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Abstract

To provide Electrical Engineering students with affordable lab instrumentation, faculty at
Ryerson Polytechnic University developed the eelab. The hardware is constructed from a kit
supplying the necessary circuit boards and components. All instrument controls and displays
are facilitated through PC software via a serial connection.

The use of standard serial communications and an ASCII text messaging scheme between
the hardware and controlling computer opens up the possibility for control by other devices
equipped with serial interfaces. Toward this end, a hand-held Palm! computer was adopted
for this purpose. In addition to its serial capability, the Palm was appropriate for the project
because of its event-driven software model, being particularly suited for user interfaces.

A functional GUI was developed to control the Power Supply and Function Generator devices
of the eelab. Development was undertaken using PRC-Tools, a comprehensive development
environment available under the GNU General Public License.

Fundamental control of the Power Supply and Function Generator was achieved through the
use of standard user interface elements such as buttons and sliders, and the hand-held device
was successfully interfaced to the eelab with the aid of loop-back connector.

L«Palm?” is a registered trademark of Palm, Inc.
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Chapter 1

Introduction

1.1 Background

In an attempt to provide affordable lab instrumentation for Electrical Engineering students,
faculty at Ryerson Polytechnic University' have developed an exciting solution, the eelab: an
electronic lab instrument kit for student assembly. The kit contains the necessary hardware
— printed circuit boards and components — for a power supply, function generator, and
oscilloscope. The completed kit is interfaced with a personal computer (PC) which facilitates
the instrument controls and displays via software.

The kit remains within student budget by adhering to the following design principles:
limiting expensive bandwidth to a few megahertz, well within the range of student lab work;
replacing expensive hardware with a Graphical User Interface (GUI) on the host PC; and using
development software available in the public domain, also encouraging further enhancements
and modifications by users.[1]

1.2 Objective

The objective of this project was to further enhance the physical portability of the eelab by
taking advantage of the recent popularity of Personal Data Assistants (PDA’s). Used primarily
to exchange data with host PC’s for the purpose of data back-up and application installation,
the serial communications available on many of these devices are equally suited for applications
requiring data collection and display with simple computing? and communication capabilities.

The gaining popularity of PDA’s makes them a viable alternative for user interfaces,
whereby proprietary hardware solutions can be replaced by software to be installed on the
end user’s existing device. For example, a GPS receiver employing a LCD screen to visually
display a user’s whereabouts on a map could be reduced in size and cost by utilizing a PDA
for the controls and display; a large portion of the hardware would thus be replaced by a
software module destined for hardware already owned by the user.

For this project, a Palm® PDA was used in place of the PC for instrument display and
control of the eelab. The goal was to create a functional GUI for the power supply and function
generator per specifications discussed in Sections 2 and 3. The developed GUI’s are shown in
Figure 1.1 (page 2).

See http://www.ryerson.ca/ phiscock

2The Motorola Dragonball microprocessor of the Palm PDA family, for instance, is not designed for heavy
number-crunching.

3«Palm” and “Palm OS” are registered trademarks of Palm, Inc.
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Figure 1.1: Palm OS eelab GUI’s — Power Supply and Function Generator

1.3 Report Organization

The report organization follows the development cycle of the project. Section 2 defines the
technical specifications of the eelab hardware capabilities and communication protocols nec-
essary for the project. Functional specifications are discussed in Section 3 where the model
GUTI is described.

Outlined in Section 4 are the project requirements, with particular attention paid to the
chosen development tools and their installation in the development environment. Section 5
provides an introduction to Palm OS programming, and the flow of a standard Palm applica-
tion is explained.

The focus of Section 6 is the software design. The project GUI is described in terms of
Palm resources, and a high-level discussion of all software modules follows, attention being
paid to custom functions and particular algorithms.

Section 7 reports on system operation via a functional overview of the completed project
and obtained performance measurements. Project hurdles are discussed in Section 8; and
concluding remarks regarding project success are provided in Section 9 with recommendations
for future work.

All source code generated for this project is listed in Appendix A, and the wiring diagram
for a required interface connector can be found in Appendix B.

Soft copies of this report and the related software may be found in their latest version at
http://www.ee.ryerson.ca/ "phiscocks.



Chapter 2

Technical Specifications

2.1 eelab Equipment

2.1.1 Power Supply

The Power Supply hardware specifications of interest to this project are as follows:
e adjustable dual tracking outputs, 0 to £12 volts in 128 steps
e fixed +5 volt output

e enable/disable switch for +5 volt output

2.1.2 Function Generator

The Function Generator hardware specifications of interest to this project are as follows:

e frequency range 1Hz to 100kH z adjustable in 1H z steps

amplitude adjustable from 0 to +10 volts in 256 steps
e DC offset adjustable from —5 to +5 volts in 256 steps

e sine, square, triangle, ramp waveforms, plus RAM for an additional 28 arbitrary wave-
forms

128, 1 byte data points per wave

2.2 eelab / Computer Communication

The eelab is designed to communicate via a standard RS-232 serial connection with a control-
ling computer, or in the case of this project, a Palm PDA as shown in Figure 2.1 (page 4),
and default rate of 4800 baud, 8N1! format.

A micro-processor-based command interpreter in the eelab hardware mediates between the
computer and the actual instrumentation devices. All messages between the two devices are
in ASCII? format. Hence, each byte of numerical data must be represented in a string by two

18 characters/byte, no parity, 1 stop bit
2American Standard Code for Information Interchange
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Figure 2.1: eelab / PDA Interface

hexadecimal (hex) characters. All strings from the GUI must be terminated with a carriage
return for proper parsing by the command interpreter.

Since the Power Supply and Function Generator are open loop, or write-only devices, only
the particular strings necessary for their control by the GUI will be discussed.

2.2.1 Device Select String

To make use of any device on the eelab, it must first be selected with the ASCII string
“SYYYY” where “YYYY?” is the 2’s complement of the desired device number. Select strings
of interest are listed in Table 2.1.

Device Number Select String Terminator
Power Supply 1 SFFFE <Lcr>
Function Generator 2 SFFFD <cr>

Table 2.1: eelab Device Select Strings

2.2.2 Power Supply Put String

Figure 2.2 (page 5) shows the Power Supply control string. The ASCII character “P” desig-
nates a Put command where data “XX” is a two-digit ASCII hex representation of the control
byte defined in Figure 2.3 (page 5). The first seven bits (6 — 0) contain the value of the variable
output in the range 0x00 = 0 volts to 0x7F = 12 volts; and bit 7 controls the fixed five volt
output.

2.2.3 Function Generator Put String

The string shown in Figure 2.4 (page 6) is a seventeen-character ASCII string of control bytes
for all the parameters of the Function Generator. The characters are summarized in Table 2.2
(page 5) and Figure 2.5 (page 7).

Bits 6 through 2 of “EE” select one of 32 possible waveforms in the Function Generator
memory. When bit 0 is low and bit 1 is strobed low, the data represented by “DD” is latched
into the address represented by “CC” for the selected waveform. When bit 0 is high, the



corresponding wave is selected for output, and characters “CC” and “DD” are ignored. Bit 7

is unused.

Characters “FF”, “GG”, and “HH” represent the literal output frequency in Hertz. How-
ever, since bits 1 and 0 of “HH” are not used, the frequency must be left shifted by two bits in
order to place the least significant bit in position 2 of “HH”. Although possible to load higher
frequencies with the bits allotted, the Function Generator hardware currently supports values

P "P" for Put

XX = Fixed 5V on/off +Variable Output Value

Figure 2.2: Power Supply Put String

XX

MSB

LSB

|
' '=— Fixed 5V On/Off (1=0n, 0=0ff)

~—— Variable Output (0-127) —

Figure 2.3: Power Supply Control Byte

only up to 100kH z.

Character Parameter Hex Range  Output Range
P Put command n/a n/a

AA DC offset 00 - FF -5 to +5 volts
BB Amplitude 00 - FF 0 to 10 volts

CC Wave RAM address 00 — 7F n/a

DD Wave data points 00 - FF n/a

EE Wave Select / Load See discussion 1 of 32 waves
FF Frequency See discussion 1 to 100kHz
GG Frequency See discussion

HH Frequency See discussion

Table 2.2: Function Generator Control String Characters



P "P" for Put
A
AA = DC Offset (0-255)
A
B
BB = Amplitude (0-255)
B
C
CC = Wave RAM Address (0-127)
C
D
DD = Wave Shape Data (0-255)
D
E
EE = Wave Select/Load Control
E
F
FF = Frequency MSB
F
G
GG = Frequency
G
H
HH = Frequency LSB
H

Figure 2.4: Function Generator Put String
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Chapter 3

Functional Specifications

The functional specifications were based on the existing PC GUI; The proceeding tables outline
the functionality and implementation of the PC-based software at the outset of this project.

3.1 Power Supply

The Power Supply display and control elements are listed in Tables 3.1 and 3.2, respectively.

Parameter Method
Variable 10[Vy.] output Text fields
Fixed 5[Vy.] output Text field

Table 3.1: Power Supply GUI Display Elements

Parameter Action Method

Variable 10[V,.] output Increase = Pushbutton
Decrease Pushbutton

Output On / Off Pushbutton

Table 3.2: Power Supply GUI Control Elements

3.2 Function Generator

The Function Generator display and control elements are listed in Tables 3.3 and 3.4 (page
9), respectively.



Parameter Method

Frequency (new) Text field
Frequency (current) Text field
DC offset Text field
Amplitude Text field

Table 3.3: Function Generator GUI Display Elements

Parameter Action

Method

Waveform Waveform shape
Frequency Adjust
Update output
Increase / Decrease
DC offset Increase / Decrease
Amplitude  Increase / Decrease

Radio buttons
Numeric keypad
Pushbutton
Slider

Slider

Slider

Table 3.4: Function Generator GUI Control Elements



Chapter 4

Requirements

4.1 PDA Requirements

To execute the eelab.prc software resultant from this project, the user requires a Palm PDA
or equivalent device with Palm OS version 2.0 or greater and 13 kbytes of free memory.

A synchronization utility, such as Palm’s HotSync software, will also be required to upload
the program to the PDA.

4.2 Palm to eelab Communications

The user must interface the host Palm to the eelab either via a Palm serial cable or cradle,
with the addition of the male-to-male DBY connector detailed in Appendix B.

4.3 Palm Development Tools and Environments

There are many development solutions available for the Palm OS, both in the commercial
and public domains, with many variants in between. The solutions discussed below can all be
explored in more detail at http://www.palmos.com in the Developers/Tools section.

Two popular comprehensive solutions are Metroworks’ CodeWarrior and GNU’s PRC-
Tools. CodeWarrior is a full development suite commercially available for the Windows and
Apple operating systems, while PRC-Tools is a collection of free development tools for use
under Linux and Windows. Both solutions employ C/C++ programming approaches.

There are several form-based programming tools available, taking a “drop and drag” or
WYSIWIG! approach where applications are created by building Palm forms? and assigning
events to the objects therein. These solutions are primarily made available only for Windows.

Enterprise solutions exist for building applications which revolve heavily around portable
databases and synchronization with remote data stores.

Another approach involves the use of run-time interpreters or libraries. Both PocketC
and PocketBASIC for the Palm OS require a previously installed run-time module present
on the PDA before executing the associated programs written in C or BASIC. CASL allows
developers to build applications that will run with the aid of a proprietary interpreter.

"What You See Is What You Get
2A form is a collection of user interface objects on the Palm screen.

10



Java solutions exist also, and tools are even available for assembly-level development?.

4.4 PRC-Tools for Windows

PRC-Tools was the chosen development suite for this project for several reasons. Being in the
public domain, it both adheres to the original design principles of the eelab, and commands
a large support group through various Internet news groups and web pages. It is a complete
solution: although the eelab GUI is form-based without the need for databases, the form-based
solutions mentioned in Section 4.3 may not have provided the extensive serial communication
resources also required by the program. Lastly, a C programming environment did not neces-
sitate learning a new language, the author having previously learned and practiced C in past
projects.

A Windows operating environment was chosen for ease of installation and previously ac-
quired Windows HotSync software for delivering the executable to the PDA.

Compiling with PRC-Tools is discussed in Section 6.5.

4.4.1 Development Requirements

The following software modules are required for development with PRC-Tools, and can be ob-
tained from http://www.palmos.comin the Developers/Tools section, or from the companion
CD of Reference [2]:

Text Editor your preferred text editor; emacs and the Programmer’s File Editor (PFE)
are both recommended by the author.

PRC-Tools a collection of the required compilers, linkers, and C libraries and headers.
PilRC used to compile Palm resource files which define the application forms and objects.

Palm Software Development Kit (SDK) the SDK contains all the necessary Palm OS
libraries and headers.

Palm OS Emulator (POSE) PC emulator for testing and debugging Palm executables.
A Palm OS ROM image is required by POSE and will be discussed in Section 4.4.3.

Shell a shell is needed for compiling and linking. Cygwin is available at www.palmos.com,
while a generic bash shell is provided by Reference [2]; either will suffice.

Documentation if nothing else, References [4], [5], and [6] are essential for programming
on the Palm OS in C.

4.4.2 Installing PRC-Tools for Windows

After obtaining the development tools described in Section 4.4.1, they must be installed on
the environment PC. Two approaches were undertaken, per instructions given by each source.

3Though, to the author, it seems counter-intuitive to develop low-level code to access the high-level func-
tionality offered by the Palm OS.

11



www.palmos.com After downloading the necessary modules, the instructions provided there
were followed:

1. Cygwin was installed by executing the compressed file.

2. PRC-Tools was installed by executing the compressed file.

3. The Palm SDK was installed by executing the compressed file.

4. PilRC was uncompressed and placed in the designated development folder.

This installation process was relatively simple, although upon trying to compile under this
configuration, the compiler could not find some of the Palm include files. A batch file (.bat)
for the Cygwin shell contains the path information, and care must be taken to ensure the
proper paths for all necessary libraries are headers listed in this file.

Palm Programming Companion CD Installation from the CD bundled with Reference
[2] was straightforward. From the “Diskl” folder of the Windows version of PRC-Tools, the
setup file was executed, and all components were installed, with correct paths passed to the
shell. The first attempt to compile under this environment was successful, and no additional
modifications had to be made to the shell paths.

Although the version of tools from the CD was not as recent as those at www.palmos.com,
the ease of installation and immediate path resolutions made it the recommended method for
a first time user.

4.4.3 Obtaining a Palm OS ROM Image

POSE requires a Palm OS ROM image before it can execute. There are two ways to obtain
the ROM: either from www.palmos.com or directly from a Palm device.

To obtain a ROM from www.palmos.com, the developer must become a member of the
Palm Alliance Program, by signing a non-discloser agreement which essentially promises that
one, as a developer, will not distribute the ROM’s obtained from Palm, Inc. The agreement
must be downloaded from the Internet, signed by the developer, and then mailed to Palm
headquarters in California. The turn-around time of this method is slow, but once access to
the ROM web site is obtained, images are available for all version of the Palm OS, and specific
debug versions are provided for through application testing.

The “quick and dirty” way to obtain a ROM is with the ROM Transfer.prc executable
that comes with POSE. The program is uploaded to a Palm device which is connected to the
development PC; after a dialog is established between the two, the ROM image from the Palm
is downloaded to the PC where it can be installed on POSE. The documentation is clear, and
the process is simple with immediate results.

4.5 PRC-Tools for Linux

The same set of development tools described in Section 4.4 is available also for Linux. Down-
loads and installation instructions can be found at http://www.palmos.com in the Develop-
ers/Tools section, as well as on the companion CD of Reference [2].

12



Chapter 5

Palm OS Programming

5.1 Introduction

Palm OS applications are event driven. Users interact with the program through “forms,”
which define the screen display and controls (pushbuttons, scrollbars, etc.). When the user
places the stylus down on the screen, taps a button, pushes a hardware key, or interacts with
the application in any manner, an event is generated. Events are also generated by the system,
and all' events are stored in an event queue.

The fundamental task of any Palm program is to retrieve events from this queue one at a
time, passing them to the appropriate handler routine, and continuing to do so until a “stop”
event is encountered, at which time the program should terminate and turn control back to
the OS.

The primary challenge for the developer is to create efficient forms — allowing a user to
accomplish tasks quickly and intuitively — and supply the appropriate underlying routines to
handle all possible events not otherwise handled by the system handlers.

All elements of a Palm application, such forms, data, user preferences, and so forth are
stored on the device in a proprietary database format.

5.2 A Standard Palm Application

Figure 5.1 (page 15) illustrates the flow of a standard Palm application. Upon start-up, any
necessary databases are opened or created, user preferences retrieved, and the initial form
opened and displayed to the screen.

The event loop then begins, retrieving an event from the event queue, and passing it
through a hierarchy of event handlers until it has successfully been handled.

The System Handler services events common to all Palm applications, such as stylus in-
teraction with the screen or hardware key presses; this handler will post subsequent events
to the event queue as necessary. For instance, after servicing the sequence of a “pen down”
event followed by a “pen up” event at the same location on the screen, the System Handler
can determine if a control was pressed, and will generate a “control select” event that will
later be handled by the Form Handler.

The Menu Handler services menu actuation. When the user taps on the Menu button of
the Palm screen, this handler draws the appropriate menu bar form at the top of the screen;

!Certain “pen” events aren’t actually stored there, because of their high frequency of occurance, being
instead handled by the EvtGetEvent function called in the event loop.[2]

13



when the user makes a menu selection, this handler creates a specific “menu” event that will
later be serviced by the Form Handler. The Menu Handler is also responsible for drawing
the appropriate drop-down menus when selected by the user, and for clearing the menu bar
altogether when the user dismisses it by tapping elsewhere.

The primary responsibilities of the Application Handler are to load forms and assign ap-
propriate Form Handlers to the active form.

As each Palm application must have at least one form, so must it have at least one Form
Handler: each significant form requires a handler to process events specific to the objects and
controls thereon. An application may have many Form Handlers, assigned to specific forms by
the Application Handler discussed above. Many of the events received by the Form Handler
are generated by the other general handlers, and it is here where most of a programmer’s
attention will be focused, writing routines for events specific to the application.

Generally, an event for which there is no handler will be discarded and the next event
dequeued. However, some events if left unhandled, may cause a system crash. For instance,
the author experienced OS crashes each time the Menu button was pressed and there was no
assigned menu for the form.

The event loop breaks when a “stop” event is encountered. The Stop Application routine
is then invoked, wherein any user preferences are saved, databases closed, and dynamically
obtained memory set free. [2]

14
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Chapter 6

Software Design

6.1 Design Challenges

Three main challenges presented themselves at the onset of the Palm OS eelab GUI.

The original PC GUI had the luxury of a large computer screen, of the typical order
of 800 x 600 pixels, whereas the Palm screen offers the developer a minor 160 x 160 pixels
by comparison. The screen real estate of a Palm application is at a premium, and careful
consideration is required to keep the forms useful, yet uncluttered, with intuitive collections
of controls across the various forms required by an application. This is especially true when
porting a PC-based application to a hand-held device where the original user interface may
have to be split into several forms on the PDA.

Although programmable in C, the Palm OS does not support common C functions such
as printf, but instead employs a family of proprietary functions whose proper use had to be
studied throughout the implementation. [4] [5] [6]

The success of the project hinged on proper communication between the Palm and eelab
hardware. Accurate and repeatable communication between the devices was necessary to
ensure a reliable system, and efficient use of the Palm’s serial port had to be considered to
avoid unnecessary depreciation of battery life. [6]

6.2 Resources

All Palm forms and the objects thereon, such as controls, text fields, and menus, are stored as
Palm resources. When building a Palm application with PRC-Tools, resources are compiled
with PilRC (pilrc.exe). Reference [8] clearly documents the format required for all form
objects in the resource file (.rcp), and implementation is trivial; it is the design of the forms
themselves that proves challenging. Palm layout standards and rules-of-thumb are provided
in Reference [7], and for the custom eelab GUI application, an iterative form design process
was followed until arriving at an intuitive, eye-pleasing GUI.

All resource source code for this project can be found in the eelab.rcp file listed in Section

A2

6.2.1 Power Supply Form

The Power Supply form is shown in Figure 6.1 (page 17), containing Pushbuttons “Increase”
and “Decrease” for adjusting the variable output voltage, grouped Buttons “ON” and “OFF”
serving as radio buttons for enabling the outputs, and Fields for displaying the output settings.
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Another group of Buttons “P/S” and “F/G” at the top of the form facilitate switching between
the Power Supply and the Function Generator.

Increaze

Decrease

M

gl

Figure 6.1: Power Supply Form

6.2.2 Function Generator Form

The Function Generator form of Figure 6.2 utilizes Scrollbar objects as sliders for adjusting
output frequency, amplitude, and DC offset. Two sliders were required for the frequency
adjust — course and fine — because Scrollbar objects only support short integers which
cannot represent values greater than 65535, which is less than the maximum frequency of
100000 per specifications of Section 2.1.2. Button group “Freq.”, “Amp.”, and “Offset” is
used to focus® between the three parameters, and a separate group of Buttons are used for
wave selection. Fields are used to display parameter settings, and similar to the Power Supply,
a last group of buttons “P/S” and “F/G” switch between devices.

e (e
1] 1] 1}

M awe

Square

Triangle

Rarnp

A | |
v v

Figure 6.2: Function Generator Form

LFocus’ was used to assign the hardware scroll keys between the three parameters.
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6.2.3 Other Resources

Menu resources, alerts, and help strings were also required by the eelab Palm forms, and the
definitions can be viewed in the eelab.rcp source code listed in Section A.2.

6.3 General Functions

To facilitate the program flow discussed in Section 5.2, some general functions are required.
Complete source code for these functions is listed in Section A.4.

6.3.1 StartApplication

Since the eelab GUI does not require any user databases or save any preferences, the only task
for this function is to open the Power Supply form. [2]

Input None.
Tasks Open the Power Supply form.
Output Error code 0 (no error).

6.3.2 StopApplication

The application does not open any user databases upon opening, and is not equipped to
save user preferences, nor does the application need to explicitly free any memory. Hence,
the empty StopApplication function is present only to meet the standard Palm application
etiquette. [2]

Input None.
Tasks None.
Output None.

6.3.3 ApplicationHandler

This function concerns itself only with Form Load events. The chosen form is activated, and
appropriate event handler set. [2]

Input Event.
Tasks Initialize and activate form, set the event handler for use by FrmDispatchEvent.

Output Handled (Boolean success flag).
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6.3.4 EventLoop

The event loop retrieves events one by one to from the event queue and passes them through
various handlers, from most application general to specific. The loop is broken by receiving
the Stop application event. [2]

Input None.

Tasks Get event, pass to SysHandleEvent, MenuHandlerEvent, ApplicationHandler, or
FrmDispatchEvent.

Output None.

6.3.5 PilotMain

The is equivalent to the main() function of a traditional C program, and is launched by the
Palm OS when the user selects the application icon from the OS program menu. [2]

Input LaunchCode, cmdPBR, LaunchFlags (all from system).
Tasks Check launchCode, invoke StartApplication, EventLoop, and StopApplication.
Output Error word (to system).

6.4 Specific Functions

The specific, or customized functions next discussed are application specific, comprising the
main software design of the project.

6.4.1 send

Responsible for opening the serial port, sending a string, closing the serial port, and alerting
the user of any errors during the process. Source code listed in Section A.4.

Input Op_string

Tasks Load the Palm serial library, open the serial port with a specified baud rate, send
Op_string to the port, wait until the serial transmit buffer is empty, close the serial port.

Output Sent (Boolean success flag).

6.4.2 int2hex

Converts an integer into a two-digit hex number and stores as ASCII characters in a string.
Source code listed in Section A.4.

Input Num, String, Index.
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Tasks Separate Num into high and low nybbles, convert each nybble to a character, insert
characters into String at insertion point Index, high nybble first.

Output None.

6.4.3 FormHandler_ps

This form handler responds to the Form Open event, Control Select events caused by user
interaction with the Power Supply controls described in Section 6.2.1, hardware Key Down
events, and Menu events from the menu handler.

Input Event.

Tasks When opening the form, activate it, set Field pointers, draw the form, update the
display and hardware; after user input, update the display and hardware based on event type.

Output Handled (Boolean success flag).

The functional flow chart for the Power Supply form handler is illustrated in Figure 6.3
(page 21), and the source code is listed in Section A.5.

When the form is opened, this handler activates the form, which associates all user in-
teraction with the form’s objects. Next, global pointers are assigned to the Fields, the form
is drawn to the screen, and the eelab hardware and Palm display are updated via function
update_ps.

When a Control Select event corresponding to an eelab hardware update is passed to
the handler, update_ps is invoked with the appropriate functionality — On, Off, Increase,
or Decrease — passed as an argument. Control Select events corresponding to eelab device
switches invoke the Goto Form function.

Key Down events result in Increase or Decrease updates according to the scroll key pressed.

Two menu options, About and Help, are available to users in the Power Supply form, and
the appropriate alert is displayed when a Menu event is handled.

6.4.4 update_ps

The Power Supply update function changes the global variables ps_op (actual output value)
and ps_rail (tracking voltage value) based on the input argument, creates the ASCII output
string which is sent to the eelab hardware via the send function, and updates the form Fields.

Input Func (ON, OFF, INC, or DEC)

Tasks Select Power Supply on eelab hardware, change output and voltage variables based
on Func, create ASCII output string and send to hardware via send, update form display.

Output None.

The function flow diagram is shown in Figure 6.4 (page 22), and source code is listed in
Section A.5.
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Handled = False

Set Object Pointers
Draw PS Form |
Update(ON/OFF)
Handled = True

Form Open
Event?

Handle User Input Event*
Handled = True

Control Select
Event?

Key Down Update(INC/DEC) |
Event? Handled = True
Display Help/About Form
Handled = True B

No

Y

{ Handled /

* Pass the output change (on,off,etc.)
as an arguement to the Power
Supply update function.

Figure 6.3: Power Supply Form Handler Program Flow

The final output value for ASCII conversion is a product of the desired tracking voltage
value and the steps-per-volt conversion between the literal voltage range and the the 7-bit
representation. To this is added a round-up constant to compensate for integer truncation,
and the decimal value of the fixed five volt control bit. The implemented software algorithm
is:

/* ps output = (rail voltage) * (steps per volt conversion)
+ (round-up) + (fixed five volt bit) */

ps_op = ps_rail * (127.0/12.0) + 0.5 + 128;

Note that adding 128 implies the fixed five volt output bit is high, and this output is
enabled; replacing this term with 0 will disable the fixed five volt output. The current imple-
mentation of the Power Supply enables the fixed five volt output when “ON” is selected from
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Send(SFFFE)

XX = VariableOP + 128 —*

XX=00 1

VariableOP++
XX = VariableOP + 128

VariableOP—-

Func = DEC? XX = VariableOP + 128

No

Y
Send(PXX)

'

Update Display

Figure 6.4: Power Supply Update Program Flow

the form of Figure 6.1 (page 17) and all outputs are disabled when “OFF” is selected.

6.4.5 FormHandler fg

The Function Generator handler is sensitive to the Form Open event, Control Select and Scroll
Exit events caused by user interaction with the controls described in Section 6.2.2, hardware
Key Down events, and Menu events from the menu handler.

Input Event.

Tasks When opening the form, activate it, set Field, Scrollbar, and Button pointers, set the
Scrollbar positions, draw the form, update the display and hardware; after user input, update
the display and hardware based on event type.
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Output Handled (Boolean success flag).

The functional flow chart for the Function Generator form handler is illustrated in Figure
6.5 (page 26), and the source code is listed in Section A.6.

When the form is opened, the Function Generator form is activated, which associates all
user interaction with the form’s objects. Next, global pointers are assigned to the Fields, and
local pointers are set to the Scrollbars and Buttons.

The Scrollbars are initialized with maximum, minimum, page size (slider resolution), and
positional values. Because Scrollbars typically begin at the top-most position, corresponding
to the top of a text field, and instrument sliders typically begin at the bottom-most position,
representing a minimum value, the Scrollbars’ position information had to be complemented
in order to give the user the sense of an actual instrumentation slider. This was accomplished
in the source code by subtracting the position value from the maximum bound.

After setting the Scrollbars, the Form Open handling is completed by drawing the form to
the screen, setting the parameter focus, wave shape selection, and updating the eelab hardware
and Palm display via the update_fg function.

When a Control Select event corresponding to an eelab hardware update is passed to the
handler, the associated global value for the parameter is updated, and the parameter — Wave,
Freq., Amp., or Offset — is passed to update_fg. The approach of breaking the overall update
procedure between this function and the actual update_fg function allowed the handling and
updating of Scrollbars to remain local to this form handler.

Scroll Exit events occur when the user lifts the stylus from a Scrollbar. The focus is shifted
to the parameter controlled by the modified Scrollbar, and the associated value is updated
before passing the parameter type to update_fg.

Key Down events result in parameter updates according to the focus and the scroll key
pressed.

About and Help menu options are available to users in the Function Generator form, and
the appropriate alert is displayed when a Menu event is handled.

6.4.6 update_fg

This routine maintains the Function Generator output string, adjusts the appropriate param-
eter byte as specified by the input argument Param, sends the string to the eelab hardware
via the send function, and updates the form Fields. Additionally, it handles the burden of
loading waveform data into the eelab hardware.

Input Param (WAVE, FREQ, AMP, or OFST)

Tasks Select Function Generator on eelab hardware, create ASCII output string and send
to hardware via send, update form display; load waveform data if selected wave shape not
already loaded.

Output None.

The function flow diagram is shown in Figure 6.6 (page 27), and source code is listed in
Section A.6.

The frequency bytes need to be left shifted twice in order to be interpreted properly by
the eelab hardware. This is accomplished in the software via the command:
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freq = fg_freq << 2;

where freq is a local variable that will be decomposed into three hex characters, and fg_freq
is the global frequency setting.

The amplitude byte is calculated as the product of the amplitude setting and the steps-
per-volt conversion factor between the literal voltage range and the 8-bit representation:

byte_amp = fg_amp * (255.0/10.0);
byte_amp = 255 - byte_amp;

The offset byte is calculated similar to the amplitude byte:

byte_ofst
byte_ofst

(fg_ofst+b5) * (255.0/10.0);
255 - byte_ofst;

except that 5 must first be added to fg_ofst since it is the literal value of the offset value in
the range -5 — +5 represented by a positive value in the range 0-255.

As shown above, both the amplitude and offset bytes are complemented before output, as
these particular registers of the eelab hardware have inverted inputs.

When a wave shape is selected for the first time, it must be uploaded to the eelab hardware.
One period of each available wave is required by the hardware, and this is stored in a 128 x 1
byte array for each of 32 possible wave locations. By default, the sine, square, triangle, and
ramp waves are stored in locations 0, 1, 2, and 3, respectively. The square wave algorithm
loads minimum value 0 for half the period, and maximum wave value 255 for the remainder.
The triangle wave is implemented with the positive slope of the maximum value over half the
period, reversing the slope for the second half. The ramp employs the positive slope over the
entire period. The sine wave is not implemented due to unknown math support on the Palm
OS.

To load the wave, the wave number, address, and data must be written to the eelab
hardware, and then toggled with the appropriate bits, as discussed in Section 2.2.3. To avoid
unnecessary wave loads, a global array wave_load is used to keep track of the loaded waves.

If a wave is selected by the user and has already been loaded, the update function changes
only the wave select byte byte_wave and sends the altered string to the eelab hardware.

6.5 Compiling with PRC-Tools

Creating an executable file for the Palm OS is a multi-step process. Figure 6.7 (page 28)
shows the flow of the PRC-Tools compiler chain, using as an example the files written during
this project.

The resource file eelab.rcp, with header file eelab rsc.h, is compiled with pilrc which
produces a series of files in the form tfrm03e8.bin where “tfrm” is the resource type, and
“03e8” is the hex resource ID. [3]

The application source files eelab.c, eelab_ps.c, and eelab_fg.c with associated header
file eelab.h are compiled with m68k-palm0S-coff-gcc —c which produces object file eelab.o.
This is linked by m68k-palm0S-coff-gcc, producing the eelab. output file ready to be com-
bined with the binary resources.?

After both resources and source code have been compiled, build-prc is used to combine
them and create eelab.prc which is ready for execution on the Palm OS.

2Compiling and linking of eelab.c and its dependencies can be done in one step if desired by omitting the
-c flag from the first compile command.
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This process is best facilitated with a batch or script file. A modified Makefile from
Reference [3] was used for compiling the eelab Palm OS GUI, as listed in Section A.7.
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Figure 6.5: Power Supply Form Handler Program Flow
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Figure 6.6: Function Generator Update Program Flow
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Chapter 7

System Operation

7.1 Overview

With the compiled code installed on a Palm OS device, the user may launch the eelab GUI
by tapping on the “eelab” icon, as illustrated in Figure 7.1.
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Addrezs Calc [Date Book

® O @

eelab Expenze Giraffe

H O O

HotSwnc Mail Merno Fad

O © @

Mlernory Prefs Security
4:12pm  Bottery EEN 5

Figure 7.1: Palm Application Menu

The user is next presented with the Power Supply form, shown again on the left side of
Figure 7.2 (page 30).

From this screen, the user can turn the Power Supply “ON”, enabling the five volt fixed
output, and allowing adjustment of the variable tracking voltages with the “Increase” and
“Decrease” controls. The user has access to Help and About menus through the “MENU”
button on the silk-screen portion of the Palm screen (not shown).

Pressing the “F/G” button switches to the Function Generator form on the right side of
Figure 7.2 (page 30) where the user will first be prompted to wait while the default square
wave is uploaded to the eelab hardware. Once the wave is loaded, control is available to the
user to switch wave shapes, and adjust wave frequency, amplitude, and DC offset. Note that
frequency has course and fine sliders. The course (left) slider alters the frequency in multiples
of 100, while the fine (right) slider adjusts in increments of one in the range of 0-99.

Switching between devices at this point will update the selected device according to its
previous settings. Exiting the program by starting an alternate Palm application will reset all
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Figure 7.2: Power Supply and Function Generator Forms

values — as the OS frees the memory associated with the closed application — and defaults
will be used for the next start-up.

7.2 Performance

All tests of the software on a physical device were performed on a Palm Pilot Professional
running Palm OS version 2.0.5.

7.2.1 Power Supply

The Power Supply was tested with the eelab hardware, and the results are shown in Table 7.1.

Parameter Action Result

Fixed 5 volt output Enable with “ON” As expected
Disable with “OFF” As expected

Variable output Enable with “ON” As expected
Disable with “OFF” As expected
Adjust with “Increase”  Requires calibration

Adjust with “Decrease” Requires calibration
Adjust with scroll keys  Requires calibration

Table 7.1: Power Supply Test Matrix

7.2.2 Function Generator

The Function Generator was tested successfully with the hardware, and the results are showin
in Table 7.2 (page 31).
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Parameter Action Result

Wave shape Select “Square” As expected
Select “Triangle” As expected
Select “Ramp” As expected

Frequency Adjust with course slider As expected

Amplitude

DC offset

Adjust with fine slider
Adjust with scroll keys
Adjust with slider
Adjust with scroll keys
Adjust with slider
Adjust with scroll keys

As expected
As expected
As expected
As expected
As expected
As expected

Table 7.2: Function Generator Test Matrix
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Chapter 8

Project Challenges

Several challenges were encountered during the project development cycle, and although none
hampered severely with the schedule, frustration ensued nonetheless.

8.1 Serial Communications

8.1.1 No Output

The first attempt at utilizing the Palm serial port was unsuccessful. Running the compiled ap-
plication from the Palm interfaced to a PC-based terminal emulator showed either no output,
or a only a few garbage characters.

After looping the output, it was observed that the first couple of characters sent the serial
port by Palm OS function SerSend were not actually arriving at the port.

The problem was remedied by calling Palm OS function SerWait directly after the SerSend
command. SerWait waits until the serial transmit buffer is empty before proceeding.

8.1.2 Interfacing with eelab Hardware

After observing acceptable output strings from the Palm device connected to a PC-based
terminal emulator, the Palm was connected to the eelab hardware for testing but no response
could be observed from the hardware. Correct transmit and receive serial lines were verified
between the devices, but the hardware still failed to respond to the Palm.

It was determined that the Palm handshaking protocols were not being met by the eelab
hardware (which doesn’t support handshaking), so the connecter in Appendix B was con-
structed per Reference [9], looping back the Palm handshakes, which resulted in successful
communication with the eelab.

8.1.3 Extra Characters

When tested on Palm OS version 2.0.5, each string sent by the send function was observed
on a terminal emulator as being proceeded by two backspace characters. Although these
characters seemed to be ignored by the eelab hardware during testing, and did not affect the
Palm GUT’s ability to control the hardware, the unintentional presence of extra characters is
generally unwanted in device communications.

Because the backspaces did not affect the project operation on the older Palm system,
additional effort has not yet been expended toward their removal. However, their removal
should be persued as early trials on a device running Palm OS version 3.5.0 resulted in extra
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characters in the way of superscript “o”s, which did affect communications with the eelab
hardware.

8.2 Scrollbars

Obtaining useful information from the Scrollbar objects for Function Generator parameters
proved challenging. Even though pointers were assigned when the form was opened, useful
information was not being retrieved by the Sc1GetScrollBar function.

Experimentation revealed that the pointers were being lost between successive calls to the
FormHandler fg function, and assigning the pointers just prior to accessing the Scrollbars
yielded successful results.

It was later found that the use of local static variables required the pointers to be set only
once, during the first pass through the function.

8.3 Palm OS Emulator

Using the Power Supply update function update_ps as a model for the Function Generator
update function, attempts to write the Function Generator Put string to the serial port from
the Palm OS Emulator caused the system to stall, or even lock and require a reset.

The serial options of the emulator were confirmed, and the attached terminal emulator set-
tings were verified also, but no combination between the two resulted in satisfactory operation
as had been experienced with the Power Supply code.

The compiled application was next tested on the actual Palm device connected to a termi-
nal emulator, and it worked as expected; suggesting that the emulator’s serial functionality is
less-than-ideal and serial debugging and testing should be done from the actual device, despite
the additional hassle of having to upload the executable to the Palm after each build of the
modified code.
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Chapter 9

Conclusions and Recommendations

9.1 Measured Objectives

Referring to the technical specifications outlined in Section 2, the technical objectives of the
project were met via the successful deployment of the eelab Select and Put strings, as verified
through a terminal emulator and testing with the actual hardware.

The complete functionality of the PC-based eelab GUI discussed in Section 3 was not
ported to the Palm version developed under this project, though the minimum requirements for
basic operation and control of the hardware were implemented. Specifically, missing elements
include a sine wave implementation, adjustable Function Generator slider bounds, and numeric
keypad entry of the Function Generator frequency.

9.2 Recommendations

Several recommendations for improvement of the current implementation and functionality
for future versions of the eelab Palm OS GUI are suggested below.
9.2.1 General

e User-defined preferences for currently hard-coded variables such as baud rate, eelab
device addresses, and wave numbers

e Replacement of global variables with local static variables

e Change standard C pointers to Palm OS pointers so the application will compile without
errors

e Dedicated scrollbar handling functions

o Removing the mysterious backspaces from serial output

e Map more form controls to the other hardware keys

e Use of the Palm OS Preferences database to store the device settings at application exit
e (Create a custom application icon

e Implement a wave editor

o Implement the eelab oscilloscope
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9.2.2 Power Supply

e “Max” and “min” buttons
e Slider for variable voltage control

e Independent enables for fixed and variable voltages

9.2.3 Function Generator

e An algorithm for the currently hard-coded wave control byte byte_wave

o Faster wave load operation, achieved by opening the serial port and sending all 128 x 3 =
384 strings before closing the port

e Keypad input for frequency setting
e Auto-sweep function

e Sine wave implementation

e Adjustable slider bounds

e Choice between linear and and logarithmic slider behaviour
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Appendix A

Source Code

A.1 eelab_rsc.h

/********************************************

eelab_rsc.h
Andrew 0’Malley, 961 504 685
Ryerson Polytechnic University
aomalley@ee.ryerson.ca
01.01.19 - 01.04.13
eader ile or eelab orm reso rces.

All ’s sed in eelab.rc de ined here.

*********************************************/

de ine orm _ s 1000
de ine orm _ 000
de ine orm _wait 3000
de ine men _ s 1000
de ine men _ 000
de ine men item _ s_hel 1001
de ine men item _ s_abo t 100

de ine alert _abo t 1000
de ine alert _hel 1001
de ine alert _serial_in se 100

de ine alert _serial_error 1003
de ine alert _deb 1100
de ine strin _ s_hel 1000
de ine strin _  _hel 1001
de ine strin _serial_in se 100

de ine strin _ 1 1003
de ine ield _ s_ os 1000
de ine ield _ s_ne 1001
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de
de

de
de
de
de

de
de
de
de
de
de

de
de
de
de
de
de
de

de
de

de
de
de
de

ine
ine

ine
ine
ine

ine
ine
ine
ine

ine
ine
ine
ine
ine
ine

ine
ine
ine
ine
ine
ine
ine

ine
ine

ine
ine
ine
ine

ield
ield

ield
ield
ield

scroll
scroll
scroll
scroll

tton
tton
tton
tton
tton
tton

o o o o o o

tton
tton
tton
tton
tton
tton
tton

oo o oo oo

label
label

Iro
Iro
Iro
ro

s_b

_ s_deb

re

_o st

re
re

_o st

_ s_inc
_ s_dec
s_on
_s_o
ee_ s
ee_

re

_o st
_sine
s T
tri
_ram

_ _wave
_wait

arm
_wave

1

_Crs

ine

100
1103

000
001
00

003
004
005
006

1003
1004
1005
1006
100

1008

00

008
009
010
011
01

013
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3001

1000
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100
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A.2 eelab.rcp

/**********************************************************************

eelab.rc

Andrew 0’Malley, 01.01.19 - 01.04.16
961 504 685

Ryerson Polytechnic University
aomalley@ee.ryerson.ca

Reso rce ile or all eelab orms.

orms, alerts, and hel strin s are de ined herein, or rocessin
by ilrc.e e.

’s are de ined in eelab_rsc.h.

ee Aaron Ardiri’s PilR v .6 / PilR U User Man al or synta and
sa e.

his ro ram is ree so tware yo can redistrib te it and/or modi y
it nder the terms o the U eneral P blic icense as blished by
the ree o tware o ndation either version o the icense, or

at yo r o tion any later version.

his ro ram is distrib ted in the ho e that it will be se 1,
bt 0U A ARRA witho t even the im lied warranty o
MR A A or OR A PAR U AR PURPO . ee the

U eneral P blic icense or more details.

o sho 1d have received a co y o the U eneral P blic icemnse
alon with this ro ram i not, write to the ree o tware

o ndation, nc., 59 em le Place, ite 330, oston, MA 0 111-130
U A

**********************************************************************/

incl de eelab_rsc.h

/* Power ly orm */
ORM orm _ s A 0 0 160 160
0 RAM
U A
M U men _ s
eelab
ield _s_deb 1A 40 130AUD0 U R 0UA
PU U O P/ ©btton _ee_ s A 116 1 AUD AU D
ROUP ro _ee O 0
PU U O / btton _ee_. A PR R 11AUQ0AU D
ROUP ro _ee O 0
ield _ s_os A 3040 0 AU O R A U A
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0 A 0 1
ield _ s_ne A 3080 0AUO R A U A
0 A 0 1
ield _ s_b A 3010 0O0AUD R A U A
0 A 0 1
U 0 ncrease b tton _ s_inc A 90 30 60 0 U A
RAM 0 0
U 0 ecrease b tton _ s_dec A 90 060 0 UA
RAM 0 0
PU U 0 0 b tton _ s_on A 90 110 9 O
ROUP ro _s_ow O 0
PU U 0 0 b tton _ s_o A 11110 9 0
ROUP ro _s_ow O 0
/* Power ly and nction enerator men */
M U men _ s
PU 0 D tions
M U M el men item _ s_hel
M U M Abo t men item _ s_abo t
/* eb alert */
A R alert _deb
ORMA O
eb / est
M A 1
U 0 0

/* Abo t eelab alert */

A R alert _abo t
P strin _ 1
ORMA O
Abo t eelab

M A eelab nPalm 0 U n nAndrew 0’Malley, 001 n
aomalley@ee.ryerson.ca nwww.ee.ryerson.ca/ hiscoc
U 0 0

/* erial rror alert */

A R alert _serial_error
RROR

erial rror
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/* erial Port n Use alert */

A R alert _serial_in se
P strin _serial_in se
AR

erial Alert

M A erial ort already in se.
U 0 0 ancel

/* 1 strin s */

R strin _ s_hel Power ly n nUse the scroll
b ttons to ad st the variable volta e. n n’0 ’ enables
all ot ts. nn’0 ’ romnds all ot ts. n n’ ncrease’
raises variable o t t by one volt. n n’ ecrease’ lowers
variable o t t by one volt. n n’ / ’ oes to nction enerator.
R strin _ _hel nction enerator n nUse the scroll
b ttons to chan e the arameter c rrently oc sed. n n
’ ave’ b ttons select nction sha e. n n’ re .’ oc ses

on re ency. Ad st with co rse and ine sliders. n n’Am .’
oc ses on am lit de. Ad st with slider. n n’0 set’

oCc ses on o set. Ad st with slider. n n’P/ ’ oes to
Power ly.
R strin _serial_in se elect ’0 ’ to contin e and share

the serial ort anyway not recommended , or select ’ ancel’
to abort, and try a ain later.

R strin _ 1 his so tware is licensed nder the U eneral
P blic icense P . n nA co y o the license sho 1d have
accom anied this so tware it can also be o nd on-line at
WWW. n .OT

/* nction enerator orm */

ORM orm _ A 0 0 160 160
0 RAM
U A
M U men _ s
eelab
ield _s_deb 1A 401 O0OAUD U R 0U A
PU U 0 P/ b tton _ee_ s A 116 1 AU DO AU O
ROUP ro _ee O 0
PU U O / b tton _ee_ A PR R 11AUD0AU D
ROUP ro _ee O 0
PU U 0 re . b tton _ _re A 4 036 1
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ROUP ro arm

PU U 0 Am . b tton _ _am A 8 036 1
ROUP ro _ _ arm
PU U 0 0 set b tton _ _o st A 1 036 1
ROUP ro _ _ arm
ield _ _re A 4 3536 1 U R U A
0 A 0 1
ield _ _am A 8 3536 1 U R U A
0 A 0 1
ield _ _o st A 1 35 36 1 U R U A
0 A 0 1
A ave label _ _wave A Re 060 U A
PU U 0 ine b tton _ _sine A 536 1
ROUP ro _ _wave
PU U 0 are btton _ _srA 90 36 1
ROUP ro _ _wave
PU U 0 rian le b tton _ _tri A 105 36 1
ROUP ro _ _wave
PU U 0 Ram b tton _ _ram A 10361
ROUP ro _ _wave
RO AR scroll _ _ re _crs A 48 50 11 105 U A
RO AR scroll _ _ re _ ine A 61 50 11 105 U A
RO AR scroll _ _am A 95 50 11 105 U A
RO AR scroll _ _o st A 135 50 11 105 U A

/* oadin ave orm */

ORM orm _wait A 30 0 100 O
RAM
MO A
A oadin wave . . . label _wait
A R@50 RE10 U A 0 1
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A.3 eelab.h

/K ke 3k ke sk ke ok ek e sk e ok e o ok e ok ks sk ok s ok ok e ke sk K e sk o sk e ok 3k o sk o ok s ok ok ok ke ok ok ok ok 3k ok o ok ok
eelab.h

Andrew 0’Malley, 01.01.19 - 01.04.13
961 504 685

Ryerson Polytechnic University
aomalley@ee.ryerson.ca

eader ile or Palm 0 U or the eelab, s ortin the Power ly
and nction enerator.

tandard Palm 0 reso rces are incl ded here.
stom en merations de ined.

lobal variables sed or all eelab arameters, to ive nrestricted
access by all nctioms.

his ro ram is ree so tware yo can redistrib te it and/or modi y
it nder the terms o the U eneral P blic icense as Dblished by
the ree o tware o ndation either version o the icense, or

at yo r o tion any later version.

his ro ram is distrib ted in the ho e that it will be se 1,
bt 0U A ARRA witho t even the im lied warranty o
MR A A or OR A PAR U AR PURPO . ee the

U eneral P blic icense or more details.

o sho 1d have received a co y o the U eneral P blic icemnse
alon with this ro ram i not, write to the ree o tware

o ndation, nc., 59 em le Place, ite 330, oston, MA 0 111-130
U A

**********************************************************************/

/*xxx PA MO R QU *okokk /
incl de ommon.h
incl de ystem/ ysAll.h
incl de U /U All.h
incl de erialM r.h
incl de rrorM r.h
incl de eb Mr.h

[Hxxx 0 A 0 xkkk/

ty ede en m arameter ty e_ arameter
ty ede enm nction ty e_ nction
ty ede en m wave ty e_wave

en m arameter R , AMP, O , A
enm nction 0, 0 |, , s
en m wave , R, R , RAMP
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R _MA 100000 // nction
AMP_MA 10 // nction
VELTE) DA AR A *okskok /
/* Power ly ariables */
int s_rail O

loat s_o O
int s_5 0 // 1 ed

oolean s_on alse // on/o

ieldPtr s_ os_ 1d //

ieldPtr s_ne _ 1d //

ieldPtr s_5_ 1d //

ieldPtr s_deb 1_ 14 //
/% nction enerator ariab
lon _re

hort _ Tre _crs

hort _ re _ ine

hort _ re _min

hort _ Tre _ma

hort _ Tre _res

hort _am
int _am _min
int _am _ma
int _am _res

hort _o st
int _o st_min
int _o st_ma
int _o st_res
ty e_wave _wave R
int wave_load 4 0,0,0,0

ieldPtr _ re _ 1d //

ieldPtr _am _ 1d //
ieldPtr _o st_ 1d //

enerator ma im m re

ency

enerator ma im m am 1lit de

// trac in rail volta e
// ot t command val e
ive volts

state
ointer to ositive rail ield
ointer to ne ative rail ield
ointer to i ed ive volt ield
ointer to deb ield 1
les */
// re ency
// co rse re ency val e
// ine re ency val e
// re scrollbar min
// re scrollbar ma
// re scrollbar resol tion
// am 1lit de
// am scrollbar min
// am scrollbar ma
// am scrollbar resol tion
// dc o set
// o st scrollbar min
// o st scrollbar ma
// o st scrollbar resol tion
// wave sha e
// or wave load trac in
ointer to nction enerator re ency ield
ointer to nction enerator am lit de ield
ointer to nction enerator o set ield
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A.4 eelab.c

/**********************************************************************

eelab.c

o yri ht Andrew 0’Malley, 01.01.19 - 01.04.13
961 504 685
Ryerson Polytechnic University
aomalley@ee.ryerson.ca

Palm 0 U or the eelab, s ortin the Power ly
and nction enerator.

A 1licatiomn re istered with Palmos.com.

tandard nctions are those re ired by all Palm 0 a licatiomns,
with sli ht modi ications made as neccessary.

stom nctions were written or sendin te t strin s to the
serial ort, and convertin inte ers into sin le-byte A he
re resentation orm-s eci ic nctions are o nd in se erate .c
iles.

eelab.h contains all 1lobal variables and ty e en meratioms.

eelab_rsc.h contains de initions sed by eelab.rc orm de initions
eelab_ s.c contains all Power ly s eci ic nctions.
eelab_ .c contains all nction enerator s eci ic nctions.

his ro ram is ree so tware yo can redistrib te it and/or modi y
it nder the terms o the U eneral P blic icense as Dblished by
the ree o tware o ndation either version o the icense, or

at yo r o tion any later version.

his ro ram is distrib ted in the ho e that it will be se 1,
bt 0u A ARRA witho t even the im lied warranty o
MR A A or OR A PAR U AR PURPO . ee the

U eneral P blic icense or more details.

o sho 1d have received a co y o the U eneral P blic icense
alon with this ro ram i not, write to the ree o tware

o ndation, nc., 59 em le Place, ite 330, oston, MA 0 111-130
U A

sk ook sk e ok ok ok e ok sk o ok sk sk ook ok o ok sk Kk e ok sk ok 3 ok ok ok 3 ook ok ok ok sk ok ok ok sk ok ok ok ok ke ok ok ok s o ok ok k e ok ok ok ok ok ok ok ok /
de ine A d_ee ’ ee’
/**%x*x R QUR *ookkkok /

incl de -eelab.h

incl de eelab_rsc.h

incl de eelab_ s.c
incl de eelab_ .c
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/*%x* PRO O P A AR U 0 kkxx/
static rr tartA lication void
static void to A 1lication void
static oolean A 1lication andler ventPtr event
static void vent oo void
ord PilotMain ord la nch ode, Ptr cmdP P, ord la nch la s

/**xxx PRO 0 P U oM U 0 kkxx/
static oolean send char *o _strin
static void int he int n m, char *strin , int inde

[*xxx U 0 tartA lication void
PURPO 0 en the initial orm on a 1lication start-
PU one.
A rm oto orm - closes c rrent orm and load new orm.
0U PU rror code 0

***************************************************************************/

static rr tartA lication void

rm oto orm orm _ S
ret rn 0
/*¥xx U 0 to A lication void
PURPO one. o 1d otherwise be sed to ree any handlers

or or s ecial sh t-down roced res by a ro ram it is
incl ded to retain standard Palm a lication str ct re.

PU one.
A one.
0U PU one.

************************************************************************/

static void to A lication void

VAL L) 0 A 1lication andler ventPtr event
PURPO ets the a ro riate event handler or the c rrent orm.
PU event - only interested rm oad vent.
A rm nit orm - loads and initili es a orm.

rm etActive orm - activates orm, all ey and en in t is
directed the active orm.
0U PU handled - oolean s ccess 1la
sk sk ok e K e ok e ok o K e sk ek e ok ok o ok e ok k3 ok ook 3 ok 3k e sk ek e e sk o 3k ok k s ok sk sk ok e sk ke k e ok 3 sk k ok ok sk ok ok /

static oolean A 1lication andler ventPtr event
ormPtr orm
int orm

oolean handled alse

i event- ey e rm oad vent
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/* load and activate the orm reso rce s eci ied in the event x/
orm event—- data. rm oad. orm

orm rm nit orm orm

rm etActive orm orm

/* set the event handler or the orm
rm is atch vent calls the orm set here x/
switch orm

case orm _ S

rm et vent andler orm, orm andler_ s
brea

case orm

rm et vent andler orm, orm andler_
brea

handled tr e

ret rn handled

[Hxxx U 0 vent oo void
PURPO tandard event loo retreives events one by one to rom the
event e e and asses them thro h vario s handlers, rom
most a lication eneral to s eci ic. he loo is bro en by
receivin the sto a 1lication event.
PU one.
A vt et vent - ets an event rom the event e e.

ys andle vent - system event handler, most eneral.
Men andle vent - handles men events

A lication andler - sets s eci ic handlers or orms
rm is atch vent - asses the event to the s eci ic orm
handler.

0U PU one.

sk ok ok o ok sk ok ok ok o ook sk sk ok ok ok o o ok sk sk sk sk ok ok ko ok o ok ok sk sk ok ok ok ok k ko o ok ok sk sk sk ok ko k o o o o ok sk sk ok sk ok ok o k ok o ok sk ok ke ok ok k /
static void vent oo void

vent y e event
ord error

do

/* et an event rom the event e e x/
vt et vent event, evt ait orever

/* andle the event */
i ys andle vent event
i Men andle vent 0, event, error
i A lication andler event
rm is atch vent event
while event.e y e a to vent
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VALLI ) 0 PilotMain ord lan ch ode, P r cmdP P, ord la nch la s

PURPO a nches a Palm a 1lication once selected rom the a lication
la ncher, and terminates it a ter a sto event.
PU la nch ode - received rom the 0

cmdP P - received rom the 0 , not sed.
la nch la s - received rom the 0 , not sed.
A tartA lication - o ens the initial a lication orm.
vent oo - de e es events rom event e e and asses them
to a ro riate handlers.
to A lication - contains sh t-down nctions or a lication.

0U PU rror code.
st e ok ok e ok ok ook o ok 3k e o sk o ok ok Kk ook ko o ok Kk ook o ok sk ks o ok ok o ok sk sk ok ok ko ok sk sk e o sk ok ok ok sk ok e ok ok k ok ok ok /
ord PilotMain ord la nch ode, Ptr cmdP P, ord la nch la s
rr error O
i la nch ode sysA a nch md ormal a nch
i error tartA lication 0
vent oo

to A 1lication

ret rn error

VALL I ) 0 static oolean send char *o _strin
PURPO D en the serial ort, send a strin , then close the serial
ort.
PU o _strin - oints to the strin to send.
A ys ib ind - sed to ind a revio sly loaded library.

rm stomAlert - dis lays c stom alerts to the screen.
rmAlert - dis lays an alert messa e to the screen.
er0 en - o ens the serial ort with de a 1t settin s
and sets the ba d rate.
er lose - closes the serial ort o ened by er0 en.
er end - sends data to the serial ort.
er end ait - waits ntil the serial transmit b er is em ty
0U PU sent - a oolean s ccess la
st ofe ok ok ofof ok ok ok ok ok ok ok ok ok ke ke skl sk e oo o o ke ke ke ok ok ok sk ok sk koo o o o ok e e ok ok ok ok sk sk sk sk s s e o o e e o ok ok ke sk sk sk sk sk sk ok /

static oolean send char *o _strin

U nt serial_re

er ettin s y e settin s
ITr error

oolean sent

ord b tton

/* load serial library */
error ys ib ind erial ibrary , serial_re
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i error 0
rm stomAlert alert _serial_error, an’t ind erial ibrary.
sent alse
ret rn sent

else sent tr e

/* o en the serial ort */

error er0 en serial_re , 0, 4800
i error 0
i error ser rrAlready0 en
b tton rmAlert alert _serial_in se

i b tton 1

er lose serial_re
sent alse
ret rn sent

else rm stomAlert alert _serial_error, an’t o en serial ort.

sent alse
ret rn sent

else sent tr e

/* send the o t t strin x*/

er end serial_re , o _strin , tr en o _strin 1, rr* error
er end ait serial_re , -1
i error 0
i error ser rr ime0 t
rm stomAlert alert _serial_error, erial time o t. , U ,
else
rm stomAlert alert _serial_error,
erial send o _strin ailed. , U , U
sent alse

else sent tr e

/* close serial ort, and ret rn stat s */
er lose serial_re

/* U */
//i sent
//

// 1d et e tPtr s_deb 1_ 1d, o _strin //  date deb ield
// 1d raw ield s_deb 1_ 1d
//

ret rn sent
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[ Hxkk

U

PURPO

A

0U PU

PU

static void int he int n m, char *strin , int inde
onverts an inte er into a two-di it A he n mber and
inserts the res ltant characters into a strin

n m - inte er n mber to be converted.

strin - oints to the strin in which to insert characters.
inde - locations in strin to insert characters.

one.

one.

****************************************************************************/

static void int he int n m, char *strin , int inde

int hi_nybble, lo_nybble

hi_nybble nm / 16

lo_nybble nm 16

i hi_nybble 10 strin inde hi_nybble 48
else strin inde hi_nybble 55

i lo_nybble 10 strin inde 1 lo_nybble 48

else strin

inde 1 lo_nybble 55
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A.5 eelab_ps.c

/**********************************************************************

eelab_ s.c

Andrew 0’Malley, 01.01.19 - 01.04.13
961 504 685

Ryerson Polytechnic University
aomalley@ee.ryerson.ca

Palm 0 U or the eelab, Power ly s eci ic nctions.
Re erenced nctions are rototy ed or se by c stom nctions herein.

stom nctions written or handlin Power ly orm events, and
datin the Power ly attrib tes val es, dis lay, and hardware

his ro ram is ree so tware yo can redistrib te it and/or modi y
it nder the terms o the U eneral P blic icense as Dblished by
the ree o tware o ndation either version o the icense, or

at yo r o tion any later version.

his ro ram is distrib ted in the ho e that it will be se 1,
bt 0u A ARRA witho t even the im lied warranty o
MR A A or OR A PAR U AR PURPO . ee the

U eneral P blic icense or more details.

o sho 1d have received a co y o the U eneral P blic icense
alon with this ro ram i not, write to the ree o tware

o ndation, nc., 59 em le Place, ite 330, oston, MA 0 111-130
U A

**********************************************************************/

/**xxx PRO 0 P R R U 0 kkxx/
static oolean send char *o _strin
static void int he int n m, char *strin , int inde

/**xx PRO 0 P U OM U 0 *kkxx/
static oolean orm andler_ s ventPtr event
static void date_ s ty e_. nction nc

[xxkx U 0 static oolean orm andler_ s ventPtr event
PURPO andles all Power ly orm events b ttomns,
men selections, scroll eys
PU event - the event assed rom the event loo
A rm etActive orm - ret rns the c rrenly active orm.

rm etOb ectPtr - ret rns a ointer to a orm ob ect.
rm raw orm - draws the active orm to the screen.
tl et al e - sets a orm control’s val e.

date_ s - dates the Power ly.
rm oto orm - closes c rrent orm and load new orm.
rmAlert - dis lays an alert messa e to the screen.

51



rm el - dis lays a hel strin to the screen.
0U PU handled - a oolean s ccess la
sk oo sk o ko e ok e koo ks sk s e o e e o e o ke o sk sk e sk e sk sk o ke o sk sk o ek /

static oolean orm andler_ s ventPtr event

ormPtr orm

ormPtr orm_ rev

oolean handled alse
char char_ os 4 0,0,0,0
char char_ne 4 0,0,0,0
char char_5 3 0,0,0
ontrolPtr s_on_o _btn
ontrolPtr ee_ s_btn

3

3

switch event- e y e

/* when the ower s 1y orm is irst o ened */
case rm0 en vent

orm rm etActive orm
/* set ointers to te t ields */
s_ os_ 1d rm etOb ectPtr orm, rm etOb ect nde orm, ield s_ os
s_ne _ 1d rm etOb ectPtr orm, rm etOb ect nde orm, ield _ s_ne
s_b_ 1d rm etOb ectPtr orm, rm etOb ect nde orm, ield _ s_b
s_deb 1_ 1d rm etOb ectPtr orm,
rm etOb ect nde orm, ield _ s_deb 1

/* draw the ower s 1y orm to the screen */

rm raw orm oOrm
/* set eelab device to Power ly */
ee_ s_btn rm etOb ectPtr orm, rm etOb ect nde orm, b tton _ee_ s

tl et al e ee_ s_btn, 1

i s_on
s_on_o _btn rm etOb ectPtr orm,
rm etOb ect nde orm, b tton _ s_on
date_ s O
else
s_on_o _btn rm etOb ectPtr orm,
rm etOb ect nde orm, b tton _ s_o
date_ s O

tl et al e s_on_o _btn, 1

handled tr e
brea

/* control b tton ressed and released */
case ctl elect vent
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switch event- data.ctl elect.control

/* switch devices */
case b tton _ee_
rm oto orm orm
brea

/* t rn on */
case b tton _ s_on
i s_on

s_on tr e
date_ s O

brea

/* t rn o */
case b tton _ s_o
i s_on

s_on alse
date_ s O

brea

/* increase */
case b tton _ s_inc
i s_on
i s_rail 1
date_ s
brea

/* decrease */
case b tton _ s_dec
i s_on
i s_rail 0O
date_ s
brea

// end switch event- data.ctl elect.control
handled tr e
brea

/* hardware b tton ressed and released */
case ey own vent
switch event- data. ey own.chr

/* scroll */
case a eU hr
i s_on
i s_rail 1
date_ s
brea
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/* scroll down */
case a e own hr

i s_on
i s_rail O
date_ s
brea

// end switch even- data. ey own.chr
handled tr e
brea

/* men events */
case men vent
i event- data.men .item men item s_abo t

rmAlert alert _abo t
else

rm el strin s_hel

handled tr e
brea

// end switch event- e y e
ret rn handled

[x*kxx U 0 static void date_ s ty e_ nction nc
PURPO U dates the Power ly val es, dis lay, and eelab hardware.
PU nc - the desired nctional chan e on, o , increase,
decrease
A send - sends a strin to the serial ort.
rm stomAlert - dis lays c stom alerts to the screen.
int he - converts an inte er into a two-di ic A he

n mber and inserts the res 1t into a strin
1ld et e tPtr - sets a ield’s te t ointin to a strin .
1d raw ield - draw the te t o a ield to the screen.

0U PU one.
R A aaaa - eelab device select strin
aaaa ’s com lement device n mber in he
e . 1 0
Paa - Power ly control strin
aa 0 variable volta e 1

0O or ied ive o , or
18 or ied ive on
sk ook sk e ok ok ok ook ok o ok sk ok o ok ok ok o ok sk ok ok ook sk ok 3 ok Kok ok ok sk ok ok ok ok ok k ok sk sk ok ok sk sk sk ok ok ok 3 3 ok ok ok s ok ok sk ok ok ok ok o ok ok ok ok ok ok /

static void date_ s ty e_ nction nc
int hi_nybble, lo_nybble

char orm_strin 4 U
char o _strin 6 vg ,Uu ,0 ,U0 ,U0 ,0



/* select Power ly =/

o _strin 0 > ?
o _strin 1
o _strin ’ 0
o _strin 3
o _strin 4 ’ ?
o _strin 5 ’ n’
i send o _strin
rm stomAlert alert _serial_error, eelab.c nction send
Alert develo er o error. , U , U

/* date ot t val e */
switch nc

/¥ sot t rail volta e * ste s er volt conversion
ro nd- i ed ive volt bit */
case 0
s_o s_rail * 1 .0/1 .0 0.5 18
brea
case 0
s_o 0
brea
case
s_rail s_rail 1
s_o s_rail * 1 .0/1 .0 0.5 18
brea
case
s_rail s_rail - 1
s_o s_rail * 1 .0/1 .0 0.5 18
brea

// end switch nc

/* create o t t ascii strin */

o _strin O ’p?

int he int s_o, o _strin , 1
o _strin 3 > n’

o _strin 4 U

/* date hardware */

i send o _strin
rm stomAlert alert _serial_error,
eelab.c nction send ailed.
Alert develo er o error. , U , U

/*  date dis lay */
i int s_o 18

orm_strin O ’0?
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orm_strin 1 U

else i s_rail 9

orm_strin 1 ’1°
orm_strin s_rail 10 48 // add 48 to convert to ascii
else
orm_strin 1 s_rail 48 // add 48 to convert to ascii
orm_strin U
i int s_o 18 orm_strin O ’ ?

1ld et e tPtr s_ os_ 1ld, orm_strin

1d raw ield s_ os_ 1ld

i int s_o 18 orm_strin 0 ’-?
1ld et e tPtr s_ne _ 1ld, orm_strin

1d raw ield s_ne _ 1d

i s_on
orm_strin O )
orm_strin 1 ’5?
orm_strin U

1d et e tPtr s_5_ 1d, orm_strin
1d raw ield s_5_ 1d
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A.6 eelab_fg.c

/**********************************************************************

eelab_ .c

o yri ht Andrew 0’Malley, 01.01.19 - 01.04.30
961 504 685
Ryerson Polytechnic University
aomalley@ee.ryerson.ca

Palm O U or the eelab, nction enerator s eci ic nctions.
Re erenced nctions are rototy ed or se by c stom nctions herein.

stom nctions written or handlin nction enerator orm events,
and datin the nction enerator attrib tes val es, dis lay, and
hardware

his ro ram is ree so tware yo can redistrib te it and/or modi y
it nder the terms o the U -eneral P blic icense as Dblished by
the ree o tware o ndation either version o the icense, or

at yo r o tion any later version.

his ro ram is distrib ted in the ho e that it will be se 1,
bt 0u A ARRA witho t even the im lied warranty o
MR A A or OR A PAR U AR PURPO . ee the

U eneral P blic icense or more details.

o sho 1d have received a co y o the U eneral P blic icense
alon with this ro ram i not, write to the ree o tware

o ndation, nc., 59 em le Place, ite 330, oston, MA 0 111-130
U A

**********************************************************************/

/**xxx PRO 0 P R R U 0 kkxx/
static oolean send char *o _strin
static void int he int n m, char *strin , int inde

/***%x PRO 0 P U OM U 0 xkkx/
static oolean orm andler_ ventPtr event
static void date_ ty e_ arameter aram
[xxkx U 0 static oolean orm andler_ ventPtr event
PURPO andles all nction enerator orm events b ttons,
scroll bars, men selections, scroll eys dates the
nction enerator val es.
PU event - the event assed rom the event loo
A rm etActive orm - ret rns the c rrenly active orm.

rm etOb ectPtr - ret rns a ointer to a orm ob ect.

cl et croll ar - set a scroll bar’s ran e, val e, and a e
si e redraw i visible.

rm raw orm - draws the active orm to the screen.
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tl et al e - sets a orm control’s val e.
cl et croll ar - retrieve a scroll bar’s ran e, val e,
and a e si e.

date_ - dates the nction enerator.
rm oto orm - closes ¢ rrent orm and load new orm.
rmAlert - dis lays an alert messa e to the screen.
rm el - dis lays a hel strin to the screen.

0U PU handled - a oolean s ccess 1la

sk sk 3k ok e K e sk e ok ok ek ok e sk e sk e ok 3 o ok e ok sk s ok ok e ok s ok ek ok s e sk o sk e sk sk o sk e ok ak s ok 3k ok sk ok ek ok ok ke ok /

static oolean orm andler_ ventPtr event

static ormPtr orm
oolean handled alse

ontrolPtr ee_ _btn

ontrolPtr _wave_btn

static ontrolPtr _ re _btn

static ontrolPtr _am _btn

static ontrolPtr _o st_btn

static croll arPtr _ re _crs_scl
static croll arPtr _ re _ ine_scl
static croll arPtr _am _scl
static croll arPtr _o st_scl

static hort re _crs_ma 1000
static hort re _crs_min O
static hort re _ ine_ma 99
static hort re _ ine_min O
static hort re _res 1

static hort am _ma 10

static hort am _min O

static hort am _res 1

static hort o st_ma 10
static hort o st_min O

static hort o st_res 1

static ty e_ arameter oc s R

switch event- e y e
/* when the nction enerator orm is irst o ened */
case rm0 en vent

orm rm etActive orm

/* et ointers to te t ields x*/

_re _ 1d rm etOb ectPtr orm, rm etOb ect nde orm, ield _re
_am _ 1d rm etOb ectPtr orm, rm etOb ect nde orm, ield _ _am
_o st_ 1d rm etOb ectPtr orm, rm etOb ect nde orm, ield _ _o st
s_deb 1_ 1d rm etOb ectPtr orm, rm etOb ect nde orm, ield _ s_deb
/* et ointers to scrollbars */
_ re _crs_scl rm etOb ectPtr orm,
rm etOb ect nde orm, scroll _ _ re _crs
_ re _ ine_scl rm etOb ectPtr orm,
rm etOb ect nde orm, scroll _ _ re _ ine
_am _scl rm etOb ectPtr orm, rm etOb ect nde orm, scroll _am
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_ Te
am
-0 s

t

t

_o st_scl rm etOb ectPtr orm, rm etOb ect nde orm, scroll
/* et ointers to b ttons */
_ re _btn rm etOb ectPtr orm, rm etOb ect nde orm, b tton
_am _btn rm et0b ectPtr orm, rm etOb ect nde orm, b tton
_o st_btn rm etOb ectPtr orm, rm etOb ect nde orm, b tton _
/* set scrollbars */
cl et croll ar _re _crs_scl, re _crs_ma - _ re /100,
re _crs_min, re _crs_ma , re _res
cl et croll ar _re _ ine_scl, re _ ine_ma - _ 100,
re _ ine_min, re _ ine_ma , re _res
cl et croll ar _am _scl, am _-ma - _am , am _min, am _ma , am _res
cl et croll ar _o st_scl, o st_ma - _o st-5, o st_min, o st_ma , o st_res
rm raw orm orm // draw the nction enerator orm to the screen

/* set eelab device to nction enerator */
ee _btn rm etOb ectPtr rm etOb ect nde

- orm,
_btn, 1

tl et al e ee_

oc s x/
oc s

/* set
switch

case R
tl et
brea

al e _re _btn, 1

case AMP
tl et
brea

al e _am _btn, 1

case 0
tl et
brea

al e _o st_btn, 1

/* set wave selection */

switch _wave
case
_wave_btn rm etOb ectPtr orm, rm etOb ect
brea
case R
_wave_btn rm etOb ectPtr orm, rm etOb ect
brea
case R
_wave_btn rm etOb ectPtr orm, rm etOb ect
brea
case RAMP
_wave_btn rm etOb ectPtr orm, rm etOb ect
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brea

tl et al e _wave_btn, 1

/* date arameters */

date_ A
date_ R
date_ AMP
date_ 0

handled tr e
brea

/* control b tton ressed and released */
case ctl elect vent
switch event- data.ctl elect.control

/* switch devices */
case b tton _ee_ s
rm oto orm orm s

brea

/* switch arameter oc s */

case b tton _ _ re
oc s R
brea
case b tton _ _am
oc s AMP
brea
case b tton _ _o st
oc s 0
brea

/* select wave ty e */
case b tton _ _sine
_wave
date_ A
brea

case b tton s r
_wave R
date_ A

brea

case b tton tri

="l

_wave
date_ A
brea

case b tton ram

_wave RAMP
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date_ A
brea

handled tr e
brea

/* scrollbars events */
case scl it vent
switch event- data.ctl elect.control

case scroll _ _ re _crs

/* set oc s */

tl et al e _re _btn, 1
tl et al e _am _btn, O
tl et al e _o st_btn, O

oc s R
cl et croll ar _ re _crs_scl, _ re _crs,
re _crs_min, re _crs_ma , re _res
_ Tre _crs re _crs_ma - _re _crs // com lement scroll in o

/* add ine re ency ad st as necessary x/

i _re _crs 1000 _re lon _ re _crs *100
else _re lon _ re _crs *100 _ re _ ine
date_ R
brea
case scroll _ re ine

/* set oc s */

tl et al e _re _btn, 1
tl et al e _am _btn, 0
tl et al e _o st_btn, O

oc s R
cl et croll ar _ re _ ine_scl, _ re _ ine,
re _ ine_min, re _ ine_ma , re _res
_ re _ ine re _ ine_ma - _re _ ine // com lement scroll in o
/* incor orate ine re ency ad st only i _re 100000 */
i _ re _crs 1000
_re lon _re _crs *100 _ re _ ine
date_ R
brea
case scroll am
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/* set oc s */

tl et al e _re _btn, O
tl et al e _am _btn, 1
tl et al e _o st_btn, O

oc s AMP
cl et croll ar _am _scl, _am , am _min, am _ma , am _res
_am am _-ma - _am // com lement scroll in o
date_ AMP
brea
case scroll _ _o st

/* set oc s */

tl et al e _re _btn, O
tl et al e _am _btn, O
tl et al e _o st_btn, 1
oc s 0

cl et croll ar _o st_scl, _o st, o st_min, o st_ma , o st_res

/* com lement scroll in o
s btract 5 to chan e limits rom ’0 to 10’ to ’-5 to 5’ */

_o st o st_ma - _ost -5
date_ 0
brea

// end switch event- data.ctl elect.control

handled tr e
brea

/* hardware b tton ressed and released */
case ey own vent
switch oc s

case R
switch event- data. ey own.chr

/* scroll */
case a eU hr
i re R _MA

/* coarsely ad st re ency */
re _crs

/* add ine re ency ad st as necessary */
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i re _crs 1000 re lon re _crs *x100

else _re lon _ re _crs *100 _ re ine

/* date re ency scrollbar */
cl et croll ar _re _crs_scl, re _crs_ma - _ re _cTs,
re _crs_min, re _crs_ma , re _res

date_ R
brea

/* scroll down */
case a e own hr
i _ re -100 0

/* coarsely ad st re ency */
re _crs--

/* add ine re ency ad st as necessary */
i re _crs 1000 _ re lon _ re _crs %100

else _re lon _ re _crs *100 _ re _ ine
/* date re ency scrollbar */
cl et croll ar _Tre _crs_scl, re _crs_ma - _ re _crTs,
re _crs_min, re _crs_ma , re _res
date_ R
brea

brea

case AMP
switch event- data. ey own.chr

/* scroll */
case a eU hr
i _am AMP_MA

/* ad st am 1it de */
am

/* date am 1it de and scrollbar */
cl et croll ar _am _scl, am _ma - _am , am _min, am _ma , am _res

date_ AMP

brea
/* scroll down */
case a e own hr

i _am 0

/* ad st am 1lit de */
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am --

/* date am 1it de and scrollbar */
cl et croll ar _am _scl, am _ma -

date_ AMP
brea

brea

case 0
switch event- data. ey own.chr

case a eU hr
i _o st 5

/* ad st o set *x/

_o st

/* date am 1lit de and scrollbar */
cl et croll ar

_o st_scl, o st_ma -

_am , am _min, am _ma , am _res

_o st-b,

o st_min, o st_ma , o st_res

date_ 0
brea

case a e own hr
i _o st -5

/* ad st o set */

_o st--

/* date am 1it de and scrollbar */
cl et croll ar

_o st_scl, o st_ma -

_o st-b,

o st_min, o st_ma , o st_res

date_ 0
brea
brea

// end switch oc s
handled tr e
brea

/* men events */
case men vent
i event- data.men

.item men item

rmAlert alert _abo t
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else

rm el strin hel

handled tr e
brea

// end switch event- e y e
ret rn handled

[**kxx U 0 static void date_ arameter aram
PURPO dates the nction enerator dis lay, and eelab hardware.
PU aram - the desired arameter to date wave, re ency, am lit de,
dc o set
A rm etActive orm - ret rns the c rrenly active orm.

send - sends a strin to the serial ort.

rm stomAlert - dis lays c stom alerts to the screen.

1d et e tPtr - sets a ield’s te t ointin to a strin

1d raw ield - draw the te t o a ield to the screen.

int he - converts an inte er into a two-di ic A he n mber

and inserts the res 1t into a strin

rm nit orm - loads and initili es a orm.

rm etActive orm - activates orm, all ey and en in t is
directed the active orm.

rm raw orm - draws the active orm to the screen.

rm rase orm - erase a orm rom the dis lay.

rm elete orm - release memory occ ied by a orm and the

ob ects within.

rm etActive orm - activates orm, all ey and en in t is

directed the active orm.

0U PU othin
R A aaaa - eelab device select strin
aaaa ’s com lement device n mber in he
e . 0
aabbccddee hh - nction enerator control strin
aa 0 00 dc o set 0 byte_o st
bb 0 00 am lit de 0 byte_am
cc 0 00 wave ram address 0 byte_addr
ee wave data byte_wave
6543 10 - not sed
6543 wave n mber
6 M

1 write to le active low
0 select hi h , load 1low
hh 0 re ency 100000
byte_ re _msb, byte_ re _mid,
byte_ re _1sb
sk sk sk sk ks ks ko kK kK sk sk sk sk e s s s o o ko Kk ksl ke sk sk sk o o o o o o k koK ksl sk sk sk s s s s o ok ke ke ko ok sk sk sk sk sk sk sk sk s sk ke ok ke ok k /

static void date_ ty e_ arameter aram

int hi_nybble, lo_nybble
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char orm_strin 6 v, ouv, o , U0 , U , U
char o _strin 18

static short byte_o st

static short byte_am

static short byte_addr

static short byte_data

static short byte_wave

static short byte_ re _msb

static short byte_ re _mid

static short byte_ re _lsb

lon re

ormPtr rev_ orm rm etActive orm
ormPtr orm

int i

/* select nction enerator */
o _strin O ’ )
o _strin 1 ’ 0
o _strin ’ 0
o _strin
o _strin
o _strin
o _strin
i send o _strin
rm stomAlert alert _serial_error, eelab.c nction send
Alert develo er o error.

o O W

switch aram
case R

/* create o t t bytes */

re _re // er eelab s eci ications
byte_ re _msb re / 65536
byte_ re _mid re 65536 / 56
byte_ re _1lsb re 56

/*  date dis lay
add 48 to convert each decimal di it into ascii */

orm_strin O _re / 100000 48
orm_strin 1 _Tre 100000 / 10000 48
orm_strin _re 10000 / 1000 48
orm_strin 3 _re 1000 / 100 48
orm_strin 4 _re 100 / 10 48
orm_strin 5 _re 10 48

orm_strin 6 U

/* re lace leadin eros with s aces */

i orm_strin O ’0°
orm_strin O 72
i orm_strin 1 ’0?
orm_strin 1 [
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i orm_strin ’0?

orm_strin [
i orm_strin 3 ’0?

orm_strin 3 >
i orm_strin 4 ’0?

orm_strin 4 ’ 0

1d et e tPtr _re _ 1ld, orm_strin
1d raw ield _re _ 1d
brea
case AMP

/* create o t t byte */

byte_am _am * 55.0/10.0 // 0 to 10 0 to 55
byte_am 55 - byte_am // com lement byte er eel

/* date dis lay */

i _am 9
orm_strin O ’1?
orm_strin 1 _am 10 48
orm_strin U

else
orm_strin O _am 48
orm_strin 1 U

1d et e tPtr _am _ 1d, orm_strin

1d raw ield _am _ 1d
brea
case O
/* create o t t byte */
byte_o st _ost 5 * 55.0/10.0

byte_o st 55 - byte_o st

/* date dis lay */
i _ost O

orm_strin O 70
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orm_strin 1 o st 10 48
orm_strin U

else i _o st 0

orm_strin O =)

orm_strin 1 abs _o st 10 48
orm_strin U
else
orm_strin O 0
orm_strin 1 U

1d et e tPtr _o st_ 1ld, orm_strin // oint the
1d raw ield _o st_ 1d // draw the strin in the

brea
case A

/* create o t t strin */

o _strin O P’

int he byte_o st, o _strin , 1

int he byte_am , o _strin , 3

int he byte_ re _msb, o _strin , 11
int he byte_ re _mid, o _strin , 13

int he byte_ re _1lsb, o _strin , 15

o _strin 1 >’ n’
o _strin 18 U
i wave_load _wave

/* dis lay wait messa e x/
orm rm nit orm orm _wait
rm etActive orm orm
rm raw orm orm

or i 0 i 1 i
switch _wave
case R

/* set addr, data, and wave bits */
byte_addr i

orm
ield

i i 64 byte_data 0 // s are wave al orithm

else byte_data 55

byte_wave 6 // 00000110 load wave 1

/* date ot t strin x*/

int he byte_addr, o _strin , 5
int he byte_data, o _strin ,
int he byte_wave, o _strin , 9
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/* send and to le data */

send o _strin // set wave data

byte_wave 4 // 00000100 to 1le wave 1
int he byte_wave, o _strin , 9

send o _strin // to 1le wave data
byte_wave 6 // 00000110 load wave 1

int he byte_wave, o _strin , 9
send o _strin

/* bac to wave select mode a ter last load */
i i 1

byte_wave // 00000111  select wave 1
int he byte_wave, o _strin , 9
send o _strin

brea

case R
/* set addr, data, and wave bits */
byte_addr i
i i 64 byte_data 4*i // trian le wave al orithm
else i i 64 byte_data 4x 1 8-i
else byte_data 55
byte_wave 10 // 00001010 load wave

/* date o t t strin */

int he byte_addr, o _strin , 5
int he byte_data, o _strin ,
int he byte_wave, o _strin , 9

/* send and to 1le data */

send o _strin // set wave data
byte_wave 8 // 00001000 to 1le wave
int he byte_wave, o _strin , 9

send o _strin // to 1le wave data
byte_wave 10 // 00001010 load wave

int he byte_wave, o _strin , 9
send o _strin

/* bac to wave select mode a ter last load */
i i 1

byte_wave 11 // 00001011  select wave
int he byte_wave, o _strin , 9
send o _strin

brea
case RAMP
/* set addr, data, and wave bits */

byte_addr i
byte_data *i // ram wave al orithm
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byte_wave 14 // 00001110 load wave 3

/* date ot t strin x/

int he byte_addr, o _strin , 5
int he byte_data, o _strin ,
int he byte_wave, o _strin , 9

/* send and to le data */

send o _strin // set wave data

byte_wave 1 // 00001100 to 1le wave 3
int he byte_wave, o _strin , 9

send o _strin // to 1le wave data
byte_wave 14 // 00001110 load wave 3

int he byte_wave, o _strin , 9
send o _strin

/* bac to wave select mode a ter last load */
i i 1

byte_wave 15 // 00001111  select wave 3
int he byte_wave, o _strin , 9
send o _strin

brea

// end switch _wave
// end or 0-1

/* remember wave sha e as bein loaded */
wave_load _wave 1

/* restore orm */

rm rase orm orm

rm elete orm orm

rm etActive orm rev_ orm

else

/* set wave byte, data and address bytes i nored a ter wave is loaded */
switch _wave

case R

byte_wave // 000001111  select wave 1
brea

case R
byte_wave 11 // 00001011 select wave
brea

case RAMP
byte_wave 15 // 00001111 select wave 3

brea

// end switch _wave
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brea

int he byte_addr, o _strin , 5
int he byte_data, o _strin ,
int he byte_wave, o _strin , 9

/*

date hardware */

send o _strin

// end switch aram

aram

A

/* create o t t strin */

o _strin O p?

int he byte_o st, o _strin , 1

int he byte_am , o _strin , 3

int he byte_addr, o _strin , 5

int he byte_data, o _strin ,

int he byte_wave, o _strin , 9

int he byte_ re _msb, o _strin , 11
int he byte_ re _mid, o _strin , 13
int he byte_ re _1lsb, o _strin , 15
o _strin 1 ’ n’

o _strin 18 U

/* date hardware */

send

o _strin
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A.7T Ma efile

all eelab. rc

eelab. rc code0001.eelab. rc t rm03e8.bin
b ild- rc eelab. rc eelab ee x, rc *.bin
1ls -1 *. rc

t rm03e8.bin eelab.rc eelab.h
ilrc eelab.rc

code0001.eelab. rc eelab.c eelab_ s.c eelab_ .c eelab.h
m68 - almos-co - cc -01 -c eelab.c -o eelab.o
m68 - almos-co - cc -01 eelab.o -o eelab

m68 - almos-co -ob -res eelab
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ndix

C ec

-~ 1= ——= 1—= RCD
XMIT ~— 2 = 2—= XMIT
RCV «31 3—= RCV
-~ 4= —— 4— DTR
GND =— 5= —= 5— GND
- 6= \—>6—> DSR
- 7 - P —
To eelab (Male DB9) To Palm (Male DB9)



