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To master a Challenge, you must follow three basic steps:

1. Construct — To start, review the Design Brief. Then gather the pieces
you need to meet the Challenge and start building. (Don’t hesitate to
customize your robot with additional parts and pieces.)

2. Program — Once your robot is built, you can program it using the
simple, but powerful, programming language included on the CD-ROM.
Your program will determine how your model reacts to its environment.

3. Test — Now it’s time to test your program and design. Once you have
downloaded your program from your PC to your RCX using the infrared
transmitter, your robot can run independent of your computer. Now let it
loose and watch what happens!
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Project Ideas

What follows are baslic instructions for
butlding the six subassemblies associated
with the CD-ROM Challenges. The same
Instructlons can be used for building your
own robotic inventions.

ROBO 1

+ Slowly moves back and forth. ¢AS&
+ Requires one motor.

+ Slowly rotates in one direction. th&&
* Requires one motor.

PATHFINDER 1

* Quickly turns left and right. $59&
* Requires two motors.




PATHFINDER 2

 Slowly turns left and right. %eas
* Requires two motors.

ACROBOT 1

* Quickly turns left and right. gnae
Even does “wheelies.”
* Requires two motors.

ACROBOT 2
* Moves fast and flips onge
upside down.
* Requires two motors.




Robo 1

To get started on Robo 1, follow these five steps.

BEFORE YOU GET STARTED...
Make sure there are batteries in your RCX. For help installing batteries, tum to page 38.

1 For this step, you need:

+— &-tooth gear

/ Put the motor on

— Motor the 2 x & plate
with holes.

4x means you 2% 6 plate Put the-
need 4 of these. with holes &-tooth gear
on the motor.

Attach this to the previous step.
To measure an axle,
see page 37. _Push the 24-tooth

For this step, you need: | 3 /' crown gear onto

&
_,/H
Put the

bushings
here.

" Push the wire into
the groove.




For this step, you need:

~“=*

2 x 6 plate
with holes

Do this first!

Put the 2 x 6 plate
with holes here.

For this step, you need:

=

Connector peg with axle

connector peg
with axle here.

Dark gray connector peg

Put the beams on the
RCX using the dark gray
connector pegs.




HINT: Try
this wheel.

Attach the end of the
wire to port “A".

IF YOU NEED HELP COMPLETING YOUR ROBOT...
+ Check out “Special Features” on page 26.
* Turn to “Tips and Tricks” on page 32

TO PROGRAM YOUR INVENTION...
* Go to the MoboRobo challenge or the Robo Bumper
challenge on the CD-ROM.

HINT: Try
this wheel.




Robo 2

Buitd the foundation for Robo 2 by following these eight steps.

BEFORE YOU GET STARTED...
Make sure there are batteries in your RCX. For help installing batteries, turn to page 38.

1 For this step, you need: ___2x6 plate
e with holes

— Motor

ontothe 2 x 6
plate with holes.

1% means you 1x2 plate
need 1 of these.

Put the 1 x 2 plates here.

For this step, you need:

Sf F .

Gray connector peg

— &tooth gear

This is the gray
connector peg.

Put the &tooth gear
on the motor.




axle, see page 37.

3 For this step, you need: __To measure an

G

N e

. Push the wire info
the groowve.

4 For this step, you need:

Differential

Put the bevel gear in place
and push the axle into it.

Do this first!
Put the bevel gear
on the differential.




For this step, you need:

W*—_I x & plate
TR L g e |
b gt e

Put the 1 x &
" plate here.
-

Do this first!
Put the beam here.

For this step, you need:

Put the beams on the RCX using
the dark gray connector pegs.

Dark gray
connector peg




For this step, you need:

—— 24-tooth gear

Bushing -~ 4

Put the bushing~”
on the axle.

Put the 24-tooth gear here. — -

Put the beam onto the =
gray connector peg.

8 For this step, you need:

with holes

IF YOU NEED HELP COMPLETING
YOUR ROBOT...

* Check out “Special Features” on page 26.
* Turn to “Tips and Tricks” on page 32.

Put the 2x 8
plate with
ho_[es here.

Make sure the
beam touches
the gear.

HINT: Try
this wheel.

TO PROGRAM YOUR INVENTION...
* Go to the Robobeeper challenge or the Robioptic chal- :
lenge on the CD-ROM. this wheel.




Pathfinder 1

To start building Pathfinder 1, follow these four steps.

BEFORE YOU GET STARTED...
Make sure there are batteries in your RCX. For help installing batteries, tum to page 38.

Put the 2 x 4
plate with
holes here.

2x means
—— you need
2 of these.

1 For this step, you need:
o E

2 x 4 plate with holes  Skid plate

Put the skid plates here.

2 For this step, you need:

Inverted roof brick

Put the inverted roof bricks here.




IF YOU NEED HELP COMPLETING
YOUR ROBOT...

* Check out “Special Features” on page 26.
* Turn to “Tips and Tricks” on page 32.

TO PROGRAM YOUR INVENTION...
* Go to the Outback Tracker challenge or the
Light Tracker challenge on the CD-ROM.

Put the
maotor
on here.

Put the ends of
the wires here.

Put the RCX
on top.
%

HINT: Try
this wheel.




Pathfinder 2

To get started on Pathfinder 2, follow these four steps.

BEFORE YOU GET STARTED...
Make sure there are batteries in your RCX. For help installing batteries, turn to page 38.

1

For this step, you need:

4x means
1 you need
4 of these.

To measure
an axle, see

page 37. Bushing

Put the
bushings here.

For this step, you need:

1 x 2 brick

Put the 1 x 2 bricks here. |




Put the 1 x 16 beams on the RCX
3 using the dark gray connector pegs.

For this step, you need:

s

Dark gray
connector peg

L2

For this step, you need: Motor
-

Attach one end to the motor,

the other to port A. Attach one end to the motor,

_~ the other to port C.

!
|

Large pulley

Put the
large pulleys

onto the axles. = ; l

IF YOU NEED HELP COMPLETING YOUR ROBOT... IR Tri
: : o this skid

* Check out “Special Features” on page 26. lata

* Turn to “Tips and Tricks” on page 32. Plake:

HINT: Try

this wheel.

TO PROGRAM YOUR INVENTION...
* Go to the Trail Tracker challenge or the Track Talker
challenge on the CD-ROM.




Acrobot 1

To get started on Acrobot 1, follow these five steps.

BEFORE YOU GET STARTED...
Make sure there are batteries in your RCX. For help installing batteries, turn to page 38.

Put the black
connector pegs here.

l

For this step, you need:

f Black
| comnector peg

ol

2%
2N
1

T

2x means youw
need 2 of these.

For this step, you need:

Ei o o | To measure an axle,
ﬁ’ see page 37.
ikt
. 5 Put the 1 x 8 beams here.
- -

Put the axles —
through the holes.




For this step, you need:
D/ark gray connector peg
’

Put the black connector pegs here.

Do this first!
Make this plece
for each side
and attach

to the black

connector pags.

Put this on the
bottom of the RCX.




Use this to make sure
your mators are in the
correct location.

|—2 x 8 plate & ) Do thls first!
with holes £ Put the
; 2 x 8 plates
with holes here.

HINT: Try
this wheel

HINT: Try
this wheel

IF YOU NEED HELP COMPLETING YOUR ROBOT...
* Check out “Special Features” on page 26.
* Turn to “Tips and Tricks” on page 32.

TO PROGRAM YOUR INVENTION...
* Go to one of the Robo challenges on the CD-ROM.

N N e e @ opseenm



Acrobot 2

For a jJump start on Acrobot 2, follow these six steps.

BEFORE YOU GET STARTED...
Make sure there are batteries in your RCX. For help installing batteries, turn to page 38.

1

For this step, you need:

 Black connector peg

“H— éx means you
need & of these.

Do this firstt —
Attach the beams using
the black connector pegs.




For this step, you need:

Attach the beam
to the RCX.

Attach this to the previous step.%




3

For this step, you need:

1 ké beam

Put the 1x 6
beams here.




4

For this step, you need: - 1/2 bushing The long black connector
peg must be put in like this.

Make two of these.

Axle with stop

Long black
conneactar peg

Put the axle with stop
through the beam. Then
add the 1/2 bushings. £ slide the piece /
in along side
the motor.

NN N etk @ ronseomsea




For this step, you need:

The long black connector

t be put in [ike this.
Make two of these. pea mlus BRI

Slide the piece
in along side
the motor.




For this step, you need:

1
2 x 10 plate Put the 2 x 10 plate here.

HINT: Try
this wheel

IF YOU NEED HELP COMPLETING YOUR ROBOT...
* Check out “Special Features” on page 26.
* Turn to “Tips and Tricks” on page 32.

TO PROGRAM YOUR INVENTION...
* Go to one of the Robo challenges on the CD-ROM.
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Special Features

There’s more than one way to get things
moving. Here are a few [deas to get

your mind in gear.

g

Push the hub into the tire.

Large and small tires can be
used on the same modé.

Put a 1é&tooth gear here.

For more details on how to build this,
see Tips & Tricks on page 34.

Even gears can be used as wheels!

oo ffpm
-

There are two ways to make your wheels swivel.

5

7 erocrpein @

Big wheels lift your robot higher off the
ground. (This is especially useful on
Acrobot 2. See page 25).

)’ AT




. . Put an &tooth
A Walking Mechanism gear onto the

Look closely at the
photograph to make sure
you build it correctly.
For help, tum to Tips &
Tricks on page 3é.

Front view

Back view

This whed requires some building
before you attach it to the motor.

This wheel can be attached
directly to the motor.




Special Features

Sensors make it possible for a robotic invention to
respond to Its environment. Here are a few [deas on
how to use light sensors and touch sensors.

Light Sensor Touch Sensor

The sensor “reads” Push the touch

the light here. sensor here. Connect this end

to one of the gray
Connect this end ports on the RCX.

to the gray ports
on the RCX. 6

Make a bumper with a touch sensor.

Use a light sensor “facing” down
to locate a line. 3 4

T mamenein @) e




Hand-Held Controller

Here is how you can buid
a hand-held controller
using two touch sensors.

Attach the two wires from the hand-held
controller to the RCX on ports 1 and 3.

When you turn the steering

wheel it will press the touch
sensor, causing the motor to
stop and your robot to turn.




Special Features

Here are more examples of how you can use sensors.
There are also Ideas for decorations such as
“eyes” and “noses.”

A light sensor that looks down A light sensor that looks down A light sensor that looks up

A bumper that uses A bumper that uses A bumper that uses
one touch sensor one touch sensor two touch sensors

4 5 | 6

Eyes for decoration A face for decoration

AT A AT A A

R NN




These eyes are just
for decoration.

|

This eye is the one
that really “sees.” @

A light sensor
facing down

A touch sensor added
to the end of an arm

A touch sensor in the
middle of a hand

An eye for decoration

Arms for decoration




Tips & Tricks

I_f you want to make your invention bigger, stronger, faster, or work even
better, try using these tips and tricks.

Adding features to your RCX

Add bricks or special features When you add a turntable,

directly to the top of your RCX. the items you put on top
! pofy e of it will rotate.

|

To attach one or more pieces,
place a dark gray connector
peg into the hole.

Attaching different pieces
Don't forget... you can always

Attach pieces using add pieces to the bottom of
the angle piece... e, your RCX.

Attach a beam by
using two dark gray
connector pags.




Making angles

Adding axles

r;
This one doesn’t spin.

This one spins.

Adding plates
to a beam

Adding length using plates

Adding length using a beam
and connector pegs

Extending an axle

Adding height




Tips & Tricks

Making a hand

)

Push these four
pieces together to
make a hand.

10

Adding pieces to a beam

Push the cone into
@mihe hole of the beam.

11

Adding hubs for caterpillar treads

12




Using connector pegs Building a frame around a motor

The black connector pegs
hold pieces more tightly than
the gray connector pegs.

13

Lengthening the motor shaft

Use a special connector to
lengthen the motor shaft.

A tire can be added.

15

N




Tips & Tricks

Using gears to speed
things up

Using one motor
to drive two gears

Vi
Use this gear combination
You can use this set-up to

to make the axle spin faster.
make a walking mechanism. aman
See page 27, #7.
% 16 17

Creating a more powerful
motor using a belt drive

You can use this set-up
to make Pathfinder 2.
See page 15.

v
"Thy

T
T
e,

s v

PN NN NG

i




Changing speed using different-sized gears

A tire can be added.

This gear combination will
move slowly but provide a lot
of power. This makes it possi
ble for your robot to do things
that require greater strength.

19

How to measure
an axle
Use this chart to

measure the length
of an axle.




Tips & Tricks

Battery installation

for the RCX
LR6 [
11
Instructions for use of battery bax

Heover mix differant types of batteries ar ole and now
bartaries in one battery bor. Always remove the batt aries
from the battery box for long term storage or f they have
reached the end of their life. Liquid lecking from dead
battaries will damage the battery boa: Rechorgeable
Batterios con be wsed but powar may be reduced. Do not
recharge fhe battaries in the battery box. Rechargeable
batteries are onby to be charged under adult supervision.

Insert & AA (LR6) batteries.

Remove the
bottom of the RCX.

Put the bottom
back on the RCX.

Battery installation for
the Infrared Transmitter

Insert the 9V battery.

AT A K

Slide the cover back.

Close the cover.




Top Secret Plans

The Torbot is a robot that gets around on caterplillar treads and Is able to
travel on top of a table with no risk of falling. Its secret lies in the strategic
placement of its touch sensors. To build the Torbot, follow these 12 steps.

1

For this step, you need:

- Black connector peg. __—Put the black
__ &xmeans you connector pegs here.
need 4 of these. ~ __——

Put the 2 x 8 plates
with holes here.

To measure an axle see page 37

2 x 8 plate with holes

Far this step, you need:

Put the
2 x & plates
with holes here.




Top Secret Plans

3

For this step, you need:

24-tooth gear

4

For this step, you need:

Dark gray
connector peg.

put the dark gray —
connector pegs here.

. Put the 24-tooth gear

onto the motor.




Put the 2 x 4 plates
with holes here.

-

[
el
=
£
=
=
a.
oo
=
@
=
=}
a.

2 x 4 plate with holes

+—1 x 2 plate

mei—1 x 8 plate

Put the 1 x 2 plates here. ..

For this step, you need:

For this step, you need:

W ke iiks @ ropsseny




connector peg in this way.

s Be sure to put your long

Touch Sensor
Put the touch sensor here.
Put the long black .
connector peg here. =

Long black connector peg

7))
=
-
(i
®
e
&
<]
&
g
s

For this step, you need:

For this step, you need:

7




9

Far this step, you need:

=0

1 x 12 beam

b
g

fe—— 1 x 4 plate

_— Put the 1 x 12 beam here.
-

Attach the pieces
over here. — =




Top Secret Plans

10

For this step, you need:

Put the 24-tooth
- gears here.




11

For this step, you need:

™ Put another bushing
on the axle over here.




Top Secret Plans

12

For this step, you need:

Caterpillar tread

___— 1é-tooth gear

_~ Rubber band

Put the rubber
bands here.

" Assemble the caterpillar
tread the same way on
this side.

Put the 1&tooth gear here.
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1. INTRODLUCTION

CIVMIINDSTORMSE
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WHAT IS LEGO

The LEGO™ MINDETORMS™
ROBAOTICS INVENTION SYSTEM™
is the core set in @ pew line

of technology-based producls

from the LEGD Group. Tt is

the product of a langstanditg
refationstip with the Massochusetts
Institute of Technology (MIT).

The RODOTICS INVENTION SYETEM
enchles you ta decign and program
real robots that move, act, and
think an their'own, With the
flobotics Inventfon System, you
can crente everything from o
light-sensitive intrudar alorm to

o abotic rover that can follow

o il rpove argued olistaces,

and even duck into dark corners,

The brain of the ROBOTICS INWENTION SYSTEM
is the RCX, a LEGD microcampeter that can

be programmed asing & PCor <an be run with iis

own built-in programs

The RCK uses sensors Lo take
input fram its enviranment, to
process data, and Lo signal

motors to turn an and aoff.




You first build your robot using the RCK and the LEGD®
pieces included in the ROBOTICS INVENTION SYSTEM™ (RIS).

NOIEONaoa LM

Thzn create a proaram for your invention using

RO Code, & simple, powerful programming
language. RCX code s part of the software which
comes on the RIS CO-ROM. Next, download your
pregram to the NCX using the special Tnfrared
Transmitter, Your éreation can now interct

with the envirenment, fully independent from
the computer.

The ROBOTICS INVENTION SYSTEM™ includes 727 LEGO™ pieces, the RCX, Infrared Transmitter and
cable, light and touch sensors, motors, gears, o Constroctopedia™ building guide, and the ROLOTICS
INVENTION SYSTEM software on CD-ROM. The ROBOTICS INVENTION SYSTEM provides you with the
guidance to buitd simple working robots, as well as inspiration for more complex robotic inventions,




The LEGO™ Group hos a
philosophy about how one
learns fo master technology:

THE BEST WAY TO LEARN IS BY DOING.

That is wihy LEGO® MINDSTORMS™ projects
provide goals, nat solitions,

Thees is no single “right answer”
e any given chialienge. Everyone
devalaps the solution that he o she

feels is hest,

“Ynowlaldge 15 oonly part of
understanding. Genitne understanding
cames from Fands on experence,”

D1, Seymour Papert
LEGD Professor of Leaming Research
MTT Media Lah

Roeso FrRIDOE
LIGHT DETECTOR

TRAIL TRACKER




CIVIIND STORMSE

THE RCX

RGCX FEATUR

RC.‘.'__X'— DispPL

IR TRANS




THE BCX

B The RCX comes with five built-in prograris.
(See mare infarmation in Jection 3,
Software: Program Vault,) Selecting and
running these programs without a computer
35 possible by using the Prgm and Run
buttons on the RCK control panel, These
huslt=in programs may be overwritten by
creating alternate programs on a computer
and dawnlsading them to the RCX,

B When changing bakteriss, make sure you turn off the RCK first, Then
replace the batterdes within 1 minute or the RCX memory is cleared
and the user programs are erased. You will then have to download
your programs again lote your REX frem your PC,

The RCX operates using 6 Ad batteries housed in the RCX unit or
using an AC adapter (rot included) connected to the AC port which
{5 lecated at the epposite end of the RCX from the infrared “aye,”
When plogged in: the REX will bypass the hatteries to access AC
power, canserving the batteries. Alkaline batteries are recommendad.

1,5V

63 AA(LRG)
batteries required

B If left with the batteries nstalled or connected te 2 wall outlet
with an AC adapler, the RCX avtomatically powess down, The default
“rawer dawn® time is setat 15 minutes, However by using the Set
Uy Options in Getting Stated on the LEGD™ MINDSTORMS™ RIS
CO-ROM, the setting can be changed to any time betwaen T and
99 minutes. There is also an eplion to set the “pewer down” Lime
to infinity, which is useful if your ROX will remain eonnected to a
wall puthet with an AC adapter,

Set Up Options

Sainst BOM port;

Bawnload RGX

Sat RO dyRtom Hme:
Bt RCH power dosn tim e
Set RCX rmng

HEX hatiery

P Orce the RUBOTICS INVENTION SYSTEM™ i5 set up on your
comptiter, you can check the RCX battery level status in Getting

Started: Set Up Options in the software.




"2

AL Adapter {onnectar

FxMvYMmaauavH

B The RCX hes thiee input ports, three ontput ports, four control
busttars, an LCD display, an AC adapter cannector, and an Infrared
Transm r Receiver “eye” IL also has

LEGO® studs for easy connection of
LEGO bricks and beams, as well as holes
far inserting LEGD connactor pags.

59403034 XY

The three input parts are petion points for sensors (light,
touch, temperature, and mtation), The three output ports are
sonmectign points for LEGD meotors and other LEGD outpist devites

such as lamps.

The Faur contral buttons are the red On-0ff in the botzom left
sarner, the hlack View button in the wupper left carner the gray
frgm- {or Program) betton in the upper right corner, and the

areen Run butkan in the lower right corner.

-~ [VINDSIORVSY




2. HARDWARE

RCOX FEATURES

The On<0ff button teggles the RCX on or off.

inpla ndoa weample, you ran see the
sansor yalue at inputpert 1, 2, ar 3, or motor speed at outpul

port &, B, or L.

Prgm or Program button allows the user to select between
The number of the progam
af the “little person’ in

display window,

The Run button starts and stops the nloaded, stomed

pragran that has bee cted via the Frogram button.

Ty the “Run® mode, the “little person” will appear to be

running in the disptay window,




< »

»

v

w|

The battery-low indicator lights up whan battery

thargs s m

It flashes when the battery charge

any Lo

The infrared communication “cane” Hghts

up to indicate thal communication between

mitter and the ROX i

the Tafr Tran

laking place.

Dots light-in anie when a program is

n the computer to the ROX

dovwalaading

An arrow displayed abe
wilput port is.active, The direction

an autput port

ndicates
NG

of the gripw shopws the eirection of a

conmeited to the pert.

L

v

k4

L

&n arrow displayed below gn inpul gort indicates
that the input part i active:

The “little parson” maning in

is executing 2 program. The “little person” starls

running when the fun but i pressed.

The number [ 1-5] which appears to the right of
the "little person” ingicates w
pregrams will be activated when the Run buttan

The Seftware Watch indicates how Lopg the
has bieen on from Last setting o resetting. The

Wwatch s only active after the firmware bas been

downloaded, and can be controlied fram

X - -
Set Up Options 10 Getting started, I
Downloading firmware again o turning )

the RCX off and on astomatic resets

ghe Watch.

A

cates that the RTX

nich of 5 downinaded

s

({H\
Y

]

t3dvMmauYy H
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2. HARDWARE

. REX DispLay WINDOW

continued

Boat Mode: Active without
firmware or upon full reset

“Little Ferson” in
display window

5 built-in programs
Prgm button

Run button

Teons showing inputfautput
Battery power indicator

IR communication icon

Active after
Firmware is downloaded

“Little Persen” in

display window

5 built-in programs*

Prgm button

Run button

View butten

Software Watch

Mumber Field

Leans showing input/output
Battery power Indicawar

IR communication icen

The first time the RCX is powered, either with new batteries ar
with an AC adapter, iLstaris up in 2 spec Bool, Mode" without
firmweare (funning the interndl cade stored in ROM). Boot Mods
uffers anly those fusictions indicated on the left side of the table.

Firmware is special software the RCX needs Lo communicate with
the computer. When firmware is downloaded to the RCX, more

display features are availabile, See the right side of the table.

The REX also has a builtsin speaker which canm produce @ serigs

of “beeps.”

The RCK includas an 8-bit micrepiocessar and irternal memory,
The memary is used ta store firmware, and programs downloaded
te the ROX from the PC.

*Note; The Set Up: Part 2 program runs a special sequence and
Jownloads only 2 of the built-in programs plus a test program.




IR TRANSMITTER

idgvmmauvH

tween the RCE and IR Transmitter works
snloading, the RCX can communicate up ta 90 feet iF

L

scted and set to Long Range,
the-computer through the Inf
is called “downloading.” Thesa pr IR Transmitter ar the 80K in dirzel sunlight

JB13USUDL] YT

Lhe RLx, ar under direct Lamp loght, vau may experience difficultizs in
cownloading, Te solye problem, move the IR fransmitter and

Ton rirake bhe cammunication betw B0 aut of the sunlight or tur ofF the lamp,

Transmitter work, thare myust be an ynintermpted fi af viston to

the & ated on the RUX. Two ranges of transmission are

available, snd can be selected with the Shomt/Long lnfrared Range

switeh loatesl the rront of the Infrared Trangs
Mote: There is a corespoading Short/Lang Range setting for the
RC¥ which can ke changed i Liing Star o Ser Up Gptions

n7 the RIS CO-ROM. TF you Pave downloaded the Brmeare tsing

Set Up Part 2, che TCX 15 set 1o Long Range.

IR Transmitter Rangs Switch

i

a-m Inches




2, HARDWARE

IR TRANSMITTER

1% 9V battery required

coqinued

Tae Infrared Transmitier requires: one Y-valt battery. Alkaline

battesies are vecommended,

To cannect the Infrared Transmitter to your computes, first
make sure that your computer is shut down,

You meed a free serial port, The Infrared Transmitter cable
which eomes with yaur LEGO® MINDSTORMS™ ROBOTICS
TNVEMTION SYSTEM™ plugs. dit oct15 into & 9-pin male serial
ronnecton 1F S-pin male connector,

you will need & 9-pin mate Lo 25-pin female adaplen

Tn piger to download your own pragrams through the
Infrared Transmitter to the ROX, the LEGO MINDSTORMS
ROBOTICS [NVENTION SYSTEM wase” must be

down loaded to the BOE The firmware iz the REX operating

system. Step-by-step ir i for downloading fimware
are avaitable in Set Up: Part 2, You can also use Set Up

Options. See Sectian 3. Software ure information:

{nce the firmware is downtpaded, the RCX can be
programmed using the pragramming language catled AT
{ade, See Sec . Sgftwore for mose information.
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2. SOFTWARE\

t comptetad the
ill introduce you to
o The Guided Mode sequence
2, Sat Up: Dption:,
17 you haye already
completed the Training Center Missions, you will no longer be in the

o] Moda" nyeu lagin,

Thi Main Meru of the ROBOTICS INVENTION SYSTEM™ allaws the user
te arcess all features aof the software, TLingludes Getting Started,
ram ROX Challenges, Help, and WAWW.

Guided Mode Segilience

Lagin

¥

Main Menu

¥ B Tip: [t is not advisad; howsver, you can
bypass Guided Mode ane make the Full
neny active by halding down the Control
ey and clicking the mouse peinter on the
About butkan in the main menu. To make
Guided Mode active again, you will nesd Lo

¥ login with a different user name.

Set Up: Part 1

T
v

Set Lip: Pare 2

¥

Set Up Options

v

Training Center
Introduction and
Missions 1-6

v

Full Mzau Available
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In the Getting Started section of the software, you will find
the Tour movie and set up instructions.

TOUR

— — The Tour is about 3 two-minute introduction to
M the LEGD™ MINDATORMS™ pradect and i1s concept SET WP OPTIONS
of invention. The Taur onents and famihanzes you with the key
ideas vou will encounter in the ROBOTICS [NVENTION SYSTEM™, The Set Up Options screen allows you to check or
end intraduces the LEGOD MINDSTOIMS process and terminology. change the way the ROY and IR Transmitter are sel
1p weithout going back through the Set Up: Farts 1 apd 2 programs.

SiE (e PhiacRae ]

Set Up Options J
I Set Up: Fart 1, follow step-by-step instructions

SstUpiParid | : : o e
= - that explain how to inserl hatiedies, how ta Salect COM port: J3 (2 [3 (4 {Aute
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use the burtons, how ToOCurn o moton and read sensors, and how LR O LT mae
o use same of the huilt-in programs, Bownlond built-in programs:
Sqt ROX system tise:,

Set RCK pawar down time;

SET UP: PART Z

Set RCK range:
Ln-Set Up: ¥art 2, fo tep £p instructions RCX batiary sintus
that explain how repa Irifrared
Trznsritter for use and connect it to the computer, and how to

download the firmware s that you can program the RCX yourself.




3. SOFTWARE

PRocRAM RLOCX

TRAINING CENTER

The Program RCX section of the software indudes the Training
Center programming instructions, the RCX Code programming

envirenment, and the Program Vault for stering programs. INEe e completed the Taur and Set Up
programs, you can enler the Training Cenfer.
thiraugh by

am in R Code,

= preggram in the Pogeam

mportant furctio ol the Traial
you will learn 1l 2 of Commands, Sensar Watchers,
Ii atso lea

Cantrallers, and

hen yau have finished the Training Center you will be familiar

th programming RCX raboets.
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REX CoopE

L 3]

!

ROY Code 45 2 computer programming ensirarnmnant
in which graphics are used to build & program.
In REY Code, each block displayec on the screen represents an
iestruction. You click, grab. and Link graphical blocks an the
£ er scraen: The hlacks build {stack} one uader ancther, like

pieces in a puzile, to create a

1 a5 Lo pregram thie RUX to carry oot an action or b or;

foe cuample. contralling the movermont of twe meters in 4 LEGD

rebot, Once developed, the program must be downloaded from the

compuzer to the R0 for sxecetion

gramimang takes place fn the RUY Code workspace on the computer

apo) XJ§ pup 133u3) Bul

sereen. The workspa a changes depending on the size of the

RCX Code program. If the program is laiger than the size of the

ComLTer screen, move the painter to scredl across and down to

bring off areas info view.
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e

b To develop o program, decide what behavior the ROX s to exhibit. For
example, i controlling the movement of twe motors in-a LEGD robet
is the behavior chasen, you can create a program by building & stack

y executad ROX Code blocks to do the job,

af sequant

b The stack may contain any or all the folloming types of RCX Cade blocks:

» FEX Code blocks that execute Communds; for example,

furh o rar A,

* RCX Code blocks such as Sensor Watchers or Stack Contrallers,

These Control the stack by selecting and checking sensams, repemting
the commands 15 the stack a mgmber of times, andy/or nitia Ty
paises i the execution ef commands,

« fCK Code tlocks that comtain cemmnds created by you
(My [ommonds).

b Up to five programs cen be stored in the REX. Each of these yrograms:

& {gn consist of up to 9 different stadks which can be pxecuted 0
poraliel (multi-tasking)l. A stack is either the Pragram block stack
or.a Sensor Walcher stock.

& {an eirable twg REX units to communicale with one anether

through tofrared tronsmittars ong receivers fn the BCX, The firsl
ROX seads the message through its (ntermal infrared tronsmition
If the second ROX Js within range, 1t can receive the meisoge

through it infrared recedver. The seromd BEX can then react to

this essage.

: -
=eantrotiare iy
e FRRRE =
W=

B Within the RCX only ape program can he active at a time. Programs
an tha same RCX cannet control one anather, nor can
they be Linked.

P Ses ROX (pde Reference in Help on the LEGD® MINDSTORMS™
ROBOTICS INVENTION SYSTEM™ CD-ROM for more information,

Program Block

The Program Block 1s the beginning of every RCX
Code program. RCX Code blocks attached to

the Progrom Black run from top to bottom when
the program is run by the RCX. 8y right-clicking
the peinter an the Program block. you fiip it

over amd cun then sove, cleas, or download

UNTITLED,

the prograim.



Commands

Command blocks are instructions that tell the RCX what ta do.
They cre found within the green Commonds bleck container.

Same Commonds blacks control the oetpat ports. For exampie,
On, Off, On For, Set Power, Set Direction, any Reverse Direction
control the output ports to which motors pre oftached. Many
of these blocks flip over when you right-click on them te aliow
you te change the ports and other values. See RCX Code
Reference in Help on the CO-ROM for more detoils.

The RIS sel contalns two motors,

¥ On
The On command black tums an ports A, 8, or
on the RCY, Motors and lamps can bo attached 1w

these ports,

The O Far block turns on parts A B: and ' for a
certain amount of time, Motors and lamps can b
attached to these ports.

» Off

* Set Power

The Off block turns off ports. A, B, and C. Motors and
lamps can be attached to these ports.

Adding the Set Power block to your stack allows you
to change the power of a selected motor in 2 range
fram 1 {minimum} to & (maximum).

I+ Set Direction

direction
ArBr T

When 2 motor pert is first turned-on, the attached
motor turns in a particular direction. This direction
on the Se1 Direction block s indicated by the arrow
which points to the dght. The arow ta the laft
indicates the oppasite direction. (You can also
change the direction of a mater by turning the
connector plate of the wire attaching the motor to
the ROE 18073

iIFEvyMLIDS -
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Commands .

b Reverse Direction b Tone

Tha Reverse Direction blodk allows you o chinge The Tone command block tells the ROX 1o play & tone
Lhe direction satars. Whichewer directinon a motor 4000 of a selected pitch for a selected amount of time.

I turning, ithe aree Direction black cawses it to Lum You specify the pitch ot the nate (a5 a freguency in
in the spposite direction, (You can also chenge the Hertz). For axample, to play middle €, specify the
diraction of a motar by Lurnieg the connector plate 9f frequency as 523,

the wirz attaching the motor to the RCX 180° )

Vory |
I.OV\‘;I middie

131
129
147
fha Wait command black in your pragran tells the 124

RC¥ ko wail a certain amaunt of time befare geing
on 1o the mext command: Time is in tenths of 2
serond: so; 10 meansione second sl 15 mezns gne

and-a half-seconds,

b Resef Counter

Adding a Beap command black allows wou ta add one The Counter is an internal sensor in the RCLwhich
of & diffarent beep sounds Lo vour program. [he #0X reset cail count events such as a candition becoming true
las @ built-in speaker for playing the beep sound {such as,.a touch senser being touched). Add
che feset Counter block teoyaur stack to reset the
RN cauntear to 0. For example, if you have a Chack
and Choose Counter or Counter Sensar Watcher in
vour program which is counting events, the Reset
Counter block birings the count back to 0,




rFNVYMLEAO S

b Add to Counter ¥ Reset Message

The Counter is an internal sensor in the RCE: Tk 5 The Resat Message block clears aut any previously

apogy. X1y

tan count everts such a5 a touch sensor being reset received message number received from arather ROC
tauchad. For exampin; toadd 1 to the counter when - For example, you may want to use the Reset Message
a touch sensar 15 pressed, put the "add to counter” block in Sensor Watchers or Stack Controllers that

black on a Tauch Sensor Watdher block raspand Lo messages,

B Reset Rotation F Reset Timer

The rotation sensor keeps track of the rotation of K The Timer starts at 0 each time the RCX begins to

xle which s through the sensor, The retation rum @ program and counts Hme as the program runs.

reset
rotation
123

sensor is Set at 0 each time the RUX STAMS [o run i Yol can use the Reset Ti ack at-anpthes point
a program. You can gse-the Resat Rotation hlock at in your program to set tha timer sensar back ta 0
another point in yoor program to set back the to begin the count over again. See also the Timer

mtation sensor setting to 0. Sensar Watcher,

Note; Reset Rotation is not ackive unless the k Sond to RCX
Rotation sensor is selectad on the Advanced page

of Set Up Optians an the RIS CD- ROM. The Send to RCK message block 1glls the REX Lo

seni oul an inframed message to another REX.
The message can be any number fram 1 to 255,
See also the RCK Sensor Watcher

MINDSTORMS]
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Sensor Watchers

Sensor Wotchers monitor the sensor readings during your
program for the temperature, light, ratation, or touch sensors,
There are also Sensor Watchers for the timer, covnter, and RCX

message; these sensors exist within the RCX ftself, Sensor watchers

are faund 1n the blue container. The RIS set comes with twa touch

sensors ond one light sensar.

You con cfiogse sensor readings o levels on a Sersor Watdher
and add a pragrem stack te a stack connectar. When the level

chosen on the Sensor Watcher s renched, the ottached program

stack begins. Once the Sensor Watcher program stack finishes,
the RCX goes bock to wihere £t left off en the Progrom Block
program stack.

Sensor Watctiers have a button in the upper left corner wirich
ollows you to resize the block.

The Rotation and Temperature Sensor Watchers nre not active
by defauit. To moke them active, go to the Advanced page in
Set Uip Uptions.

sensor
watchers

b Touch

The Touch Sensor Watcher has two states:
pressed and relpased. Use the Touch
Sensor Watcher to trigger a program stack

when the touch sensor chamges state,

P Light

Use the Light Sensor Watcher ta trigger an
attached program k when the First of
two consecutive readings falls outside a
choses) imterval and the second reading falls
within a chasen intarval; for example, when
the sensar-sees a “bright” Gght value of
70% and then a “dark” light value of 30%.

Rotation z rotation
01 #2 &3

The Rotatinn Sencor Watcher keepe track
of how mamy times the axle in the sensar 0 [ 160
tumns, inincrements of sixteen counts backward  forward

per rotation. (Kot included inthe RIS
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Temperature

Use the Tempezture Sensor Watcher to trigger an attached ROX
Code stack when the temperature reading of your sensor falls
withic the chosen interval, For examply, when the temperature goes

fram a "warm” A0 ta a “cold” 25, (Mot included in the §159

Counter
The Cour Senser Watcher aliows you te trigger a program stack

e

when the count falls within a chozen ange of numhers. To <ot the

rounter teowatch for @ specific numbers make the *from” and “to®

values the sams,

Timer & tmer
Use the Timer Sensor Watches Lo trigger an attached program stack

% S - time 1410 sec
when the selected amoint of time pasies. The Timeris w o o 1o

RCA imelf, so you do pot need Lo chioose a port.

RCX

The RER Senso Watcher allows you to trigger a program stack when
the massage number raceived from anathier RCY wsing the Send to
ACA command hlock falls within a selected range. Toset the RCX to
watch for a spec number, make both values the same,
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Stack Cantrollers

Stack Controllers, found in the red container, allow you to
choose different ways for parts of your program to run using
sensor input, counter, timer, and messages to cantrol RCX
Code stocks. Stack Controllers have a button in the upper left

7

Tefgirr repbit
corner which allows you te resize the Stack Controller black

to save roam on the workspoce,

Check ond Choose
The Check and Choase block teélls ane of twe differsnt program
starks to act, based on the condition you decide; for example; if

pressing the touch serser 15 truc.

Wi i
Tarirghy y
D1 ™2 83

-

stack
coritrollers

¥ Repeat

The Repeat black tells an RCX Code stack
ta run & chasen number of times.

Repeat Forever

The Repeal Forever block tells an RCX Corde
slack 1o run forsver.

Repect While

Repeat While telis a stack to continue ruaning
a5 lang as a selected condition is true (such as
a touch sersar being pressed.)

Wart Until

Using @ Wait Until stack controller biock makes
the ROE wait until a chasen sansar canditian is
tre {such a5 a touch sersor being pressed)
before going on to the next command,
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Test Panel

The Test Ponel alfows you to check the direction and timing of
motors and to check the current state of sensors as you are
programming in RCX Code, To see the RCX Code Test Fanel, cffck
the Test Panel tab. To clase ¥, click the Test Panel tab agoin,
See Trafning Mission 6 on the RIS CO-ROM for fnstructions on
wiing the lest Panel

paj X34

A

My Commands

The yellow My Commands contaiper holds the New My Command
block, as well os ary My Commands afready created by vou, My
Commands crented in RCX Code can be edited or changed., See

the Frogrammopedia in Help on the RIS (0-ROM for instructions

o ereating My Cammands,

upd 353 pup “SpUpLilg
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ProcramMm VAULT

The Progrom Vault ollows wsers to monoge staring thefr
RCX Code progroms on their computer's hard disk or floppy
drive. Commuond peddies down the side of the screen vre
New, import, Export, end Delete, To the feft of center is o
“conveyor,” aperated by the top and battom orrow ot the
left of the screen. Each coaveyor item represents an RCX
Code progrom {and associoted files).

Built-in Programs

Bulit-in pregroms 1-5 gre included (0 the RO The
programs can be seen as RCX Code programs by selecting
them from the Program Vauwlt.

Usirg the Infrared Transmitter connecled fo o computer,
these huflt-in programs may be overwritten by craating
alternate programs on a computer ond downloading them
to the RCX.

Program 1

Purpose: To prowide & canstant source of power fotwo (2]

matars connected to ports A and L.

How the Frogram Functions: Power 15 supplied when the user
actiwates the RTX, selects "Progam 1" and presses “Run,™

Pressing the Run button again manually stops the program

Progrant &
Purpase: To mave a twa-metor rabot farward and enable it to
turn. Assumes motors are conrected to porte Aand Card

touch sensors to ports 1 and 3.

How the Program Functions: Uses two (2) Touch Sensor
Watchers to control the twa () motors, Sensor Watcher §1
{input port 1} monitors touch sensor #1 corstantly as it
controls Mator A, white Sensar Watcher #2 (input part 3)

moniters the second touch sepsor which cantrols Mator C,




F Frogrom 3
Purpose: To move a robot forward, then stop it when
sensnss register 2 change of light intensity (far ecample
when the robot eaches the dark colored sierface), Assumes
mntors are connected to ports & and (and & light sensor

to-port g,

Haw the Program Furcticns: Controls power fo ports A
and L. A Light Sensor Watchar monitors a light sensor and
mternuats power when the Hght sensor detects Heht

in the range 0-40%

Program 4
Purpose: To provide & two-motor pragram that repeats five
times a7d then stops. ASSUMES MOLIFS @E COMMected to

porks & and

How the Program Functions! Frovides power to output ports
Acand Tand caries out the follawing sequence five times:

ioversss diection on both output posts A and ©

pagses for g randem time pedea (between &oand
* secondfy]

teversas direction fo putpet port A

pauses far a random time perod (beteesa & and
3 yecondy)

wverses diechion on port A ance more

FProgram 5

Furpose: To enable a obot to move forward and change
i=s direction if it encounters: an ohstacle in its path.
Assumes two motors ere connected to ports A and C and
a touch sensor to port 2,

Fow the Pragram Functions: Provides pawer te-autput ports
Aoend LA Touch Sensor Watchar manitars the touch sensar
constantly and each time the sempsor is pressed, activates

wes 05 secand

erses direction on port ©

Somple Programs

Severnl RCX Code progroms are provided on the RIS
CO-ROM. Twelve of the sumpie progroms, one for eoch of
the RIS Challenges, ore included. Also included are RCX
Code versions af the built-in progrems. If vou install the
expansion sels, you may hove additions! sample programs
added to the Program Wault,

f3¥vYMLIOS "E
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CHALLENGES

Challenges are intriguing invitations to create mechanicol,
programmatle mbots and other exciting devices all copoble

of perfarming ane or another specific tasks. The challenges are
open-ended and can be met o varpus ways, but each task is
always clearly described by measurable or observoble outcames.

obolics Invenion Spstam




ROBOTICS INVENTION SYSTEM™

This is the main set of challerges for LEGG® MINDSTORMS"
wigrs, It gives Lhe:basic training in rabot mak

1g-and robot
programming. Thare are three main bypes of sabot chatlénges:

Robe, Pathfinder, and Acrobat, each with four tevels.

| Robotics Invention
System

RoboSports™

st be purchs

Tratedy. |

— gl This adi-on is about making robats thal can
RoboSparts L "
b nlay

taee types of robols; Duntobots, Puckobots, and Grabaobots.

tls or packs. There are

Each challenge has four levels,

Extreme Creatures

it be pu

Extreme Creatures is an add-on about desigiting,
1, and progra

Helptiles, Mutimals, and Big Bugs, Ea<h Challenge

ny twelve creatures of

beas four levels.

t be purchased sepre

Exploration Mars"

. ploratian i

landers and rovers. You can &

Tl

This is.an add-on about remote exploration

of the planet Mar by means of tele-pperated

sild rovers, design Mars surfaces,

and aperate the mvers surfaces by mears of images

friom a ramera.

t3dHYMLEAOS
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HELFP

The Help System is a reference of the features on
the LEGO" MINDSTORMS ™ ROBOTICS INVENTION SYSTEM™

hardware and software.

The Help System includes:

o the Programmopedia, ¢ guide to sobing common

orogramming and robotics probilems

gferencs, with infonmation sbout the RCX

! hatdware featunes

» BK Code Ref with details an the
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To help you to develop your ideas, the LEGD™ MINDSTORMS™
Robotics Network is provided on the Internet at
<RLLp: Wi, LEGOMINOSTORMS, com=.

¥ Clicking the WWAWY butt s the wah browser For your
computer. You must h xrinstalled and.an Internet

canpechion o g t v no effect.

You can create
Erograms and s, You can
takk to " g experts in

e boards. On-line tutorials will help you
mastor progrmiing and bailding tasks, New ch = made

available for cownlrading th aut the year,

Your Rodotics Network membership card is enclosed in the RIS set.
[ this card, you I find your exelusive membership number

ik yiu witl meed whea you g oo for the fist time

Fiep://mww.LEGOMINDSTORMS.com

EHMINDSTORMS]
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