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Notice

The contents of this manual are subject to change without notice. All efforts have been made to
ensure the accuracy of contents in this manual. However, should any errors be detected, NEX
Robotics welcomes your corrections. You can send us your queries / suggestions at
info@nex-robotics.com

@080

Content of this manual is released under the Creative Commence cc by-nc-sa license. For legal
information refer to: http://creativecommons.org/licenses/by-nc-sa/3.0/legalcode

ATTENTION

OBSERVE PRECAUTIONS
FOR HANDLING

ELECTROSTATIC
SENSITIVE DEVICES

¢ Robot’s electronics is static sensitive. Use robot in static free environment.
* Read the hardware and software manual completely before using this robot

&Y

Recycling:

Almost all of the robot parts are recyclable. Please send the robot parts to the recycling plant
after its operational life. By recycling we can contribute to cleaner and healthier environment for
future generations.
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Revision History:

1.

User must go through the Fire Bird V’s Hardware and Software manuals
before using the robot.

This hardware manual is applicable from Main board Version 11 dated 12"
August 2012 onwards and ATMEGA2560 microcontroller board Version 7
dated 15™ August 2012.

Crystal of the ATMEGA2560 microcontroller is upgraded to 14.7456MHz
from 11.0592Mhz in all the Fire Bird V ATMEGA2560 robots delivered on
or after 1" December 2010. This documentation is updated considering
crystal frequency as 14.7456MHz.

Following are the upgrades made in Main board Version 11 dated 12"
August 2012 and ATMEGA2560 microcontroller board Version 7 dated 15™
August 2012.

Main board supports any microcontroller working on 3.3V and 5V.
On-board NiMH Battery charger along with battery level indicator.
Auxiliary power connector and battery charging connectors are separated
and require a single unified connector from the AC adapter.

3mm IR proximity Sensors are replaced with Smm IR Proximity sensor for
better range.

3 times reduction in power consumed by IR proximity sensors.

Added support for 7 channel white line sensors with all 7 sensor calibration
potentiometers on main board.

All Motor, Sensor pod & battery connectors are replaced with relimate 2510
type connectors for better reliability.

Added Fuse protection.

Removable battery pack with Velcro battery strap.

Bottom acrylic plate is replaced with high strength aluminum metal plate.
Easy to replace motors than previous model.

Added support for MaxBotix Ultrasonic Range Sensors.

Added pins to measure signal strength of XBee wireless module.

Larger heat sink area for the on-board voltage regulators.

Tin plated power and motor tracks for further increasing power rating of the
main board.
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1. Introduction

Thanks for choosing the Fire Bird V mobile robotics platform. Fire Bird V will help you gain
exposure to the world of robotics and embedded systems. With help of its innovative architecture
and adoption of the ‘Open Source Philosophy’ in its software and hardware design, you will be
able to create and contribute to complex applications that run on this platform, helping you
acquire expertise as you spend more time with them.

Safety precautions:

* Robot’s electronics is static sensitive. Use robot in static free environment.

* Read the assembling and operating instructions before working with the robot.

* Ifrobot’s battery low buzzer starts beeping, immediately charge the batteries.

* To prevent fire hazard, do not expose the equipment to rain or moisture.

* Refrain from dismantling the unit or any of its accessories once robot is assembled.
*  Charge the NiMH battery only with the charger provided on the robot.

* Never allow NiMH battery to deep discharge.

*  Mount all the components with correct polarity.

* Keep wheels away from long hair or fur.

* Keep the robot away from the wet areas. Contact with water will damage the robot.
* To avoid risk of fall, keep your robot in a stable position.

* Do not attach any connectors while robot is powered ON.

* Never leave the robot powered ON when it is not in use.

* Disconnect the battery charger after charging the robot.

Inappropriate Operation:

Inappropriate operation can damage your robot. Inappropriate operation includes, but is not
limited to:
* Dropping the robot, running it off an edge, or otherwise operating it in irresponsible
manner.
* Interfacing new hardware without considering compatibility.
* Overloading the robot above its payload capacity.
* Exposing the robot to wet environments.
* Continuing to run the robot after hair, yarn, string, or any other item is entangled in the
robot’s axles or wheels.
* All other forms of inappropriate operations.
* Using robot in areas prone to static electricity.

* Read carefully paragraphs marked with A caution symbol.

© NEX Robotics Pvt. Ltd. and ERTS Lab, CSE, IIT Bombay, INDIA 7
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2. Fire Bird V ATMEGA2560

The Fire Bird V robot is the 5" in the Fire Bird series of robots. First two versions of the robots
were designed for the Embedded Real-Time Systems Lab, Department of Computer Science and
Engineering, IIT Bombay. Theses platforms were made commercially available from the version
3 onwards. All the Fire Bird V series robots share the same main board and other accessories.
Different family of microcontrollers can be added by simply changing top microcontroller
adapter board. Fire Bird V supports ATMEGA2560 (AVR), P§OVS5IRD2 (8051) and LPC2148
(ARM?7) microcontroller adapter boards. This modularity in changing the microcontroller
adapter boards makes Fire Bird V robots very versatile. You can also add your own custom
designed microcontroller adapter board.

Figure Bird V LPC2148 (ARM7 TDMI)
Figure 2.1: Fire Bird V Robots

© NEX Robotics Pvt. Ltd. and ERTS Lab, CSE, IIT Bombay, INDIA 8
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Figure 2.2: ATMEGA2560 (AVR), P89V51RD2 (8051) and LPC2148 ARM7
microcontroller adapter boards for Fire Bird V

o _ gsn’
< 3 @wpsSgeaduLY |y
¢ Norsaan 2 i 3 0-adig 3yra i

2 ¢ - d L

=2 }PSIotaxIN
754 @5

Figure 2.3 Fire Bird V ATMEGA2560 robot
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2.1 Avatars of Fire Bird V Robot

All Fire Bird V Robots share the same unified architecture. All Robots use the same main board
and microcontroller adapter boards.

Fire Bird V Insect Fire Bird V Hexapod Fire Bird V 4WD with Gripper
Figure 2.4: Avatars of Fire Bird V Robot
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2.2 Fire Bird V Block Diagram:

LEFT
MOTOR
RIGHT

MOTOR

DUAL Motor
Drivers x 2

SWITCH Spare Spare
MOTOR1 MOTOR2

BUZZER ] [ LED Array ]

Atmega2560 Atmega8
. Microcontroller
Microcontroller

IR Receiver

Zigbee 2.4 GHZ Wireless RS232 Serial USB )
Module Communication SO TEon NiMH Battery

Figure 2.5: Fire Bird V ATMEGA2560 robot block diagram
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2.3 Fire Bird V ATMEGAZ2560 technical specification

Microcontroller:
Atmel ATMEGA2560 as Master microcontroller (AVR architecture based Microcontroller)
Atmel ATMEGAS as Slave microcontroller (AVR architecture based Microcontroller)

Sensors:
Three white line sensors (extendable to 7)
Five Sharp GP2Y0A02YK IR range sensor (One in default configuration)
Eight analog IR proximity sensors
Two position encoders (extendable to four)
Battery voltage sensing
Current Sensing (Optional)
Five MaxBotix Ultrasonic Range Sensors (Optional)

Indicators:
2 x 16 Characters LCD
Buzzer and Indicator LEDs

Control:
Autonomous Control
PC as Master and Robot as Slave in wired or wireless mode

Communication:
USB Communication
Wired RS232 (serial) communication
Wireless ZigBee Communication (2.4GHZ) (if XBee wireless module is installed)
Wi-Fi communication (if Wi-Fi module is installed)
Bluetooth communication (if Bluetooth wireless module is installed)
Simplex infrared communication (From infrared remote to robot)

Dimensions:
Diameter: 16cm
Height: 8.5cm
Weight: 1100gms

Power:

9.6V Nickel Metal Hydride (NiMH) battery pack and external Auxiliary power from battery
charger.

On Board Battery monitoring and intelligent battery charger.

Battery Life:
2 Hours, while motors are operational at 75% of time

Locomotion:
Two DC geared motors in differential drive configuration and caster wheel at front as support
Top Speed: 24 cm / second
Wheel Diameter: 51mm
Position encoder: 30 pulses per revolution
Position encoder resolution: 5.44 mm

© NEX Robotics Pvt. Ltd. and ERTS Lab, CSE, IIT Bombay, INDIA 12
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3. Using Fire Bird V Robot

In this chapter various components of the robot and their principal of operations are explained in
detail. It is very important that user go through chapter before starting to use robot.

Fire Bird V robot has 6 important modules:

1. Power management

2. Sensing

3. Actuation (locomotion)

4. Other peripherals

5. Communication

6. Intelligence (microcontroller)

Figure 3.1 Fire Bird V ATMEGA2560 robot

© NEX Robotics Pvt. Ltd. and ERTS Lab, CSE, IIT Bombay, INDIA 13
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3.1 Connections

Castor Wheel

White Line
Sensors

NiMH Battery

Pack
DC Geared

Motors

iR
Position Encoder
Module
Figure 3.2: Fire Bird V ATMEGA2560 robot bottom view
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Figure 3.3: ATMEGA2560 microcontroller adapter board
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Figure 3.6: Microcontroller adapter board socket connection numbers on the main board
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3.2 Powering up Fire Bird V

Fire Bird V has on board rechargeable 9.6V, 2.1Ah Nickel Metal Hydride battery which can
power the robot for approximately 2 hours. Battery is fixed using Velcro strap so that it can be
replaced easily. In case the experiments are to be performed for an extended period, robot can
also be powered by external auxiliary power supply.

o
[=1=}
Q=

o
ou
=
o=z
Lo
no

NiMH Battery
Pack

Battery
Connector

Battery Charger it

Auxillary Power
Connector

Connector

Figure 3.8: Connecting the battery on the Fire Bird V main board
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Figure 3.7 shows the power switch. Power switch can either be “BP” (Battery Power) or “AP”
(Auxiliary Power) position. When auxiliary power or battery charger connector is not connected,
robot can be turned ON when power switch is in BP position. Use of Auxiliary power to power
the robot for extended amount of time will be covered in subsequent sections.

For the safety during transportation, robot’s battery is disconnected. Before connecting battery to
the robot, make sure that robot is turned OFF. To do this, move the power switch towards the
“AP”. Figure 3.8 shows the battery connector. Insert battery's 5 pin relimate connector in the
socket. To turn ON the robot, move power switch towards the “BP”.

The NiMH batteries are fully charged before delivery. However, NiMH batteries will get
discharged over the period of time. Therefore its recommended to charge the batteries before

using the robot.

Robot is pre-loaded with a program to move robot in repeatedly in forward, backward, left and
right directions.

Refer to section 3.4 for battery charging. For running the robot on battery power or auxiliary
power, refer to the section 3.5 and 3.6.

© NEX Robotics Pvt. Ltd. and ERTS Lab, CSE, IIT Bombay, INDIA 18



Fire Bird V ATMEGA2560 Hardware Manual

3.3 Power management system on the Fire Bird V

Fire Bird V is powered by 9.6V rechargeable Nickel Metal Hydride battery pack. The battery
voltage can vary between 12V (fully charged) to 8V (discharged). Battery pack should not be
discharged below 8V (1V per cell) for extended battery life. Fire Bird V robot has on-board
intelligent NiMH battery charger which follows the correct charging profile for the batteries. To
avoid any accidental damage to the batteries, do not use external battery charger.

Warning: Charge the battery as per the instructions given in this manual. Do not use any
external charger to charge the battery. Using external charger may damage the battery
permanently.

Power management block on the Fire Bird V performs following functions.
1. Battery voltage monitoring and Smart battery charging
2. Regulated supply for on-board payload
3. Battery current sensing*

* Current sensing is an optional accessory.

© NEX Robotics Pvt. Ltd. and ERTS Lab, CSE, IIT Bombay, INDIA 19
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3.3.1 Battery

Fire Bird V is powered by 9.6V rechargeable Nickel Metal Hydride battery pack. When fully
charged, battery pack gives 12V and when it is fully discharged, voltage drops to about 8V.
NiMH battery pack has 5 pin 2510 relimate connector which will fit into the connector on the
main board only in one orientation. Do not force the connection in any other way.

R —————
L - ; >»1) BATTERY + ATT CHG
1 ‘E E 1 BATT CON P
I o + 1 5 g

0 - ~>% BATTERY + =121 42y ac ADAPTOR
| 8= = {>>'THIRMISTER =1 -1
la= . g | temfi— THIRMISTER —3—5 ;;E'“;Ugggsw

o = 0 T = - -
= 5

i ot B i =fH——> sarTery cRouo - | = il
- =5 :
| BATTGND BATT GND,
L __ |

Figure 3.10: Battery for Fire Bird V ATMEGA2560

Pin Number Function
1,2 Battery Positive (VCC)
3 Thermistor
4,5 Battery Negative (GND)

Table 3.1: Battery connections

© NEX Robotics Pvt. Ltd. and ERTS Lab, CSE, IIT Bombay, INDIA 20
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3.3.2 Power sources and voltage regulation on the main board

Fire Bird V is primarily powered by NiMH battery. In order to continue use for longer duration
without worrying about the battery getting low, robot can be powered by external power source
which is also known as auxiliary power source. Auxiliary supply provides regulated 12V, 1Amp
supply. When robot is powered by battery, it can use maximum of 2Amp current while Auxiliary
supply will provide only 1Amp current.

Robot's power is divided in two separate power rails. “V Mot Supply” provides power to all the
noisy devices on the robot such as motors and other heavy loads. “V Batt Supply” powers most
of the electronics on the robot. Most of the systems on the robot are powered by 3.3V and 5V via
voltage regulators.

1. V Batt Supply
“V Batt Supply” stands for stabilized supply coming from the battery. This supply line is
used to power almost all the payload on the robot.

When battery is almost discharged (about 30% power remaining) and onboard payload draws
current in excess of 2 amperes, then the battery voltage can fall below 6.3V momentary.
Voltage regulators will not be able to function properly below 6.3V and their output will fall
below 5V. In this case the microcontroller can reset. To extend the usable battery life and to
reduce the probability of microcontroller getting reset when battery is about to fully
discharge, diodes D7 along with the capacitor C54 is used. When battery voltage suddenly
drops, diode D7 prevents the reverse flow of the current and capacitor C54 maintains voltage
within safe limits for about 100 milliseconds. For this duration capacitor C54 acts as small
battery. Similar arrangement is done in the “V Mot Supply” using diodes D9 and capacitor
C53. This scheme extends usable range of the fully charged battery.

2. 'V Mot Supply

“V Mot Supply” stands for motor supply. It is used to power DC motors and other heavy
loads which have lots of current fluctuations. It is the nosiest supply line on the robot. It
should be used for heavy loads that require large amount of current. This supply can be
varied between 8V to 11.3V depending on the battery's charging state and type of power
source (battery / auxiliary power) used. This line can supply additional 500mA to the
external load.

pg D8 4 HOT SUPPLY
LS TV >

M- +0UT) >>3U3 WIRELESS MODULE
C44 C45 [ C46
Cch3 J— GHND

POWER_SWITCH
- 470uF

I

2 —_
2
—
g0l
-
e
z

2

‘=|'|

G

T D

12U DC AUXILIARY POWER>—A % .| p7 yserr
L2}

BATTERY 43— 4007

SURPLY

P>EU SYSTEN =35 IN +0UT| AT TG 3>>ﬁV5ENSDR
— GHND

10u 1C14 | 10uF | 0.1uF
1 G
GND GND GND GND

C54 GHD

= | 10uF TC1a | 10uF | 01
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Figure 3.11: Voltage regulators on the main board
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3.5V System

“SV System” is used to power various modules of the robots which does not require high
current and where voltage stability is very important. It is used to power logic supply of the
ICs, Sharp sensors , LCD etc. It is the most stable source of the supply on the main board. It
can source 400mA current for the external load.

4. 3.3V Sensor

“3.3V Sensor” is used to power 8 IR proximity sensors, up to 7 white line sensors. In fully
loaded Fire Bird V robot this supply should not be used to power external load having current
requirement more than 100mA.

5. 3.3V Wireless module
3.3V Wireless module supply is used to power XBee wireless module.

6. 3.3V Batt Mon supply
Batt Mon Supply provides 3.3V to the Smart battery monitoring and charger circuit.

Note: Apart from these four voltage regulators Fire Bird V ATMEGA2560 has two voltage
regulators for powering microcontrollers and servo motors on the microcontroller adapter socket.

3.3.3 Current sensing.
Fire Bird V robot can sense its current consumption using optional Hall Effect current sensor
ACS712/ ACS714.

=
LUl
'_
[€2]
>—
From BATT +Ve -
I ACS712 _ iA il\ DR R5
|—d PIN 1 MB SOCKET I—JWV‘—‘
= %»Ls ouT b 0E |,
v v
| G17 From BATT +ve  Jo 117 5V
ahd 3V3 Regulators
¥ LURRENT SENCE 0.001uF
To 117 5V
ahd 3V3 Regulators BATT GND

Figure 3.12: Current sensing in Fire Bird V

Sensor’s current sensing element is located between battery's positive terminal and robot's
electronics. When no current is flowing through the sensor, it gives 2.5V output. This output
value reduces by 185mV per ampere of current flow if 5 Ampere current sensor is installed. If 20
Ampere current sensor is installed then value is reduced by 100mV per ampere. This sensor is an
optional accessory. When this sensor is absent, the sensing path is shorted with 0 ohm resistor or
with a wire. For more information on the sensor operation, refer to its datasheet which is located
in the “Datasheets” folder of the documentation CD.

3.3.4 Battery low indication

Fire Bird V uses smart battery monitoring system based on IC BAT901. When battery voltage
goes below 8V, buzzer starts giving one long beep followed by 2 short beeps with delay of half
second. At the same time red led marked in figure 3.14 starts flashing.
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3.4 Battery Charging

Fire Bird V is powered by 9.6V NiMH rechargeable battery. The on-board NiMH charger will
charge the battery in 3 to 5 hours depending on the battery state.

Battery charger checks state of battery before initiating the charging process. While charging the
battery, by looking at battery voltage, current and temperature it selects optimal charging
algorithm. Battery charge status is indicated by a buzzer, a red LED and a green LED shown in

figure 3.14.

SERUD Py
CONNECTOR

l

Figure 3.13: Connection for battery charging
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Battery charging procedure:

1. Make sure that battery is inserted in battery connector, and robot is turned off.

2. Connect AC adapter in the mains. Connect the 6pin 2510 relimate battery charging
connector to the main board in the battery charge socket as shown in figure 3.13.

3. Now turn on the AC adapter. After a small delay, green LED will turn on along with the
one long beep two short beeps followed by delay of 1 second. This tone will be sounded
only once. This audio tone confirms that robot is entered in the battery charging mode. If
you do not here this tone, then repeat steps 1, 2 and 3.

4. When battery is fully charged, green LED will turn off and buzzer gives 2 short beeps
followed by 1 second delay continuously. Depending on the version sometimes robot will
also give 1 long beep followed by delay.

5. If there is any fault then charger will give different buzzer beeps to indicate nature of
fault. Following section describes the interpretation of the battery state with beeping
buzzer.

Battery status indication based on the buzzer beeps and red and green LEDs:
Important: Battery status indicator Red LED blinks in sync with buzzer. So in the following
text only buzzer's status is mentioned.

1. Battery Low: (only applicable when robot is running on battery power)
One long beep followed by 2 short beeps repeated after delay of 1 second continuously.

2. Battery entered in the charging mode:

When AC adapter is connected to the battery charging connector and powered up and if robot
enters in battery charging mode, it gives One long beep followed by 2 short beeps only once.
During battery charging mode green LED remains ON. It blinks for 3-4 seconds after 3-4
minutes.

3. Battery is fully charged:

When battery is fully charged, green LED will turn off and buzzer gives 2 short beeps followed
by 1 second delay. Depending on the version, sometimes robot will also give 1 long beep
followed by delay.

4. Charge termination due to over current:
During charging process, if charge current exceeds safe threshold value then robot terminates
charging and buzzer gives 1 short beep repeated after delay of 1 second continuously.

5. Charge termination due to time out:

If battery is not fully charged in 6 hours, then robot stops battery charging and buzzer gives 3
short beeps repeated after delay of 1 second. If battery is unused for long time then it is possible
that robot terminates battery charging due to timeout. In such case, discharge the battery fully
and again start charging. You should repeat this 3 to 4 times till issue gets resolved. If still the
issue is not resolved then batteries have reached end of its usable life but you can still use battery
with the robot. However the run time of the charged battery will be reduced significantly.
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6. Charge termination due to battery failure:

At any time during battery charging if robot detects failure in the battery then it stops battery
charging and buzzer gives 1 very long beep with a very short delay in between. In this case
battery needs to be replaced.

Note: Buzzer is shared between battery monitoring circuit and main microcontroller socket.

Important:
If you are using battery which is not used for long time then you have to charge it and
discharge it at least few times to bring the battery to its full storage capacity. To do this you
can load any motion program from the “Experiments” folder which is located in the
documentation CD and discharge the batteries after charging.

& Warning:

Never ever attempt to charge the robot while its powered on. In case, if robot is powered up first
and if you insert the battery charging socket, it will not enter in charging mode. In case, when
you insert battery charging socket first and start charging, and then power up the robot, the robot
will be powered up and at the same time battery will get charged. This is a very dangerous
scenario where robot's battery charging circuit may get confused because of noise from motors
and both battery and robot may get permanently damaged.
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3.5 Powering the robot on battery power

To turn ON the robot on the battery power, make sure that battery is connected to the robot and
move the power switch towards back direction (BP) as shown in the figure 3.7

&Warning:
Do not run the robot if battery is low. It will reduce the battery life cycle.

3.6 Powering the robot on auxiliary power

Under normal condition robot is powered by on-board battery. In order to do experiments for
longer duration without worrying about the battery running low, robot can also be powered by
external power source. Auxiliary power source provides regulated 12V, 1Amp supply to the
robot.

Figure 3.15: Robot Powering via Battery and Auxiliary supply

To run the robot on the auxiliary power, use following steps:

1. Disconnect the battery by removing the Spin relimate connector on the main board which
is located at the bottom of the robot. (refer to figure 3.8)

2. Move the power switch to the BP position (refer to figure 3.3). This is off state for
Auxiliary power mode.

3. Connect AC adapter in the mains. Connect other end of AC adapter in the AUX PWR
relimate male connector on the main board (connector on the right side) and turn on the
AC adapter.

4. Now to turn on the robot, move power switch towards “AP” (figure 3.3).

&Warning:

Do not connect auxiliary power while battery is connected to the robot. In such case, robot will
either run on the battery power or on auxiliary power depending on the position of the switch.
Robot can not be turned off in this scenario.
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3.7 Battery Maintenance

If not used, fully charged NiMH battery can get completely discharged within few weeks.
Always charge the battery before use. If fully charged battery is kept in storage for about a
month and afterward even if it is fully charged again, it can deliver only 1/3™ power of its rating.
In such case, to restore the battery to its full potential again, perform at least 2-3 charge
discharge cycles.

To ensure long life, charge battery at least once a week and discharge it till robot starts giving
battery low warning. Before storage, charge the battery again.

For discharging the battery quickly, you can load any program from the “Experiments” folder of
the documentation CD. Program involving motion discharges battery quickly. You can put robot
upside down and let motors run for faster discharge.

Disconnect the battery connector if robot is to be stored for long duration.

3.7A Current limiting and short circuit protection:

In the Version 11 of main board, solder pads for the fuse are added. These pads are shorted
together as shown in left side image of figure 3.18. You can mount fuse of 2A to 10A rating on
these pads as shown in the right side image of figure 3.16.
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3.8 Motion control

Fire Bird V robot has two 75 RPM DC geared motors in differential drive configuration along
with the third caster wheel for the support. Robot has top speed of about 24cm per second. Using
this configuration, the robot can turn with zero turning radius by rotating one wheel in clockwise
direction and other in counterclockwise direction. Position encoders are mounted on both the
motor’s axles to give a position feedback to the microcontroller.

DC Geared
Motors

Position Encoders
Figure 3.17: DC geared motors and position encoders

Motion control involves velocity and direction control. Motors are controlled by L293D dual
motor driver which can provide up to 600mA of current to each motor. To change the direction
of the motor, appropriate logic levels (High/Low) are applied to L293D’s direction control pins.
Velocity control is done using Pulse Width Modulation (PWM).

LEDs are connected at the input stage of the motor driver for quick interpretation of the motion
commands.

N e

Figure 18: Moto Drivefs
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Pulse Width Modulation for velocity control:

Pulse width modulation is a process in which duty cycle of constant frequency square wave is
modulated to control power delivered to the load i.e. motor.

Duty cycle is the ratio of ‘Ton/ T’. Where ‘Ton’ is ON time and ‘T’ is the time period of the
wave. Power delivered to the motor is proportional to the ‘Ton’ time of the signal. In case of
PWM the motor reacts to the time average of the signal.

PWM is used to control total amount of power delivered to the load without power losses which
generally occur in resistive methods of power control.

Power A T
>  14ms |
>t onj
ON [y
J 3 0%
OFF .. e e - -
Time
Power A Power A
o - ON |--qp---omeoegp-ee
0% :I 10%
OMN Periog < —
PP N O Period
OFF|-W........._. . OFF -
Time Time
(A) (B)

Figure 3.19: Pulse Width Modulation (PWM)

Figure 3.19 shows the PWM waveforms for motor velocity control. In case (A), ON time is 90%
of time period. This wave has more average value and hence more power is delivered to the
motor. In case (B), the motor will run slower, as the ON time is just 10% of time period.

For the Fire Bird V ATMEGA2560 version, logic level for the motor direction control is given in
the table 3.4.

Microcontroller Pin Function
PL3 (OC5A) Pulse width modulation for the left motor (velocity control)
PL4 (OC5B) Pulse width modulation for the right motor (velocity control)
PAO Left motor 1 direction control
PA1 Left motor 2 direction control
PA2 Right motor 1 direction control
PA3 Right motor 2 direction control

Table 3.3: Pin functions for the motion control

© NEX Robotics Pvt. Ltd. and ERTS Lab, CSE, IIT Bombay, INDIA 29



Fire Bird V ATMEGA2560 Hardware Manual

PWM
LEFT LEFT RIGHT RIGHT PL3 (PWML) for
DIRECTION BWD (LB) FWD(LF) FWD(RF) BWD(RB) left motor
PAO (L1) PA1 (L2) PA2 (R1) PA3 (R2) PL4 (PWMR) for
right motor
FORWARD 0 1 1 0 As per velocity
requirement
REVERSE 1 0 0 1 As per velocity
requirement
RIGHT (sz /1 wheel As per velocity
Jorward, Right wheel 0 1 0 1 requirement
backward) q
LEFT(Left wheel .
backward, Right wheel As per' velocity
1 0 1 0 requirement
forward,)
SOFT RIGHT(Left wheel As per velocity
forward,, Right wheel .
0 1 0 0 requirement
stop)
SOFT LEFT(Leﬁ wheel As per velocity
stop, Right wheel 0 0 1 0 requirement
forward,) q
SOFT RIGH.T 2 (Left As per velocity
wheel stop, Right wheel 0 0 0 1 requirement
backward) q
SOFT LEFT 2 (Left .
wheel backward, Right As per velocity
1 0 0 0 requirement
wheel stop)
HARD STOP 0 0 0 0 As per velocity
requirement
SOFT STOP (Free X x x X 0
running stop)

Table 3.4: Logic table for motor direction control

We can observe all the commands given on the LEDs located at the top right side on the robot.
Figure 3.20 shows the location and function of indicator LEDs related to motion control.

[~
|

PWM C1

———

o
1000000 0¢

Figure 3.20: Motion status LED indication on the Fire Bird V main board
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Note: C1 and C2 motor connectors are used in omnidirectional and 4 wheel drive robots. LEDs
for C1 motor channels are present if C1 motor channel is used.

&Warning:

Auxiliary power can supply current up to 1 Ampere while Battery can supply current up to 2
Ampere. When both motors of the robot change direction suddenly without stopping, it produces
large current surge. When robot is powered by Auxiliary power which can supply only 1 Ampere
of current, sudden direction change in both the motors will cause current surge which can reset
the microcontroller because of sudden fall in voltage. It is a good practice to stop the motors for
at least 0.5 seconds before changing the direction. This will also increase the useable time of the
fully charged battery.

Robot has two IC holders for two L293D motor drivers with each having two 6 pin 2510
relimate connectors for two DC motors. Each 6 pin relimate connector provides connections for
the DC motor and the associated position encoder. Each connector can drive motor with up to
600mA current rating. Figure 3.18 shows the locations of the two L293D dual motor drivers on
the main board. Left side L293D drives C1 and C2 motors and right side L293D drives Left and
Right side motors. In the two wheel drive robot left side L293D is absent as its not used however
to use C1 and C2 motor driver channels you can insert L293D in the left side IC holder.
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Figure 3.21: Motion control connections on the main board

Connector Name Description

L Left motor connector 1

R Right motor connector 2

Cl C1 motor connector

C2 C2 motor connector

External Motor Logic signals of pins 47 to 55 of the main board socket for interfacing external high power
Interface Portl motor drivers for L,R and C1 motors

External Motor Logic signals of pins 66 to 68 of the main board socket for interfacing external high power
Interface Port2 motor drivers for C2 motor

Table 3.5: Use of connectors of the motion control module
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Pin No. Function

1 VCC, 5V System

2 Position Encoder data
3 NC

4 GND

5 Motor 2

6 Motor 1

Table 3.6: Motor connector port pin connections
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Figure 3.22: Schematic of the motion control module and the position encoder
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PIN 48 MB SOCKET
PIN 47 MB SOCKET
PIN 49 MB SOCKET
PIN 50 MB SOCKET
PIN 51 MB SOCKET
PIN 52 MB SOCKET
PIN 54 MB SOCKET
PIN 53 MB SOCKET
PIN 55 MB SOCKET

number

“SV system supply” is used for driving L293Ds logic circuits. “V Batt Mot” is used to supply
power to the motors. C22 — C25 and C29 — C32 is used for noise suppression. Logic signals to
drive the two L293D comes from the pins 47 to 55 and pins 66 to 68 of the microcontroller
adapter board socket. Logic level on the pins 47 to 55 are also connected to the motion LEDs the
main board as shown above.

uC PIN Pin name USED FOR Status | Main Board
NO Pin No.
5 OC3A/AIN1/PE3 | PWM output for C2 motor drive Output 68
38 OC5A/PL3 PWM for left motor. Output 50
39 OC5B/PL4 PWM for right motor. Output 54
40 OC5C/PLS PWM for C1 motor. Output 48
71 PA7 C2-2 Logic input 2 for C2 motor drive Output 66
72 PA6 C2-1 Logic input 1 for C2 motor drive Output 67
73 PAS C1-2 Logic input 2 for C1 motor drive Output 49
74 PA4 C1-1 Logic input 1 for C1 motor drive Output 47
75 PA3 Logic input 1 for Right motor (Right back) | Output 53
76 PA2 Logic input 2 for Right motor (Right Output 55
forward)
77 PAL Logic input 2 for Left motor (Left Output 52
forward)
78 PAO Logic input 1 for Left motor (Left back) Output 51

Table 3.7: Connections of the motor driver with the ATMEGA2560 microcontroller
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Connecting Fire Bird V robot board to bigger robot

L293D motor drivers on the main board can only provide current up to 600mA per motor. If you
want to drive bigger robot using Fire Bird V main board then remove L293D motor drivers from
their IC sockets. You can interface high power motor drivers such as Hercules or Hercules lite
from NEX Robotics which can drive motors up to 36V and 30Amps to the external motor
interface ports. Location of L293D ICs is shown in figure 3.18 and External Motor Interface port
1 and External Motor Interface Port 2 in figure 3.21.

Figure 3.24: Hercules series 30Amp. Motor Drivers

Important:
Give high current power supply to the motor drivers directly without going through Fire Bird V's
main board and make sure that Robot's ground and motor driver's ground are common.
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3.9 Position Encoders

Position encoders give position / velocity feedback to the robot. It is used in closed loop to
control robot’s position and velocity. Position encoder consists of slotted disc which rotates
between optical encoder (optical transmitter and receiver). When slotted disc moves in between
the optical encoder we get square wave signal whose pulse count indicates position and time
period / frequency indicates velocity.

Optical encoder MOC7811 is used as position encoder on the robot. It consists of IR LED and
the photo transistor mounted in front of each other separated by a slot and encased in black
opaque casing and facing each other through narrow window. When IR light falls on the photo
transistor it gets in to saturation and gives logic 0 as the output. In absence of the IR light it gives
logic 1 as output. A slotted encoder disc is mounted on the wheel is placed in between the slot of
MOCT7811. When encoder disc rotates it cuts IR illumination alternately because of which photo
transistor gives square pulse train as output. Output from the position encoder is cleaned using
Schmitt trigger based inverter (not gate) IC CD40106.

DC Geared
Motors

Figure 3.25: DC geared motors and position encoders
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Motor
Connector

MOC 7811

DC Geared
Motor

Encoder Disc

Figure 3.26: Position encoder assembly

Position encoder output is displayed on the microcontroller socket board. Figure 3.27 shows
location of the position encoder LEDs

—-ll'

EFT Posmon Encoder LED

Figure 3.27: Position encoder pulse LEDs on ATMEGA2560 mlcrocontroller adapter

board
uC PIN Pin name USED FOR Status | Main Board
NO Pin No.
6 OC3B/INT4/PE4 | External Interrupt for the left motor’s position encoder Input 62
OC3C/INTS5/PES | External Interrupt for the right motor’s position encoder | Input 63
8 T3/INT6/PE6 External Interrupt for the C2 motor’s position encoder Input 64
External Interrupt for Interrupt switch on the
9 /C1£EK70/ICP3/INT7 microcontroller board, External Interrupt for the C1 Input 65
motor’s position encoder *

Table 3.8: Pin Connection of the position encoder’s outputs
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* Position encoder of the motor C1 is connected to the INT7 pin of the ATMEGA2560
microcontroller via soldering pad P1. INT7 interrupt pin is also connected to bootloader switch
and TSOP1738 (via pad on microcontroller socket). If you want to use position encoder of Cl,
then make sure that bootloader code is removed from the the ATMEGA2560 microcontroller
and soldering pad for TSOP1738 connection on the microcontroller socket is open. After these
two precautions are taken, solder pad P1 on the main board to connect C1 motor's position
encoder to the ATMEGA2560 microcontroller socket. This is very important. If not done then
because of pulse from C1 motor's position encoder, ATMEGA2560 microcontroller will go in to
boot mode. Figure 3.28 shows location of the pad P1 on the main board.

B m— } ! 7l PEENGreeg: fp
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Calculation of position encoder resolution:
Case 1: Robot is moving forward or backward (encoder resolution is in mm)

Wheel diameter: 5.1cm

Wheel circumference: 5.1cm * 3.14 = 16.014cm = 160.14mm
Number slots on the encoder disc: 30

Position encoder resolution: 163.2 mm / 30 = 5.44mm / pulse.

Case 2: Robot is turning with one wheel rotating clockwise while other wheel is rotating
anti clockwise. Center of rotation is in the center of line passing through wheel axel and
both wheels are rotating in opposite direction (encoder resolution is in degrees)

Distance between Wheels = 15cm

Radius of Circle formed in 360° rotation of Robot = Distance between Wheels / 2
=7.5cm

Distance Covered by Robot in 360° Rotation = Circumference of Circle traced
=2x7.5x3.14
=47.1 cm or 471mm

Number of wheel rotations of in 360° rotation of robot
= Circumference of Traced Circle / Circumference of Wheel
=471/160.14
=2.941

Total pulses in 360° Rotation of Robot
= Number of slots on the encoder disc / Number of wheel rotations of in 360° rotation of robot
=30x2.941
= 88.23 (approximately 88)

Position Encoder Resolution in Degrees = 360 / 88
=4.090 degrees per count
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Case 3: Robot is turning with one wheel stationary while other wheel is rotating clockwise
or anti clockwise. Center of rotation is center of the stationary wheel (encoder resolution is
in degrees)

In this case only one wheel is rotating and other wheel is stationary so robot will complete its
360 rotation with stationary wheel as its center.
Radius of Circle formed in 360° rotation of Robot = Distance between Wheels

=15cm

Distance Covered by Robot in 360° Rotation = Circumference of Circle traced
=2x15x3.14
=94.20 cm or 942 mm

Number of wheel rotations of in 360° rotation of robot
= Circumference of Traced Circle / Circumference of Wheel
=942/160.14
=5.882

Total pulses in 360° Rotation of Robot
= Number of slots on the encoder disc / Number of wheel rotations of in 360° rotation of robot
=30x 5.882
= 176.46 (approximately 176)

Position Encoder Resolution in Degrees =360 /176
=2.045 degrees per count
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3.10 Sharp IR range sensors

For accurate distance measurement, robot uses Sharp IR range sensors. Robot can be fitted with
five IR range sensors as shown in figure 3.29. Sharp IR range sensors consists of IR LED and
linear CCD array, both encapsulated in the housing with precision lens assembly mounted in
front of them. IR LED with the help of the leans transmits a narrow IR beam. When light hits the
obstacle and reflects back to the linear CCD array, depending on the distance from the obstacle,
angle of the reflected light varies. This angle is measured using the CCD array to estimate
distance from the obstacle. It gives same response to different colored objects as measured
distance is function of the angle of reflection and not on the reflected light intensity.

Figure 3.30 shows the internals of the sensor. Figure 3.31 explains how change in the distance
from the obstacle can be measured by measuring angle of reflection of the reflected light beam
from the obstacle. Since sensor measurement is based on triangulation and not on intensity of the
reflected light, it is immune to disturbance caused by ambient light.

Sensor gives out analog voltage corresponding to angle of reflection. Relationship between the
angle of reflection and output voltage is not linear because of trigonometry involved. These
sensors have blind spot in the range of Omm to some specific distance depending on the type of
the sensor. In the blind spot region sensor gives incorrect readings. Table 3.9 gives information
about sensing range and the blind spot distance for the particular sensor.
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Figure 3.29: Sharp Sensors mounted on Fire Bird V
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Figure 3.30: Infrared Range finder sensor and its inside view

Object

Point of Reflection
Figure 3.31: Distance measurement based on angel of reflection

Fire Bird V supports three types of IR range sensors from Sharp Microelectronics.

Lt LEt

GP2D120 GP2D12 GP2Y0A02YK
Figure 3.32: Sharp IR Range sensors for Fire Bird V
Sensor Range Blind Spot
GP2D120X 30cm to 20cm 4cm to Ocm
GP2Y0OA02YK 80cm to 10cm 10cm to Ocm
GP2Y0AO02 150cm to 20cm 20cm to Ocm
Table 3.9: Sharp IR Range sensors coverage
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Figure 3.33: Distance Vs. Output voltage of GP2D120, GP2Y0A02YK and GP2Y0A02YK
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Figure 3.33 shows the typical output character of the GP2D120, GP2D12 and GP2Y0A02YK
sensors. In these graphs X axis represents distance from the obstacle and Y axis represents the
output voltage. The sensor’s output characteristic is slightly logarithmic in nature hence to get
the distance in millimeters we have to use following formulas.

Distance in mm for GP2D120 = 10.00%((1.00/ ((0.001240875*(float) ADC value) + 0.005)) —
0.42)

Distance in mm for GP2Y0AOQ2YK =
(int)(10.00 * (2799.6 * (1.00 / (float)((double)(ADC Value)*(double)(1.1546)))));

ucC Pin name USED FOR UC pin correct
PIN I/O setting
No.
Sharp IR ranges sensor 1 to 5 disable.
15 OC4A/PH3 Turns off these sensors, when output is logic 1* Output
84 II)KS/ADCB/})CINTE ADC input for Sharp IR range sensor 5 Input (Floating)
&5 ISK4/ADC12/PCINT2 ADC input for Sharp IR range sensor 4 Input (Floating)
86 gK3/ADCl I/PCINTI ADC input for Sharp IR range sensor 3 Input (Floating)
87 ng/ADClO/pCINTl ADC input for Sharp IR range sensor 2 Input (Floating)
88 PK1/ADCY9/PCINT17 | ADC input for Sharp IR range sensor 1 Input (Floating)

Table 3.10: Connections of the Sharp IR range sensors and its power control MOSFETsSs
with the ATMEGA2560 microcontroller

* Sharp IR range sensor enabling and disabling is covered in section 3.10A
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3.10A Avoiding sensor interference in multirobot environment

Many of the sensors used in the Fire Bird V emits some sort of signals to sense the object such as
Sharp IR range sensors, ultrasonic range sensors, IR proximity sensors, white line sensors etc.
All these sensors are known as active sensors.

If many robots with such active sensors are placed in same space then their sensors will interfere
with each other. Only way to operate many robots in same space without jamming each other
sensor is to use, sensors on each robots in time division multiplexing way. This can be done by
synchronizing each robot's sensor switching using wireless modules such as XBee, WiFi or
Bluetooth of the robots.

All the sensors on the Fire Bird V robots can be turned on or off by software. This enables Fire
Bird V to work in multirobot environment without jamming each other.
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Figure 3.34: Sharp IR range sensor’s power control circuit

Figure 3.29 shows the location of the Sharp IR range sensors on the robot. They are numbered
from 1 to 5 in the clockwise direction. Figure 3.34 shows the schematics of the MOSFET and
jumper which controls switching on/off of the sensors. Sharp IR range sensor 1 to 5 are
controlled by the MOSFET M1. PH3 (pinl5) of the ATMEGA2560 microcontroller is connected
to the Sharp IR range sensor's power switching circuit via pin 33 of the main board socket. Sharp
sensors can be turned on and off by switching circuit via microcontroller when Jumper J1-3
shown in figure 3.34 is open (absent). If jumper is inserted then sensors remain permanently ON.
Microcontroller will no be able to turn them OFF the sensor once this jumper is inserted.

When microcontroller's pin is at logic low, Transistor T2 is off hence gate of MOSFET M1 is
pulled up at 5V which turns on the MOSFET which turns on the Sharp IR range sensors. When
Logic 1 is applied at the base of transistor T2 it gets turn on and it pulls down the gate of the
MOSFET M1 to turn it OFF. Location of the jumper is shown in figure 3.38.

Same way White line sensors and IR proximity sensors can be switched ON and OFF, which can

bee permanently turned ON by placing respective jumpers. Their switching circuits are discussed
in their respective topics.
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Sensors Main board socket pin ATMEGA2560 uC Logic state
number Pin
Sharp IR range sensor 1 to 5 33 PH3 (pin 15) (1) 222:2;: :;Z tﬁﬁzg grflf
center, ight) 4 PGGINTO oo e med o
IR proximity sensors 1 to 8 34 PH3 (pin 14) (1) SZE:;; :;: IEEZS grflf

Table 3.11: Sensor power control pins and jumpers (Assuming corresponding jumper at J1
is open)

72 BC548

s
S &
=

O

Figure 3.35: Sensor status indicator LEDs

Jumper 1 set is shown by red rectangle in figure 3.35. It consists of set of 4 jumpers. On / Off
status of the sensor is shown by 3 yellow LEDs are highlighted by blue rectangle. ON LEDs
indicate that sensor is ON. Table 3.11A shows the functions of these jumpers and corresponding
sensor power indicating LEDs.

Jumper Name Function Sensor power Current consumption
(If jumper is inserted) indicating LED
name
J1-1(LCD BKL) Turn on LCD back light LCD Back-light 20mA
J1-2(IRP) Turns on all 8 IR proximity IRP 51mA (all 8 IR proximity
sensors sensors)
J1-3(SHARP) Turns on installed Sharp IR SHARP 25mA per sensor installed
range sensors
J4-1(WL) Turns on all white line sensors WL 16mA t}{plC??.l for 3 channel
white line sensor

Table 3.11A: Sensor power on Jumpers and LED indicators

Important

* Robots are factory shipped with all jumpers inserted. So as per factory setting all sensors
will remain permanently ON. If you are not going to switch sensors on/off using
MOSFETs then leave jumpers as it is.

* Sharp GP2Y0AO2 sensors body is made up of conductive plastic. Hence foam tape is
added as an insulator between the sensor and the metal strip which holds the sensor in
place. If this isolation is not provided then sensor will get partially off when
corresponding MOSFET is turned off. In such case sensor will still consume power and
might give incorrect reading when sensor is turned off. To avoid this small insulator foam
is inserted between the sensor and the metal stripe which holds the sensor in place.
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3.11 Infrared proximity and directional light intensity sensors

Infrared proximity sensors are used to detect proximity of any obstacles in the short range. IR
proximity sensors have about 10cm sensing range. These sensors sense the presence of the
obstacles in the blind spot region of the Sharp IR range sensors. Fire Bird V robot has 8 IR
proximity sensors. Figure 3.36 shows the location of the 8 IR proximity sensors. Sensors are
numbered as 1 to 8 from left to right in clockwise direction. In all the manuals same numbering
convention will be used for addressing the particular IR sensor.

In the absence of the obstacle there is no reflected light hence no leakage current will flow
through the photo diode and output voltage of the photo diode will be around 3.3V. As obstacle
comes closer, more light gets reflected and falls on the photo diode and leakage current flowing
through the photo diode starts to increase which causes voltage across the diode to fall.

Figure 3.36: Eight IR proximity sensors on Fire Bird V

When enabled 8 IR proximity sensors combined together consumes about 51mA current. You
can save power by turning on theses sensors only when required. Refer to table 3.11, these
sensors can be turned off by applying logic 1 (5V) to the pin no. 34 of the main board. To enable
these sensors permanently connect the IRP jumper on J1 of main board. For jumper location
refer to figure 3.38.
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Figure 3.37: IR Proximity sensors

Figure 3.37 shows IR proximity senator’s circuit. IR proximity sensors 1 to 5 are connected to m
the ATMEGA2560 main microcontroller and IR proximity sensors 6 to 8 are connected to the
ATMEGAS slave microcontroller.

Power switching circuit for IR Proximity sensors is shown in bottom left corner of figure 3.37.
Sensors can be permanently turned by inserting jumper. For location of the jumper, refer to
figure 3.38. You can turn on / off this sensor if this jumper is open. If logic 1 is applied to the
base of the transistor T3 by the microcontroller then it goes in to saturation and pulls base of the
transistor T4 and turns off the T4 and IR proximity sensors. When no signal is applied transistor
T3 remains off hence resistor R96 drives transistor T4 in to saturation and T4 turns on the IR
proximity sensor's IR LEDs.

Important:

You can also use IR proximity sensor's photo diode as directional light intensity sensor by
turning off IR LEDs. You can also remove effect of ambient light on the proximity detection by
taking reading while IR LED is on and off and checking difference between the readings.
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Figure 3.38: Sensor Control Switches and Jumpers

Name Function
I LCD Back-light Enable/Disable jumper
IR proximity sensor Enable/Disable jumper
Sharp sensor Enable/Disable jumper
White line sensor Enable/Disable jumper
M1 & T2 | MOSFET M1 and Transistor T2 for Sharp IR range sensors switching
T3 & T4 | Transistor T3 and T4 for IR Proximity Sensor switching
T5 & T6 | Transistor TS and T6 for White Line Sensor switching
Table 3.12: Sensor Control Switches and Jumpers functions

PINN Pin name USED FOR Status
(0] (ATMEGA2560
master uC)

IR proximity sensors 1 to 8 disable.
Turns off these sensors when output is logic 1 *
89 PKO/ADCS8/PCINT16 ADC input for IR proximity analog sensor 5 Input (Floating)

15 XCK2/PH2 Output

90 PF7(ADC7/TDI) ADC input for IR proximity analog sensor 4** | Input (Floating)
91 PF6/(ADC6/TDO0) ADC input for IR proximity analog sensor 3** | Input (Floating)
92 PF5(ADCS5/TMS) ADC input for IR proximity analog sensor 2** | Input (Floating)
93 PF4/ADC4/TCK ADC input for IR proximity analog sensor 1** | Input (Floating)

Table 3.13: Connections of the IR Proximity sensors and its power control transistor with
the ATMEGA2560 microcontroller (main microcontroller)

* For more details refer to section 3.10 and 3.12.

**For using Analog IR proximity (1, 2, 3 and 4) sensors short the jumper J2 on the
microcontroller adapter board. For more details refer to section 3.19.6. To use JTAG via
expansion slot of the microcontroller socket remove these jumpers.
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PIN Pin name USED FOR
NO (ATMEGAS slave uC)
14 | (SS/OC1B) PB2
15 | (MOSI/OC2) PB3 ISP (In System Programming) and SPI Communication with
16 | (MISO) PB4 ATMEGA2560. *
17 [ PB5 (SCK)
19 | ADC6 ADC input for IR proximity analog sensor 7
22 | ADC7 ADC input for IR proximity analog sensor 8
28 | PC5 (ADCS5/SCL) ADC input for IR proximity analog sensor 6
Table 3.14: Connections of the IR Proximity sensors with the ATMEGAS (slave
microcontroller)

* In System programming and Multi-processor communication between master and salve
microcontroller

MOSI, MISO, SCK and SS pins of ATMEGA2560 (master microcontroller) are connected to the
ISP (In System programming) port as well as the SPI bus of ATMEGAS (slave microcontroller).
Hence to do ISP you need to disconnect jumper J4 on the microcontroller adaptor board. To
access data from the slave microcontroller ATMEGAS8 over SPI bus Jumper J4 on the
microcontroller socket needs to be connected.
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3.12 White Line Sensor:

White line sensors are used for detecting white line on the ground surface. White lines are used
to give robot sense of localization. White line sensor consists of a highly directional photo
transistor for line sensing and bright red LED for the illumination. Due to the directional nature
of the photo diode it does not get affected with ambient light unless it is very bright.

R B et I By ARBT 4 o (g

. BZ‘?L._T}"‘O’»'-E" ATUaTEIaTE = A
e

IR LED l IPHOTO DIODE Ewl ey

(Transmitter)
Emitted Light 4 \\‘
] Reflected light

Surface Photo Diode

(Reciever)

Figure 3.40: White Line sensor

When the robot is not on a white line, amount of light reflected is less, hence less leakage current
flows through the photo transistor. In this case, the line sensor gives an output in the range of 2V
to 3.3V. When the sensor is on a white line, more light gets reflected resulting in considerable
increase in the leakage current which causes voltage across the sensor to fall between 2 to 0.1V.

Power to the red LEDs of white line sensor is controlled PG5 of ATMEGA2560 microcontroller
to extend robot’s battery life. Switching action of the power control circuit is exactly same as
power switching circuit of IR proximity sensors as discussed in section 3.11. Line sensors can be
permanently turned on by inserting jumper in the Jumper J1-4. For more information refer to
figure 3.35 and table 3.11.

Figure 3.41a shows schematic of the whiteline sensor module on the main board and figure 3.42
shows location of potentiometers for the white line sensor calibration. Standard Fire Bird V robot
has 3 channel white line sensor module. It can also be seamlessly upgraded to 7 channel white
line sensor module using the same connector. Main board has potentiomenters for 7 ch white line
sensors. For more information regarding upgrade, refer to the application note in the application
notes section in the documentation CD.

Important:

Standard Fire Bird V robot is shipped with 3 potentiomentrs for 3 channel white line sensor
module. Additional 4 potentiomenters can be readly soldered on the main board. Figure 3.42
shows all seven potentiomenters but robot is shipped with only 3 potentiomentrs for left, centre
and right side white line sensor.
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Figure 3.41a. White line sensor module on main board schematic
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Figure 3.41b. White line sensor PCB schematic

White line sensor number 4 t 07 uses ADC of the ATMEGAS slave microcontroller.
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Figure 3.42: Potentiometers for white line sensor calibration
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Figure 3.44: White line white line sensor connector pin configuration on main board

o -

Pin No. | Function

White line sensor 1 (Left sensor) Data Out
White line sensor 1 LED via potentiometer
White line sensor 2 (Center Sensor) Data Out
White line sensor 2 LED via potentiometer
White line sensor 3 (Right sensor) Data Out
White line sensor 3 LED via potentiometer
White line sensor 4 Data Out

White line sensor 4 LED via potentiometer*

(e BN )N (U, BNy (VSR | \O ) oo
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9 White line sensor 5 Data Out

10 White line sensor 5 LED via potentiometer™

11 White line sensor 6 Data Out

12 White line sensor 6 LED via potentiometer*

13 White line sensor 7 Data Out

14 White line sensor 7 LED via potentiometer™®

15 GND

16 GND

17 White Line switch(Jumper). Refer to figure 3.41a and 3.41b
18 White Line switch(Jumper). Refer to figure 3.41a and 3.41b
19 3V3 Sensor supply

20 3V3 Sensor supply

Table 3.15: White line sensor pin connections

* Potentiometers for white line sensor no. 5 to 7 needs to be soldered and are not included in the

package. They are not soldered at the factory.

Pin ATMEGA2560 master
No | microcontroller pin name

USED FOR Status

Sharp IR ranges sensor 2, 3, 4 and red LEDs of

70 | PG2/ALE white line sensor 1, 2, 3 disable. * Output
Turns off these sensors when output is logic 1
94 | PF3/ADC3 Channel 3 for ADC Left input for white line sensor | Input (Floating)

95 | PF2/ADC2
sensor

Channel 2 for ADC Center input for white line

Input (Floating)

96 | PF1/ADCI

sensor

Channel 1 for ADC Right input for white line

Input (Floating)

Table 3.16 White line sensor connections with ADC of ATMEGA2560 (Master
microcontroller)

* For more details refer to section 3.10 and 3.12.

Pin ATMEGAS slave USED FOR
No. microcontroller pin name

14 (SS/OC1B) PB2

15 (MOSI/OC2) PB3 ISP (In System Programming) and SPI Communication with
16 (MISO) PB4 ATMEGA2560. *

17 PBS (SCK)

23 PCO (ADCO0) ADC input for white line sensor 4

24 PC1 (ADCI) ADC input for white line sensor 5/Servo pod

25 PC2 (ADC2) ADC input for white line sensor 6

26 PC3 (ADC3) ADC input for white line sensor 7/Servo pod

Table 3.17 Connections of the IR Proximity sensors with the ATMEGAS (slave
microcontroller)
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* In System programming and Multi-processor communication between master and salve
microcontroller

MOSI, MISO, SCK and SS pins of ATMEGA2560 (master microcontroller) are connected to the
ISP (In System programming) port as well as the SPI bus of ATMEGAS (slave microcontroller).
Hence to do ISP you need to disconnect jumper J4 on the microcontroller adaptor board. To
access data from the slave microcontroller ATMEGAS8 over SPI bus Jumper J4 on the
microcontroller socket needs to be connected.

White Line sensor calibration

By using trimming potentiometers located on the top center of the main board, line sensors can
be calibrated for optimal performance. Line sensors are factory calibrated for optimal
performance. Using these potentiometers we can adjust the intensity of the red LEDs of the white
line sensor. Sensitivity adjustment is needed, when color contrast between the white and non-
white surface in a white line grid is not adequate. In such cases the sensors can be tuned to give
maximum difference between white and non white surfaces. You can also turn on and turn off
red LEDs and take sensor readings at the same place and nullify the effect of the ambient light.
Robot comes with a flex stripe printed white line. You can use it to calibrrate robots white line
sensors by putting them on blace and white sensors.

Effect of ambient light on the white line sensors

White line sensors are highly directional in nature hence they are immune to the illumination
from tube light or CFL. Note that tube light which uses simple inductive chock actually blinks 50
times a second and this blink is captured by the white line sensors as ADC can acquire data at
very fast rates. Hence it is recommended that use CFL lights or tube lights with electronic chock
or ballast. These tube lights are the one which turns on like a bulb without flickering.

White line sensors are essentially sensitive photo transistors with precision lens assembly. All the
photo diodes and photo transistors are many times sensitive to infrared than to red light. Hence
for consistent result avoid room which have large windows even if they have curtains. Also
avoid using robots in area illuminated with filament based bulbs as they have large infrared light
radiation

Why red LEDs are used instead of IR LEDs in the white line sensors?
Photo transistors are many times sensitive to IR than to visible light but we still use red light
illumination because of following reasons:
* Red light is nearer to the infrared
* Since we can see red light its easier to calibrate it using eyes
* Any color appears black because it does not reflect visible light. Which means black
surface can be ultraviolet or infrared in color. If black is infrared color then robot's white
line sensors will not be able to distinguish between white and black as black will reflect
all infrared waves as effectively as white surface. In case of red illumination which has
very less infrared radiation even infrared black is still considered as black which makes
red light as color of choice.
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3.12A Ultrasonic sensor Interfacing:

Fire Bird V primarily uses Sharp IR range sensors but sometime they are not easily available in
market. In year 2010 and 2011 they ware in acute shortage. Hence Fire Bird V's main board
version 11 also have support for ultrasonic range sensors. But as a designer I will always prefer
Sharp IR range sensors.

FireBird V robot can be equipped with the 5 ultrasonic sensors from MaxBotix. Each sensor can
sense distance range from 6 inches to 254 inches. Ultrasonic sensor transmits a narrow beam of
ultrasonic pulse and measures time taken for echo of the beam. It gives output proportional to
time taken for the ultrasonic beam to return echo from the obstacle.

FireBird V robot supports almost all compact ultrasonic range sensors from MaxBotix. Most of
the time robot uses EZ0 to EZ4 series sensors from MaxBotix. Sensor gives out analog output
with 1 inch resolution. It gives output voltage of 9.8mV per inch. After powering up, for first
100mS sensor runs calibration cycle. After that it can give readings with 49mS interval.

Figure below shows locations of the ultrasonic sensors. They are numbered as 1 to 5 from left to
right in clockwise direction.
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Figure 3.44a: Five Ultrasonic Range Sensors on Fire Bird V
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Enabling the Ultrasonic range sensors

The analog output of sharp sensor and analog output of Ultrasonic sensor is connected to the
same ADC channels of the microcontroller. Therefore at any given sensor location either Sharp
sensor or Ultrasonic range sensor can be used. Both sensors can not remain active at the same
time.
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Figure 3.44b: Ultrasonic range sensor daisy chaining (courtesy: MaxBotix website)

If many of the sensors transmit ultrasound simultaneously their reading will get mixed-up. In
order to prevent this, all the ultrasonic sensors are connected in the daisy chain. Microcontroller
sends a trigger to the first ultrasonic sensor. First sensor takes the distance reading and sends
trigger to the second sensor. Second sensor follows the same process. This makes sure that at any
given time only one sensor transmits ultrasound.

Above figure shows sensor daisy chaining. Sensor 1’s TX pin is connected to the Sensor 2’s RX
pin and so on. In this way all 5 sensors are daisy chained. To enable the daisy chaining mode, pin
“BW?” of the each ultrasonic sensor must be tied to Vcc. All sensors are powered at 3.3V sensor

supply.

To start taking reading a small trigger pules of more than 100uS needs to be given to the “RX”
pin of the first sensor. This pin is connected to the pin PH4 of the ATMEGA2560
microcontroller via pin 17B* of the main board socket. “RX” pin of the 5™ ultrasonic range
sensor is left open. After triggering a Sensor 1, Sensor 1 transmits ultrasonic pulse and gives out
distance reading within 49mS. Sensor 1 triggers the Sensor 2 by transmitting a small pulse on its
TX pin to the RX pin of the second sensor. Now Sensor 2 takes reading. In this way sensor in the
daisy chain takes distance reading one at a time and triggers the next sensor connected. After all
5 sensors takes reading this process stops. You need to give trigger at the 1 sensor again.

You can trigger 1 sensor at the interval of 49ms x 5 sensors = 245ms if you want to insure that
only one sensor remains active at a time. This is the most recommended time interval. It is also
possible to keep more than one sensor preferably 90 degrees apart active by giving trigger at the
interval of 49ms x 2 sensors = 98mS for faster refresh rate but readings may get affected in small
room because of echos from other sensors. Figure 3.44c shows the schematics of the ultrasonic

ranges sensors.
*. We need to cut the track of 17B to PH4 pin at bottom side of microcontroller board, please refer the errata section
in this manual.

Important
1. You need to connect pin BW of the ultrasonic range sensor to the 3.3V manually.
2. If you want to install only one ultrasonic sensor, say sensor number 3 then you need to
short(hard wire) the pins “TX” and “RX” of the sensors which comes before this sensor
(in this case 1 and 2), so that trigger from microcontroller can reach the installed sensor.
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Figure 3.44c: Ultrasonic Range Sensor interfacing and jumper settings

Supported Ultrasonic range sensors

FireBird V robot mainly uses EZ0 to EZ4 sensors from MaxBotix. All these sensors are available
on NEX Robotics website. Other sensors from MaxBotix having compatible pin mapping can
also be used instead of these sensors. For more details on compatibility, refer to the respective
sensor’s datasheet.

EZ0 to EZ4 sensors have progressively more directionality. Refer to below figure to get rough
idea of the sensor characteristics.
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Figure 3.44d: Range Shown on 1-foot grid to various diameter dowels (courtesy: MaxBotix
website)
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Mounting Ultrasonic range sensors:

Fire Bird V robot's main board has empty slots for the ultrasonic range sensor mounting. You
can directly solder them using right angled male berg strip or you can solder flow solder (female
berg strip) on the main board and insert sensor which is already soldered to right angled male
berg stripe. Once you solder female berg strip on the main board, you can not insert Sharp IR
range sensor in to it.

Ultrasonic range sensors have wider beam angle. Even if they mounted in with sensor exactly

right angled to the main board it will see ground few meters ahead. It is good idea to solder them
directly on main board and slight bend them upward.
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3.13 LCD Interfacing

LCD can be interfaced in 8bit or 4 bit interfacing mode. In 8 bit mode it requires 3 control line
and 8 data lines. To reduce number of I/Os required, Fire Bird V robot uses 4 bit interfacing
mode which requires 3 control lines and 4 data lines. In this mode upper and lower nibble of the
data/command byte needs to be sent separately. Figure 3.47 shows LCD interfacing in 4 bit
mode with three control lines EN (Enable), RS (Register Select), and RW (Read / Write).

The EN line is connected to PC2. This control line is used to tell the LCD that microcontroller
has sent data to it or microcontroller is ready to receive data from LCD. This is indicated by a
high-to-low transition on this line. To send data to the LCD, program should make sure that this
line is low (0) and then set the other two control lines as required and put data on the data bus.
When this is done, make EN high (1) and wait for the minimum amount of time as specified by
the LCD datasheet, and end by bringing it to low (0) again.

The RS line is connected to PCO. When RS is low (0), data is treated as a command or special
instruction by the LCD (such as clear screen, position cursor, etc.). When RS is high (1), data
being sent is treated as text data which should be displayed on the screen.

The RW line is connected to PC1. When RW is low (0), the information on the data bus is being
written to the LCD. When RW is high (1), the program is effectively querying (or reading from)
the LCD.

The data bus is bidirectional, 4 bit wide and is connected to PC4 to PC7 of the microcontroller.
The MSB bit (DB7) of data bus is also used as a Busy flag. When the Busy flag is 1, the LCD is
in internal operation mode, and the next instruction will not be accepted. When RS =0 and R/'W
= 1, the Busy flag is output on DB7. The next instruction must be written after ensuring that the
busy flag is 0. Refer LCD datasheet provided in documentation CD for using Busy flag.

Figure 3.46: LCD socket pin connection
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ATMEGA 2560 LCD

Figure 3.47 LCD interfacing with the microcontroller

ATMEGA2560 Main Board
Microcontroller LCD PINS Description R
. Pins Numbers
Pins
VCC VCC Supply voltage (5V). -
GND GND Ground -—--
PCO RS (Control line) Register Select 22
PC1 R/W (Control line) READ /WRITE 23
PC2 EN (Control Line) Enable 24
PC4 to PC7 D4 to D7 (Data lines) | Bidirectional data Bus 26 to 28
-- LED+, LED- Back light control -—--

Table 3.18: LCD Pin mapping and functions

= >
L [
= L]
. =
4 5
& A=
4 2 Z
PIN 22 MB SOCKET>>————— RS + VCC =
PIN 23 MB SOCKET+>>—(3 RAN .:_:
PIN 24 MB SOCKET>>— > E z Z s
2| ¥ 2%)“’;'
" Q)
— oeo |3 1 g
——{ DBt Z| VSS s
T DB2 © ‘j
T DB3 & 1SGND GND
PIN 26 MB SOCKET>>——1-— DB4 = LEDA
PIN 25 MB SOCKET>>———=—{ DBS =
PIN 27 MB SOCKET>>———~— DBES i R59
PIN 28 MB SOCKET>>——— DB7 LEDK WAL
100E l
LcD2 T

Figure 3.48: LCD display schematics
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Internal 4 — ﬂ
operation Functioning |

Not

DB7 ;;% Data W ./ Busy W /Busyv _bUSY_ g Data W//
Instruction Busy flag Busy flag Busy flag Instruction
write check check check write

Figure 3.49: LCD Timing Diagram.

LCD is interfaced to the pins 22 to 28 of the main board socket. LCD uses 5V System supply for
its operation. For LCD backlight V Battery supply is used. Figure 8.45 shows LCD backlight
jumper and LCD contrast control potentiometer. In order to save power LCD backlight can be
turned off by removing LCD backlight jumper. LCD’s contrast can be adjusted by LCD contrast
control potentiometer.
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3.14 Buzzer

Robot has 3 KHz piezo buzzer. It can be used for debugging purpose or as attention seeker for a
particular event. The buzzer is connected to PC3 pin of the microcontroller. Also the same
buzzer is used in battery monitoring circuit to alert the battery low indication.
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o
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Battery low /
W10 Buzzer

S

Figure 3.50: Buzér |

[
2
Qf “
BC548
R1 paya
rst 10_BUZ DIODE A Y/ ini (OF BATT CHG
PIN NO 71 OF MB SOCKET>>—P>——=52 i it )
ra
1N4001 =P w
FROM BAT MON CKT': 10 BATT_DIODE 383 z %

GND
Figure 3.51: Buzzer Schematic

Buzzer is driven by BC548 transistor. Resistor 100K is used to keep transistor off, if the input
pin is floating. Buzzer will get turned on if input voltage is greater than 0.65V.
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3.15 SPI expansion port on the main board
Main board has SPI connector for adding accessories such as robotic arm, color sensor etc.
Figure 3.52 shows its location on the main board and figure 3.52a shows its connections.

EEEsaEs
R, g

o N N N N N N i

SPI_EXP_CON
Gnoumnp>—’_d o
PIN 21 MB SOCKET+>>—,_‘ -
PIN 20 MB socxzu»—'_. >
PIN 19 MB socxzu»—'_. .
PIN 18 MB SOCKET+>>—,_‘ -

Figure 3.52a: SPI expansion port pins
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3.16 Serial Communication

Robot has 9pin female DB9 connector for serial communication. Out of these 9 pins only Tx (pin
3) Rx (pin 2) and ground (pin 5) are connected to the microcontroller via MAX202 RS232 to
serial TTL / CMOS logic converter. Figure 3.53 shows location of the serial on main board.
Figure 3.54 shows schematic. Table 3.19 shows the connections of the serial port.

----------- IR

=
4

----------
-----------
-----------

Serial Port
Figure 3.53: Serial port pins

DB9 RS232 FEMALE

| P
2 < 6
PIN 74 MB SOCKET:> 3 —C )—7—
PIN #3 MB SOCKET<<< —C + )>1+—
4 8
=TS 215
-
GND
Figure 3.54: Serial port connections with the main board socket
Pin No. | Description Main Board pin numbers
2 Receiver Data (RXD) Pin 74
3 Transmit Data (TXD) Pin 75
5 Signal Ground (GND) Ground

Table 3.19: Serial port pin out
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3.17 USB communication

Fire Bird V’s main board has USB port socket. Microcontroller accesses USB port via main

board socket. All its pins are connected to the microcontroller adapter board via main board's
socket connector.

o1 seauo pon
& | SBRNECToR

USB Port

Figure 3.55: USB port on the Fire Bird V main board

X1
MB SOCKET 6 ¢U USB),>> 550 |
MB SOCKET 5 <¢D- >p>—V\W—|_ o
27E 95
R81 4 |
MB SOCKET 4 (D+)<<—A\N\— ,_i
27E GND B

Figure 3.55a: USB port connections with the main board socket
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3.18 Wireless communication adaptor

Figure 3.57 shows location of the socket for the wireless module. It supports XBee and XBee Pro
series 1 and series 2 ZigBee wireless modules from digi international, RN-XV WiFi to serial
module and Bluetooth module. Table 3.20 shows the functions of the status indicator LEDs for
the XBee wireless modules.

XBee Wireless Socket
§ Apabioo 22 i
3U3 WIRELESS MODULE>>——— vcC = =
AD1DIO & 2 2
PIN 14 MB SOCKET,<< 2 1 pout i = o
5 AD2DIo2 & o =
PIN 13 MB SOCKET,>>——— DIN i o 2
5 AD3/DIO3/COORD_SEL —— o m
—“1 cDDoUT_ENDOS B 0
. ADGDIOGRTSH 18 2 ¥
—— RESET# 15 e =
ADE/DID5/ASSOC >>ASS0 LED z =
MB PIN 17A & RSSI LED<< 5 RSSI_PWM i 2
VREF (14

7 o

— 1 RESERVED s 5 a

s ON/SLEEP# | 12 2 2

— 1 RESERVED

. Dio7/cTS# 12 " "

— ] DTRISLEEP_RQ/DI8 i o=y o=F3

- AD4/DIO4RF_TX |—— e m e

_L— GND Y
PIN 15 WIRELESS MODULE
G XBEE GND

Figure 3.56: ZigBee wireless module schematics
g U

Wireless Communication

Status LEDs
Zigbee B
Module e
—; { »

Figure 3.57: ZigBee wireless module and LED indicators

LED Connection to X]-3ee Wireless Description
module Pin no.
ASSO 15 Associate LED
RSSI 6 RX Signal Strength Indicator
Table 3.20: XBee wireless module LED functions
Important:

You can change XBee wireless module’s frequency and Pan ID, so that multiple XBee wireless
modules can coexist at the same time. For more information on this, refer to “Application Notes”
folder which is located inside the “Manuals and Application notes” folder in the documentation
CD.
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3.19 ATMEGA2560 microcontroller adapter board

17 Jumper 3
TSOP 1738
10 Bargraph

Encoder LEDs

ATMEGA 8
Microcontroller

ATMEGAS ISP
uC Expansion Slot

B

Jumper 2

MADE IN INDIA

USB Driver

ATMEGA 2560
Microcontroller
Jumper 4

Jumper 1 RS232 Driver

Interrupt Switch

Servo Pod Connector R
Reset Switch

ATMEGA 2560 ISP

Servo Connectors

Power LED
Figure 3.58: ATMEGA2560 microcontroller adapter board

3.19.1 Power management

Power management block on the ATMEGA2560 microcontroller adapter board provides power
to the microcontroller, other devices and the power to the servo motor.

ATMEGA2560 microcontroller adapter board has two low drop voltage regulators:
1. “5V uC” supplies power to the microcontroller and its peripherals.
2. “5V servo” supplies power to the servo motor.

_POLJEIQ LED
VBATT (8V-15V] b o LEDE Rs
N e 1A A R
1
NG007 GND .,
I +0OUT] >o— M 0T >
ci12 c13 C14 |
— GO iL iL £Y ut —’iC1EhC1E GHD —‘EC1?J’;C18-5U Servo
10uF _I_|c5 ;[10 uIUJ uF  A00uF QuF IC6 OuF |01 uF
1117 1117-5
GND GND _ GND GND GND_GND GND GND_GND

Figure 3.59: Power Supply Circuit
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3.19.2 Battery voltage sensing

Filtered battery voltage is used for battery voltage sensing. Analog to Digital Converter (ADC)
can measure maximum voltage of 5V. Hence battery voltage is scaled down from 8-15V to less
than 5V using resistor divider network formed by R12 and R13. It scales down the voltage by
approximately 1/3 of the actual value.

ATMEGA2560 ADC can be used in 8 bit or 10 bit resolution. To calculate voltage from the
ADC’s acquired digital value in 8 bit resolution we use following formula:

V Battery = 0.7V + (ADC value * (5V/255) * (10K + 3.3K) / 3.3K))
V Battery = 0.7V + (ADC value * 0.0790)

In the above formula:

* 0.7V represents voltage drop across the diodes D7 and D9. for more details refer to figure
3.11.

*  5V/255 represents the ADC step resolution
* (10K +3.3K)/3.3K is a voltage divider formula

0.1 uF 0.1 uF
[PIN 29 MB SOCKET ¢V BATT)»——
£30 £29
R‘l&% RA12
A0K 3K3
M2560 PIN 97 (ADCO), « SND

Figure 3.60: Battery Voltage Divider Bias Circuit

Note: For 10 bit resolution replace 255 by 1024.

© NEX Robotics Pvt. Ltd. and ERTS Lab, CSE, IIT Bombay, INDIA 67



Fire Bird V ATMEGA2560 Hardware Manual

3.19.3 TSOP1738 RCS5 IR receiver and decoder

TSOP1738 is an IR receiver based on RC5 decoder. It is very commonly used in televisions for
receiving commands from the remote control. It can be used to control robot using TV remote
control. Many robots can also be controlled simultaneously if you make your own TV remote
equivalent and interface it with the PC. Such type of setup can be used in the preliminary form of
robo-soccer. SJ2 solder pad needs to be connected by soldering for enabling the TSOP sensor.
Figure 3.62 shows the location of the SJ2 solder pad. It connects TSOP1738 with the INT7
(interrupt 7) pin of the microcontroller.
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Figure 3.62: J umper to be shorted to connect TSOP1738 w1th INT7 (shorted j Jumper is
shown in the right image)

Important:

Before using TSOP1738 insure that solder pad P1 on the main board is not shorted. For more
information refer to section 3.9 and figure 3.28.
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3.19.4 ATMEGA2560 Microcontroller Board Expansion Socket

ATMEGA2560 is a feature rich microcontroller with lots of available I/O ports. Many of the
ports are available for external use on the uC Expansion Socket. For Pin configuration of
expansion header refer section 4.3 from chapter 4.

A0 OO
OQOQ AL

SE PII"ID
TDF!

Figure 3.63: uC Expansion Socket on the ATMEGA2560 Mlcrocontroller Board
3.19.5 Servo Pod Sensor Socket

Servo pod sensor socket is used to connect external sensors / actuators which are mounted on pan
/ tilt servo pod. It is a 8 pin 2560 relimate connector. Table 3.22 gives its pin connections.

mﬂm’"

UERSI oN|! 7
:“3

SERUD PODO
CONNECTOR

o 000

Fig 3.64: Se_rvo Pod Sensor Socket |

SERVO_POD
SERUD PDD 1 (ATHMEGA256R ADC14) &———=x2-8

EERVD POD 2 (ATHMEGA256@ ADCLE) & ==X 2.7
EBPID (ATMEGA2568@ PIN 23) €= D5
ATNEGAB ADCL&———==X 2.5

ATNEGAB ADC3 ®—== {24

BROUND ==X 2.3

M SYS(+5 W€ =22

M BATT(OU-11U) =X 2.1

Figure 3.65: Servo pod sensor connector pin mapping
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Pin No. Pin Name Description
1 Servo POD1 Connection with ATMEGA2560 ADC channel 14
2 Servo POD2 Connection with ATMEGA2560 ADC channel 15
3 GPIO Connection with ATMEGA2560 OC2A/PB4 pin (Pin no. 23)
4 Atmega8 ADC Connection with ATMEGAS8 ADC channel 1
5 Atmega8 ADC Connection with ATMEGAS8 ADC channel 3
6 Ground Ground
7 V SYS + 5V (VCO)
8 V BATT Battery Voltage(9V — 11V)

Table 3.22: Servo Pod socket pin description

3.19.6 Microcontroller Board Jumpers

1ISE EMARELE JUMPER JL JTAG ENABLE/DISABLE JUMPER J2
A2
TXD FT232RL { PIN1):5| LRXD FT232RL {PIN2) 4G PIN 83 (ADc4rrCK)«_ﬂ_»mB SOCKET FIN 12
'RXD2 {uC PIN12 (:;anz (uC PIN13)
PIN{uc EXPANSIDN SOCKET#——0 o—PIN2uC EXF'ANSIDN SOCKET uC PIN 92 (ADCE.’TMS)«—?—»NE SOCKET PIN 18
HCPIN 91 (ADcsero;;_F_»mB SOCKET PIN 42

MC PIN 81 (ADC?HDI)HMNE SOCKET FIN 43
SPI ENABLE JUMPER J4

J

0 CATHODE OF LED BAR GRAPH M2560 PIN 21 (MOSI) «—d4 1‘-—»M8 PIN 16 {MISO)
M2560 PIN 22 (M|so)«—ﬂ—»ms PIN 15 (MOSI)
M2560 PIN 20 (SCK)M—»MS PIN 17 {SCK)
Figure 3.66: Jumpers schematic

Microcontroller board has 4 jumpers labeled from J1 to J4 as shown in Figure 3.58 and figure
3.66.

J1: Jumper J1 is used to select between the UART2 pins connections of ATMEGA2560 on the
uC Expansion Socket and to the onboard FT232 USB to serial converter circuit. When jumper is

in position as shown in the figure 3.66, it enables the onboard USB communication through
UART?2 (default state).

J2: When J2 is on IR Proximity sensors 1 to 4 are connected to the ADC pins of the
ATMEGA2560. When J2 is open, same ADC pins can be used for JTAG on the uC expansion
socket or as ADCs for external sensor interfacing. In the default state J2 is on.

J3: If J3 is on, all the pins of the PORT J are connected to the LED bargraph display. It can be
used for quick message display for debug purpose. If J3 is off, LED connection is disabled. All
the pins of the PORT J are available on the uC expansion socket for use as GP1Os. In the default
state J3 is kept on.

J4: When J4 is on, SPI bus between ATMEGA2560 (master) and ATMEGAS (slave) is
connected and you can access date from the slave microcontroller. Since SPI lines are also used
for In System Programming (ISP) to load firmware on the master and slave microcontroller via
SPI port you need to remove all jumpers from J4 before attempting ISP. J4 is kept open as
default setting.
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You can also program robot using boot loader utility via USB port. This will remove the need for
frequent removal of jumpers on J4 for loading new firmware.

In System Programming (ISP) sockets

ATMEGA-2560 ISP & ATMEGA-8 ISP =
HZ568 PIN 21 C(MDSI) &= <1 :I-:‘xu + 18 PIN 15 (HOSIy&—————= 331 ®3.2
l—r-t‘,<173 I—r-»‘xui I—r-*><3-3 |—|-*T<3-4
112668 PIN 38 (RESET) = 1.5 :I-:m-s HMB PIN 28 (RESET)&————=33.5 I:I-:‘xa-E
12560 PIN 20 (SCK) &= 1.7 :I-:m-a 18 PIN 17 (SCK) &= 37 :I-:xafa
2568 PIN 22 (MISO) = =1-4 I:E‘XMD H8 PIN 16 (MISD)&————= 3.0 I:I-:‘KE-M
GND GND

Figure 3.67 ISP Schematic

ATMEGA2560 microcontroller adapter board has ISP sockets for the ATMEGA2560 and
ATMEGAS microcontrollers.

Note: To do In System Programming of ATMEGA2560 and ATMEGAS8 microcontrollers
jumper J4 must be absent. For more details refer to section 3.19.6 for the J4.
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3.19.7 FT232 USB to serial converter on UART 2 of the ATMEGA2560 microcontroller

FT232 is a USB to TTL level serial converter. It is used for adding USB connectivity to the
microcontroller adapter board. With onboard USB circuit Fire Bird V can communicate serially
with the PC through USB port without the use of any external USB to Serial converter.
Microcontroller socket uses USB port from the main board. Data transmission and reception is
indicated suing TX and RX LEDs which are located near the FT232 IC. Refer to figure 3.58 for
LED's locations. To enable USB to serial communication, jumper J1 should be configured in a
particular way. Refer to section 3.19.6 for correct jumper settings.

PIN 6 MB SOCKET (UUSB)¥

= =
100uF] 0.1uF IC3
H veecio ™D P——sy0 PN JPL
GND GND 8] vee RXD S—«Epon PIN2 JP1

O3

RTS
CTS
DTR
DSR

16
15

USBDM
USBDP

PIN 5 MB SOCKET (USBD-)¢
PIN 4 MB SOCKET (USBD+)%

HENMEEEEEE

1—5 NC FT232RL  pep LED2 R4
ﬁ _RESET R
= Nc CcRBUSO w 270E
21 osc CcBUS{ LED1 R3
&l osco g, CBUS2
7 a=z== 5 cBUS3 1o . 270E
4 3v3ouT <00 O0F cpuss |= el
— GND
FT232RL & [=]~[ €]
GND

Figure 3.68: FT232 Schematic

Note: Using bootloader from NEX Robotics, Robot can be programmed directly via USB port
without any need of external ISP programmer. How to use Bootloader GUI is covered in the
software manual.

3.19.8 TTL to RS232 converter on UART 1 of the ATMEGA2560 microcontroller

MAX202 IC is used for conversion of the TTL level signal of the UART 1 to the RS232 level. It
is connected to the DB9 female serial connector on the main board. For more details on the
hardware connections refer to section 3.16.
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— R2OUT R2IN |——
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Figure 3.69: MAX202 TTL to RS232 converter
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3.19.9 REF5050 precision reference voltage generator

ATMEGAZ2560 microcontroller’s ADC channels require external stable voltage reference. In the
default state microcontroller uses “5V uC Supply” as a external reference voltage. In case if you
want to interface microcontroller with the sensors where precision is very important then
REF5050 external reference voltage generator can be added on the microcontroller board. In the
default state voltage reference is directly taken from “5V uC supply” by connecting pins 2 and 1
of the pads of SJ1 which is located just below the J2 on the microcontroller board. Figure 3.71
shows mounting of REF5050 and change in the solder pad shorting.

[G7
% N - & & +V5 7
+
2 g
v e .—L—.C27 1
3 5
= OF e A . O uF 8J1 EB——— 1C PIN 38 (AREF
A com vs B
REF5050 GND

Figure 3.70: REF5050 Schematic
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Figure 3.71: Left- J umper shorted to use 5V uC as A Ref. Right- REF5050 is mstalled and
jumper shorted to use its S5V output as reference.
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3.19.10 Interrupt Switch

Interrupt switch on the microcontroller adapter board is connected to PE7 (INT7) pin of the
microcontroller. It has external 10K pull-up resistor. When switch is pressed, PE7 becomes logic
low. Location of the interrupt switch is shown in figure 3.58.

INTERRUPT SWITCH

<[o] ’
%E\* GND
mEl—»yC PIN 9 (INT”)

+5V

R9

10K
Figure 3.72: Interrupt switch

Important:
Before using interrupt switch, ensure that soldering pad P1 on the main board is open. For more
information refer to figure 3.28 and section 3.9.

3.19.11 Servo Connectors

The microcontroller board has three Servo connectors as shown in figure 3.58. It can be used for
driving servo motors of camera pod or any other attachment. Power for the servo connector is
provided by the “5V servo supply” voltage regulator. Figure 3.73 shows correct orientation of
the servo motor's connector.

. e, =

Figure: 3.73: Servo Connectors Schematlc.

C PIN 25 <0C1B>

gt

l—)_pC PIN 24 <OC1A)
J'—MJC PIN 26 (OC1C>
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|—=S 1-2 I—:S 2-2 |—=S 3-2 G ll\
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5-3-1
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Figure: 3.73a: Servo Connectors Schematic
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3.19.12 Position Encoder LEDs

These LEDs are used to display the pulses coming from the left, right and C2 motor connectors.
In the default configuration Motor C2 is not used hence LED corresponding to C2 is not soldered

on the microcontroller adaptor board.

ENCODER PULSE INDICATOR LEDs

LEDS R5
PIN 61 MB SOCKET (ENCODER LEFTY® B—AMA
W 220E

LED4 R6
PIN 62 MB SOCKET (ENCODER RIGHT)»———3—AAN
wa 220E

LED3 R7
PIN 63 MB SOCKET (ENCODER C1) AMN
wa 220E

Figure 3.74: Encoder LEDs Schematic

3.19.13 Bargraph LED display

Bargraph LED display is used for quick debugging purpose. It is connected to the PORT]J of the
ATMEGAZ2560 microcontroller. To enable bargraph jumper J3 needs to be connected. For more

details refer to the section 3.19.6.
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Figure 3.75: LED BAR GRAPH Schematic
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3.19.14 ATMEGAS Slave Microcontroller

Fire Bird V robot can be interfaced with more than 30 sensors at the same time. ATMEGA2560
does not have sufficient number of ADC available of sensor interfacing. Hence ATMEGAS
microcontroller is connected with ATMEGA2560 microcontroller over the SPI port. Jumper J4
needs to be removed before attempting to do ISP with ATMEGA2560 and ATMEGAS as there
SPI lines are connected with the jumper J4. For more details on the jumpers, refer to the section
3.19.6.
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Figure 3.76: ATMEGAS8 SCHEMATIC

Note: Firmware (ATMEGAS.hex ) for the ATMEGAS microcontroller is located in the GUI and
Related Firmware folder in the documentation CD.
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3.19.15 ATMEGA2560 Microcontroller

hown

iCiS S

ATMEGA2560 is interfaced directly to most of the onboard peripherals. Its schemat

in the figure 3.78.
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4. Pin Functionality

Fire Bird V ATMEGA2560 microcontroller adapter board has two microcontrollers.
ATMEGA2560 (master microcontroller) and ATMEGAS8 (slave) microcontroller.
ATMEGA2560 communicates with ATMEGAS using SPI bus.

ATMEGA2560 is interfaced to all the important modules for the robot while ATMEGAS
microcontroller is interfaced with non critical modules such as IR proximity sensors 6, 7, 8§,
Robot current sensing (if ACS712 current sensor is installed), extended white line sensor
channels 4, 5, 6, 7 and pin on the servo sensor socket etc.

4.1 ATMEGA2560 (master) microcontroller pin configuration

Pin Pin name USED FOR Status

No
1 (OCOB)PGS5 Slave Select (SS) of the SPI expansion port on the main board _
(refer to figure 3.5)

2 | RXDO/PCINTS/PEO UART 0 receive for XBee wireless module (if installed) Default
3 | TXDO/PEI UART 0 transmit for XBee wireless module (if installed) Default
4 | XCKO/AINO/PE2 S)I;L(Zt) (Available on expansion slot of the microcontroller

5 | OC3A/AIN1/PE3 PWM output for C2 motor drive Output
6 | OC3B/INT4/PE4 External Interrupt for the left motor’s position encoder Input

7 | OC3C/INTS/PES External Interrupt for the right motor’s position encoder Input

8 | T3/INT6/PE6 External Interrupt for the C2 motor’s position encoder Input

External Interrupt for Interrupt switch on the microcontroller
board, External Interrupt for the C1 motor’s position encoder,

9 | CLKOICP3/INT7/ PET Connection to TSOP1738 if pad is shorted, can also be used Input
as Boot loading switch *##*##x%

10 | VCC 5V

11 [ GND Ground

12 | RXD2/PHO UART 2 receives for USB Communication. Default

For more details refer to section 3.19.7

UART 2 transmit for USB Communication.
13 | TXD2/PHI For more details refer to section 3.19.7 Default

IR proximity sensors 1 to 8 enable / disable.

14 | XCK2/PH2 Turns off these sensors when output is logic 1 *##*#k* Output
Sharp IR ranges sensor land 5 enable / disable.

15 | OC4A/PH3 Turll;z off the%e sensors when output is logic 1 **¥**%* Output
Connected to Rx pin of 1* Ultrasonic range sensor to trigger

16 | OC4B/PH4 the ultrasonic sensor if sensor is mounted. Also Available on --
expansion slot of the microcontroller socket* **##:#:

17 | OC4C/PHS5 Available on expansion slot of the microcontroller socket --

18 | OC2B/PH6 Available on expansion slot of the microcontroller socket --

19 | SS/PCINTO0/PBO . L .

20 | SCK/PCINT1/PBI ISP (In System Progra.mmlng), SPI Communlcatl.on with Output
ATMEGAS **, Connection to the SPI port on the main board.

21 | MOSI/PCINT2/PB2 Al Jabl on slot of the mi troll ket Output

so available on expansion slot of the microcontroller socke

22 | MISO/PCINT3/PB3 Input

23 | OC2A/PCINT4/PB4 Servo Pod GPIO --

24 | OC1A/PCINTS/PBS PWM for Servo motor 1. ¥** Output

25 | OC1B/PCINT6/PB6 PWM for Servo motor 2. ¥** Output

26 | OCOA/OCIC/PCINT7/PB7 | PWM for Servo motor 3. *** Output
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27 | T4/PH7 GPIO (Available On Expansion Slot) --

28 | TOSC2/PG3
: sesk ks
29 | TOSC1/PGa RTC (Real Time Clock)

30 | RESET Microcontroller reset
31 | VCC 5V

32 [ GND Ground

33 | XTAL2

Crystal 14.7456 MHz

34 | XTALI
35 | 1CP4/PLO Connegted to RSSI pin pf XBee module. Also Available on _
expansion slot of the microcontroller socket.

36 | ICP5/PL1 Available on expansion slot of the microcontroller socket. --
37 | TS/PL2 Available on expansion slot of the microcontroller socket. --
38 | OC5A/PL3 PWM for left motor. Output
39 | OC5B/PLA4 PWM for right motor. Output
40 | OC5C/PL5 PWM for C1 motor. Output
41 | PL6 GPIO* (Available on expansion slot of the microcontroller -
42 | PL7 socket) -
43 | SCL/INTO0/PDO I2C bus / GPIOs (Available on expansion slot of the -
44 | SDA/INT1/PD1 microcontroller socket) -
45 | RXDI1/INT2/PD2 UART]1 receive for RS232 serial communication Default
46 | TXDI1/INT3/PD3 UARTT1 transmit for RS232 serial communication Default
47 | ICP1/PD4 -
48 | XCK1/PD5 GPIO* (Available on expansion slot of the microcontroller -
49 | T1/PD6 socket) -
50 | TO/PD7 --
51 | PGO/WR GPIO* (Available on expansion slot of the microcontroller -
52 | PG1/RD socket) -
53 | PCO LCD control line RS (Register Select) Output
54 [ PC1 LCD control line RW(Read/Write Select) Output
55 | PC2 LCD control line EN(Enable Signal) Output
56 | PC3 Buzzer Output
57 | PC4

22 igz LCD data lines (4-bit mode) Output
60 | PC7

61 | VCC 5V

62 | GND Ground

63 | PJO/RXD3/PCINT9

64 | PJ1/TXD3/PCINT10

65 | PJ2/XCK3/PCINTI11

LED bargraph display and GPIO* (Available on expansion

66 | PI3/PCINTI2 slot of the microcontroller socket) Output
67 | PJ4/PCINTI3
68 | PJ5/PCINT14
69 | PJ6/PCINT15

Red LEDs of white line sensor enable/disable. **#***
70 | PGZ/ALE Turns off these sensors when output is logic 1 Output
71 | PA7 C2-2 Logic input 2 for C2 motor drive Output
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72 | PA6 C2-1 Logic input 1 for C2 motor drive Output
73 | PAS C1-2 Logic input 2 for C1 motor drive Output
74 | PA4 Cl1-1 Logic input 1 for C1 motor drive Output
75 | PA3 Logic input 1 for Right motor (Right back) Output
76 | PA2 Logic input 2 for Right motor (Right forward) Output
77 | PA1 Logic input 2 for Left motor (Left forward) Output
78 [ PAO Logic input 1 for Left motor (Left back) Output
79 | pr7 LED Bar Graph and GPIO* (Available on expansion slot of
the microcontroller socket)
80 | VCC 5V
81 | GND Ground
82 | PK7/ADC15/PCINT23 ADC Input For Servo Pod 2 Input.
(Floating)
83 | PK6/ADC14/PCINT22 ADC Input For Servo Pod 1 Input
(Floating)
. Input
84 | PKS/ADC13/PCINT21 ADC input for Sharp IR range sensor 5 (Floating)
. Input
85 | PK4/ADCI12/PCINT20 ADC input for Sharp IR range sensor 4 (Floating)
. Input
86 | PK3/ADC11/PCINT19 ADC input for Sharp IR range sensor 3 (Floating)
. Input
87 | PK2/ADC10/PCINT18 ADC input for Sharp IR range sensor 2 (Floating)
. Input
88 | PK1I/ADCY/PCINT17 ADC input for Sharp IR range sensor 1 (Floating)
. .. Input
89 | PKO/ADCS8/PCINT16 ADC input for IR proximity analog sensor 5 (Floating)
. .. Input
sfeskeoskeoskosk
90 | PF7(ADC7/TDI) ADC input for IR proximity analog sensor 4 (Floating)
. . Input
skoskokokosk
91 | PF6/(ADC6/TDO) ADC input for IR proximity analog sensor 3 (Floating)
. .. Input
stk sk
92 | PF5(ADC5/TMS) ADC input for IR proximity analog sensor 2 (Floating)
. .. Input
sfeskeoskeoskosk
93 | PF4/ADC4/TCK ADC input for IR proximity analog sensor 1 (Floating)
94 | PF3/ADC3 ADC input for white line sensor 1 Input.
(Floating)
95 | PF2/ADC2 ADC input for white line sensor 2 Input .
(Floating)
96 | PF1/ADCI ADC input for white line sensor 3 Input .
(Floating)
. . Input
97 | PFO/ADCO ADC input for battery voltage monitoring (Floating)
98 | AREF ADC reference voltage pin (5V external) ******
99 | GND Ground
100 | AVCC 5V

Table 4.1: ATMEGA2560 microcontroller pin connections
* Not used pins are by default initialized to input and kept floating. These pins are available on

the expansion slot of the ATMEGA2560 microcontroller adapter board. Some pins are especially
reserved for servo motor interfacing for the Fire Bird V Hexapod robot.
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** MOSI, MISO, SCK and SS pins of ATMEGA2560 are associated to the ISP (In System
programming) port as well as the SPI interface to ATMEGAS. J4 needs to be disconnected
before doing ISP. To communicate with ATMEGAS jumper J4 needs to be in place. For more
details refer to section 3.19.6.

*#* PORTB pin5, 6, 7 are OC1A, OC1B, OCIC of the Timerl. These pins are connected to the
servo motor sockets S1, S2, S3 on the microcontroller adapter board.

*#x% External Crystal of 32 KHz is connected to the pins PG3 and PG4 to generate clock for
RTC (Real Time Clock).

*#%x% For using Analog IR proximity (1, 2, 3 and 4) sensors short the jumper J2. To use JTAG
or interface external analog sensors via expansion slot of the microcontroller socket remove
these jumpers.

*askx*k AREF can be obtained from the 5V microcontroller or 5V analog reference generator IC
REF5050 (optional). For more details refer to section 3.19.9.

*eadckxkx Sensor’s switching can be controlled only is if corresponding jumpers are open. For
more details refer to section 3.11 and 3.12.

skl External interrupt from the position encoder C1 is disabled by removing short on pad
P1 near CD40106 Schmitt trigger inverter buffer to avoid its wire ANDing with the interrupt
switch. Refer section 3.9 and 3.19.3 for details.

Aok ® Refer the errata section for more details, where modification required for using PH4
port pin of microcontroller.
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4.2 ATMEGAS (slave) microcontroller pin configuration

Pin No. Pin name USED FOR
1 INT1/PD3 Not Used
2 XCK/TOSC1/PB6 Not Used
3 GND Ground
4 VCC 5V
5 GND Ground
6 VCC 5V
7 XTAL1/TOSC1/PB6 Not Used
8 XTAL2/TOSC1/PB7 Not Used
9 (T1) PD5 Not Used
10 (AINO) PD6 Not Used
11 (AIN1) PD7 Not Used
12 (ICP) PBO Not Used
13 (OC1A) PB1 Not Used
14 (SS/OC1B) PB2
15 (MOSI/OC2) PB3 ISP (In System Programming) and SPI Communication
16 (MISO) PB4 with ATMEGA2560. *
17 PBS5 (SCK)
18 AVCC 5V
19 ADC6 ADC input for IR proximity analog sensor 7
20 AREF 5V
21 GND Ground
22 ADC7 ADC input for IR proximity analog sensor 8
23 PCO (ADCO) ADC input for white line sensor 4
24 PC1 (ADCI) ADC input for white line sensor 5/Servo pod
25 PC2 (ADC2) ADC input for white line sensor 6
26 PC3 (ADC3) ADC input for white line sensor 7/Servo pod
27 PC4 (ADC4/SDA) ADC input for Current Sensing IC ACS712
28 PC5 (ADC5/SCL) ADC input for IR proximity analog sensor 6
29 PC6 (RESET) Microcontroller reset
30 PDO (RXD) Not Used
31 PD1 (TXD) Not Used
32 PD2 (INTO) Not Used

Table 4.2: ATMEGAS microcontroller pin connections

* MOSI, MISO, SCK and SS pins of ATMEGA2560 are associated to the ISP (In System
programming) port as well as the SPI interface to ATMEGAS. J4 needs to be disconnected
before doing ISP. To communicate with ATMEGAS jumper J4 needs to be in place. For more
details refer to section 3.19.6 J4.
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4.3 ATMEGA2560 Microcontroller Board Expansion Socket

ATMEGA2560 is a feature rich microcontroller with lots of available I/O ports. Many of the
ports are available on the uC Expansion Socket. Table 4.3 lists the connection details of all the
pins of the socket.

i

o
—

= DO ‘pe ‘»x 00 W
Figure 4.1: Expansion Header on Microcontroller Board

Pin No. Function

UART2 TXD pin of ATMEGA2560 via Jumper 1 (uC pin 13)

UART2 RXD pin of ATMEGA2560 via Jumper 1 (uC pin 12)

ATMEGA2560 interrupt 7 pin / CLKO / ICP3 (uC pin9)

OC4B / PH4 / GPIO (uC pin 16), Also connected to RX pin of 1* ultrasonic sensor
triggering.

5 OC4C / PHS / GPIO (uC pin 17)

6 OC2B / PH6 / GPIO (uC pin 18)

7 TDO (JTAG)* / ADC6* / IR proximity sensor 3 (uC pin 91)

8

9

AlWIN|—

TDI (JTAG)* / ADC7* / IR Proximity sensor 4 (uC pin 90)
TMS (JTAG) */ ADC5* / IR Proximity sensor 2 (uC pin 92)
10 TCK (JTAG)* / ADC4* / IR Proximity sensor 1 (uC pin 93)
11 ATMEGA2560 Slave Select (SS) pin PBO (uC pin 19) **

12 No Connection till the version 2009-12-08. Connected to V Batt supply in version 2010-
11-25 onwards.

13 MOSI / PB2 (uC pin 21)**

14 SCK /PBI1 (uC pin 20)**

15 RESET (uC pin 30)

16 MISO / PB3 (uC pin 22)**

17 PL7 / GPIO (uC pin 42)

18 PL6 / GPIO (uC pin 41)

19 SDA /PDI1 /INT1 / GPIO (uC pin 44)

20 SCL /PDO /INTO / GPIO (uC pin 43)

21 5V System Voltage. Can be used for powering up any digital device. Current Limit:
400mA.

22 5V System Voltage. Can be used for powering up any digital device. Current Limit:
400mA.

23 Ground

24 Ground

25 ICP1 /PD4 / GPIO (uC pin 47)

26 T4 /PH7 / GPIO (uC pin 27)

27 ICP5 /PL1 / GPIO (uC pin 36)

28 ICP4 / PLO / GPIO (uC pin 35), Also connected to RSSI pin of XBee module
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29 XCK1/PD5/GPIO (uC pin 48)
30 T5/PL2/ GPIO (uC pin 37)

31 PG1 / GPIO (uC pin 52)

32 PGO (uC pin 51)

33 T1/PD6 / GPIO (uC pin 49)

34 T0 /PD7 (uC pin 50)

35
36
37 TXD1 /INT3 / PD3: Connected to the MAX 202 for RS232 communication. Do not use
for other purpose unless connection with MAX 202 is removed. (uC pin 46)

38 RXD1 /INT2 / PD2: Connected to the MAX 202 for RS232 communication. Do not use
for other purpose unless connection with MAX 202 is removed. (uC pin 45)

39 PJ6 / GPIO (uC pin 69)***

40 PJ7 / GPIO (uC pin 79) ***

41 PJ4 / GPIO (uC pin 67) ***

42 PJ5 / GPIO (uC pin 68) ***

43 PJ2 / GPIO (uC pin 65) ***

44 PJ3 / GPIO (uC pin 66) ***

45 RXD3 / PJO / GPIO (uC pin 63)****

46 TXD3 /PJ1/GPIO (uC pin 64)****

47
48
49
50
51
52
53
54
55
56

Table 4.3: ATMEGA2560 microcontroller board expansion header table

No Connections

No Connections

Note:

* In order to use these pins as JTAG or as ADC for external sensor interfacing, remove all 4
connectors for the jumper 2 of the microcontroller board. When jumpers are removed IR
Proximity sensor 1 to 4 will be disconnected from the robot.

** Pins can be used as SPI bus. These pins are already connected to slave ATMEGAS
microcontroller via J4 of the microcontroller board. Before using it as a SPI bus for external
device interfacing, remove J4 to disconnect ATMEGAS slave microcontroller or use different
pin of the microcontroller as SS (slave select).

*#% All the pins of the PORTJ are connected to the bargraph LED display. While using these
pins as GPIO to turnoff this bargraph LED display, remove jumper J3 of the microcontroller
board.

*#%% PJO and PJ1 can be used as GPIO as well as TXD and RXD for UART 3. These pins are
also connected to bargraph LED display. While using these pins as UART 3, jumper J3 must be
removed to disable bargraph LED display in order to avoid loading on the TXD and RXD lines
of the device which is connected with the ATMEGA2560 microcontroller.
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4.4 Microcontroller adapter board socket connections on the main board
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Figure 4.2: Microcontroller adapter board socket connections on the main board

Pin No. Pin Name uC Board Connection Function

1 CS* ATMEGAS8 ADC4 Current sense analog value

2 IR Proximity sensor 8 ATMEGAS8 ADC7 IR Proximity sensor 8 analog value

3 Ground Ground Ground

4 USB Data+ Pin 15 of FT232 USB to USB connection going to the ATMEGA2560
serial converter going to microcontroller via FT232 USB to serial
UART 2 of ATMEGA2560 converter.
via jumper J1 To enable USB communication, set Jumper 1

5 USB Data- Pin 16 of FT232 USB to as shown in the figure 6.2
serial converter going to
UART 2 of ATMEGA2560
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via jumper J1

6 VUSB FT232 pin20 and pin4 (5V to

the FT232 USB to serial
converter)

7 5V System Not connected 5V System Voltage. Can be used for powering
up any digital device with current limit of
400mA.

8 5V Sensor Not connected 5V Sensor voltage. Can be used for additional
sensor interfacing with
current limit: 300mA

9 5V Sensor Not connected 5V Sensor voltage. Can be used for additional
sensor interfacing with
current limit: 300mA

10 5V System Not connected 5V System voltage. Can be used for powering
up any digital device with
Current Limit: 400mA

11 SHARP IR Range Sensor 1 | ATMEGA2560 ADC9 Analog output of Sharp IR range Sensor 1

12 IR Proximity Sensor 1 ATMEGA2560 ADC4 Analog output of IR Proximity sensor 1

13 XBee RXD UARTO of ATMEGA2560 XBee wireless module Serial data in

14 XBee TXD UARTO of ATMEGA2560 XBee wireless module Serial data out

15 SHARP IR Range Sensor 2 | ATMEGA2560 ADCI10 Analog output of Sharp IR range sensor 2

16 IR Proximity Sensor 2 ATMEGA2560 ADCS5 Analog output of IR Proximity sensor 2

17A RSSI ATMEGA2560 INT7 To capture the RSSI signal
17B Ultrasonic Trigger ATMEGA2560 PH4** To give the Trigger for 1* Ultrasonic Sensor
18 MOSI ATMEGA2560 Pin 21 SPI Communication lines for communication
19 MISO ATMEGA2560 Pin 22 with ATMEGAS via Jumper 4 and for
20 SCK ATMEGA2560 Pin 20 programming ATMEGA2560 in ISP mode
21 SSI ATMEGA2560 Pin 19
22 RS ATMEGA2560 PCO LCD Register Select pin (Command)
23 RW ATMEGA2560 PC1 LCD Read Write pin (Command)
24 EN ATMEGA2560 PC2 LCD Enable pin (Command)
25 DBS5 ATMEGA2560 PC5 LCD data bit 5
26 DB4 ATMEGA2560 PC4 LCD data bit 4
27 DB6 ATMEGA2560 PC6 LCD data bit 6
28 DB7 ATMEGA2560 PC7 LCD data bit 7
29 V Battery System ATMEGA2560 ADCO V Battery System (9V to 11.4V depending on
battery status). Unregulated Supply for
additional module interfacing. Maximum
current capacity: 1Amp
32 White Line Sensor 1 ATMEGA2560 ADC3 Analog output of white line sensor 1
31 White Line Sensor 2 ATMEGA2560 ADC2 Analog output of white line sensor 2
32 White Line Sensor 3 ATMEGA2560 ADC1 Analog output of white line sensor 3
33 Sharp IR Sensors land 5 ATMEGA2560 PH3 TTL/CMOS input. Disable Sharp IR range
Disable sensors, when V>2 is applied. When V<0.65
Sharp IR range sensors are turned on.
34 IR Proximity Sensor ATMEGA2560 PH2 TTL/CMOS input. Disable IR proximity
Disable sensors 1 and 8 when V>2 is applied. When
V<0.65 IR proximity sensors are turned on.
35 5V System Not connected 5V system Voltage. Can be used for powering
up any digital device. Current Limit: 400mA.
36 White Line 4 ATMEGAS8 ADCO Analog output of white line sensor 4
37 White Line 5 ATMEGAS8 ADC1 Analog output of white line sensor 5
38 White Line 6 ATMEGAS8 ADC2 Analog output of white line sensor 6
39 White Line 7 ATMEGAS ADC3 Analog output of white line sensor 7
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40 White Line Sensors ATMEGA2560 PG2 TTL/CMOS input. Disable White line sensors
Disable when V>2 is applied. When V<0.65 white line
sensors are turned on.
41 Sharp IR Range Finder 3 ATMEGA2560 ADCI11 Analog output of Sharp IR range sensor 3
42 IR Proximity Sensor 3 ATMEGA2560 ADC6 Analog output of IR Proximity sensor 3
43 IR Proximity Sensor 4 ATMEGA2560 ADC7 Analog output of IR Proximity sensor 4
44 Sharp IR Range Finder 4 ATMEGA2560 ADCI12 Analog output of Sharp IR Range sensor 4
45 Sharp IR Range Finder 5 ATMEGA2560 ADC13 Analog output of Sharp IR Range sensor 5
46 IR Proximity Sensor 5 ATMEGA2560 ADC8 Analog output of IR Proximity sensor 5
47 Cll1 ATMEGA2560 PA4 Logic input 1 for C1 motor drive
48 Cl PWM ATMEGA2560 OC5C PWM input for C1 motor drive
49 Cl2 ATMEGA2560 PA45 Logic input 2 for C1 motor drive
50 PWM L ATMEGA2560 OC5A PWM input for Left motor drive
51 Ll ATMEGA2560 PAO Logic input 1 for Left motor drive
52 L2 ATMEGA2560 PA1 Logic input 2 for Left motor drive
53 R1 ATMEGA2560 PA2 Logic input 1 for Right motor drive
54 PWMR ATMEGA2560 OC5B PWM input for Right motor drive
55 R2 ATMEGA2560 PA3 Logic input 2 for Right motor drive
56 Not connected Not Used
57 Not connected Not Used
58 Not connected Not Used
59 Not connected Not Used
60 Not connected Not Used
61 Not connected Not Used
62 Position Encoder Left ATMEGA2560 PE4(INT4) Output of Left position encoder (0-5V)
63 Position Encoder Right ATMEGA2560 PES(INTS) Output of Right position encoder (0-5V)
64 Position Encoder C2 ATMEGA2560 PE6(INT6) Output of C2 position encoder (0-5V)
65 Position Encoder C1 ATMEGA2560 PE7(INT7) Output of C1 position encoder (0-5V)
66 C22 ATMEGA2560 PA7 Logic input 2 for C2 motor drive
67 C21 ATMEGA2560 PA6 Logic input 1 for C2 motor drive
68 C2 PWM ATMEGA2560 OC3A PWM input for C2 motor drive
69 IR Proximity Sensor 6 ATMEGAS8 ADCS5 Analog output of IR Proximity sensor 6
70 IR Proximity Sensor 7 ATMEGAS8 ADC6 Analog output of IR Proximity sensor 7
71 BUZZER ATMEGA2560 PC3 Input, V>0.65V turns on the Buzzer
72 DAC OUT Not connected Not connected
73 RS232 TXD UART1(RXD) of RS232 Transmit, connected to DB9 serial
ATMEGA2560 via connector on main board.
MAX202, TTL to RS232
Converter
74 RS232 RXD UARTI1(TXD) of RS232 Receive, connected to DB9 serial
ATMEGA2560 via connector on main board.

MAX202, TTL to RS232
Converter

Table 4.4: ATMEGA2560 Microcontroller adapter board socket connections with the main

Note:

board

* CS will give output only if ACS712 hall effect current sensor is soldered on the main board
** refer errata section of this manual
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5. Upgrading Robot’s Hardware

In this chapter mounting of various modules of the robot are covered in pictorial way.

P
o T
o atﬂ'_;']' |

Figure 5.1: Fire Bird V main board
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5.1 Installing XBee wireless module

Figure 5.2: Mounting the XBee wireless module
* Mount the ZigBee wireless module in the proper orientation.
* You might have to configure ZigBee wireless module to the appropriate settings using
XBee USB wireless module and X-CTU software. For more details refer to Application
notes.

5.2 Setting correct jumper settings on the main board

s ® s s e s e

® e s s s s o s s
e 5 8 % 8 e 9w e s &g
® s 8 s u w8 s s

Serial Port
Figure 5.3: Set jumpers as per the requirements (for more details refer to chapter 3)
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5.3 LCD mounting
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Figure 5.4: LCD mounting

* Be careful while inserting LCD connector pins into the socket on the main board. Screw in

the LCD firmly on the studs.
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5.4 Microcontroller adapter board mounting
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Figure 5.5: ATMEGA2560 (AVR), P89V51RD2 (8051) and LPC2148 ARM7
microcontroller adapter boards for Fire Bird V
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Figure 5.6: Microcontroller adapter board mounting
* Do not apply unnecessary pressure onto the PCB while inserting into the connectors on
the main board. Check for any bent pins before inserting the PCB. Mount 3 screws on the

microcontroller board.
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5.5 Sharp IR Range sensor mounting

Step 1: Cut the front section of white connector of the Sharp IR range sensor

Figure 5.8: Sharp IR range sensor mounting kit

Step 2: Mount the 20mm studs on the main board, where sharp sensor is to be fitted. In figure
5.9, area highlighted with the red border shows the mounted studs from the Sharp IR range
sensor mounting Kkit.

e Seo

15120300080 3

%

Figure 5.9: Mount 20mm studs from the Sharp sensor mounting kit
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Step 3: Fix the Sharp IR range sensor on its holder.
Holder for the Sharp IR range sensor is highlighted in the figure 5.10 by blue border.
ol B 1R

Figure 5.10: Mounting of the Sharp IR range sensor

Step 4: Remove the yellow colored paper stripe from the adhesive tape from the metal plate
which is shown in figure 5.8.
Fix the metal plate on top of the Sharp sensor and fit the screws.

Figure 5.11: Fitting metal plate on top of the Sharp IR range sensor
* Do not apply extreme pressure while pressing down the sharp sensors to fit into the
socket.
* Make sure that you remove yellow paper before mounting the metal plate on the Sharp IR
range sensor.
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5.6 Mount top Acrylic plate on the robot
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Figure 5.12: Install top acrylic plate
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6. PC Based Control Using Serial Communication

In this chapter, simple robot control over wired (USB / serial) or wireless medium (XBee
wireless module) is covered. User can expand this protocol further to write his own applications.
Using good packet based protocol, user can design applications involving complex multi robot
communication scheme with robots to robots and robots to PCs simultaneous communication. A
more bit advanced communication protocol for the robot control and sensor data acquisition is
covered in the chapter 7.

6.1: Communication protocol for simple robot control

Character | ASCII value | Action
8 0x38 Forward
2 0x32 Backward
4 0x34 Left
6 0x36 Right
5 0x35 Stop
7 0x37 Buzzer On
9 0x39 Buzzer Off

Table 6.1: Control commands for the simple robot control protocol

Table 6.1 shows the simple robot control protocol. Using this, robot can be moved in forward,
backward, left or right directions and its buzzer can be turned on or off. You can use any serial
port control software such as hyper terminal or terminal.exe etc. For user friendliness keys of the
numerical pad of standard 104 keys “querty” keyboards are used. When a particular number key
is pressed, its ASCII character value is transmitted over serial / USB port. Robot receives this
ASCII values and based on its value it actuates its motors, buzzer etc. Keys are mapped in the
intuitive way on the Numerical pad of the keyboard.

This communication protocol is covered in the following experiments which are located in the
“Experiments” folder in the documentation CD. All these experiments are exactly same only
UART port number is different.

1. 13A_Serial Communication: Serial communication via RS232 serial port.
13B_Serial Communication USB-RS232: Serial communication via onboard FT232
USB to Serial Converter

3. 13C_Serial Communication ZigBee wireless: Serial communication via XBee wireless
module (if installed).

Section 6.2 and 6.3 covers robot control using PC’s USB port and XBee wireless module.

Important:
While using “Numerical Pad” of the key board, make sure that “Num Lock” is on.
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6.2 Robot control using RS232 serial port
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Figure 6.1: Connecting RS232 serial port with the PC

UARTI of the ATMEGA2560 microcontroller is connected to the serial port via MAX202
UART to RS232 converter. For robot control over RS232 serial port application example we
need to load “I13A Serial Communication.hex” on the robot which is located in the

“Experiments” folder in the documentation CD.

For robot control over serial port we use Terminal software from NEX Robotics. It is located in
the “Software” folder in the documentation CD. Installation and the use of the terminal software

from NEX Robotics is covered in the section 6.7.
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6.3 Robot control using USB port

Fire Bird V ATMEGA2560 has onboard USB port for direct interface with PC. USB interfacing
is based on FT232 USB to serial converter. For robot control over USB port application, we need
to load “13B_Serial Communication USB-RS232.hex” on the robot which is located in the
“Experiments” folder in the documentation CD.

FT232 USB to serial converter can be connected with UART 2 of the ATMEGA2560
microcontroller via Jumper J1. Figure 6.2 shows the correct jumper setting for connecting FT232
with the microcontroller.

i o E
T et =T
o

Figure 6.2: Jumper setting to enable USB communication

Before using USB port we need to install the driver software for FT232 USB to serial converter.
The software is located in the “Software and Drivers \ CDM 2.06.00 WHQL Certified” folder.
For driver installation process refer to section 6.5.

For robot control over serial port we use Terminal software from NEX Robotics. It is located in
the “Software” folder in the documentation CD. Installation and the use of the terminal software
from NEX Robotics is covered in the section 6.7.

Important:

*  When using USB port for the communication, for proper operation first turn on the robot
then insert the USB cable in the robot. We have to follow this sequence because USB to
serial converter chip is powered by USB. If any fault occurs then turn off the robot and
remove the USB cable and repeat the same procedure.

* Make sure that jumper is configured to enable USB communication. Jumpers should be
in the position as shown in the Figure 6.2.
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6.4 Robot control using XBee wireless communication module

Figure 6.3: XBee Wireless USB Module from NEX Robotics

Fire Bird V ATMEGA2560 has onboard socket for XBee and XBee Pro modules from Digi
International. For robot to PC communication we need to install XBee wireless module on the
robot and XBee USB wireless module for connection with the PC. XBee wireless module is
connected to the UART 0 of the ATMEGA2560 microcontroller. For Robot control over
wireless link we need to load “13C Serial Communication ZigBee wireless.hex” on the robot
which is located in the “Experiments” folder in the documentation CD. For XBee wireless
module installation on the robot, refer to chapter 5.

XBee USB wireless module has onboard FT232 USB to serial converter. You need to install
drivers for FT232 USB to serial converter before starting communication. software is located in
the “Software and Drivers \ CDM 2.06.00 WHQL Certified” folder. For driver installation
process refer to section 6.5.

For robot control over serial port we use Terminal software from NEX Robotics. It is located in
the “Software” folder in the documentation CD. Installation and the use of the terminal software
from NEX Robotics is covered in the section 6.7.

Important:

* XBee wireless modules are factory set at the 9600 bps. While shipping with the robot
they are set at 115200 bps by NEX Robotics using XCTU software. Application example
“13C _Serial Communication ZigBee wireless.hex” requires 9600 bps. For this
application you need to set baud rate at 9600 bps. How to change the baud rate of the
XBee wireless module using XCTU software is covered in the application note which is
located in the “Manuals and Application notes” folder in the documentation CD.

*  Wait for at least 8 seconds to start the wireless communication after turning on the robot
and the USB wireless module.
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6.5 Installing drivers of FT232 USB to Serial Converter

FT232 USB to serial converter is present on the ATMEGA2560 microcontroller adaptor board
and XBee USB wireless module. Before using these devices you need to install drivers for the
FT232 USB to serial converter.

Steps to install the drivers for FT232 USB to serial converter:

Step 1:
Copy the driver installation folder on your PC from “Software and Drivers \ CDM 2.06.00
WHQL Certified” Folder which is located in the documentation CD.

Step 2:
Connect the USB to serial converter cable between robot and the PC

Step 3:
On connecting the device “Found New Hardware” message will appear in the task bar tray and
the following window opens.

/
Microsoft ' u
Windows -

Professional

i) Found Mew Hardware |3 ne
FT232R USE UART

Frioject
2 0

151

Figure 6.4

Step 4:
Check on the radio button “No, not this time” and then click on the next button.
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Found Mew Hardware Wizard

Welcome to the Found New
Hardware Wizard

Windows will zearch for current and updated software by
lnaking on pour computer, on the hardware installation CD, or on
the Windows Update Web zite [with your permizzion).

=}

Can Windows connect to windows Update to search for
software?

(70 Yes, this time anly

ez, how and every time | connect a device

Click Mext to contifiue.

Mests | [ cancel

Figure 6.5

The following window will appear.

Found Mew Hardware Wizard

Thig wizard helps vou install zoftware for:

FT232R USE UART

ii_"_j If your hardware came with an installation CD
g~ or Hoppy dizk, insert it now.

What do you want the wizard to da?

@) Inztall the software automatically (R ecommended)
(7 Install from a list or specific location [&dvanced)

Click Mest to continue. %
4 E_gck _Ne:-_:t » l: _I_:_ancel
Figure 6.6

Select the second option manually to install the drivers and click on next button.
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Step 5:

Now check the second option and set the location of folder containing drivers

E.g.(C:\CDM 2.06.00 WHQL Certified).

Found Mew Hardware Wizard

Please choose your search and installation options.

@ Search for the best diver in these locations.

[ Search removable media [floppy, CO-ROM...)

v

(1 Dan't search. | will choose the driver to install.

- | Browse

o

Uze the check boxes below to limit or expand the default search, which includes local
pathz and remowvable media. The best driver found will be inztalled.

Choose thiz option to select the device driver from a list. “Windows does not guarantee that
the driver pou chooze will be the best ratch for your hardware,

@ ¢ Back ' Mest » I Cancel
Figure 6.7
Step 6:
On clicking next driver installation will begin.
Found New Hardware Wizard ]
Please wait while the wizard searches_.. .
¢ i.,-.’lli;. FT232R USB U&RT
3
[cBack || qyir | [ Cancel |
Figure 6.8
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Step 7:
On successfully installing the driver following window will appear. Click Finish to complete the
installation.

Found New Hardware Wizard

Completing the Found New
%’ Hardware Wizard
\

The wizard has finished installing the software for:

USE Serial Converter

&

Click Finish to close the wizard.

Figure 6.9

After installation of FT232 USB UART software, PC may ask for USB serial port software. To
install this software follow steps 1 to 7 of USB serial converter software installation.
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6.6 Identifying and changing COM Port number of the USB to serial
converter or XBee USB wireless module

In some software you may need to tell the COM port number before establishing
communication. Follow these steps to identify or change the COM port number. Don’t change
the COM port number unless it is absolutely necessary. It may result in making some of your
software unstable.

Step 1:
Right Click My Computer and click on properties. System properties window will appear.

System Properties

System Restore ? Automatic Lpdates ! Femote
General f_ Computer Mame Hardware I Advanced

System:
Microzoft ‘windowgsP
. | Professional
I.'r] '[j Wersion 2002
u; . .' Service Pack 2
= Regiztered to:
: lab
abc
55274-640-5150253-23096

Computer:
Intel(F]
Pentium(R] D CPU 2.40GHz
3.40 GHz, 1.9 GB of RAM
Phyzical fiddress Extension

[ OF, ] [ Cancel ]

Figure 6.10

Step 2:
Click on the Device manager in the Hardware tab.

System Properties

_System Restare ._ _ Automatic Updates ! : Remate
General | ComputerMame | Hardware | Advanced

Device Manager

= The Device Manager listz all the hardware devices installed
| —— on your computer. Use the Device Manager to change the

properties of any device.

Drriver Signing lets you make sure that installed drivers are
compatible with Windows. Windows Update lets you set up
how Windows connects to Windows Update for drivers

Drrivers

[ Diriver Signing ] [ ‘windows Lpdate

Hardware Profiles

Hardware profiles provide a way for you to set up and store
different hardware configurations.

Hardware Profiles

[ Ok ] [ Cancel ]

Figure 6.11
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Expand Ports (Com & LPT) tree. COM Port number is mentioned in the parenthesis next to USB

Serial Port.

£ Device Manager

File  Action Yiew Help

CEEX

a0 Disk drives
B g Display adapters
1.2} DYDCD-ROM drives
-39 Human Interface Devices
4% IDE ATAJATAPT controlers
B &g IEEE 1394 Bus host controllers
+ {z# Keyboards

'y Mice and other pointing devices
+ g Monitars
- B8 Network adapters
'— @ Other devices
AN T E 2=
- Parts (COM & LPT)
‘' Communications Part (oMLY

ECP Printer Port (LPT1)

o UsE Serial Port (COM3)
Eek FOCESSOrS l%
+€% 351 and RAID controllers
+B Sound, videa and game controllers

Figure 6.12

Step 4:

You can change the port number by right clicking on “USB serial Port” and select properties.

USB Serial Port {COM3) Properties

L-General Fort Settings |-Dri\rer-- Details |

Bitz per second: | 600

Data bits: |8 |

Farity: IUJ lone ﬂ

Stop bitz: i1 V=
Flowe control: : MNone

Advanced

l [ Restore Defaults ]

3

l

ak. ] [ Cancel

Figure 6.13

In the Port settings tab click on the Advanced button, the following window will appear.
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Step 5:
Select the new COM port number and click ok.

Advanced Settings for COM3

COM Part Numnber: :CDM3 T~

ar.
Al
USE Transfer Sizes |COM4 [in use] -

COMS fin use] i)
Select lower settind COME [in uze) ance problems at law baud rates.

Select higher setti] COM7 [in use] ance.
COME [in use]
: COMA [in use) - —
Receive [Bytes): |COM10 96 |
ComM11 - )
E - [COMTZ (i uge |
Tranzmit [Bytes): COM13 96 |
COmM14

COM15
Bt Optionz COMIG izzellansous O ptionz

 |Com17 p
Select lower settindCOM15 e problems. Senal Enumerator [
COmM13

[

ComMz0 - - Serial Prirnter
CoM21 - )
COM22 Cancel [f Power Off

Latency Timer [ms L]
O
Tirneouts: COM23 Event On Surprise Remaval ]
O
ol

ComM24
COMz25 | S Set RTS On Close

Wi Bead T Egmg? s ) Dizable Moderm Chrl At Startup

- 4 |COM28 I z|
Mirirnum 'rite Ting COM29 5 i

COm30

Figure 6.14

6.7 Use of Terminal software from NEX Robotics for Robot control

Terminal is easy to use free software for serial communication written by NEX Robotics. It is
located in the “Software and Drivers” folder in the documentation CD. In the following example
we will be using Serial communication protocol covered in the section 6.

Connect Serial / USB cable between robot and PC or connect XBee wireless module on the robot
and connect XBee USB wireless module on the PC and load correct .hex file on the robot as
mentioned in the sections 6.2, 6.3 and 6.4. Pay special attention to the text highlighted as
“important”.

6.7.1 Terminal Software Installation

Step 1:
Copy Terminal software setup from the “Software” folder of the documentation CD to PC. To
start installation process click on the “Setup” thumbnail (not “Terminal Setup” thumbnail).

Step 2:
Go through the installation process and select correct options to complete the installation.

© NEX Robotics Pvt. Ltd. and ERTS Lab, CSE, IIT Bombay, INDIA 106



Fire Bird V ATMEGA2560 Hardware Manual

‘E‘ SerialPort Terminal = iﬁ! SerialPort Terminal @I@g
Welcome to the SerialPort Terminal Setup Wizard Select Installation Folder
The ingtaller will quide you through the steps required to install SerialPort Terminal on your computer, The installer will install SerialPart Terminal to the following folder.

Toinstall in this folder, click “"Next". To install to a different folder, enter it below or click "Browse"

Folder:

C:\Program Files\NEX RoboticshSeralPort Terminall, Browse

Copyright © MNEX Robatics Pyt Ltd Install SeralPort Temminal for yourself, or for anyone who uses this computer:

@ Everyone

 (Bak _[i Mest » i [ Cancel ] [ < Back ] [ Mext > ]
Figure 6.15

1) serialPort Terminal =l 1) SerialPort Terminal o =
Installing SerialPort Terminal Installation Complete
SernalPart Terminal is being installed. SenalPart Terminal has been successfully installed,
Click *'Close' to exit.
Please wait...

[.

< Back Mext > [ Cancel | < Back |

— —_— — —

Figure 6.16
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Connect any device which is to be used to USB / serial port. Install its driver.

Go to Start menu and click on the Serial Terminal.

.. Catalyst Control Center
. CorelDRAW Graphics Suite 12
§ Dell
.. Dell DataSafe
. Dell Remote Access
.. Dell Support Center
. Dell Video Chat
Dell Webcam
. DigitalPersona Fingerprint Software
. EAGLE Layout Editor 411
. Bxtras and Upgrades
. FIRE BIRD V Atmega2560 Tank Robot
Games
. IP Camera
.. Maintenance
Micresoft Office
0 Microsoft Works
. Mozilla Firefox
., Morton 360 Premier Edition
. Reliance Metconnect - Broadband+
'/ Roxic Creator DE
. SerialPort Terminal
® SerialPort Terminal
‘B Uninstall SerialPort Terminal

Documents

Pictures

Music

Games

Recent ltems

Computer

Network

Connect To

Control Panel
Default Programs

Help and Support

4 Back
Start Search s (1) '-rﬂ—’“’—
Figure 6.17
Terminal software will open.
% Serial Terminal E@lﬂ
Il Serial Port Setting Data Mode Connect
COMPort  Baud Rate Parity Data Bits  Stop Bits @ Text
- | 5600 » | MNone -| 8 + (One - l_' Hex

Send Data:

Application Started at 20-12-2010 19:17-19

Figure 6.18
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Step 2:

Select the COM port. If required, identify the COM port (refer to section 6.6)

Set the baud rate at 9600bps, Data Mode as text and press connect.

% Serial Terminal

" Figure 6.19

Step 3:
Make the Num lock on for the keyboard.

| £7
| || seriatl Part Setfing Data Mode m
COM Port Baud Rate Parity Data Bits ~ Stop Bits @) Text Clea-r
8] 5600 MNone 8 One
b,
Send Data: |
Application Started at 20-12-2010 19:17:19

Load proper firmware (.hex file) on the robot as per the mode of communication (refer to section

6.2, 6.3 and 6.4).

Turn on the robot. Connect the Serial / USB wire or XBee wireless link between robot and PC

Use number keys of the key pad to control the robot.
For control commands refer to table 6.1.

S =5 =
e Mone 8 One

COM17

5 Serial Terminal ==
Serial Port Setfing Data Mode
COMPort BaudRate  Parity Data Bits  Stop Bits @ Text

RECEIVED DATA

DATATO BE SENT

H
a

SENT DATA

Figure 6.20
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Refer to figure 6.20. Serial Terminal software has 3 windows. In the middle window you can
type data to be sent. You can also send a single number of the strings of numbers

To send the ASCII value of the character typed select Data Mode as text. It you want to send
HEX data then select hex button in the Data Mode frame.

Sent data is displayed in the bottom window.
Received data is displayed in the top window.

In all three application examples mentioned in section 6.2, 6.3 and 6.4 robot sends back echo of
the received data apart from executing the motion commands.
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7. Robot Control using ‘GUD’ for Fire Bird V
ATMEGA2560

Fire Bird V ATMEGA2560 robot can be controlled by GUI via serial / USB cable or in wireless
mode using XBee wireless module. To control the robot using GUI via appropriate mode of
communication, load appropriate hex file on the robot. GUI works on at the 115200 baud rate.

7.1 Loading firmware on the robot

Step 1:
Following firmware (.hex file) needs to be loaded on the robot depending on the mode of
communication used.

RS232 serial communication: “GUI _ control serial.hex”
USB communication: “GUI control USB.hex”
ZigBee wireless module based communication: “GUI_control wireless.hex”

All these hex files are located in the “GUI and Related Firmware” folder.
For information on how to load hex file, refer to software manual.

Step 2: Connect serial / USB to serial converter cable between robot and PC or install ZigBee
wireless module on the robot and connect wireless ZigBee USB module to the PC. For
connections refer to section 6.2 to 6.6.

Step 3: Install GUI software

7.2 Installing GUI

Step1: Copy “FIRE BIRD V ATMEGA2560 setup” folder which is located inside the folder
“GUI and Related Firmware” from the documentation CD on the PC.

Click on “setup.exe” which is located in the “FIRE BIRD V ATMEGA2560 setup” folder.

Step 2: Click Next Button to continue.

Step 3: Browse the location where set up will install or set the default location and click Next
Button to start the installation.

Step 4: When installation is successfully completed, Click Close to exit.
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{5 FIRE BIRD ¥ Atmega2560

5 FIRE BIRD V. Atmega2560

Welcome to the FIRE BIRD V Atmega?560 Setup Select Installation Folder

Wizard

The inztaller will guide you through the steps required to install FIRE BIRD Y Atmegaz560 on your The installer will install FIRE BIRD % Atmega2560 ta the fallowing folder

computer.
Tainstal in this folder, click "Mest. Toinstall to a different folder, enter it below or click "Browse™.

Fuolder:
C:%Program Files\NE> Hobotics\FIRE BIRD V Atmega25B0%

Browse...
Dizk Cost

Copyright € MEX Robotics Pwt.Lid. Install FIRE BIRD W Atmega2560 for yourself, or for anyane who uses thiz computer;

* Evemone
 Just me
Cancel | [ Cancel < Back
.
Figure 7.1

7.3 Using GUI
Step 1: After successful installation go to Start -> All Programs -> FIRE BIRD V Amega2560
-> FIRE BIRD V Amega2560 or click on Fire Bird V Amega2560 on your desktop location,

GUI will open.

FIRE BIRD V Atmega2560
m Buzzer Servo Control Video v Vohage
coM Por \ | ge | | R sensor
[ )
L& Left / Right Up / Down =12 1 2 3 4 5 6 7 8
[‘Motion Control -180 -180 -9
-150 -150
-120 -120 -6
- 90 - 90
- 60 - 60 -3
- 30 - 30
-0
-0 -0
pEvies i 400y 0 0 0 0 0 ©0 ©0 0
White Line Yelocity Distance Sensor
Threshold Left  Center Right Left Motor Right Motor 1 2 3 4 5
Value : e
-250 =
= 4
-z00 ]
= 3
150 “
= =2
-100 3
= -1
_s0 1
- -0
i 0 [
0.00 cmfsec
0.00 cmisec Omm Omm Omm Omm Omm
Disconnected i g robotics. com

Figure 7.2: Selecting correct com port

Step 2: Connect Robot with the PC using serial cable / NEX Robotics USB to serial converter or
with the XBee wireless module. For connections refer to section 6.2 to 6.6.
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Step 3: If serial port is used then select COM Port as 1. If USB to serial converter module from
NEX Robotics or USB ZigBee wireless module is used then GUI automatically identifies the
COM port number. To manually identify the COM port, refer to section 6.6. Select the correct
COM port number and click on connect.

Now robot can be controlled using GUI

e =
FIRE BIRD V Atmega2560
Buzze "
COM Podt : Servo Control Device |15 1 tus - Voltage IR Sensor
off
Left / Right Up / Down 12 2. 4 5 6 7 8
Motion Control -180 -180 9
-150 -150
-120 -120 -6
- 90 - 90
- 80 - 60 =
- 30 - 30 .
-0
-0 @ o
A 151 153 162 151 157 171 141 49
White Line Velocity Distance Sensor
Threshold  Left  Center Right Right Motor i 2 3 4 5
Value
-250 &
-200 4
-150 S
-100 :
i : .
E 2
0.00 cmisec
O ' ' B D0 emtsec 96mm 119 mm 597 mm 218 mm 134 mm

Connacted wwwexoboticscom -

Figure 7.3: GUI showing robot’s data

AWarning:
While using USB communication, ensure that the appropriate jumpers are in place. For more
details refer section 6.3 USB based communication.
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Step 4:

If you have Wireless camera pod from NEX Robotics and USB TV Tuner card then you can also
see the video on the GUI.

For more information on the installation and usage process, refer to documentation of the
wireless camera pod.

Follow these steps for video acquisition:
1. Connect USB TV Tuner card with PC and wait for 5 seconds.
2. Start the Fire Bird V robot’s GUI
3. In the video window, select devices as USB TV Device. This option will be visible only
if USB TV Tuner card is installed and connected.
4. Press start button to acquire the video.

" AREBIRD Y fol @ |
FIRE BIRD V Atmega2560
ot aeer . Servo Control Device |01/ - Voltage IR Sensor
Ol | @ Left / Right Up / Down 1 ez s 4 5 6 7 B

Motion Control -180 -1s0

-3
o _

St 151 153 162 151 157 171 141 49
White Line Velocity Distance Sensor
Threshold  Left  Center Right Right Motor # 2 3 4 5
Valus 3
-250 =
-200 S
-150 =3
-100 2
- : .
0
o mm BN |
' O ' 008 clulere 96mm 119 mm 557 mm 218 mm 134 mm

Connected zow necoboficscom

Figure 7.4 : Video display on the Fire Bird V robot’s GUI
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7.4 Robot control using ZigBee wireless module

To control robot using ZigBee wireless module refer to section 6.4. All the process remains the
same as mentioned in the section 7.1, 7.2 and 7.3. Only difference is that instead of USB to serial
converter, NEX Robotics wireless XBee USB module needs to be connected to the PC and XBee
wireless module needs to be installed on the robot. Make sure that XBee module on the robot and
XBee module on the XBee USB module are configured at 115200bps.

Important:

* If you want to see data on the IR proximity sensors 6, 7, 8 then connect jumper J4 on the
ATMEGA?2560 microcontroller adaptor board. For more details refer to section 3.19.6.

*  When using USB port for the communication, for proper operation first turn on the robot
then insert the USB cable in the robot. We have to follow this sequence because USB to
serial converter chip is powered by USB. If any fault occurs then turn off the robot and
remove the USB cable and repeat the same procedure.

* In case of XBee wireless module wait for at least 8§ seconds to establish the
communication after turning on the robot and connecting XBee USB wireless module
with the PC.

7.5 Serial communication protocol used in robot control GUI

All the firmware used for Fire Bird V ATMEGA2560 robot control over wired USB / RS232
link or XBee wireless module are exactly the same. Only difference is that they use different
UARTS of the ATMEGA2560 microcontroller. All the firmware uses 115200bps baud rate. It’s a
simple byte based protocol in which upper nibble is command and lower nibble can be data or
command. You can use these firmware for controlling your robot using any software such as
Matlab, Scilab or Lab View etc.

To control robot in wired or wireless mode load the respective firmware on the robot which are
located in the “GUI and Related Firmware” folder inside the documentation CD.

GUI control USB.hex: Controls robot over USB port.
GUI _ control_serial.hex: Controls robot over RS232 port

GUI control_wireless.hex: Controls robot over wireless link using XBee wireless modules.

Read chapter 6 carefully for configuring the ports, setting correct jumpers, installing devices and
their device drivers.

This is a simple byte based protocol. Fire Bird V ATMEGA2560 robot uses more complex
packet based protocol which can also be used for efficient robot control.
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7.5.1 Commands to set velocity of the left and right motor:

Motor’s velocity can be varied by writing the proper byte into the particular register which
generates a pulse width modulation (PWM) signal with 8 bit resolution. The value of the velocity
control register can be set between 00 to FF hex, where a value 0 indicates that the motor is
stopped and OxFF indicates motor is running at full speed.

Command | Function

(HEX)

1 Load the lower nibble of the left motor velocity control byte into
the robot.

2 Load the upper nibble of the left motor velocity control byte into
the robot and execute the command.

3 Load the lower nibble of the right motor velocity control byte
into the robot.

4 Load the upper nibble of the right motor velocity control byte
into the robot and execute the command.

Table 7.1

Example: Set left motor’s speed control byte to 0xAB

To set the speed of the left motor to 0xAB, follow the sequence of commands below. Attach
lower nibble “B” with command 1 and upper nibble A with command 2.

Stepl: Send Ox1B Load the lower nibble of the left motor speed in the robot.

Step2: Delay of at least 3 milliseconds

Step3: Send 0x2A4 Load the upper nibble of the left motor speed in the robot and execute the
command

Step4: Delay of at least 3 milliseconds before loading next command

Note: It is very important that you send the byte containing command 1 first and then send the

byte containing command 2 for proper operation. The same rule is applicable for commands 3
and 4.
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Command I]‘;l%f,?; LEFT RIGHT RIGHT
(HEX) DIRECTION (LB) FWD(LF) | FWD(RF) | BWD(RB)
PAO PA1 PA2 PA3
51 FORWARD 0 1 1 0
52 REVERSE 1 0 0 1
RIGHT (Left wheel
53 forward, Right 0 1 0 1
wheel backward)
LEFT(Left wheel
54 backward, Right 1 0 1 0
wheel forward,)
SOFT RIGHT (Left
55 wheel forward,,
Right wheel stop) 0 ! 0 0
SOFT LEFT(Left
56 wheel stop, Right
wheel forward,) 0 0 ! 0
SOFT RIGHT 2
57 (Left wheel stop,
Right wheel 0 0 0 1
backward)
SOFT LEFT 2 (Left
58 wheel backward,
Right wheel stop) ! 0 0 0
59 HARD STOP 0 0 0 0
Table 7.2

Example: To set left motor velocity to 0x84, right motor velocity to 0x65, and move
backward.

Step1

:0x14

Step2:

Step3

1 0x28

Step4:

Step5

1 0x35

Step6:

Step7

: Ox46

Step8:

Step9

:0x52

Load the lower nibble ‘4’ of the left motor speed into the robot

Delay of at least 3 milliseconds

Load the upper nibble ‘8’ of the left motor speed into the robot and execute the
command

Delay of at least 3 milliseconds

Load the lower nibble ‘5’ of the right motor speed into the robot

Delay of at least 3 milliseconds

Load the upper nibble ‘6’ of the right motor speed into the robot and execute the
command

Delay of at least 3 milliseconds

move backward

Step10: Delay of at least 3 milliseconds before loading next command
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7.5.3 Commands to access the Analog sensor data:

Command | Data
(HEX)

60 Battery voltage

Robot sends back 8 bit battery voltage value. To convert this
value in to volts use the following conversion formula for 8 bit
ADC resolution: Battery Voltage = ADC data x 0.069

62 Front Sharp IR range sensor data (Front distance)

The Robot will return 8 bit value which indicates distance
between the obstacle and front Sharp sensor.

63 Sharp IR range sensor 2 data

The Robot will return 8 bit value which indicates distance
between the obstacle and Sharp sensor.

64 White line sensor 1 (Left)
The Robot will return an 8 bit analog value of the left white line
sensor

65 White line sensor 2 (Center)

The Robot will return an 8 bit analog value of the center white
line sensor

66 White line sensor 3 (Right)

The Robot will return an 8 bit analog value of the right white
line sensor

67 Sharp IR range sensor 4 data

The Robot will return 8 bit value which indicates distance
between the obstacle and Sharp sensor.

Cl1 IR Proximity sensor 1

The Robot will return an 8 bit analog value of the IR Proximity
sensor 1

C2 IR Proximity sensor 2

The Robot will return an 8 bit analog value of the IR Proximity
sensor 2

C3 IR Proximity sensor 3

The Robot will return an 8 bit analog value of the IR Proximity
sensor 3

C4 IR Proximity sensor 4

The Robot will return an 8§ bit analog value of the IR Proximity
sensor 4

C5 IR Proximity sensor 5

The Robot will return an 8 bit analog value of the IR Proximity
sensor 5

Cé6 IR Proximity sensor 6

The Robot will return an 8 bit analog value of the IR Proximity
sensor 6
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C7 IR Proximity sensor 7
The Robot will return an 8 bit analog value of the IR Proximity
sensor 7
C8 IR Proximity sensor 8
The Robot will return an 8 bit analog value of the IR Proximity
sensor 8
C9 Sharp IR range sensor 1 data
The Robot will return 8 bit value which indicates distance
between the obstacle and Sharp sensor.
CA Sharp IR range sensor 5 data
The Robot will return 8 bit value which indicates distance
between the obstacle and Sharp sensor.

Table 7.3

7.5.4 Commands to turn on / off the buzzer:

69 Turn on the buzzer.
6A Turn off the buzzer.
Table 7.4
7.5.5 Robot Version Signature
| 6B | If 6B is sent to the robot will send back its ID
Table 7.5

7.5.6 Position encoder data:

Position encoder pulse count for the position tracking:

72 The robot will return lower byte of the pulse count for the left
motor.

73 The robot will return upper byte of the pulse count for left motor.

79 The robot will return lower byte of the pulse count for the right
motor.

7A The robot will return upper byte of the pulse count for right
motor.

Table 7.6

Note: To get an actual pulse count, combine the lower byte and upper byte to get a 16 bit value.
For more information on the position encoder resolution refer to the section 3.9.
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7.5.7 Commands for servo motor control:

ATMEGA2560 microcontroller adaptor board can drive three servo motors. Out of which S1 and
S2 servo motors can be controlled with serial control protocol. These motors are used to move
the camera or sensor pod in pan and tilt direction.

8 Data Load servo angle lower nibble

9 Data Load servo angle upper nibble and move the servo motor.

A Data Load servo angle lower nibble

B Data Load servo angle upper nibble and move the servo motor.
Table 7.7

The servo motor will move between 0° to180° given an 8 bit value between 0x15 and 0x65 (in
hex)
The Servo motion resolution is = 180 / (0x65 — 0x15) = 2.25 degrees / step.

Example: Move servo motorl by 90 degrees.

Numbers of steps required = 90°/2.25 = 40steps = 0x28 hex
Byte to send = 0x15 + 0x28 = 0x3D

Lower nibble = D hex

Upper nibble = 3 hex

Combining these nibbles with the commands:

Stepl: send 0x8D through the serial port
Step2: delay by 3 milliseconds
Step3: send 0x93 through the serial port
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8. Errata

1. 17B pin on the Atmga2560 microcontroller adaptor socket is actually connected to PH4 pin of
microcontroller and also connected to ground. To utilize 17B pin and PH4 pin for user
application such as onboard ultrasonic triggering, it is recommended to cut the below shown
track at 2 places in figure (A) and solder the wire as shown in figure(B).

Figure(B)

Important: It is also recommended to put some glue on both solder point, where you soldered
the wire to give the strengthen the soldering point.
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