Wireless Sensor Networks: 

Mixed-domain architectures, embedded software and decentralized control  
Fall 2007 

Dr. Alex Doboli, Associate Professor
Department of Electrical and Computer Engineering

State University of New York at Stony Brook

Stony Brook, NY 11794-2350  

Email: adoboli@ece.sunysb.edu

1. Goal. This course discusses some of the main topics specific to sensor based computing systems and wireless sensor networks, including mixed-domain architectures, embedded software, and algorithms for large scale, decentralized control. 

2: Number of credits: 4 credits (lectures + lab)


3. Motivation. Electrical and computer engineers are increasingly becoming involved with mixed-signal and networked applications that require comprehensive understanding of system design, performance trade-off analysis, and verification across analog, digital, and software domains. Mixed-signal SoC technology has rapidly evolved, in recent years, making it possible to incorporate programmable analog, digital circuits and CPU cores, memory, and I/Os all on a single chip. Programmable SoCs can be quickly customized, and at low cost, to implement new functionality and performance requirements. This creates novel opportunities in developing sensor based processing systems, including dynamically reconfigurable, self-optimizing and large scale, decentralized systems. 
4. Student audience: Senior EE and CE graduate students. 
5. Textbooks and other material:

· A. Doboli, E. Currie, “Introduction to Programmable Embedded Mixed-Signal Systems on Chip”, textbook material
· Other material (research papers) will be provided in class
6. Objectives. At the end of the course, students will possess theoretical and applied  
     knowledge and design skills related to three main aspects:

· Utilization of a combination of analog and digital modules, as well as, writing software drivers for interfacing new devices.  

· System-level design including specification, profiling, debugging, and trade-off exploration/optimization for mapping the system behavior to specific building blocks.

· Architecture customization (through analog and digital dynamic reconfiguration) for implementing new functionality and obtaining better performance is also treated. 

7. Covered topics
1. Introduction. Sensor based systems and wireless sensor networks. Introduction. Challenges. Types of embedded applications, including a simple illustrative example of a mixed-signal embedded system. Importance of performance requirements (cost, speed, power, accuracy). Examples of embedded architectures. Top-down design flow (successive design refinement) i.e., successive design refinement.
2. Mixed-signal embedded SoC architectures. Mixed-signal SoC architectures. Microcontroller core. Instruction set. RAM and flash memory system. I/Os. System buses. Interrupt subsystem. Interrupt Service Routine (ISR). Boot program 
3. Digital and communication subsystem. Performance improvement through architecture customization. Profiling. Performance profiling. Performance estimation. Application-specific hardware. PSoC programmable digital building blocks (timers, counters, CRC generator, PWM). Dynamic reconfiguration. Data communication in embedded systems. Serial communication using SPI and UART.  
5. Analog subsystem. Basics of switched capacitor analog circuits. Presentation of basic building blocks, i.e., ideal op amps, comparators, gain stages, integrators, etc.  Application of Switch-Capacitor circuits. SC filters. Basics of Delta-Sigma converters . Sampling. Quantization. Oversampling. Noiseshaping. Performance of  ADC. First-order ADC. Second-order  ADC. Implementation using PSoC. Impact of circuit nonidealities on ADC performance. 
7. System level design and trade-off analysis. System performance modeling. Trade-off analysis including cost, speed, power/energy consumption, number of pins, etc. System optimization.
8. Decentralized control for large scale networks. Methods based on attraction – repulsion forces. Vector potential methods.
8. Course projects
The goal of the course project is to expose students to independent research on a topic related to sensor based systems and wireless sensor networks. Students will go through the steps specific to any research endeavor, including thorough and comprehensive literature review, implementation and experimentation of a state-of-the-art procedure, and developing novel solutions to improve existing methods. Hopefully, the project work will be at a level which deems the work publishable in a peer-reviewed conference. 
Specifically, students must complete three projects:

1. First report will present an overview related to sensor based processing systems and wireless sensor networks. Possible topics include: (a) architectures for WSN, (b) embedded software and programming languages for WSN, (c) routing protocols for WSN, (d) collaborative algorithms for WSN, (e) tracking algorithms for WSN, (f) surveillance algorithms for WSN, (g) algorithms for decentralized control in WSN (Due date: November 21)
2. The second report will present your implementation and experimentation of an existing technique related to the overview topic that you discussed in your reports 1. (Due date: December 21)
3. The third report will present a limitation of the existing method that you discussed in your second report. You will propose a solution to that limitation, implement and experiment your solution. (Due date: January 21)
Students will submit softcopies of their reports as well as tar file of their implementations. Please email your reports and tar files to adoboli@ece.sunysb.edu  
