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Rules & Regulations 

I will let it on your Behavior !! 
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C programming, Microprocessors, Control Systems, Signals & Systems 

Prerequisites: 



 References 

1.” Introduction to Embedded  Systems” , David Russel, 2010 
2. “Embedded Control System” , 2th edition 
3. Embedded System Design: A Unified Hardware/Software Introduction 
     ''  Online Book 
 
 
 Weekly hours and module units 

• Each week, you have 

• Theoretical lectures: 3 hours  

• Practical lectures:      2hours  

• Module Units:   Three  

5 



Assessment 

** Final Exam:  

• Theoretical part: 35% 

• Practical part: 15% 

** Midterm Exam 

• Theoretical part: 20% 

• Practical part: 15% 

** Quizzes, H.Ws and attendance: 15%  
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Embedded Systems
  4th Year
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Examples of everyday devices that use embedded systems!!!!!! 
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 What is an Embedded System? 

• An embedded system is a combination of hardware and 

software designed to perform a dedicated function within a 

larger mechanical or electronic system. It typically consists 

of a microprocessor or microcontroller, memory, and 

input/output interfaces, and is optimized for specific tasks 

rather than general-purpose computing.  
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The difference between a system (general computer system) and an embedded system 
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Typical examples of embedded systems versus general computers illustrate their distinct purposes and functionalities. 
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Characteristics of Embedded Systems 

•Designed for specific tasks or functions within a larger system. 

 

•May include integrated circuits with processors, memory, and peripherals. 

 

•Can range from very simple (a single chip) to highly complex with multiple 

components. 

 

•Often have real-time computing constraints due to controlling physical 

operations. 

 

•Typically optimized for reliability, low power consumption, and minimal 

size. 

 

•Interfaces can be non-existent or as complex as graphical user interfaces. 
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Classification Of E.S.s 

E.S.s can be classified into 3 types: 

1. Small – scale E.S.s: 

• these systems are designed with a single 8-bit, or 16-bit microcontroller. 

• They have little h/w & s/w complexities and involve board-level design. 

• They may even be battery operated. 

• An editor & assembler specific to the μC are used. 

• C – language (or similar languages) is used for developing these systems. 

• Commonly used microcontrollers 

2. Medium – scale E.S.s: 

• These are designed with a single or few 16-bit or 32-bit microcontroller. 

• They have both h/w& s/w complexities 

• Programming tools: RTOS, source code eng. Tool, simulator, debugger & 

Integrated Development Environment (IDE). 
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3. Sophisticated E.S.s: 

• These systems have enormous h/w & s/w complexities and may need scalable 

processors or configurable processors & PLAs. 

• They are used for applications that need h/w & s/w co-design & integration in the 

final system. 

• Development tools may not be available at a reasonable cist or may not be 

available at all. In some cases, a compiler might have to be developed for these 

systems. 

• Commonly used microcontrollers: Intel80960, ARM7, MPC604. 
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Appropriate Microcontroller Use 

A microcontroller is the correct tool to use when: 

• Intelligence is required in the system. 

• The complexity of a system is reduced when using one. 

• The cost of the microcontroller is “less” than using discrete components to do the 

same job. 

• A variety of sensors and actuators must be integrated in the system. 

• Communication with other devices is necessary. 

Appropriate Microcontroller Use 

A microcontroller is NOT the correct tool to use when: 

• The system requires little or no intelligence. 

• The system can be made easier and/or cheaper using discrete-components. 
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 Controller of Embedded System parts can be put in following diagram:  
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The Embedded System “Concept Map” 
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Systems Need Control 
Systems need control could be: 

• Mechanical (i.e. ……….) 

• Electrical (i.e. ……….) 

• Electro-Mechanical (Mechatronics) 

• Biological (i.e. ……….) 

• Thermodynamic (i.e. ……….) 

• Chemical  (i.e. ……….)  

• Other Systems ?  

The questions need to be asked are:  

• What’s wrong with that system? 

• What would we like to do with it? 

• What can we do with it? 
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 Examples Linked to Control Engineering 

 ON/OFF control: Thermostat fan, water pump. 

 Proportional control: Motor speed ∝ 

potentiometer error. 

 PID control : Arduino PID library controlling 

motor or balancing robot . 

 Discrete logic/sequential control: Traffic light, 

elevator simulation. 

 Data acquisition: Serial logging of sensor values. 
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Systems Need Control 

 Robotics Applications: 

• Controlling joint motors for motion. 

• Reading sensor feedback (position, distance, vision). 

• Executing tasks like object pickup, navigation. 

 Control Concept: Closed-loop feedback control (PID for motor 

position). 
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Systems Need Control 

 Industrial Automation  Applications: 

•  Managing conveyor belts (speed and direction). 

•  Controlling pumps and valves for fluid flow. 

•  Coordinating robotic arms for assembly lines. 

• Control Concept: Sequential logic + real-time control. 
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Systems Need Control 

 Automotive Control Systems Applications: 

o Engine Control Unit (ECU) → fuel injection, ignition timing. 

o Anti-lock Braking System (ABS) → preventing wheel lock. 

o Airbag deployment → triggered by crash sensors in milliseconds. 

 Control Concept: Embedded real-time safety-critical control. 
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Systems Need Control 

 Home Automation Applications: 

o Smart thermostats controlling HVAC systems. 

o Automatic lighting systems (motion/light sensors). 

o Security systems (cameras, alarms, smart locks). 

 Control Concept: ON/OFF control + IoT connectivity. 
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Systems Need Control 

Medical Devices Applications: 

o Insulin pumps regulating drug delivery. 

o Pacemakers maintaining heart rhythm. 

o Patient monitoring systems (vital signs, alarms). 

 Control Concept: Precision closed-loop biomedical control. 
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A “short list” of embedded systems 
• Anti-lock brakes 
• Auto-focus cameras 
• Automatic teller machines 
• Automatic toll systems 
• Automatic transmission 
• Avionic systems 
• Battery chargers 
• Camcorders 
• Cell phones 
• Cell-phone base stations 
• Cordless phones 
• Cruise control 
• Curbside check-in systems 
• Digital cameras 
• Disk drives 
• Electronic card readers 
• Electronic instruments 
• Electronic toys/games 
• Factory control 
• Fax machines 
• Fingerprint identifiers 
• Home security systems 
• Life-support systems 
• Medical testing systems 

• Modems 
• MPEG decoders 
• Network cards 
• Network 

switches/routers 
• On-board navigation 
• Pagers 
• Photocopiers 
• Point-of-sale systems 
• Portable video games 
• Printers 
• Satellite phones 
• Scanners 
• Smart 

ovens/dishwashers 
• Speech recognizers 
• Stereo systems 
• Teleconferencing 

systems 
• Televisions 
• Temperature controllers 
• Theft tracking systems 
• TV set-top boxes 
• VCR’s, DVD players 
• Video game consoles 
• Video phones 
• Washers and dryers 
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Major Components of an Embedded Control System 
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1. Overview 
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1. Sensor and Signal Conditioner 

Type Physical Quantity Example Sensor 

Temperature Heat LM35, TMP36 

Position Angle/displacement 
Potentiometer, 
encoder 

Pressure Fluid/gas pressure Piezo sensor 

Light Illumination LDR, photodiode 

Speed Rotational speed Hall-effect sensor 



5 

1. Sensor and Signal Conditioner 

• A sensor converts a physical quantity (temperature, pressure, 
speed, position, light, etc.) into an electrical signal (voltage or 
current). 

• Acts as the input device for the embedded system. 
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Signal Conditioner 

• Sensors usually produce weak or noisy analog signals. 
• A signal conditioning circuit modifies the signal to make it usable 

by the microcontroller. 
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Signal Conditioner 

Main functions: 
•Amplification → Op-amp increases signal amplitude. 
•Filtering → Removes noise (low-pass, high-pass, band-pass). 
•Level shifting → Matches voltage to ADC input range (e.g., 0–5 V). 
•Isolation → Protects controller from high voltages (opto-isolators) 
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Power Sources 

•Provide energy for all electronic components in the system. 
•Must supply stable and regulated voltage to both the controller 
and actuators. 
Common Power Sources 
•Battery (Li-ion, NiMH, etc.) – used in portable/robotic systems. 
•DC Power Supply (5 V, 12 V) – for laboratory/industrial systems. 
•Energy Harvesting (solar, vibration) – low-power remote devices 
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Power Sources 
Power Management: 
•Voltage Regulators:  
•Converters: 

• DC–DC converters (buck/boost) for efficiency. 
• AC–DC rectifiers for mains input. 
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Power Interface 
Power Management: 
•Voltage Regulators:  
•Converters: 

• DC–DC converters (buck/boost) for efficiency. 
• AC–DC rectifiers for mains input. 

Protection: fuses, transient suppressors, reverse polarity protection. 
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Power Interface 
The bridge between the low-power controller and high-power 
actuators.Ensures the microcontroller can safely control larger loads. 

Types of Power Interfaces 
1.Transistor or MOSFET Drivers – switch higher current loads. 
2.Relay Circuits – electromechanical switches for AC or DC loads. 
3.Opto-isolators – provide electrical isolation between control and 
power sections. 
4.Motor Drivers / H-bridges – enable direction and speed control of 
DC motors 
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Power Interface 
The bridge between the low-power controller and high-power 
actuators.Ensures the microcontroller can safely control larger loads. 

Types of Power Interfaces 
1.Transistor or MOSFET Drivers – switch higher current loads. 
2.Relay Circuits – electromechanical switches for AC or DC loads. 
3.Opto-isolators – provide electrical isolation between control and 
power sections. 
4.Motor Drivers / H-bridges – enable direction and speed control of 
DC motors 
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Actuators 
Actuators convert electrical control signals into mechanical motion or 
physical action. 
They represent the output stage of the embedded control loop. 
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Actuators 

Type Function Example 

Electromechanical 
Rotational or linear 
motion 

DC motor, stepper, 
servo 

Electromagnetic Switching or movement Relay, solenoid 

Thermal Heat generation Heater element 

Hydraulic/Pneumatic Force/pressure control Valves, cylinders 
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User Interface (UI) 

Allows the operator or user to interact with the embedded system. 
 Types 
•Input Devices: push buttons, switches, keypads, rotary knobs. 
•Output Displays: LEDs, LCDs, seven-segment displays, touch 
screens. 
•Communication Interfaces: serial monitor (UART), USB, 
Bluetooth, Wi-Fi, CAN. 
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User Interface (UI) 

Role in Control 
•Provides manual overrides or adjustments (e.g., setpoint entry). 
•Displays measured variables, system status, and faults. 
 Control link: Enables real-time monitoring and manual tuning of 
controller parameters 
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Controller Hardware 

The physical computing unit executing control algorithms. 
Usually a microcontroller, microprocessor, or digital signal 
processor (DSP). 
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Controller Hardware 

Key Components 
•CPU: performs calculations and logic operations. 
•Memory: 

• Flash/ROM – stores program (firmware). 
• RAM – stores temporary data. 

•Peripherals: timers, ADC, DAC, serial interfaces (UART(Universal 
Asynchronous Receiver/Transmitter), I²C, SPI,Serial Peripheral 
Interface, CAN, Controller Area Network). 
•Clock: determines speed of execution. 
•Reset & Power Circuits: ensure stable startup 
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Controller Software 

The firmware or program code running inside the controller. 
Defines how the system responds to inputs and generates outputs. 
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Controller Software 

Software Layers 
1.Application Code: control algorithms (ON/OFF, PID, etc.). 
2.Drivers: interface with peripherals (ADC, PWM, UART). 
3.Real-Time Scheduler or Loop: manages timing and task execution. 
4.Interrupt Service Routines (ISRs): handle immediate events (e.g., 
sensor triggers). 
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Controller Software 

Software Development Flow 
1.Write code in C/C++ (or Arduino language). 
2.Compile → Generate machine code (hex file). 
3.Upload to microcontroller via programmer/USB. 
4.Test, debug, and tune parameters. 
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The Embedded System “Concept Map” 
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Microprocessor 

•A microprocessor is the CPU (central processing unit) on a single 
chip. 
•It requires external memory (RAM, ROM) and peripherals to build a 
complete system. 
•Used in general-purpose computing systems (like PCs, laptops). 
Example: Intel i5, AMD Ryzen, ARM Cortex-A, Pentium, etc. 
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Microcontroller 

•A microcontroller is a complete computer system on a single chip. 
•It contains: 

• CPU 
• Memory (RAM, ROM/Flash) 
• I/O ports (digital & analog) 
• Timers/Counters 
• Communication interfaces (UART, I2C, SPI) 

•Designed for specific control applications (automation, robots, 
instruments). 
Example: ATmega328 (Arduino), PIC16F877A, STM32, 8051. 
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Comparison: Microprocessor vs. Microcontroller 

Feature Microprocessor (µP) Microcontroller (µC) 

Definition CPU on a chip 
CPU + memory + peripherals on a 
chip 

Memory External (RAM/ROM) required Internal (RAM, ROM/Flash) 

I/O Ports Mostly external Built-in GPIO, ADC, timers 

Application Type General-purpose computing Dedicated / specific task 

System Cost Higher (needs more components) Lower (integrated design) 

Speed Typically higher clock rates Moderate, but optimized for control 

Power Consumption High Low (battery-friendly) 

Programming Complex OS/software Simple C or assembly 

Examples Intel i7, AMD Ryzen, ARM Cortex-A ATmega328, PIC, STM32, 8051 

Use in Control Rare (for large systems) 
Common (real-time embedded 
control) 
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Advantages of Microcontrollers 

1.Compact and integrated → CPU, memory, and I/O on one chip. 
2.Low cost → fewer external components. 
3.Low power consumption → ideal for portable and embedded 
applications. 
4.Easy to program → C/C++ using tools like Arduino IDE. 
5.Fast response → suitable for real-time control tasks. 
6.Reliable → fewer parts, lower failure rate. 
7.Flexible I/O → supports analog/digital signals, PWM, interrupts, 
communication. 
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Disadvantages of Microcontrollers 

1.Limited memory and processing power (compared to 
microprocessors). 
2.Application-specific → cannot perform general computing tasks. 
3.Difficult to upgrade hardware (chip-specific). 
4.Restricted multitasking (unless RTOS or multi-core MCU used) 
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Key Characteristics of Microcontrollers 

•Dedicated task operation: designed for one main function. 
•On-chip integration: CPU + memory + peripherals. 
•Real-time operation: must respond immediately to sensor input. 
•Embedded in larger systems: not stand-alone like PCs. 
•Programmable control logic: runs firmware written in C/C++. 
•Low power & cost-efficient: used in millions of consumer and 
industrial devices. 
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Example architecture: 

•CPU core (e.g., 8-bit, 16-bit, 32-bit) 
•Flash memory for program 
•RAM for data 
•GPIO pins for sensors/actuators 
•Timers, ADC, UART, I²C, SPI modules 
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Control Engineering Context  

•Microcontrollers are the heart of modern control systems: 
•Measure signals from sensors (temperature, pressure, position). 
•Compute control law (ON/OFF, PID, etc.). 
•Drive actuators (motors, valves, relays). 
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Summary Slide: 

•Microcontroller = compact embedded computer for control tasks. 
•Microprocessor = powerful CPU for general computing. 
•Control systems use microcontrollers for real-time embedded 
feedback control. 
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Error Equation 
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Microcontroller role: 
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Discrete-Time Control Law (as implemented in software) 
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Microcontroller role: 
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Sampling Period Relation 
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First-Order System Response (typical controlled plant) 
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Microcontroller role: 
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Summary : 
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Microcontrollers MFGRs 



Microcontroller MFGRs  
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What is the Arduino? 
�‡ Arduino is an open-source electronics platform based on easy-to-use hardware and 

software. 
 
�‡  Arduino  boards are able to read inputs - light on a sensor, a finger on a button, or a 

Twitter message - and turn it into an output - activating a motor, turning on an LED, 
publishing something online 

 
�‡  You can tell your board what to do by sending a set of instructions to the 

microcontroller on the board. 
�‡ To do so you use the Arduino programming language (based on Wiring), and the 

Arduino Software (IDE), based on Processing. 



Why the Arduino? 
�‡ Improvement over other micro-controllers for hobby usage. 
�‡ Inexpensive 
�‡ IDE on multiple platforms (Mac, PC, Linux) 
�‡ Simple, clear programming environment: �³�&� ́
�‡ Open source and extensible software/hardware. 
�‡ Arduino Shields (elements that can be plugged onto a board to give it extra features). 
�‡ Over the years Arduino has been the brain of thousands of projects, from everyday 

objects to complex scientific instruments.  
�‡ Arduino  board started changing to adapt to new needs and challenges, 

differentiating its offer from simple 8-bit boards to products for IoT applications, 
wearable, 3D printing, and embedded environments. 
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Arduino Shields 
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Shield Name Function Example Application 

Motor Shield Controls DC motors and servos Robotics, automation 

Ethernet Shield 
Adds wired network (LAN) 
capability 

IoT data logging 

Wi-Fi Shield Connects to Wi-Fi networks Smart home, remote control 

Bluetooth Shield 
Enables Bluetooth 
communication 

Wireless sensors 

GPS Shield Receives geographic coordinates Vehicle tracking 

LCD/Touch Shield Provides display and user input Interface panels 

Relay Shield Controls high-power devices Home automation 

Sensor Shield 
Simplifies connection of multiple 
sensors 

Environmental monitoring 

GSM/GPRS Shield 
Mobile communication (SIM-
based) 

Remote alert systems 



Arduino Applications  

https://playground.arduino.cc/Projects/Ideas  
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Arduino UNO 
�‡ The UNO is the best board to get started with electronics and coding.  
�‡ Arduino Uno is a microcontroller board based on the ATmega328P. 
�‡ It has 14 digital input/output pins (of which 6 can be used as PWM outputs). 
�‡ 6 analog inputs. 
�‡ 6 MHZ quartz crystal 
�‡ USB connection. 
�‡ Power jack 
�‡ ICSP header  
�‡ Reset button. 
�‡ It contains everything needed to support the microcontroller. 
�‡ Simply connect it to a computer with a USB cable or power it with a AC-to-DC 

adapter or battery to get started. 
�‡ You can tinker with your UNO without worrying too much about doing something 

wrong, worst case scenario you can replace the chip for a few dollars and start over 
again. 
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Digital I \ O 
PWM( 3, 5, 6, 9, 10, 

11) 

SCL\ SDA 
(I 2C Bus)  

RESET 

PWR IN  USB  
(to Computer)  

Analog 
INPUTS 

POWER  
5V / 3.3V / 

GND  



Arduino UNO  
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