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Inleiding
De Constructopedia™ is een bouwgids voor het Robotics i‘
- gesties, aanwijzigingen en tips waarmee je aan d
\.«_7 met je eigen uitvindingen. :

|
{-’ -Volg de volgende aanwijzigingen om een opd:q;kgmdar de knie

g

o T
- BOUWEN i
Lees het onderdeel »eOntwerp

¥

2. PROGRAMMEREN .

Je programmeert de robot met RCX-
code (meegeleverd met de software).
De RCX-code bepaalt hoe je robot
reageert op zijn omgeving.

3.TESTEN, P
Nadat)vhet rogramma van je PC hebt gela-
n, kan je robot Bgen en reageren op
zijn omgeving. e creatie zijn gang gaan

b o ' 4
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De volgende stappen helpen je bij het
installeren van jouw Robotics Invention

Batterijen installeren

Voor de RCX zijn 6 nieuwe AA/LR6-batterijen
vereist, Bij voorkeur alkaline-batterijen. Je
kunt ook oplaadbare batterijen gebruiken,
maar die hebben misschien minder vermogen.

Instructies voor het gebruik van de
batterijhouder:

12y

Je moet nooit verschillende soorten batterijen
tegelijk gebruiken in één batterijhouder. Als je
de RCX lange tijd niet gebruikt, of als de
batterijen leeg zijn, moet je de batterijen uit
de batterijhouder halen. Lege batterijen
kunnen gaan lekken en de RCX beschadigen.
Je moet oplaadbare batterijen niet zelf
opladen. Laat je ouders dat doen.

Als de batterijen van de RCX bijna leeg zijn,
= verschijnt dit pictogram in het
RCX-weergavevenster.

Motoren aansluiten

Als je een motor op de RCX wilt aansluiten,
moet je de zwarte kabel met aansluitplaten
gebruiken.

Sluit het ene viteinde van de kabel aan op de
motor en het andere uiteinde op een zwarte
uitgangspoort.

De kant waarop je de kabel aansluit, ”‘a
kan de richting van de motor .
beinvioeden, Als je de modellen
uit deze Constructopedia bouwt,
moet je de kabels op de
aangegeven manier aansluiten.

Installeer de batterijen op de aangegeven manier.




. De motor draait de  De motor draait de

ene kant op. andere kant op.

Sensoren aansluiten

i Als je de aanraaksensor wilt aansluiten

i op de RCX, moet je het ene uiteinde van de

. kabel aansluiten op de sensor en het andere
uiteinde op een grijze sensorpoort.

. Aan de lichtsensor is al een kabel
- verbonden. Sluit de plaat aan op een
grijze sensorpoort.

Als je de modellen uit deze
onstructopedia bouwt, moet je de
- sensoren aansluiten op de poorten die in
de bouwinstructies zijn aangegeven.

De Pathfinder bouwen

De Pathfinder is een robot die je zult gebruiken
. in de Trainingsmissie-sectie van de CD-ROM.
. Het is een inleiding tot het bouwen van robots.

Op de volgende pagina's wordt getoond hoe je
. deze moet bouwen.




PATHFINDER )

_ De Pathfinder is een robot die je bouwt voor de
i trainingsmissies in de software.

Als je de robot wilt bouwen, volg je deze vier stappen
(controleer eerst of de batterijen zijn geinstalleerd).




Nu kun je de Pathfinder gebruiken voor de trainingsmissies.
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. Hieronder staan de drie robots die in de opdrachten
- worden gebruikt. Je kunt ook zelf een robot voor de
! opdrachten ontwerpen.

De Roverbot

is een sterke en solide kleine robot die jouw
huis verkent. Hij kan obstakels omzeilen,
een fel licht volgen en een zwarte lijn
volgen.

Ga naar pagina 10 voor de bouwinstructies.



De Acrobot

is een snelle, wilde robot die alle kanten op gaat. Hij is
een kleine clown die op een veilige manier acrobatische
kunstjes kan doen door obstakels te omzeilen.

Ga naar pagina 36 voor de bouwinstructies.

s
=
0
f
3
(=
0
=
m
(7

De Inventorbot

is een slimme en oplettende : YT

staande robot. Hij kan je groeten, g bt y LIS

een object gooien en als / 5 ,7‘ ~T i r s

inbraakalarm dienstdoen. Hij doet ] ! J: (7 3
et By l h ‘)

precies wat jij wilt nadat jij hem b

hebt geprogrammeerd. o e >
:/" 3

Ga naar pagina 56 voor de

i Vi
bouwinstructies. e \ .l/
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‘ ROVERBOT-SECTIE )

Hier volgt een overzicht van de Roverbot.
Op de volgende pagina's staan de bouwinstructies voor elk onderdeel.
Begin met het bouwen van het aandrijfblok en kies daarna de onderdelen die je wilt toevoegen.

De wielensets
Pagina 17

Het aandrijfblok
Pagina 12

De poten
Pagina 18

Het aandrijfblok en de RCX vormen
samen de Roverbot.

Opmerking: Ga naar Speciale functies op
pagina 88 voor extra onderdelen en
ontwerpsuggesties.

De rupsbanden
Pagina 21

<k SR W




Voorbeelden van de Roverbot.

YIS Fd NW

De bumper
Pagina 26

sauonm.smmﬂbd

De dubbele bumper
Pagina 30

\ NSO

De lichtsensor
Pagina 34
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Dit is het aandrijfblok van de

Roverbot. Zorg dat je de kabels op de

aangegeven manier aansluit.

16



Wielensets
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Maak de wielen op deze manier vast aan het
aandrijfblok.

Als je het aandrijfblok nog niet hebt gebouwd, ga je
naar pagina 12.
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Maak de poten op deze manier vast aan het
aandrijfblok.

Als je het aandrijfblok nog niet hebt gebouwd,
ga je naar pagina 12.

20




Rupsbanden

Deze bouwinstructies laten je zien hoe je een van de twee rupsbanden maakt.
Als je twee rupsbanden nodig hebt, voer je deze bouwinstructies twee keer uit.
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Maak de rupsbanden op deze manier vast aan het
aandrijfblok.

Als je het aandrijfblok nog niet hebt gebouwd, ga je
naar pagina 12.
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Maak de bumper op deze manier vast aan het
aandrijfblok.

Als je het aandrijfblok nog niet hebt gebouwd,
ga je naar pagina 12.
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~  Dubbele bumper
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Maak de dubbele bumper op deze manier vast aan
het aandrijfblok.

Als je het aandrijfblok nog niet hebt gebouwd, ga je
naar pagina 12,




Lichtsensor




Maak de lichtsensor op deze manier vast aan het aandrijfblok.

Als je het aandrijfblok nog niet hebt gebouwd, ga je naar pagina 12.
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‘ ACROBOT-SECTIE )

Hier volgt een overzicht van de Acrobot.
Op de volgende pagina's staan de bouwinstructies voor elk onderdeel.
Begin met het bouwen van het aandrijfblok en kies daarna de onderdelen die je wilt toevoegen.

De grote wielen
Pagina 45

Het aandrijfblok
Pagina 38

Het aandrijfblok en de RCX vormen
samen de Acrobot.

Het draaiwiel

Pagina 46 Opmerking: Ga naar Speciale functies

/ op pagina 92 voor extra onderdelen en
ontwerpsuggesties.

36



Voorbeelden van een Acrobot.

BYIS Id NV

o i
De lichtsensor
Pagina 55

gy
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De bumper
Pagina 49

- -
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Nu is het aandrijfblok klaar.
Maak er wielen aan vast en kijk hoe hij rijdt!
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Het draaiwiel
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Maak het draaiwiel op deze manier vast aan het
aandrijfblok. /e moet ook de twee grote wielen
vastmaken.

Als je het aandrijfblok nog niet hebt gebouwd, ga je
naar pagina 38.



YIS Sd NV







-

% =1 LSty Bc
D) m S E —zm — —
_»,__._E
-
0







S

it P P
AAN DE SLAG b4 Y Upci_zm._.mco._._mm SPECIALE FU




Maak de bumper op deze manier vast aan het
aandrijfblok.

Als je het aandrijfblok nog niet hebt gebouwd, ga je
naar pagina 38.

54
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‘ _ INVENTORBOT-SECTIE =

Hier volgt een overzicht van de Inventorbot.
Op de volgende pagina's staan de bouwinstructies voor elk onderdeel,
Begin met het bouwen van het lichaam en het voetstuk en kies daarna de onderdelen die je wilt toevoegen.

De tik-arm
Pagina 78

Het lichaam
Pagina 58

De knijp-arm
Het voetstuk

Pagina 81
e S e Pagina 64

Het lichaam, het voetstuk en het hoofd passen op
elkaar en varmen samen de Inventorbot.

Opmerking: Ga naar Speciale functies op pagina %
voor extra onderdelen en ontwerpsuggesties.




Voorbeelden van een Inventorbot.
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De lichtsensor
Pagina 86
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De hoed-arm
Pagina 74
A
De werp-arm
Pagina 84

Neeeats




Lichaam g

Controleer eerst of de RCX goede batterijen heeft.

grefs;
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==& Nu is het lichaam van de Inventorbot
klaar.




P Voetstuk

2% 2%
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Maak het voetstuk op deze
manier vast aan het lichaam.

Als je het lichaam nog niet hebt
gebouwd, ga je naar pagina 58.

Hier maak je het voetstuk
vast aan het lichaam.
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Maak het hoofd op deze manier
vast aan het lichaam van de
Inventorbot.

Als je het lichaam en het
voetstuk nog niet hebt gebouwd,
ga je naar pagina 58.

Nu kun je een paar armen bouwen
voor de Inventorbot.
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Maak de hoed-arm op deze manier vast aan de
Inventorbot.

Zorg dat onderdeel A precies past in onderdeel B.

Als je het lichaam en het voetstuk nog niet hebt
gebouwd, ga je naar pagina 58.
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Maak de tik-arm op deze manier vast aan de
Inventorbot.

Als je het lichaam en het voetstuk nog niet hebt
gebouwd, ga je naar pagina 58.
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Maak de knijp-arm op deze manier vast aan de
Inventorbot.

Als je het lichaam en het voetstuk nog niet hebt
gebouwd, ga je naar pagina 58.
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Maak de werp-arm op deze manier vast aan de Inventorbot. Zorg dat onderdeel A precies
past in onderdeel B.

Als je het lichaam en het voetstuk nog niet hebt gebouwd, ga je naar pagina 58.
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Maak de lichtsensor op deze
manier vast aan het lichaam
van de Inventorbot.

Als je het lichaam en het
voetstuk nog niet hebt gebouwd,
ga je naar pagina 58.
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e __SPECIALE FUNCTIES )

Op de volgende vier pagina's staan ideeén en suggesties
om je Roverbot nog mooier te maken.

| Insectenogen

b

&

Voorbeeld

b=
Hoekige vleugels

i Rechte vleugels



Voorbeeld

4 Voorbeeld
Papegaaienkop

Met dit hoofd kun je de robot zo programmeren dat hij reageert
als je zijn "kopveren" aait.
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Speciale functies

r Tafelbumper

Met deze bumper neemt de Roverbot de rand van een
tafel waar en voorkomt daardoor dat hij eraf valt.

Tip: De aanraaksensoren worden ingedrukt als de bumper
over de rand gaat.

Waarschuwing: Zorg dat de bumpers goed werken
voordat je dit op een tafel uitprobeert.

Voorbeeld



Staartsensor I

Je kunt de staartsensor of de
cycloop op deze manier
vastmaken,

Kabelbesturing

De kabelbesturing kan worden gebruikt als een
afstandsbediening om de robot te sturen. De
kabelbesturing gebruikt twee aanraaksensoren.
Gebruik de langste kabels uit de set om de robot
op een zo groot mogelijke afstand te besturen.

| Cycloop

Detail
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Op de volgende vier pagina's staan idee&n en suggesties
om je Acrobot nog mooier te maken.

Ogerl op
steelqes

Voorbeeld

92
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Voorbeeld

7]
]
m
Q
>
[
m
i |
c
=z
O
=
m
(7

Voorbeeld i




Speciale functies

94

#

Achterpoten

Kruippoten

De insectenkop heeft een
aanraaksensor die moet worden
geactiveerd als de voelsprieten
ergens tegenaan botsen.

De kop heeft ook een lichtsensor
zodat hij een fel licht kan volgen.



Met deze bumper reageert de Acrobot als
de bumper ergens tegenaan botst. De
robot is zo snel, dat hulpwieltjes nodig
zijn omdat hij anders omvalt.

Voorbeeld
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Op deze twee pagina's staan idee&n en suggesties
. om je Inventorbot nog mooier te maken.

Zwaai-arm )

De zwaai-arm is op dezelfde
manier vastgemaakt aan de Voorbeeld
Inventorbot als de hoed-arm

in de opdrachten.

Lhanraaksensor—neus




Hoofdschudder

Als motor A is ingeschakeld,
schudt de robot zijn hoofd.

Doelbumper

Kun jij de robot zo programmeren dat hij een
object naar de doelbumper gooit en dat hij het
waarneemt als hifj raak gooit? Gebruik de
langste kabel om de doelbumper vast te maken
aan de Inventorbot.

i

Detail

Voorbeeld

Voorbeeld
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TIPS EN TRUCS )

Op de volgende vier pagina‘s staan tips en trucs waarmee je Deze kan niet ronddraaien
jouw ontwerpen groter, sterker en sneller kunt maken. . Deze kan wel
o () ronddraaien

| Hoeken

Met grijze
verbindingselementen kun je
beweegbare verbindingen
maken.

Twee balkjes verbinden

Met zwarte
verbindingselementen kun je
balkjes stevig vastmaken.

Je kunt ook platen gebruiken.



(Hoger maken

Als je twee platen tussen de
balkjes plaatst, wordt de
constructie steviger.

A
16

f Uitbreidingsbalkjes

Als je balkjes gebruikt om de assen
te ondersteunen, wordt de @
constructie steviger,
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Naven toevoegen voor rupsbanden w

De tandwielen zorgen dat de naven kunnen
ronddraaien.

( Het wormtandwiel

Als je de wormtandwielas aansluit op een
motor, gaat het 24-tandwiel heel langzaam
draaien, maar deze krijgt daardoor wel veel
meer vermogen.

Hoekaandrijving

Voor het maken van een aandrijving die schuin
op een hoek staat.

100



l Riemaandrijving

Met een riemaandrijving krijg je
meer vermogen over een lange
afstand.

( ®
1:3 aandrijving b2

Hiermee gaat de as snel draaien.

| 1:1 aandrijving

Als je assen gebruikt van hetzelfde
formaat, beweegt de aangesloten as
met dezelfde snelheid als de motor.

| 3:1 aandrijving

Hiermee gaat de as langzaam
draaien, maar wel met meer
vermogen.
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LICHTSENSOR /TESTMAT )

De lichtsensor kan met de testmat worden gebruikt.

Als de lichtsensor naar beneden is gericht,
kun je de robot een zwarte lijn laten volgen.

Als de lichtsensor naar voren is gericht, kun je
de robot licht laten volgen of vermijden.

Met de getallen kun je de afstand berekenen.
Kijk hoe ver jouw robot kan komen met verschillende wielen en hoe
lang hij daar over doet.

. aat jouw robot de
roene blokken

Deze kleurenstrip kan worden gebruikt om achter de numerieke waarde van
de afzonderlijke kleuren te komen die door de RCX worden gemeten. Met de
knop View (zie pagina 9 in de Gebruikershandleiding) of de functie Proberen
(zie pagina 19 in de Gebruikershandleiding) kun je de lichtsensorgegevens
controleren.

Opmerking: De hoeveelheid licht in de kamer beinvioedt de gegevens.
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TOP SECRET

CODE: NU-INV9747-A

REF: INVENTORBOT PLAMS RCX

DEP.: MINDSTORMS

DESCRIPTION:
Dit is een prototype van een nieuw aandrijfblok waarmee de %‘\ . |
Inventorbot vooruit kan gaan en kan draaien terwijl hij achteruit y < ‘

gaat. Hij gebruikt maar één motor!

Door een lichtsensor aan te sluiten op het aandrijfblok kan
de robot zo worden geprogrammeerd dat hij het verschil ziet !

tussen de tafelrand en wat daarachter ligt. 3
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Contacting LEGO® MINDSTORMS™
Technical Support:

For 24-hour access to updates and answers to I‘mquenﬂy' asked
questions, or ta e-mail a technical guestion to us, please visit our
Technical Support Web site at www.legomindstorms.com/help

To call a Technical Support Representative, you can reach us at the
following numbers:

» for toll-free support within the United States, 1 800 363-2140

= For free support within the United Kingdom, D800 026 5878

« For European support outslde the United Kingdom,
+ 3120586 4630 ¢

» For support outside the United States and Europe,
+1901381-3505

To punhasz additional LEGO MINDSTORMS pmdul:h.gn hm

s '

GW”TPIELEGO Growp,
MINDSTORMS, Robotics knvention System, Power of Robiotics @ Yolar Command, RCK, and Constru cto peefia- mmdurmbnl the Lmée P

' 95,/98 is a registered tradernark of Microsoft Corporation, Pentium® is a registe red mdimrkaflml(u*mum ﬂamtﬂﬁimﬁr-
Sll has contributed to the development ol this. produsct.
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1. INTRODUCTION

THE ROBOTICS INVENTION SYSTEL{D

You hold in your hands a powerful new
technology... the LEGO* MINDSTORMS™
Robotics Invention System” 1.5. These
building blacks of the future allow you to
transform your dreams into reality.

With it, you-can construct and program
robots. Real robots. Your robots... and you
can train them to move, act, and think on
their own.

You can create everything from a light-
sensitive intruder alarm to a robotic rover
that follows a trail. You can even build a
new friend.

But that's just the beginning, because you
hold the future in your hands. You have the
tools to bulld something that no one else
has ever imagined.

With your LEGO MINDSTORMS Robotics
Invention System, the line between
science fiction and science fact is blurred.
With LEGO MINDSTORMS, you make your
own future.., bacause you are the future of
building.

MINDSTORMS

The brain of the Robatics Invention
System is the RCX, which stands
for Robotics Command

System. The RCXisa
microcomputer, built

into a LEGO brick.

You can program it

using your PC, or use

one of its five built-in

programs to control robots.

The RCX uses sensors
{such as Touch and Light)

to take input from its

environment. It can then process

the data to make motors turn on

and off. With your LEGO

MINDSTORMS Robotics Invention System, you build
robots that explore the world.




1. BUILD
First, you build your rabot using
the RCX and the LEGO pieces
included in the Robotics Gl T 2. PROGRAM
Invention System (RIS). You 7 4 Then you use the RIS software to make a
can use the Constructopedia” program for your creation in RCX Code.
for help building your robot or RCX Code Is a LEGO programming
build one straight from your language that takes a building block
imagination. approach te programming. You make
programs by placing one block on
anather, If {his is all new to you,
don't worry... the Training Missions
in the software show
vou how to do
this,

3. TEST
Finally, you download your program to the RCX using the special infrared transmitter (IR Transmitter), Your robet is now
able to move without the help of your computer..,

and you are ready to play with your ereation.




@ oucksmarT - )

1) With your PC tured off, add a 9-voll battery to the IR Transmitter.
Then connect it (with the included cable) to a free serial /com port
on your computer [see page 14 for detailed instructions).

The (R Transmitter's cable plugs directly into o 9-pin
male serial connector, {f vour computer has o 25-pin
male connectorn, yeu will need to purchase a 9-pin male to
25-pin female adapter (also known as a mouse adapter).

2) Turn on your computer. When Windows 95/98 has fully loaded,
insert the LEGO MINDSTORMS RIS CD into your CD-ROM drive.
The installation screen of the RIS software should
automatically be launched, sofollow the on-screen
directions to install the program.

If the installation screen does not automatically
load, double-click your CO-ROM drive icon in the
Windows Explarer”. Then double-click the
Setup.exe program and follow the on-screen
directions to (nstall the progran.

3) Onee you have installed the software, you are laken
through a series of activities. These “Guided Mode™
activities will help you become familiar with the LEGO
MINDSTORMS Robotics Invention System,

Advanced users: You car skip Guided Mode by

holding down the Control key and clicking the
About button in the Main Menu. [f you want (o see the
beginning exercises again, just start as a new user.




2. THE HARDWARE

‘_M

The RCX (Robotics Command System) is a
programmable LEGO™ brick. It has three
sensor (input) ports, three output ports, four
control bultons, an LCD display, and an
infrared Lransmilter. It also has a
Micropracessor to process programs, internal
memory to store firmware and programs, and a
built-in speaker to produce beeps and tones.

Sensor porls Pnfrared transaitter

Being a LEGO brick, it has LEGO studs and
holes to allow the connection of other LEGD
bricks and pegs.
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The sensor ports are used for attaching Light
and Touch Sensors (as well as Rotation and
Temperature Sensors, not included in this set).

The output ports are used for attaching motors
(as well as lights and other output devices, not
included in this set).

In addition, it has three internal sensors: a
counter (to count events), a timer {(to keep
track of time), and an RCX message holder (to Qutout ports
receive messages sent from other RCX units), “‘-_L
By programming the RCX to react to sensors,

you create behaviors for your inventions.. you

make your robots smart.




RCX: THE BATTERIES

Batteries : Battery control with software

In order to use the RCX, you To save batteries, your RCX automatically
must insert six AA/LRS shuts itself off after being left on for 15
batteries. Alkaline > - minutes. However, it is possible by using Set
batteries are 3 Up Options in the Getting Started section
recommended, N (Getting Started: Set Up Options) of the RIS
Rechargeable g software, to change the “pawer dawn™ setting
batteries can be o to any time belween 1 and 9% minutes... as
used, but power may be iy well as infinity (which is forever, or at least
reduced. ' — until your batteries die).

Instructions for use of battery bow;
Ll or ald and new batteres i ane -

S i e buatt ey b far Set Up Options
lile. Ligutd

srable Select COM part "

Download RCX firmware!

Download bulll-im programs: bl i)

Installation:
. Male sure your RCX is turned off.
. Remove the gray plastic battery cover,
. Insert all & batteries. Make sure the “+" sign Sat RCX ramge: short [ Long [
on each battery matches the *4+” sign inside REX battery status:
the RCX.. all of the balteries go in the same
way.
4. Put the battery cover back on.

Sep RCX systaim ot

Set RCX power down time: oW [E

Good to know: — You can also use the RCX battery status bar
When changing old batteries to new ones, in Getting Started:Set Up Options on the
switch them quickly. IFit takes longer than software, to check how much power is left in
one minute, your RCX's memaory is cleared. your batteries,

This means that your firmware and programs

are erased, If this oceurs, just download them

again from your PC,




@ RCX: THE BUTTONS )

The buttons are used to control your RCX and its programe,
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On=Off turns the RCX on and off. The other three Run starts and stops the selected program. Inthe
buttons anly work when the RCX is on. “Run™ mode, the “little person” in the display
window appears ta be running,

Prgm (which stands for Program) allows you to
Switch batween the five program slots in the RCX. View (only active after firmware downloaded) allows

The number of the selecled program appears (o the you to get information on sensors and motors, You
right of the “little person™ in the display window. can see sensor readings at input ports 1, 2, or 3, and
motor direction at output ports A, B, or .

To use the View button to check a Touch for Light} Sensor's reading:

L. Make sure you have downloaded & program that uses a Touch (or Light) Sensor and have run it at least once,

2, Make sure the Touch (or Light) Sensor is attached to a sensar port omyou RCX.

3. Make sure the RCX Is on.

4. Press ihe View butten, o the arrow in the display window peints to the port where the Touch (or Light) Sensoris
attached.

For the Touch Sensor For the Light Sensor
5. Press and release the Touch Sensor while looking in the 5. While looking at the display window, move the Light
display window. When the Touch Sensor Is pressed, the Sensor's eye back-and forth over the black line an the Test
number should be 1. When it is released, it should be 0, Pad. The number will be low when it sees the black line,
and high when it sees the whita paper,




DISPLAY WINDOW
pindow shows you information about the RCX and your programs.

3 Prom

Run
N g _ci

The number (1-5) appears to

SOn”" running

the RCXis the right of the “little person,”
fogram. The It indicates which of the 5
funning when the programs will be activated
pressed, when the Run button is
pressed,

: Vi-& 1 ﬁ 1 2 3 Pam

'

On O Onoft Rury

| . a5 B

Dots light in sequence (one
after the other) when a
program is being downloaded

g range infrared
n cone lights up
ication between

itter and the RCX from the PC to the RCX.
20 8 Efwﬂ View 1 ] 3 Pran
a e B | | el |

An arrow displayed above an
dicates that the output port indicates that the
being used by output port is active. The

bn. direction of the arrow shows
the direction of a motor
tonnected to the port.

layed below a

The battery-low indicator lights
up when battery charge is low,
It ftashes and the RCX beeps
when the battery charge is very
low.

The Software Watch (only
active after firmware
downloaded) shows how ma ny
minutes the RCY has been on
from last setting or resetting.
Turming the RCX off and on, or
downloading firmware again,
resets the Watch.




THE FIRMWARE

The first time your RCX is tumed on, or after
batteries have been switched (and it took you
longer then one minule to change them), your
RCX is In “Boot Mode.”

You can see if your RCX is in Bool Mode by
loeking at the display window. If there is no
Software Watch, it is.

Boot Mode
| Wi 9

onoff|

Full Function Mode

View 4 o

OO

In Boot Mode, you cannot downlaad programs
to your robot because your RCX needs
firmware. Firmware is special software that
allows communication between your computer
and the RCX to occur. It acts as the RCX's
operating system.

However, if you are in Boot Mode and do not
have access to a PC, or if you just want to play
with your RCX right now, you can use any of
your RCX's five built-in programs.

To download firmware to your RCX:

1. Run the Robotics Invention System™ 1.5 CD-ROM.

2. Click Getting Started.

3. Click Set Up Options.

4. Turn on your REX and place it about 4-6 [nches
(10-12 cm) in front of the IR Transmitter,

5. Click the gray button to the right of *Download RCX
firmware.”

Downloading takes approximately 3 minutes. The
Software Watch counts as the firmware is downloading
and will beap when it is done. Do not switeh off o move
your RCX while downloading.

For more detalled instructlons on downloading firmware,
Yook at Getting Started:Sex Up Part 2 on your RIS CO-ROM.




BUILT-IN PROGRAMS )

There are five programs built into your RCX. You may overwrite {copy over) these programs with YOUr oWn programs.
Program slots 1 and 2 are locked by default, but you can unlock them in the Getting Started:Set Up Options section
of your Robotics Invention System” software,

Program 1

Purpose: Makes a robot beep and then move
forwards.

How the program functions: When the
program is run, the RCX beeps once. Then
power is supplied to ports A and C causing the
motors to turn and the robot to mave forwards,

Program 2

Purpose: Controls a robot with twe Touch
Sensors. The robot moves forwards and turns
to one side when one Touch Sensor is pressed,
It tums to the other side when the second
sensor is touched,

How the Program Functions: Power is supplied
to ports A and C. The Touch Sensor, attached to
port 1, controls the motor attached to port A.
When the sensor is touched, power stops
flowing to motor A causing the robaot to turn,
Touching port 3's Touch Sensor stops power
fram flowing to moter C which causes the robot
to turn Lo the epposite side,




Program 3

Purpose: Robot moves forwards until its Light
Sensor registers a change of light intensity (for
example, when the rabot reaches a dark colored
curface). It then staps,

How the Program Functions: The Light Sensor
altached to porl 2, controls the motors attached
to ports A and €. When the sensor detects light
intensity (brightness) between 51-100%, power
is supplied to ports A and C. When the sensor
detects intensity between 0-40%, power is
stopped.

Program 4

Purpose: Makes a robot move forwards and
backwards five times, for a random length of
time.

How the Program Functions: Provides power to

oulput ports Aand C and repeats the following

sequence five times:

¢ reverses direclion of output ports A and C,

* pauses program for a period between 0 and 3
seconds (mators A and C still turn),

* reverses direction to pert A (turning robot},

* pauses program for 0 to 3 second (robot still
turms),

» and reverses direction on port A again.

When sequence is done repeating, the robot stops.

Program 5

Purpose: Makes a robot move forwards and
change its direction if it encounters an
obstacle in its path. This program uses only
one Touch Sensor,

How the Program Functions: Provides power to

the motors attached to parts Aand €. Each

time the Touch Sensor (attached to port 1) is

pressed, the following secquence accurs:

* reverses direction on output ports A and C,

* pauses program for 1 second (robot keeps
maving)

¢ reverses direction on port A (turning robot),

* pauses 0.5 second (robat continues turning),

* and reverses direction on port € (both
motors are now turning in the same
direction).
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IR TRANSMITTER >

The IR Transmitter establishes a wireless link
between your camputer and the RCX. With the
IR Transmitter, programs can be downloaded
from your computer to the RCX. These
pregrams can then be executed (run) by the
RCX.

The IR Transmitter uses infrared signals to
send messages.

For communication to occur, the RCX and IR
Transmitter must be able to see each other,
Even though 4-6 inches {10-12 cm) works best
for downloading, in ontimal lighting
conditions, communication is still possible at
distances up to 90 feet (30 meters) away.

Installation:

In order to use your |R
Transmitker, you must
first insert a S-volt/
6LR61 battery and then
cannect it to your
computer. An alkaline
battery is
recommended,

Instiietions for battery use:

Always mmove the balteny from the B Tansmitter far long-torm
Slanage ol | has reached the end of §ts e 4 i

tead barer age the IR Tran wchargeshle hattar ey
shauld b eechanged uader adulk supervision.

The Steps:
1. Slide battery cover down.
2. Insert battery, making sure the “+” sign
matches the ane inside the Transmitter,
. Slide battery cover back up.
. Connect one end of the
cable to the IR
Transmilter and the
other end ko your
computer's com port
{vou must have a free
serial/com port to do
this).




The cable that comes with your LEGQ'
MINDSTORMS™ Robatics Invention System”
plugs direcily into a 9-pin male serial connector,
If your computer has a 25-pin male conneclar,
you will need to use a 9-pin male to 25-pin
female adapter (no! included).

There are two ranges of transmission avallable, short and
long. Switching settings affects the distance at which the RCX
and IR Transmitter can cornmunicate with each other, To
choose a setting, you must change the range on both the IR
Transmitter as well a2 the-software (software swit<h for the
RCX located at Getting Started:Set Up Oplions).

IR Transmitter Range Switch

Set Up Options

Selock COM port:

Dewnload RCX firmware:

Download bullt-in programst

Sa) RCX system fime:
Lot REX power down time:
Sel RCX range:

REX Batvery status:




3. THE SOFTWARE

@ cuoen MooE

Tip for advanced users: If you are already
familiar with the Robotics Invention System,
you can bypass the Guided Mode, and make all
menus active, by holding down the Control key
while clicking the About button in the Main
Menu. To make the Guided Mode active again,
you need to login with a different user name.

0 ' RCX CODE

When you login as a new user, you are in
“Guided Mode”. Guided Mode takes you
through the Robaotics Invention System™ and
shows you how it worlks,

“Guided Mode" .
-+ Main Meau -+| Getling Started

Training Center
Introduction and —»
Missions 1-4

Full Menu
Available

1 - l In RCX Code (located in Program RCX:RCX
Code), you build programs by stacking
graphical blocks. These computer images fit
together like LEGO" bricks.

Set Up Options ¢ SetUp: Part 2 « SetUp: Part 1




RCX Code is the special programming
language for the Robotics Invention System.
Init, each block on the computer screen
represents one instruction (or command).

In RCX Code, you make a program that tells
your RCX what you want it to do. You decide
how you want your robot to act and react, then
you bulld a program to make it do that, After
you download the program to the RCX, itis
inside your robot and ahle to control it, For
example, to make your robot move, you can
build and then download a program that turns
an your robot's motors,

With RCX Code, you
build descending

stacks. This means that
you place the first block

Jevorse on the top and the
A second block below it.

When the program runs,
il starts at the first block
(the Program block) and
works its way down.

When using Sensor Watchers, your program

will have mare than one stack. Like a single

stack program, it starts at the first block (the
Program block), and works its way down.

__RCX CODE BLOCKS

However, when the Sensor Watcher finds what
it is looking for, the program will simultaneously
(at the same time) work its way down the
Sensor Watcher's and the Program block's
stacks,

Tip: If your program grows larger than the
computer screen, you can move the polnter to
the edge of the screen to bring the off-screen
areas into view,

The faltowing is an explanation of RCX Code
blocks, For a description of individual blocks,
see the Help:RCX Code Reference on the RIS
CD-ROM,

program The Program block is the
(Niglitel besinning (first block) of every
RCX Code program. By right-
clicking the Program blocle, you
flip it over and can then save, claar, or
download the program, When saving a new
program, click Save as and follow the on
screen instructions. To un-flip the Program
block, click the green checkmark (Accept box).
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Mote: Before

downloading a pragram

to the ROX, click the

arrows to select a

program slot (program
slats P1 and P2 are locked by default, but you
can unlock them in Getting Started:Set Up
Options section). If *“overwrite” is checked,
your new program will be downloaded o the
slot you choose. However, if “overwrite™ is not
checked, your program will be downloaded to
the next unlocked slot.

m Command blocks are
instructions that tell the RCX
what to do; they execute commands. For
example, Command blocks can make a sound,

turn on motors, wait, as well as reset the
counter,

Right-clicking the green Command blocks
(except for Reset Counter, Reset Message, and
Reset Timer) will flip the blocks over, When
flipped, you can change the blocks'
information, such as port to be aclivated,
length of activation, or tone to be played.

Sensor Watchers watch for,
LGlULLEN o d react to changes ina

rabol's environment, They menitar the
readings of sensors and cause an attached
stack {o run when specific conditions are met.
For example, a Touch Sensor Watcher can have
a stack that makes the robot reverse when the
Touch Sensor hits a wall,

Clicking the button in the upper left corner
allows you to resize the Sensor Watcher block.

Stack Controllers allow you to
MRUTED control the way parts of your
program run, You can cause part of your
program ko loop (repeat itself), as well as have
some blocks that only run when certain sensor
conditions are met. For example, a Repeat
While block can make a Tone block repeat
itself far as lang as a Touch Sensor is pressed.

Clicking the button in the upper left corper
allews you to resize the Stack Controller block.

J ) wig o ) My Commands are the blocks

LWL (hat you make. They are
programming shortcuts that help you keep
your programs organized and efficient. You
can replace a long stack of commands with a
single block, and then use that single block
again and again. In addition to saving time,




you make sure that a partion of your program
always runs the same way,

To create your own My Command block, drag a
“New My Command"” block from the My
Commands container, Then place a program
(or stack) you have created between the
“begin™ and “end™ blocks of the “New My
Command” block, To give your block a name,
click “untitled” and type in a new name. When
you save your program, your My Command
Black is saved In the My Commands container,
It can then be used in other programs,

Clicking the button in the upper left carner
allows you to resize the My Command block.

- RCX CODE TOOLS

These tools are useful when programming in
RCX Code,

l;l=| The Try-out tool is helpful for testing the
€ %] way an RCX Code block will work with
your robot. To use it, make sure your RCX is
on and in range of the IR Transmitter, Then
click the Try-out tool and a ¢ade block in your
program, To cancel the Try-out tool, right-click
the mouse or press escape, Warning: your
RCX may start moving, so make sure it is not
tlose to the edge of a table.

Clicking Command blocks send commands
directly to the RCX and causes your RCX to run
that block {for example, clicking a Tone black
causes the RCX to play that tone). Clicking
Sensar Watchers shows the atlached sensaor's
reacling (for example, how much light the Light
Sensorsees),

The Copy tool makes duplicating a block

(or blocks) in your program easy. To
use, click the Copy tool and then click the
black (or blocks) you want to copy. The block
you click, in addition to all blocks below it,
is/are copied. To drop it/them, click where
you want the block(s),




The Help tool gives you information on

code blocks, To use, click the Help tool
and then a code bloek (for example, a Touch
Sensor Watcher block) to learn how it works.
To cancel the Help tool, right-click the mouse
Of press escape.

The Program Wault icon lets you save or
LW open a program by taking you to the

Program Vaull. Once there, you can open,
delete, rename, save and organize your
programs. To use, click the Program Vault
fcon.

E The Download /Save button flips the
Program block and allows you to save,
download, and clear programs. It has the
same effect as right-clicking the Program
block. To use, click the Download/Save
button.

ﬁ‘ The Trash is used to delete RCX Code
blocks. To use, click and drag a pragram
block(s) to the Trash. Once blocks are trashed
(deleted), they cannot be retrieved.

Like a bank’s safe, the Pragram Vault allows
you to save your valuables for future use. In
addition to using the Program Vaull to save
programs, you use it to open, delete, rename,
and organize your programs.

Saving a program

When you click Save as from the back of the
Pragram block on the RCX Code screen, you
are taken o the Program Vault.

I the Program Name window, type in a name
for your program. Then click in the Logbeok
window and enter a name for your robot, as
well as a description of your program and the
rabot it cantrals.




Itis always a good idea to write a little
information in your logbook. It helps you
remember what your program does.,

When you save your program, it is saved in the
folder highlighted in the Folders’ window. To
save it in another folder, the desktop, or a
floppy disk, click on the appropriate item in
the Folders' window,

To save your program, click the Save button.
To leave the Program Vault without saving your
program, click the Cancel button,

Opening a program

To access a program, click on the folder the
program is in (in the Folders' window), click on
the program (in the Programs’' window), and
then click the Open button. Instead of using
the Open buttan, you can also double-click the
program’s icon. When the program is opened,
you are taken back to the RCX Code sereen.

Organizing Programs

IF you want te move a program from one folder
to another, click and drag the program (fram
the Programs' window) to the folder (In the
Folders' window) you want it ta be in. To see
programs in another folder, click on the folder
in the Folders' wind ow,

If you want to delete a program, drag it to the
Trash (the last folder in the Folders® window).
If you change your mind, just open the Trash
and drag the program o another falder.
Howewver, the Trash felder is automatically
emptied every two days. When it is emptied,
all of its contents are permanently destroyed.

To leave the Program Vault without opening a
program, click the Done button.

Note: The built-in programs and Challenge
files in the Robaotics Invention System falder
are locked: you cannot rename, move, or
delete them. However, you can open these
files and then use Save as (on the back of the
Program Block) to save them as your own
programs in your own folder.
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To help you develop your ideas, the LEGO”
MINDSTORMS" Online Community is pravided
on the Intemet at www.legomindstorms.com.

Clicking the WWW button launches your
computer's web browser, Ifyou donot have a
browser installed, clicking the button has ro
effect. You also need an internet connection,

At www. legamindstorms.com, you can create

your own home page to display pictures of
your robetic creations, You can also upload
your RCX Code programs, as well as download
the programs of others.

You can talk to other users, swap strategies,
and post your own building ideas on message
boards. There are also an-line tutorials to help
you master programming and building tasks.
In addition, new challenges are made available
throughout the year.

The LEGO MINDSTORMS website is an internet
community of robotic beginners and experts; a
place where you share your expertise, as well
as learn from other robots/users, At the
website, you can also register your Robotics
Invention Systam.

Note: Your Online Community membership
card is enclosed in the set, On this card, you
will find your exclusive membership number
which you will need when you log on far the
first time.

You can also buy additional sensers and
motors on the web at the LEGO store
{www.legowortdshop.com). In addition to
buying an extra part, you can buy a
Temperature Sensor, a Rotation Sensar, as well
as a Remote Control for your robot, and
expansion sets.




| 4. APPENDIX

A: TROUBLE SHOOTING )

A mare detailed trouble shooting section is included in the Rabotics lnvention System™ CD-ROM. To access the
utility from the computers desklap, click the Start menu bulton. Then locate the Trauble Shooting program that
is inside the LEGO Mindstorms:Robotics Invention System Folder. You will also find the Read Me document in

that folder which contains more information.

I your cannot download programs and /or Firmware to

your RCX, make sure you liave correctly inserted good

batteries into koth your IR Transmitter and your RCX.

Also make sure:

* your RCR s tumed an

& your RUX s 4-6 inches (10-12 cm) away from, and
facing, the IR Trapsmitter

« your |R Transmitter is lirmly connecled Lo COM1,
COM2, COM3 or COMa of your computer {Test that
communication with COM1, COMZ, COM3 or COM4
is working in Getting Stavted:Set Up Options)

* your IR Transmitter and software (Getting Storted:
Set Up Options) age sel to long range

* Note: IFthere is another RCX nearby, try switching
the IR Transmitter as wall as the software setting
(Getting Started:Set Up Options) to shart range

» you avoid infrared signals from other IR devices,
such as TV & VCR remote controllers, computars
with IR communication ports

* the RCA and | R Transmitter are shielded from strong
light. Awoid direct sunbight, Fluarescent |lghts can
also cause problems

* the RCX and IR Transmitter are away from strong
electric fleld sources, such as TV tubes and laptap
TFT displays,

IF your RCX is not working, make sure you have
carractly (msprted good batteries and thal your REX is
turned on,

If you are having trouble with sensors and/or motors,
make skire:

* thee motorls) and/or sensor{s) are attached firmly

* the motoris) and/or sensor(s) are wired corectly

{refer to Constructopedia, pages 4-5)

* the motoris) and/ar sensoi(s) are plugged into the
part(s) selected n your pragram

* if you are using a Sensor Watcher block in your
program, that the necessary sensor reading is
reached. For example, if the Light Sensor is sel to
check lor 0-50, does the sensor ever show a reading
between 0 and 507

If you are having trouble with the software, reboot
your compuiter and restart the program. If the
program continues o have problems (Such as it befing
umable to locate resources) you may need to reinstall
the program. To rainstall the program, insert the RIS
CDinto yoeur computer. When the intreduction window
appears, click Reinstall. If this window does not
appear, open the contents of | he CO and double click
Autorun, then click Relnstall.
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@ 5 ADVANCED PROGRAMMIN )

Up to five programs can be stored in your RCX.
Each program can have up to 9 different stacks
which are executed simultanecusly (multi-
tasking); a stack is either the Program block
stack or a Sensor Watcher stack. Within the
RCX, only ome program can be active at a time.
Programs om the same RCX cannot control one
another, nor can they be linked,

.p[ugl_ﬂm
it Music
For every five Tone blocks in a
program stack, you need to
include one Wait block with the
total time of the five Tone blocks.
Forexample, place a Wait block
of 1.0 second after five Tone
blocks that each have play time

of 0.2 seconds.

This chart shows the frequencies
that correspand to specific notes

Very li = Wi
Law High Hi|

131 1047 | 2093
139 | | 109 | 2217
147 2 1175 | Z34%
1324% JLEG
165 | 130 | 2640
1398 ey
1483 | 2983
1570 3144
1663 3336
1760 3520
IBLS 3rae

1975 3951

progeam  =F

Courter

on AC

of the musical scale, To make music, enter the
appropriate frequency number in the tone field
of a Tone block.

Counter

The Counter Sensor Watcher s used to watch
the counter. It is used with the Add to Counter
block to count events. In the following
example, the Counter is used with a Roverbot
(Light Sensor pointing down) and a Test Pad.
With the program downloaded to the RCX, the
Roverbot is ptaced at the long end of the black
ring (on the Test Pad), and Run is pressed,

counter

The Counter Seasar Wotcher Is sef ax 386 3 sar the Watcher ardy dooks for the aumber 3

When a green box (on the Test Pad) Is driven
aver, the Light Sensor Watcher adds one to the
counter and beeps. The Counter Sensar
Watcher waits for the counter to equal three
(for three green boxes to have been driven
over). It then stops the Roverbol and beeps.




Communication between two or more RCX units
An RCX can send a message through its
internal infrared transmitter to a second RCX.
IFthe second RCX is in range, it will receive the
message and then be able to react to this
Message.

To communicate, you must have at least one
RCX set up (programmed) to work as the
Sender and at least one as the Receiver. The
Sender RCX must have a Send to RCX
Command block in its Program stack, The
Receiver RCX needs an RCX Sensor Watcher

The

following

example is
i o for two

press release rabots.

The Sender
RCX has a
Touch Sensor
attached to
sensor port
1. Each time

its Touch Sensor is pressed, it plays a short

tane and sends RCX message number 1.

The Receiver RCX waits for the RCX message
number 1 to be sent. After it receives the
message, it plays a short tone,

program
RExroticve

For communication to work, you must press
Run on both RCKs.

Communication between the RCX and the
LEGD" MINDSTORMS™ Robotics Discovery Set™
Though it is not possible to download RCX Code
to a Scout” {from the Robotics Discovery Set), it
is slill possible to control the Scout with an
ROX. Inthis example, an RCX with two Tauch
Sensors and the Scout’s Bug model is used, For
the fallowing RCX Code program to work, the
Scout’s Motion must be set to Forward.

When the Touch Sensor attached to the RCX's
port 1 is touched, Send Message number 10 is
sent and the Scout turns left, When the Touch
Sensor attached to the RCX' port 3 is
touched, Send Message number 8 is sent and
the Scout turns right. The Wait blocks of 0.2
seconds are necessary to give the RCX the
time to send the message to the Scout,
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BICYT S Note: When the Scout is running in stond alone mode, it is constantly waiting for

Messages from the RCX.

Message Effects:
1: Seok dark 7: Spin left (4 Rev, B Fwd)
2; Seelk light 8: Turn vight, farward (A Fwd, B OFf)
3: The Bug damce &: Turn left, reverse (A Rav, B OFf)
4 Forward (4 Fwd, B Fwd) 1: Turn Eeft, Forward (A OFf, B Fwvd)
5: Reverse (A Rev, B Rev) 11: Turn right, reverse (4 OF, B Rev)
&

begin repeat + Spin right (A Fwd, B Rev) 12: Stop (A OFf, B Off)

--‘:’EIP
L

Messages 4-12 control the Scout for half a second, then the Scout returms to its
v original motion. The RCX's motor control overrides the Scoul s default motion,
Lt However, if a sensor event or a special effect 1akes place in the Scout, it

erd repeat interrupts the REX's Message controlled motion;

repeat while
ot

®1 2 O3

Programming without RCX Code
To program your RCX without using RCX Code, go to
www.legomindstorms.com/sdk and get the document called
SDK (Software Developers Kit). SDK gives a description about
how the PC Driver (spirit.ocx) works. SDK also describes all of
the commands the RCX can use (some of these commands are
not available in RCX Code), as well as examples of how to

SIC TRpI program the RCX from Visual Basic.

@l repeal
For the program to work, you

must press Run on both the
RCX and the Scout.
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Block - A graphical representation of an BOK Code command,
Stack Contriller, Sensor Wateher, or My Command, They Fit
tagether like jigsaw puszle pleces to build a program,

Challenges - Thete are 12 challanges in the RIS se1. They are
open-ended and can be solved |0 many ways, but each
chatlenge has an observable gutcame, Challenges are used o
help the usér develop robot skills, as well as chaflenge their
mind.

Com part - A port for connecting and communicating with
eaternal devices such as modems and IR Transmitters (also
lknown as a seral port),

Commands « RCX Code blocks thar exes ute an event and in
turn makes the robot perform a fundtion fi.e., do samething,

Downloading - The process of transmitting (seriding) &n REX
Code program, as well as lirmware, friim the IR Transmitter to
the RLK,

Firmware - The special software that allows cormmiinication
betweon yoaur computer and the RCX to occur Il acts as Lhe
RCX's operating system,

IR Transmitter - The device attached to the PC that
communicates with the ROX.

My Commands - RCX Code blucks made by the user;
programming shortcul which the user saves part of their
program in a singie block, The black can be reused in other
Programs.

Output Port - Aoy ane af the three black studded plates on RCX
to which an gutput device, such as a motar, can e attached.

Program - The stack of RCX Cade blocks below the Pragram
black, together with all the Sensor Walcher stacks, that makac
a robol actand react. The Program block and all Seasor
Watchers are executed simultaneowsly (at the same lime),

Program Yault - The section of the RIS software that aliows (e
user to stare and retrieve RCX Code programs. It also allows
the 1ser Lo enter deseriptions about hisher programs and
rabots, acling as a logbaok,

RCX (Robotics Command System) - The pregrammabla LEGO
brick which is able ta store and execute programs down loaded
froma PC. Each RCX has threg output, a5 well as three sensar
ports.

RCX Code - The graphical computer language that uses blodks
four cee ating RCX programs. Thi programs are download ed ta
the RCX which in turn controls the rebot it is built into,

RIS - The LEGD' MINDSTORMS ™ Robotics Invenition Systerm ",

Sensor - There are twa types, Lhe external (outside) and the
internal {inside), An external sensar is a LEGO brick that can
be attached to a sensor port an an RCX to sense a change it
its environment. Examples are the Light and Tolch Sensors.
The internal sensars are the Counter, the Timer, and the
Indeared receiver,

sensar Port - Any ane of the three gray studded plates on RCX
to which an esternal senser can be attached (also known as an
input part),

Sensor Watchers - ROX Coxle blocks that monitor (walch)
internal and external sensors for an event 1o accur, When the
evenlocours, the attached stack is executed (runk. The Sensar
Walcher stacks are executed simultaneausly (at the same
time} with the main program.

Stack - A sequence of RCX Code blocks attached one below the
other, Stacks are exgculed sequentially (run from the 1op to
the bettom).

Stack Controller - RCX Code biocks that use INpUt sensoes,
timers ar counler levels to control the execution of pneor
more cammand stacks.

Trouble Shooter - A teol in the LEGD MINDSTORMS Roborics
Inwention System software that can be faunched when a
prablem accurs, usually with REX commuanications. It provides
fedp and guidance with fixing a prablem. &n abhbreyviated
wersian of it is located in the User Guide.
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