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Abstract 
The Microprocessor Interfacing course offered at the Uni- 
versity of Puerto Rico-Mayagiiez is a core course for all 
Computer Engineering majors and a technical elective 
course for Electrical Engineering majors specializing in the 
electronics technical area. Students enrolled in the Micro- 
processor Interfacing course have traditionally been re- 
quired to complete a major design project in the area of 
microcomputer/microcontroller systems, However, it has 
only been recently that the physical implementation of the 
student’s design has been stressed as a requisite of the 
course. In addition, the course has been restructured to 
stress teamwork, communication, and project management 
skills. A major aspect of the course is the extensive use of the 
World Wide Web (WWW) for student port$olio development 
and for the paperless conduction of the course. This paper 
presents various aspects regarding the new course structure, 
the laboratory facilities developed to facilitate prototype 
implementation, and the use of the WWW. Also, an overview 
of a typical project design is provided. 

1 Introduction 

The Electrical and Computer Engineering Department at the 
University of Puerto Rico-Mayaguez serves over 600 elec- 
trical engineering students and 400 computer engineering 
students. Electrical engineering students must specialize in 
one of the following four major technical areas: Electronics, 
Power, Control Systems, or Telecommunications. Computer 
engineering students, on the other hand, can specialize in 
software or hardware engineering. The undergraduate pro- 
gram follows a five-year curriculum. 

The Microprocessor Interfacing course discussed in this 
paper is a core course for computer engineering majors and a 
technical elective for electrical engineering majors special- 
izing in electronics. This course provides its students with a 
complete hardwarelsoftware integration design experience. 
Typically, a student enrolled in this course has approved the 
following courses: Electronics I, Logic Circuits, Microproc- 
essors, Digital Electronics, and various programming related 
courses. The Microprocessors course introduces students to 
assembly language programming and general microproces- 
sor interfacing issues. The Intel 80x86 architecture is used 
as the basis for that course. 

Students enrolled in the Microprocessor Interfacing 
course have traditionally been required to complete a major 
design project in the area of microcomputerlmicrocontroller 
systems. However, it has only been recently that the physi- 
cal implementation of the student’s design has been stressed 
as a requisite of the course. In addition, the course has been 
restructured to stress teamwork, communication, and project 
management skills. The new course structure builds upon 
work presented in [1-4]. 

Under the new course criteria, design teams composed 
of 4-6 students are required to formulate a proposal based on 
a careful market analysis of existing microcomputer-based 
products. The students’ written and oral communication 
skills are exercised by a number of project deliverables: pro- 
posal, status-report, final report, two-page paper, product 
demonstration, and final design presentation. While all 
members of a design team are expected to contribute to all 
aspects of the product’s design, each member is assigned a 
particular role within the product development team (e.g., 
system integrator, software manager, hardware manager, 
project manager, etc.) 

Students are provided with a set of Motorola 68HCll 
development tools, common electronic devices, keypads, 
LCD displays, etc. Students are also assigned a budget for 
additional materials and supplies that are not available on- 
campus (students must deal with electronics vendors di- 
rectly). In addition, the conduction of the Microprocessor 
Interfacing course is carried out in a paperless environment, 
where each team is required to build a web page for their 
design. 

This paper is organized as follows. Section 2 describes 
the course structure with an emphasis on the material cov- 
ered through lectures and student project management. Sec- 
tion 3 presents a detailed discussion on the design project 
deliverables. Section 4 discusses the laboratory facilities 
available for project prototyping. Section 5 discusses some 
of the software-hardware issues that arise in some example 
projects that have been previously developed. Finally, Sec- 
tion 6 presents some concluding remarks. 
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(6 hours), Microc r Interfacing (15 hours), Micro- 
hours), Bus standards (9 hours), 
formal textbook is used, rather a 

fic instructor’s notes [5]  are used 
are made available to the students 

tems Introduction portion of the 
overview of the origins of the 
laced on the market pressures 

pment of the 4000 chip set and on 
the rapid advances 
A review of digital 
the microcomputer 
dents are exposed 

s are covered, focus is placed on 
s. The Microcontroller Intel3cac- 
centered on the popular Motorola 

68HC l l microco The 68HCll is a single-chip mi- 
crocomputer with ht-channel analog-to-digital con- 
verter with eight- olution, an asynchronous serial 
communications in and a separate synchronous pe- 
ripheral interface, it free-running timer with input 

e capabilities, real-time interrupt 
e accumulator. Lecture topics 
HC 11 Family, Expanded Mode 
Evaluation Board Prototyping 
Interfacing, LED Interfacing, 

ly programming con- 
om the Microproces- 
topics presented are 

cepts and general 

boardDisplay Contro lock, 16550 UART, 8259 
Interrupt Controller, Controller, Disk Memory 
Systems, and Video E er this material is covered, 
focus is placed on Bu: ISA, EISA, PCI, etc.) 

Course evaluation is as follows: three partial and one fi- 
nal examination (15% each) and one major project (40%). 
The project grade is in turn divided among a proposal, status 
report, final report, two-page paper, a presentation and a 
project demonstration. While there is no formal laboratory 
credit awarded in the Microprocessor Interfacing course, the 
students are required to physically implement the software 
and hardware associated with a microcontroller-based prod- 
uct of their choosing. This is a requirement to comply with 
the three-credit design content of the course. Teams of 4-6 
students collaborate in this project. Each team must perform 
a careful market analysis for a proposed product and must 
then translate their ideas into software and hardware techni- 
cal specifications. Upon receiving approval of their concept, 
students proceed to design the required software and hard- 
ware interfaces and to implement the physical prototype. All 
members of a design team receive the same project grade, 
weighted by the individual scores obtained from peer 
evaluations. Students are given a copy of the peer evalua- 
tion instrument the first day of class so that they can plan 
accordingly. The instrument takes into account each mem- 
ber’s participation in meetings, software development, 
hardware development, and report preparation. The design 
project is described in more detail in the next section. 

3 Design Project 

The main goal of the Microprocessor Interfacing design 
project is to provide students with a hands-on opportunity to 
successfully design the hardware and software interfaces for 
a microcontroller-based system of their own specification 
using the Motorola M68HC11 EVB and the Buffalo Monitor 
Development tools. The system must include input and out- 
put devices and must be fully operational. Designs making 
use of the on-chip analog-to-digital unit, keypads andor 
liquid crystal displays (LCDs) are encouraged. All work is 
carried-out in the Microprocessor Development Systems 
Laboratory (refer to Section 4). Typical projects include the 
following areas: 

Home appliance controllers 
Automobile function controllers 
Dedicated instrumentation devices 
Consumer electronics gadgets 

0 Robotics’ applications. 

Home or automobile security systems 

As previously discussed, teams of 4-6 students collabo- 
rate on the projects. Students may obtain advice from other 
students and/or faculty members, but if significant help is 
received, it must be acknowledged in the final report. All 
project deliverables must be turned-in electronically via e- 
mail and also made available on the World Wide Web via 
the design team’s homepage. The homepage has many pur- 
poses. First, it helps form a team identity. The fact that a 
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team’s work is being presented to the world (particularly to 
their peers) leads to better project performance. Second, 
each team ends the semester with a detailed portfolio of their 
design, including information on all major aspects of their 
product. Links to project-related information is provided on 
each homepage. Finally, team homepages serve as a re- 
pository of project portfolios. This provides an extensive set 
of case studies for future students in the course. These case 
studies are invaluable as they represent the entire design 
cycle, from idea to implementation. 

In order to ensure steady progress in the development of 
the hardwarehoftware interfaces, the design cycle shown in 
Figure 1 is guided by a series of project deliverubles. These 
deliverables include a project proposal, a status report, a 
project demonstration (happy hour), a written final report, a 
two-page paper, and a slide presentation. These deliverables 
are described below. 

HARDWARE SOFTWARE 

! i 
Figure 1 Project Design Cycle. 

3.1 Proposal 

During the first five weeks of the course, design team mem- 
bers must agree on the type of product they would like to 
implement as part of their design project. Teams are given 
access to the homepages of previous projects and to various 
trade magazines. At the end of this period, each team must 
submit a formal project proposal to the instructor. The pro- 
posal must include the following elements: 
0 an introduction describing the proposed product and its 

overall functionality, 
0 a high-level system block diagram with a brief descrip- 

tion, including all part names that are known and all 
major control signals and system buses (if operating in 
the expanded mode), 
detailed high-level technical specifications (software 
and hardware), 
a schematic representation and brief description of the 
user interface (e.g. control panel), 
an overview of the target market for the proposed prod- 
uct and a brief comparison with at least one compara- 
ble, commercially available product, 
a project time table indicating projected completion 
dates for the major tasks associated with the design cy- 
cle, as shown in Figure 1, and 

* 

a list of references is also required. 

The proposal, as well as all other written deliverables, 
must be submitted to the instructor via email. The instructor 
then replies with detailed comments and suggestions re- 
garding the proposed time. At this time, many projects are 
modified to ensure that they can be completed within the 
time frame specified. Most of the projects include the 
MC68HC11 microcontroller, sensors (e.g., pressure, infra- 
red, temperature), keypads, and LED or LCD displays. 

3.2 Status Report 

The status report consists of a formal written report not to 
exceed 20 pages. The status report must be emailed to the 
instructor and placed on the group’s web page prior to a 
specified date (IO-week mark). The report must include a 
refined set of project specifications and a detailed explana- 
tion of any substantial deviations from those originally pro- 
posed. Refined schematic representations of the user inter- 
face and a detailed description of human computer interac- 
tion (menus, etc.) must be included. Detailed system block 
diagrams, professional circuit schematics, and pseudocode 
listings of the control software must also be presented. At 
least one major piece of code should be completed and the 
source included in the status report (e.g., keyboard scanning 
routine). 

3.3 Final Report 

The final report should not exceed 40 pages (excluding ap- 
pendices). This report is really a superset of all previous 
reports and should, at a minimum, provide (1) a clear de- 
scription of the project, (2) a clear description of all hard- 
ware and software issues (including final circuit schematics 
and microcontroller source code), ( 3 )  all supporting infor- 
mation (including device specifications, technical drawings, 
and data sheets), and (4) suggestions for continuation of the 
project through actual product implementation. The final 
report must be turned-in on the last day of classes (15-week 
mark). 

3.4 Demonstrations 

Each design team must provide a 20-minute demonstration 
of their working prototype. All team members must be pre- 
pared to answer questions regarding system functionality 
and design decisions. The demonstrations are graded taking 
into account the amount of work performed, the functional- 
ity of the design, and the professionalism exhibited through- 
out the demonstration. 

3.5 Presentations and Two-Page Paper 

A three-hour time slot is separated during the last week of 
classes for all design teams to make 15-minute presentations 
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ment's Microprocessl Systems (MDS) Lab. 
This lab has been e( using major equipment dona- 
tions from Intel and I . The lab currently consists of 

use are various oscill 

large whiteboard, cl ce table, overhead projector, 
mixed signal oscillo five more computers, and a 
printed circuit board system. A brief overview of 

68HC11 on the EVB 1 connection with the host 
computer. The EVB on-board monitor program 
(Buffalo) that can be r system debugging. The EVB 

among other features. 
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Students enrolled in the Microprocessor Interfacing 
course have implemented a wide variety of projects. De- 
tailed information regarding each project can be found by 
following the Microprocessor Interfacing student links: 
http://exodo.upr.clu.edu/-icruz~eac~n~/teachin~, htinl. 

Projects developed by the students have been high- 
lighted at various local technical meetings, giving students 
the opportunity to prepare for and participate in technical 
conference presentations. Many of the projects have also 
taken an interdisciplinary flavor and have also targeted de- 
sign competitions such as the 1998 Motorola 68HC12 De- 
sign Contest (results are pending). In order to get an appre- 
ciation for the level of complexity involved in the projects, 
an example of a recently completed project is provided be- 
low. 

The Microcontrolled Lawn Irrigation System with Soil 
Humidity Activation (MiLISSHA) project was developed in 
Fall 1997 by Mr. Walter F. Guiot, Ms. Nellie Leyderman, 
Mr. Luis Narvfiez, and Mr. JosC C. Quifiones. The informa- 
tion presented here is from the design team's homepage: 
http://exodo.upr.clu.edu/-micro2/fallI 997/proup9/. 

The main objective of the MiLISSHA project was to 
develop an innovative, yet environmentally conscious lawn 
irrigation system, which would greatly reduce the water con- 
sumption of consumers with sprinkler irrigation systems. 
Market research revealed that the problem with existing 
commercially available systems is that the user is completely 
responsible for programming it for preset operation times. 
Thus, the systems can potentially turn-on even on rainy 
days. The MiLLISSHA product was designed with the envi- 
ronmentally aware customer in mind with target use includ- 
ing anything ranging from small backyards to an 18-hole 
golf course. The product was also designed for use in agri- 
cultural applications as a substitute to obsolete irrigation 
system controllers. An emphasis was placed on the design 
of a user-friendly interface. The interface is shown in Figure 
2. 

Figure 2 MiLLISSHA User Interface. 
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The user interface consists of push buttons, 7-segment 
LED displays and a four-position switch used to select the 
mode of operation of the system. The core of MiLISSHA is 
Motorola’s MC68HC 11 microcontroller. The system takes 
full advantage of the microcontroller’s built in resources. It 
effectively uses the input ports of the chip to receive infor- 
mation from the user. The output ports are used to display 
the system status through the six 7-segment displays and a 
series of LEDs. MiLISSHA also uses the microcontroller’s 
analog-to-digital converter to read the humidity level from 
the sensor inserted in the soil. 

In terms of software, MiLISSHA has four independent 
modes of operation to take into consideration all possible 
customer needs, The first mode of operation is the TIME 
only mode. In this mode of operation the user has the option 
of operating the system just as a regular sprinkler system 
controller. In this option the user can program up to three 
irrigation intervals. The second mode is the HUMIDITY 
only mode, where the system is continuously measuring the 
amount of humidity and irrigates whenever the level drops 
below the desired one. The third mode is the TIME & HU- 
MIDITY mode. Here the user selects the interval in which 
he/she wants the system to check the humidity. The system 
will start irrigation whenever both conditions are met, that is, 
if the measurement is below the pre-programmed level and 
the system is inside the pre-programmed intervals. The last 
mode of operation is the MANUAL mode. Here the user has 
the freedom of starting irrigation whenever he/she feels it is 
necessary and may stop irrigation likewise. 

A photograph of the actual physical implementation of 
the MiLISSHA prototype is shown in Figure 4. The picture 
shows the 68HCll EVB on the left-hand side. The actual 
prototype circuits are on the prototyping station. The system 
was demonstrated to be fully functional. 

Figure 3 MiLISSHA Prototype. 

6 Conclusions 

The new course structure has served a total of over 100 stu- 
dents in the last year. The success rate for project completion 
is approximately 80%. While generally one would think 
there is an inverse relationship between the amount of work 
in a course and student satisfaction, we have been pleasantly 
surprised by student reaction. Students have consistently 
ranked the course as one of the most satisfying ones in their 
curriculum, albeit one of the most time consuming. Students 
seem to agree that having to solve the various hard- 
warehoftware integration problems encountered throughout 
the design cycle helped them appreciate and better under- 
stand the course material. Various students have opted to 
enroll in a Special Project course to develop more ambitious 
products using the MC68HC11. 
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