CIWVIIND S TORMSEE

Power of Robotics (@ Your Command™




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 Ildeas

What follows are basic Instructions for
building the six subassemblies assoclated
with the CD-ROM Challenges. The same
Instructlons can be used for bullding your
own robotic Inventions.

- Slowly rotates in one direction. th8&
* Requires one motor.

ROBO 1

» Slowly moves back and forth. ThS&
* Requires one motor.

PATHFINDER 1

- Quickly turns left and right. ®hae
* Requires two motors.




PATHFINDER 2

» Slowly turns left and right.
* Requires two motors.

ACROBOT 1

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

* Moves fast and flips ¢nGe
upside down.
* Requires two motors.
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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:

— S-tooth gear
"“L‘.u'" Put the motor on
— Motor i the 2 x & plate
with holes.
4x means youw 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: f./ Crown gear onto

: Vi the axle.

Put the
bushings
here.

. Push the wire into
the groove.
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For this step, you need:

e Lt

2 x 6 plate
with holes

Do thls first!

Put the 2 x 6 plate
with holes here.

For this step, you need:

i

|T

Connector peg with axle

4 L Dark gray connector peg

o

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

connector peg
with axle here.
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HINT: Try

this wheel. 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.




Build 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

with holes

onto the 2 x 6
plate with holes.

1x means youw 1x2 plate
need 1 of these.

Put the 1 x 2 plates here.

For this step, you need:

— &tooth gear

L s

Gray connector peg

This is the gray
connector peg.

Put the 8-tooth gear
on the motor.




For this step, you need: _To measure an
e axle, see page 37.

o

/ﬁ’/f‘
1x g
Fic

. Push the wire into
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.
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For this step, you need:

Eﬁ; =1 1 xéplate

Put the 1 x &
- plate here.
___.v-"

Do this first!
Put the beam here.

For this step, you need:

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

connector peg




For this step, you need:

La  2d-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:
SRRt et D x B plate

with holes

e
i s
1

IF YOU NEED HELP COMPLETING

YOUR ROBOT...

. i ; p Put the 2x 8
Check out “Special Features” on page 26. clati with

* Turn to “Tips and Tricks” on page 32. holes 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.
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Pathfinder 1

To start bullding Pathfinder 1, follow these four steps.

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

Put the 2 x 4
plate with
holes here.

2% means
— you need
2 of these.

1 For this step, you need:
: S ¥
s '."'- _ln-j'"
oy e g
oy

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.




4 For this step, you need:

IF YOU NEED HELP COMPLETING
YOUR ROEOT...

* 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.
5

HINT: Try
this wheel.
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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 nead:

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:

Attach this to theprevious step.

1 x 16 beam Dark gray
connector peg

4

For this step, you need: Motor
ol

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.

-

HINT: Try
this skid
plate.

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

HINT: Try
TO PROGRAM YOUR INVENTION... this wheel.

* Go to the Trail Tracker challenge or the Track Talker
challenge on the CD-ROM.
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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.

Pur the black
connector pegs here.

For this step, you need:

Black
| connector peg

2% means you
need 2 of these.

For this step, you need:

HH i oy SiEE | To measure an axle,
(Afsﬂ‘ seg page 37.
s
- T @ Put the 1 x 8 beams here.
#x

1 x & beam

Put the axles —
through the holes.

W e ks @ robssons




3 For this step, you need:

Dark gray connector peg
-

i
F

Put the black connector pegs here.

4

For this step, you need:

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

to the black
connector pegs.

Put this on the
bottom of the RCX.

T proermeas @ seonrearon
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Use this to make sure
your motors are in the
correct location.

Do thls first!
Put the

< 2 x 8 plates
with holes here.

2 x & plate
with holes

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.
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Acrobot 2

For a jump 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

——6x means you
need & of these.

Do this first! —
Attach the beams using
the black connector pegs.




For this step, you need:

Attach the beam
to the RCX.

NN N i N



3

For this step, you need:

1 % & beam
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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
connector peg

Put the axle with stop
through the beam. Then

add the 1/2 bushings. slide the piece /

in along side
the motor.

N N et @ ronssomsco




For this step, you need:

}},#"

E A

%60

E.#.E\

The long black connector

t be put in like this.
Make two of these. peg must be put in like this

Slide the piece
in along side
the motor.
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For this step, you need:

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

your mind in gear.

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

wr

Push the hub into the tire.

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

Put a 16-tooth gear here.

For more details on how to bulld this,
seg Tips & Tricks on page 34.

Even gears can be used as wheels!

There are two ways to make your wheels swivel.

5

7 rrocrmein @ s

Blg wheels lift your robot higher off the
ground. (This is especially useful on
Acrobot 2. See page 25).
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A Walking Mechanism
Look closely at the
photograph to make sure
you build it correctly.

For help, tum to Tips &
Tricks on page 36.

Back view

Front view

Put an 8tooth
gear onto the

This wheel can be attached
directly to the motor.

9
AT
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This whed requires some building
before you attach it to the motor.
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Special Features

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

Light Sensor Touch Sensor

The sensor “reads”
Push the touch
the light here. ok ae

\

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
z"-_- f

-

Make a bumper with a touch sensor.

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

T rrasermn @), sseombeening




Hand-Held Controller

Here is how you can build
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.

i~ L
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Special Features

Here are more examples of how you can use sensors.
There are also ldeas 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 wses
one touch sensor one touch sensor two touch sensors

4 g | 6

Eyes for decoration A face for decoration




These eyes are just
for decoration.

This eye is the one
that really “sees.” 9

A light sensor
facing down

10

A touch sensor added
to the end of an arm

11

A touch sensor in the
middle of a hand

12

An eye for decoration

13

RN

Arms for decoration

g
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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 t RCX. the items you put on top
ety o thetop-of your Sy 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 pleces using add pieces to the bottom of
the angle piece.- gt your RCX.

Attach a beam by
using two dark gray
connector pegs.




Making angles Adding axles

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
@%Ehe hole of the beam.

11

Adding hubs for caterpillar treads

12




Using connector pegs

. ,

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

13

Building a frame around a motor

Lengthening the motor shaft _

Use a special connector to
lengthen the motor shaft.

A tire can be added.

15
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Tips & Tricks

Using one motor
to drive two gears

Using gears to speed

r
Use this gear combination
to make the axle spin faster.

You can use this set-up o
make a walking mechanism.

See page 27, #7. —
L, 1 17

Creating a more powerful
motor using a belt drive

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

S A AT R e A
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Changing speed using different-sized gears

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.

How temessnre

an axle

Use this chart to
measure the length
of an axle.




Tips & Tricks

Battery installation
for the RCX

"

LR&
1:1

Instructions for use of battery bax

Hever mix different tupes of batteries or ald and new
batteries in one battery bos. Alwoys remove the botteries
from the battery box for longtem storage o if they have
revched the end of their life. Liquid lecking from dead
batteries will damage the battery bow Rechargeable
botteries can be used bur power may be reduced. Donot
racharge the barteries in the battery box, Rechargeable
batteries are only to be chorged under adult supervision.

Insert & A4 (LR&) batteries.

Remove the
bottom of the RCX.

Put the bottom
back on the RCX.

Battery installation for
the Infrared Transmitter

Insert the 9V battery.

Tre 2

E4

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 (n the strateglc
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
here.
# _ 4x means you Connector pegs
Eﬁf; need 4 of these.
% l
% = - Putthe 2 x 8 plates
ik with holes here.

2 x 8 plate with holes

For this step, you need:

2 x 8 plates
with holes here.




Top Secret Plans

3

For this step, yow need: - Put the 24-tooth gear
onto the motor.

24-tooth gear %

4

For this step, you need:

Dark gray
connector peg.

Put the dark gray —
connector pegs here.

¥
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Put the 2 x 4 plates
with holes here.

For this step, you need:

2 x 4 plate with holes

5 3 ...- m.k
N
]

¥

¥

P .
e

For this step, you need:

1 x 2 plate

He———1 x 8 plate

Put the 1 x 2 plates hera. ..

™ Put the 1 x 8 plate here.
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Top Secret Plans

For this step, you need
For this step, you need:
it
A
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1 x 12 beam
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For this step, you need:
Attach the pleces

over here.

9




Put the 24-tooth

gears here.

e
~
e

Top Secret Plans

10

For this step, you need:

Put the black connector pegs here.
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11

For this step, you need:

™ Put another bushing
on the axle over here.

Put a bushing here.,

&

TO CRET PLANS
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Top Secret Plans

12

For this step, you need:

Caterpillar tread

___—— 1é&-tooth gear

e
%ﬁ' _~ Rubber band
Y et

A ey '.
Put the rubber
_ bands here.
1

"~ Assemble the caterpillar

tread the same way on
this side.




Parts Identification
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LEGO® MINDSTORMS™
i ROBOTICS INVENTIOM SYSTEM™
Computer Hardware Specifications
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The LEGO™ MINDETORMS™
ROBATICS INVENTION SYSTEM™
is the core set in o new e

of technology-based gioducts

from the LEGR Group. THis

the praduct af @ bangstanding
reletionstip with the Massachusatts
Institute of Tfechrology [WIT).

The ROODOTICS INVENTION S¥STEM
engbles you ba destan aad program
real fobots that move, gct, ong
think an their own, With the
Robatics Imventfon Systam. you

can create grenething from a

light-sensitive frfruder alom to

a tabatic rover that can fotlow
o il anave gropnd obistoacles,

ard even duck inta gark cornars,

The brain of the ROBOTICS INWENTION SYSTEM
is the BCX; a LEGOD microcomputer that <an

be programmed wsing a PCor <an be run with its

own built-in programs

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

moetors to tern an and off,




L

Your First build yaur robot using the RCK and the LEGD®
pieces includad in the ROBOTIES INVENTION SYSTEM™ (RI5),

MOPLOMN Ao L s

Then create a program for your invention using

RLK Code, & simple, powerful programming
language. RCX cade s part of the saftware which
comes on the RIS CO-ROM, Next, download your
program o the RCX using the special Tnfrared
Tranasmitter, Your creation can now interact

with the environment, 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 Constroctopedio™ building suide, and the ROBOTICS
INVENTION SYSTEM saftware on CD-ROM. The ROBOTICS INVENTION SYSTEM provides you with the
guidance to build simple workfng robots, as well as (nspiration for more compler robotic inventions,




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

THE BEST WAY T0O

LEARN 1S BY DOING.

That is why LEGO® MINDSTORMS " profects
provide goals, nat solutions,

There is na single "right answer”
o any given chalienoe, Everyong
.'Ip'u'.dln:lpl- the solution that he o the

fess 15 hest,

“Ynowlatdlge i only part of
wngerstanding. Geniine understanding
comes from Eands on expenerice,”

Or, Seymour Fapeit
LEGD Frofessor of Leaming Research
MTT Media Lah

Roeo FrRIDEE
LIGHT DETECTOR

TRAIL TRACKER



2. HARDWARE

DSTORMSHN

THE RCX

RECX FEATURE,
RCX DISFLAN WINDOW

IR TRANSMMITER
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THE BCX
P The BCX comes with five built-in progrars, B I left with the hatteries instailed or connected to 2 wall outlet
(See more information in Section 3. with an AC adapler, the ROC avtomatically powers down, Tre default
Softwara: Prgrom Vault,) Selecting ane “mower down™ time is sat at 15 minutes, However, by using the Set
runming these programs without a compater Up Optians in Getting Stated o the LEGO™ WINDSTORMS™ RIS
15 possible by using the Prgm and Run CO-ROM, the setting can be changed to any time between T and
| bettons on the RCH control panel, These 99 mirutes. There is also an option o set the "power down™ Lime
huilt-in programs may be overwritten by to infinity, which s useful if yoaur RCX will remain eonnected to a
creating alternate programs on a compiiter wall owthet with an AL adapter.
and downloading them to the RCX,
Set Up Options e
B When changing hatteries, make sure ynu turn off the RCK first, Then Selnat BOM porks
: replace the batteres within 1 minute or the RCX memory is ceared Dawnload REX frmwars
and the user programs are erased. You will then have to downlead Dawnla ad Hiltkin prograems:
your programs again fote your RCK frem your PCL Sat MG K Aywtom Hme (ELN
Bat RO powat dawn e (B never B8
| B The RCX operates using & Ah battesies housed in the RCX unit or $a1 ACH rangm short [ tany [§F
using an AC adapter (ot included) connected bo the AC port which BEX hattery ntatsin:

is lpcated at the opposite end of the RCK from the infrared “eye.”

When plogagad in, the BCX will bypass the hattaries to access AC

power, canserving the batteries, Alkaline batteries are recommended. P Once the ROBOTICS INVENTION SYSTEM™ is set up on your
camputer, you can chack the RCX battery level status in Getting
atarted: et Up Options in the software.

(1 ’5 V 11

6% AA(LRG)

batteries reguired
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IR Transmwtier
Receiver TFye™

FAxdwmauy H

RO X FEATURES

B The RIX has three fnpul porls, theee autput pocts, foor contral
bisttars, an LCD display, an AL adapter cannector, and an Infrared

3
-

Transmitter Beceiver "eye.” IL-also has
LEGC® studs for easy connection of
LEGD bricks and heams, as wall as holos

far inserting LEGD connector pegs.

594N3034 XY

P The three input ports are connection points far sensors [fight,
tguch, temperature, and mtation), The three output ports are

—onmectian palnts for LEGD motors and other LEGD output devices

such as lamps.

F The faur control buttons are the red On-0ff in the bottom left
sarmer, the hlack Wiew button in the upper left carnern the gray

Frgm: (or Program) buttan in the upper right corner, and tha

grean Run button in the lower nght carner.




2. HarRDWARE

RPRCX FEATURES

QLT el

The On-0Fff button togales the RCX on g off.

Tha Wiew bucton-allows the user to setect what function is
martitarad 10 the .'I".-:r_\-;!_'.f' windeae, Fo r':-:.':'TITlllj-_ Wi £an seEe the
sensor valus at input port 1,2, ar 3 or matar cpeed At outpul

porl &, B, or L.

Tlhe Prgm or Program butten allows the srer to selecl bprwesn

progeams in RCX slots 1 threwgh 5. The number of the program

selactad appears to the right of the “litile person® in the

display window,

[he Run Guttan starts and stops the downloaded, stered
pragram that has been salerted via the Frogam butten.
Ty the “Hun” made, the “litle person”™ will appear to be

runming ot disgiay window,




RCX DIisplLAY WINDEIW|

B The battery-low indicator lUghts up when battery
charge s nw, It flashes when the battery (harge

(3=

-I‘:. Sy Il;llh'.'.

B The iafrared communication “cone” lghts
up to indicate thal commumcation hetween
the Tafraced Transmtitter snd the RCX 15

laking place:

B Dots light in séquence when a program s
.. downlaading from the computer to the RCX,

B Ap arrow displayed above an autpul port
| I ndicates the oulpul podt is.active, The direction

of the arrpw shows the cirechion of a molo

commeifed to the pert.

bt S 2 3

fn arrew displayed below an inpul ort indicates

>

that the input parl 5 active.

The “little parica” rinning indicates that the RO
is execuling & program. The “little person™ statls

o~y
¢

runaing when the Runr button s pressed.

The niember [1-5 wivich appears to the nght of

the “little person” indicates which of & downipaded
programs will be activated when the Run buttan

15 pressed

The Seftware Watch indicates how Long the RCX
has been on from Last selting ar resetting. The
Watch s only active after the firmware bas baen

downloaded. and can be controlied from

Set lp Optians 12 Getting Started, ' Il-i I-I |-|
Downloading firmware again or turming l-l l-ll l-I l-l

the RCH all and on artamaticaily resets

fhve ‘Watelh.

a

mopury Aojdsigx)y :3Ixvmauv i



2. HARDWARE

RLCX DisPpLAaAY WINDOW

continued

Boot Mode: Active without
firmware or upon full reset

“Little Ferson”™ in
display window

5 built=in programs
Pram button

Run button

Teons showing inpudfautput
Battery power indicaton

IR commuricatian Jcnn

Active after
Firmware s downloaded

*Little Persen” in

display window

b built-in programs*®

Prgm button

Kun button

View button

Software Watch

Mumber Field

Leons showing fnput/output
Battery power Indicator

IR cammuricatian icon

The fitst time the RCX is powered, either with new batteries of
with an AC adapter, itstarts up ina special “Boot Mode” without
firmyeare (funning the internzl code ctored in ROM). Boot Mods
affers anly those functions indicated on the left side of the table.

Firmware is special software the RCX needs to communicate with
tha camputer. When Armware is downlnaded to the BLX, more

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

The BEX also has a built<in speaker which can produce a series
of “bheeps.”

The RCY ircludes an B-bit micropocessor and intetnal memaory,
The memary s Lsed to store firmware, and programs dawnloaded
1o the RCH from the PC.

*Mote: The Set Ups Part # program runs 2 special sequence and
dpwnloads anly # of the built-in programs plus a test program.
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IB TREANSMITTER ]

i duvmauvyH

The Infrared Transmitter warks by sstablishing a wireless lnk P Even thaugh £-6 inches betwoen the RCE and IR Transmitter wieks oy
betwesn & computer and the RCY whep connected to the computer best for downloading, the RCX can communicate up ta 20 feet i __::
sernal port by the coble, Contrel programs can be cemmunicated from unibatructed and set ta Long Range, o .
the -conpaber throagh the Tnfrared Transmitter to the BLX This '-:J"l
is called “downloading.” These programs can then be execiuted by B Hote: IF you place the IR Transmitter or the X i direct sunlight ;3-*
the RL, ar under direct Lamp light, vau may experience difficulties in '__'I‘l:

downloading, Te solve the problem, move the IR fransmitter and
To mraks the cammunication betwsan the ROX and Inframec g0 aut of the sunlight or turm aff the famp,
Transmitter work, thare misl De an uniiterupted faid af vision to
the “eye" lncated on the REX. Two ranges of transmission are
deailable, end can be selected with the Shoit/Long lofrared Range

switch locatesd an the front of the Infrared Transmitter,
Mote: There is a conesponding Short/Lang Range setting for the
RCX which can ke changed in Gelting Started: Sec Up Gptions

ot the RIS CO-ROM. TF woui Bave dewnlaaded the Brmesare sing

Set ‘Up Part 2, che TCX 15 set te Long Range.

IR Transmitter Rangs Switch

Ll

Short Lang

4-n lNChes




2. HARDWARE

IR TRAMNSMITTER

Coainues

Tne Infrared Transmitter requites one S-valt battery dlkaline

batteries are recommended,

To cormect the Infrared Transmitter to pour computer, fiest

make sure that yaur complter is shut down,

Yoo rreed a Free serial port. The Infrared Transmitter cable
which eomes with yeor LEGO® MINDSTORMS™ ROBOTICS

TNVEMTION SYSTEM™ plugs ditectly into a 9-pin male serial
connecton 1F your computer has a 25-pin maje cannector,

you will need & %-gln male to 25%-pin female adaplesn

In coger to download your own programs through the
Infrared Transmitter to the RO, the LEGD MINDSTORMS

ROBOTICS INVERTIODN SYSTEM “firmware” must be
dwwrloaded to the RO The firmware s the ROX operating

1% 9V battery required

syster. Step-by-step instructions for downloading fimware

are avaitable in Set Upz Part 2, ¥ou can also use et Up
Options, See Section 3. Softwire for mare nfarmation.

Once the firmware is downlpaded, the RCX can be
programmed using the programming language catled REX
Cade, See Section 3. Saftwore for more infermation,




3. SOFTWARE

NDSTORIVISH

Mainm MERNU

GETTING STARTED
PROGRAM RE:
CHALLENGE'S
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H3: S OFTWARE'

Main MENIL

S = S

ﬁr i Cikk Bar the Toer s 451 up debal |ﬁ- }

P When you lagin as a new wsern, or if you have not compteted the
Training Center Missions, the “Guided Made” will introduce you to

the differant sections of the software, The Guided Mode sequence

includes the Teur, Set Ups Part 1, Set Up: Part 2, Set Up: Options, the

Training Center Tntroduction and Missions 1-6, 17 you have already
complated the Training Center Missions, you will no longer be jn the

“Guided Mode™ when vou' lagin,

Thi Main Merd of the ROBOTICY INVEMTION SYSTEM™ allows the useor
to access all features of the software, TLin¢ludes Getting Started,
Program RCH Challenges, Help, and WWW.

Guided Made Sequence

Login

v

Hain Menu

Y B Tip: [t is not advised; however, you can

bypass Guided Mede ang make the full
Getting Started

neny active by hotding down the Cantrol

¥ wey and clicking the mouse pointer on the

About buttan in the main meou. To make
Tiridr

Guided Mode active again, you will nesd Lo

¥ lpgin with a different user mame.

Set Up: Part 1

Y

SeL Ug: Far &

¥

Set Up Options

L

Training Center
Introduckion and
Missions 1-6

v

Full Manu Available




CETTING STARBRTED

In the Getting Started section af the softwere, you will find
the Tour movie and sef up irstructions.

TOUR

m The Tour is about a two-minute introduction to
I the LEGO™ MINDSTORMS™ prodect and its concepl
of invention. The Taur onents and familiarnzes wou with the key

wdeas vou will encounter in Ehe ROBOTICS [NVENTION SYSTEM™,

gnd intraduces the LEGD MINDSTORMS process and terminology.

SET liP; ParRT 1

- [ Set Up: Fart 1, follow step-by-step instrections

St Upi Fart 4 5 :
that explain how te inserl batlecies, how to

use The huttons, how tooEarn on moton and read sensors, and how

ko use seme of the built-in programs,

SET PRI PART =2

InSet Up: ¥art 2, follow step-by-step amstructions

that éxplain how ta prepare the Infrared
Transmitter for use and connect it ta the computer, and how o
download the firmware so that you can program the REX yourself,

. i I Vi I [IER e P i Iun.-lmj |||Lﬂ-r_§::|_h-:

C—C

SET LI OFETIONS

The set Up Options-screen allows you to check or
change the way the ROX and IR Trapsmitter are sel

i writhout going back throogh the Set Up: Farts 1 and 2 programs.

Set Up Options R

Boiect COM port: 2 [3 (4 [Aute
Downioad REX Nirmware: :
Dowrilend LulE-in programe:

St RCX system tiss:, :

Set RCK pawar down timo:

shart 1'; leng F"

RCX battery statums | |

St ROK ringe:

¥FMMLdDOSs
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3. SEOoOFTWARE

PrROoGEAM B LC X

TRAINING CENTER

The Program RCX section of the seftware indudes the Training
Center grogramming instructions, the RCX Code programiming
q Onie you have ©
yisfnlan Cantr T
d programs, you can enler the Training Canter

completed the Tour and St Lp

envirenment, and the Program Vault for storing programs.
In the Training Center, you will be gaided through the fellowing:

an explanation al RLE Code, (reating a pragram in RCx-Code,
downloading a pragram to the REY, sawving & program in the Paogean

I ]
e
Yault, and other important furctions. Throogh the Training Missians

3STORMS.

] yatl will leam the purpose of Commands, Sensor Watchers, Stack
Controllers, and My Commands, You will atse lezm how Lo selal
Al Qg rEs thraugh the ROROTICS TNVENTION SYSTEM™ Challanges

When yau have faished the Training Centen you will be familiar

with programmirgg GCE raliots.
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RCOX CoOODE

D4y

ROY Code 15 2 computer nroged ||li"|[. annararimant

(Lt

in which graphics are used to build a program.
[n RCY Cods, each block displayed on the screen represents an
irstruction, ¥au clice, grab, and Link graphical blocksan the
computar scraan: The blacks huild {stack) vne under ancther, like

i ™ [rgaran
precesin a puzile, to create & program, UNTITLER

B The awn is i program thee RCY o carey anl anaction gr bebawion
Fie AP, L0 |’r"|||:“lE| tha mowvemont of Lws metors i a LEGE
rebot; Once developed, the program must be downleaded fram The

compuzer to the RCE for execution

apo) X24 pup 133u3) bu

B Programmoang takes olace T the BUX Code warkspace on the computer

screen. The workspace area changes depending on the size of the

RCX Code program. IF the program fs larger than the size of the

COMPLTET 5 maws the pointer o serell acrass amd down to

il

'
o v ew.

ng cff-sereen argas




3. SOoOFTWARE

RCX CODE
ot e
B To develop a program, decide what behavior the RCX is to exhibit. Far
example, if contenlling the movement of two motars ina LEGD robet
is the behavior chasen, you can create s program by building 4 stazk
af sequentially executed ROX Code blocks bo do the jol,

b The stack may contain any or all the follawing types of RCX Cade blocks:
s GUX Code Dlagks that sxecete Commends; for example,
turit o okar A,
= RCX Code blocks such as Sensor Watchers or Stacs [ontrallers,
These Contral the stock by selecting cod checking sensars, repeming
the cammands i the stad for o mumber of times, and/oe fmticing

pauses i the esecubion ef commands,

RCK Code Mocks that contain commarids greated by you

fdy Conrmonds).

B Upto five programs can be stored in the RCX. Each of these programes:
o Canoconsist of up fo 9 different stacks which con be seecuted o

parillel (milti-tasking ). A stedk 75 either the Pragram block stock

or.a Sensor Walcherstock.

{an enchie twg RCX units to communicale with one aneifer

through fnfraored transmitters end recelvers in the RCX, The fis

ROX seads the message Hhrawgh its (nfernal infrared tronsantior
If the second RUX s within range. 1t can receive the meisoge
threugh is infrored seceiver. The secand BEX can then react io

fhis essmge.

f commands = ‘wagram

=

T
Broil e i

B Within the RCX anly one program can be active at a time. Programs
amn tha same RCX cannol control one anather, nor can
they e haked.

P Ses ROX Code Reference in Helpoon the LEGD™ MINDSTORMS™
FOROTICS INVENTION SYSTEM™ CD-ROM for more information,

Program Block

The Program Block 15 the beginning of every ROX
Code program. RCX Code blocks attached to

the Program Block run from top fo bottom when
the program is run by the RCX. By right-clicking
the peinter on the Program block, youo flip it
erer ard con then sove, clear, or dowanload

the prograni.

e
UNTITLED



Commands

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

Some fommonds blocks controd the ortpat ports. Fer exampie,
Un, Off. On For, Set Power, Set Direction, and Reverse Direction
contrel the output ports to whick motors are oftached. Mony
of these blocks flip over when you right-click on them to olfow
you te change the ports and other values. See RCX Code
Reference in Help on the CD-ROM for mare details,

The RIS sel contoins {wo molors.

= {n

The On command black turns an ports &, B or C
on the RCX, Motors and famps can be attached o

these poris.

The On For bladk turms on parts: & B and'C for a
certain amount af fime: Motors and lamps can be
attached to thase ports.

kb Set Power

The OFf block tums off ports A B, and . Mators and
lamps can be attached to these ports.

Adding the Set Power block to your stack allows you
ton change the power of @ selected motor 10 2 range
fram 1 {minimum} ta & (Maximum]).

b Set Direction

When a mofor pert is first turned-on, 1he attache
motor turns in a particular direction. This direction
o the Set Direction block is indicated by the-arrow
which points ta the dght, The arraw ta the [sf
indicatas the oppasite direction. {¥ou can alwo
charge the: direction of a mater by turning the
connecter plate of the wi attaching the motor to
the RCY 18073

IFNEYMLIDS "o

2p00 X4




2. EODFTWARE

Commands jcoariaued;
b Reverse Direction B Tone

The Reverse Direction block allows you to change The fone command block tells the ROK to play & tone
the direction of motars, Whichever directinn a motor 4000 of a<elected pitch far @ selected ameant of fime.

is turning, the Reverse Direction black caeses it to Llum Your specify the pitch of the nate {as a frequercy
in the apposite direction, (You can also change the Hertz). For axample, to play middle £, specify tha
direction af 3 motar by Lurniog the conmector plate of frequency as 523,

e wire attachicg the motar to the RUX 180°.))

¥or W

Lu'-"\s: mMiddie Hﬁ_;?tr
131 523 | 2093
135 354 LE0G 2217
147 SR 175 2349
158 £33 1245 7400
165 (14 1320 2640
BCx ko owail a cerlain amount of time befare gein 175 & (e3¢ 1] 115 2'-"5!'-'
j it 9 1&5 741 148 2963
o 1o e next command. Time 15 0 tenths of a 196 it 157 il
. ; 208 532 16f 3326
second: so; 10 meansane secand and. 15 means qne 330 ga0 LTG0 3620

032 1B 2229

Fha Wait command block noyour program Lells the

H s : 433
and:7 Kok specis, B 747 988 | 19 3951

B Reset Counter

Adding a Besp command black allows wou to 3dd one The Counter is an internal sensorin the RC0 which
of & different beep Seunds Lo vour progaam.. The #0X reset rap count events sich a5 a rondition becoming tiue
lwas a buili-in speaker for playing the beep sounds, {such as,.a touch senser baing touched). Adg
the Reset Countes block tooyaur stack to reset the
REX cauntar to 0. For example, if you have a Chack
and thoose Couriter or Counter Sensar Walcher in
your preqgram which i counting events, they Reset

Counter blogk hrings the count back to 0,




E Add ts Counter

The Counter = an internal sensor in the RCE T
can count everfsianch a5 a tauch sensor being
tauchad. Fer exampio, toadd 1 to the counter when
a touch sensar s pressed, put the "add to counter”

black on a Touch Sensor Wakcher block

B Reset Rotation

fhe ratation sensor keeps track of the motation of
zn gxle which runs through the sensor, The retation
sansor it et At 0 edch time the RUX staris o run
apragram. You can usecthe Resot Rotation hlaek at
znother point in your program to set back the
motabion sensarsetting to 0.

hote: Reset Katation iz not ackive unless the
Rotation sensyr 19 selected on the Advanced page
of Set Up Options an the RIS CD- ROM.

b Reset Messoge

b Reset Timer

k Send to REX

The Reset Messsge block clears out any previously
receivel mostage number received from amother ROX
For example, you may wanrt to use the Feset Message
block in Sensor Watchers or Stack Controllers that

respand bo messaqes,

The Timer starks at 0 each time the RCX begins to
run @ program and cownts Lime as the pogram rons.
You can use the Reset Timer block at-another point
in your pragram bo set tha timer sensor back ta 0
bo begin the count over again, See also the Timer
Sensor Watcher,

The Send to RCK message block 121l the BOX Lo
cand - oul art infraved message to another REX.
The message can be any rumber fram 1 to 255.
See also the RCX Sensor Watcher

MINDSTORMS]

2

roNYMLIOD

P03 XY




3. SOF TWARE

Sensor Waotchers

Sensor Wotchers monitor the sensor readings duning your B Touch

progrom for the temperature, |ight, rotation, or touch sensors, The Touch Sensor Watcher has two states:
There are alse Sensor Wetchers for the timer, covater, and RCY pressed and released. Use the Touch
message; bhese sensors exisd within the ROX ftself, Senser wotchers Sensar Watcher ta tigger a program stack
are found in the blye container, The RIS set comes with twa touch when the touch senser changes state.
sensors and ane lHaht senior

You can cheese sensor readings or levels on a Sefser Watcher . i B Light
ond add a pragrem stock to a stack connectar. When the level ; e Lo the Light Sensor Watcher to trigger an

chosen on the Sensor Watcher is venched, the attached program '::,.. :_.1'1 attached program stack when the First of
stack beging. Once the Sensar Watcher progrom stack finishes, i | two consecutive readings Falls outside a
ihe RCX goes back to where Tt teft off on the Frogram Block - m o= choses) interval and the second reading falls

program stack. within a chasen intarvall For example, when
thie sensorsees a “bright” Goht valee of

Sensor Watchiers have a button in the wpper left corner wiich 70% and then a “dark” light value of 30%.

alfows you to resize the block.

Rotation ] Fetation

: ) . *2Z B3

The Rotation and Temperoture Sensor Wotchers pre not active

by defoult. To make them octive, go ta the Advanced page in

The Ratation Senzor Watcher keape track

of how many times the axde in the sensar o 168

Sel tp Oprtions. turns, incincrements of sixtoen codnts Torward

e

per rotation. (Kot included inthe RIS

sensor
watchers




IdvmlLidOS “E

b Temperature

Use the Temperzturz Sensor Watcher to trigger an attached RCX
Code stach when the tempersture reading of your sensor falls
veithie the chosen arvterval. For example; when the temperature goes

fram o “warm® A0°C ta a “cold” 250 (Not included G the RIS)

Counter

The Courder Senan: Watcher aliows you (e trigger 8 program slack
when the count falls within 2 chesen mnge of nimvhers. Ta sot the
counter toowatch for & specihic numbers make the *“from™ and “to”
valies the same,

Timer 1 timer
Use the Timar Sepsor Wakche bo trigger an attached program stack

3 B e ¥ E time 1/13 sac.
when the selécted amount af time pasies. The Timer is withkin the o0 o 10

RCA itself, a0 vou do pot need Lo choose g pore.

RCX

The RCE-Sensor Walcher allows you to trigger a program stack when
the message number received fram anather RCXY using the Send to
ACX commarnid hlack falls within a selected range. To set the RCX to
watch for a specific number, make both vatues the same,




3. sOFTWARE

stack
controllers

Srack Controllers

Stack Centrollers, found in the red container, allew you to ' . ¥ Repeat
choose different woys for ports of your program to rin using

Pl s e The Repeat block tells an ROX Code stack
sensor input, counter, times, and messages to contral RCX i :

to ren & chosen mumber of fimes,
Code stecks. Stack Controllers have o butten in the upper left P S—
eorner which wilows vou to resize the Stack Contialler black

to sove room an the workspoce,

Repeat Forever

The Repeal Forever block tells an BCX Crrda
Check and Choose slack (oo run forever.

The Check and Choase blodk télls ane of teo different program
statks tooact, based on the condition you dedide; for example, if
pressing the touch sessor is true, T repeab Repeat While
conich
O 1EIW;2 1 3 Repeat While telis a stack to continue funning

ok & tanose . as lang as a selected condition is true {such as

[£a]
01 82 83 a touch sensar being pressed.)

o*

T et Wart Until
fevtiels

o1 w2 83 Using @ Wait Untll stack conteoller block makes

o the RO watt until a chasen sencar candition is
tie {such as a touch sepsor being pressed)
before going on to the nest command,
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My Commands

The yellow My Commuands contaiper holds the New My Command
black, as well o5 any My Commaads olready created by vou, My
Commands crented in RCX Code can be edited or changed, See

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

an creobing My Cammands,

1y
ek plaplilrleln

twobeeps

Test Pane!

The Test Ponel oilows you ta check the divection and Hming of
motors and to check the current state of sensars as you are
progromming o RCX Code. Ta see the §CX Code Test Ponel, olick
the Test Panel toh. To clage §f, click the Tast Panel teh ageain,
See Trotning Mission 6 on the RIS CO-ROM for fnstructions on
witng the Test Panel

I3dvMLIAOS “E
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SOFTWARE

PROGRAM VAULT

The Program Vault alfaws wsers ta monage staring tHheir
RCX Code programs on their computer's hard disk or floppy
drive. Command poddies down the side of the screen ore
New, Import, Export, end Delete. To the (gft of center is o
“conveyer,” aperated by the tap ond battom atrow at the
left of the screen, Each copveyor item represents an RCX
Code program {and essocioted files).

Built-in Programs

Buflit-in progroms I-5 ore Tecluded (n the RCK. The
pragrams caon be seen os RCX Code progroms by selecting
them from the Program Vault.

Usipg the Infrared Tronsmitter connecled oo computer,
theie huilt-in pragrams may be averwritten by creoting
alternate programs on o computer ond downloading them
to the RCA.

Progrom. 1

Purpose: Ta provide & constant source of power fobwo (2]

matars conmected to ports A& and L.

How the Program Funclions: Power (8 suppied when the user
activater the BOX, selects "Program 1" and presses “Ron,”™

Prassing the Run button again manually stops the program

® Pragram &

Purpases To mave a two-motor rabot Forward and enable 3t to
burer, Assumes motors are conpected ta ports Aand Cand
touch sensors to ports 1 and 3.

Hiov the Program Furctions: Uses two (2} Touch Sensor
Watchers to control the two (2) motors, Sansor Watcher 41
(input pett 1) mofitors. touch sensor 41 corstantly asit
coptrols Mator &, while Sensar Watcher 2 (input port 3)

monitors the sccond touch sensar which cantrols Mater C,




F FProgrom 3

Purpose: Ta move & rabot forward, then stop it when
sensnes reqister 2 change of light intensity (for ecamuple
when the robot reaches the dark colored sierface), Assumes
motors are connectad to ports & and ©and a light sensor

Lo porl £,

Haw the Program Furcticnss Contiols power to ports A
and C. & Light Sensor Watcher monitors a light sensorand
mteruots power when the Gght sersor getects Light

i'.'l"{ll'l"\ill_.l in the FATge g gl

Progrom 4

Purpose: To provide & two-mator program that repeats five
Limes gnd then stops. Assumes mobors are connected to

ports Aand L.

Hew the Pragram Functions! Provides power to output ports
Aoand Tamg carmies ool the follawing sequence Five timas:

* spversss difectian on both odtput pedts A ang ©

& prgses fora rangom bme-penod (Gebwesn Goand
3 secondi]

» ipversss direation fooutow! part A

* gqwses fara randam time nerod (Between G ond
3 meconnsy

® pverses diection on poet A ance more

Frogram 5

Furpose: To enable a robot to move forward and change
iz direction if it encounters an nhstacls in ite path.
#ssumes two motors ere connected to ports A and C and
a touch sensor to port 2,

Frow the Pragram Funetions: Previdaes powar foautpul ports
A and LA Touch Senzor Watcher monitars the touch sensar
constantly and each time the sepsar is pressed, activates

e Toltewing secuence:

* overses direchian on both outpef ports A and ©
* prodes d osegomd, reverses dicection o ward A
® ppuses L5 secard

® faverzes divection an port ©

Sample Programs

Severol RCX Code pragroms are provided on the RIS
CO-ROM. Twelve of the sample progroms, ane for each of
the RIS Chollenges, ore included. Also includod ore RCX

Code versions af the built-in progroms. [f vou install the

expansion sels, you moy hove odditionel sample progroms

added to the Program Vaull,

]
i -

1jno) Wokboly 3 MYMLIOS *E
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2. SOFTWARE

CHALLENMNGES

Chatlenges are intriguing invitations te creote mechanicol,
programmaile rbots and other exciting devices olf copable

af perfarming one or arother specific tasks. The challenges are
apen-ended and can be met o vordous ways, but each task fs
alwoys clearly described by measurable or observoble ouicomes.

&% Robotics Invention Spetem

(MINDSTORMS

Click tu sce these challenges




E

ROBOTICS INVENTION SYSTEM™ RoboSports™ (Must be purchased separotely. |

Tms 1athe main set of challerges for LEGO™® MINDSTORMS ™ _— ——

fi Thiz adi-an is abaul naking robats thal can
users, It gives the basic training in robot meking and robot i atabeds

>

play games with balls ar packs. There are
|'|||:|:|.-'|-".|'||i| . T"l!:ll-'-' ara Fhrea deair I'_..-'ps--. oF 'ﬁln'\! r||.,4_-_|r-'r'|!'|-l\_'

safiialoy) 3NV M LAOS

Laree types ef 10bols; Duntobols, Puckobols, and Grababots.

Robo, Pathfinder, and Acrobot, each with faur tevels. Eichictlallamms-tic Rl Ievale

Extreme Creotitres™ (Must be purchased separately,

T — — Extreme Creatures s an add-an about desigining,

” Ewtramie Crante e ;
Hobotics Inveantion J ik reosie making, and pragramming twelve creatures of
System

tiree types: Helptiles, Mutimals and Big Bugs, Cach Challenge

fas Four Llevels,

Exploration Mars"™ (Must Be purchased separately. )

" ] 10 s an add-on about t Larati
s 1531 d-0rabioutl remote pexlorabior
'.E_':pinraumﬂafs L i : i k i
- of the planet Mars by means of tele-oparated
landers and rovers. You can build rovers, desiqn Mars surfaces,

and operate the sovers on these surfaces by mears of Tmages

flom & camera.




3. SODFTWARE

HELP

The Help System is a reference of the features on

the LEGO" MINDSTORMSE ™ ROBOTICS INVENTION SYSTEM™

hardwore apd sofiwore.

M Rohalios feeanlicns Syilem

o ]|

f |_____|fr

The Help System inelides:

o the Frogrommopedia, ¢ guide to salving common

progi@mming aod robotics problens

o BCE Reference, with infarmation abeuet the RCX

ar refaten hardware features

s BUF Code Reference, with detatls an the

GrogrammIng (Grguege




e
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W W W m

Ta help vou to develop your ideas, the LEGO™ MINDSTORMS™ B Clicking the WWW button launches the web bmwser For your g‘-

fobotics Network ¥s provided on the laternet at camputar. You must have s browser installed and an Inteenat o

=ACIp AW LEGOMINDSTORM S, com =, canpectian or clicking the buttan will have no effect. :Q:T

Lo

g_.r.l*m.l“_“mﬂ”“ B You can crealeoa personal home page where vou can upload =

; programs and display pictures of your rabatic creations, You can g
Eakk to pther users, swap strategies, or consult LEGO experts in ¥

chiat rowris and on message boards, On-line tutorals will help you
mastoer progrmnving and bilding tasks, New challenges are made
available for cowntoading throughaout the year,

Yaur Robotics Network membership card is enclased in the RIS set.
0n this card, you will find your exelusive membership number

wl1CE wow witl meed when you g on for the Mgt time

Fttp:/ Swww, LEGOMINDSTORMS.com

= IMINDSTORMS])
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