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e . SQuarehot assembly

squarebot radlo subsystem parts & assembly

The Radic Suhsystem provides the link between the
robot and the human operator. Commands are entered
thraugh the joysticks and buttons on the Radio Transmitter,
and sent through the air via FM radio waves to the Radio
Receiver mounted an the robot.

jCollect.and identify. the parts
= trom the list of materiais below:
. materials

radio transmitter
transmitter antenna
radio receiver
recelver crystal (75MHz)
B-32 hex screw, ¥4
keps nut

Refer to full-size Qlustrations
of all of the components on the
following page

plldenats inventor's guide 6 3
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squarebot radio subsystem parts & aSSthly,.sonﬂnqm

squarehot assemhly

transmitterx 1 transmitter antennax 1
| P P T <
i 3 s
ﬁ al b
- -y E:

5&% of actual size

50% of actual size

receiver x 1 8-32 hex screw, %' x 4

keps nut x 4

¢ ‘
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squarebot radlo subsystem parts & assembly, contiued

@Aﬂaab the antemn to th: Tnnsmitter

{nsert the antenna Ima the hole on the top of the fl‘mmmur body. There

Is 2 screw Inside the Transmitier housing (at:the bottom of the hole), and a
threaded screw hole at the base of the anteana. Push the antenna in untit you.
feel the anleana come into contact with the screw, then start lwlsllnq the base
of the antenna clockwise unlll it Is Firmiy locked In pesition, Twist only the
bottom most seament of the antenna, as the others will spin fréely and not
actualiy screw the antenna in property.

- inventor’s guide

e

{

s At —squarehot assembly.
arts & assembly, cootnied (
Pnltlon the reczher mwu on mp of mnha Swlreaod deck, lnduum it '
with: four%”smandktpswu. )
.
inventar's guide e



w . . . .. .sguarehot assemhbly

squarehqt ratio subsystem parts & assembly, continued

AR B L ot 300 1o e e 4 A AR N P

e For receiver assembly, continued:

The instailed receiver module should look fike this:

gt inventor's guide 6 7

radio subsystem

Basic Controller Operation
The Radio Transmitter Joysticks can be configured Lo work In Lwe basic config-
urations. To check or switch between configurations, fotlow these instructions;

1. Turn on the Transmitier by pushing the power switch to the ON pasition. 6 CHANNEL
FM TRANSMITTER

2. Enter the menu on the transmitier by holding down both the Mode and
Select buttons next to the LCD untii the menu opens.

3. Enter “DRIV" mode b ing the Mode button unt)l DRIV is dl.
m Y eressing the on untll DRIV is displayed & CHANNEL

on the left side {It's the last mode). £N TRANSRITTER

4. The current driving mede is displayed. This will be either “23" or “12",
§ CHANKEL

Prass.ehher the + or - on the data input button on the Hght side of the LCD £X TRANSHITTER
(o switch between these two modes. The two modes are explained on the et erens
folowing pages. ,.J'-'-""

6 8 inventor's guide
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Configuration 1:
Tank-style contral {#'23" mode - default)

Note: Make sure there are ne Jumper clips an Amalog/Digitat Parts 13, 14,
15, o1 16 on the Rebel Contreller, stherwise yaur rebot's controls will be-
have iifferently fram what Is listed here in this section. Fer detalls en haw to
e these jumptrs to cenfigure advances conire! features, visit the Logic and
Centrel Subsystem chapter.

This copirel configeration

the cai axes of both " R
::i?n m';::m u:‘m motors Left stick Right stiek 1‘
independently, The name 23
mode” comes fram the fact
that the vertical axis of the
right stick Is “Control Channel
2, and the vertical axis of he
left stick i3 “Contro! Channe!
3", hence axes 2 and 3 (“23")
are being used 10 drive.

In this configuration, the left
stick contrals the motor at-
tached to Motor Port 3, and

the right stick contrels the mo-
tor attached to Motor Port 2.

Warning: Always make sure
the transmitter is turned
sn and functioning befere
turming an the rehot! If the
transmitter is nat on when

the receiver is aclivated, the
receiver may accidentally
interpret other radio waves

in the air as commands and
cauge the robot ts mave

unexpettediy!
Turn Right :
e e e e it v a8 e
redblonnty inventor's guide 6 -

Configuration 2:

Arcade-style control (12" mode)

Nate: Make sure there are no jumper clips on Analeg/Digital Parts 13, 14,
15, or 16 on the Robiot Controller, atherwise your rebot's contrals will bre-
bave ditferently from what is listed here in this section. For detalls on how to
use these jumpers to configure advances coatrel features, visit the Lagic and
Contrel Subsystem chapter.

This control configuration
uses only the right Jaystick . ¥

@ | both forward/back Left stick Right stick
motion and tuming motion. :

The name “12 mode" cames

feom the fact that the hori-
2ontal axis of the right stick

Is “Contrel Channel 1", and
the vertical axis Is “Control
Channel 2, hence axes 1 and
2 {"12) are being used to
drive,

1n this configuration, the right

stick controls both throttle
and tuming.

610 inventor’s guide
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radio subsystem, continued

i e e PR

RS i

Controller Trim

Channel 3; - iChannel 2
(Y-axis) :

‘Channel 1
T (X-axis)

Channeltl
{X-axis)

17 Channet 3 C_hanué
trim trim
Cﬁa{mel 4 button huttnn._:Ch mnel
trim N trim -
button T hutton :

1

Because the sticks on the transmitter are analog electromechanical devices
that operate directly on circult vottage, there is the distinct possibility that the
sticks will become miscalibrated. This happenas when the sticks siart delivering
different voltages than what the controfler expects for a given position.

[0 arder 10 caunteract this peoblem, there are manual adjusiment buttons
on the transmitter that 2liow your to recalibrate or “recenter” the contraller,
These can be adjusiad so thal the voitages maich ap corractly again on the
stick.

Note that each stick's position actually breaks down into two separate
measurements. One of Lhem indicates how far left and right the stick is {the
horizomtal, or " X", axis), and the gther measures wheare L [s with respect o
the veetical, ar ¥Y*, axis. These four axes (two axes times two sticks) can
become miscalibrated separately, so you may need (o adjust each of them
independently,

Cooveniently, each axls Is assigned a number {which corresponds with the
“contral channel” that it works on), so there shauld be no confusion between
about which axis er stick fs vhish,

i
}

inventor’s guide 6 11
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radio subsystem, continued__

Centrofier Trim,

continued

To calibrate the sticks:

1. Release boih control slicks 5o they return to their

8 &

S

2. Hoid the robot {or Just the motors, If they are nat
mounted) up in the air so you can see whether the
maotors are turning or not, and whether the servo-
motors are in the centered positions or noL

3. If you see a motsr turning or a servomstor not
centered, fallow the wire back 10 the Robol
Controlier o see which port il Is plugged Into.

i

4. Consult the Joystick Mappings section Lo see
which coniralter axis conirols that particular port
(this wil. ospend on the Driving mode yau are in).

5. Push ¢ither dh.'ectlnn on the Trim Buttan for that
axls to try and correct the problem.

6. Check If the motars stowed down or pot closer
to center. If they did, then keep pushing the button
In that direction unt!l they are stopped/centered;
if they get faster or farther from center, push the
iher way an the trim button Instead.

7. 3f you cannot get the motors to stop because the

V3109 position seems to be In belween twe trim

sattings, finer adjustments are avallable. Go Inta
the menu (hold both the Select and Mode buttons
for one second), and adjust the appropriate chan-
ne! from the TRIM menu (push Mode untit TRIM is
displayed, then Setect until the channe! you want is
displayed, then use the Data Input lever on the right
to make adjustments),

§ CHANNEL
FM TRANSMITTER

TRIM

¢
M
) A
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Transmittcr Battery Voﬂage

6 CHANNEL }
FM TRANSMITTER |

o |

In normal operation, the transmitter displays twn numbers on the LCD screen:
the confguration number (see Appendlx G), and Lhe batiery voltage sn the
transmitter. Note that this screen only displays the battery power left on the
transmiiter, and not the robot! There Is ne way to monltor the robat's battery
voltage using this display, 30 you will need to watch separately for problems
arising from tow rokot battery power.

The transmitter's power hegins (o dacrease at appreximately 9.4V on the
display. If you are at 9.4V or less, consider stopping and recharging the
transmitier batteries, If the voltage reaches 8.9V, ysu have about 10 minutes
left before you hit low veltage, so you should stop If possible. The transmitter
hits fow voltage at 8.5V on the display. At this peint, you will hear a beap-

Ing sound, a low hattery indicator witl appear, and performance will begin lo
degrade significantly. You should stop and recharge the batterles al this point.

Notz that if you continue 1o run the baitery down to a very low vollage, you
risk damage to the battary pack (or rechargeable AA cails), See the Power
Subsystem Background Lnfarmalion for details.

%.4v Battertes somewhat fow. You wil
need 10 stop soon.

8.9v Batiertes very fow (10 minutes or
less remaining), stop unless abso-
futely necessary,

8.5v Batieries depleted. Stop now.

{Low battery indicatar comes on,

controller sounds waraing beep}

_— inventor’s guide

Stick Mode

Stick Mode configuration is accessed differently from the other menus. To
access this mode, you must hold dowrt Mode and Select while turning the
controlier on, rather than pressing them ence Tt Is already on.

The only option you can change is the Stick Mode, between "2 and *1%. 2 Is
the default, and you should leave It this way uniess you hiave a specific reason ;
for changing It Setting the Stick Mode to 1 will swap axes 2 and 3, 5o the
vertical axis of the left stick becomes channel 2, -and the vertical axis of the
right stick becomes channel 3. Unless you have a good reason to :!\ange this,
you should leave the Stick Mode an 2.

- B B A L e e W e e e e Sy L L e 6 T e A e A e e

Tether Port

Sometimes for diagnastic purposs, 1t may be useful to phg the transmiiter
directly into the rabat contrsiier, and eliminate the need for the Radio Recely- -
er and radio wave transmission. This would help you determine, for instance,
whether radio interference is at fault for your robol behaving strangely, or . if
some other factor Is to blame.

In arder io use the tether feature, you will need to purchase a cable. Any
telephone handset extenslon cable should work (the cable that gees from the
handset to llnhm ufacorded phone, nat the cable that goes from the phone
to the wall).

€
| M
>

6:14 inveator's guide



radio suhsystem, continued

Tether Port, continued

To use the tather feawre:

1. Hook up one end of the cable 15 the back of your
Radio Transmitter, in the port marked “Tether Port”.

2. Plug the cther end directly into the Rx1 port af your
Raobaot Cantroller.

3. Turn the Transmitier on by pushing the power switch on
the Transmitter to the ON position.

4. Tuen the Robot Conlroller on by fipping the powar switch
on the Robot Contraller to the ON pesition,

5. Tesl your robot. The controls shoutd eperate exactly as they
would remotely over radio, but withou! the possibility of radia
interference or other simitar issues.

¢
n%

inventor's guide
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vadio subsystem, cominuer o

Tips :

Always turn the Transmitier on before powering up the robot. 1f the
transmitter is not on when the recelver Is activated, the receiver may
accidentally interpret other radie waves in the air as commands and cause
the rgbot to mave unexpectediy!

6 CHANKEL
F® TRANSMITTER

— !
o

|

.

Radio waves radiate cul fram the sides of the transmitier antanna, not
from the Lip. For this reason, you will get the best range and performance
from your transmitter if you don’( peint it directly at yourr robot.

6 16 inventor's guide



~or

Y inventor's guide

Tips, continued
Ui you accidentally change a setiing on your conlrolier that you didn’t want to
change, you can reset the tontrols through the CONFIG menu.

1. Ture the transmitler on by pushing the pewer switch into the ON position.

2. Hold down the Mode and Select butions tor two seconds untit the menu
appears. CONF1G should be selected by default

3. I you wish to reset the dala for a different robot configuration, press tee +
button on the Bata Input button untl) the configuration number you want Is
displayed. if you are not vsing multiple configurations (see Appendlx G},
then lgnore this step.

4. Press the Select buttan. The jetters CL (for “clear™) should appear.

5. Kold either the + or — on the Data Input butten for 2 seconds to reset the
controls for the seiected config number. The Transmitter will bezp when the
configuration is reset.

-
=

§ CHANNEL
FM YRANSMITTER

B
AT R,

bt

§ CHAKRNEL
FM TRANSMITTER

i e
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subsyste
Tips, continued
Remember that the transmitter doas net menitar robat hattery voltape,

only Hs own transmitter battery. Watch the rabat 1o see If it seems to be jow
on power.

If mare than one robot is operating in the same area, be sure thal the
rebots are operating eo difierent frequencies ar their commands will interfere
with each other (see Frequency Crystals In Background Information in this
chapter). ’

If you own more than ene set of frequency crystals, be sure thal the
crystal in your lransmitier matches the crystal in yaur recelver (see Frequency
Crystals in Background informatien in this chapter).

inventor's guide



Electromagnetic Wav
When electrons accelerate,
they radiate an eiectromag-
netic signal that moves al the
speed of lighl. By accelerat-
ing and deceierating eleclrons
in a controlled patterp, a
wave pattern can be gener-
ated in the radiated electro-
magnetic field. These are
called eleciromagnetic waves.
Electromagnetic waves move
at the speed of light, and are
{herefore very good at carry-
ing infermaton quickly from
one place to another,

requency-hModulated Sig

N The Vex Radio Transmitter

o uses an tlectromagnetic wave
i . with a certain frequency to

: © transmli data to the radio

contsol receiver. Frequency
modutation (FM) is a way of
encoding information in wave
patterns such as these.

i o ST L

inventor's guide

Waves have severa| baslc

i properties, including amplitude
:  and fretuency. In frequency

¥ modulation, the frequency of

¢ the basic (Mcarsler'’) wave is

! modified by combining it with
another (“signal”, or “modu-
{alng”) wave, groducing a
final wave that looks irreqular,
but Is reatly carrylng the data
from the signal wave on top of
the carrier wave,

FM Is less susceptibie to inter-
: ference than other methods,
: . such as amplitude modulation
. L (AM) or direct transmission of
the signa) wave.

nal

e

- 1
g
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ex starter kit

The FCC Wants You to Know
This equiprment has been tested and found to comply with the limits for
radio controlled devices, pursuant to Part 15 and Part 95 of the FCC Rules.
These limits are d d to provide ble protection against harmful
interference. This equipment generates, uses, and can radiate radio frequency
energy and, If not instalied and used in accordance with the instructions, may
cause harmfu} interference to radic communications. However, there is no
guarantee that interference will not occur in a particular installation. If this
equipment does cause harmful interference to radio or television reception, which
can be determined by turning the equipment off and on, the user is encouraged to
ry to correct the interference by one or more of the foliowing measures:
« Rearient or relocate the receiving antenna.
« Increase the separation between the equipment and receiver.
« Consult your iocal electronics store or an experienced radio/TV
technician for heip.
« 1f you cannot sliminate the interference, the FCC requires that you stop using
your R/C transmitter.

Warning: Changes or modifications note expressly approved by Innovation One
may cause interference and void the user’s authority to operate the equipment.
Only use authorized crystals designed for use with the Vex Robotics Design
System RF Receiver.

Recycling Seal on the nickel-cadmium (Ni-Cd)
hattery indicates Innovation One voluntarily
participates in an industry program that collects and
recycles NiCd hatteries at the end of their useful
life, when taken out of service in the United States
or Canada, The RBRC program provides a convenient
alternative to placing used Ni-Cd hatteries into the
trash or the municipal waste stream, which may he
illegal in your area. Please call 1-800-8-battery for
information on Ni-Cd battery recycling and dispasal
bans/restrictions in your area. Innovation One’s
invelvement in this program is part of the company’s
cammitment to preserving our environment and
conserving our natural resources.

Limited 90-day Warranty

This product is warranted by Innovation One against manufacturing defects
in matertai and workmanship under normal use for ninety (90}

days from the date of purchase from authorized Innovation One dealers. For
complete warranty details and exctusions, check with your dealer.

Innovation One, Inc.
350 North Henderson Street
Fort Worth, TX 76102

11/04
Printed in China

© 2005 Innovation One. All Rights Reserved.
Vex and Vex Rohotics Design System are trademarks of Innovation One.

The actual product may vary from images depicted in this Inventor’s Guide.
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The Vex Robotics Design System is designed to be usable INSERT THESE PAGES
in competition settings with multiple robots on the field at the back of the
together at the same time. In order for each robot to be able radio chapter in your

to tell which radio commands are intended for it, every Vex inventor's guide.
robot needs to be listening for commands on a different
radio channel (see Radio Subsystem background
information).

The radio channel is set by the crystal that is installed in
every radio transmitter and receiver. A receiver will hear
only commands send by transmitters using the same fre-
quency of crystal, so your transmitter and receiver must
match for you to be able to control your robot. However, a
robot will also hear commands sent by ALL transmitters on
that frequency, so you need to make sure that nobody else is
using the same frequency as you.

r

transmitter crystal x 4 receiver crystal x 4
(different frequencies) (different frequencies)

@‘EA.
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Installing the crystals

Remove the old crystals from both the receiver and the transmitter, and store them
safely for later use. Select a new receiver crystal and a new transmitter crystal,
and be sure that they have the same frequency number!

Insert the new crystals carefully into the vacant slots carefully. Do not use force, or

you may bend or break the pins.

Starter kit 276-2151

Ch. 61 - 75.410MHz

Additional Transmitter and Receiver
276-2153

Ch. 89 - 75.970MHz

Additional Crystal Set #1
276-2171

Ch. 65, 69, 81, 85 - 75.490, 75.570, 75.810,
75.890MHz

(This kit) Additional Crystal Set #2
276-2160

Ch. 63, 67, 83, 87 - 75.450, 75.530, 75.850,
75.930MHz
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