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Get Started with the Propeller Board of Education

If you just got your Propeller Board of Education and you are new to Spin programming, this is
the place to start!

Beginner-friendly objects are provided for every activity — just download the code and go!
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Lesson 1: Install the Software

This section will guide you through installing and configuring the Propeller Tool software.

Download the Software

v You will need a computer with Windows 2K or newer and Internet Explorer 7 or newer.
v Download the latest version of the software. (from Parallax.com)

Install the Propeller Tool

v Run the installer you just downloaded, and accept all default settings.

Important! On the Install Optional Driver step, make sure to leave the checkbox checked for the
"Automatically install/update driver" feature.

{15 The Propeller Tool ¥1.2.7 (R2) - Tnstaller 3 kS|
Propefler Tool wL.2.7 (RZ) Inestallation
a Completed
Follow the prompts. ;
Accept all default settings. a g TP o VAGE T ) i e oty ot ol
Al
. 5
o eber-Tonbvl 2. 7R, moe From weew parsla com @
(IEITL]] : te: -3
Downlosded:  154M0n 48 3 £y PROPELLER
Downloadbo:  CE\Doc.. \Setug Preopeler-Tosl-vE. 2.74R2 e — T
iy ]
: 871
Ao | OpenFokir | [ Be ] " 0 L&)~
L T [y, tically et or updats e deiver For Paralas LISE-bersed prochcts
ik the Propelier Do Bosrd and Prop CipPleg, This driver & reguired to communicate

with thess

Run the Software

v When you double-click the Propeller Tool software link that the installer placed on your
desktop for the first time, it will ask you about file associations. Click Yes.
v Double-click the Parallax Serial Terminal icon to open it too.
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Connect the Hardware

v Connect your Propeller BOE to your PC’s USB port.
v Wait while Windows sets up the USB driver.

v Set the 3-position switch to Position-1 and check for a green light.
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3 — PWR switch to position 1.
Check for one green light below switch.

Configure the Software

v Click the Run menu and select Identify Hardware to find out what COM port your
Propeller BOE is connected to.
v Set your Parallax Serial Terminal with your Propeller BOE’'s COM port.
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Lesson 2: LED Light Control

The Propeller microcontroller has 32 input/output pins. It can be programmed to set these I/O
pins to certain output voltages and to monitor for certain input voltages. In this lesson, we'll
connect some of these I/O pins to light emitting diodes (LEDs) that are built into the Propeller
Board of Education. Then, we'll use Spin programs to control the Propeller I/O pin voltages, and
so make the LEDs blink on and off.

v Open the LED Light control subfolder (remember to always open programs from within

an unzipped folder).
v Follow the sections below to continue with the lesson.

Blink a Light

The Propeller microcontroller has 32 input/output pins, abbreviated "I/O" pins. The Propeller
chip can be programmed to set these I/O pins to certain output voltages and monitor for certain
input voltages. (Voltage is abbreviated V.) In this first activity, we’ll connect a light emitting diode
circuit (abbreviated LED) to an I/O pin, and then write a program that makes the Propeller chip
alternately supply 3.3 V and 0 V to the I/O pin. The result will be that the light in the LED circuit
will alternately turn on and off.

Build a Test Circuit

It takes one wire to connect a Propeller 1/0 pin to one of the PropBOE'’s built-in LED circuits.
e Take a jumper wire and plug one end into the socket labeled P9, and plug the other end
into the socket labeled H.

1 .
[~ -.__<:IP3 ; T
“|LED '\ -
VGAH \ f : i r.“
‘4D . : . ; PRAE2A-OS
GND

-
-
-

[ERNRNRNNNE]

T - BRinanniinn

The blue fiberglass
printed circuit board
has a built-in
connection between
the P9 socket and
the Propeller
microcontroller’s P9
I1/0 pin.

The figure shows how the components in the circuit schematic relate to the PropBOE. The LED
is the tiny component just to the left of the H label, and to the left of the LED is a resistor with a
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value of 240 Q. The ohm is a measure of how strongly the device resists current, and it's
abbreviated with the Greek letter omega Q.

Before writing and modifying programs, let’s try a simple test program and make sure the light
blinks.
v Open the folder “PropBOE_Spin_Leds_20120130".

Open and Run First Example Program

v Find and double-click 1 Blink Light.spin. It should automatically open into your Propeller
Tool software.

8 07 _Blink_Light _Esamples =|0f x|
_ i
- - T | sewd | roites | [T Double Click ™1 Blink
o W e to open it with the
cxd l (2] Propeller Tool software.
Z Bk Light Fasher.spin 3 Elink Defferent
Light 50
Jt=TF
Fie Edt Pun Help
.Tg I 1 Bk Light. |
L @ FulGoues  © Conderstd Spwmay C Documentsson )
0.l e
# Light Désplay spin
x pin = "Input Output Ping”
Fyper Propeter Somn € ol | ﬂ tine ! "Tining"
E— [T -
) 02 Blk_Light_Evamples — |PUB B 1ink
-_‘.I-Fmim =
4 L3
repeat
1 Bl Light. sin pin.High(3)
2 Bl Light Faiter s time .Pause (728)
1B Ddlh:ftler! ey o in.Low (3]
;LJ'“'E&L“‘”P“""W tine.Pause (220) B
Tivang, spin
[Propeter Soucs i+ spin) =] 1l LI“J
B =T —= .

v Click Run, then point at Compile Current.

v In the Compile Current submenu, click Load EEPROM. (F11 is the shortcut for loading
your program into EEPROM.)

v Check your board for a yellow blinking light.
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How the Blinking Light Program Works

Spin Objects

Files that contain Spin language are called objects. Our example program is in a file named “1
Blink Light.spin”. This object uses code in two other objects, one named “Input Output Pins.spin”
and another named “Timing.spin”. These are called user library objects, and they contain blocks
of code called methods that your program can use, almost like Spin commands. It’s kind of like
having files that give the Spin language custom "commands" to get any type of job done.
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repeat
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pin. Low(3)
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IMPORTANT: Your library objects have to either be in the same folder with your program-object,
or in the Propeller Library Folder (typically C:\Program Files\Parallax Inc\Propeller Tool
v1.3\Library).

Library objects have built-in documentation that shows you how to use their methods like
commands in your program. Let’s take a look at the documentation in the Input Output Pins
object.

v Click the Input Output Pins object in the Propeller Tool’s top-left Object View
windowpane. The file will automatically open in another tab. (If the panes on the left are
not visible, click File and select Show Explorer.)

v Click the Documentation radio button to view the object’s documentation.

v Scroll down and check out the list of methods the object has — they all begin with "pUB."
This list will be under the heading Object “Input Output Pins” Interface. Note that it has
High and Low methods. (Your program used these.)

v Scroll down further, and you’ll find the High and Low method documentation, which
explains how to use it in your code.

v Repeat this process with the Timing object. Open it and look up the Pause method.
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TIP: You can click, hold and drag a tab off the editor so that you can view it in a separate

window while you write your code.

Inside the Code

Your program has to tell the Propeller Tool what objects it's going to use. All it takes is a block
of code labeled 0OBJ. Inside this block, give each object a nickname, followed by a colon, and
then the actual filename in quotes. Then, in your program, you will use the object by its

nickname.
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bject Block

0BJ
pin = Input Output Pins'
time = Timing'
L J L - _J
Y ~
Object Object
Micknames Filenames

In your code, you can use an object's method like a command by using its nickname, then a dot,
then the method name. This is a kind of "method call" and will be referred to as such. In this
example, the nickname for the Input Output Pins object is "pin." So, to call its Hi gh method
and pass its pin parameter the value 9, you would use pin.High (9).

PUB Blink

FrepealesecccsscssnsssnssssRepeats code that's below and indented.
pin _High (EI} sssssssssee Turn on LED circuit connected to P9,

tine.Pause (200@) »++ ¢+« « Wait for 0.2 seconds.
pin.Low () =esessessses Turn off LED circuit.

tine.Pause (20@) =« =+« « » Wait another 0.2 seconds,

L  J

i
These "method calls™ are below the
repeat command and indented further
than it is. 8o they so they get
executed over and over again.

This code example also has a Spin language command: repeat. The repeat command can
make the Propeller chip execute one or more lines of code containing commands, expressions
and/or method calls over and over again. You have to put the lines of code directly below the
repeat command, and indented further than it is. The next line of code that’s at the same level
of indentation as the repeat command will not be part of the loop.

The repeat command has lots of variations for controlling the number of times the loop is
repeating, keeping track of an index value, and conditions for repeating. We’'ll try them all out
later. For now, let’s focus on experimenting with parameters in calls to the Timing object’s
Pause method.
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Blink the Light Faster

Before making any changes to your code, it's best to save your program with a new name.
v Click File and select Save As...
v Type “2a Blink Light Faster” into the Filename field and click Save.

-
| Fle £ Run Help
B crkh Lkt |
Q.. arko L P P -
Open From... o R et i i Eormaia ‘_ﬂ
T w1 * Input Dutput Pins”
o ke | PR "Timing”
Closs Ak
Close 41 o Nink veas 21 x|
. sdectTopObjectFle..  COMT Bt Saveins [ L3 02_Bink_Light_Examples: = =B ek EE-
2 m... =1 ;m.High':B:I Fil 1 Bl Light spin
— ine. Pause (282) b2 ol Light Faster. sgin
bkt it in.Low(3) il 3 Bk, Differant Light, spin
Brick Previenr... ine.Pause (20¢) bl 4 Light Dissay.spin
Prirk CirE i Input Sutput Pine. spn
1 1 Bk Lighe.spin | [adTng.ph
= — .
My Docusments
T
"
My Compitsr
.
(T Fie rome: [ Bk Ligh Fastes so] 2 O
Sovesrips [Propeler Source [apn] =l Cancel L

The Timing object's Pause method has a duration parameter — a value that says how long to
pause for. All you have to do to make the light blink faster is pass a smaller value to this
duration parameter. Let’s try 100.
v Change the parameter value you're passing to the Timing object’s Pause method from
200 to 100 in both method calls, as shown in the picture.
v Run the modified program, and then Press the F11 key (a shortcut to Run -> Compile).
v Verify that the light blinks twice as fast.
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Change from 200 to 100

PUB Blink
repeat
pin.High(3)
time.Pause (200)
pin.Low(3)
time.Pause (200)

Change from 200 to 100

v Save your work, then save your file under another name. To make it easier to find later,
start the filename with 2b.

v Try passing the Timing object’'s Pause method different duration values. How fast can
you make the light blink? What happens if you use different values for each method call?

Individual vs Group I/O Operations

The Input Output Pins.spin object can also control multiple 1/0 pins and groups of 1/0 pins.

Modify the Circuit

e Add seven more jumper wires to build the circuit shown here:

P15

VGA-RD
P14
VIGA-R1
P13
240 l:,r LED
VGA-GO
P12
- -
VGA-G1
LA o
ANM—K —P1i 11
240 4y (ED 11
VGA-B0 —
AN—K e 1
240 47 1ED =
VGA-B1 ([ []
—AAA—FK—J P e
20 4 \ep —
VGEAH
'—’V\/\/—H—G P8
240 47 LED
1 VGA-V
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Control a Different Light

The example program “3 Blink Different Light.spin” makes the blue light next to the B1 label
blink.

v Open 3 Blink Different Light.spin.

v Load the program into the Propeller chip with F11.

v Verify that the blue light next to the B1 label blinks.

How to Select a Light

Just as the Timing object's Pause method expects a number of ms to pause, the Input Output
Pins object's High and Low methods expect an I/O pin number. This number determines
which 1/O pin sends a high (3.3 V) signal to turn the light on, or a low (0 V) signal to turn it off.
This example program passes the value 10 to pin.High and pin.Low. The previous example
program used the value 9. So, instead of sending high and low signals to P9, this program
sends them to P10. You used a jumper wire to connect P10 to the B1 socket next to the blue
LED circuit.

v/ Save your program under a different name, that starts with 3a.

v Try different values (from 8 to 15) in the pin.High and pin.Low method calls.

Changed from 2 to 10,

PUB Blink

repeat
pin.High (10)
time.Pause (100)
pin.Low(10)

time. Pausﬁlﬂ[&)

Change from 9 to 10,

Group I/O Operations

The Input Output Pins object also has methods for controlling, monitoring, and configuring
continuous groups of I/O pins. For example, it has both a Hi gh method, and a Highs method.
Likewise, there are also Low and Lows methods. The fact that it’s plural (ends in s) is your clue
that you can use it to set a group of I/O pins high/low. One of Input Output Pins' more useful
methods for group I/O control is Outs. The Outs method allows you to use a binary value (a
number comprised of only ones and zeros) to control the high/low state of each I/O pinin a
group. Let’s try it.

v Examine the Input Output Pins object in Documentation view again.
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v This time, look up the Outs method.

v Next, open “4 Light Display.spin” with the Propeller Tool software.

v Load the program into the Propeller chip with F11, and verify that it makes the lights
blink in an alternate on/off pattern.

How the Spin Code Works

The Input Output Pins object’'s Outs method expects three numbers: the first pin number in the
group of I/0 pins, the last pin number, and a binary number that describes the high-low pattern.
In Spin, you indicate a binary number with a percent sign in front, like this: $01010101. Here’s
what that does to the high/low states of the group of I/O pins starting with P15 and ending with
P8.

PUB Blink

repeat
pin.Outs (15,6, %10101010)
time.Pause (400)
pin.0Outs (15, g é@l@l@lﬂl)

time. F'ause (4@55) e
: %% “Veshigh
First (leftmost) - *s * PO low
binary digit sets : “% P10 higr
state of P15 . '_-'p14 high
. P15 low

Last (rightmost)
binary digit sets
state of P8

Your Turn — A Different Pattern

Let’s try turning 4 lights that are next to each other on, while the other four are off. Your binary
values would have to be $11110000 and $00001111.
v Tryit!
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Lesson 3: Spin Programming

This next set of activities will show you how to write programs that perform simple, common
programming tasks. Examples include displaying messages and values, counting, calculations,
decision making, and using objects instead of writing lots of code from scratch.

All example programs will display results with the Parallax Serial Terminal software that comes
bundled with the Propeller Tool.

=10l
1| _'j
Hello! ZI

om o

Ciom Port BoudHate: @ T [T DTR ™ ATS
EEIZIHI'-' "'I I1‘-5_'-‘II "'i & FL & D5R @ CT5 o

Prel. | l:lear| Pu-_-h:muuq

v Follow the sections below.

Hello from your Propeller

Let's start with a few simple example programs that make your Propeller Board of Education's
microcontroller send some simple messages to your PC. On the PC side, we'll use the Parallax
Serial Terminal software that accompanies the Propeller Tool to receive and display those
messages.

Open and Run First Example

v Open the PropBOE_Spin_Intro_20120130 folder.
v Find and double-click 1 Hello Propeller.spin. It should automatically open into your
Propeller Tool software.
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v If you closed your Parallax Serial Terminal, you may need to re open it and set the Com
Port again. See the Run the Software and Configure the Software sections in Lesson 1.

v Click Run, then point at Compile Current, and then click Load EEPROM. (F11 is the
shortcut for loading your program into EEPROM.)

v As soon as you see the Programming EEPROM" message, click the Enable button on
the Parallax Serial Terminal's bottom right corner.
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[Camede B cusrent e and run from EE PROM . |

TIP: As soon as you see the Hello! ﬂ
“Programming EEPROM™
message, click the Parallax

Serial Terminal’s Enable L] 0
button. ComPot_ Badfse @ T [ DTR [ ATS
comi7 =] [115200 =] o s @ 05R @ E1s T
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More About Library Objects

The "Hello!" example uses a new pair of library objects, named "Propeller Board of Education”
and "Parallax Serial Terminal Plus."

e L Docunents and Sedtings’sbndsao Dk & .dﬂl.‘ﬂ

‘| Pie  Edt Vew Favorkss  Took o el i?
|

Do - (D - T | Pseweh | roses [

1 Hell Progesberspin 2 Courk bo Ten.spin 3 Displary Funuspin

Your Object.

# Propeller Tool - 1 Hello Propelier =l
Fin Edt Run Heb
2 1 Hello Propaller 1 Hovka Fropeder )
2 Propalles Board of Educaton = Fulfousce Condewed  Suwmay O Daocumertstion x| : i; I l;
L Paralle Serial Teminal plus DB =
system © Fropeller Board of Education” 5 Masks Dechions.spin. 6 Store arvd Retrisve
H I EigmeEEm]‘ pst t "Parallax Serisl Terminal Plus™ Ve 50

3 Deshrcp Al
0 01 Spn Langmage Code Exaples —! (PUB go
¥ Favoites -

] —IL[J system.Clock (30900, 888) @ @
1 Hely Fropaler gm

2 Court to Ten.opin pst.5tr (String(Halla! "))
3 Desplay Fuan spn Farallax Serial Termrinal  Fropedar Boaed of
4 Soben Math Probiem ipin Phus.spin Echucation spin
5 Make [ eciions spn — * ——.-.-.
& Stoee s Fletmeve Visoes.spn Ay [ e cemege 7
7 More Disglay Fun spn - ; =
Patiace S ovial Tommruad plas opan o . -
Fropelar Board of Educshon: ipen - ™
= -
[Propeter Sousce - sprd 1 | — LI—I % e
12:3 | | et | Compded | Move curser in sse souce mbormation | & ". ,‘
-
Library
objects
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Code Block and Object and Method Review

Here is a second look at declaring objects and using their methods in your program. This
program declares the Propeller Board of Education object and gives it the nickname system.
Then, it calls the Propeller Board of Education's Clock method with
system.Clock (80 000 000). This program also gives the Parallax Serial Terminal Plus
object the nickname pst and then calls its Str method, which sends the "Hello" message to
your computer. Str is one of the many methods Parallax Serial Terminal Plus offers for
communication with your computer.

e Examine the the steps in the figure carefully; you will be using them to make your own

programs.
(2) gets a nickname (1) Each object
filename
OBJ block 0BJ /
Use It to list the Py, e .
objects you'll use in system ° Propeller Board of Education”
YOUr prograrm. pst 2 "Parallax Serial Terminal Plus"

commands go in 4 ystem.Clock (60 200 _008)

- (3) that you can
PUB block PUBfacl | |ise in your code,
Spin language

s
one or maore

PUE blocks pst.Str (String( Hello! "))
. /
The Parallax Serial ..has a "method™ named Str for
Plus Object sending strings of text to the

Farallax Serial Terminal.

Did you know?

You can use system.Clock to set the Propeller chip's clock to these frequencies: 80 MHz, 40
MHz, 20 MHz, 10 MHz, and 5 MHz. If you don't set the Propeller chip's system clock, it will
default to a 12 MHz internal clock that's not very accurate. It's great for some applications, but
not precise enough for serial communication.

The “Parallax Serial Terminal Plus” object uses another one of the Propeller chip’s eight core
processors (called cogs) to communicate with your PC. The pst.Str method call passed the
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"Hello!" message to the Parallax Serial Terminal object, and code in that object passed it to a
different cog that transmitted each character to your computer.

New Tip: View Object Documentation in another Window

It really helps to be able to look at an object's methods in a different window while you are
writing your code. Here's how to do that:
v Click Parallax Serial Terminal Plus in the upper-left Object View pane to open the
Parallax Serial Terminal Plus object in a new tab.
v Click the Documentation radio button to change to Documentation view.
v Click and hold the Parallax Serial Terminal Plus tab, and drag it off the editor to open it
into a new window.
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Object opens

Click to open

in new tab

# Propeller Tool - Parallax Se ol Terménal phes =100 =f
Fls Edt PFun Help
= 1 Hella Propeller I HeloPuopelsr  Poiales Shoal Towmnalphr | Click
= Fropelier Board §f Educaton = FulSowce Condensed Suwmay Documentalion x| g
s Parallax Sorial inal phis ——r 2 P T I T = Documentation
{{Parallax Serial Terninal Plus. spin d
A This phimes to code foe dionos imn iidak sba
H I i EP‘LWEEWL PPN o Fropelier Tool - Parallax Serial Terminal phus =8l x|
‘_‘ll:lembop. A |covmy Fie Bt Run Help
123 01 Spin Langsige Code Exaeles—! |Prope. [ )1 Hello Propeiier IHeloPropeler  Pasalas Sonl Teemralphsr |
Eif Bisol I'I'J' via tl 2 Propefier Binard of Education  FllSowce  ~ Cooged Sunmay (5 Documentaion X
— — 5 i Pamllax Sarial Termmal plus Parallax Serial binal Plus spin W H
2 Count o T copyr
H%ﬁmmw? : [W_-T—:I This obj 15 nade for direct use with the
4 5 obe Math Proble spin This .1'J pinLangaugs Lode Exanple: Bl | Para erial Terninal; a sinple serial
¥, Mk Diacisiore. spin high ‘[ Desktcp =] |cogeication progran available with the
& Sioee ard Flstrieve Values spin Garig | . = OUSEnLangaugs Code Example opeller Tool installer and also separately
T Mose Disglsy Fun spin on yol Wi Favosles via the Parallax website (wsw parallax.con).
Pasbies S onial Tl pls: 2pan one o 4]
Fropeder Board of Educshion ipn the P 1 Feke Propeter spm & See end of file for author, wersion,
copyright and terss of use
[Proceter Sounce = san i | L1 IS 'l

[EEE [ beet | Compled | Move curss

e ared Rlatrieon Vihuss 2o
Mose Displey Fur span

Pasalac Sonial Toemingl pha spen
Fropedar Bosed of Education ipn

& Sowrce Code
Pracailas Sesial Taamaneal phas ]

~ FulSowce 1 Condersed 7 Summary (% Documenbation

M™is object launches a cog for Z=umy,

hi%y speed comnunication with Parallas
Serigpl Terninal softwsre that you can run

on yo#r PC. It lsunches as soon a5 you call
one of ﬂﬁanethnds, with settings that match
the Paraldax Serial Terminal's defaulrs.

2

Parallax Serial Terminal Plus.spin

This object is wade for direct use with the
Parallax Serial Terminal: a sinple serlial
connunication progran avallable with the
Propeller Tool lnstaller and also separately
via the Parallax website (weu. parallax con) .

See end of file for author, wersion,
copyr-ight and terns of use.

This ebject launches a cog for Z-wmy,

high speed conmunication with Parallax
Serial Terminal software that you can run
on youwr PC. It launches as soon as you <all
one of its nethods, with settings that watch
the Parallax Serial Terminal s defaults.

You can also call the Start Method for

l—

-

Click, hold, and drag the
tab off of the main
window.

It will split off into a new
window.

Now, you can check the Parallax Serial Terminal Plus Object Interface and method
documentation in a separate window while you write your code. It's also a good idea to arrange
the windows so that you can view them both on your screen at the same time. This will make it a
lot easier to find methods, read about them, and add them to your code.
v Arrange the windows so that you can see both your example program and the Parallax
Serial Terminal Plus object (which is in Documentation view).
v Examine the list of methods in the Object “Parallax Serial Terminal Plus” Interface. Do
some of the names look familiar? Since Str is short for string and the method sends a
string, what do you think NewILine does? How about Dec?
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i Propeller Tood - 1 Helle Propelier — _qiﬂlﬂ

Fle Ed& Run Help

21 Hello Propeller 1 Hada Propeder |
= Fropelier Board of Education " FldSowce  Condensed Suwmay  ( Documentaion %)
= Parallmx Serinl Termnal plus [T} -

systew ¢ Propeller Board of Education
-] [0 Som Lavigavage Lode Exarpies | pst ¥ "Parallsx Serisl Ternimal Plus"

|3 Deakiop -

T — | ol
of Favoies - Pl Sesical Teomineal play ]

4] = systen.Clock (30 908 0P)  FulSowce ( Codensed ( Summay  © Documentsion X
;mﬁ;ﬂ pst. Str- (String (Hello! )) Object "Parallax Serial Terminal pluz” Interface: |

3 Diplay Funspm

4 Sobva Math Probsm spr

5 Make Dectiong spn

& Sioe ared Retneve Vet spr

PUB Start(baudreate) @ okay —
FUB StartRxTx(repin, txpin, mode, baudrate) @ ohay

FUE Stop

PUB Char (bytechr)

;::;Dé:‘:lrmmm FUE Chars(bytechr, count)
Fropeler Bosrd of Education spm FUB CharIn : bytechr
PUE  5tr (stringptr)
[Propelier Source [z} =] Ll | PUE  StrInlstringpte)
25 ihE i L A [ FUB  StrInMax(ztringptr, maxcount)

PUB Dec (value)

PUB DecIn ¢ value

PUB Bin(value,K diglts)
PUE Binln @ value

FUB  Hix (value, digits)
PUB HexIn @ value
Clear

E_laargnd |
¥

Answering the questions about the str, Newline, and Dec methods is easy, just scroll
down and read the documentation for each one. Each method is fully documented below the
Method Interface, which is just a list of their names.
v Scroll down and find the Str, NewLine, and Dec method documentation.
v Read them, and then let’s try using the NewLine method to display a string on a second
line. We'll also use the Dec method in the next activity.
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Scroll down to find 8tr method
Documentation.

Paselan Sesial Tenminal phas ]

=10l x|

gcroll down further to find Dec
method documentation.

=] .5
Pasoa S esial Tenminal phus j

 FulSowce Conderwed Summay % Documentsion %]  FullSouce Cowdermed Summay 5 Documentsion X[
2] S — 2]
FUB [Dec(value)
FUE Str(atringptr)
Send value as decinal characters.
Send zero terninated strlng. Paraneter !
Paraneter: value - byte, word, or long value to
stringptr — polnter to Zero terminated send as decimal characters.
string to send. o
Exanples:
|Exanples:
""Send string with String operator, 'Display 1B@ in Parallax Serial Terminal =
pst.Str (String ("Hello® ) pst.Dec [100)
'"Send string from DAT block 'Display variable value as decimal in
'...code onitted 'Parallax Serial Terminal.
PUB Go ‘. ..code onitted
pat, Str(Bnylat5tring) AR
AT long val
nyDat3tring byte “abcdefg”, @ PUB Go
: "o code omitted
lero terninator wal = 100
= pet. Dec (val) =

...dand even further to find

Newline method documentation
{not shown).

What's a "Zero Terminated String"?

The expression String ("Hello!") stores these characters in program memory, with a zero

at the end.

e Click the "1 Hello Propeller" tab in the Propeller Tool.
e Click Run -> Compile Current -> View Info... F8.

e The Object Info window that appears has a Show Hex button. It should resemble this

one. Find the Hello characters.
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Hello character

codes with a

zero at the en Hello characters

;

1 Hello Propelier
|2 Propeler Boaed of Education
|} Parsllax Senal Temnal plus

$0010 RAM Usage STFFF
Program : 426 Longs =)
Variable - 56Longs |

Stack | Free : 7.706 Longs |

Clock Mode : RCFAST
Clock Freq ; =12 MHz
XIN Fraq : <ignoreds

e |

Display a Value

We've already checked the Parallax Serial Terminal Plus object’'s NewLine and Dec methods,
so let’s try it out.
v/ Save your example program under a new name, like “1a Hello Propeller.spin”
v Double check the documentation for NewLine and Dec.
v Change the “Hello!” text to “The number is:”
v Add two new lines after the pst.str call:
pst.NewLine
pst.Dec (42)
v" Run the modified program
Tip: use the F11 key, and remember to click the Parallax Serial Terminal’s Enable button right

away.
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@ Propeller Tool - 1 Hello Propeller

Fls Edd Run Help

- 1 Hello Propeler
= Fropeiier Boasd of Education
o Paraliax Serial Taminal plus

|\ Spn Langauge Code Exanples |
() Do |
1C30 10 Sipin Langaugs Code Evamples. —I
o Favonies =
1] »
1 Helo Propeles spn
2 Court b Tonutpan
3 Dhsplsy Furospn
4 Sobon Wath Probism spn

5 Make Decmons spn

& Slose and Reinieve Values. jpin
T Maie Displiy Fun spay
Prassley Serial Tesminl phus spin

eyaten = "Propeller Board of Education’
pst i "Parallax Serial Terwinal Plus”

PUB go
susten.Clock (58 282 D@y
pst. S5tr [String{"'!i‘.-- riunber 1s:'))

pst.Heuwl ine *

pst.Dec (42)

Fropeler Bosrd of Edutation tgen
IF‘mpM Spewce [*apn)

: o

_* Parallax Serial Terminal - [Disabled. Clid

=10] x|
The number is: EI
42
4] i
ComPot  BmdRae o 7: [ 000 8
coust =] [nsem =] 4 e a o W £
Poir | 0= |

[18:7 [ Modéied | inoen [ Compied U6 00 - 42bwtes | i
Add: / : “ ;
; Modify the F11 to load Remember to click
pst.NewlLine ;
text string the the Enable button
pst.Dec(42) :
Program right away!

Count to Ten

Let’s try a program that counts to ten.
v Go back to the folder you unzipped and double-click “2 Count to Ten.spin” to open it.
v While in the Propeller tool, press F11 to load the program into the Propeller chip.
v Make sure to click the Parallax Serial Terminal’s Enable button right away.
v Remember, you don’t have to wait until the program is finished loading.
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Press F11 to Load the program into
the Propeller Chip

Remember to click the Enable
button, even while the
program is still downloading

i Propeller Tood - 2 Count bo Ten =] |

Fie Et Fun Hep
2CounitaTen |

 Flfoucs 1 Conderced " Symewy [ Documenision |
(OB -

_* Parallas Serial Terminal - [Disablied. Click Enalil

Al

LI+]

Education”
Terminal Plus"

"Propeller Board of
Parallax Serial

systen
pst

VAR

a8 ap

long i

|Pug: g0

systen.Clock (30 202 R0E)
repeat i from 1 to 10

pst.Dec (i)
pst.Newl ine

v B = = I o W I - SV S

{8

= COMSD =
*

| m].__|

116:37 |

[ bneent

- 2T bates | &

| Compied | PUB

Now, what if you want to make the program count from 8 to 15 instead? In case you're
wondering why we would want to count from 8 to 15, try the Project at the bottom of this section.
The first step is to save the file to a new name before making any changes.

v In the Propeller Tool software, click File and select Save as

v For a new filename, use "2a Count from Eight to Fifteen.spin".

1ol
R Tk ,
Opeer. e x Save your file under a new
o L name before making any
EI— changes.
Seree To... » pcation
S n- I al Plos™
Closs Al
Chose i
B 1
gl s Swoirc [ 01 S Longanaze Cade Evargies 5 ~merE-
_Hmemlnm R [l | Helo Propeler.spin
[l 2 Count: o Ten.spin
Prick Presiew,.. =5 Fun.sgin
il Qe [l 4 Sobvs Masth Probiess span
1 2 Count bo Ten.spn Hsmmm
2 1 Hello Propelier, span [l & Stoen ard Ratrieve Valss.spn
3 Parallye Serial Tosminal phos.spin [l 7 ¥aore Difclary Funs.spin
4 Propeler Board of Education. spin -‘_]Poeﬂ(ﬁ.‘nu Tersaasl phus. Sga
5 1 Hedo Progelor g [l Progder Board of Edutation, spin
6 5 Maki Decisions. spin
7 7 More Display Fun. son
" B 6 Store and Retrieve Yalost, o
9 4 Sobve Math Problam. spin
10 5 Deplary Fun.spin
Exit
D e
Savesalyps  [Propeler Sousce [ spn) = ceed | Dmd,c

Now, modify the program and run it to test the effect.

v/ Change repeat i from 1 to 10torepeat i from 8 to 15.
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v Run the program (load it into the Propeller chip by pressing F11 and then click the
Parallax Serial Terminal's Enable button).

v In the Propeller Tool, click File -> Save (or CTRL+S) to save your work.

=I5l

Fle Edt Fun Help
2a Court from Exght bo Fibwens |

" FulSoacs Condersed Summaly  C Documentaton X

m -
systen = Fr eller Board _-+ Education’
pst = Parallsx Jerisl Terninal Pl
ViR [~ orollax scril Termmma - Disabled, el MRS 1= I
long i "j
PUB - '
syaten.Clock (33_DRE 2PA) q
rEpeat i |r[|,;.; 8 1o 15 10
t.Decli
::t.rhd.;ne 11
: 12
|16:23 Irset | Compded | PU 13
14
Change 15
repeati from 1 o 10 £ ﬂ;]
to ConPot _ Sawdfde g 74 I 077 FAIE o
repeat i from 8 to 15 [oours 7] [irsa0 =] o 2 o 050 o
Pt | | e | [E

You can also modify that line of code to make it count in steps, let's try steps of 2.
v Save the program under a new name again. This example will use "2b Count in Steps of
2.spin".
v Change repeat i from 8 to 15t0repeat i from 8 to 15 step 2.
v Run the program and observe the effect.

Your Turn: More variations on counting

If you don't need any kind of index in your loop, you can just use repeat and a number. For
example, to make code that's in the repeat loop execute eight times, use:
repeat 8
For example, if you just want to print eight copies of a "Hello!" message, you could use:
repeat 8
pst.Str(string("Hello!"))

pst.NewLine
v Tryitl
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Project: Make a Bar Graph

Use what you have learned about indexed counting to go back to and make a bar graph using
the circuit from the Individual vs. Group 1/O Operations section of Lesson 2.

v

v
v

If you have already removed the wires that controlled the Lesson 2 LEDs, go back to
Individual vs. Group I/O Operations and rebuild the circuit.
Start with Blink Different Light.spin. It should be in the 02_Blink_Light Examples folder.
Save it under a new name, then add a VAR block and declare an index variable, like this:
VAR long i
Your code in the B1ink method should look like this:
PUB Blink
repeat i from 8 to 15
pin.High (i)
time.Pause (100)
repeat i from 15 to 8
pin.Low (1)
time.Pause (100)
Run the example and observe the effect. Note also that you can count downward with
repeat i from 15 to 8.

Simple Math Problems

This activity uses Propeller to do math problems, by entering numbers and displaying answers
with the Parallax Serial Terminal.

The example program "03 Solve Math Problems.spin" prompts you to "Enter value a", and waits
for you to type a value into the Parallax Serial Terminal's Transmit windowpane and press the
Enter key. It then asks you to "Enter value b", and you'll have to type another value and press
Enter. It then adds the two values and displays the sum.

v
v

NSNS S

Double-click "3 Solve Math Problems.spin" to open it into the Propeller Tool.

If you want to hide the Explorer pane so that your Propeller Tool matches the picture,
click File and Select Hide Explorer.

Press the F11 key to load the program into the Propeller chip.

Click the Parallax Serial Terminal's Transmit windowpane.

Follow the prompts, typing values and pressing enter after each one.

Verify that it displays the sum of the two values you entered.

Copyright © Parallax Inc. Get Started with the Parallax Board of Education 03/21/2018 Page 27 of 63



Click the Transmit
windowpane, then type
each value and press Enter,

BRT-TES Ml or ol serin Terminal-(COMS0) ~ioj i
Fie Edt Run Help -
3Solve Math Proiem | -100000 4
= FllSosce ( Condewed [ Summsy [ Doowmenion || 12 X
(1] -] Enter value a: 300 =
systen = “!-'r.'t:-_'..'-:'_.'\-- Board of Education’ EIltE‘I‘ Value b: 599
pst : "Parallax Serial Terminal Plus a4+ h = gag
VAR Enter value a: 30000
P Enter value b: -100000
PUB go

systen.Clock (B3 0RA 207)

rapeat

pet.Str (String (Enter wvalus at ™))
a -= pet.DacIn
pst.Str(String( Entar valus b: 7))
b = pat.DecIn
pst . Str(String(a + b = ")) "
c imga’h H
pat.Dec o) i cﬁm Bawd Rat ™ [~ DTR I ATS l
pst.Neul ine B
—':J [comsa =] [115200 =] o fix @ D5A @ c18 7 CoO
II ! ¥
T T ; Preds... | Cleas I Paise |
Make sure Echo
On is checked,
How it Works

The pst.DecIn method call waits for you to type a value into the Parallax Serial Terminal's
Transmit windowpane. When you press Enter, it figures out the decimal equivalent of the
characters you typed, and returns that value. So, the expression a := pst.DecIn waits for
you to type that value and press Enter. As soon as you do, it copies the value you typed into a
variable named a. The command b := pst.DecIn copies a second value into a variable
named b. Then, ¢ := b + a adds the two values together and stores the result in the variable
named c. After that, the program displays the result with pst.Dec (c).

Your Turn: Try Different Operators

There are lots of math operators you can use in place of the + in ¢ := a + b. For example, you
could use the subtract, multiply, divide, or remainder operators (-, *, /, //).
v Save 3 Solve Math Problems.spin as 3a Test Subtraction.spin.
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v Changec := a + btoc := a - b.

v Change pst.Str (String("a + b = ")) topst.Str(String("a - b =")).
v Run the modified program and verify that it now subtracts b from a.

v Repeat for the multiply, divide, and remainder operators.

Learn More about Operators

The Spin language has more operators you can use. The Propeller Manual has more info.

v In the Propeller Tool Software, click Help and select Propeller Manual.

v Look up Operators and Binary Operators in the index and read about them.

v Look up Binary Operators in the index, and take a look at the list.
Note: The five operators we just experimented with are examples of binary operators. They are
called binary operators because they perform an operation on two values.

Challenge!

v Modify Solve Math Problems.spin so it divides two numbers and then displays both the
result and the remainder. Be sure label the remainder value in the display!

Simple Decisions

The “4 Make Decisions.spin” example program prompts you to enter values into the Parallax
Serial Terminal’s Transmit windowpane. After you press Enter, the program decides whether the
number is positive, negative, or zero.
v Open “4 Make Decisions.spin” and use F11 to load it into the Propeller chip.
v Try typing various negative and positive values into the Parallax Serial Terminal’s
Transmit windowpane. Remember to press Enter after each value.
v Verify that the program correctly identifies negative, positive and zero values.
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i Propeller Tool - 4 Makoe Decibons

Fis Edt Run Help
4H&mhm]

=10l x|

Click the Transmit
windowpane, then type
each value and press Enter.

. = Parallax Serial Tery nal - [Disabled. Clicl

=101%]

59999

4]

= FulSowce Condemsed 1~ Summsy Diocumenistion  X] :
= 2| |[Enter value: 100 B
systen = “Propeller Board of Education’ Positive
pst t "Parallax Serial Terminal Plus” Enter value: -100
VAR Negative
long value Enter value: 999995
PUB go

systen.Clock (0200 B2@)
J"i-."m-"al‘

pst.3tr Estri.ng{ Enter value: "))
value = pst.lecln

if value > @
pet.Str (string( Positive’))
alseif value < @
pst.Str(string( Negative ))
else

pst.Str(string( Zaro )

pst.Newl ine 1.1

1 LIIJ

— R T
How it Works

The program copies the number you entered to a variable named value with value

pst.DecIn. Then, it analyzes the value with an if..elseif..else block of code. It starts by
checking if value > 0, in which case, it sends the message “Positive” and skips the rest of the

tests. If value is not greater than zero, it moves on to check if value < 0. Ifitis, it prints

“‘Negative” and skips any more decision making. If it's not less than zero either, it moves on to
the else statement, which covers the rest of the possibilities. In this case, the only other

possibility is that the value variable is zero.

Your Turn

You could accomplish the same thing with three different IF commands. Try this:
v Save 4 Make Decisions.spin as 4a Make Decisions.spin.
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v Replace this code:
if value > 0
pst.Str(string ("Positive"))
elseif value < O
pst.Str(string ("Negative"))
else
pst.Str(string("Zero"))
..with this code
if value > 0
pst.Str(string ("Positive"))
if value < 0
pst.Str(string ("Negative"))
if value == 0
pst.Str(string ("Zero"))
v Test the modified program.
v Can you modify it to test if the value is greater than 100, less than -100 or between the
two values?

Learn More about IF

Remember, you can view the Propeller Manual from the Propeller Tool software by clicking Help
and selecting Propeller Manual.
v Open the Propeller Manual and use the index to look up the IF command.

Store and Retrieve Values

Need to store a list of values? Use an array variable. Try this program out.
v Open “5 Store and Retrieve Values.spin” with the Propeller Tool.
v Use F11 to load it into the Propeller Chip, and remember to click the Parallax Serial
Terminal’s Enable button while the program is still loading.
v Follow the prompts, and type values of your choosing into the Parallax Serial Terminal’s
Transmit windowpane.
v Verify that it lists the values you entered after T = 5.
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Click the Transmit
windowpane, then follow the
prompts. Remember to
press Enter after each value.

n Propelier Tool - § Store and Retrieve Yalies IS [n] | Parallao Seril Terminal - [ k En =10] x|
Sl ard Fokiove Vs J:]
@ FulSowce  ( Condénsed  ( Swmmay  ( Documentsben || LU :
08J 2l i = 0, enter val: 42 j
systan - Propeller Board of Education” HES 1; enter val: -999
pst ¢ "Parallax Serial Terminal Plus” = . anter wval= 700
ViR i = 3, enter val: 2800
i = 5, enter val: -1
PUB go
systen. Clock (50_202_208) it 0, val = 42
repeat i from @ to & 1 = 1! val = =990
pst.3tr(string (i = ")) = =
pet.Dec (i) ]" 2 £ val 700
pst.5tr (atring(’, enter wval: ")) 1 =3, val = 2800
val[i]l = pet.DecIn i = 4 : val = 59
pst.Newl ine 1 =25 . val -1
repeat i from B to &
pst.S5tr(string( i = J)
pst.Dec (i) e s
pst.Str Esﬁin%{ L oval ="} e 1] £
pst.Dec (valli ComPot__ BadRsle o [ [ 077 [ 70 _
pst. Newl ine T Cows0 ] 15200 3] o 10 & 05F & Lo [ Eihab
[15:3 | | Incert | Compled | PUB go - 119 bses | & ik I | |
How it Works

In the VAR block, the program declares 1ong i, val[6]. This declares 7 variables: i,
val[0], val[l]l, val[2], val[3], vall4], and val[5]. The program then uses a
repeat loop with i as its index to successively load each variable with a value you type into
the Parallax Serial Terminal’'s Transmit windowpane. After that, a second repeat loop uses
the same technique to display all the values that are stored.

Your Turn

How about displaying the values in reverse order? Simply swap the 0 and 5 in the last repeat
loop.
v Tryit!
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Display Fun

“6 Display Fun.spin” displays a line of asterisks, starting at the lower-left and ending at the
upper-right.
v Open “6 Display Fun.spin”, load it into the Propeller chip with F11, and click the Parallax
Serial Terminal’'s Enable button to view the output.

|~ Propelier Tool - b Display Fin. P=TES I _ - porallax Serial Terminal - (COMS0) =10]

& Display Fun | I[—‘
+ Full Source " Comsdarmed 1 Samnmane (" Documardshen x| L

OB-J B m j

systan = FPropellsr Board of Education
pst £ "Parallax Serial Terminal Plus’ *

VAR
long 1, %, 4
PFUB oo 5
systen. Clock (6B_080_BRE) *
repeat 1 from 1 to 18
% =2 ki *
y =18 -1

pst.Position(x, u) L s
pst.Char(+") Em

|-
E

T || ComPot  BadRse g X [T DTR [ RIS
_]:J fcomso =]/ [15:0 =] o R @ DSR @ CTs . Coeon
L]

Prefs... | Clear ! Fause ] El'mbbl

3 |

8% | | Incat | Compded | Meve eursod o ces sounce informaticn. | i

How it Works

This program is combines many of the other things we’ve learned in this lesson. It uses two
more methods from the Parallax Serial Terminal Object: Position and Char, multiply and
subtract operators, and indexed counting to display a line of asterisk characters in the Parallax
Serial Terminal.

v Open Parallax Serial Terminal Plus and view it in documentation mode.

v Read up on the Char and Position methods.

v/ Examine the rest of the code, and make a narrative of how it works.

Your Turn

v Modify the program so that it draws a large X with asterisks. You’re half way there
already, but it might take some tinkering.
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More Display Fun

You can make large, predefined lists with DAT blocks. You will see numerous applications of
this in the lessons. This first application is simply storing some character art.
v Open “7 More Display Fun.spin”, load it into the Propeller chip with F11, and click the
Parallax Serial Terminal's Enable button to view the output.

o1 il
7o il Fun :
r:z;wuirgd ~ Sy ~ Documetation x| L L':I
08 & FHEHHHHS j
system = "Propeller Board of Education” FHEF AR
pst : "Parallax Serial Terminal Plus” #################
VAR FHEHE O HHEEEE R
AN BEEE S g
- HH#EE  HEEEE FHERA
2 # HHHHEEEHEE RS #
systen.Clock (58_009_000) #H BEEESHEHEEE #
pst.str(@din) ## ##
444  YOU WIN ###4#
DAT i FH##
s R
1
13
13
1
T
13
buyte -1 daid i; 1!] 'ﬂﬂ
byte IR i3, @ || ComPot BaudRate ¢ TX [ DIR [ RIS
_{:1 [couso =] [r15em =] o px @ 0sR @ c1s © EO0N
ll—l — P |  Cea | Pame | Disatis |
BERTH | Ingert | Compded | Mowe cursor bo see source informaetion b
How it Works

Unlike the st ring operator, which stores a list of characters in program memory, the DAT block
is more like a predefined variable array. The values are loaded into RAM, and can even be
modified while the program is running, much like an array.

Remember that the Parallax Serial Terminal Plus object’'s Str method’s stringptr parameter
expects the memory address of a zero-terminated string. Take a look at the last value in the
DAT block, it’s zero. Also, take a look at the pst.Str call. It's pst.Str (@Win). The @
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operator in @Win gives the str method the memory address of the first byte (a space
character) at the beginning of the rows of characters. So, the str method does its job of
fetching and transmitting characters until it runs into that zero at the end of the list.

Did you Know?

The 13 character code makes the Parallax Serial Terminal’s cursor jump to the beginning of the
next line.

Your Turn

You can also treat DAT blocks like arrays. For example, here is a loop that sends each
character in the DAT block, one at a time.

v Save the program as 7a Send Characters.spin.

v Add the variable i to the list of long variables in the VAR block. It should read 1ong x,

y, 1.
v Replace pst.Str (@Win) with this loop:
repeat i from 0 to 275
pst.char (Win[i])

Project
v Try adding a "YOU LOSE" unhappy face to the program.

Learn More about DAT

v/ Look up DAT in the Propeller Manual’s index.
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Lesson 4: Pushbutton Monitoring

Pushbutton circuits are common in many appliances and inventions. This lesson introduces
simple pushbutton circuits and some techniques for monitoring them. It also demonstrates how
to use pushbutton state information to control LED light circuits. Of course, in place of the lights,
your inventions might instead have circuits with on/off motors, heating elements or other
devices, but the programming approach would be the same.

DBJ
3.3V
pin : "Tnput Output Pins'
time = "Timing' PP81
=
PUB Go s LED Py
VGAH 100
repeat
if pin.In(3) == 1 10k
pin.High(3) L
tine.Pause (100) GND —
pin.Low(d) GND

time.Pause (10@)

v Open the PropBOE_Spin_Buttons 20120130 folder.
v Follow these sections for a guided tour through each example program and how they
work.

Pushbutton Circuit

This circuit uses two of the LED circuits from Lesson 2, as well as a couple of pushbutton
circuits built onto the breadboard.
v/ Build the circuit shown in the schematic with the aid of the wiring diagram.

Remember to always move the 3-position switch to position 0 before building or
changing circuits on your board!
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Schematic
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How it Works: Pushbutton Circuits

When the pushbutton is not pressed, the circuit applies GND (0 V) to the I/O pin. If the
pushbutton is pressed, the circuit applies 3.3 V to the I/O pin, and a small amount of current
passes from the 3.3 V connection, through the 10 kQ resistor to ground. No current passes into
P3 or P4 since they will be set to input by the programs.
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Test a Pushbutton

This program displays the state of the pushbutton connected to P3. It should display 1 while the
button is pressed, and 0 while it is not pressed.

v Open “1 Test Pushbutton.spin” and use F11 to load it into the Propeller chip.

v While the program is loading, click the Parallax Serial Terminal’'s Enable button.

v/ Press and hold the button down. The display should show a 1.

v Release the button. The display should show a 0.

0 Propefier Tool - 1 Test Plshbot!

1 Test Pushbuston |
i+ Full Sousce i~ Condensed i~ Summay [hocumentation | .‘_I
=l

0B

L] E

systen -
pEt

pin

tine

L=l = |

—

1 — pressed
YRR 0 — notpressed

byte state
PUB Go
systen.Clock (30_200 P2D)

repaat
state = pin.In(3)
pst.Home ] s X .-[J'
per.Bin(state, 1) i v
tine.Pause {E-Ej Ciom Pest: Haud Aol ¢y 7 T ; ;
=||l [comse =] [115200 =] & 7 & 05k o K f
¥

1!

|14:30 | Insert | Compded | Move cuesor o see source nformation | 5

How it Works

Take a look at the 0BJ block. The program is using library objects from both Lesson 1 and
Lesson 2. The program also declares a variable named state. The expression state :=
pin.In (3) takes the value returned by the Input Output Pins object’'s In method and copies it
to the state variable. The call to pst . Home places the cursor in the Parallax Serial Terminal’s
top-left home position. Then, pst.Bin (state, 1) displays the value of the state variable
as a 1-digit binary number. Before repeating the loop, time . Pause eats up 50 ms, which is
mainly to make sure that the program doesn’t send messages faster than it needs to.

Your Turn

It's pretty easy to modify this example program to test the pushbutton connected to P4.
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v Save the program under a new name, preferably starting with 1a. Like “1a Test
Pushbutton.spin”.

v Change state := pin.In(3) to state := pin.In(4).

v Retest the program, this time pressing and releasing the pushbutton connected to P4.

Learn More about pin.In

Take a look at the In method documentation in the Input Output Pins object.

v In the Propeller Tool software, click Run -> Compile Current -> View Info... F8. (The F8
next to the menu selection means that you can use the F8 key as a shortcut to this
feature.)

v Double-click Input Output Pins to open it. Then close the Object Info window.

v The Input Output Pins object should be the active tab in your Propeller Tool software
now. Click the Documentation radio button.

v Read the In method’s documentation. How does it relate to the example program?
-ioixd
Fle Edt Fun Help

1 Test Pushbutton  Input Outpus Pirs |
~ FllSowce Condenzed Sunwnasy  f+ Documenistion %]

=

PUB Infpin} : state

Sets I/0 pin to input and checks state
of voltage applied to the pin. =]

PARAMETER: pin = I/0 pin nunber
RETURNS: state = 1 if sbove 1.G65 V
@ if below 1.65 ¥
Example:
Returns 1 if wvoltage at

pin iz above 1.B5 ¥,
or @ if it's below.

TR
war = pin,. In(3)

Result copied to a -
] L,-J
1.1 |ResdOry | Insest | Compaed | ' &

Control a Light with a Pushbutton

This example program blinks the LED light circuit connected to P9 while the P3 button is
pressed and held. It will also blink the P10 LED light while the P4 button is pressed and held.
v Load the program into the Propeller chip with the F11 key.
v Press and hold the P3 pushbutton. Does the yellow LED labeled H blink?
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# Propeller Tool - 2 Cantrol Light with Pushbitton) =101 x|

Fia Edt Run Help
2 Cortiol Light with Pushbution |

¥ FllSowce  ( Condensed Summay. Documentabon %]
08.J ]
pin t "Input Output Pins
time £Th 1
PUB Go

rapagt
if pin.In(3) == 1
pin.High (3)
time.Pause (188)

pin.Low(3)
tine.Pause (188)
T LI:J
19:5 [ gt P
How it Works

Since pin. In returns either a 1 or a 0, why not just use it as the condition in an if command?
Like this:
if pin.In(3) == 1
pin.High (9)

Did you know?

The := operator assigns a value or expression result on the right to a variable on the left. The
== operator makes a comparison between the term on the left and the one on the right. If they
are equal, it returns TRUE (a 32-bit value that’s all 1s); otherwise, it returns FALSE (the number
0).

An if command will execute its block of code if its expression evaluates to anything that’s not
FALSE. In other words, if the result is not zero, it'll run the code. If it is zero, it skips the code.

Your Turn

Get creative; there are a lot of parameters to play with in this program. You can change the blink
rate by adjusting time . Pause, the light by adjusting the pin.High and pin. Low parameters.
You can even make the light blink while the button is not pressed by changing if pin.In(3)
== 1t0if pin.In(3) ==

v Tryit!
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Test Two Pushbuttons

Remember in Lesson 2 when you used the Input Output Pins object’s Outs method to control
several LEDs with one method call? Well, you can also monitor a group of pushbuttons with the
Ins method to monitor a group of I/O pins, connected to pushbuttons in this case.
v Load “3 Test Two Pushbuttons.spin” into the Propeller chip with the F11 key.
v Remember to click the Parallax Serial Terminal’s Enable button while the program is
loading.
v The left digit displays the state of the P4 pushbutton and the right digit displays the state
of the P3 pushbutton. Try the four possible combinations of pressed and not pressed
and check the values you see in the Parallax Serial Terminal.

[ Propelier Toal - 3 Test Two Pushbut P [=]ET| N | - Parallox Serial Terminal - (COMSD) =10 =
3 Test Two Pushbuttons | | I
 FlSowcs Condensed Sunmay [ Documenision  xJ|| L :

P3 not
systen : By Llor Board of Education F]r'ESSEIj
pst ek i Sarlal Terninal Plus
pin 2 'Ing Dutput Ping' Pa
LR ' pressed
WAR
byte states
PUB Go
systen.Clock (50 002 A0R)
repeat
states := pin; Ins (5,3}
pst. Hone _ _|':J
pst.Bin(states, 2) EI '
tine.Pause (58) ComPot  BowdFsle @ T< [ DIR [ ATS e
«||| [comso =] [115200 ¥ 5 Re @ DSR @CTS T
o | *
= - - : Pusts. |  Cew | Pane Disatle |
1428 Ingert | Compled | Move cussdi b see source mfcrmation: ]
How it Works

The pin. Ins call makes the Input Output Pins object return a group of binary digits with 1s and
Os for each I/O pin. Since the callwas pin.Ins (4, 3), the call will return a 2-digit binary
number with the P4 and P3 pin states.

The Parallax Serial Terminal’s Bin method displays binary numbers in the Parallax Serial

Terminal. The first parameter should contain the value to display, and the second one should
contain the number of digits to display. Since we know that there are two useful binary digits in
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the value the pin.Ins (4, 3) call returns, we can make the Parallax Serial Terminal display
just those two digits with pst.Bin (states, 2).

Your Turn

If you swap the 3 and the 4 in the I1ns method call, what happens to the relationship between
the digits displayed by the Parallax Serial Terminal and the buttons you press?
v Save “3 Test Two Pushbuttons.spin” as “3a Test Two Pushbuttons.spin”.
v Swap the 3 and the 4 in the pin.Ins call, and retest to find out how the display responds
to the buttons you press.

Learn More about Bin

v Press F8 to display the Object Info.

v Double-click the Parallax Serial Terminal Plus object to open it. Then close the Object
Info window.

v The Parallax Serial Terminal Plus object should be the active tab in your Propeller Tool
software now. Click the Documentation radio button.

v Read the Bin method’s documentation.

Control Two Lights with Pushbuttons

This example uses two pushbuttons to control two LED lights.
v/ Open and run the program "4 Control LIghts with Pushbuttons." It'll load more quickly if
you use F10 instead of F11.
v Press and hold each pushbutton and verify that its corresponding light blinks.

# Propeller Tool - 4 Control Lights with Pushbutbons =10 =|
Fls Edt Fun Help
4 Contool Lights with Pushbutions |
i FullSowce  Condensed Summasy Documentshion |
0B.J =]

pin = “Input Dutput
ting :

VAR

byte states
PUB Go

rapeat
states *= pin.Ins (4, 3)
pin.Outs (18, 9, states) =l
time.Pause (100)
pin.Outs (18, 3, BE)
time.Pause (108)
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How it Works

The line states := pin.Ins (4, 3) copies the binary values that indicate the states of the
P4 and P3 pushbuttons to the states variable. Then, pin.Outs (10, 9, states) uses
those values to apply high/low voltages to the corresponding LED light circuits. (High is 3.3 V,
Low is GND =0 V.) After a 0.1 second time.Pause, the pin.Outs (10, 9, %00) callturns
both lights off. Another 0.1 second pause is required for the light to spend some time off as well
as on to make it blink. Otherwise, the light would appear to just stay on while you press the
button.

Did you know?

F10 is a shortcut for Run -> Compile Current -> Load RAM. EEPROM stores the program, even
if you turn power off and back on or press/release your board’s RST button. RAM does not.

EEPROM stands for Electrically Erasable Read Only Memory. RAM stands for Random Access
Memory. When the Propeller chip starts up, if there isn’t a computer trying to download a
program to it, it copies the last program that was stored in EEPROM to RAM and then starts
running it.

Your Turn

What happens without the last time . Pause (100) ? The light blinks, but it spends such a short
time off that the eye cannot detect it.
v Save a copy of your program with a new name.
v Place an apostrophe to the left of the last time . Pause (100) call, like this:
' time.Pause (100)

That removes it from the program, just like a code comment.

Expand Pushbutton Light Control

The program in the previous example isn’t very flexible. It doesn’t lend itself to adding extra
code to do custom jobs depending on which button is pressed. Here is a program that uses a
case command to do the same thing as the previous example. The difference here is that you
can add more code to each case.
v Run Expand Pushbutton Light Control.spin and verify that it behaves the same as the
previous example program.
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Fia Edt Aun Help
5 Espand Pushbuttion Light Condsol |
(" FullSowce  ( Condented  ( Summasy  © Documentshon %]

I "Control P18..P9 LED: with P&..P3 pushbuttons =
Different appraoch with wore options
0B
pin : "Input Dutput Pins™
time ¢ "Timing"
VAR
byte states
PUB Co
repeat

states == pin.Ins(&, 3)
cang statas
Xi1: pin.Outsi(id, 9, xi1)
£16= pin.Outs (1@, 9, x1@)
%01: pin.Duts(l@, 3, xai)
%88: pin.Outz (18, 9, %08
pin.Duts {10, 9, %0@) —
ting Pause (100)

R | Insen i
How it Works

The case statement takes a look at the states variable, and checks for one of the four
possible matches. When it finds a match, it executes the code that’s either next to it, or below
and indented from it. It only executes the case that matches the condition, then it skips to
pin.Outs (10, 9, %00).

Your Turn

Here is an example of a case statement that makes both lights blink alternately if both buttons
are pressed. If the P4 button is pressed, the P10 light blinks, and if the P3 button is pressed, the
P9 light blinks. If neither button is pressed, neither light blinks.

v/ Save your program under a new name (perhaps starting with 5a).

v Modify the case command as shown below.
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PUB Go

repeat
states = pin.Ins(%, 3)
case states
®11%
repeat 10
pin.Outs (18, 9, %1@)
tine.Pause (50)
pin.Outs (18, 9, %01
tine.Pause (50)
=10:=
pin.Outs (10, 9, %10)
tine.Pause (500)
%81z pin.0Outs(1@, 9, %81)
%00: pin.Duts (10, 3, %@@)
pin.Outs(1@, 9, x00)
time.Pause (100)

Learn More about CASE

Case is a Spin command, so you can look it up in the Propeller Manual’s Index and read lots
more.

v In the Propeller Tool software, click Help and select Propeller Manual.

v Look it up in the index, and read up on it.

Lesson 5: Measure Voltage

Voltage is the electrical pressure that causes electric current to flow through a circuit. In this
lesson, you will experiment with both measuring and generating voltages. The common names
for these processes in electronics are analog to digital conversion and digital to analog
conversion.

| 1o dla sarraal e [
5V 3.3V £t
oo ooo L :ﬂ
oofoo___ooool -
oo oooo ADD = 4.5 V =)
AD?2 Oooo| |ocoooo E; - g 1;4 -
————1 3 hoooo| |ooocoo = 3.
ooo oooo
ooaf g aoo
S000k—H0000
Ll Ll
ADO OooO0oo| |ooooo
gocooo| |oooo
POT ooooo| |oooo
ooooog| |oogZo
ooooog| |oo#ao
: »AD1 ooooo| |ophoo
ooooo — ghooo _ i
ooooo  dgoooo o1 | .
= g Py 0T
GND Pt | | | (=]
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Several of the user library objects in the Voltage Measurements Spin Code package are works
in progress. Please check the documentation comments for more info.

v Open the PropBOE_Spin_Voltage 20120613 folder.

v Start the lesson below.

ADC and Potentiometer Circuit

The Propeller Board of Education has four sockets that are connected to an onboard analog to
digital converter chip. These sockets are labeled ADO, AD1, AD2, and AD3. In this activity, a
potentiometer is connected to three of these sockets, as shown below.

As you turn the potentiometer knob, the voltage at the terminal connected to ADO will vary. You
can use the knob to adjust the voltage anywhere from 0 to 5 V. AD1 is connected to ground
(GND), which should measure 0 V, and AD2 is connected to the 3.3 V socket.

v Use the schematic and wiring diagram to build the circuits.

ooo”0o oooON |
5V 3.3V 0 oo ooono
fooo oooo

oooo| |ooooo
L—{">aAD2 DDDDE oooo

ooo pooo
oooo 00 B
ADO ooo oooo
FOT OoooonOo aoooo
ooooog oooo
E:>ﬁ51 ooooo 00008
oooao oo O
— oooog oo¥noo
= ooooo O oo
GND ooooo ooo
ooooo goonoo

The potentiometer terminal connected to ADO is called its wiper terminal. As you turn the knob,
a contact connected to that terminal slides across a resistive element. 5 V is supplied at one
end of the resistive element and 0 V is supplied to the other end. As you turn the knob one way
or the other, the wiper slides across the resistive element, getting closer to either 5V or 0 V.

Did you know?

Common abbreviations for analog to digital conversion are A/D conversion and ADC. Common
abbreviations for digital to analog conversion are D/A conversion and DAC.
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The value an A/D converter returns is an integer approximation of the actual voltage. It’s called
a quantized measurement.

Simple Analog to Digital Test

This first example displays the Propeller BOE'’s analog to digital measurement of the
potentiometer’s wiper terminal voltage output. The A/D converter will supply the Propeller with a
value that corresponds to the voltage applied to ADO. The program stores this value in a
variable, ad, and displays it in the Parallax Serial Terminal. The ad value is the number of
1024ths of 5 V. For example, in the figure below, the measurement is 927/1024ths of 5 V. That
means the actual voltage is V(ADO) =5V x 927 + 1024 = 4.53 V.

v Open “1 Simple ADC Test.spin” and use F11 to load it into the Propeller chip.

v While the program is loading, click the Parallax Serial Terminal's Enable button.

v Push the potentiometer down on the board as you adjust its knob so that it keeps
electrical contact.

v Watch the Parallax Serial Terminal as you adjust the knob. The value of ad should vary
from O to as high as 1023 as you turn the knob back and forth. It'll get larger as you turn
the knob in one direction, and smaller as you turn it in the other direction.

v Try a few more voltage calculations with 5V x ad + 1024.
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1 Simple ADC Teat |
* FllSowce  Condensed  Summay  © Documentstion | L4
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"PFropeller Board of Education
"Parallax Serial Terminal Flus

systen

pst

adc

tine
VAR

long ad

PUB o

ining

systen.Clock (B0_P0Q_B0a)
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ad = adec.In(B)
Display

time.Pausze (50

PUB Display

"*Display Hethod

' "Sends cursor home, then displays ad=value and clears
““to right of valuse,

pst.Home

pst.Str(String( 2d=")) 5
pst.Dec (ad) N ﬂ_l

pst.Elear‘End - comso =] [1150m0 = g T o .-_
[z5:97 | [ tnsert | Comgded | PUB Display - 25bytes | o :

How it Works

The PropBOE ADC object’s In method expects a channel from 0 to 3, and returns a value that
the expression ad := adc.In (0) copies to a variable named ad. When the In method gets
called, the code actually jumps into the PropBOE ADC object, finds its In method and starts
executing it. When it runs out of commands in the method, it returns.

The 1n method’s PUB declaration defines parameters the method needs to receive from the
caller to do its job, as well as defining what value it returns. The call:

PUB In(channel) : adcval | pointer, acks, chan
...means that the In method expects one parameter named channel, and that it will return the
value of a variable named adcval when it's done. The variables to the right of the | symbol are
called local variables, and they use memory that the Propeller chip temporarily sets aside just
while it’'s executing the method.
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You can tell that adc . In (0) is a call to a method in another object because it starts with an
object nickname from the OB J block, adc in this case.

The Display method call below it calls another method, but it's not in another object, it’s right
below the Go method in the “1 Simple ADC Test” object. Di splay could also have one or more
parameters and a return value, but this time it doesn’t. When code in the Go method gets to the
Display method call, it jumps down to PUB Display and starts executing code until it runs
out, which could be the end of the file or the beginning of another PUB or PRI block.

Did you Know?

A method can have more than one parameter, but it only returns a single value. A method can
be PUB (public) or PRI (private). A public method can be accessed by a call from another
object. A private method can only be accessed within the same object. PRI is used when a
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method helps other methods in the object do their jobs, but a call from outside the object might
result in unpredictable behavior.

Your Turn

In the schematic, AD1 is connected go GND, 0 V. So a call to adc.In (1) should return 0. AD2
is connected to 3.3 V, so it should return a value in the neighborhood of adc.In (2) =3.3V x
1024 + 5V = 676.

v Save the program under a new name, preferably starting with 1a. Like “1a Simple ADC

Test.spin”.
v Change ad := adc.In(0) toad := adc.In (1) and verify that result, it should be
0. Repeat for ad := adc.In(2).

Learn More about PUB

The Propeller Manual has lots more info on PUB/PRI method blocks.
v In the Propeller Tool software, click Help and select Propeller Manual.
v Look up PUB in the index, and read about it.

Multi Channel ADC Test

This program uses an indexing variable and a repeat loop to index through all three ADC
channels. Remember that ADO is connected to the potentiometer, so it should change as you
twist its knob. AD1 is grounded, so adc.In (1) should return zero, and ADZ2 is connected to
3.3V,s0 adc.In(2) should return about 676.
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v Open “2 Three Channel ADC Test.spin” and use F11 to load it into the Propeller chip.
v While the program is loading, click the Parallax Serial Terminal’s Enable button.
v Verify that all three values display correctly.

How it Works
The loop:
repeat I from 0 to 2
adc[i] := adc.In (i)
...repeats three times.
1. The first time through, iis 0, so adc[i] := adc.In (i) becomes adc[0] :=
adc.In(0).
2. The second time through, iis 1, so adc[i] := adc.In (i) becomes adc[1l] :=
adc.In(1l).
3. The third time through, iis 2, so so adc[i] := adc.In (i) becomes adc[2] :=
adc.In(2).
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. ...and that’s how it loads all three adc array variable elements.

Note that the Display method has been modified and uses a loop to display the various

channel values.

Your Turn

You can display all three channels by changing repeat i from 0 to 21t0repeat i

from 0 to 3.
v Tryitl

Voltmeter Test

Objects can be written for convenience. The voltmeter object makes it so that you can use
ADO...AD2 to probe your circuits and take voltmeter measurements. With voltage
measurements, we’ll expect to see the potentiometer’s wiper voltage for ADO, 0 V for AD1 and a

value that’s pretty close to 3.30 V for AD2.

Verify the measurements.

NSNS S

and keep an eye on ADO as you do so.
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Open “3 Voltmeter Test.spin” and use F11 to load it into the Propeller chip.
While the program is loading, click the Parallax Serial Terminal’s Enable button.

Slowly adjust the potentiometer’s knob from one end of its range of motion to the other
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How it Works

Remember that the Parallax Serial Terminal's st r method expects the starting address of a
zero-terminated string. The PropBOE voltmeter object’'s FloatStr method returns the
starting address of a zero-terminated string that contains the character representation of the
floating-point voltage. At the end of the string are two ASCII control characters (11 and 13)
followed by the zero terminator.

Did you Know?

ASCII control character (11) = Clear to End of Line. This helps avoid phantom characters when
the new value has fewer characters than the previous one. ASCII control character (13) = New
Line. In the Parallax Serial Terminal you can click Prefs -> Function to view the supported ASCII
Control Characters.

Learn More about the PropBOE Voltmeter Object

PropBOE voltmeter has methods that return the raw A/D integer value, a single precision
floating point value, or the strings we experimented with here. The single-precision,
floating-point value is useful for additional processing with the F1o0atMath object, which is in
the Propeller Library.
v In the Propeller Tool software, click Run -> Compile Current -> View Info... (shortcut key
F8).
v' Double-click the PropBOE voltmeter object to open it. Then close the Object Info
window.
v The PropBOE voltmeter object should be the active tab in your Propeller Tool
software now. Click the Documentation radio button.
v Read the In method’s documentation. How does it relate to the example program?

Simple Digital to Analog Test

Digital to Analog conversion is a reverse of the Analog to Digital Conversion process. While A/D
conversion measures a voltage and spits out a number, D/A conversion takes a number, and
generates the corresponding voltage.

On the Propeller Board of Education, the Propeller microcontroller's P26 and P27 1/O pins are
connected to D/A converter circuitry that can take a number from 0 to 255 and generate a
voltage from 0 to almost 3.3 V. (The values your program passes to dac.Out will be a number
of 256ths of 3.3 V.) There are two LEDs below the DAO and DA1 sockets that indicate the
voltage. They get brighter with higher voltages and dimmer with lower ones. The sockets also
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supply the D/A voltages so that you can connect them to circuits on your board, but we’ll try that
later.
v Don’'t worry about making any changes to your circuit, we’ll just use the P26 and P27
voltage indicator lights below the DAO and DA1 sockets for this activity.

KF——<p2s woooo!

4y LED
VGA-B1

m -
Y/ LED
VGA-H
240 < 240 -

The “4 Simple DAC Test” object counts from 0 to 255 in steps of 4, and uses those values to set
the DAO and DA1 socket voltages.

v Open “4 Simple DAC Test” and use F11 to load it into the Propeller chip.

v While the program is loading, click the Parallax Serial Terminal’s Enable button.

v Verify that the P26 light gets brighter as DA[0] counts upward.

v Verify that the P27 light gets dimmer as DA [1] counts downward.

QUMY
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How it Works

The PropBOE DAC object is nicknamed dac, and its Out method expects two parameters,
channel and dacval. Acallto dac.0Out (0, 128) setsthe DAOto 3.3V x 128 +256 = 1.65
V, and the P26 LED will be about half of full brightness. A call to dac.out (1, 64) would set
the DA1 socket voltage to 3.3 V x 64 + 256 = 0.825 V.

Instead of discrete values, the code uses da[0] := da[0] + 4andda[l] := dal[l] -
4 to make the da [0] array variable element count up in steps of 4 and da [1] count down in
steps of 4. Every 70 or so milliseconds, the values stored in da[0] and da [1] are updated,
and so are the dac.Out calls that set the DAO and DA1 socket output voltages.
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Did you know?

The assignment form of the add operator is +=, and you can use it to simplify some
expressions. For example, you can substitute da[0] += 4 inplaceofda[0] := da[0] +
4. You can even replace the first two commands in the repeat loop with dac.out (0,
da[0]+=4).

Your Turn

The four lines after the system.Clock call each set voltages at DAO and DA1. The fourth line
is a repeat loop with nothing below or indented from it. So the code gets stuck there and does
nothing else.
v Save the program under a new name, something like “4a Simple DAC Test.spin”.
v/ Add the four lines of code shown below.
v Run the code. It should set the P27 LED below DA1 to % brightness and the P26 LED
below DAO to V4 brightness.

PUB Go

systen.Clock (58 BB DAR)

dac.0ut (8, BY) * DAB = @.835 ¥, P26 LED din € —
dac.Out(l, 192) ' DAL = 2.475 ¥, P27 LED brighter o
pst.Str(String( Check P26 & P27 LEDs")) *—-1
repeat " code stops here ‘

Let’s also try the code technique using +=, shown in the Did You Know section.

Reopen “4 Simple DAC Test.spin” and save it as “4b Simple DAC Test.spin”.

Comment the four lines shown below by placing an apostrophe to the left of each one.
Add the two lines (each replaces a pair of lines that you commented).

Run the code. The lights should still do the same bright/dim pattern the original one gave
you.

NSNS S

PUB Go
systenm.Clock (G0 B0Q B8R

r'l-.‘[]i!-il‘[
e el L Comment with
dac, Qut i@, dal@])
Ydali] 1= da[1] =& apostrophes left of each
"dac. ODut(l, da[1])
dac.0ut (B, dal@]+=4)
dac.Out (1, dalll==4)
DacDisplay
time.Pausa (70)

Add
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Learn More about Operators: + vs +=

The Propeller Manual explains the difference between using + and +=.
v In the Propeller Tool software, click Help and select Propeller Manual.
v/ Look up binary operators in the index.
v Follow the reference to the page that explains + and +=. It explains the operator in its
binary + and assignment += forms.

Monitor DAC with Voltmeter

We can even use the AD inputs to measure the DA outputs.
e Connect AD1 to DAO and AD2 to DA1 as shown in the schematic and wiring diagram.

5V
DAl >— >aD2
b [ >ADO
pao[__>—{ >aD1

GﬁD

The program 5 Monitor DAC with Voltmeter.spin does the same up/down count to set the DAO
and DA1 socket voltages and make the P26 and P27 LEDs get brighter and dimmer. It also
uses the Voltmeter object to monitor all three AD channels, so you can monitor the
potentiometer voltage along with the two DA voltage outputs.

v Open “5 Monitor DAC with Voltmeter.spin” and use F11 to load it into the Propeller chip.

v While the program is loading, click the Parallax Serial Terminal’s Enable button.

v Verify that AD1 increases from 0 to 3.3 V as AD2 decreases from 3.3 Vto 0 V.
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Monitor DAC with Oscilloscope

The dancing voltage measurements from the previous activity might not be as helpful as a
graph. We can use the PST Scope object to graph the AD1 and AD2 measurements.
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The Parallax Serial Terminal needs to be configured to display the scope data first.
v Click the Parallax Serial Terminal's Prefs... button.
v In the Appearance tab, set the Font size to 10, Wrap text to Page, and Page width
(characters) to 128.
v Click the OK button to exit the Preferences window.
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Now, let's test the PST Scope...

v Open “06 Test PSTscope.spin” and use F11 to load it into the Propeller chip.
v While the program is loading, click the Parallax Serial Terminal’s Enable button.
v You will need to wait for several P26/P27 LED bright/dim cycles before the graph of the

increasing/decreasing voltages appears.
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repeat

repeat da from @ to 127
dac.Out (@, da)
dac.Our (1, 178-da)
tine.pause (10)

repeat da from 120 to 1
dac.Out (B, da) T
dac.Out (1, 128-da)
tine.Pause (10)

How it Works

The PST Scope object requires a DAT block with all the oscilloscope settings shown in the order
that they are shown. Then, its Start method requires the starting memory address of those
values, which is @Scales.

The PST Scope object takes over all the display updating, and your test code can focus on

generating a signal. You can use the Parallax Serial Terminal to watch the signal graphically,
and verify that it is what you intended to create.
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Did you know?

Most objects that start a process in another cog and manage it for you have a Start method
you have to call. They also usually have a stop method so that you can recover the cog for use
with another process. The PropBOE library is just the beginning. There are lots of objects that
perform useful tasks and make connecting peripherals to your propeller a snap. Two big object
repositories:

1. The Propeller Object Exchange at http://obex.parallax.com [6].

2. The Propeller Library in the Propeller Tool software (File -> Open From -> Propeller

Library).

Your Turn

You can adjust the rate of the D/A signals by adjusting the time.pause method call. For
example, you can double the signal's frequency (number of times it repeats per second) by
cutting the time.pause durations in half.
v Change both instances of time.Pause (10) to time.Pause (5).
v Load the modified program into the Propeller.
v Take alook at the new signal in the Parallax Serial Terminal. Since it's repeating twice
as fast, there should be twice as many repetitions visible.

If you make the signal repeat even more quickly, it might not display very well. But, you can fix
that by reducing scale on the time axis. For example, you could reduce both time.Pause (5)
to time.Pause (2) and then make the width of each square in the graph represent 0.2
seconds instead of 0.5 seconds.
v Change both instances of time.Pause (5) to time.Pause (2).
v Load the modified program into the Propeller, and click the Parallax Serial Terminal's
Enable button. Check the display; it won't look very good.
v Decrease the time scale by changing the number below the t(s/div) comment from 0.5 to
0.2. (It's in the DAT block.)
v Load the modified program into the Propeller and click the Parallax Serial Terminal's
Enable button.
v Check the display again, it should look considerably better.
v
Both signals swing between 0 V and 1.65 V. In oscilloscope-speak, you could say that each
signal has a "peak-to-peak amplitude of 1.65 V". If you were to double the CH1 signal's
amplitude by making it swing from 0 to 3.3 V, it wouldn't fit in the display any more. To fix that,
you could adjust the channel 1 axis scale. Let's try it.
v Double the signal amplitude the DAC sends to channel 1 by changing both dac.out (0,
da) callstodac.out (0, 2*da).
v Load the modified program into the Propeller and then click the Parallax Serial
Terminal's Enable button.
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v Check the LEDs by DAO and DA1 on your Propeller BOE. The DAO LED should now get
twice as bright as the DA1 LED.

v At this point, the Channel 1 display does not show the whole signal. You can fix this by
adjusting the value below ch1(V/div) label in the DAT block. Change it from 0.5 to 1.0.

v Load the modified program into the Propeller and verify that you can now see the entire
signal in the display.

v Take a close look at the display. The two signals look the same height, but CH1 axis on
the left indicates that the CH1 signal swings from 0 to 3.3 V while the CH2 axis on the
right indicates that the CH2 signal still only swings between 0 V and 1.65 V.

At this point, the display probabily still doesn't look quite right because the CH1 signal is now
running into the CH2 signal. To move it up a little bit, you can adjust the CH1 axis' offset from
the bottom of the screen.
v Inthe DAT block, change the value below the CH1(V) label from -3.0 to -4.0.
v Load the modified program into the Propeller, and click the Parallax Serial Terminal's
Enable button
v Verify that the CH1 signal now displays up above the CH2 signal.
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