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COURSE OBJECTIVES

Target: For students who may work in the design,
development, application, and performance issues of low-
power embedded systems.

Prerequisite: BAE5413, MAE 4733 or equivalent, basics
of C programming.
Focus: Design of low-power micro-controller systems

Scope.

Design tradeoffs regarding communications strategies, data rates,
and power consumption will be examined for wireless and wired
network based systems.

Laboratory exercises will reinforce the necessity of low-power
techniques.

A review of embedded C development and use of an IDE based
development tool and debugger will be provided.
Special requirements: The TI MSP430 will be used for
hands-on development and students will need to purchase
a development tool ($20).
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Embedded systems What are they and why study them

Embedded systems definition: A computer based electronic
system that is integrated into a machine instrument or device to

provide it with extended functionality
Some common characteristics of embedded systems
Single-purpose
Contains a single program executed continuously
Tightly-constrained
Low-cost, low-power
Physically small
Computationally fast
Etc.
Reactive and real-time
Continually reacts to changes in the system s environment
Must compute certain results in real-time without delay
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Potential embedded system example applications

Agricultural equipment  Electronic instruments

Engines Toys and games
Transmissions Industrial control PLCs
Hitches Fax machines
Implements GPS systems
Displays Home security systems
Etc. Medical instruments
Automobiles Network switches/routers
Automatic teller machines On-board navigation
Airplanes Pagers
Automatic toll systems  Photocopiers
Battery chargers Point-of-sale systems
Boats and ships Portable video games
Cameras Printers
Cell phones Satellite phones

Systems that do not use embedded systems

Fence posts
?

Scanners
Smart ovens/dishwashers
Speech recognizers
Stereo systems
Teleconferencing systems
Televisions
Temperature controllers
Theft tracking systems
Trucks

Same as Ag Eqgpt.
TVs
VCR s, DVD players
Video game consoles
Washers and dryers
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Embedded system design objectives

Optimization of design metrics
Typical metrics (non-exclusive list)

Cost

Unit cost: the monetary cost of manufacturing each copy of the system, excluding NRE
cost

NRE cost (Non-Recurring Engineering cost): The one-time monetary cost of
designing the system

Performance
System throughput ( work done per unit time)

Energy use
Electrical energy consumption
Recyclability

RoOHS compatibility

» Restriction of the Use of Certain Hazardous Substances in Electrical and
Electronic Equipment

Quality

Safety

Size and weight
Flexibility

Ability to change functionality without incurring large NRE
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Typical embedded system structure

Boundary
must be
defined as
a part of the
system

Embedded system

Power
Conditioning

. Communications
Micro-Controller

interface
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Embedded ECUs in a tractor implement system
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ECU count: Deere perspective
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ECU proliferation




Plugfest June 2003
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Rationale for studying low-power design

In-Vehicle systems

Power demand in a typical ECU
0.5 A @12V = 6W, consider 20 ECU s 120W continuous load
120W , (0.15 HP) or (0.1 g/hr)
For 10,000 hr, = 1000 gallon = $2500

In-field monitoring systems
Power availability from batteries
4 AAA cells ~1000mAH
%0 A ECU will run ~1 hr
A low power microcontroller ~1 yr.
Solar recharging
For 6W continuous, 2-3 ft*2 panel ($250)

Reduction in wiring through wireless ECUs
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Harness Hell!
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