELLIGENT SYSTEMS. Al POWERED. LIMITLESS FUTURE h‘ 'r‘/ ‘ﬁ > '\

We move beyond the present to shape the future. — %
Al, Edge Intelligence, Cloud, Robotics and AloT are ¥
coming together to create systems that learn, adapt, :
collaborate and make the world better.
o— — IN THIS PART (SECTIONS 15-20) -
)5, 15. Al & EMBEDDED SYSTEMS 16. CLOUD & 17. ROBOTICS & AUTONOMOUS | |
6}? § Intelligence at the edge. 4 CONNECTED SYSTEMS '@ SYSTEMS @ +

Smarter decisions. Connected devices.

Real-time impact. Infinite possibilities.

Global intelligence.

TR -~
=" te; - - -
OB »
i - T -
> \\ - ¥ - | v
) N - R J
P < - A
5. - o A S
// "4 .

IMAGINE BOLDLY.
INNOVATE FEARLESSLY.
BUILD INTELLIGENTLY.

o

THE FUTURE BELONGS TO
ENGINEERS WHO DARE TO DREAM
AND BUILD WHAT OTHERS IMAGINE.

Machines that sense,
think and act.
Transformmg industries.

fs

'l’ t

o e

2 ’ e
/-=/ -l
/

TODAY’S IDEAS.
TOMORROW’S IMPACT.

AloT & SMART
ECOSYSTEMS

/A\ 18. AloT & SMART ECOSYSTEMS

Al + loT = Intelligent

ecosystems that learn,

adapt and scale.

&

19. INTERDISCIPLINARY
8@% ENGINEERING
Converging domains.
Collaborating minds.
Stronger solutions.

Yy

]
»
a5 !

2 ak
/"\_ g~

TOGETHER WE ENGINEER
A SMARTER, SAFER,
SUSTAINABLE TOMORROW.

“ Alwill not replace engineers.
But engineers who use Al
and understand systems
across domains will
shape the future.

LI

_’@\_

-4

Innovation happens
when ideas, technology
and collaboration meet.

= -] 20.Al-ASSISTED ENGINEERING
Al tools that accelerate
design, development
and innovation.

I8

[

ONE WORLD.
ONE FUTURE.
ENGINEERED TOGETHER.

&
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TINYML & EDGE Al: HOW EMBEDDED SYSTEMS BECOME INTELLIGENT

o—o——o0 Run Al models on tiny devices. No cloud required. < Intelligence at the edge. Fast. Private. Reliable. o——o—o

WHAT IS TINYML? THE TINYML / EDGE Al PIPELINE

TlrnyML brings machine |earmng to Image Classification £
microcontrollers and small devices. (ESP32-CAM) Y
It enables real-time intelligence g j
- I g * =) —p = —p V. - D‘““’T; t‘:';c Voice Recognition ~ Gesture Recognition
with low power, low cost an PROPY % 60 & Commands & Control

high privacy - all at the edge. Wake words, Hand gestures,
2 1. DATA COLLECTION 2. PREPROCESS 3. TRAIN MODEL 4. OPTIMIZE 5. DEPLOY 6. INFERENCE yesea ool Sciguster
@ Low power Sensors capture Clean, label and Train ML model Compress & convert Deploy on MCU / Run inference Health Monitoring  Predictive Maintenance Smart Agriculture
-t isi real-world data prepare the data on a computer for tiny devices Edge device and take action (Wearables) Vibration, temperature & Environment
@ Real-time decisions pe!
: Heart rate, fall analysis, anomaly Soil, moisture,
° Works offline detection, etc. detection quality monitoring
° ( = o o etectiof
Secure & private \ (™ EW Float32 Quantized ﬂ
@ Cost effective NI o ) & Se 8 g O g Model || Model ﬂ .
i 9 5 N A~ ° ° fo) (o] (Large) (Tiny) Q I @ J People Detection l')) Audio Event /ﬁ\ Smart Home
© Scalable afBn & Counting Detection Automation
Detect sounds, Presence, motion,
WHY IT MATTERS alarms, events behavior detection
; : Y% SENSE — PREPROCESS — TRAIN — OPTIMIZE — DEPLOY — INFER — ACT
Works without internet ¥¢ Intelligence at the edge creates smarter, safer and

All on the device. All in real time.

Faster response more responsive systems.

Protects data & privacy POPULAR TINYML DEVICES & PLATFORMS TINYML FRAMEWORKS & TOOLS TINYML ADVANTAGES OVER CLOUD Al

4
a
&
®
@

Saves power & bandwidth
Lower cost, higher efficiency ‘_.»’v"f;;;« y 2 P 1 P — € l?, (( ) & @ Works Offline € Internet Required
N , ¢
Enables smart devices everywhere ” o 7 ~ @ Low Latency € Higher Latency
Arduino ESP32-S3 STM32 Raspberry Pi Google Nordic TensorFlow Edge MicroML uTensor ONNX @ High Privacy € Privacy Concerns
Al should be everywhere, not just in the cloud. Nano 33 BLE (Edge Al) (Nucleo) Pico 2 Coral nRF52 Lite Impulse Gen Runtime -
* i - Sense (USB Accelerator)  Series @ Low Power © High Power
@ Low Cost € Higher Cost
EXAMPLE WORKFLOW: SMART VIBRATION SENSOR
@ More Reliable €3 Depends on Network

a'Liih — ﬁ — @ — ° — A — "‘
MCcU

Wrduinn TinyML Model Normal Anomaly Alert / Action
Sensor (ESP32) (Trained) (Healthy) Detected Taken

Seekers Signpost Small Devices. Edge Al. Private. Secure. Innovate Today. Think at the edge.

Always On. 2,79 Transform Tomorrow. Act in the real world.

¥/ seekerssignpost.com =F Big Intelligence. Real Impact.
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EMBEDDED SYSTEMS FOR ELECTRICAL ENGINEERS + (&) secers Sirvos

&= Power + Control + Intelligence = Smarter, Efficient & Sustainable Systems =

KEY APPLICATION AREAS

@ Electrical systems need MOTOR CONTROL  POWER ELECTRONICS RENEWABLE BATTERY SYSTEMS SMART GRID & EV SYSTEMS &
intelligence to be efficient, & DRIVES & CONVERTERS ENERGY SYSTEMS (BMS) ENERGY MONITORING CHARGING

“@- WHY IT MATTERS FOR YOU

Motor control systems
reliable & safe.

@ Embedded systems make
power systems smart.

©

@ Solar energy management systems A8
@ Smart inverters & UPS systems
Battery management systems (BMS)
®
@
®

Q From generation to consumption -
everything is becoming intelligent.

Industrial automation & PLC-based systems

Power quality & energy monitoring systems

Q You design it. You control it. « BLDC, PMSM, Induction  + AC-DC, DC-DC, DC-AC « Solar inverters « Cell monitoring * Smart meters * Motor control _
- - EV chargers & drive control systems
You make it smarter. motors « Inverters, Rectifiers * MPPT control » SOC / SOH estimation ~ « Load management « Battery management
7 * VFDs & Servo drives « Soft switching, PWM * Wind energy systems  « Balancing & protection  « Fault detection * On-board chargers Protection systems (OC/OV/SC)
* Speed, torque, control « Energy management  + Thermal management  « Demand response « Fast charging stations P
position control i : = et e SKILLS YOU DEVELOP

HOW EMBEDDED SYSTEMS ADD INTELLIGENCE sl Control Systems Power System Monitoring

E] Power Electronics |J Real-time Decision Making

B Embedded C / Firmware @ Communication Protocols

(CAN, Modbus, etc.)
4l signal Processing 4 safety & Protection Logic

Process Control Protect &
(Voltage, Current, (MCU / DSP) (Algorithms, (Drivers, Relays, Optimize

Speed, Temp) Control Logic) Power Devices) (In Real Time) Electrical Engineers + Embedded Systems = The Future.

POPULAR PLATFORMS & TOOLS 9 SAMPLE PROJECT IDEAS IMPACT YOU CREATE S
«@ Q Q‘ @ @ @ BLDC Motor Control with Speed Feedback @ @ ﬁlﬂﬂ i Electrical Engineering gives you the power.
)  Sclar MPRT Charger with LD 8 Dia Logging 2 | adanna. | i Embedded Systems give you the intelligence
STM32 T C2g00 ESP32 Ardumo Raspberry Pi @ Battery Management System (BMS) Energy Use Power Systoms Energy Loss ]
©59) ; i Together, you build the future.
= = & Smart Energy Meter with loT Monitoring 7~ , ,
O : . . =
ﬂ ‘r&] mcad @ @ Three-Phase Inverter for Solar/Wind Systems &’ A ‘e
MATLAB PLECS  PSIM  Altium  KiCad  Proteus @ EVDC Fast Charger Controller Sustainable  Smart & Connected  Real-World
Simulink Designer (ISIS) Future Infrastructure Innovation

o A i v ;
- Seekers SlgnPOSt || Understand f Control I e% Embed v -’> Engineer Empower Power + Control + [nfeﬁlgence =
<*’ seekerssign post.com The Power. \ The Energy. &) Intelligence. ‘a *  The Future. ‘i; TheWorld. | A Smarfer Tomorrow. ,




EMBEDDED SYSTEMS FOR ELECTRICAL ENGINEERS - FROM POWER T0 INTELLIGENCE

Design. Control. Protect. Optimize. -—o—o—

) * .
o \ Seekers Signpost
o seekerssignpost.com

' WHY IT MATTERS FOR YOU THE EVOLUTION: FROM POWER TO INTELLIGENT CONTROL REAL-WORLD ELECTRICAL SYSTEMS YOU DESIGN
N g A

@ Electrical engineers shape how
power is generated, delivered

and used.

@ Embedded systems add intelligence
to every part of the electrical world.

@ You design systems that are efficient,
reliable, safe and sustainable.

Q You don't just work with power.
You control it. You optimize it.

You transform it.

SAMPLE PROJECT IDEAS

@ MPPT Solar Charge Controller

@ Sensorless BLDC Motor Drive

@ Three-Phase Inverter for Solar / Wind
@ Smart Energy Meter with loT

Q Battery Management System (BMS)
@ Power Quality Monitoring Device

Seekers Signpost

seekerssignpost.com @

5 Vg

T

GENERATE TRANSMIT DISTRIBUTE CONVERT CONTROL OPTIMIZE
Power is Power is Power is Power is converted Embedded systems Smarter systems.
produced transmitted distributed (AC & DC, DC & AC) control everything Better future.

% Embedded systems are the brain behind every stage.

EMBEDDED PLATFORMS & TOOLS YOU CAN USE

POPULAR PLATFORMS

S & ¢

WHAT YOU DO WITH THEM

O
(L)
1 iema

0 Control motors, inverters & drives

{#i Design power electronic converters

T1C2000 STM32 ESP32 Raspberry Pi NXP Arduino
(DSP) Series Series Pico 2 i.MX RT @ Monitor power quality & energy
INDUSTRY STANDARD TOOLS e Implement protection & fault detection”
i’ 09 W 3 @ Optimize efficiency & reduce losses
Q 1'7 ‘g mcad @ Enable loT & remote monitoring
MATLAB PLECS PSIM LTspice Altium
Simulink Designer

THE IMPACT YOU CREATE

d
& ®» ¥ &
a9 - 2@
Efficient & Reliable & Safe Reduced Losses Cleaner Smarter Infrastructure
Sustainable Power Systems & Higher Efficiency Environment for the Future
Energy

‘§, You don't just design circuits. You design a better world.

Understand Control

Embed ﬁ

Intelligence. L P8

The Energy. -4

The Power.

EV Charging
Infrastructure

Smart Grid &
Distribution

Protection & Relay
Systems

Battery Energy
Storage Systems

Power Electronics
Converters

Industrial Motor
Control

Y% Design intelligent systems. Deliver real impact.

SKILLS & KNOWLEDGE YOU DEVELOP

Real-time Control

i'&: Power Electronics
Control Systems Energy Management

Communication Protocols
(CAN, Modbus, IEC 61850)

Electrical Machines

e )8

Signal Processin,
g 8 Protection & Fault Analysis

Embedded C / Firmware loT & Data Analytics

L5
39

oo

Electrical Engineering + Embedded Systems = Limitless Possibilities

Power is everywhere.
' ce makes it useful.
Embedded systems make it possible. - |
.;.."' L5 Xl T < 4 | . “'

Empower
The World.

Power + Control + [nl‘e//{'gence =

A Smarter Tomorrow.




SECTION
ECE FOCUS

17

EMBEDDED SYSTEMS FOR ELECTRONICS & COMMUNICATION ENGINEERS

FROM ELECTRONS TO INTELLIGENCE

You design the circuits.
Embedded systems bring
them to life.

Together, they sense,
think and act in the

real world.

WHAT YOU WORK WITH

e n—® — @

Real-World Impact -
WHAT YOU CAN BUILD

° EIectromcs + Embedded Intelligence =

Medical
Electronics

Wearable
Devices

b
o3

Industrial
Electronics

Smart Sensor
Nodes

» " Seekers
/ Signpost

seekerssignpost.com

ECUs

Consumer Embedded Robotics Home & Building Energy & Power
Electronics Instrumentation & Drones Automation Systems
Microcontrollers Sensors Signal ADC/DAC  Power Electronics SENSE THINK
&SoCs &Transducers  Conditioning & Interfaces & Drivers Acquire Signals Process & Decide Drive & Control SKILLS YOU BUILD
C Embedded C (@, Sensor
ELECTRONICS + EMBEDDED = INTELLIGENT HARDWARE KEY INTERFACE AREAS Programming Integration
— 1 7 <% Analog & Mixed-Signal Design
N Pt el P e”° % z g g g Circuit Design & rE Power & Signal
N A I ! = : - '\ﬂ 7 — 1o\ <> PCB Design & Layout Analysis s Electronics
N P e ——— R s {5 MCU Peripherals (GPIO, ADC, PCB Desi 9 Fi Hard
: PWM, Timers, etc.) esign =] Firmware-Hardware
Analog World Electronic Circuits Embedded Actuators / Intelligent @ Disolsv Kernsd. HMIlidssfaces (Altium / KiCad) E(Pc Integration
Real-world signals Shape: smpif; Processor (MCU) Outputs System pg play, Reypad, .
filter, protect Convert, compute, Drive, control, Works autonomously f Motor Control & Actuation Debugging with @ Testing, Validation &
make decisions respond in real life 2> Power Management Oscilloscope & Tools Troubleshooting
# EMI/EMC & Signal Integrity
TOOLS & TECHNOLOGIES WHERE YOUR SKILLS ARE NEEDED
MCUs &SoCs (I S PCB Design Simulation N2/ Debugging Measurement ﬁ_ Prototyping ﬁ % 6} e i l |
# STM32, ESP32, (L Hle] Altium, KiCad, /\A LTspice, Proteus, : ! " JTAG, SWD, Logic _j\u/_: Oscilloscope, Q 3D Printers, g ‘o @O» g ﬂ i
PIC, AVR, etc. Eagle T MATLAB Analyzer Multimeter, DSO s Rapid Prototyping Automotive Industrial Healthcare Aerospace & Consumer Renewable Smart
Automation Defense Products Energy Infrastructure

/~_ YOU DESIGN THE ELECTRONICS.
@ EMBEDDED SYSTEMS GIVE IT INTELLIGENCE.

CIRCUITS ARE THE FOUNDATION.

‘ 000 TOGETHER,
INTELLIGENCE IS THE FUTURE.

C{ Y YOU BUILD THE FUTURE. | ﬁ



'SECTION
ECE FOCUS

EMBEDDED SYSTEMS FOR ELECTRONICS & COMMUNICATION ENGINEERS: (3) $coeer
CONNECTED INTELLIGENT SYSTEMS

Communication Powers Intelligent Embedded Systems

17A

seekerssignpost.com

THE POWER OF CONNECTION Q CONNECTED DEVICES. INTELLIGENT WORLD. WIRELESS COMMUNICATION TECHNOLOGIES

Communication transforms a i ¢fh) A - 2 P 3 = A
g, o~ PR 22 ~ o A

isolated embedded devices T @ °"-Q @ - ! : Lg:Ra 5G

s . v - = Smart Homes Smart Cities Industrial loT Healthcare Agriculture Transportation

into intelligent, connected (€ ‘"‘EE“‘ 0 Wi-Fi  Bluetooth  Zigbee LoRa 56 NB-loT

ecosystems. 22 N High Speed Short Range Mesh Long Range Ultra Fast LPWAN
a I ‘ @ Connectivity Low Power Networking Low Power Low Latency Wide Coverage

COMMUNICATION PROTOCOLS & INTERFACES

pr—
HED) “)

@ CONNECT — SHARE — ANALYZE — ACT —> IMPACT _
N 24 A

From Data to Decisions. From Devices to Intelligence. : 35 =
= UART SPI I’C CAN Ethernet MQTT
Serial High Speed Two-Wire Automotive Wired loT
) s
WHAT ECE STUDENTS CAN BUILD A s Communication  Synchronous Interface Networks Connectivity Messaging
o SENSORS EDGE CLOUD & ACTION &
& DEVICES CONNECTIVITY 5
d & 6}__[{ PROCESSING ANALYTICS AUTOMATION CONNECTED SYSTEMS IN ACTION
G &" CONNECTED INTELLIGENT SYSTEM ARCHITECTURE REP %@ o é}
N g = AR g g 'G N7,
loT Gateways Mr«r:l::osr::sor Smart Infrastructure ComMn;:r:'llce a;uon DEVICE LAYER Co"r:fg:’ Y EDGE LAYER CLOUD LAYER mﬁsg‘o" Smart Cities sonnwtw Industrial loT Smart Grid Enviro‘nmt.antal
o p— o ealthcare Commumcatnon & Energy Monitoring
.(g)} Sensors L ((ﬂ)) L) g:: Ll G ad
@ Actuators e s — SKILLS YOU NEED
Wireless / Wired Edge Processin Cloud Storage Web / Mobile Apt Wireless Col ti Network Securi Edge Computi
b 196 | | Gomametcaion GusPiuing. | |SgOummebtcs| | Ats & Hoomeatons ((/\)) & ;;e::,,ksmmumca i &esmo:ymumy &> & g;mi lnt:glrr:ion
5 Enbedded Protocol Local Analytics AL/MLModels |y @ Control
: G=  Fimware Networt D Makins: | Dashboards 4—r: Communication Protocols Embedded Networking I].[I.[[ Data Analytics
Edge-connected Industrial Telemetry Satellite-linked = = ©L  (UART, SPI, I°C, CAN, etc.) @ (TCP/IP, UDP, HTTP) & Visualization
Al Systems Monitoring Systems & Remote Monitoring ~ Embedded Systems
CONNECTIVITY + INTELLIGENCE = REAL IMPACT Q IoT & MQTT ((('\')) Antenna Design @ System Integration
2 . & RF Basics & Testing
Data flows. Decisions happen. Systems improve.
COMMUNICATION CONNECTS DEVICES. | @@ FROM EMBEDDED DEVICES =~ LEARN. CONNECT. INNOVATE. YOU DESIGN THE CONNECTIONS. Q CONNECTED SYSTEMS.
INTELLIGENCE CONNECTS EVERYTHING. ("[ }'\ TO GLOBAL IMPACT. “B{~ BUILD THE FUTURE. ) YOU ENABLE A SMARTER WORLD. LIMITLESS POSSIBILITIES.
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“®- WHY IT MATTERS FOR CS STUDENTS

@ Embedded Systems connect
your code to the real world.

@ You can sense, think, decide
and control physical systems.

@ From devices to robots to
smart cities—your software
makes it intelligent.

[

@ Computer Science is not
just about apps and websites.

You don’t just write code.

You bring intelligence to life. .20

KEY SKILLS YOU WILL BUILD

Embedded Programming
(C / C++, MicroPython)

&) )

VS Code

Embedded Linux

loT Protocols
(MQTT, CoAP, HTTP)

D
&

Wireless Communication @
(Wi-Fi, BLE, LoRa, Zigbee)

Edge Al & Machine Learning

</> Write Better Code. Build Smarter Systems.
POPULAR PLATFORMS & TOOLS WHERE YOU CAN MAKE AN IMPACT

Raspberry Pi
5/ Pico

® O

PlatformiO Git & GitHub

Seekers Signpost

EMBEDDED SYSTEMS FOR COMPUTER SCIENCE STUDENTS @) soezens

Software that Thinks. Code that Acts. Systems that Matter.

SOFTWARE MEETS HARDWARE:YOUR CODE, REAL WORLD IMPACT

Python

C/C++
(Embedded C)

Dashboards

CLOUD & A

& INTERNET

Mobile

Linux App

MQTT

SR e Epp——

Web
Dashboard

REST
APIs

Bluetooth

Al /ML
° Analytics

|}
[
[
1
N

Edge Al
EMBEDDED INTELLIGENCE
AT THE EDGE

Cloud Integration

S Blrobsay Asiiiel HOW AN EMBEDDED SYSTEM WORKS (END-TO-END ARCHITECTURE)

APIs & Web Services (( ))
(Q) \
Data Visualization & =) - n, il Y '
& Dashboards ‘9- yiw
ity fi
gz::ﬁ:;r:ivges Sensors / Microcontroller Connectivity Cloud / loT Dashboard / Al / Decision Action /
Actuators (ESP32 / STM32 (Wi-Fi / BLE / Platform Mobile App Engine Automation
Real-time Systems Raspberry Pi) LoRa / Zigbee)

& Optimization

* Sense — Think - Communicate — Analyze — Decide — Act

| i E K

Arduino Jetson Nano Smart Cities Healthcare Industry 4.0 Environment Education Transportation
Series (NVIDIA) & Infrastructure & Wearables & Aut jon & Sustainability &R ch & Mobility
& G
: Technology that improves lives. Code that builds a better world.
Docker Firebase ThingsBoard ‘?' gY P

Code

> Connect
. ~~
Intelligence. o

Everything.

Create
Impact.

Control
Reality.

WHAT CS STUDENTS CAN BUILD

fi & <

Smart Home Al-Powered loT Platforms Autonomous
Systems Cameras & Devices Robots

Wearables & Smart Cloud Connected Industrial

Health Tech Agriculture Devices Monitoring

Your code can sense, analyze, communicate
and control the physical world.

EXCITING CAREER OPPORTUNITIES

loT Developer / Engineer
Embedded Systems Engineer
Edge Al Engineer

Robotics Software Engineer
Cloud + Edge Solutions Architect
AloT Solutions Developer

Phoaee

S
10>
)

Firmware Engineer

Product Developer

SRR O

From code on your screen
to impact in the real world—
that’s the power of
Embedded Systems.

You imagine.

Engipoec You build.

seekerssignpost.com

@ The Future.

The world transforms.



EMBEDDED SYSTEMS FOR COMPUTER SCIENCE STUDENTS: AloT, CLOUD & LARGE-SCALE INTELLIGENE SYSTEMS
£ 3 Borimiia

WHY IT MATTERS FOR CS STUDENTS AloT ARCHITECTURE AT SCALE REAL-WORLD IMPACT AT SCALE

CONNECT DECIDE

1—=— 8 — ¢ — @—r ¢l R

Industry 4.0 Digital Twins

‘ \ \ N iti & Smart Manufacturing & Simulation
| EDGE DEVICES EDGE GATEWAYS | CLOUD PLATFORM Al & ANALYTICS APPLICATIONS

(Things) & CONTROLLERS | 8 ACTIONS S = =
‘ m . [€> g «> - & Visualications

“, Soom . Suap Predictive Analytics Nerts &
systems—this is the future you Lﬁ Q

SN A Y g ‘ Iy §:Pota Laiw) Notfications
can build. — T N | % 1
. R eEs ‘ & B D @ - - B
You design intelligent ecosystems SuEE=STO I i — ﬁ O

Connecting Devices. Analyzing Data. Orchestrating Intelligence. Transforming the World.

@ The world is connected.
@ Data is everywhere.
@ Intelligence is distributed.

@ Embedded Systems + Al + Cloud
create real-world impact at scale.

@ From smart cities to smart factories. 518
from digital twins to autonomous

> Servordess  Digital Twin Mn.hqm W TNed-Pacty
to AP Microservicns | ions  &Enghe Y,

> Logistics & Environ>
T T T T T Supply Chain Monitoring
1 |

S ) SECURITY & GOVERNANCE (Identity, Encryption, Access Control, Compliance, Monitoring) ~===——~ J #

One Ecosystem. Infinite Possibilities.

CORE TECHNOLOGIES YOU WILL WORK WITH DATA & INTELLIGENCE FLOW THE FUTURE IS

INTELLIGENT &

@ Edge Computing Al/ ML at the Edge = . Distributed Systems Design @ AloT Solutions Architect INTERCONNECTED
. oy e =) i) 9} Embedded Linux & RTOS & Cloud + Edge Engineer "
¢ Cloud Computing Data Engineering =3 = % Q ‘ ﬁ% & » Engt You build the systems
(AWS, Azure, GCP) Y2l & Analytics s {8} 10T & Networking at Scale Embedded Al Developer that power tomorrow
7= loT Protocols [l Digital Twin & Simulation Devices Edge AUML ¢2> Cloud Architecture loT Platform Engineer
©  (MQTT, CoAP, AMQP, HTTPs) e Generate Data Prep ing T issi Ingesti & Analytics Docmons& St . L
Aot @ Gt & Fittering (56 / Wi-Fi / LoRa) Smaae &Insights Automation Edge Al Development @- Digital Twin Engineer
T (NB-IoT, LoRaWAN) (Zero Trust, Secure Devices) @3 Data Analytics & Visualization & Robotics & Aut Suwtonns Engl
@ Containers & Mi AP @ APIs & Integration CROSS-CUTTING CONCERNS System Integration & DevOps Data & Analytics Engineer
(Docker, Kubernetes) (REST, GraphQL) ﬁ", Scalabiity ’ Retisbiity 43 Latoncy @ Interoperability @ Safety @ Compliance Security & Privacy by Design Cybersecurity Engineer

mws A0 @ &# X 9% N 6 O QQ o lll e w @ & iy
(X Thingstioard MQTT Grafana  InfluxDB Tmsorﬂow Py‘!orr.h
E

n«gy Forlul Securi!y Mamgemem
oo A
’q O ﬂ 4 Nwos.ﬁm“ R“w;"y ESP32/ESP32.63 Arduino  Industrial  Edge Al
VSCode  GR&GRMb  PostgreSQl ROS 2 Portecta  “Gatewsys: Camerss \?g Embedded Intelligence helps build a better, safer, smarter, and sustainable world.

/\ Connect ] Analyze @ Automate Secure 2+ Scale From Code to Cloud. From Devices to Decisions.
o Everything. < Intelligently. Responsibly. Relentlessly. ﬂl]ﬂ Limitlessly. From Ideas to ]mpact.
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Bringing Machines to Life. Sense. Think. Act. Adapt. Repeat.

WHY IT MATTERS FOR MECHATRONICS STUDENTS

@ Embedded systems are the COMMUNICATION

brain behind every smart machine.

o soe [P o s ‘
° Th | UART CAN L3 M USS  EOwrnet W ' g
ey connect sensors, contro S ﬁ
IMU / Gyrosco Motor Drivers
motors and make decisions @ pi I I l 1 Robotic Arms Autonomous
i i p ey T Ty g Mobile Robots
in real time. Encodecs ) : > @ DC / BLDC Motors
@ You design the intelligence Ty o=
that brings motion, precision @ Sesire —> % —_— i Servo Motors ’
and autonomy. o p |
' LiDAR T = i @ Stepper Motors ol ‘
& From simple bots to advanced ®
- . " .
robots—embedded systems Cameras 6t . —i z Linear Actuators AGVs & AMRs Humanoid
make it possible. > o Robots
9 Force / Torque i = ‘ Solenoids / Relays
J Sensors © / =
~ . " Gri [
ﬁ? You don't just build machines. @Z LA Saeties E::::,':c’ws 8
You bring them to life. 8
POWER MANAGEMENT Exoskeletons & Underwater
Wearable Robots Robots (ROV)

Power  Protection

Batt pc-0c
@ Manage @ Monitoring Clrcuits
MECHATRONIC SYSTEM ARCHITECTURE (EXAMPLE)

ROBOTICS CONTROL PIPELINE

EMBEDDED SYSTEMS FOR MECHATRONICS & ROBOTICS &

EMBEDDED SYSTEMS IN MECHATRONICS & ROBOTICS WHAT MECHATRONICS STUDENTS CAN BUILD

KEY SKILLS YOU WILL BUILD

Seekers Signpost

seekerssignpost.com

P B

Line Follower
Robots

Drones & UAVs

Smart
Manufacturing W::::ut:c
Systems
Inspection Research
Robots Prototypes

¥ From ideas to intelligent machines — embedded systems make it real.

/ / r. Embedded Programming &g Robotics Kinematics Mechatronic System
@ =2\ * = - - J -> (C / C++, MicroPython) & Dynamics ¥ Design
X Q’ = ﬁ @ q *  Control Systems Real-time Systems g Path Planning
SENSE PROCESS DECIDE MOVE FEEDBACK CORRECT =45 (PID, State Space, etc.) 22l & Interrupt Handling & Navigation
Collectdata from  Filter,fuse&  Make decisions  Control motors  Monitor result Adjust & Signal MCU / SoC Motor Drivers Mechani @ Sensor Fusion & Filtering aga  Communication Protocols Embedded Al for
sensors & the process data  using olgorithms & actuators & system state improve Conditioning (Embedded & Actuators System (Kalman, Complementary) °5° (CAN, I12C, SPI, UART) Robotics
o ' i e [ v J Motor Control 33 P Testing, Tuning &
‘f *¢o  ROS Basics & Integration N
Real-time control loops create precision, stability and intelligent behavior. A (PWM, BLDC, Stepper) o290 dll  system Optimization

Feedback (Closed Loop Control)

POPULAR PLATFORMS & HARDWARE REAL-WORLD APPLICATION DOMAINS

@ Robotics Engineer @
'Q @ ﬁ i 3 F% & (ég g Q: ;\Q @ Mechatronics Engineer @
STM32 Series  ESP32 Series Raspberry Pi NVIDIA Motor Drivers  IMU & Sensor @ Embedded Systems Engineer @

(Compute Module) Me;a / Due Jetson Series  (0Ovive, BTS, T06612)  Modules lndusml Logistics & Agriculture Healthcare Defense & Space &
Manuf J..; Supply Chain Automation Robotics Surveillance Exploration @ Control Systems Engineer @

. < MATLAB ‘ |||'|
. = MAL LS ) TS
AROUING o ROS 4\ 5 Simulink ® Q——J 4 A . A g T
Gazebo PlatformiO MiceoPython @ Embedded intelligence + Mechanical design = Autonomous, reliable & smart systems.

'
Control Solve Real ‘@ Innovate
Problems. A=

Seekers Signpost

&) by

Intelligence. Motion.

npost.com

Fearlessly.

Automation Engineer

Al Robotics Developer

At Quet: E
Y 5/

Research & Development Engineer

Design the brain. Control the motion. Build the future.

You imagine. You design.
You build. The world moves.
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EMBEDDED SYSTEMS FOR MECHATRONICS & ROBOTICS:

- THE FUTURE OF AUTONOMOWUS INTELLIGENT MACHINES -

Seekers Signpost
seekerssignpost.com

*t
@

———o—— Perceive. Plan. Decide. Act. Learn. Adapt. — Intelligent Machines Powered by Embedded Systems. o———o——

WHY IT MATTERS FOR MECHATRONICS & ROBOTICS STUDENTS

@ The world is moving towards

autonomous systems. SENSE

(Perception)

UNDERSTAND
(Al Processing)

PLAN
(Decision Making)

LEARN & ADAPT

Al-POWERED ROBOTICS ARCHITECTURE AUTONOMOUS ROBOTICS & INTELLIGENT SYSTEMS

PRy (Continual 1 \

& Robots are becoming intelligent,
adaptive and collaborative.

OB > 55

@ Embedded systems + Al + Robotics
create machines that think, learn
and act in real time.

Cameras, LiDAR, Object Detection, Path Planning, Motor Control, Feedback, Reinforcement,
@ You are not just building robots— IMU, Sensors SLAM, Sensor Fusion Trajectory Generation Actuators, Grippers Edge Al Models
you are building the future,
@ From labs to industries, from Earth =
to space—smart machines are FEEDBACK LOOP (Monitor — Evaluate — Improve)
everywhere. ( KEY ENABLING TECHNOLOGIES
o = eeo Py
: @ B 9 = @ S
ﬁ You don't just build robots. & ] °%® *
You bring intelligence to life. Edge Al Computer SLAM & 3D Sensor Real-time High Performance ROS2& Connectivity
&ML Vision Mapping Fusion 0S (RTOS) MCUs & MPUs Middleware  (SG / Wi-Fi 6 / loT)

INTELLIGENT ROBOTICS CAPABILITIES

TYPICAL AUTONOMOUS ROBOT WORKFLOW (EXAMPLE)

c@g Human-Robot Interaction

@ Autonomous Navigation
— o
@ SLAM (Mapping & Localization) ‘Q’ Multi-Robot Coordination (% b - - NS - .
:@): Object Detection & Tracking ;@é Behavior Planning Q
o:: Path Planning & Avoidance @ Edge Al Inference 1. Perceive 2. Understand 3. Plan 4, Act 5. Monitor 6. Adapt
Capture Environment Al Perception Path / Task Execute Motion Check & Evaluate Learn & Improve
:§° Manipulation & Grasping 08 Adaptive & Leaming Systems & Localization Planning & Manipulation Performance Continuously
1 J

CORE HARDWARE FOR ROBOTICS

POPULAR PLATFORMS & FRAMEWORKS

'8}, o L7 Tarsy — m X % ] Oy
A o) teQen — ) ﬁ N
2 & & F HE 8 8B B W - ©
ROS 2 Gazebo PXA OpenCV Movelt 2 Issac ROS LiDAR Healthcare I.ogisucs & Defense & Disaster
Autopdot hDAR IMU & Depth High Torque Manufacturing & Surgery h Surveill R
Cameras Motors
I‘@ 7o)
G DO D Q pery iy l o
Ayiculmre &  Construction Underwn« Space Entertainment &
NVIOIA Jetson  Raspberry Pi S £5P32.53 STM32H7 Toensy 4.1 Robots Roboti Rob Expl Service Robots
Orin Nano / NX Series. Poﬂ.mu e

y

Plan “  Act
The Future. With Precision.

Seekers Signpost

Learn

-~
7~ Sense T Understand
= o)
& Improve.

The World. . The World.

©

seekerssignpost.com o

REAL-WORLD APPLICATION DOMAINS

Y '
Humanoid Robots Collaborative Robots

(Cobots)

Autonomous Moblle Robots
(AMRs)

Warehouse & Loglstics
Automation

=
Self-Driving Vehicles
& Drones

Surgical Robots &
Medical Robotics

Space Robotics
& Planetary Rovers

Swarm Robotics
& Multi-Robot Systems

Agricultural Robots
& Drones

¥ Intelligent machines. Real impact. Limitless possibilities.

SKILLS YOU WILL MASTER

Embedded C / C++ &3 A/ ML for Robotics Motor Control
Robotics Kinemati é i

iIcs Kinematics a Visi
& Dynamics o Poer:\ision Path Planning
Control Systems :@: SLAM & Mapping & Navigation

(PID, State Space) Simulation & Digital

Twin (Gazebo, Ignition)

Motion Planning

Sensor Fusion &

R @ 8% Fr O
2 B b

& Control
State Estimation System Integration &
Real-time Systems 131 ROS 2 & Middleware Testing
&RTOS

CAREER PATHS & OPPORTUNITIES

@ Robotics Engineer Embedded Systems Engineer

@ Mechatronics Engineer SLAM & Perception Engineer

3 2 - E

<, Y B

@> Al Robotics Developer

Robotice Soft £
° &hg!

Research & Development Engineer

ERGRORO RO,

@ Control Systems Engineer Entrepreneur / Innovator

ﬁ Design intelligent machines. Solve real problems. Shape the future.

Code the intelligence.
Build the future.

Innovate
Without Limits.




HOW CHATGPT CAN HELP YOU BECOME A HANDS-ON EMBEDDED ENGINEER

————— Learn Faster. Build Better. Think Deeper. Cé) Sseii:fsr:i;:ﬁ':f f::,

1. LEARN FASTER & UNDERSTAND DEEPER ChatGPT is your Al engineering partner — helping you learn, design, debug and build real-world embedded products. 3. DESIGN BETTER HARDWARE

Explain complex concepts in simple terms : . Review schematics for issues & improvements
(MCU, RTOS, protocols, control systems) S GIET] t.hls Why is my I12C
MCU register. communication failing? < & Suggest component selection & alternatives

% Break down datasheets & reference manuals

3 S 8§ 7 » " .
: A R ? Guide PCB layout, routing & EMC best practices
Understand registers, memory maps, [ Reseaven [ wooe [ enante | - ik

peripherals & timing diagrams - OOININE] JRINII" 0.(C 2 4 v (o). Power supply, battery, protection &

th | design advi
Learn Embedded C, data structures, i ermal design advice
algorithms & optimizations ! k 5> Check design rules & manufacturability

12
U

Explore new technologies step-by-step 7 Help me optimize Suggest a PCB layout w

with examples this C code. P 7 >
. > & improvement. 4. BUILD BETTER PROJECTS
or(ie0;i«n;is+ ) y - )

2. DEBUG SMARTER & FASTER sum += data(i); &/ Understand. ST A e
)

@ Find bugs in code, logic, and algorith - %, Disgnose.
ind bugs in code, logic, and algorithms s .
sum = fast, sum(data,n); Des's"-

{3} Analyze compiler errors & runtime faults e & Build.
/ Improve.

Get architecture ideas for your product

Choose sensors, actuators & interfaces

Plan robotics, loT, Al edge & automation projects
« Debug communication issues
(UART, SPI, 12C, CAN, etc.)

Understand crashes, HardFaults,
memory leaks & stack issues

Review logs, traces, and outputs \ o - gl A : :
like a pro - o - 6. USE Al THE RIGHT WAY
5. ACCELERATE YOUR ENGINEERING GROWTH MKCHew questions. Get hetder:anewers.
Understand the output. Don’t just copy.

&9303 @ ﬂ/ﬁ/[.] EE_?j ='® Verify, test, and measure in real hardware.

Interview Prep & Resume & Portfolio Industry Trends Learning Roadmaps Understand Research, Whitepapers Simulation, Math & Al can assist engineering. You must own the outcome.
Technical Q&A Project Ideas & Technologies & Study Plans Standards & Specs & Documentation Algorithm Help Curiosity + Critical Thinking + Practice = Real Engineering

Generate sample code, libraries & drivers

ERCRORCEC)

Create system diagrams, flowcharts & BOMs

THE ENGINEER'S EDGE 1. IDEATE 2. DESIGN 3. CODE 4. BUILD 6. DEPLOY REAL ENGINEERING IS HANDS-ON

Al is an amplifier of > 1 a - s /) - - i ; /p‘ @ Design it. Test it. Break it. Fix it.
your skills, not a AN e _{é} 7 @ Learn from failures. Improve every time.
replacement for your Use Al to expt Use Al to plan Use ALt write: o4 Use Al to solve i Use Al to analyze Vs AL reflos & @ Build physical products that solve real problems.

engineering mind. ideas & possibilities. & design systems. & optimize code. & build better. & debug. deploy in the field. @ That's how real engineers create real impact.

% CHATGPT CAN ACCELERATE YOUR JOURNEY. BUT YOUR HANDS, YOUR MIND & YOUR HEART WILL BUILD THE FUTURE.

C;.*\ Seekers Signpost Q Ask. Learn. e Plan. Design. === Code. Build. Debug. Improve. Deploy. Monitor. @ Solve Real Problems. Be a Builder. Be an Engineer.

= : </> e IR .
<?y seekerssignpost.com / Optimize. Maintain. Create Real Impact. Build the Future.

Understand. &=/ Architect. Test.



EMBEDDED SYSTEMS:

WHY THIS MATTERS

@ Today's real-world problems
are interdisciplinary.

@ Intelligent products need
hardware, software, mechanics,
Al, and control working together.

Embedded systems is the
common thread that brings
everything to life.

When engineers collaborate across
domains, we create solutions that
are smarter, safer and sustainable.

THE BRIDGE BETWEEN ALL ENGINEERING DOMAINS &

Different Streams. One Technology, Infinite Intelligent Systems.

ELECTRICAL ENGINEERING (EEE)

) Power Systems & Electromcs
J @ Drives & Motor Control
/% Renewable Energy
| Smart Grids
¢= EV Powertrains

COMPUTER SCIENCE ENGINEERING (CSE)

Eﬂ Software & Algorithms
@ Artificial Intelligence / ML

1 &> Cloud, loT & Edge Computing

Sense -+

THE CENTRAL ENABLER

Think « Decide « Act + Connect

EMBEDDED
SYSTEMS
+ Al CORE

« The Brain Behind
. Intelligent Systems ™~ /

ELECTRONICS ENGINEERING (ECE)

(%7 Embedded Hardware Design
7" PCB & VLSI Design

(&) Sensors & Signal Conditioning
I8 Communication Interfaces

(%) Power & Analog Electronics

/ MECHATRONICS & ROBOTICS

°% Robotics & Automation

(=)

gé; Motion Control

£&% Control Systems

[

Seekers
Signpost

seekerssignpost.com

TOGETHER WE CREATE
AI-POWERED INTELLIGENT SYSTEMS

Autonomous
Vehicles

< o

Smart
Factories

P

Smart Cities &

gt s

Drones &
Aerial Systems

N4

Medical
Devices & Robots

G

Industrial loT

ey
pre
o
Humanoid
Robots

-7
79

Aerospace &
Satellites

@

Defense &

Infrastructure (lloT) Surveillance

Alone we can do so little; i Data Analytics : . ‘ &35 Autonomous Systems
togeth d h. ~ =
ogether we can do so muc (©) Cyber Security MECHANICAL ENGINEERING & Human-Machine Interaction C@ ) 5 o

O | Q2

o . .

&% Machine Design AgriTech &
6 Thermal Systems Automation
&) Manufacturing & Materials
@7 Dynamics & Simulation ' *

7

@ Fluid & Aerospace Systems

Energy & Consumer
Sustainability Smart Devices

Different Applications.
One Intelligent Foundation.

THE ENGINEERING COLLABORATION ECOSYSTEM
8885 Share Knowledge E:g Combine Strengths -::- f’(r)(l)‘ll;lze(r::smp lex @ Build Better Products @ Create Global Impact

©]

ONE GOAL

@ Think Beyond Borders.

66 The future belongs to ~
engineers who can collaborate " &
across domains. :

EMBEDDED SYSTEMS IS
THE BRIDGE.

TOGETHER WE ENGINEER
THE FUTURE.

-‘-\n.».,.._v S St ——y

TO DESIGN, BUILD AND DEPLOY INTELLIGENT,
SUSTAINABLE AND IMPACTFUL SOLUTIONS
THAT IMPROVE LIVES.

Al WILL NOT REPLACE ENGINEERS.

But engineers who understand embedded systems,
use Al as a force multiplier, and collaborate across &
domains will shape the future. il

Many Disciplines.
One Purpose.
Limitless Possibilities.

G YOU IMAGINE. WE ENGINEER.
Engineer with Purpose. ',j Innovate with Intelligence. w Build for a Better Tomorrow.

@ Collaborate Across Domains. \/ THE WORLD BENEFITS.



. X H L
é @) From a simple idea @ Seekers Signpost Qs )

"/ tointelligent solutions. seekerssignpost.com | ®. \'/, YOU WILL BUILD THE FUTURE IN:

st From code to circuits, ¥
’;:;\)‘ From learning today

ETE 0 TECHNOLOGY
I.EARN 10 ENGINEER IT.

. 5 Understand. [&£ Design. {@} Build. @ Debug. 45 Deploy. @ Make Impact.

Smart Cities
Autonomous Systems
Healthcare Innovation
Industrial Automation
Space Exploration

Sustainable Living

3am+ DB

And so much more...

Embedded systems are everywhere.

. But the future belongs to those who can
N THINK like an engineer, BUILD like a maker, =3
SRS o and SOLVE real-world problems. '
‘x& g y Code(): r i
* BE CURIOUS. BE PRACTICAL. BE PERSISTENT. * 2 . - r | o .
BE THE ENGINEER THE WORLD NEEDS - e~ g
/A > = — -{;;r‘ y - .’T’»:ﬂ;::;’-»’ .— =t
e~ O T T N LoriEs * T e—— L T T R e e,
e . s .f_ S *"_ _,_~* o e~ - TR T e
Q‘ :' '__ THINK DEEPER. % BUILD FEARLESSLY. @ DEBUG BOLDLY. L@ INNOVATE BOLDLY. CO% COLLABORATE. MAKE A DIFFERENCE.
& i " Understand Hands-on practice Every bug is a lesson. V23 Solve real problems. CD Great engineers D Your ideas can
REEP LEARNING: before you build. creates mastery. Every fix makes you better. Create real impact. build together. change the world.

The journey [ beroror
never stops.

% The tools will change. The technology will evolve. @ BUILD. IMPACT. INSPIRE The future is not something

But the power to engineer the future is in your hands. yow enter. It's somethis ng you build.
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