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DISCLAIMER: Itis important to say this before we go any furthiglodifying your
robot voids the warranty. Active Innovations cannot be held responsibleafoser that
modifies the robot or remote in any way. Most leskare fully aware that the
manufacturer never intended for them to touch thas”. Active Innovations takes this
a step further. We know that some of you are gtartguch the guts and turn the Al-01
into a robotic slave to follow your own purpos&¥e made it so that the guts are
accessible and usable for those people, but iseelSSD sensitivity alone make it so
that if you start tinkering, you acknowledge thatiyare no longer using the Al-01 as it is
primarily intended. The philosophy is one of “Ybaught it, and you might break it. If
you do break it, it stays bought.” Similarly, tlyjees for safety. Active Innovations
cannot be held responsible for any injury that ee¢a someone that diassembles or
otherwise uses the robot or remote for other tteamiended purpose.

Introduction:

Purpose: The purpose of this document is to provide tednidformation to the
advanced user of the Al-01 robot. By “advancedrusmean someone that wants to use
the robot as robotics platform. This kind of ueguently takes a motorized toy
abandoned by a 7 year old, and turns it into rpbaject. The Al-01 was designed to be
used by this kind of user out of the box. Unlikestrobot toys that have a ROM'd
processor that cannot be altered, the Al-01 udlesla based microcontroller that can be
reprogrammed, a user accessible port that makasytto reprogram the micro as well as
do serial port communication. It has a bi-directiblink with an easy to use remote for
manual control, but the remote is also reprogramenaibd has a serial port. The Al-01’s
motors are removable, upgradeable and easy tosaandsbe used to drive different
actuators than the arms that are built in. Wedaiva Innovations feel you —the
advanced user- will find these features handylowahg you to create a new robot that
does what YOU want.

But, if you want to get in a play or two of robotaotball, just put back in the default
code and you're ready to hike.

Scope: This manual is a hardware and high level userfate specification document.
It does not address software operation for thetrobcemote.

Audience: The reader of this manual is assumed to havest &n intermediate level of
electronics and software experience. This marsuabi intended to be instruction in
these fields. Further this is not a beginning tmsomanual. The reader is assumed to
understand basic robotics concepts. H-bridges, RWitbr control, RF circuit should be
terms that cause no confusion.

References: The following documents will be useful to thederin using the
components of the Al-01



References:

Microchip PIC18F65J10 microcontroller Data Sheeti{v.microchip.con)

Microchip 18F2321 microcontroller Data Sheetwiv.microchip.conm

Nordic nRF24L01 transceiver IC data sheei{(v.nordicsemi.com

Microchip 24L01 EEPROM IC data she@tvww.microchip.con)

ST TIP120 and TIP125 Transistor data shetw.st.com)

Sharp GP1UE261XK IR receiver module data sheet

Summary of technical specifications

Feature

Specification

Power

Robot: 9.6V flat pack battery, min 600 mAkimg
required

Remote: 4 size AAA batteries

Dimensions

7.63 x 6.6 x12.5 inches (seeréidubelow)
Weight:
Without battery: 2 pounds 3 0z (1001 grams)
With battery: 2 pounds, 8 0z (1151 grams)

Battery life

Robot: 45 minutes with 700 mAH battery

Remote: 50 hours with alkalines

Robot locomotion

Differential drive by 2 DC motarach mounted with 2 %’
diameter wheels.

Drive DC gear motors (no load)
Speed: 152 rpm
No load torque: 4.5 kgw.cm
Continuous current draw: 220 mA

Robot control

handheld remote control or autonomous
and

back panel
2 tact swithes
1 three-position switch
1 potentiometer

Range of remote to robof

100 feet outdoors, 50ifektors

Robot actuators

All motors have outer case size)of x inches. Doublé¢
D type mount compatible with Solarbotics gearboxaor®
and wheels
Throwing arm DC gear motor

Speed: 280 rpm

No load torque: 3.9 kgw.cm

Continuous current draw: 500 (startup >1.5A)




Non throwing arm DC gear motor
Speed: 39 rpm
No load torque: 5.2 kgw.cm
Continuous current draw: 420 mA

Voice playback 20 second capacity minimum with\ti@bond ISD17X
voice playback IC on main board. Output to 8 ohmmeger
located in head.

Table 1: Summary of Technical Features
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Figure 1: Dimension drawing of robot




Chapter 1: Theory of Operation
Figure 2 below shows a basic level block diagrarthefAl-01 robot and remote as a

system. Each are standalone devices that havpandent processing. But let’s first
examine briefly how they work together.

Remote M \[\ Al-01
Control 4 D_ Robot

Figure 2: Basic Block Diagram of Remote and Roboty&tem

The Al-01 robot and remote form a bi-directionatrcounication system. Out of the
box, the remote control is primarily a transmiganilar to the radio transmitter of an RC
car or plane. But if you look on the back of tbheat, just above the back panel you will
see that the robot also bears an FCC ID stickérs i because the robot and remote are
transceivers, using a solution based on the Naridi€24L01 IC. This IC is used in the
Al-01 in “Enhanced Shockburst” mode, which usesaadceiver algorithm. The remote
sends a packet of data, and the robot respondsawitttknowledgement. So the Al-01
remote out of the box “does all the talking” sasp®ak in that it controls the action of the
robot and the robot only talks back saying “rodgéreard you say drive forward”. But
the robot has the ability to send packets of datkb Changing the robot to do this is an
exercise in software only. The hardware is readya for bi-directional communication.



ROBOT:

Robot Operation. The block diagram of inputs, pesing and outputs are shown in
figure 3. The PIC18F65J10 microcontroller is & tienter. Inputs are on the left (for the
most part, some pieces like the RF circuit areit@ational) and outputs are on the right.

Potentiometer (1 An.) LEDs, back panel (8 dig)

Switch, 3 pos (1 An.) LEDs, head ( dig.)

Motor control circuits
(PWM enable and

direction for each, 4 |
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A

Buttons (2 dig.) PIC18F65J10
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Contact detect (1 dig.)
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EEPROM (2 dlg’ |2C) 3 control, total 6 dig.)
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(PGM 3 dig, SER 2 dig) Voice playback IC (3
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Figure 3: Robot Block Diagram

The robot has one electronics board so all elenwdritgs diagram are on that board.
The RF circuit’'s antenna is built into the PCB.o&dly, the robot has

Inputs:
Potentiometer, back panel, 1 analog input line
3 position switch, back panel, 1 analog input line
2 buttons, back panel, 2 digital inputs
Contact detector, electromechanical spring andIpdigital input line
IR receiver module, 1 digital input line

Outputs:
LEDs, back panel, 6 yellow, 1 red, 1 green, 8lif@s



LEDs, head, 2 blue, 2 yellow, 2 red, 3 I/O lines
H-bridges ckt, Motor 1, 2 digital output lines
H-bridges ckt, Motor 2, 2 digital output lines
H-bridges ckt, Motor 3, 2 digital output lines
H-bridges ckt, Motor 4, 2 digital output lines

LEDs, IR transmit Left and Right, 2 digital outpines

Bi-directional:
RF circuit, 6 1/0 lines, 3 SPI and 3 control (bi-thterface)
Voice circuit, 5 digital output lines, 3 SPI andéntrol
EEPROM, external IC to microntroller, 2 digitahdis, 12C interface (bi-dir)
PGM/SER port, 4 digital I/O lines, bi-dir

Power:
PWR — 9.6V rechargeable battery, routed straight-twidge after main power
switch, AUX power pin is after power switch and f@ation diode
5V — 7805 linear regulator, max 1A continuous catre~rom 9.6V battery after
switch and protection diode. Used in logic for thetor control circuits.
3.3V — linear regulator from 5V supply, max 500 mdtrent. Main board supply
for the micro, and all other circuits.

General operatiorRobot takes input on the input lines which trigdeferent states in
software. The outputs are driven depending orstéie of software. The PIC micro used
on the robot can be configured so that lines caimagts or outputs. Analog in lines can
become digital ins/outs. The reason that thisatpmr statement is so general is that it is
indeed the way the robot works, and says what Y@wdo with it. It is very open

ended. Again, note this document is not a softwpeification. The reader is directed
to the data sheet for the Microchip PIC18F65J1@&ailed information on the micro’s
hardware capabilities.

Pot and 3-pos switcliBoth are analog inputs. The pot’s output is asd@nvoltage
between roughly 0.1 V and 3.2V DC. Center posibbpot is approx 1.63V. The 3
position switch will have output values of 0, 1.&5d 3.3V.

Contact detectA very simple acceleration detection circuit basadh spring soldered
onto a ground pad. The spring surrounds a pinhwhas pull up resistor to 3.3V, so by
default the output is logic high (3.3V). When tibot is hit or accelerated to the left or
right or up or down relative to the plane of thenfrof its body, the spring will be
deflected to make contact with the pin, driving toatact pin at microcontroller to
ground. Debounce of this signal is done in soferM@uration of logic low pulses is on
order of 0.7 - 5 ms).

IR circuit is the well known obstacle detection circuit. TRereceiver module is the
Sharp GP1UE261XK, optimized for 38 Khz modulatestjfrency. It is powered by 3.3V
supply. The IR transmit LEDs are powered by 3.84 are active low outputs on the
micro pins.



User interface porttAUX and PGM/SER) are covered in detail in latectson of this
document. Briefly, PGM (top row of 5 pins of th&M/SER port) is the Microchip
debug interface which can be used with the Micpd8D2 or equivalent device to
reflash the PIC micro. The lower 5 pins is theaenterface (SER) which can be used
to interface the robot (and remote since it hastme port) to a computer’s serial port
for communication.

RF circuitis a transceiver circuit based on the Nordic nRB24IC. This circuit has a
range of about 100’ outdoors, and 50’ indoors. uAttanges can vary. Default code
provides for 1 Mbit/sec data rate max. The nRF24E@hanced Shockburst mode is
used by default which provides error correction antb acknowledgement features. The
SPl interface is used to communicate with the ciip.interrupt line is used to inform

the micro when data is available or when errordesirred. Power is 3.3V. The RF
circuit operates in 2 frequencies, XXXX and XXX Ghindividual node addressing is
used to differentiate robot from robot, etc. SB&ER4L01 data sheet for more
information.

Motor Control Circuits{see schematics for more detail) are driven bydutput lines
each from the micro. Lines are enable and diractiénable is a PWM signal from 1 of
5 Capture/Compare lines (CCP) on the micro. PWkbénline gives speed control of
DC motors. Frequency of PWM is 2.5 KHz. The TIBA25 transistors which are the
work horses of the motor control circuits resttising a higher frequency. Directional
control is done with one digital line for each motontrol circuit. The DIR line routes
through logic ICs that restrict an H-bridge cirdwitbeing in a safe operation state.

REMOTE

The remote’s block diagram is shown in figure 4gai, inputs are on left. The remote
RF circuit is shown on the right, but again notat tihe RF circuit is bi-directional on

both robot and remote. The circuit is identicalbath robot and remote, though on the
remote it is physically located on a separate baaiconnected by a right angle header.
The function is the same though.



Joystick, 2 axis (2 An.) LEDs (8 dig)

7 buttons (Hike, Burst,\ PIC18F2321 / S

Throw, Switch, Arm microcontroller / 3 control, total 6 dig.)
up, Arm down, and
joystick button) —

7 dig.

A 4

PGM/SER port
(PGM 3 dig, SER 2 dig)

3 AAA switch 3.3V
batteries > Reg

A 4

Figure 4: Block Diagram for Al-01 Remote Control

Remote Inputs:
Joystick, 2 axis so 2 analog inputs (also hagaligutton switch)
7 button switches so 7 digital lines

Outputs:
8 LEDs (6 yellow, 1 red, 1 green), 8 digital outpoes

Bi-directional:
RF circuit, 6 digital lines, 3 SPI, 3 control

Power:

4 AAA batteries go into compartment on bottom.tt&g voltage goes into 3.3V
linear regulator, with 500 mA max output (same s&duon robot). 3.3V is the only
voltage used on the board (nRF24L01 has an inlgrgaherated 1.7V, see data sheet for
more detail).

Operation descriptionThe remote is based on the Microchip PIC18F2321
microcontroller. The remote’s inputs are the jakstind buttons. Outputs are LEDs and
the RF circuit. User operates joystick and buttoBeftware analyzes these inputs and
transmits a packet of data about every 60 ms thrabmns information about the state of
the inputs.

Joystickis a 2 axis 10Kohm analog potentiometer. Outpltbge is about 1.65V when
in neutral position on X or Y axis. Min 100 mV about 3.26V max.



Buttons. Active low digital inputs. Logic high (3.3V) amicro pin when button is
released, logic low (0V) when pressed. The jokstiso has a button switch built into it.

RF circuit identical in operation to that of the robot.

LEDs: 6 yellow, 1 red and 1 green. Layout matchesdhéte robot to aid in
programming address of the remote. Remote usesghrhole LEDs though, whereas
robot uses surface mount LEDs.

PGM/SERport is identical to that of the robot for pin@utd physical configuration.
Serial port is not active by default but can eal#yactivated in software. Note that the
PGM interface for the robot multiplexes the PGD &&IC lines with the yellow LED
lines. So if an active PGM/SER device is connettethe remote, yellow LEDs 1 and 4
may come on.

Schematic Diagrams for the robot and remote controre attached as
Appendix A to this document for reference



Chapter 2: The PGM/SER port

Figure 5 shows the pinout of the PGM/SER port apjtears when you look at the port
on the robot’s front after you remove the chestepldhis same pinout configuration is
seen on the remote when facing the port on the t@mifront side (that faces user during

operation).

Serial

PGM

MCLR [() ()| Rx

3.3V

Figur

1)

5: PGM/SER port pin out

Table 2 Describes the pins’ functions.

Pin Function

SER (Serial port) is the top row of pins

Rx Serial UART, microcontroller’s receive pin

3.3 3.3V power

TX Serial UART, microcontroller’s transmit pin

Gnd Ground reference voltage

NC Not Connected
PGM (Program) is the bottom row of pins

MCLR Microcontrollers MCLR pin — Master Clear isetiheset pin on PIC
microcontrollers. Note that on robot this is d fuhe MCLR pin. On the
remote however, this pin is multifunctioned. Omaoge this pin is MCLR
only during programming. During operation this Enoystick button
input)

3.3 3.3V power same as on SER port pins

GND Ground, same as on SER port pins

PGD PIC program/debug mode, data pin

PGC PIC program/debug mode, clock pin

Table 2: PGM/SER port pin function




To access the PGM/SER port on the robot, you naumsbve the chest plate. Start by
removing the 4 screws in the chest plate, thenthgpall the chest plate away as shown
in figure 6 below.

Figure 6: Removing the chest plate on robot to aces the PGM/SER port

Then remove the inner chest plate by just pullirapiay. Note that it is not absolutely
necessary to remove this part but it may make adioreof the PGM/SER cable easier.

Figure 7: Removing inner chest plate

Figure 8 is a photo of the PGM/SER port as it appea the robot’s front, with the
orientation of the cable.



Figure 8: PGM/SER port on robot

You can drill or otherwise place a hole in the ¢heate to facilitate a permanently
exposed PGM/SER port. The area to cutout is ayr&ad out for you in an indentation
in the chest plate as shown in figure 9. Just kentbe plastic in this area to create a
permanent access port. Note that if you don’t vwamlo this, you can also just leave out
the chest plate screws and replace the chest gtatgll stay on by friction alone through
quite a bit of force.

Cutout
indentation

Figure 9: Chest cutout area for PGM/SERport

Figure 10 shows the location of the PGM/SER porthenremote control with a cable
attached. To access the port on the remote youmam®ve a black rubber dust plug.



Figure 10: Remote control PGM/SER port location.

Operation with ICD2:The Microchip ICD2 is a debug interface devicat thilows a user
to reflash program memory and also to step thraagte line by line in debug mode.

Figure 11: ICD2 connected to Sparkfun USB to Al adpter board

The Al-01 robot and remote microcontroller funatinormally with ICD2. You need a
Sparkfun USB to Al Adapter board as shown (avaddldmwww.sparkfun.comSKU
DEV-08473). The ICD2 connects to the adapter board as shown.

Default Output of Serial PorEunction of the Serial port is user configurabiBy
default, the robot will print out “Al-01 Now Onlirien reset.




The remote prints out the 10 data bytes that reflexstate of the remote’s input controls
in hex format. String outis “to XX XX XX XX XX X XX XX XX XX”. Table 3
explains the content of the 10 data bytes.

Byte Content

0 Address — Contains the robot address, possillesy2,4,6,8,10,12. These
are the robot’s control channel 1-6 multiplied by 2

=

Operating Frequency — Values are decimal 10 6r(2210 or 2520 MHZz)

2 Data Direction (always relative to remote) — easlare 0xCO for out and
0x05 for in. Always 0xCO in default code. The ®#t definition is
reserved for future use.

3 Mode and Bot is - Mode is upper nybble, Bobiwér nybble.

Shows state of remote with use of the Switch ariet Buttons which are
displayed on the red and green LEDs. By defagifiate is in Huddle mode
and Bot A (red LED is on an steady). If Switchtbatis pressed Bot = B.
Pressing Switch sets Bot back to A. Play/Huddleéenis toggled by
pressing Hike button. If in huddle LED is steaphgy it flashes.

If Mode = Play, nybble is OXxA If Mode = Huddleylible is 0x5
If Bot = A (red LED on), nybble is 0x1 Bot = B (&n LED) nybble is OxE
Example: Remote is set for RobotA, Play mdubtthis byte = 0xAl

4 Joystick X axis value (decimal 0-255), center mahis 127
5 Joystick Y axis value (decimal 0-255), center mahis 127
6 Button states — this byte shows the state dhalbuttons. Each button is
represented by a bit where 0 is button released angressed
Bit Button
7 Reserved
6  Joystick button
5 Up
4 Down
3 Hike
2  Switch
1 Throw
0 Burst
7 Throw state and speed byte. Bit 4 = Throw/nodWhiBit 3:0 — speed/power

(values ranging over decimal 8,9,10,11,12 or 13ddmg on how long the
button is held down). Note: Robot translates thiegenumbers into PWM
settings for the throw motor where 8 is lowestisgtat about 60% duty
cycle. 13 is full duty cycle.

Reserved, always hex FF in default code

© |00

Reserved, always hex FF in default code

Table 3: Remote default serial output byte definiton



For more information about use of the serial baathkry function, the user is directed to
the AiSerPgmr User Manual.



Chapter 3: The AUX port

Figure 11 is a conceptual drawing of the Al-01 ahdws the location of the AUX port
on the Al-01’s back panel controls. In generag, prpose of the AUX port is to give the
end user access to the robot’s on board battergpsupply and 2 1/0O pins for control of
accessory devices.

Figure 12: AUX port location on back of robot
The AUX port is a 4 pin 0.1” spacing header locatadhe Al-01’s back panel. Pinout

of the port is (left to right), AUX1, AUX2, Gnd, MC. Figure 12 shows the pinout with
greater detail to the back panel.

Figure 12: AUX port pinout detail



Pin

Data Direction

Function

-

—

AUX1 TTL Output, Default state during normal operation of robot i
logic 0 and 3.3V | logic high. When remote joystick button is in
pressed state, AUX1 pin will be low (0V). Whe
joystick button is released, AUX1 pin is high
(3.3V).
AUX2 TTL Output, Default state is logic low. Pin is logic high whe
logic 0 and 3.3V | remote is in “Play” mode, low when in “Huddle”
mode. If no remote signal detected, pin goes ¢
logic low. 10 mA sink/source capability.
Gnd Ground Ref 0 volt reference pin for connectingessory
reference
VCC Power, Battery | Direct access to battery voltage after protection

Voltage

diode, nominally 8.9VDC. Current draw by an
AUX device should not exceed 300 mA
continuously or robot’s other functions may

degrade.

Table 4: Pin function definitions with default robot code

AUX1 and 2 are tied to the Al-01’s PIC18F65J10 moomtroller via 150 ohm series
resistors for isolation. The pins are also pr@&eegainst ESD damage to the
microcontroller using BAV-99 diodes.

The 18F65J10 microcontroller can be reprogrammetthéyiser and the pin function of
the AUX header reassigned. Options for the AUXA 2pins are digital 1/0, or Analog
input. AUX1 is PortA pin3 of the microcontrolleAR3, analog channel 3), and AUX2 is
PortA pin 5 (AN4, analog chanel 4). For more deinithe operation of the pins for user
configurability, see the data sheet for the MicipdPlC18F65J10 microcontroller.



