Embedded Systems: Programming and Architectures
Course objective

The field of embedded systems is growing rapidly as a result of innovative applications in Communications, Internet appliances, Consumer electronics and Process control. This Embedded Systems course is designed with equal emphasis on hardware and software and prepares IT and Communication engineers to meet the needs of the industry for understanding, programming and designing embedded systems.
Course overview

· Definition and examples of embedded systems. Introductory concepts: Disappearing computer, ambient intelligence, cyber-physical systems.
· Characteristics of embedded systems: interaction with the real world, observation and control of real systems. Sensors, time management, real-time systems.

· Embedded systems architectures: PIC8, PIC32, ARM, Texas Instruments C64xx.

von Neumann, Harvard, RISC, MIPS and mixed architectures.
Clocking system and memory implementation.

· Embedded systems peripherals: Introduction to I/O, analog and digital input/output, timers and interrupts.
· Interfacing protocols: Serial protocols (USB, SSI, I2C, UART). 

Other embedded communication protocols: CAN (Controller Area Networks), LIN (Local Interconnect Network), SPI (Serial to Peripheral Interface).

· Principles of embedded programming: Software development tools (emulators, debuggers, in-circuit programmers)
· Anatomy of embedded programs.

· Case study in software development: Microchip PIC16F877 and the MPLAB IDE.

· Real time systems: examples and definitions. 

Time management: hard and soft real-time systems, timing constraints and jitter.
Real-time operating systems: embedded multitasking and multithreading, prioritization and scheduling. Implementation of RTOS kernel.

· Prototyping of embedded systems: Hardware description languages. VHDL programming principles. CAD tools for digital design.

· Architecture of Complex Programmable Logic Devices (CPLDs) and Field Programmable Gate Arrays (FPGAs).

Embedded Systems-on-a-programmable-chip. 
Student project: Students work in groups to develop their own small embedded system using tools and components provided by the laboratory.
Literature:

1. Embedded system design: a unified hardware/software introduction, Vahid and Givargis, Wiley.
2. Introduction to the design of small-scale embedded systems, Tim Wilmshurst
3. Programming 32-bit microcontrollers in C, Di Jasio
4. Embedded multitasking, K. Curtis

5. S. Stavitzky, Real-time microprocessor systems, Van Nostrand Reinhold Co.

Prerequisites:  Basic Computer architecture and understanding of digital logic


  Basic programming skills



  Basic understanding of Operating Systems

