Course Charter/Syllabus

ECEU532
Embedded system Design

Overview:
The Embedded System Design course concentrates on automated design of embedded systems that use one or more embedded processors, programs, and register transfer level (RTL) hardware descriptions. We discuss design methodology, design of components, utilization of packages, use of design tools, and programming an embedded system on an FPGA. The course shows how a complete design is translated to RT level code for simulation, synthesis and FPGA programming. We also show how a C program is compiled for an embedded processor and programmed into an FPGA for hardware realization. This course uses the Verilog HDL and its related tools for describing hardware of embedded processors and their interfaces.

Prerequisites:
ECEU322, Digital Logic Design.

Textbooks:
Zainalabedin Navabi, Embedded Core Design with FPGAs: McGraw Hill-Professional, 2006, New York, NY, ISBN: 0071474811 (required).

Course objectives:



Upon completion of this course, a student should be able to:

1. specify hardware with control/data partitioning and hardware at the RT level

2. write Verilog description of RT level hardware for simulation and synthesis

3. specify configurable design components and use these components in upper level designs

4. design and program an embedded processor, and use the embedded processor in a complete system

5. understand microcontroller architectures and make application specific modifications to the processor architectures

6. design interface-components and use these components in an embedded system

7. use design tools for PFGA design, simulation, synthesis and device programming

8. use a development board and prototype an embedded system

Syllabus:
Topic (most relevant text sections)

Week 1:
Course overview, administration, hands-on sessions, embedded deign (1)

Week 2: 
RT level logic design (2)

Hands on 1:
Gate level schematic and use of library parts

Week 3: 
RTL Design with Verilog, basics and combinational circuits (3)

Week 4: 
RTL Design with Verilog, sequential circuits and control/data (3)

Hands on 2:
Design of components with Verilog 

Week 5: 
Processor Hardware and Software (4)

Week 6: 
Processor Software and programming (4)

Hands on 3:
Processor design and implementation 

Week 7: 
Programmable devices 

Week 8: 
FPGAs

Hands on 4:
Processor synthesis and programming 

Week 9: 
Design Prototyping with Development Boards

Week 10: 
Peripheral Interfacing, KB, VGA, LCD, etc

Hands on 5:
Processor synthesis and programming 

Week 11:
Software Implementation, Filter Design

Week 12:
Embedded system design

Hands on 6: 
Using Embedded Processors

Week 14: 
Embedded systems, busses, processors, tools, interfaces

Hands on 7: 
Embedded System Design Project

Contribution of course to meeting professional component:



Engineering topics:  4 SH



General engineering component:  0 SH

Relationship of course to program objectives:

	ADVANCE \d4Program Objective
	ADVANCE \d4Assessed

	1.1 Formulate and solve ECE problems (specified in course objectives)
	HE: Hardware design assignments

	1.2 Laboratory and computing tools
	H: Simulation and synthesis tools used


	1.3 Design/conduct experiments, analyze data
	HR: Synthesis comparison of designs

	1.4 Design systems, components, or processes
	HRE: RTL level and embedded processors

	1.5 (CE) Design and implement computer programs
	RH: HDL used to design and implement system

	
	

	ADVANCE \d42.1 Understand/apply mathematics
	ADVANCE \d4

	ADVANCE \d4    2.1.1  Differential Calculus
	N/A

	ADVANCE \d4    2.1.2  Integral Calculus
	ADVANCE \d4N/A

	ADVANCE \d4    2.1.3 Complex algebra/analysis
	ADVANCE \d4N/A 

	ADVANCE \d4    2.1.4  Differential/Difference Equations
	ADVANCE \d4N/A

	ADVANCE \d4    2.1.5  Linear Algebra
	ADVANCE \d4N/A

	ADVANCE \d4    2.1.6  Multivariate Calculus
	N/A

	ADVANCE \d4    2.1.7 Probability/Stochastic Processes
	H: Quantitative performance analysis performed

	2.2 Understand/apply physics
	

	     2.2.1 Solid-state physics
	HRC: Timing and power analysis discussed

	     2.2.2 Electricity & Magnetism
	N/A

	2.3 (EE) Apply knowledge of programming 

(CE) Solve engineering problems using programming
	

	     2.3.1 Flow-charting/program design
	HRE: HDL design and simulation

	     2.3.2 Language syntax/debugging
	HRE: Programming hardware tasks in software

	     2.3.3 Output analysis
	HR: Synthesis results are analyzed

	2.4 Connect ECE subfields
	CE: Computer architecture and devices

	2.5 Information sources/literacy
	HC: Software and device manuals used 

	2.6 Connect between theory and application
	HR: Synthesized results are programmed into FPGAs and simulations compared

	2.7 Connect between classroom and work/co-op
	N/A

	
	

	ADVANCE \d43.1 Effective written communication
	ADVANCE \d4R: Project reports are required in hands-on sessions

	ADVANCE \d43.3 Effective oral communications
	ADVANCE \d4R: Designs discussed in hands-on sessions

	ADVANCE \d43.2 Analyze information/compare alternatives
	ADVANCE \d4C: Compare various FPGAs and design methods

	3.4 Multidisciplinary teams
	N/A

	3.5 (CE) Document engineering work appropriately
	R: Project reports combine different types of analysis data

	
	

	4.1 Professional/ethical issues
	N/A

	4.2 Lifelong learning
	N/A

	4.3 Career management
	N/A

	4.4 (CE) Copyright and privacy standards specific to computer hardware and software
	N/A

	
	

	5.1 Social/cultural context of ECE
	N/A

	5.2 Historical/contemporary issues of ECE
	CE: History of design methods and evolution, history of programmable devices, and FPGA evolution

	5.3 Esthetics in engineering
	CE: Design methodology and hierarchy 

	5.4 Esthetics in written/oral expression
	H: Bi-weekly presentations 
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