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Kit Contents:

24" Aluminum Rods (x4)

0.5" Long
0.625" Long Plastic Braces
i Gear
0.75" Long Screws motors (x2)

#4 washers
- 8mm long screws
4-40 nuts (On Gearmotors)
0.125” Nylon Spacers x4
x8 (advanced) x4(Basic) Wrench
x4
1" Aluminum Standoffs
0.5” standoffs
Motor
X2 Bracket
Rims (x2)
Tires
BalanceBoard (x2)

Angled Sensor
Brackets (x2)

Hubs (x2)

Grommet

Battery
Holder

3-Cond.

JST cables
(2 for basic
4 for Adv.)

GP2D120 Distance
Sensors (x2)

(4-30cm

/— Additional Contents for BalBot™ Advanced

CD-ROM
-

GP2D12 Distance sensor

(4-30 cm range)
. X2
BrainBoard
10-Cond Programmer
Cable
Serial Rail-mount sensor
Cable

Bracket (x4) j
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Note from the Designer

Welcome to the exciting world of balancing robots! This kit is intended to
quickly get you up and running with a solid active-balancing robot. What
you can do with it from there is limited only by your imagination. You can
program it to roll around and avoid obstacles. You can add more sensors
such as Infrared, light detection or GPS, to make your ‘bot more aware of
its surroundings. You can add actuators to move arms or a head. You can
add a video camera based image-processing unit. Make your ‘bot as sim-
ple or as complex as you like. Explore the possibilities by building your own
add-ons, or purchase them in “plug and play” configurations at...
http://www.BalBots.com.*

If you are new to electronics, robotics, or software, then I hope this kit in-
spires you and motivates you to learn more about the wonder of this uni-
verse, and the incredible laws of physics it entails.
In addition, if you are more experienced in robotics, then | hope this kit pro-
vides a solid platform so you can be free to be creative and more easily ex-
plore all your robotic ideas.

-JS

About this Manual

This manual is intended as a start guide to help you get your BalBot™ up
and balancing quickly. It contains instructions on assembling your robot,
and some information on using your completed BalBot™ . It does not con-
tain information on using the advanced features of the BalBot™ Advanced,
nor does it contain information on connecting a microcontroller to control
your BalBot™ . For these and other topics, please consult the “Detailed
User's Guide”, which can be found at...

http://www.BalBots.com

Now, let’s...

* Some modules available at the initial release of the
BalBot™ product. Many more should be available over time.
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C Frame Assembly

TOOLS YOU WILL NEED

1. Phillips Screwdriver

2. Wrench (Included).
Use this wrench for all the
4-40 nuts in the kit.

Note: Several injection-molded plastic parts are used
throughout this kit. Most of these parts come on a
disposable runner. The parts should carefully be
removed from the runner prior to use. Be sure to
cut off or sand any sharp stubs that may remain
from where the runner was attached. Following is
an example of a hub before and after runner re-
moval:

© 2004 Swope Designs, Inc.



STEP (

STEP 1: Frame Rail Assembly

Align parallel aluminum
rods so that they slide
into the grooves formed
by 2 plastic braces fitting
together. Attach the
braces using screws,
washers, and nuts, to
form a single cross mem-
ber. Align the first cross
member at the ends of
the aluminum rods, and
then repeat the process
to attach another cross
member approximately
one brace-length below
the first. Leave all
screws fairly loose for
now.

0.5" Long Screw
X6

s YOU WILL NEED —\ @

#4 washer
X6

4-40 nut
X6

24" Aluminum Rod
X2

x4
\Plastic Brace )

© 2004 Swope Designs, Inc.



) STEP

STEP 2: Battery Frame Assembly

Add a pair of braces perpendicular
to the existing cross members, and
attach each end of the new brace
to the center of a cross member.
This brace will eventually be

used to hold batteries. 0.625"
Screws

0.5" Screws

7 YOU WILL NEED ———~
0.5” Long Screw

X2
0.625" Long Screw

X2
0.5" standoff @

X2

#4 washer
X6

X2
Plastic Brace

. J
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STEP (

STEP 3: Balance Board Mounting

Flip the frame over, and attach
the Balance Board along 2
new cross braces, using 4
screws, spacers, washers,
and nuts. Mount this board
assembly approximately 4
inches from the end of the
rails.

NOTE: Do not forget the spacers!

7 YOUWILL NEED ———~
0.75" Long Screw

x4
0.125” Nylon Spacer

x4

#4 washer
x4

4-40 nut
X4

x4
Plastic Brace

- J

© 2004 Swope Designs, Inc.

NOTE

For BalBot™
Basic, skip
steps 4
through 6, and
proceed to
STEP 7




10

) STEP (ADVANCED )

STEP 4: Brain Board (ADVANCED ONLY)

Attach the Brain Board in a
similar manner as the Balance
Board. The Brain Board can be
mounted anywhere from O to
5.5 inches above the Balance
Board assembly

NOTE: Do not forget
the spacers!

CAUTION: Do
not touch the
LCD screen,
which can be
easily damaged.

YOU WILL NEED [
4 )

0.75" Long Screw
x4

0.125”" Nylon Spacer

x4

#4 washer
x4

4-40 nut
x4

x4
Plastic Brace
- 4

© 2004 Swope Designs, Inc.




(ADVANCED ) STEP (

STEP 5: Sensor Brackets (ADVANCED ONLY)

Take four (4) rail-
mount sensor brackets
and bend them as
shown to fit around the
rails. Add foreword
looking distance sen-
sors to the flat sides of
the brackets, as
shown.

WARNING: Do not
confuse these sen-
sors with the

GP2D120 sensors,
which look identi- l}
cal except for the

part number. @ »

7 YOU WILL NEED ~
0.5" Long GP2D12 Distance
Screw Sensor
x4 X2
#4 washer .
A Rail-mount
sensor bracket
4-40 nut x4
- x4 Y,

© 2004 Swope Designs, Inc. 11



) STEP

STEP 6: Sensor Alignment (ADVANCED ONLY )

Angle the forward-looking sensors as
shown (top view). This way, the sensor
mounted on the left will look towards
the right, and the sensor mounted on
the right will look towards the left.

12 © 2004 Swope Designs, Inc.



STEP (

STEP 7: Second Rail Assembly

Assemble another rail
frame, exactly as in
STEP 1.

7 YOU WILL NEED ——
0.5" Long Screw

X6

#4 washer
X6

4-40 nut
X6

24" Aluminum Rod
X2

x4
\Plastic Brace )

© 2004 Swope Designs, Inc.
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| )STEP

STEP 8: Complete Frame Assembly

Mount the first rail assembly from STEP 1 to
the one from STEP 7. Attach them using 1”
aluminum stand-offs, and mounting the cir-
cuits on the “inside” of the frames.

Ve YOU WILL NEED N

X8

0.625" Long Screw

x4

1" Aluminum Standoff

\- J

14

© 2004 Swope Designs, Inc.



STEP( H

STEP 9: Additional Battery Braces

Attach additional battery holder
braces to the “front” of the
complete rail frame assembly.

’ YOU WILL NEED —
0.75” Long Screw |—|__:>
X4
#4 washer
X4
4-40 nut
X4
X2
Plastic Brace
\ 4

© 2004 Swope Designs, Inc.



( Drive Train Assembly

DRIVE TRAIN ASSEMBLY
Temporarily set aside the
completed frame assembly,
and proceed to the drive
train. This assembly will
center around the Motor
Bracket.

TOOLS YOU WILL NEED

1. Phillips Screwdriver

2. Wrench (Included).
Use this wrench for
all the 4-40 nuts in
the kit.

16 © 2004 Swope Designs, Inc.



i

STEP ( 4o
Fr

STEP 10: Prepare the Motor Bracket

Press Grommet into the top
Motor Bracket hole.

Flip Motor Bracket Over

Attach braces to the inside of
the motor bracket. Leave all
screws fairly loose for now.

Ve YOU WILL NEED —\

0.625” Long
Screw

X8

#4 washer
X8

4-40 nut
X8

x4
Plastic Brace
g

© 2004 Swope Designs, Inc. 17
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) STEP

STEP 11: Attach Frame

Slide the assembled Rail
Frame into the top of the
Motor Bracket

Align Bracket at 90d an-
gles to the aluminum rails
in the frame assembly.

Tighten screws from
STEP 10, and all earlier
steps using a screwdriver
and the wrench provided.

© 2004 Swope Designs, Inc.



STEP (

STEP 12: Mount Ground Sensors

Attach one angle bracket and ground sen-
sor to each long face of the Drive Train As-
sembly. Mount sensors so that angle brack-
ets will point the sensor in a downward di-
rection when the ‘bot is upright (as shown)

/ YOU WILL NEED —\

0.75"
x4 &:>
4-40 nut
x4
GP2D120
Dis
X2
Angled Sensor
X2
\ J

© 2004 Swope Designs, Inc.
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STEP

STEP 13: Install Gear Motors

Install the gear motors using two (2) M3 8mm
screws** and lock washers.

Route the motor wires
through the rubber grom-
met.

* NOTE: These
are the ONLY
metric screws
included, and
they come
loosely at-
tached to the
motors.

/ YOU WILL NEED N

8mm long screw
x4

#4 washer
x4

Gearmotor
X2

© 2004 Swope Designs, Inc.



STEP (

STEP 14: Install Wheel Hubs

Install the Wheel Hubs onto the Gear Motors by
pressing firmly, as shown. Ensure that the hubs  YOU WILL NEED ™\

are securely pressed all the way onto the shaft,
so that the shaft extends approximately 1/16” Hub
through the hub end. This may require consider-
able force. X2
- J

FRONT VIEW: Depicts hubs at-
tached with gear motor shaft protrud-

ing.

© 2004 Swope Designs, Inc. 21
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) STEP

STEP 15: Assemble Wheels

Carefully remove the protective layer from
both sides of each rim. >

Stretch the tires over the rims. Make sure
the tire overhangs each rim edge evenly,
and all the way around.

© 2004 Swope Designs, Inc.



STEP (

STEP 16: Mount Wheels
/ YOU WILL NEED _\

Attach the assembled Wheels to the Wheel
Hubs using the 0.5” screws and nuts. Rimwith Tire
X2
0.5” Long Screw
X6
4-40 nut
\__X6 J

© 2004 Swope Designs, Inc. 23



Final Assembly

FINAL ASSEMBLY
Your BalBot™ should now resemble it's final form.
All that is left is to connect the electronics, add
power, and get started with your new balancing ro-
bot!

TOOLS YOU WILL NEED

1. Phillips Screwdriver

2. Wrench (Included).
Use this wrench for
all the 4-40 nuts in
the kit.

Note: Do not skip ahead or re-order steps in this sec-
tion. It is important that the batteries are installed

LAST.

24 © 2004 Swope Designs, Inc.



STEP

STEP 17: Mount Battery Holders

A Remove the screw on the back top of the robot and rotate
the rear vertical brace out of the way to gain access to the

compartment where the battery holders go.

B Install the battery holders,
while routing the wires
through the vertical hole in
the braces, and run them
down to the Balance Board.

BalBot™ Advanced users
may also route the wires
through the vertical holes in
the braces that hold the
BrainBoard.

C Replace the vertical brace

and screw.

Install Battery
holders

Guide the

wires

through ver-

tical hole in

braces

© 2004 Swope Designs, Inc.

Temporarily
, remove this
screw

AN

Swing Brace
out of the way

25



STEP

STEP 18: Electrical Connections

A Check to make sure power switch is in the "off" position. In-
sert the wires from the battery holder into the Balance Board
terminal. Pay careful attention to the colors!*** Red goes to
“V+" and black goes to “G”. Tighten screws in terminal.

Warning! Inserting wires backwards can cause per-

manent damage to the electronics. -
BLACK
B Plug the motors in. Plug the ground sen- RED

SOrs in (Left and right are from the ‘bot‘s perspec-
tive— as if you are sitting inside the ‘bot.) You will
need to route the 3-conductor JST cables
through the grommet in
order to connect the
ground sensors to the
BalanceBoard™. G !}
C (Advanced Kit only) l}
Connect the Brain
Board to the Bal-
anceBoard expan-
sion port using the
10-conductor ribbon

cable. Balance Board™

D (Advanced Kit only)
Connect the forward-

looking sensors to
the Brain Board (not ‘
shown) using OFF

two 3- To Front \
conductor Ground
JST cables Sensor Mode

The sensor To Rear Button
facing left plugs into (;m“”d

. ensor
Analog slot 0, while

the sensor facing right
plugs into Analog slot 1. /

To Right Motor

V+

To Left Motor

26 © 2004 Swope Designs, Inc.



STEP

STEP 19: Battery Installation

A

Remove the top screw on the back of the robot and rotate the
rear vertical brace out of the way to gain access to the battery
holders, the same way you did in step 17.

Pull out the battery holders a short distance, being careful not
pull on the wires. Install 12 AA Batteries.

Replace the battery holders, the vertical brace and the screw.

Temporarily
, remove this
screw

Swing Brace
out of the way

© 2004 Swope Designs, Inc.
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Getting Started

Calibration Procedure

Before BalBot™ s used for the first time, it must be calibrated,
so that it reads the sensors correctly. Calibration may also be
necessary if the center of the gravity changes (i.e. you add more
accessories to the ‘bot), or if the ‘bot is used on a drastically dif-
ferent surface.

1.

Make sure BalBot™ is on a flat, level surface. Ensure that
both ground sensors have an un-obstructed view of the
ground.

Caution: Make sure you never obstruct the ground sensors during opera-

tion! Otherwise the ‘bot will get confused and think it s falling when it s not.
This will result in quick motor reactions and the ‘bot will likely fall down.

With the bot resting on a level surface, carefully balance it
upright with one hand. You can judge whether you are bal-
ancing it or not by letting go of the bot. The bot should stay
upright and motionless for a second or two, before it begins
to fall over.

While holding BalBot™ steady with one hand, press and
hold down the mode button with the other hand. While hold-
ing the mode button down, turn the power on. Keep the
mode button held down and keep the ‘bot still for 5 seconds.
It is important that the ‘bot remains balanced and completely
still during this time. The LED on the ‘bot should now be
blinking slowly (mode 1).

Turn the robot off. That's it! Your BalBot™ is now cali-
brated! The calibration settings are stored in FLASH memory
and will not be lost by shutting down the ‘bot or changing the
batteries.

Turn the ‘bot back on by sliding the main power switch. You
should now be able to let go, allowing the ‘bot to balance on
its own. If it does not balance well, repeat the calibration pro-
cedure. If it still does not balance well, please consult the
troubleshooting guide near the end of this manual.

© 2004 Swope Designs, Inc.



Modes of Operation

BalBot™ has 7 basic modes that it can operate in. Three of
these modes can be easily used without programming, and are
discussed here. The other 4 modes can only be accessed by a
secondary microcontroller (such as the Brain Board). See de-
tailed user’'s manual at http://www.BalBots.com for more informa-
tion on the various modes.

Mode Name Description LED Status
0 Normal ‘Bot is actively balancing, and will Solid on
Balancing move if you bump it.
1 Sleep Mode Motors are completely shut down. 1 Blink

Electronics are still using power.

2 Nap Mode Motors shut down until 'bot is 2 Blink
bumped. Then switch to mode 0.

LED Operation

The Light Emitting Diode (LED) on the Balance Board serves
multiple purposes. During normal operation, the LED will operate
as indicated in the above table. That is, it will be on solid for
mode 0, it will blink once repeatedly for mode 1, blink twice re-
peatedly for mode two, etc. This pattern is continued for all 7
modes.

When the batteries get low, the LED will show you by blinking
very quickly. This will occur regardless of which mode the ‘bot is
in.

Mode Button Operation

The Momentary switch (mode button) on the Balance Board is
primarily used to change modes. Simply press the button once to
advance to the next mode. If the ‘bot is in mode 2 and you press
the button, it will go to mode 0. If the ‘bot is in one of the special
modes (modes 3-6), and you press the button, it will force the ‘bot
out of the special mode and into mode 0.

The mode button can also be used to calibrate the robot, when it
is held down during power-up. See the earlier section,
“Calibration Procedure”, for more details.

© 2004 Swope Designs, Inc. 29
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Ground Sensor Information
The ground sensors play a dual-role.

First, they detect the position of the ground so that the Balance
Board can compute the angle and angular velocity of the ‘bot
relative to the ground. The angle is used by the BrainBoard’s Bal-
ance Processor Chip (BPC) to control the motors and balance
the robot.

As long as the ground is a level surface, the angle relative to
ground is also the angle relative to Earth’s gravitational pull, and
so the BPC is able to resist this gravitational pull and keep the
‘bot in balance.

If the ground is not level, the BPS will be trying to control the ‘bot
relative to ground and not relative to gravity. This will result in the
‘bot drifting off in the downhill direction.

The second role of the ground sensors is to detect whether or not
the ‘bot is on the ground and in a relatively upright position. If
one or both ground sensors do not detect an object (usually be-
cause the ‘bot is lifted off the ground), the Brain Board will auto-
matically shut down the motors to save batteries.

© 2004 Swope Designs, Inc.



Using Your BalBot™

Getting to Know Your Bot

After you have performed the calibration procedure and con-
firmed that the robot is balancing, you are ready to play a bit and
get to know the character of your robot. Since gravity is trying to
knock your ‘bot down, and your ‘bot is actively resisting, it can al-
most seem to take on a personality of its own. Spend some time
playing with it, and get to know how it reacts.

Here are some exercises you can perform to get to know your bot...

“Sit, Ubu-Boo. Sit. Good Bot.”

With your bot resting on the ground, and in the upright “balance-
ready” position, turn the bot on. If it wanders in a direction, gently
nudge it the other way to get it to stop. You should be able to get it to
stop and stay in one place. Observe how it will make small move-
ments to keep itself balanced.

“Hey... I may be Long and Lanky, But I'm no Pushover!”

With your ‘bot balancing and pretty much standing still, give the top of
the ‘bot a light push forward or backward. Notice how it reacts to
keep itself upright. Repeat this, gradually pushing harder and
harder. Notice that (with a good set of batteries) the ‘bot will go to
drastic measures to keep itself balancing. Obviously, if you push too
hard, it will not be able to keep up with you. But if you stay under that
limit, you will notice how it appears very intelligent in its reaction— it
will appear to shift its weight in the opposite direction to counteract
your push, and then quickly slow itself down.

“Woweeeee”

Make sure there are no innocent bystanders nearby or obstacles in
the way for this one! The situation can get out of control fast if you're
a rookie.

With the ‘bot turned off, lay it flat with its back to the ground. Make
sure there is at least 8 feet of open space in front of the ‘bot. Turn on
the ‘bot. At this point, it should still not move because it knows it's not
upright. With one hand under the batteries, quickly toss that end of
the ‘bot up in a controlled manner. You are trying to push it up to bal-
ance position. As soon as the ‘bot gets within range, it will “wake up”
and try to balance. If you toss it too hard, it may quickly run off and
try to hit something in an effort to balance. If you don't toss it hard
enough, it will come back down. But if you do it just right, it's like
magic, and I'm sure your BalBot™ will enjoy it too.

© 2004 Swope Designs, Inc. 31



Modify Your Bot!

One of the great features of your BalBot™ s it's ability to be eas-
ily modified, mechanically. It was not designed with a single fixed
frame, like most robots. Instead, the patent-pending Expandable
Frame System (EFS) is essentially made up of multiple generic
parts that can be bolted together in various configurations. Think
of it as a high-tech Tinker Toy.

This makes it very easy to add accessories, re-arrange the elec-
tronics, mount multiple sensors in odd places, add extra “limbs”,
add a protective shell, or even change the form-factor of the ‘bot

itself.

Following are some tips and examples of ways the EFS parts can
be re-arranged...

32 © 2004 Swope Designs, Inc.



Troubleshooting Guide

The ‘Bot balances fine, but sometimes it suddenly jolts and
falls down.

Ensure that both ground sensors always have a clear view of the
ground! If the robot gets too close to certain protruding furniture,
etc, the ground sensors may "see" the obstacle rather than the
ground. If this occurs, then the ‘bot will be confused and think it
is tilting when it s really not. So the ‘bot will run the wheels in a
calculated direction, in an attempt to compensate for the tilting.
But since it s not really tilting, this will make it fall down. Note that
if obstacles come close to or touch upper parts of the robot, the
robot should not display any ill effects (the ‘bot should react ac-
cordingly without falling down).

The LED never turns on.

Check to make sure the batteries are installed correctly. If the
robot is jolted severely, it may have knocked a battery loose.
Also check to make sure the power wires are connected to the

Balance Board with the correct polarity (i.e. Black is connected to
"G", and Red is connected to "V+". Improper polarity may result in perma-
nent damage to the electronics!)

The ‘bot never balances and always runs off in one direction
The motors or the ground sensors may be connected in reverse.
Check to make sure the left motor is connected to the left con-
nector on the Balance Board, and vise versa. Remember that
"Left" and "Right" are always from the robot s perspective (Pretend
you are sitting inside the robot driving it). Also check that the front sensor
is connected to the connector labeled "front" on the Balance
Board, and vise versa.

The ‘bot balances but tends to wander in one direction.
Check to make sure the ground is level. If this is not the prob-
lem, then perform the calibration procedure to fix it.

The LED flashes very rapidly

This indicates that your batteries are low. Change the batteries
immediately. Failure to do so may result in unreliable balancing,
since the motors cannot get enough power to keep the ‘bot in bal-
ance. This could cause the ‘bot to unexpectedly fall and damage
itself or injure others.

© 2004 Swope Designs, Inc. 33



Ready for More?

Once your ‘bot is balancing and you have learned the character
of your BalBot™, you may be ready for more. The ‘bot can be
controlled and commanded with proportional forward/reverse,
and left/right commands. You can even tweak with the balancing
algorithm parameters to make it balance or react differently! De-
pending on your skill level, a whole new world of possibilities may
be waiting for you. Now that your ‘bot is balancing, you can make
it do anything other bots can do... just cooler and with more style!

We recommend that from here you take a look at the documen-
tation available online at http://www.BalBots.com. Specifically,
you will want to look first at the BalBot™ “Detailed User’'s
Guide” .

In the “Detailed User’s Guide” available online, you will find the

following:
- Instructions for Programming the Brain Board

Schematics & Circuit Board Layout Diagrams

Info on how to interface to the Balance Board (I12C details)

Programming examples

Control algorithm diagram and parameter descriptions

Skill Level Requirements

Since your robot is essentially a “blank slate” platform, ready to
be molded into what you want it to be, programming skills are
necessary in order to customize the behavior of your bot or add
advanced accessories. The standard programming language to
use for this and similar robots is the C programming language.
The BalBot™ Advanced kit includes a C compiler, and all the
tools you need to get started programming quickly. The BASIC
programming language can also be used on the Brain Board.
However, a BASIC compiler/interpreter and BASIC sample code
are not included in the advanced Kit.

BalBot™ accessories purchased from http://www.BalBots.com
typically do not require soldering or electronics skills. For exam-
ple, if you own the BalBot™ Advanced kit, you can easily add
object-detecting distance sensors or light-detecting sensors to

© 2004 Swope Designs, Inc.



the BalBot™ Advanced. All you would need to do is purchase
the sensor you want and the corresponding cable. Plug it into the
BrainBoard, and bolt it to the frame wherever you want it, using
special mounting brackets. Then write your own code to make
the bot use the sensor. Sample C code and commonly used
functions are included with the BrainBoard so you can quickly
and easily see how to access the sensor readings and use them
to control the bot. This included code also makes it easy to dis-
play data on the LCD screen, exchange data with a PC (through
the serial port), or react to buttons being pressed.

Software Installation BaiBot™ Advanced Only)

Please insert the included CD-ROM (BalBot™ Advanced only) to in-
stall the complete development environment, programmer soft-
ware, example code, and documentation. Follow the instructions
printed on the CD, as well as any on-screen instructions that
come up.

Although the “Detailed User’s Guide” is included on your CD-
ROM, you may want to visit http://www.BalBots.com to check the
availability of new versions of the documentation or software.

It is highly recommended that BalBot™ Advanced owners read
through the “Detailed User’s Guide” to find out how to program
the robot and to learn much more about the ‘bot’ more advanced
possibilities.

© 2004 Swope Designs, Inc. 35
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