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INTRODUCTION

The proliferation of embedded sysems presents a new chdlenge to information
technology professionds. In just about everything that we use-fromautomobilesto microwave
ovens-embedded sysemsare seamlesdy integrated. | nanetwork economy, embedded systems
have found yet another place in which they can further assart their pervasiveness. Although
traditiondly, these systems are used inisolated devices, the present trend indicates the steadily
growing number of these devicesthat are getting connected to networks and, most importantly,
the Internet.

Embedded systems present a new challenge and opportunity to the industry and the
academe as wdl. The increasng demand of the industry for embedded system-trained
professionals creates yet another academic frontier wherethe disciplinesof computer science,
technology, and engineering can collaborate.

Inwhat followsis a description of an embedded systems programming course, itssupport
laboratory activities, and the affordable resources that were utilized to provide a meaningful
application-oriented environment for the students taking the course.

"Copyright © 2001 by the Consortium for Computing in Small Colleges. Permission
to copy without feedl or part of this materid is granted provided that the copies are not made
or distributed for direct commercia advantage, the CCSC copyright notice and the title of the
publication and its date appear, and notice is given that copying is by permisson of the
Consortium for Computing in Smal Colleges. To copy otherwise, or to republish, requiresa
fee and/or specific permission.
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EMBEDDED SYSTEMSPRIMER

Anembedded systemis a combinationof computer hardware and software, and perhaps
additional mechanica or other parts, designed to perform a specific function [9]. More and
more of the equipment that we useinour everyday existence have embedded systemsin them.
Such equipment include, but are not limited to, microwave ovens, automobiles, laser printers,
network routers and switches, medica diagnostic tools, and barcode scanners.

Embedded system design and devel opment varies greetly depending onthe hardwareand
software components that are required. It can be as smple as writing an application for an
exiging device or as complicated as desgning, prototyping, and implementing a complete
embedded system from the ground up on both component aspects. hardware and software.

Interested readers may find an excellent introduction to embedded systemsin [3].

EMBEDDED SYSTEMSDEVELOPMENT TOOLS
Real-Time Embedded Systems

The development tool that was used to accomplish a laboratory activity on red-time
embedded systems is the ToolSuite Lite. This tool is available from Phar Lap Software
Company and is bundled with the textbook by Grehan, Moote, and Cyliax [1].

To configure the embedded system, one needs two computers: the first as the
development stationand the other asthe target stationwhere the embedded system agpplication
would run. These computers will communicate through a direct serid or parald connection.

The ToolSuite Lite includes the red -time Embedded Tool Suite (ETS) kerndl, ared-time
operating system for running red-time embedded applications. The kernd is divided into a
monitor and a set of libraries that are linked with the embedded gpplication. These libraries
include, among others, the Win32 APIs, specidized ETS APIs, floating point emulation, and
WinSock. The scheduler
that is pat of the kernd
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Palm Programming

The development kit v
used inPam programming is ~ -
the CodeWarrior Lite by Figure 1. The Constructor IDE

Metrowerks. Thisisbundled
with the book: Palm Programming: The Developer's Guide [2]--the required textbook for the
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course. Of course, there exist other
developmert tools that can be used as RTINS 10:28a {ok)
well--it is dmply a matter of developer's
preferences. Some of these are the GCC [l Select Topic:

toolkit from the Free Software Foundation [lil [4326r i
[4], the Pendragon Forms from Pendragon
[5], the Java 2 Micro Edition from Sun
Microsystems [13], and the Satellite Forms [ select a Value:

Algebra

Selected Topic:

from SoftMagic [6].
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CodeWarrior Lite is a C/C++
deve opment environment. It comes with an Selected Value: |12

extremdy ussful visud tool for repidly
assembling user interfaces: the Constructor. il [¥! Standard
Thistool isnot as eegant and easy to use as
the visud toolsfound in aVisud Basc IDE
but servesits purpose well. Figure 1 shows
an ingtance of the Congtructor I1DE.

Windows CE Programming

The development kit used inWindows
CE programming is Microsoft's Embedded Figure 2. The Pocket PC Emulator
Visud Toals 3.0, whichis avaldble free of
charge from the Microsoft web dte [7]. The tools include Embedded Visua Basic 3.0,
Embedded Visud C++ 3.0, and three (3) SDKs for each of the following CE devices the
Handhed PC Pro, the PAm-sze PC, and the Pocket PC. Furthermore, the kit provides an
emulaionenvironment that can be used to devel op Windows CE gpplications usng adesktop
syslem. The emulator is shown in Figure 2.

Embedded Visua Basc 3.0 is practicaly a scaled-down version of Visud Basic 6.0.
Learning to use this development tool is very sraightforward. Those developers who are
familiar with Visud Basic will be able to put together asmple Windows CE gpplicationdmost
indantly.

EMBEDDED SYSTEMSPROGRAMMING PROJECTS
Real-Time Embedded Systems Project
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The red-time embedded systems project is an adaptation of the Uninterruptible Power
Supply (UPS) smulationproject described in[1]. The project cdls for the smulaion of aUPS
system that monitors an AC power source and provides emergency power to itsload of one
or more devices. The design of the system is divided into four (4) basic subsystems. event,
windowing, keystroke, and timer. The event subsystem processes and dispatches events and
interrupts. The windowing subsystem, shown in figure 3, emulates the actud display of aUPS
sysem. The keystroke subsystem provides low-level key-input processng. The timer
subsystem generates timer events to be handled by the event subsystem.

This project requires a good hit of familiarity of C++ and the ETS APIs. These APIs
cover much of the routines needed in real-time systems such as event handlers, interrupt
handlers, timer generators, graphica user interface modules, process control, etc. In order to
not overwhem the students with so many details, they were given a functiond version of the
UPS smulation project and required that they implement some enhancement on it. One such
enhancement is to implement a sevial 1/0
communication. ¢

Palm OS Emulator

Palm Programming Project

The Pam programming project cdls
for the desgn and implementation of a
portable equipment inventory system for a
Pdm device The sysem dlows the
cregtion, maintenance, administration, and
querying of an equipment database. The
database is made up of the falowing
information:  building name, equipment
inventory tag number, room number,
equipment description, and entry date. The
user interface is depicted in

Figure 4. .
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sruggled at firg with C++ F3

pointers and objects during &00D

the devdopment stage but L
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laboratory exercises. The “_ I _ _ _
interested reader may wish Figure 3. The Red-Time Project Windowing System Interface

to consult [8] and [ 10] for some sample [aboratory exercises on PAm gpplication devel opment.
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The most chdlenging task on PAlm programming is the part thet involvesthe creationand
the manipulationof PAm databases. A PAm database canbe created either by using adesktop
computer that is synchronized with a Palm device or by invoking the PAm Data Manager
function, DmCreateDatabase( ), during run-time. On the desktop, the Palm database can be
created usng a Java desktop gpplication cdled Palm Desktop Database Builder (PDDB)
[10]. Thistool takes an input text file and generates an equivalent Pam database (pdb) file.

The target application, as specified by the project description, isintended to create and
manipulate a amdl PAm database. This database will contain dl the pertinent information
required by an equipment inventory system. A code snippet of database creation that is used
in the project is shown below.

/! Oreate a new database in case there isn't one
i f(((error=DrCreat eDat abase(0, " Cont act sDB- PPQJ', ' PPQJ
"ctct', false )) != dnErr A readyExists) &&
(error !'=0) ){
/! Handl e db creation error

FrmAlert( DBCreationErrorAlert );
return( 0);

}
/1 Open the dat abase

cont act sDB = DnpenDat abaseBy TypeO eat or ( ‘ctet',
'PPQU , DrvbdeReadWite );

Il Get the nunber of records in the database

NunmRecor ds = DnmNunRecor ds( contactsDB );

The interested reader is referred to Bachmann's text [8] for an extensive treatment of Pam
databases.

Windows CE Programming Project

TheWindowsCE project requirement entails the design and implementation of apersonal
credit card expense tracking system. The system will creste, maintain, and manipulate a
database that contains the following informetion: the place of purchase, the date of purchase,
the amount incurred, and the type of card used for the transaction. The user interfaces for this
project are shown in figure 5. The development environment consists of a desktop running
under Windows 2000, the Embedded Visua Basic 3.0 system, and a Pocket PC emulator.
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The students felt more at ease with the development process usng Embedded Visud
Basic because of their familiarity with the Visud Basc 6.0 IDE.

User interfaces were created much quicker and the lines of code were written more
smoothly and with less error. Tegting and debugging proceeded in the same manner. The
Windows CE database creationis not as tedious as that in the PAm system. The database can
ether be pre-built usng MS-Access and downloaded onthe device or be formed dynamicaly
by creating a table through an ADOCE object recordset. The following is a code snippet that
will dynamicaly create a database:

strActiveConnection = "\My Docunments\" & TxtDBFileNane. Text

Set obj RecFi el ds = OreateChj ect ("adoce. recordset. 3.0")

obj RecFi el ds. open "CREATE DATABASE '" & strActiveConnection
& muon

obj RecFi el ds. open "DROP TABLE [nyTabl e] "

obj RecFi el ds. open " CREATE TABLE [nyTable] _

([ CardType] text,[Date] text, [Place] text, _
[ Amount] text, [TaxDeduct] text)", _

strActi veConnection, 2, 3

obj RecFi el ds. cl ose

CONCLUSION and FUTURE PLANS

The previously
described laboratory
setups and exercises 10244 <k
illustrate the viability and CCIS
affordability of afunctiond

laboratory for teaching and | b |
learning embedded systems =

programming. Asindicated
above, the course projects
can be implemented usng
resources that may be
acquired free of charge. It
isaninvesment of time and
effort thet is wel spent for
pedagogical reasons. After Figure 5. The Windows CE Project User Interfaces

al, the reward becomes

somewhat apparent after observing that students are excited and are eager to learn when they
are exposed to such alearning environment.
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Future enhancements of this course will include the following:

1. Theacquidtion of an experimental 80188 microcontroller-based board that will be
used for red-time system gpplication devel opment.

The introduction of Java 2 Micro Edition [11] as a development toal.
3. Theintroductionof UML tools for software engineering of embedded systems [12].

4.  Extend the PAm OS through shared libraries. The technique on implementing these
extension packagesis fully described by Winton in [14].
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