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WARNING The BalBot™ robot is not a toy. BalBot™ employs high performance motors and electronic equipment.
Because of it's motive power, BalBot™ has the potential to cause the destruction of property, or even bodily
harm. This product should not be used where your children are present

Swope Designs, Inc. cannot be held liable for damages or injuries caused by the improper or
unrecommended use of BalBot™. All advanced modifications or deviations from the directions contained
herein are considered to be at the risk of the bb owner, and not supported by Swope Designs, Inc.
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© 2004 by Swope Designs, Inc. All Rights Reserved
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| ntroduction

This manual contains detailed technical information on the BalanceBoard™ (inlcuded in
all BalBot kits), aswell as the BrainBoard™ (included in the BalBot Advanced kit).

If you own the BalBot Advanced kit, and wish to start programming as quickly as
possible, then you can skip to the section entitled " Software Installation”. The earlier
sections contain valuable information on the BalanceBoard™ and how it interfaces to the
BrainBoard™, aswell astechnical information on the BrainBoard™ itself. These
sections will be most valuable to those who wish to add on a separate microcontroller,
other than the BrainBoard™, or for those who wish to use the BrainBoard™ for an
application other than to control aBaBot. These sections will also provide helpful
background information for any BalBot user.

This manual does not contain assembly instructions. Nor does it contain basic calibration
and operation instructions. For that information, please consult the BalBot Basic
Operation and Assembly Manual.
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Anatomy of a BalBot

Forvard-Looking -

Infrared Sensors
{Advanced Kit Omnly)

High-Quality
Gear-Motors
{Metal Gears)

Dual Ground sensors

i

I

__ Expandable Frame System
——————_ 3 . B
for slick customization

BrainBoard (Advanced Kit Omnly)
=Powerful ATMEGA32 Processor
=LCD Screen

-Navigation buttons
=-On=-board serial port

-8 Analeg input ports

-6 Digital inpit ports

=3 I:C ports (shared)

BalanceBoard
-Balance Processor Chip

-Motor Drivers

-BEMF Motor Velocity sensing
-8witching power converter
-Expansion Port

= 5.4=-Tnch Wheels

{for angle detecticn}

Scerial cabkle for Communication
with wvour PC
(Advanced Eit only)
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BalanceBoard™ Overview

1. Expansion
Connector 2. Multi- 3. Power input
(12C Interface) function LED terminals
O LR
4. Power
10. Balance Switch
Processor
Chip (BPC)
- k- 5. Mode
Button
9. Ground |
sensor i 6.DC-DC
connectors - b Converter
Q - (e 7. Motor
= = S \= Drivers

8. Motor
connectors

1. Expansion Connector. This 10-pin shrouded header (0.1" pin spacing) has the
following connections:

Pin3
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Pin #(Name In/Out |Description

1|//RESET |Out When the BPC is power cycled, it will pull this line low momentarily.
External processors may have this connected to their reset input to be
reset automatically.

N

/I2C_EN [In When this line is grounded, the 12C circuitry inside the BPC will
become active. This line should be tied to ground on any external
board that wishes to communicate with the BPC over 12C.

w

Cycle Out The rising edge of this signal signifies the start of a new control loop
cycle. This signal may be used by an external processor to
synchronize its control activities with those of the BPC.

4/12C_SCL I12C Clock line

5|Vbatt Out Battery voltage. Warning! This voltage is much higher than most digital
circuitry can handle, so do not use it to directly power circuitry!

6|GND Ground

7|+5V Out Regulated 5V power to run external electronics. Note: The power
consumption of all total external electronics should be less than 800
mA.

8|12C_SDA I2C Data Line

9|+5V Out Same as pin 7. Use both pins for more current capability.

10|GND Ground

2. Multi-function LED. This LED is used to indicate power, mode, and battery status.

3. Power Input Terminals. A 14.4V to 18V power source should be connected here (12
X AA batteries, or equivalent.) Be very careful to observe polarity (+ to V+ and Ground
to G), or permanent damage may result!

4. Power Switch (Shown in the off position). This switch essentially shuts down both
Vbatt and +5V.

5. Mode Button. Used for both changing modes as well asto initiate calibration.

6. DC-DC Converter. Thisswitching regulator converts battery input voltageto a
regulated 5V. This high-efficiency converter greatly saves power over linear regulators.
This helps extend battery life, and greatly reduces heating of the conversion electronics.

7. Motor Drivers. Each driver isasophisticated £ 3A (peak + 6A) DMOS PWM motor
controller. In addition to basic motor control functions, there is analog circuitry on the
circuit board, and in the BPC that are able to determine the velocity of each motor based
on back-electromotive force (BEMF), without sensors.

8. Motor Connectors. "Left" and "Right" are as seen from the perspective of the robot
itself.

9. Ground Sensor Connectors. Cables should connect these connectors to Sharp

GP2D120 Infrared Distance Sensors. The BPC reads from these sensors to determine the
angle of the robot relative to the ground.
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10. Balance Processor Chip (BPC). This programmable System-on-a-Chip contains
analog and digital circuitry, as well as amicroprocessor, RAM, and FLASH memory (to
store calibration data). It isresponsible for determining each motor's velocity, each
ground sensor's distance, and to accordingly perform real-time control of the motors to
keep the robot balanced. This chip can also accept commands from an externa source
(over an 12C bus) to move the robot forward, reverse, left, or right. It will also report key
information such as motor velocities, robot angle, and battery voltage.

M odes of Operation

The BalanceBoard™ has 7 basic modes that it can operate in. Modes 0-2 can be easily used without
programming. Modes 3-5 are similar to modes 0-2, except that they allow custom control variables (K1,
K2, and K3) to be used. See control system diagram for more details on these custom control variables. In
all these modes (0-5), the BPC performs the real-time control that allows the robot to successfully balance.

Mode 6 is avery unique mode. In this mode, the BPC does not try to balance the robot. Instead, it only
reads and reports sensors, and it controls motors according to what it istold to do over the [2C interface. In
this mode, the robot can only balance if the external controller has its own real-time control system
designed to balance the robot. In most cases, this modeis not necessary. It will normally only be used for
educational purposes, by those wishing to develop their own balancing control system.

Note: since mode 6 control mode involves extra delays (communication and syncronization delays), for
best resultsit is recommended that the onboard BPC chip be used for balance control processing. Y our
external microcontroller (such as the BrainBoard™) can still modify key control parameters, and even
perform adaptive-control by modifying these parameters on-the-fly. If you still want to use mode 6, it is
recommended that you synchronize with the cycle signal rather than running asynchronously. If you
choose to run asynchronously, you must run slower than 40 Hz.

Mode |Name Control |Description LED
Variables status
used

O|Normal default Normal balance, free moving. (DEFAULT at Solid
Balancing power-on)
1|Sleep Mode default Motors tri-sated 1 blink
2|Nap Mode default Motors shut down until unit is bumped. Then 2 blinks
switch to mode 0.
3|Normal custom Custom control variables are used, free moving 3 blinks
Balancing
4(Sleep Mode custom Motors tri-sated (custom variables are loaded) 4 blinks
5|Nap Mode custom Motors shut down until unit is bumped. Then 5 blinks
switch to mode 3.
6|Custom control |N/A Dummy slave mode. Control algorithm is 6 blinks
Algorithm mode bypassed. 12C definitions are different!

Explanation of Modes

"Normal Balancing" (modes 0 and 3). In these modes, the bot will balance itself. For
the most part, it will attempt to stand still. If it ispushed, it will move accordingly, but
maintain its balance. In these modes, an external microcontroller may send commands

© 2004 Swope Designs, Inc. www.BalBots.com 8




(over 12C) to tell the bot to move forward, reverse, and/or left or right. In thisway, the
bot can easily drive around in a controlled manner.

" Sleep Mode" (modes 1 and 4). In these modes, the motors are tri-stated (no power is
sent to them, and electronic braking is not turned on). So the robot will not balance and it
will not respond to forward/reverse, or left/right commands. The BPC chip will still be
powered up and reading from the ground and sensors. It will still be taking BEMF
readings, aswell. These modes are useful when you want to work with the electronics
and not have the robot driving around on you.

"Nap Mode" (modes 2 and 5). When the board first enters one of these modes, the
motors will stop moving (tri-state) for 3 seconds. After that, the BPC will continually
read from the ground sensors. If it detects significant changes (i.e. the bot has been
bumped), it will immediately switch to anormal Balancing mode. This, "Nap Mode" is
essentially a motion-detect mode. For example, you can lean the bot at a slight angle
against atable and put it into nap "mode". Make sure that within 3 seconds, the bot is
perfectly still. Then if someone bumps the bot, it will "wake up" and start to balance.

" Custom Control Algorithm Mode" See above explanation for mode 6

Mode Button Operation

The Momentary switch (“mode button™) on the BalanceBoard™ is primarily used to change modes.
Simply press the button once to advance to the next mode. The user can only access modes 0-2 by using
the mode button. If the bot isin mode 2 and you press the button, it will go to mode 0. If the bot isin 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. If you wish to go to another mode other than 0-2, the external microcontroller must initiate
this (thisis because it does not make sense to use the other modes unless you have an external
microcontroller).

The mode button can also be used to calibrate the robot, when it is held down during power-up. For more
details, seethe section, “Calibration Procedure”, in the BalBot "Basic Operation and Assembly Manual”.

LED Operation

The Light Emitting Diode (LED) on the BalanceBoard™ serves multiple purposes. During normal
operation, the LED will operate asindicated in the above table. That is, it will be on solid for mode O, it
will blink once repeatedly for mode 1, blink twice repeatedly 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. Thiswill occur regardless of
which modethe bot isin. The bot will continue to operate when the batteries are lowed, although with
more sluggish motor response, which could result in the bot falling down. Therefore, it isimportant to
change the batteries as soon as you see LED flash quickly.

| 2C Interface
An externa system such as amicrocontroller (like the BrainBoard™) may be connected

to the BalanceBoard™ expansion connector in order to control the BalanceBoard™,
and/or to receive sensor information from the BalanceBoard™. This datais exchanged
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over a100KHz 12C bus. For more information on this bus, please download 12C
specifications available at www.BalBots.com, or www.semiconductors.philips.com.

This section of the manual will focus on the software side of the |2C connection. For
details on the physical hardware connection to thisinterface, please seetherelated
earlier section of this manual.

The BPC actsas an 12C slave. In order to communicate with it, a separate
microcontroller, acting as an 12C master is necessary. This microcontroller will initiate
12C read commands to receive data, and 12C write commands to transmit data to the
BPC. When writing data, the master should aways write 10 bytes. When reading data, it
should always read 18 bytes. Thisistrue regardless of which mode the BPC isin.

The BrainBoard™ (included in the BaBot Advanced kit), is aready fully setup to use the
I2C connection, and it includes sample code to communicate with the BPC.

The BalanceBoard™ checks and updates the 12C values at arate of approximately
40.2Hz. It isimportant that the 12C master does not repeat 12C operations faster than this
rate, or the 12C buffers will over-run and cause undesired results.

The following tables show the organization and meaning of the 12C data. Please note that
the data has one set of meanings for modes 0-5, and different meanings for mode 6.

12C Address:
TheBPC isadave at address: Hex 0x62 (Decimal 98)

Modes 0 through 5, WRITE Transaction (10 Bytes):

Byte # [Name Range Description

O|mode 0-6 Determines which mode the BPC is in

1|fwd_rev -128 to 127 |+ means travel forward, - means travel reverse. Used in
modes 0-5.

2|Steer -128 to 127 |+ means turn right, - means turn left. Used in modes 0-5.

3langle_offset [-128 to 127 |Additional angle calibration term. Units of 0.05 degrees per
click. ONLY WRITABLE IN MODES 3-6.

4/K1 0 to 255 Control Algorithm Parameter. See Control System Block
Diagram. ONLY WRITABLE IN MODES 3-5.

5|K2 0 to 255 Control Algorithm Parameter. See Control System Block
Diagram. ONLY WRITABLE IN MODES 3-5.

6|K3 0 to 255 Control Algorithm Parameter. See Control System Block
Diagram. ONLY WRITABLE IN MODES 3-5.

7|Reserved

8|Reserved

9|Reserved

Modes 0 through 5, READ Transaction (18 Bytes):
[Byte # [Name |Range |Description
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O|mode 0-6 Determines which mode the BPC is in
1|fwd_rev -128 to 127 [+ means travel forward, - means travel reverse
2|Steer -128 to 127 |+ means turn right, - means turn left
3langle_offset|-128 to 127 [Additional angle calibration term. Units of 0.05 degrees per
click.
4|K1 0 to 255 Control Algorithm Parameter. See Control System Block
Diagram
5|K2 0 to 255 Control Algorithm Parameter. See Control System Block
Diagram
6|K3 0 to 255 Control Algorithm Parameter. See Control System Block
Diagram
7|Reserved
8|Reserved
9|Reserved
10|Angle -1000 to Reports the angle of BalBot (After calibration factors are
Lower Byte |1000 factored in). In units of 0.05 degrees per click. IF BOT IS
LIFTED OFF THE GROUND, THIS WILL BE SET TO 1000.
11|Angle
Upper Byte
12|[L_mtr_RPM |-32768to  |Reports left motor velocity detected by Bemf circuitry
Lower byte |32767
13|L_mtr_RPM
Upper byte
14|R_mtr_RPM|-32768to  |Reports right motor velocity detected by Bemf circuitry
Lower Byte |32767
15|R_mtr_RPM
Upper Byte
16|Battery 0 to 255 Reports Battery Voltage. Divide by 10 to get actual voltage
(175 means 17.5 Volts)
17|Version 0 to 255 Balance Processor Revision. Divide by 10 to get actual

revision (FW_VERSION 10 means 1.0).

Mode 6, WRITE Transaction (10 Bytes):

Byte # [Name Range Description
Olmode 0-6 Determines which mode the BPC is in
1|L_mtr_ PWM [-128 to 127 |Applies PWM signals to drive left motor forward or reverse.
2|R_mtr_PWM|-128 to 127 |Applies PWM signals to drive right motor forward or reverse.
3langle_offset [-128 to 127 |Additional angle calibration term. Units of 0.05 degrees per
click.
4|Reserved
5|Reserved
6|Reserved
7|Reserved
8|Reserved
9|Reserved

© 2004 Swope Designs, Inc.
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Mode 6, READ Transaction (18 Bytes):

Byte # |Name Range Description
O|mode 0-6 Determines which mode the BPC is in
1|L_mtr PW |-128to 127 |Applies PWM signals to drive left motor forward or reverse.
M
2|IR_mtr_ PW (-128to0 127 [Applies PWM signals to drive right motor forward or reverse.
M
3langle_offset|-128 to 127 [Additional angle calibration term. Units of 0.05 degrees per
click.
4|Reserved
5|Reserved
6|Reserved
7|Reserved
8|Reserved
9lon_ground |Oto 1 1 means both sensors detect the ground. 0 means they don t.
10|Angle -1000 to Reports the angle of BalBot (After calibration factors are
Lower Byte |1000 factored in). In units of 0.05 degrees per click. IF BOT IS
LIFTED OFF THE GROUND, THIS WILL BE SET TO 1000.
11|Angle
Upper Byte
12|[L_mtr_RPM |-32768to  |Reports left motor velocity detected by Bemf circuitry
Lower byte |32767
13|L_mtr_RPM
Upper byte
14|R_mtr_RPM|-32768to  |Reports right motor velocity detected by Bemf circuitry
Lower Byte |32767
15|R_mtr_RPM
Upper Byte
16|Battery 0 to 255 Reports Battery Voltage. Divide by 10 to get actual voltage
(175 means 17.5 Volts)
17|Version 0 to 255 Balance Processor Revision. Divide by 10 to get actual

revision (FW_VERSION 10 means 1.0).

© 2004 Swope Designs, Inc.
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Control System Diagram

The primary function of the BPC is to perform real-time balancing control, which keeps
the BalBot balancing at all times, and frees the master processor to perform other tasks.
The control loop runs at a frequency of approximately 40.2Hz. The following diagram
gives asimplified overview of how this control system works. Note that the parameters
"angle offset”, "K1", "K2", and "K3" in this diagram can be modified by using the 12C
bus, when the BPC isin modes 3, 4, or 5. By modifying these parameters, the user can
exert agreat deal of control over the performance of the control system. It may be
desirable to change these parameters for educational purposes, or if modifications to the
BalBot are made that change the overall system dynamics (such as large mass changes,

wheel size changes, etc.).

Calibration angle Angle offset

Desired Angle(q) Motor
Veloci tv Veoci tx
4>O KL —> » Ga » Gb >
+ A - +
dg
K2 ot
+ velocity - velocity
(Bot isfacing towards the | eft)
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BrainBoard™ Qverview:

1. 16 x 2 Alpha-

2. Atmel ATMEGA32 Microcontroller
Numeric LCD Display

/ (Located Under LCD)

17. Contrast .
Adjust 3. Serid port
\ to connect to
your PC
4. Navigation Buttons:
16. RS232 Level )
Conversion — <<= Up, Down, Left, Right
15. TTL vs.

5. Reset

RS232 Select \ /\ / Button

UTTL Seid = | 6. 15pProgramming

Connector \ Connector.
» 7. Ext. Servo
13. Aux. / ﬁ Power Connector
Power
connector

2 Sysem 10. 9. Andlog/Digital 8. Servo Connectors
Digital inputs
inputs
11.12C
connectors

1. 16x2 Alpha-Numeric LCD Display. Sample codeisincluded to write text and
numbers to this LCD.
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2. Atmel ATMEGA32 Microcontroller. This microcontroller has alot of power to control

your robot. The key features of this chip are listed below:
-16 MIPS (with included 16MHz Resonator)
-32K Bytes FLASH
-1K EEPROM
-2K internal SRAM
-8 Channel, 10-bit DAC
-12C Interface
-4 PWM Channels
-3 Timer/Counters

3. Serial Port. Using this port, you can connect the BrainBoard™ to your PC serial port
by using aDB9 serial extension cable (included in the BaBot Advanced kit). Sample
code is included to communicate with your PC using asimple terminal program such as
HyperTerminal (Included with Windows).

4. Navigation Buttons. These buttons can be used for anything you want to use them for.
The sample code uses them for up, down, left, and right control to navigate the LCD
screen (and key variables).

5. Reset Button. Pressing this button will reset the ATMEGA32. It will not reset the
BPC, when connected to the BalanceBoard™.

6. | SP Programming Connector. This"In System Programming" Connector is used to
program the ATMEGA 32 without the need to remove the chip each time. The BalBot
Advanced includes a programmer to interface between this connector and the parallel
port of your PC. It also includes full-features programming software.

7. External Servo Power Connector. Servos typically consume alot more power than
regular solid-state electronics. This connector provides away to power the servos using
external power (e.g. such a secondary battery pack). To do this, connect (+) to pin 2, and
(-) topin 3. Alternatively, on-board +5V power may be routed to the servos by placing a
jumper over pins 1-2 (thisisthe default configuration). Caution! If the on-board +5V
power is used, be careful the servos do not consume more power than the power source
can supply. For example, in the case where the BrainBoard™ is powered from the
BalanceBoard™, with no other electronics powered off the BrainBoard™, the servos
should not consume more than about 700mA. Thisistypically enough power for one
standard servo. If thispower is exceeded, the BalanceBoard™ will usually reset the
electronics.

8. Servo Connectors. Provides capability to directly plug in up to 2 hobby servos.
Sample code isincluded to operate 2 servos. The pin-out is standard for many popul ar
servos. However, please note that certain brands of servos swap the wires. If thisisthe
case with your servos, you may need to swap the order of the pins of your servo
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connector. Make sure you pay attention and connect your servo properly to avoid

damage.

The white text on the circuit board shows"S", "+", and

to which wire as described here:

to indicate which pin connects

Servo B:

Pin 1: Pin 2: Pin 3:
S (+) )
Signal to control servo, from + Voltage to power servo Ground
PD4(OC1B)

Servo A:

Pin 1: Pin 2: Pin 3:
S (+) )
Signal to control servo, from + Voltage to power servo Ground

PD5(OC1A)

9. Analog/Digital I nputs. Each of these 8 connectors provide +5V, ground, and a direct
connection to one of the ADC (Analog to Digital Converter) channels on the

ATMEGA32.

The pinout is as follows (note that pin 1 has a square pad on the bottom of the circuit
board. Pins 2 and 3 have round pads).

Analog/Digital Inputs

Connector #: |Pin 1: Pin 2: Pin 3:

0 Analog input. Connected to PAO [Ground +5V
on the ATMEGA32

1 Analog input. Connected to PA1 (Ground +5V
on the ATMEGA32

2 Analog input. Connected to PA2 (Ground +5V
on the ATMEGA32

3 Analog input. Connected to PA3 [Ground +5V
on the ATMEGA32

4 Analog input. Connected to PA4 (Ground +5V
on the ATMEGA32

5 Analog input. Connected to PA5 [Ground +5V
on the ATMEGA32

6 Analog input. Connected to PA6 [Ground +5V
on the ATMEGA32

7 Analog input. Connected to PA7 (Ground +5V
on the ATMEGA32

© 2004 Swope Designs, Inc.
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10. Digital Inputs. Each of these 6 connectors provide +5V, ground, and 2 direct I/O
connections to the ATMEGAS32 as follows (note that pin 1 has a square pad on the
bottom of the circuit board. Pins 2, 3, and 4 have round pads).

Digital inputs:

Connector # |Pin 1: Pin 2: Pin 3: Pin 4.
0 PBO(XCK/TO) Ground |PB1(T1) +5V
1 PB2(INT2/AINO) Ground [PB3(OCO/AIN1) (+5V
2 PB4(/SS) Ground |PB5(MISO) +5V
3 PB6(MISO) Ground |PB7(SCK) +5V
4 PD4(0OC1B) Ground |PD5(OC1A) +5V
5 PD2(INTO) Ground |[PD3(INT1) +5V

Please note that Connectors #2 and #3 share signals with the navigation buttons.
Therefore, do not use these connectors if you also wish to use the navigation buttons!
Also note that connector #4 shares signals with the servo connectors. Therefore, do not
use #4 if you also wish to directly connect servos!

11. 12C Connectors. These connectors are used to connect external 12C slave devices.
Each connector provides a connection to the 12C bus SDA and SCL lines, aswell as
ground and +5V, as follows (note that pin 1 has a square pad on the bottom of the circuit
board. Pins 2, 3, and 4 have round pads).

I2C Connectors:

Connector # |Pin 1: Pin 2: Pin 3: Pin 4:
0 SDA Ground SCL +5V
1 SDA Ground SCL +5V
2 SDA Ground SCL +5V

12. System Connector. This connector provides power and 12C connections. Itis
specifically designed for and is pin compatible with the BalanceBoard™. The pinout is
asfollows:

Pin #|Name In/Out |Description

1|//RESET |[In This line connects directly to the ATMEGA32 /RESET input. When the
BPC is power cycled, it will pull this line low momentarily. External
processors may have this connected to their reset input to be reset
automatically.

2|GND Out This line is tied directly to ground to enable the /I2C_EN signal on the
BalanceBoard™.

3|Cycle In This signal is connected to pin PD6 on the ATMEL32. The ATMEL32
may use it to know when a new BPC control loop cycle starts (by
looking at the rising edge).

4(12C_SCL I2C Clock line

5|N/C Not Connected.

6|GND Ground

7|+5V In Regulated 5V power to run all on-board electronics.

© 2004 Swope Designs, Inc.
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(o]

12C_SDA I2C Data Line

9|+5V In Same as pin 7. Both pins are used for more current capability.

10/GND Ground

13. Auxiliary Power Connector. This may be used to power external modules,
components, etc. It provides two ground connections and two +5V connections.

14. TTL Serial Connector. This connector may be used to connect external electronics
to the seria port onthe ATMEGA32. Note that when thisis used, the DB9 serial port
cannot be used at the same time, except to observe one direction of datatraffic. Also, the
"Serial select” header must have ajumper inthe TTL position.

The pin-out is as follows:

Pin1: |Pin2: Pin 3: [Pin 4:

Ground |Outgoing data. Connected [|+5V |Incoming Data. Connected to PDO(RXD) on
to PD1 (TXD) on ATMEGA32, when "Serial select” jumperis in TTL
ATMEGA32 position.

15. TTL vs. RS232 Select (AKA " Serial Select”). Thisis used to select whether the
PDO(RXD) pin onthe ATMEGA32 is connected to the RS232 (and DB9) circuitry or
connected to the TTL Serial Connector. A jumper across 1-2 will connect the ATMEGA
to the RS232 circuitry for connection to a PC or other RS232 device (default). A jumper
across pins 2-3 provide connection to the TL Serial Connector for connection to external
TTL-based electronics.

16. RS232 Level Conversion. Thiscircuitry provides voltage level shifting for both
directions of seria data between TTL and RS232 voltage levels. Thisallows direct
connection to aPC's serial port using only asimple cable, instead of level shifting
electronics.

17. Contrast Adjust. The user may use asmall screwdriver to adjust the contrast of the
LCD display.
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Softwar e I nstallation (BalBot Advanced Only)

Please insert the included CD-ROM (BalBot Advanced only) to install the complete devel opment
environment, programmer software, example code, and documentation. Follow the instructions printed on
the CD, as well as any on-screen instructions that come up. The CD-ROM contents are also available
online at http://www.BaBots.com.

After installing the BalBot BrainBoard™ software, a new shortcut group called "BalBot" should appear
under the start menu. The following Icons should also appear:

Compiling and Running Your First Program:

Manual for many of
the library functions

available to the C-
/ compiler. Both PDF

and HTML versions
available.

BalBot Detailed User's

Guide (this manual).

——
Launches "Programmer's Notepad” /

with the sample code, ready for you

to edit and compile.
\ ISP Programmer Software to

program your BrainBoard™

1.) Click the icon "BrainBoard Code Editor" (See picture above).

2.) Programmer's notepad should open up, with the sample project automatically loaded. This sample
project includes a makefile, several *.c files, and several *.h header files. By default, the CD-ROM will
install these files to the following location: C:\BalBot\BrainBoard Code\

These files show up in the left side of the Programmer's Notepad screen:
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Compiler can be run
from the tools menu.

i

Files
inthe
project

Compiler results
aredisplayed in
this window

e

3.) Make sure the file balbot.c is currently being displayed in the Programmer's Notepad main window.

4.) To compile your project, select "Tools", then "[WinAVR] Make All".
In the window at the bottom of the screen, you should see your project compiling by the avr-gcc compiler.
When finished, the window at the bottom should say:
Errors: none
end

> Process Exit Code: 0

5.) To see what happens when there is an error in your code, go to the line just below "unsigned char i,
explore;" (line 32) and enter anew line. Type "blah" on thisline.

6.) Now re-compile the project (same procedure as step 4)
Now you should get an error message at the bottom similar to this:

balbot.c:34: error: syntax error before"int"
make.exe: *** [balbot.o] Error 1
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> Process Exit Code: 2

Thisistelling you that thereis an error near line 34 in the file balbot.c. If you click on the line that says
balbot.c:34: error: syntax error before"int", it will take you to that line in that file!

7.) Now delete the "blah" that you typed earlier. Recompile the source code and make sure it is a success.

When you get a successful compile, afile called "balbot.hex" has been automatically created. Thisfile
contains the raw data to be programmed into the ATMEGA32 microcontroller.

For more information compiler features, please see the "avr-libc Manual". ThereisaPDF version, aswell
asan HTML version of this. A shortcut for each oneis under the "BalBot" group.

L oading your compiled program into the
BrainBoard™

Caution: The ISP programming port uses PB5, PB6, and PB7 pins on the ATMEGA32. These pinsare
shared by the navigation buttons. Therefore, do not press the navigation buttons during programming.
Also, disconnect the programmer from the BrainBoard™ after programming. Otherwise, the programmer
may hold down one or more port B pins (The BrainBoard™ will act like you are pressing a button).

Once your project successfully compiles without any error messages, you can load the program into the
ATMEGAS32 on the BrainBoard™, by using the programmer, which consists of asmall circuit board and
cables with a 25-pin parallel-port connector on one end and a 10-pin connector on the other end. Note that
the serial cableis not used to program the board. It's purpose isto alow your code to communicate with
your PC. Thisisuseful for debugging your code, and controlling your robot.

To program your ATMEGA32 on the BrainBoard, follow these steps:

1.) Connect the BrainBoard™ to your PC using the programming cable shown below. This hardware
connects between the Parallel port on your PC, and the ISP connector on the BrainBoard™.

G

1.) Click ontheicon "MEGA32ISP" to open the programming software. Thisicon should be located in
the "BalBot" programming group. Alternatively, you may run the program mega32isp.exe.

2.) The software should open up and look similar to the following (please refer to the following picture for
the next steps):
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RPPY

3.) Select the port that the programmer is connected to (the program will automatically find the number of
ports available on the computer). Thisisusually LPT1.

4.) The download speed can be adjusted if necessary. For newer computers, it is recommended to reduce
the speed.

5.) Choose the memory area in which the code isto be downloaded to. Usually this will be FLASH

memory, which is where the program is stored. The EEPROM istypically used to store data values and
other set-up parameters.

6.) Turn the power on your robot to "on". The BrainBoard must be receiving power from the robot in order
for the programming operation to work! The red LED on the small circuit board on the programming cable
should be lit to indicate that it is receiving power.

7.) To send the program to the microcontroller, there two modes available: Auto and Manual. Auto mode
will execute several stepsin arow automatically (this modeis discussed later). To use Manual mode, you
must first select the hex file to be downloaded to the microcontroller. Please click the "Open Files' button
and navigate to the balbot.hex file, which was created earlier when you compiled your project. The default
location for thisfileis. C:\BalBot\BrainBoard_Code\bal bot.hex

8.) Next, erase the memory in your microcontroller by clicking the "Chip Erase" button under the Manual
section.
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9.) If you wish, you may check to make sure the memory isreally erased. To do this, just click the
"Blank?" button.

10.) Now just click the "program" button to download the program to the ATMEGA32 microcontroller.
While the program is being transferred, the yellow LED on the programmer should light. The progress bar
on the lower left of the window will aso indicate the status of the transfer. Check this to make sure
program is transferred completely.

11.) After the message, "programming complete" appears, you may check the contents of the
microcontroller against the contents of the PC's buffer. 1f you wish to do this, click the "Verify" button.
12.) Now unplug the 10-conductor ISP ribbon cable from the BrainBoard™. Then either press the "reset”
button on the BrainBoard™, or turn off and on the power from the BalanceBoard™.

13.) That'sit! Y our new program should be running. Next we will discuss extra features that will make the
programming process even quicker and easier.

Special Programming Features

Auto Mode

When you are continually changing your program and re-programming your BrainBoard™, the settings
you use to program the board are usually the same. In this case, you can simplify the process by using
Auto Mode.

In order to use Auto Mode, you must first select the settings to be used. To do this, click "setting" under
the Auto section. A dialog box will appear (see above). Check the boxes next to all the tasks you want to
be performed each time you click the Auto "START" button in the future.

Typically this would be Open File, Erase, Blank, Program, Verify. However, if you wish to speed up the
process by skipping the verification steps, you may use only Open File, Erase, and Program.

The programmer will then carry out these steps in the future any time you click "START" under the Auto
section.
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Fuse Bits

When anew ATMEGAS32 chip isfirst used, thereis a special section of the chip which must be
programmed in addition to the regular program (FLASH) area. Thisdatain thisarea are called "Fuse Bits".
They tell the chip some basic information about how to start up and what kind of oscillator/resonator to use.

To find out how the fuse bits on your chip are currently set, you can click "Read" under the "Fuse Bits"
area. A dialog box similar to that shown below will appear.

The BrainBoard™ has an on-board 16MHZ resonator. Therfore, you must make sure the Clock Source is
set to "External Crystal/Ceramic Resonator (1111)". Typically, you will also want the other settings to be
the same as shown below:

To save these settings into the ATMEGA32, click "OK" and then in the main menu, click "Write" under the
"Fuse Bits' section.

Security

The security section of the programming software alows you to configure the lock bits inside the
ATMEGA32. Pleaserefer to the full ATMEGA32 Datasheet for more details on these bits.

WARNING! Do not change these settings unless you are sure of what you are doing! An incorrect setting
will make it impossible to program the ATMEGA32 any more! Most BalBot and BrainBoard™ users will
never need to change these settings.

Signature
All Atmel microcontrollers have a three-byte signature code which identifies the device. By pressing the
"Signature" button, the programmer will read these bytes and display them. Since the BrainBoard™ uses
the ATMEGA32 chip, pressing the "signature” button should give you the following result:

Manufac: ATMEL

Memory: 32KBYTE
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Device : ATMEGA32

Calibration Byte
Clicking the "Calibration" button will read and display the contents of the calibration byte. It is possible to
read this byte, but it is not possible to adjust or write to it.
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Sample Code in Use (BalBot Advanced only)

Y our BrainBoard™ comes from the factory with the sample code pre-installed. If you compile the original
sample code (provided on CD-ROM) and program the BalanceBoard™, it should be at the same point as a
new board. Note that new revisions of the sample code may be available from time to time at:
http://www.BalBots.com

The sample code serves two purposes: 1.) It demonstrates and allows you to immediately start using a few
of the advanced features offered by the advanced kit. Thiswill be discussed in this section of the manual.
2.) It provides afoundational starting point for the user to modify and work with to create his’/her own
programs. This greatly speeds up the development process.

Note: The following descriptions apply only to the original sample code. All of the following can be
modified or drastically changed by creating your own code based off of the sample code.

.

Serial Port Navigation Buttons
(To connect to your PC) (Left, Right, Up, Down)

Navigation and Default Settings

When you first turn on the BalBot Advanced, the BrainBoard™'s LCD screen will display
"www.BalBots.com" on the first line, and "Balancing..." on the second line. This second lineistelling you
that the BrainBoard™ has placed the BPC into mode 0, which is standard balance mode. Thisis also the
default mode that the BalanceBoard™ would have been in if you did not have the BrainBoard™ connected.
In this default mode, the robot will attempt to balance when you place it in an upright position on alevel
surface. It isrecommended that you always keep the code this way, such that on power-on, it starts the
BPC in abaancing mode (0 or 3). If the batteries get low, the brown-out detector on the BalanceBoard™
will reset both boards when the motors draw alot of current. If the default is a sleep mode, then the bot
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will fall down (because the bot will power back up in sleep mode). If the default is a balancing mode, it
will likely still balance (but you should still change the batteriesimmediately!).

To navigate the LCD screen, there are 4 navigation buttonsin adiamond pattern. The left and right buttons
take you to a different variable to modify. The up and down buttons will modify the variable currently
shown on the screen. Holding any button down for more than 1 second will do the equivalent of repeatedly
pressing that button very quickly.

Choose your main setting

When at theinitia screen (which says, "Balancing..."), you may change this setting by pressing the up
button. Thiswill execute the explore algorithm and display "Exploring...". Pressing the up button again
will put the bot in sleep mode (mode 1) and display "Sleeping”. Note that when in sleep mode (mode 1),
the LED on the BalanceBoard™ will repeatedly flash a single flash to show that it isin mode 1. You can
go back to the other settings by pressing the down button.

Exploring...

When the "Exploring..." setting is selected, the BrainBoard™ will read from the forward-looking Infrared
sensors connected to Analog connectors 0 and 1. Based on this, it will try to determine where obstacles
are. If no obstacles are detected, it will drive the bot forward. If obstacles are detected, it will try to steer
the bot around them. For proper exploring, the two forward-looking sensors will need to be angled in
towards each other so that the one on the left is looking towards the right, and vise-versa. Y ou may need to
experiment in order to adjust these angles just right.

Please note that the Sharp Infrared Distance sensors have only a narrow field of view. Imagineyou areina
completely dark forest and you only have a small flashlight with a narrow beam with which to observe your
surroundings. Thiswill give you an idea of what a sensor will detect. For example, if you have a sensor
mounted high on the robot (say 1-1/2 feet off the ground), and looking forward and to the right, it will only
"see" anarrow path in that direction. If thereisawall infront of it, it will detect it accurately. However, if
thereisa short 6" obstacle in front, it may not see the object at al! This can cause some strange behavior if
your bot isin areal-world environment. It will navigate certain obstacles with great precision and ease,
while bumping into other things that are totally obvious to you. Similarly, the bot may think it has passed
an obstacle because its sensors no longer detect it, when really the obstacleisjust inits "blind spot”, and so
the wheel or edge of the bot may run into the obstacle.

This problem of accurate obstacle detection is afundamental challenge in the field of autonomous robotics.
The BalBot makes a great platform for studying this issue and experimenting with it. We humans take this
for granted because our eyes and brains are so good at seeing and recognizing objects. What is very simple
and obvious to usis often very challenging and complex for robots.

There are anumber of ways to improve your robots' ability to detect obstacles. One way isto ssimply add
more infrared sensors. The BrainBoard™ can directly read from up to 8 total infrared sensors without the
need for any additional electronics. The BalBot's Expandable Frame System (EFS) makes it very easy to
mount these sensors in various locations and angles, using low-cost mounting brackets available at
http://www.BalBots.com
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Blind spot. The bot may
not "see" this obstacle

Blind spot. The until it is so close that it
left wheel of the istoo late to avoid it.
Bot may runinto

this obstacle.

N

Top-View of BalBot Advanced. The Gray Regionsindicate the
areavisible to the forward-looking Sharp Infrared sensors. The
Blue areas represent obstacles in a"Blind spot".

Other ways to enhance obstacl e detection include adding sonar sensors, or adding a vision-based
recognition system. Keep in mind that for whichever additional sensors you add, you will need to modify
your BrainBoard™ code to read from the new sensors and to act upon them.

Other Settings:

Fromtheinitial LCD screen, if you press the right button once, it will take you to avariable called "Explore
speed”. Thisvariable determines how fast it will drive the robot forward. For smooth, hard surfaces, you
will probably want alower setting than for more difficult terrain such as shag carpet. By pressing the up or
down buttons, you can change this number from 0 to 100. Remember that you can change it quickly by
holding down the up or down button.

If you press the right button a second time, the next variable is " Steer Speed”. You can adjust thisin a
similar manner as the previous variable, from 0-100. Thiswill allow you to adjust how quickly it steersto
avoid objects. Setting this too high will cause the bot to oscillate left and right.

If you continue to pressthe right button, you will see the following variables:

"L sensor" -Thiswill report to you what distance (in cm) that the forward-looking Infrared sensor pointing
left sees (if it does not see any object, it will report the furthest distance that it can see). Note that you
cannot adjust this variable, so the up and down buttons do not do anything here. Thisistrue for the
remainder of the variables.

"R sensor" Thisactsjust like the previous variable, only for the sensor pointing to the right.
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"Angle" -Thisreports the angle of the bot relative to the ground. To see how this works, first put the bot in
sleep mode so it doesn't try to run the motors. Then place the bot upright on alevel surface. Observe what
the LCD screen says. If the bot is upright, in balance position, it will display 0. If the bot isleaning
forward, it will display a positive number. If leaning back, a negative number. The number isin units of
0.05 degrees. So 36 would mean 1.8 degrees. If the BPC determines that the bot is not upright, or not on
the ground, it will report a value of 1000.

"L RPM" -This reports the RPM of the Left wheel, which the BPC detects using Back-Electromotive Force
(BEMF). To see how thisworks, first put the bot in sleep mode so it doesn't try to run the motors. Then
rotate the left wheel. Do NOT rotate too fast. This could cause excessive strain on the gears. The RPM
will be shown on the screen. A positive number indicates forward velocity, while a negative number
indicates velocity in the reverse direction.

"R RPM" -Same as previous variable, except for the Right wheel.

"Voltage" -This displays the battery voltage that the BPC measures. It'sin unitsof 0.1V. So 166 means
16.6 Volts. Notethat if the robot is running the motors, the voltage will go down alittle since the extra
current draw causes a sag in battery voltage (due to the battery's internal series resistance).

"tmp_steer" -Thisisavariable used in the navigation algorithm. When you move your handsin front of the
forward-looking sensors, you will see this number change. Thisisto demonstrate how the LCD screen can
be used to help develop and debug your code. See the section in this manual on " Sample Code Walk-
Through" for more information on how to make your variables available to the LCD screen.

"tmp_fwd" -Thisis another variable used in the navigation algorithm.

Using the On-board Serial Port

The BrainBoard™ includes all the level-conversion circuitry and connectors necessary to communicate
directly with your PC's serial port. To do this, follow these steps:

1.) Connect astandard serial extension cable between the serial port on the BrainBoard™ (9-pin
connector) and the serial port on your PC (9-pin connector). This cableisincluded with the BalBot
Advanced kit, or may be purchased separately.

2.) Onyour PC, run the HyperTerminal software (which isincluded with windows). Theicon for thisis
usually located at start -> All programs -> accessories -> communications -> HyperTerminal

3.) A dialog box may come up, titled "Connection Description”. Enter a name such as"BalBot" and click
"Okay".

4.) Next select which serial port to use (e.g. coml, com2, etc.). Thiswill depend on which port you
physically plugged the cable into on the back of your PC. Then click "okay".

5.) A dialog box should appear titled "COMX Properties'. If it doesn't, then go to File -> Properties. This
will allow you to set the com properties. Set them as follows:

Bits per second: 19200
Data bits: 8

Parity: None

Stop Bits: 1

Flow Control: None

These settings are shown in the following screen shot:
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6.) Click Okay. HyperTerminal should show "Connected" in the lower left corner.
7.) Turn on the BalBot. A welcome message such as the following should appear in HyperTerminal :

2004 Swope Designs, Inc.
Wel cone to the Bal Bot Brai nBoard™

Thiswill then be followed by rows of variables continually displayed to the screen. Y ou can choose which
variables are displayed to the screen by modifying the sample code. Thisisavery useful tool for
debugging your code.

8.) Pressthe "up" button on the BrainBoard™. A "u" should appear at the beginning of the row displayed
in HyperTerminal. If you hold down the "up" button for more than a second, "-u" should appear at the
beginning of each row. Similar behavior will occur for each of the other navigation buttons. This
demonstrates the BrainBoard™ sending data to the PC.

9.) With the HyperTerminal window active, press akey on the keyboard. That character should show up in
the upper-right hand corner of the LCD screen. This demonstrates the BrainBoard™ receiving data from
the PC.

Servos

The sample code will drive a servo to point in the direction that the navigation algorithm wantsto go
towards. Make sure the pins on your hobby servo (not included) are in the proper order, and then just plug
the servo into servo port B (See earlier section, "BrainBoard™ Overview" for more details). If the servo
seems to move backwards, then plug it into port A instead (the sample program drives port A and Port B
opposite of each other).

© 2004 Swope Designs, Inc. www.BalBots.com 30




Sample Code

Files
The sample code consists of the following files:

Makefile:
makefile «—— Specid fileto tell the compiler how to compile the program. If you add
additional C filesto be used together, you will need to modify thisfile.
Main Program files:
balbot.c <4———— Mainprogram. Thisisthe main file you will want to modify.

SS—: : Eﬁ 7 Contains handy code such as functions to access sensors.

Files with additional functions:

:ggﬁ > Contains functions to communicate over 12C.
:ggﬁ 7 Contains functions to operate the LCD screen.

vart.c 7 Contains functions to use the UART (for seria port).

uart.h

Code Walk-through

Since the primary file you will be editing is balbot.c, the contents of thisfile are included here, along with
explanations to help guide you through it:

$U& (( ) * +
B ) +, O#
$ + 1
2 3 3
2 4 5
2 4 5
2 4 5
2 4 5
2 4 5
2 3 6 7 3
2 3 3
2 3. 3
2 8 96(:; +/111111 + 0
2 ; %6 ; 6% - +<.11 +<.11 7
2 7 6 1=/ "
> 7> + 1.
*1 2 * [ 0
2 9AA: 6:-%WA 6 *1 BA 7 - . a
& | Defines how many of the LCD variables you will
i1 exploreD allow user to modify with the navigation buttons.
| eft _sensor_di stance! right_sensor_distanceD These are always the first variablesin the list below
7 $ 7
timer2_count! ent _flagD
2 B, -Y%AE69( 6"B:; ) 7 7
2 A 96B; -9%AE69( 6% W 9- ++
7 7 "B:; ! 7 #
) 7 9( ! 7
| §-variapl g namesFTOTAL_JVBER CF_LCD VIRI ABLESG H } Thisis where you define the names of
39 3l 3% 31 3 31 39 % 3! i i
%% 3 s o wa e ws %Y variables to be available on LCD screen.
LCD_vari abl esFTOTAL_NUMBER _OF LCD VARI ABLES@ LCD_vari abpr e_T naexD
tnp_fwd! tnp_steer! bot_stuck!tnp_fwd_last! fwd_derD

FILE uartD
FILE |cdD
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nai n #
ch

" 0 7
LCD_vari abl esF1G H 1D
LCD vari abl esF+G H / 1D
LCD_vari abl esF. G H K1D
DDRD LH 1= ED
tiner2_count HID

" 0
TCCR2 H 1=C'D
TIMSK NH 1=*1D

uart H fdevopen uart_putc!
lcd H fdevopen |cd_putc!

" 0 ".(
DDRB H 1=) ED M "
TW _first_init #D

" 0
servo_A 1#D

servo_B 1#D
servos_init #D

1 +11#

B ! M /*
-7 A "

uart _getcl 1#D
11 1#D

(

" 0 ; % 7 >! 7
uart_init UART_BAUD_SELECT UART_BAUD RATE! XTAL_CPU#¥ #D
E > 1

7 !
sei #D

uart_putc OP O#D
uart_putc OP O#D
uart _puts_P 3.11*
uart _puts_P 3Q

9(
lcd_init LCD DI SP_ON#D

[} ! >+
% 7 >
> . %
[ P P 3#D
RP P P P 3#D
":98S
0 >l

6 9( 6 " :6AB6(; % AYE#D A
6 9( 6 " :6AB6(; % AY 9"BT#D A M
lcd_clrscr #D >
> +#
lcd_puts_P 3 P 3#D

| cd_got oxy K! +#D

+ H 1 H
DDRB LH 1=1ED
PCRTB NH 1=E1D

C

repeat indefinitely.

Start of main loop. The code after this will

9 >
+# |
.6 + 1. 7
). > > ?)1/* ,0
tiner2_count 4 LOOP_PERI CD_nt# |
sufficient_flag H +D %
Rsufficient _flag# | 7 >
M
uart_puts_P 39 M
uart _puts_P 3- > >
J
sufficient_flag H 1D
tiner2_count H 1D % "%

7> 9AA6:-%A 6

9AA: 6:-% A 6

o 7

P P 3#D

> | Here'swhere we read the buttons and then react
depending on which button is pressed.

! >

check_buttons # # |

™0
(o))

[0:(9]

oo
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uart _putc OCO#D

uart_putc O O#D
LCD vari abl e_i ndex 4 +#

LCD vari abl e_i ndex H TOTAL_NUMBER OF_LCD_VARI ABLES & +#D

LCD vari abl e_i ndex&3D
7 M

%
uart _putc OO#D

uart_putc O OG#D
LCD_vari abl e_i ndexUJD

LCD_vari abl e_i ndex 5H TOTAL_NUMBER OF_LCD_VARI ABLES#
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LCD vari abl e_i ndex H 1D
7 M

[ox6}
uart _putc OSCO#D
(o6}
uart_putc O OG#D
LCD vari abl e_i ndex 4 NUVMBER _OF_LCD_| NPUTS#
LCD_vari abl esFLCD vari abl e_i ndexG WD
7 M

(o6}
uart _putc OSC#D
[eN6e}
uart_putc O C#D
LCD vari abl e_i ndex 4 NUVMBER _OF_LCD_| NPUTS#
LCD_vari abl esFLCD vari abl e_i ndexG&&D

7 M

6 oq -
LCD screen variables.

Here's where we update the

(7 9(

LCD vari abl esF) G H | ef t _sensor _di st anceD 9 &
LCD vari abl esF*G H ri ght _sensor _di stanceD % &
LCD_vari abl esF@ H bal _proc_rd angl eD

LCD vari abl esF/ G H bal _proc_rd L_ntr_RPM ) +D 7> )+

LCD vari abl esFKG H bal _proc_rd R ntr_RPM ) +D 7> )+
LCD_vari abl esFCG H bal _proc_rd batteryD > $

LCD vari abl e_i ndex # |
1 (e}
| cd_got oxy 1!1#D
lcd_puts_P 3 P 3#D
LCD vari abl esFLCD vari abl e_i ndexG 4 +# |

LCD vari abl esFLCD vari abl e_i ndexG H 1D

bal _proc_w node H 1D

explore H 1D

| cd_got oxy 1!+#D

lcd_puts_P 3 P 3#D

J LCD_vari abl esFLCD vari abl e_i ndexG HH +# |

bal _proc_wr node H 1D
explore H +D
| cd_got oxy 1!+#D

H H

1 +$#

lcd_puts_P 3-=

P 3#D

J LCD variabl esFLCD variable indexG5 +# |
.D

. H
Here's where the variable name

is written to the LCD screen.

J
7 M

| cd_got oxy 1!1#D

lcd_puts_P 3

| cd_got oxy 1!+
>

fprintf |cd!l/

. variable is written to the LCD screen.
) vari HWQUI TR oR D
fprintf Tcdts v 'Leovariad Thjsjswhere the BPC istold

- Q
12C_ write bal_proc!

P 3#D

Here's where the value of the

what to do

L(# B
#Lbal _proc_wr model \1#D| Thjsjswhere we get information
% T
12C read bal _proc! Lbal _proc_rd node! +C#D from the BPC
N B Thisisthe start of the simple
7 , 7 "Explore" Navigation algorithm.
>
7 D >
>
7 " 7 !
> M " 7 M

% 1 +
left _sensor_di stance H read_GP2D12 1#D E
right_sensor_distance H read_GP2D12 +#D E

Q 7 7>
tmp_fwd H left_sensor_distance Uright_sensor_distance# & ++@# D

( 6 ! > o > 7
fwd_der Htnp_fwd & tnp_fwd_| astD
tnp_fwd_last H tnp_fwdD
tnp_fwd HD

7 M [¢] 7 #

(
tnp_fwd 4 &1# |
tnp_fwd H &1D
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tnp_steer Hright_sensor_distance & | eft_sensor_di stanceD

M 7 M o !
O M #
bot _stuck# |
tnp_fwd 5 @a# | " 7 M
bot _stuck H 1D
J |
bot _stuck HH +# | >
tnp_steer H @D T
J bot _stuck HH)# | Q >
tnp_steer H &@D T
J
J
J | 7 M 7 M w M
tnp_fwd 4 *1# # | " o
tnp_steer 4 /1# LL tnp_steer 5 & 1# # | o M
tnp_steer 4 1# |
bot _stuck H)D
tnp_steer H &@D
J tnp_steer 5H 1# |
bot _stuck H +D
tnp_steer H @D
J
J
J
J

tnp_fwd UH fwd_der D
tnmp_steer H.D

9 =
LCD vari abl esF+G 4 1# |
LCD vari abl esF+G H 1D
J LCD_variabl esF+G 5 +11# |
LCD_vari abl esF+G H +11D
J

1&+11

tmp_fwd H LCD vari abl esF+GD M = 1&+11#
tnp_fwd H +11D
9 = 1&+11
LCD variabl esF. G 4 1# |
LCD vari abl esF. G H 1D
J LCD variablesF.G 5 +11# |
LCD_vari abl esF. G H +11D
J
tnp_steer H LCD_vari abl esF. GD M -= 1&+11#
tmp_steer H+11D
trp_fwd 5 + K #
tnp_fwd H + KD
trp_fwd 4 &+ C#
tmp_fwd H +. CD
tnp_steer 5 +. K #
tnp_steer H + KD R g H
tnp_steer 4 & C# Print certain variables to the PC
tmp_steer H + CD (through serial port) in decimal
LCD_vari abl esF<G H t np_st eer D format for debugg| ng. z

LCD_vari abl esF+1G H t np_f wdD
E

7

“(
fprintf uvart!3V@ V@ V@ V@ V@P P 3!left_sensor_distance! right_sensor_distance! fwd_der! tnp_steer!

t np_f wd#D
expl ore# | " O =
bal _proc_wr fwd_rev H tnp_fwdD
bal _proc_wr steer H tnp_steerD
J |
bal _proc_w fwd_rev H 1D
bal _proc_wr steer H 1D
J
A This tells the servos (optional)
> ..
7 > [ what position to move to.
! 77
7 = >

servo_B +111 U tnp_steer K# #D
servo_A +111 & tnp_steer K# #D

c Huart_getc #D
¢ L UART_NO DATA # I
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7

;%

SI GNAL S| G_OVERFLOV2#
|

timer2_count UUD
J
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J |
7 %
M E A
¢ L UART_FRAME_ERRCR # |
E - |
t ts_ P 3 G .
g U Y Herg's where we echo serial
© L YR8 port characters back through | . o,
1 the seria port.
o T—poTo—T - 3#D
J
L UART_B R_OVERFLOW # | q a .
‘o T - 7 Here's where we print serial port
vart_puts 43 s | charactersto the upper right
! - ., | corner of the LCD display.
uart_putc #c #D
=
| cd_got oxy +@ 1#D
: 9(
|l cd_putc #c #D
J
J 9
J
%
( 7 $
" %7
RR M > | RR
6"B -%4: 1
6"B -9 +
6"B -%%: .
6A; 1; B6(A: %.
6A%- YEIAQ
6"B:; 6( @ ;%+
6A; 1; 6(A: %+
6A; 1; 6(A: %+
6AS$- YEIAQH
""BA; 1; B6(A: %1
v, S, YEORQL
"6 % 6% ($
"'6; %6
"'6; %6 %B
"6
"'6--:%A 6% S
""B(A I % A%
"'6.Q'%6 -% 9
"'"6: 6% S
> >+ 1
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Specifications:

Processor

Motion

Mechanics

Sensors

Upgrade-ability

Balance
Algorithms

Control

Development
Environment

Balance Modes

Communications

Power Source
Power
Conversion
Dimensions
Weight

-Programmable System on a Chip, for real-time Balance Algorithm Processing and sensor
filtering.

-ATMEGA32 uC for user's code execution.

-2 DC Brushed Gear-motors.

-2 Current-limiting motor controllers (3A each).

Expandable Frame System (EFS), made primarily of aircraft aluminum. Allows unlimited form
factor changes, sensor additions, board additions, etc, with only a screw driver.

-2 Forward-looking, 10-80cm range distance-sensing infrared sensors are included.

-2 Infrared ground sensors, for tilt-angle sensing.

-Back-EMF sensing on each motor, to detect wheel velocity and position.

-Additional sensors can easily be added (up to 8 total analog sensors, 6 digital devices, and
multiple 12C devices.)

-"Plug and Play"; No soldering required for most BalBots.com add-ons.

-Sensors and circuit boards can easily be added with only a screw driver.

-Digital Cascaded Control Loop is standard (built into Balance Processor Chip)

-Balance Control loop parameters can be modified by using an add-on microcontroller such asthe
BrainBoard.

-Balance Control loop can be by-passed altogether to allow user's completely custom control loop
(microcontroller such as BrainBoard required).

All Balance agorithms performed on-board. The BrainBoard (included) only hasto send simple
commandsto tell it whether to move forward/reverse or left/right, and how fast. Sample codeis
included to read the forward-looking sensors to detect obstacles, and then command the BPC to
drive around and avoid obstacles.

Complete, Proffessional-quality development environment included:

-Full-featured 1SP device programmer for the ATMEGA32, for programming the BrainBoard
In-System (No need to remove chip to program it)</FONT

-AVR-GCC Open-source C-compiler

-Programmer's Notepad IDE

-BrainBoard sample C code, with basic routines included to read sensors, write to LCD,
communcate with serial port, and read navigation buttons.

Modes of operation selectable with momentary switch (and LED to display status), and over
communication bus.

An 12C Bus (100KHz) links the BalanceBoard (included) to the BrainBoard (included). A serial
port and cable (included) link the BalanceBoard to your PC.

12 x AA Batteries. Alkaline, or NiMH

Switching DC-DC converter provides efficiently converted power to on-board electronics as well
as add-on 5V electronics.

27" highx 9" Wide x 5.4" Deep

Approx. 4 Lbs.
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BalanceBoard™ Schematics
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BrainBoard™ Schematics
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BalanceBoard™ Copper Layout

Top side: Bottom Side:
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BrainBoard™ Copper Layout

Top side: Bottom Side:
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