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Rose-Hulman Institute of Technology
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Course Specification: EC-331

Catalog Description

EC 331
Embedded System Design
3R-3L-4C
F, S

Pre: CS232, EC350


MC68HC11 and PIC 16C84 microcontroller assembly language and architecture, I/O peripheral programming and interfacing, handshaking and interrupts, real-time programming, high-level programming, bus protocols, and embedded system timing analysis. Integral laboratory. Credit cannot be obtained for both EC 331 and EC 430.

Goals

1. Learn the architecture and assembly language programming of two currently popular microcontrollers: the MC68HC11 and PIC16x84.

2. Learn to program the MC68HC11 in C.

3. Learn how to perform real-time, handshaked input/output programming via both wait-sense loop and interrupt-driven approaches.

4. Understand various methods of interfacing the embedded microcontroller to the surrounding system via parallel ports, asynchronous serial ports, serial-peripheral interface ports, input capture pins, output compare pins, etc.

5. Understand typical input and output devices used in embedded systems, including switches, keypads, LEDs, multiplexed and non-multiplexed 7-segment displays, shaft-angle encoders, LCD panels, optical sensors, magnetic sensors, A/D and D/A converters, solenoids, stepping motors, dc motors.

6. Understand how to apply power-switching devices, including relays, optoisolators, power BJTs, power MOSFETs, SCRs, and triacs.

7. Learn how to interface the MC68HC11 to external ROM, RAM, and I/O ports.

8. Learn how to perform bus timing analyses to ensure reliable operation of the microcontroller with the chosen ROM, RAM, and I/O parts.

9. Learn about the hardware/software design cycle, including such steps as: taking a problem from an initial word description, writing detailed specifications, brainstorming several possible design solutions, choosing the best solution, modular organization of both hardware and software, testing and debugging each module, integration of modules, debugging, testing, and documentation.

10. Learning to effectively communicate technical details concerning embedded system design projects both orally and in writing.

Laboratory Goals

11. Practice in writing, debugging, and testing modular assembly and C language programs for the MC68HC11 and PIC16x84 microcontrollers to solve common interfacing problems. Note that initial laboratory experiments make use of the Motorola 68HC11 Evaluation board.

12. Experience integrating separately tested modules into a complete system. Final system testing and documentation.

13. Familiarization with various common embedded system I/O interfacing techniques, such as interfacing switches and LEDs, seven-segment displays, push-button debouncing in software, X-Y keyswitch matrix scanning, double/single click push-button detection, asynchronous serial port programming, serial-peripheral interface (SPI) programming, LCD panel interfacing, A/D programming, PWM dc motor speed control, time period measurement via input capture pins, and time-of-day clock via output compare register, etc.

14. Practice wiring, debugging, and testing an expanded-mode 68HC11-based embedded digital voltmeter design (designed from the chip level, rather than the 68HC11 evaluation board level, as were the other experiments). This design should communicate results over a serial asynchronous port as well as over an SPI port to an array of 7-segment LED displays.

15. Practice using the hardware/software design cycle in final design project using an embedded PIC16x84 microcontroller.

Objectives

After successfully completing this course the student should be able to:

16. Design, test, build, document, and demonstrate embedded systems using either the 68HC11 or the PIC16x84 microcontroller, including both the hardware and the software. Examples of the kind of embedded systems that the student should be able to design include a washing machine controller, an intrusion alarm that dials an emergency number and plays a tune to indicate the nature of the problem, and an LCD display panel-based data logger.

17. Effectively communicate information regarding the embedded design to others, both orally and in writing.

18. Program the MC68HC11 microcontroller in both assembly language and the C programming language.

19. Program the PIC16x84 microcontroller in assembly language.

20. Make effective use of software debugging tools, such as the PIC MPLAB Simulator; use of the M68HC11 BUFFALO debug monitor tools such as single stepping, breakpoint setting, and disassembly; modular testing (divide-and-conquer) techniques, etc.

21. Use common laboratory instrumentation to aid in hardware debugging, such as the proper use of logic probes, logic analyzers, oscilloscopes, function generators, digital voltmeters, digital frequency counters, and bench dc power supplies.

22. Perform bus timing analyses and how to design chip-level expanded-mode 68HC11-based embedded systems.

23. Design chip-level PIC16x84 embedded systems.

24. Demonstrate that he/she is able to learn a new processor independently. Each of the students must independently (without much classroom instruction) extend his/her understanding of one processor (MC68HC11) or another (PIC16x84) by reading the manufacturer’s data manual.

Linkages

ECE Department Goals for Undergraduate Education (Adopted September 29, 1999)
Each Electrical and Computer Engineering graduate shall:

Goal H1:
have demonstrated a facility for independent learning.

Goal H2:
be prepared for continued professional development.

Goal H3:
demonstrate an ability to communicate effectively in oral, written, graphical, and visual forms.

Goal H4:
posses an understanding of how contemporary issues shape and are shaped by mathematics, science, and engineering.

Goal H5:
be able to understand the role of the professional in the global society and to understand diverse cultural and humanistic conditions.

Goal T1:
have completed a general engineering science core by the beginning of the junior year, and shall have completed a discipline-specific technical core.

Goal T2:
have demonstrated the effective use of the contemporary tools of the engineering profession such as computers, data analysis and management, instrumentation and experimentation, and human and information resources.

Goal D1:
have participated in team design experiences in which the client is distinct from the faculty supervisor(s).

Goal D2:
have demonstrated the ability to communicate technical material effectively in writing, in one-on-one meetings, and in group presentations.

Objective/

ECE Goal
1
2
3
4
5
6
7
8
9

H1
(







(

H2
(







(

H3
(
(








H4
(









H5
(









T1










T2
(

(
(
(
(
(
(


D1










D2
(
(








Prepared by: Keith E. Hoover
December, 1998


- 1 -


- 3 -


