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EE 529: Embedded Systems

Course Code EE 529

Course Name Embedded Systems

L-T-P-C 3-0-2-4

Prerequisites IC161 - Applied Electronics, CS201 Computer Organization or any course on
microprocessors or Equivalent

Intended for BTech Computer Science Engineering (CSE) and Electrical Engineering (EE),
MS, M. Tech. & PhD.

Distribution Elective for Third and Final year B. Tech (CSE/EE), MS, M. Tech. in
VLSI/Signal Processing and Communication/Power Electronics and Drives &
PhD

Approval 18th BoA (Sep 2017); 14th Senate (Oct 2017)

Course Contents

Introduction to embedded systems: Understanding an embedded system, design metrics, de-
sign challenges, technologies for embedded systems. [2 Lectures]

Custom Single Purpose Processor for Embedded Systems: Design of data-paths and con-
trollers, finite state machines, custom single purpose processor design at RT level, optimizing
custom single purpose processors. [3 Lectures]

Hardware Description Language: Introduction to hardware description language, overview
of structural, behavioral and dataflow modeling of digital systems using hardware description
language, notion of finite state machines, delay modeling, memory modeling, synthesizable &
non-synthesizable HDL codes for digital system design. [3 Lectures]

Introduction to FPGA: Introduction to complex digital systems design, notion of programmable
logic devices, overview of FPGA architecture, realization of data-path and controller, timing
analysis of data-path and controller, synthesis, placement, routing, performance optimization.
[3 Lectures]

FPGA based systems design: Implementation of simple systems using FPGA exercising the
timing closure paths. [2 Lectures]

Physical design automation of embedded systems (from the perspective of custom single
purpose processors for embedded systems): Partitioning, floor-planning, placement, routing;
clock design considerations, timing margins, clock skew, clock distribution networks. [3 Lec-
tures]

Dynamically reconfigurable Embedded Systems: Static versus dynamic reconfiguration of
embedded systems, full versus partial reconfiguration, voltage scaling and power management
issues in dynamic reconfiguration. [3 Lectures]

Introduction to Microcontrollers: Introduction to microcontrollers, overview of architecture
of a typical microcontroller such as AVR microcontroller, addressing, assembly language pro-
gramming. [4 Lectures]

Memory interfacing: Memory technologies SRAM, DRAM and ROM, different types of
DRAM architectures 2D RAM, FPMDRAM, EDODRAM, SDRAM, RDRAM, DDRRAM,
DDR2RAM, etc, different types of ROM- PROM, EPROM, EEPROM, memory interfacing cir-
cuits, single cycle versus multiple cycle interfacing, timing diagrams, etc. [3 Lectures]
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* Interfacing with I/0 devices: Port and bus based /O, Memory mapped and I/O mapped 1/O,
register and tristate buffer based I/O interfacing, arbitration methods priority, daisy chain and
network oriented arbitration methods, serial protocols SPI and I12C. [4 Lectures]

* Timers and Counters: Timer/counter programming, notion of watch dog timers and real time
clocks. [1 Lectures]

* Interrupt processing: Introduction to interrupts, external versus internal interrupts, software
versus hardware interrupts, synchronous versus asynchronous interrupts, single interrupt versus
multiple interrupt systems, prioritization of interrupts, inversion of interrupt priorities, inheri-
tance of interrupt priorities and associated protocols. [4 Lectures]

* Real world interfacing of microcontrollers: Interfacing with simple devices such as LCD,
keyboard, motor control, sensors, LED 7 segment display, DTMF decoder, etc. [2 Lectures]

* Hardware Software Codesign: Notion of hardware software partitioning, graph based and
pareto optimal approaches to hardware software partitioning, resource and timing constrained
hardware software partitioning. [3 Lectures]

* Internet of Things (IoT): Overview of Internet of Things, IoT architecture, Communication
protocols, Notion of internet of everything. [1 Lecture]

Laboratory Modules

Laboratory exercises based on timers and counters, interrupts, serial peripheral interface, inter-
integrated circuit, hardware description language based hardware modeling of embedded cores, hybrid
embedded processors, FPGA implementation of embedded processor architectures.

Text Books

1. F. Vahid and T. Givargis, Embedded Systems: A Unified Hardware Software Introduction,
John Wiley and Sons, 2011.
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