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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

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

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

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
the future generations.
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1. Introduction

Thanks for choosing the SPARK V mobile robot platform. SPARK V will give you good
exposure to the world of robotics and embedded systems. Thanks to 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.

If robot’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.
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 risks 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.

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 an 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 has become
entangled in the robot’s axles or wheels.

All other forms of inappropriate operation.

Using robot in areas prone to static electricity.

Read carefully paragraphs marked with A caution symbol.

Note: For Spark V accessories refer to Chapter 10: Spark V Accessories

© NEX Robotics Pvt. Ltd. and ERTS Lab IIT Bombay, INDIA 6
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2. SPARK V ATMEGA16

Spark V is a low cost robot designed for robotics hobbyists and enthusiasts. It is jointly designed
by NEX Robotics with Department of Computer Science and Engineering, 1T Bombay. Spark V
will help you get acquainted with the world of robotics and embedded systems. Thanks to 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.

Spark V robot is based on ATMEGAL6A microcontroller. Robot comes with rechargeable 7.2V
600mA NiMH Battery and onboard intelligent battery charger. It has 3 analog white line sensors,
3 analog IR Proximity sensors, 3 directional light intensity sensors, battery voltage sensing,
TSOP1738 IR receiver for TV remote control and Position encoders. Robot has support for 3
MaxBotix EZ series ultrasonic range sensors. It also has support for the servo mounted sensor
pod which can be used to make 180 degrees scan for the map making. Robot is powered by 6 cell
7.2V 600mA rechargeable NiMH batteries which gives about one hour battery operation. Robot
has built-in Smart Battery Controller which charges the battery in intelligent way and also
monitors the battery charge level when robot is in operation. Robot has 2x16 alphanumeric LCD,
Lots of LED indicators for quick debugging, Buzzer etc. Motors are controlled by L293D motor
driver. Robot gives top speed of 15cm to 20cm per second depending on the model.

Figure 2.1: SPARK V Robot

Robot has USB interface for PC connectivity. Robot has onboard socket for XBee
wireless module for multi robot and robot to PC communication. You can also control this robot
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over GUI from NEX Robotics over wired (USB) and wireless (XBee wireless modules) medium.
Firmware (.hex file) is loaded on the robot using Bootloader Utility from NEX Robotics. There
IS no need to use external programmer. There are additional empty soldering points at each pin of
the microcontroller so that you can access them for customization of the robot.

Note: You need to buy MaxBotix EZseries ultrasonic range sensors, XBee wireless module
separately.

© NEX Robotics Pvt. Ltd. and ERTS Lab IIT Bombay, INDIA 8
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2.1 SPARK V Block Diagram:
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Figure 2.2: Spark V ATMEGA16 robot block diagram

2.2 SPARK V ATMEGAI16 technical specification
Microcontroller: ATMEL ATMEGA16

Programming: Using NEX Robotics Boot loader via USB port (no need of separate
programmer)

Sensors:

Three white line sensors

Three IR proximity sensors

Three directional light intensity sensors

Two Position Encoders

MaxBotix EZ series ultrasonic range sensors (optional)
Servo mounted Ultrasonic Range Sensor (optional)
Battery voltage sensing

Indicators:

2 X 16 Characters LCD
Indicator LEDs
Buzzer

Battery low indication

Locomotion:

Two DC geared motors and caster wheel as support

Built-in clutch for protection of the motors from non continuous wheel stalling.
Top Speed: 15cm to 20cm/second

© NEX Robotics Pvt. Ltd. and ERTS Lab IIT Bombay, INDIA 9
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Operational Modes:

Standalone (Autonomous Control)

PC as master and robot as slave
Distributed (multi robot communication)

Communication:

USB Communication using FT232 USB to Serial Converter

Simplex infrared communication (From infrared remote to robot)

ZigBee (IEEE 802.15.4) (Wireless) (Robots to Robots and Robots to PCs )(Optional)

Dimensions:
Diameter: 15cm
Height: 7cm

Power:

6 cell 7.2V 600mA rechargeable NiMH batteries (Batteries included)

Onboard Smart Battery Controller charges the battery in intelligent way and also monitors the
battery charge level when robot is in operation.

Locomotion:

Two DC geared motors and caster wheel as support

Built-in clutch protection for the motors from non continuous stalling of the wheel
Top Speed: 15¢cm to 20cm/second

Optional Accessories:

Servo mounted Ultrasonic range sensor for 180 degree scan

Servo mounted directional light intensity sensor for 180 degree scan
MaxBotix EZ series ultrasonic range sensors

XBee wireless module

Software Support:
GUI Based control, AVR studio, WINAVR
Microsoft robotics studio Visual Programming Language

Requires:
AC adaptor with exact 12VDC with LAmp. current rating for battery charging.
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3. Using SPARK 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.

Spark V robot has 6 important modules:

Power management

Sensing

Actuation (locomotion)
Other peripherals
Communication

Intelligence (microcontroller)

oarwONE

Figure 3.1: SPARK V ATMEGAL16 robot top view
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3.1 Connections
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Center While Line Sensor
IR Proximity Sensor 1
Left White Line Sensor

Caster wheel

Battery Low Buzzer:
NIMH Batteries
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IR Proximity Sensor 2
Right White Line Sensor

Figure 3.3: Spark V component layout bottom view
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3.2 Powering up Spark V

Spark V is powered by 7.2 V 600 mA rechargeable NiMH battery. It gives about one hour of
operation. Battery is connected with the robot using 4 pin relimate connector which is located at
the bottom in the left sided of the caster wheel.

For safety during the transportation robot’s battery connector is disconnected. Connect the
battery connector before first use.

Figure 3.4: Battery pack in Spark V

Before connecting the battery pack, make sure that power switch of the robot is off. Robot has
onboard smart battery controller which can charge the installed batteries. You need to charge the
battery before first use. Use any AC adaptor / SMPS which can give accurate 12V DC and 1Amp
current. For battery charging procedure refer to section 3.4. For robot powering options, refer to
section 3.5.

3.3 Power management system on the SPARK V

Spark V is powered by 7.2 VV 600 mA rechargeable NiMH battery. When it is fully discharged
voltage drops to about 7V. Battery pack should not be discharged below 6V (1V per cell) for
extended battery life. Nickel Metal Hydride batteries must be recharged using smart charging
circuit which follows the appropriate charging profile for the batteries. Spark V has onboard
smart battery controller which monitors battery status while charging. To avoid any damage to
the batteries, only use onboard battery charger.

Power management block on the SPARK V performs following functions.
1. Battery low warning in case battery is below critical level
2. Regulated supply for onboard payload.
3. Battery charging when robot is powered off and external battery charger is
connected.

© NEX Robotics Pvt. Ltd. and ERTS Lab IIT Bombay, INDIA 14
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Battery Status
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Figure 3.5: Power Management on the Spark V robot

Regulated supply for onboard payload:

Three low drop voltage regulators are used for powering various modules of the robot.
5V System: Powers microcontroller, logic circuit and sensors

3.3V: Powers XBee wireless module

5V Batt. Con: Powers Battery controller

Battery Controller:

When robot is powered up, smart battery monitoring circuit monitors the battery voltage and if it
drops below 7V, it starts giving beeping sound and battery status indicator led blinks with red
color.

Note: Depending on the load current of the robot and battery health status sometimes when
battery gets low, robot will not make beeping sound but battery status LED will blink with red
color.
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When robot is off and 12V DC is applied to the battery charging socket, Smart battery
monitoring circuit charge the battery.

N
7
From Battery charger< V Battery
> @ IN  OUT >
T ol d o £I[CT0 2
= GND 5V System
V—I o 10uf
IC6
o 4 _LM117 5
- GND GND 3 3v XBee
—_— \
— IN  OUT L[C23 7
T C2|. GND
1 'lOOOui 1 Lm1 17_3VI
GND GND ND GND

Figure 3.6: Schematic of power management on module

3.4 Battery Charging

Battery Charging Socket Power Switch

Figure 3.7: Battery Charging

Robot has onboard battery controller which charges robot’s battery. Use any AC adaptor / SMPS
which can give precise 12V supply with at least 1 amp current. If voltage is more than 12V the
battery will not get fully charged.

Battery charging procedure:
1. Make sure that robot’s power switch is in off position.
2. Connect the battery connector with the robot
3. Insert the DC jack of the AC adaptor SMPS with 12V, 1Amp rating in the battery
charging socket of the robot and power up the AC adaptor / SMPS.
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Now smart battery controller will sense the presence of the battery charging supply and will start
charging the battery. It will terminate the battery charging once battery is fully charged. During
the charging process battery status can be monitored on the battery status LED. Refer to the table
below for battery charging status interpretation using battery status LED.

Indicator LED Battery Status Charger Status
Green Red

On Off Voltage < 7.2V Battery is getting charged
Alternate blinking Fully charged Battery is fully charged

Table 3.1: Battery status indicator LED interpretation

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.

AWarning:

e Many transformer based AC adaptor’s voltage is 30 to 40% higher when there is no load.
Make sure that AC adaptor’s no load voltage is precisely 12V else it will damage the
robot and battery.

e If you are using SMPS, then make sure that it doesn’t have mains leakage current flowing
through the DC supply. Else when you touch the robot, this high voltage leakage current
will damage the robot’s electronics.

3.5 Powering the robot using battery or external supply

Ideally robot is powered by onboard batteries but if you want to do experiments or code
development for longer duration then you can also power the robot by external supply.

To run the robot on the batteries, make sure that 4 pin relimate battery connector is inserted in
the battery connector socket. Refer to figure 3.8 for the battery connector’s location.

Figure 3.8: Battery Connector and its socket

© NEX Robotics Pvt. Ltd. and ERTS Lab IIT Bombay, INDIA 17
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To run the robot on the external supply, remove the 4 pin relimate battery connector from its
socket and use another 4 pin relimate connector to give external supply. External supply should
be in between 7.1 to 9V. Red and Orange are the positive terminals. Brown and Black are the
negative terminals.

AWarning:
e Do not exceed 9V voltage limit else robot will get damaged.
e Battery connector socket is not reverse polarity protected. If supply is applied in reverse
polarity, it will immediately damage the robot.
e Use only good quality bench top power supply to power the robot using external supply.
Use of AC adaptor or cheap SMPS is not recommended.

3.6 Battery Maintenance

Fully charged NiMH battery will get completely discharged with in a week of storage. Always
charge the battery before use. If fully charged battery is kept in storage for about a month and
afterwards even if it’s fully charged again, it can deliver only 1/3" power of its rating. In such
case to restore 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.

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

3.7 Motion control

Spark V robot has two DC geared motors in differential drive configuration along with the third
caster wheel for the support. Robot has top speed of about 15/20cm 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. Robot’s motors have built-in clutch for
protection of the motor’s gears from non continuous wheel stalling.

Motion control involves direction control and velocity 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 and the output stage of the motor driver for quick interpretation
of the motion commands.

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.

© NEX Robotics Pvt. Ltd. and ERTS Lab IIT Bombay, INDIA 18
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Duty cycle is the ratio of “T-ON/ T’. Where “T-ON’ is ON time and ‘T is the time period of the
wave. Power delivered to the motor is proportional to the “T-ON’ 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 |
9-'1‘ Cl-l]l(-
ON [y Y
J 3097
OFF .. b N -
Time
Power A Powerh
ON fom - ON |--
0%
0N Period |
OFF!. I - OFF -
Tilﬁe Time
(AD B

Figure 3.9: Pulse Width Modulation (PWM)

Above figure shows the PWM waveforms for motor velocity control. In case (A), ON time is
90% of time period. This wave has more average value. 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.
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£

In the figure 3.10 area marked with the red border are the LEDs connected to the input stage of
the L293D motor driver. Area marked by Blue border shows LEDs connected to the output of
the motor driver. Orange border marks position encoder output LEDs. Yellow border marks left

and right motor connectors.

Microcontroller pin connections

Microcontroller Pin Function
PD5 (OCR1AL) Pulse width modulation for the left motor (velocity control)
PD4 (OCR1BL) Pulse width modulation for the right motor (velocity control)
PBO Left motor direction control
PB1 Left motor direction control
PB2 Right motor direction control
PB3 Right motor direction control

Table 3.2: Pin functions for the motion control

LED Direction Indications

L1 L2 PL R1 R2 PR Direction
(Red) | (Red) | (Yel.) | (Red) | (Red) | (Yel.) | Output
Direction /Py | (1IP) (1/P) (1/P) (1/P) (1/P) (Red/ Yel.)
PBO PB1 PD3 PB2 PB3 PD4 Left Right
Motor | Motor
FORWARD 0 1 1 1 0 1 Yellow | Yellow
REVERSE 1 0 1 0 1 1 Red Red
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RIGHT
(Left wheel forward, Right 0 1 1 0 1 1 Yellow Red
wheel backward)
LEFT

(Left wheel backward, 1 0 1 1 0 1 Red Yellow
Right wheel forward,)
SOFT RIGHT

(Left wheel forward,, Right 0 1 1 0 0 1 Yellow Off
wheel stop)
SOFT LEFT
(Left wheel stop, Right 0 0 1 1 0 1 Off Yellow
wheel forward,)
SOFT RIGHT 2
(Left wheel stop, Right 0 0 1 0 1 1 Off Red
wheel backward)
SOFT LEFT 2
(Left wheel backward, 1 0 1 0 0 1 Red Off
Right wheel stop)
HARD STOP 0 0 1 0 0 1 Off Off

SOFT STOP 1 1 1 1 1 1 off off
(Free running stop)
Table 3.3: Direction and PWM LED indications
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SOFT SOFT SOFT
RIGHT LEFT RIGHT
(FORWARD) (FORWARD) (BACK)

Figure 3.11: Robot direction interpretation

Logic levels for setting direction and velocity

LEFT LEFT RIGHT RIGHT PD5 foPrVI\éxmotor
DIRECTION BWD (LB) FWD(LF) FWD(RF) BWD(RB) PD4 for riaht
PBO PB1 PB2 PB3 g
— — — — motor
FORWARD 0 1 1 0 As per velocity
requirement
REVERSE 1 0 0 1 As per velocity
requirement
RIGHT (Left wheel As per velocit
forward, Right wheel 0 1 0 1 per y
requirement
backward)
LEFT(Left wheel As per velocit
backward, Right wheel 1 0 1 0 per y
requirement
forward,)
SOFT RIGHT(Left wheel 0 1 0 0 As per velocity
forward,, Right wheel stop) requirement
SOFT LEFT(Left wheel 0 0 1 0 As per velocity
stop, Right wheel forward,) requirement
SOFT RIGHT 2 (Left As per velocit
wheel stop, Right wheel 0 0 0 1 per y
requirement
backward)
SOFT LEFT 2 (Left wheel As per velocit
backward, Right wheel 1 0 0 0 per Yy
requirement
stop)
HARD STOP 0 0 0 0 As per velocity
requirement
SOFT STOP (Free running X X X X 0
stop)

Table 3.4: Logic levels for setting direction and velocity

© NEX Robotics Pvt. Ltd. and ERTS Lab IIT Bombay, INDIA
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Figure 3.12: Motion Control

3.8 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 for position encoder on the robot. It consists of IR LED and
the photo transistor mounted in front of each other separated by a slot in black opaque casing
with small slot shaped window facing each other. 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. 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. CD40106 also drives left and right position encoder status
LEDs. For more details, refer to figure 3.13.
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Figure 3.14: Position encoder assembly

Calculation of position encoder resolution:

Case 1: Robot is moving forward or backward (encoder resolution is in mm)

Wheel diameter: 7cm
Wheel circumference: 7cm * 3.14 = 21.980cm = 219.80mm
Number slots on the encoder disc: 17
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Position encoder resolution: 219.80 mm /17 = 12.92mm / 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 = 11.6cm

Radius of Circle formed in 360° rotation of Robot = Distance between Wheels / 2
=58cm

Distance Covered by Robot in 360° Rotation = Circumference of Circle traced
=2x5.8x3.14
= 36.4 cm or 364mm

Number of wheel rotations in 360° rotation of robot
= Circumference of Traced Circle / Circumference of Wheel
=364/219.80
=1.65

Total pulses in 360° Rotation of Robot
= Number of slots on the encoder disc / Number of wheel rotations of in 360° rotation of robot
=17 x 1.65
= 28.05 (approximately 28)

Position Encoder Resolution in Degrees = 360 / 28
= 12.85 degrees per count

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

=11.6cm

Distance Covered by Robot in 360° Rotation = Circumference of Circle traced
=2x116x3.14
=72.848 cm or 728 mm

Number of wheel rotations of in 360° rotation of robot
= Circumference of Traced Circle / Circumference of Wheel
=728/219.80
=3.312

Total pulses in 360° Rotation of Robot
= Number of slots on the encoder disc / Number of wheel rotations of in 360° rotation of robot
=17 x3.312
= 56.304 (approximately 56)

Position Encoder Resolution in Degrees = 360 /56
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= 6.42 degrees per count
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Figure 3.15: Position encoder schematics

3.9 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. Spark V robot has 3 IR proximity sensors.

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 photodiode will be around 5V. 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.

If IR LEDs are disabled using jumpers then same photo diodes works as directional light
intensity sensors.

Infrared proximity and Directional light intensity sensors an:EJIJumper settings
for enabling IR Proximity sensors

Figure 3.6 shows 3 Infrared proximity and Directional light intensity sensors on the Spark V

robot. Sensors are numbered as 1, 2 and 3 from left to right in clockwise direction. In all the
manuals this numbering convention will be used for addressing the particular IR sensor.
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IR photo diode consumes about 0.5mA when bright light drives the sensor in to saturation. IR
LED if enabled will consume about 30mA current each. Remove the appropriate jumper to
reduce the power consumption of the robot.

Enabling the IR proximity and Directional light intensity sensors

ATMEGA16 microcontroller has only 8 ADCs. 3 ADC pins are shared between IR Proximity
sensors and Ultrasonic Range sensors. At any given sensor location either IR Proximity sensor or
Ultrasonic range sensor can be used. Both sensors can not remain active at the same time. Figure
3.16 shows J2, J3 and J4 settings for enabling IR proximity sensors. Jumpers are marked with
red border. To use IR proximity sensors place the 2 jumper caps of the jumper corresponding to
particular sensor towards “IRP” (IR Proximity sensors). Out of these two jumpers one jumper
connects power to the sensor and other connects microcontroller’s ADC pin to the sensor output.

LFT_IR_SPLY 3 CTR_IR_SRLY 2 RGT_IR_SPALY 3
w Lo wile ‘ =
3342 3 8253k 3 22853x 3
Ise o T 292 O e e I
x @ &=
£ e 5
XT7 XR7 XT8 XR8, XT9 XR9
Sy = T & %) 8 ©
GND GND GND GND GND GND
LEFT IR PROXI CENTRE IR PROXI RIGHT IR PROXI
J2 J3 J4
LFT_IR_SPLY«%D C—« LFT_IR_OUT CTR_| IR ouT )>—D C—»CTR IR_SPLY RGT_USR_SPLY : RGT_USR_OUT
5V »— ﬁADC DC 14— 4«5V 5V »—3] ﬂ. ,-%-—»ADC 2
LET USR SPLY*—f— —& « LFT_USR _OUTTR | USR OUT »—3— —8—»CTR_USR_SPLY RGT_IR SPLY«—3— 5 «RGT_IR_OUT

Figure 3.17: IR proximity sensors and correct jumper setting to enable them

Figure 3.17 shows schematic of the IR proximity sensor and the correct jumper setting to enable
them. For jumper positions and pin number of the jumpers refer to figure 3.16.

J2.1 J3.1 J4.1

LFT_IR_SPLY ¢~ CL« LFT_IR_OUT CTR_IR_OUT »Jj —J2 5 CTR IR_SPLY RGT_USR_SPLY ¢! 2 _«RGT USR OUT
5y 2 4 ADCO % 4«5V 5V p—2 4 SADC 2
LET_USR_SPLY %3 b LFT_USR_OUTTR_USR_OUT 2 — CTR_USR_SPLY RGTJRLSPLY«—QD -8 «RGT_IR_OUT

Figure 3.18: Jumper setting to use IR proximity sensor as directional light intensity sensor
Figure 3.18 shows the jumper settings to use IR proximity sensor as directional light intensity
sensor. For jumper positions and pin number of the jumpers refer to figure 3.16.

IR Proximity Sensor ADC channel number
Left ADC channel no. 0
Center ADC channel no. 1
Right ADC channel no. 2

Table 3.5 IR Proximity Sensor connections with ADC of the ATMEGAL6 (after correct
jumper settings)
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3.10 Ultrasonic range sensors

| [ A \3

Figure 3.19: Ultrasonic rang sensors an

d ju'n'1per etings to enable them

Spark V robot can be equipped with the 4 ultrasonic sensors from MaxBotix. Three sensors are
mounted just above the 3 IR proximity sensors. 4" Sensor can be mounted on the servo motor for
taking 180 degrees scan for map making (marked as 4). 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.

Spark V robot supports EZ0 to EZ4 series of ultrasonic range 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 200mS sensor runs calibration cycle. After that it can give readings with
49mS interval.

Figure 3.19 shows locations of the ultrasonic sensors. They are numbered as 1, 2, and 3 from left

to right. Number “4” marks connector for the 4™ ultrasonic range sensor which can be mounted
on the servo motor for taking 180 degrees range scan.
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Enabling the Ultrasonic range sensors

ATMEGA16 microcontroller has only 8 ADCs. 3 ADC pins are shared between Ultrasonic
Range sensors and IR Proximity sensors. At any given sensor location either IR Proximity sensor
or Ultrasonic range sensor can be used. Both sensors can not remain active at the same time.
Figure 3.19 shows J2, J3 and J4 settings for enabling Ultrasonic range sensors. Jumpers are
marked with red border. To use Ultrasonic range sensor, place the 2 jumper caps of the jumper
corresponding to particular sensor towards “URF”. Out of these two jumpers one jumper
connects power to the sensor and other connects microcontroller’s ADC pin to the sensor output.

Strobe

TR
N &Y

8
®
?
B
>
*
»

Figure 3.20: 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.

Figure 3.20 shows sensor daisy chaining. Sensor 1’s TX pin is connected to the Sensor 2’s RX
pin. In this way all 4 sensors are daisy chained. To enable the daisy chaining mode, pin “BW” of
the each ultrasonic sensor is tied to Vcc.

A small pulse trigger (more than 100uS) is given to the “RX” pin of the Sensor no. 1 from the
microcontroller’s PD6 pin. 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.

Ultrasonic Range Sensor | ADC channel number
Left ADC channel no. 0
Center ADC channel no. 1
Right ADC channel no. 2

Table 3.6 Ultrasonic Range Sensor connections with ADC of the ATMEGA16 (after correct
jumper settings)
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Figure 3.22: Ultrasonic Range Sensor interfacing and jumper settings
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If you want to install only one ultrasonic sensor, say sensor number 2 or 4 then you need to short
the pins “TX” and “RX” of the sensors which are connected in the daisy chain before the sensor
which is installed so that trigger from microcontroller can reach the installed sensor. Figure 3.21
area marked by red border shows pads corresponding to the particular sensors which are labeled
as P1, P2 and P3 corresponds to sensor numbers.

For example if you want to use only sensor number 2 then you have to short pad corresponding
to sensor 1. If you want to use sensor 4 (connector marked by sensor number 4 in the figure
3.19), then you have to short pad number 1, 2 and 3.

Supported Ultrasonic range sensors

Spark V robot supports 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 figure 3.10 to get rough idea
of the sensor characteristics.
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Figure 3.23: Range Shown on 1-foot grid to various diameter dowels

Mounting Ultrasonic range sensors:

Ultrasonic sensors have range of about 5 meters. If sensors are mounted with even slight slanted
angle towards ground then sensor will sense ground few meters ahead as obstacle. If sensors are
mounted on the female berg connectors then because of loose fitting it is possible that they will
get slanted and detect few meters ahead ground as obstacle. Hence these sensors have to be
soldered on the main board and bend in such a way that they look slightly upwards.

3.11 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 IR photo
diode for line sensing and IR LED for the illumination. Due to the directional nature of the
photodiode it does not get affected with ambient light unless it is very bright.

———— T RN

“Figure 3.24: White line sensor
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Figure 3.25: White Line sensor calibration potentiometers

When the robot is not on a white line, amount of light reflected is less hence less leakage current
flows through the photo diode. In this case, the line sensor gives an output in the range of 3volts
to 5 volts. 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 3 to 0.1V.

Sensor’s sensitivity to the white and dark surface can be adjusted by controlling brightness of the
IR LED. This is done by adjusting potentiometer which is connected in the series of the IR LED.
Figure 3.25 shows the potentiometers used for white line sensor calibration. When potentiometer
is moved fully counterclockwise, IR LED’s intensity will be maximum. Robot’s sensors are
calibrated for optimal performance when robot is shipped from the factory.

White line Sensor

ADC channel number

Left

ADC channel no. 3

Center

ADC channel no. 4

Right ADC channel no. 5
Table 3.7 White line sensor connections with ADC of the ATMEGAL16

Note:

Be very careful while selecting black surface for the line following. Black can be from ultraviolet
side or from the infrared side. If black is from the infrared side then for IR light it will be like
white surface as infrared black will reflect almost all the light. In such case it will be difficult for
the robot to differentiate between white and black surface.
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Figure 3.26: White Line Sensor
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3.12 LCD Interfacing

S —————————— =P EEFT

Figure 3.27: LCD contrast and backligt setin
ATMEGAL1G6 LCD

DBa-DB7

Figure 3.28: LCD interfacing with the microcontroller

Microcontroller LCD PINS Description

VCC VCC Supply voltage (5V).

GND GND Ground

PCO RS (Control line) Register Select

PC1 R/W (Control line) READ /WRITE

PC2 EN (Control Line) Enable

PC4 to PC7 D4 to D7 (Data lines) | Bidirectional Data Bus
LED+, LED- Backlight control

Table 3.8 LCD pin mapping and functions

To interface LCD with the microcontroller in default configuration requires 3 control signals and
8 data lines. This is known as 8 bit interfacing mode which requires total 11 1/0 lines. To reduce
the number of 1/Os required for LCD interfacing we can use 4 bit interfacing mode which
requires 3 control signals with 4 data lines. In this mode upper nibble and lower nibble of
commands/data set needs to be sent separately. Figure 3.28 shows LCD interfacing in 4 bit
mode. The three control lines are referred to as EN, RS, and RW.
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The EN line is called "Enable” and it 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 the "Register Select™ line and it is connected to PC0O. When RS is low (0), the data
is treated as a command or special instruction by the LCD (such as clear screen, position cursor,
etc.). When RS is high (1), the data being sent is treated as text data which should be displayed
on the screen.

The RW line is the "Read/Write" control line and it 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.

RS

RW

E

f N
Internal Q — j
operation Functioning |

Not

DB7 ;;}t Data ~, Busy W Busy _bUSY_ Data WA

Instruction ‘ Busy flag ‘ Busy flag ‘ Busy flag ‘ Instruction

write check check check write
Figure 3.29: LCD Timing Diagram.

LCD contrast and backlight setting

Contrast of the LCD can be adjusted by adjusting the potentiometer. To save power its backlight
can also be turned off by removing jumper J1. For jJumper and potentiometer location, refer to
figure 3.27.

LCDSKT
10
9

GNI

J1,
1
LCD_BKL1  100E GND

Figure 3.30: LCD schematics
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3.13 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.

Figure 3.31: Buzzer

Buzzer Input »—

BUZZER_1

GND
Figure 3.32: Buzzer Schematic
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3.14 USB Interface

USB interface is used for interfacing robot with the PC and loading hex file on the robot using
boot loading utility from NEX Robotics.

ATMEGA16 microcontroller has one serial port which can be connected to USB port via FT232
USB to Serial converter or to XBee wireless module. To connect FT232 USB to Serial converter
with the microcontroller, you need to set Jumper J5 in correct setting. In this setting J5 connects
TXD and RXD pins of the microcontroller with the FT232 USB to serial converter.

LLLLL Y

Hl'llmulm

Figure 3. 33 USB Connectlons

Figure 3.33 shows jumper setting for connecting FT232 USB to serial converter to the
ATMEGA16 microcontroller. USB LEDs marked by TXD and RXD shows the serial port
activity. You can also use other pins of the serial ports which are marked by red border for
implementing advance flow control.
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Figure 3.34: USB to Serial converter Schematic
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3.15 XBee wireless interface

XBee wireless module is used for communicating with other robots and PCs.

ATMEGA16 microcontroller has one serial port which can be connected to USB port via FT232
USB to Serial converter or to XBee wireless module. To connect XBee wireless module with the
microcontroller, you need to set Jumper J5 in correct setting. In this setting J5 connects TXD and
RXD pins of the microcontroller with the XBee wireless module.

Y XBee pth
[+ i \b_
,ﬁ‘\ -~

NJ!DL

'\OOO

Figure 3 35 "XBee |relessmodule Connectlons

Figure 3.34 shows jumper setting for connecting XBee wireless module to the ATMEGA16
microcontroller. “ASSO” LED shows the association over the network. “RSSI” LED shows the
strength of the wireless signals. For more details, refer to XBee wireless module’s datasheet from
the datasheet folder of the documentation CD.
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Figure 3.36: USB XBee Wireless Module Schematic
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3.16 TSOP1738 IR receiver

TSOP1738 is an IR receiver and 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 or many robots can 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.
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Figure 3.37: TSOP1738
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Figure 3.38: TSOP1738 Schematics

Important: Output pin of the TSOP1738 is shared with the left position encoder. You have to
remove the position encoder disc (if installed) before using TSOP1738.

3.17 Servo mounted range sensor
Spark V robot has connectors servo mounted range sensor. Range sensor can be IR range sensor

from Sharp or Ultrasonic range sensor from MaxBotix. Servo motor can be connected to
standard 3 pin servo connector while range sensor is connected to 4 pin relimate connector.
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Figure 3.39: Servo motor and Sensor connector
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Figure 3.40: Servo motor and sensor connections

3.18 Battery voltage sensing
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Figure 3.41: Battery voltage sensing
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Two registers of 22K ohms are used to scale down the battery voltage below 5V and given to the
ADCS6 of the microcontroller. VVoltage divider network of these register will give half of the
battery voltage to the ADC 6 of the microcontroller. If ADC is used with the 8 bit resolution use
the following formula for getting the battery voltage level:

Battery voltage = 2 x ADC 6 value of 8 bit resolution x 5V/255
Battery voltage = 2 x ADC 6 value of 10 bit resolution x 5V/1024
Here 5V / 255 and 5V/1024 give ADC resolution in 8 bit and 10 bit mode.

3.19 Power Port
4 pin relimate Power port gives out regulated and unregulated voltages for interfacing with the
external device.
Following are the current limitations:
1. 3.3V out: Used for powering XBee wireless module. Can give out current up to 400mA
2. 5V out: Used for powering up sensors and other components. Not more than 200mA
current should be taken from this source
3. 'V Batt: Output from the battery. Maximum output current is dependent on the battery
capacity.

........

Power Port

Figure 3.42: Power Port

PWR_PORT

-1t « VBAT

3«5V

-»f——« GND
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Figure 3.43: Power Port connections
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3.20: SPARK V prototyping board for adding your own sensors / electronics
on the robot
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Figure 3.44: Spark V prototyping board
This is Spark V Prototyping Board used for developing your own circuit and interfacing it with
SPARK V robot. You can mount mini servo motor or standard servo motor on this PCB from
NEX Robotics. Four mounting Holes will use to mount prototyping Board on SPARK V Robot.
LCD slot will you to see contain on LCD on top.

3.21 ATMEGA16 microcontroller

Spark V robot has ATMEGA16 microcontroller running at 7.3728MHz. .hex file is loaded using
boot loader software from NEX Robotics. In the bootloading process Reset and Boot switches
are used together. To know more about the boot loader, refer to section 4.6. Robot can also be
programmed by ISP (In System Programming) using AVR USB programmer from NEX
Robotics or ATMEL’s AVR ISP mKill. It is recommended that you use boot loader software
instead of ISP. If ISP is used then is a chance that boot loader will get erased.

You can also use SPI pins of the microcontrollers as general purpose I/Os or as SPI port for
interfacing with external device. SS (Slave select) pin of the SPI port is available as pad. Refer to
figure 3.44 and 3.45 for SPI pins location.

You can access all the pins of the microcontroller by soldering on the pads which are located just
beside the microcontroller pin.
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ISP Port 'uC Soldering Pads

Figure 3.45: Microcontroller on the Spark V robot
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Figure 3.46: Microcontroller Schematics
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3.22 Spark V Schematics
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4. Programming Spark V ATMEGA16 Robot

There are lots of IDEs (Integrated Development Environment) available for the AVR
microcontrollers. There are free IDEs which are based on AVR GCC like AVR Studio from
ATMEL and WIN AVR and proprietary IDEs like ICC AVR, Code vision AVR, IAR and KEIL
etc. IDEs like ICC AVR and code vision AVR are very simple to use because of their GUI based
code generator which gives you generated code. Almost all the proprietary IDEs works as full
version for first 45 days and then there code size is restricted to some size. We have used free
IDE like AVR Studio from ATMEL and proprietary IDE like ICC AVR for the robot. In this
manual we are going to focus on the AVR studio from the ATMEL. It uses WIN AVR open
source C compiler at the back end. It has many attractive features like built-in In-Circuit
Emulator and AVR instruction set simulator. After writing and compiling the program it gives
“.hex” file. This “.hex” file needs to be loaded on the robot using In System Programmer (ISP).

IDE Installation

Since AVR studio uses WIN AVR compiler at the back end we need to install WIN AVR first
(Please note that WIN AVR must be installed before AVR Studio so that AVR Studio can easily
detect the AVRGCC plug-in).

4.1 Installing WIN AVR
Insert the Spark V documentation CD and from the “Software and Drivers” folder copy “WIN
AVR 2009-03-13” on the PC and click on WinAVRxxxx.exe file.

& Win_AVR_with_avrdude_gui

File Edit Wiew Favorites Tools  Help

GBack e O e ff’ /.-" Search Folders El-

Address |[2) Di\Fire Bird 41C0 FB4 31-12-2008)Softwares\IDES For AVRYWIN_AVR _with_avrdude_gui

Mame Size  Type Date Modified
File and Folder Tasks A) B & codesnippets File: Folder 1/15/2009 7:29 PM
- iR AWR-GCC Tutorial_files File Folder 1/15/2009 7:29 PM
Ijn Renarne khis File - ) )
= inskall_config_winave., pdf Z95KE Adobe Acrobat 7.0...  11/22/2006 2:37 AM

[y Mave this file = QuickstartGuids.p 226KE  Adobe Acrobat 7.0...  1)7/2006 11:23 PM

D Copy this file s WinAYR-20060421 -install exe 23,316 KB  Application 11/3/2006 12:24 PM
@ Publish this File to the Web = 23KE HTML Document 10/25/2006 5:06 AM
R F_re =l Fhis Fi Dake Created: 171572009 7:29 PM
(=) E-mail this filz Soron ER SR
¥ Delete this file

Figure 4.1

WIN AVR installation package will open. Choose language as “English”.
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@Back i O T ir /_'Search 5 foders El.

Address |13 DivFire Bird 44C0 FB4 31-12-2008\Softwares\IDEs For AYVR\WIn_AVR_with_avrdude_gui

Mame Size | Type Date Maodified
File and Folder Tasks 21 M 53 codesrippets File Folder 1/15{2009 7:29 PM
@] oS el EWinnVR AVB-GC.C Tutorial_files File Folder 11152009 ?:2.9 PM
'=linstall_config_winAvR.pdf 298 KE Adobe Acrobat 7.0...  11f22/2006 2:37 AM
y Move this fils ‘E QuickStartGuide. pdf 228KE Adobe Acrobat 7.0, 1)7/2006 11:23PM
[ Capy this file B WinAVR-20060421-install exe 23,316 KB Application 11/3(2006 12:24 PM
@ Publish this file ko the Web Q WindyR AYR-GCC Tutorial htm 23KE HTML Document 10/25/2006 5:06 AM

(2] E-mail this File
< Delste this file

Installer Language

@ Please select a language.

Other Places

“@

| Details 2 v
WinAYR-20060421-install.e: [ ok | [ Canicel ]
Application

Date Modified: Friday,
Movember 03, 2006, 12:24 PM

Size: 22.7 MB

B

Figure 4.2

Click next in the WIN AVR setup wizard.

WinAVR 20090313 Setup =13

YWelcome to the WinAYR 20090313
Setup Wizard

This wizard will guide wou through the installation of WinAWYR
200903513,

It is recommended that vou close all other applications
before skarting Setup. This will make it possible to update
relevant system Files without having ko reboot vour
camputet,

Click Mext ko continue.

I Mext = I [ Cancel

Figure 4.3
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Press “l Agree” after going through license agreement.

&) WinAVR 20090313 Setup

License Agreement
Please review the license terms befare installing WinaWR 20090313,

Press Page Down ko see the rest of the agreement,

i-.-'-.-'in.ﬁ.'-.-'R Licensing Information

Gh Binutils is distributed under the GNU GPL License,

MU Compiler Collection (&CC) is distribuked under the GMU GPL License,
avr-libc is distributed under a B3D License,

avrdude is distributed under the GMU GPL License.

Ghl Debugger (GDE) is distributed under the GRU GPL License,

Insight is distributed under the GMU GPL License

SimulayR, is distributed under the GMU GPL License

A4aRICE is diskributed under the the GHU GPL License,

agreement to install WinavR 20090313,

If wou accept the kerms of the agreement, click I Agree to continue, You must accept the

W

[ < Back ” I Agree I [ Zancel

Figure 4.4

Make sure that you select drive on which operating system is installed.

&) WinAVR 20090313 Setup

Chooze Install Location
Choose the Folder in which boinstall WinAYR 20090313,

Browse and select another Folder. Click Mext ko continue.,

Destination Folder

@

Setup will install WinAYR 20090313 in the follwing Folder. To install in & different Folder, click

( i_ . "' |.|'F!_-:-7;'I:I S k) | Browse. .,

Space required; 122,.6MB
Space available; 37, 9GE

[ < Back ” Mext =

] [ Cancel

Figure 4.5
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Select all the components and press “Install”.

) WinAVR 20090313 Setup
Choose Components
Choose which Features of WinavyR 20090313 vou wank bo install, @

Check the components vou want toinstall and uncheck the components vou don't want to

install. Click Install bo skart the installation.

[|::ta|| Files
dd Direckories to PATH (Recommended)
nstall Programmers Nokepad

Select components ko install:

Space reguired: 122.6MB

[ < Back “ Install ] [ Cancel

Figure 4.6

Click “Finish” to complete WIN AVR installation

WinAVR 20090313 Setup =3

Completing the WinAVR 20090313
Setup Wizard

WinAYR 20090313 has been installed on wour computer,

Click Finish to close this wizard,

Figure 4.7
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4.2 Installing AVR Studio

Go to “Software and Drivers” folder from the documentation CD, copy folder “AVR Studio
4.17” on the PC and click on “AvrStudio417Setup.exe” to start the installation process.

& AVR Studio Full Version

File Edit ‘iew Favorites Tools  Help

eBack b \_/J L@ /:._\1 Seatch i Folders v

address (3 D:4Fire Bird 44C0 FB4 16-01-2009) Softwares\IDEs For AVRIAYR Studio Full Version

Size | Tvpe Date Modified
File and Folder Tasks # 96,340 KB Application 1/9/2009 6:54 PM
@ Rename this file
[ Move this file
Copy this File
&3 Publish this filz to the Web
e T Y Sy - P
Figure 4.8
Click on “Run”
Marne: Size | Type Date Modified

'b astudiodbsz3 exe 96,340 KE  Application 1/2/2009 6:54 PM

Z AVR SDK License agreement. pdf 13KE Adobe Acrobat 7.0...  1/9/2009 6:35 PM

E] Fax address.txt 1KE Text Document 1/9/2009 6:38 PM

Open File - Security Warning E|
Do you want to run this fle?
Mame: astudio4b623.exe
Publizher:  Atmel Morway
Type: Application
From: D:iAYR Studio_4.15_09_01-2009
Run ] I Cancel

Always azk before apening this file

patentially harrn wour camputer. Only ran zofbware from publishers

@ While files fram the Internet can be useful, this file type can
woul trust, What's the nghk?

Figure 4.9
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Click “Next” to start installation of AVR Studio 4

AVRStudio4 - InstallShield Wizard

Welcome to the InstallShield Wizard for AVRStudiod

The In 4 ; udiod wr computer. To continue,

InstallShizld [ < Back ”

Figure 4.10

1 o]

After clicking “Next” go through the license agreement. If it is acceptable then click “Next”

AVRStudio4 - InstallShield Wizard

License Agreement
P =ad the f

welcome to AVR Studio from Atrmel Corporation.

AVR Studio iz a Development Tool for the AR family of microcontrollers. The AWR Studio is
free of charge and may be freely copied and distributed in its original Form.

AWR Studio enables the uzer to fully control execution of programs on the AR |n-Circuit
Emulatar or on the included AR Instruction Set Simulator. &R Studio supports source level
execution of Azszembly and C/C++ programs assembled with the Atmel Corporation's included
AVR Azzembler or tools from 3rd party wendors.

AR Studio runs under Microsoft Windows 98, Windows NT, Microsoft Windows 2000,
Windows XP. Windows XP B4, Windows Vista and Windows Vista 64

AYR Studio iz continously developing. In order to get latest upgrades of AR Studio, please
vigit our web site

. atmel. com

and check out the AWF page.

Q| ac

¥ | don

InstallShield ’ < Back ” Mext > ] Cancel
Figure 4.11
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Now choose the destination drive. Select the same drive in which your operating system and
WINAVR is installed.

AVRStudio4 - InstallShield Wizard

InstallShield < Back Hesty Cancel
Figure 4.12

Select for the “Install / upgrade Jungo USB Driver” to support In System Programming (ISP) by
AVRISP mkll

AVRStudio4 - InstallShield Wizard
Seles
Sel

InstaliShizld I < Back [ Mext > [ I Cancel I
= )

Figure 4.13

Important: If “Install / upgrade Jungo USB Driver” is not selected then AVRISP mkll
programmer will not work with the AVR Studio.
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Click “Next” to start the installation process.

AVRStudio4 - InstallShield Wizard

Ready to Install the Program

The w : ready to begin installation.

el o exit the

Cancel

InstallShield [ ¢ Back ”[

Figure 4.14

Click “Finish” to complete the installation process.

AVRStudio4 - InstallShield Wizard

InztallShield Wizard Complete

The

IristallShi=ld

| e

Figure 4.15
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4.3 Setting up Project in AVR Studio

AVR studio is an Integrated Development Environment (IDE) for writing and debugging AVR
applications. As a code writing environment, it supports included AVR Assembler and any
external AVR GCC compiler in a complete IDE environment.

AVR Studio gives two main advantages:
1. Edit and debug in the same application windows. Faster error tracking.
2. Breakpoints are saved and restored between sessions, even if codes are edited.

led

—1 VO View X
43/l
Name Value L.
) 1) AD_CONERTER
4T ANALDG_COMPARA
« [B8007_L0AD
Acru

AVRGCC
= 8 buzer (defank)®
- s

< @ EEPROM
CREXTERNAL_INTERR
=

4 B TMER_COUNTER_2
B TIMER_COUNTER_3 v

Mame Addiess  Vahe  Bis

ATmegazsed ® zoon

T2 Start | O Gmei-Inbox (400)- ... | B Screenshots B0 Fire Bird ¥ saltware ...

[T Commend Promps - ...

Figure 4.16 7

&L

Middle window shows current code under development. Window on the left side shows view of
source files, header files, External dependencies, and other files. Right side window shows all the
ports and other peripheral’s status. Bottom window is known as Build window. It shows results
of the compilation, errors, HEX file size and other warning messages etc.

1. Open AVR Studio. If any project is running it can be closed by clicking on Project in the
menu and select Close Project.

2. To create new project click on Project in the menu and select “New Project”.
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'#  AVR Studio

i File | Project | Build

| !.—1 & I Project Wizard

Wiew

Tools

Trace| MNew Project
YR Ge Open Project
,Eﬁ Save Project

Close Project

Fecent Projects

Debug  Help

Al

Figure 4.17

3. Select Project Type as “AVR GCC”. Type project name in the “Project name” window. In this
case it is “buzzer_test”. Also check on Create folder check box. This will create all the files
inside the new folder. In the Location window select the place where would like to store your
project folder and then click “Next”.

Create new project
Froject twpe;

rF'ru:uieu:t name:

B Azsembler

| 1_Buzzer_Beepl
h

Create initial file

Create folder

nitial file:
1_Buzzer_Beep

-

Location:

| C:ADocuments and 5 ettingzh\administratorhDeskiopheparky\experiment

L

Yer 4.17.BEG Show dialog at startup

<< Back

l Mext > I[ Finizh J [ Cancel J [

Help

Figure 4.18
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4. Select debug platform and Device. In this case we have selected “AVR simulator” and
“ATMEGAL16” microcontroller and click finish.

Select debug platform and device

Debug platfarm: Device:
AR Dragon ATmegal 284 A
AR ONE! Y )
ﬁl
oV H Simulator mega n
ICE200 ATmegalbs
|CE40 ATmegalB3
ICERD ATmegalB4P
JTAG ICE ATmegal B4PA
JTAGICE mkll ATmegalBh
ATmegal B5F
ATmegalEd b

Open platform options nest time debug mode is entered

Yer 4.17.666

Pemwt » l Finizh I [ Cancel ] [ Help ]

Figure 4.19

5. Now we are almost ready to write our first code. Before we start coding we will check other
setting to make sure that they are set properly.

s >

[T L —————

ATRERNIA B kel Al

whewes  (Wadar [ Qresdvemese. [ Cosadiee 00 wsmary

Fiure 4.2
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6. Open Project menu and click on the Configuration option.

AVR Studio - [E:\Fire Bird Viexperimeniibuzzer test\buzzer test.c]

‘B File | Project | Build Edit View Tools Debug Window Help

P Project Wizard oGy A 6 L s Y =l =z =0 E @ &4 ] s
L S A A i
"'Tra__ce__D_is Mew Project L T m s B —_—)
AVR GCC Open Project |
=2 'G buz Save Project I
=4 Close Project
Recent Projects 4

#&. Configuration Options

Figure 4.21

7. In the Project Option “General” tab will open. Select device as “ATMEGA16” and frequency
(Crystal Frequency) as 7.3728MHz i.e. 7372800Hz. Set the optimization level be at “-00”.

1_Buzzer_Beep Project Options [5__(|
r-f,f}'-'\'_ _ Active Configuration ||:|efault v| Edit Configurations
[ o)
L R
- .
e [ Use External Makefile | |
-
Include
Directories Output File Mame; |'I_B uzzer_Beep.elf |
E Output File Directarny: | defaulth | [ ]
Libiraries Desfteas atmegalf w | nzigned Chars [-funzigned-char)

Pack Structure kMembers [-fpack-stuct]

" Frequency: 2372600 - [Inzigned Bitfields [-funsigned-hbitfieldz]

O ptirizatiar: -00 w
Memory Shart Ernurns (-fshort-enums)
Settings
._,-'*/ Create Hex File Generate Map File Generate List File
- [
l 1]8 il [ Cancel ] [ Help
Figure 4.22

Selecting proper optimization options

“Optimization” option defines the optimization level for all files. Higher optimization levels will
produce code that is harder to debug. Stack variables may change location, or be optimized
away, and source level debugging may "skip™ statements because they too have been optimized
away.

The levels of optimization are:
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No optimization. This is the same as not specifying any optimization.

e -01 Optimize. Reduces code size and execution time without performing any
optimizations that take a great deal of compilation time.

e -0O2 Optimize even more. avr-gcc performs almost all optimizations that don't involve
a space-time tradeoff.

e -O3 Optimize yet more. This level performs all optimizations at -O2 along with -
finline-functions and -frename-registers.

e -Os Optimize for size. Enables all -O2 optimizations that don't increase code size. It

also performs further optimizations designed to reduce code size.

For more information on optimization, see the 'man’ pages for avr-gcc.

Important: During the coding choose appropriate optimization option. If you feel that code is
not working properly as it should be then turn off all optimization by selecting optimization
option as “-00”. Once you know that your code is properly working then you can incrementally
increase optimization level.

We suggest that always use optimization level as “-O0” at the beginner level.

8. Make sure that in the External Tools, proper path for avr-gcc.exe and make.exe are given and
press ok.

Now we are ready to write our first code.

1_Buzzer_Beep Project Options E|
= & Cuztom Compilation O ptions
¥ 41 files] wfall
“bBlzzel_Beep.c -gdwarf-2
Includ [Lirker Optiars] -std=gnu33
Ditectories DF_CPLI=7372800UL
-00
——o -funzigned-char
g funsigned-bifields
-fpack-ztruct
-fshort-enums
Libraries
Memory
Setti
, ettings ad
j'/f External Toolz
! - W
| Sustom Optiens C:Aw/ind/R-2009031 3:binav-goc. eve
C:Awiindd/R-2009031 2hutils\bintmake. exe
[ (] 8 I[ Cancel ] [ Help

Figure 4.23
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4.4 Writing your first code in AVR Studio
We are going to write our first code for our Spark V ATMEGA16 robot.

This program will make robot’s buzzer beep.

Copy the following code in window “code area”. We will see how this code works in the next
chapter.

/IBuzzer is connected at the third pin of the PORTC
//To turn it on make PORTC 3™ (PC3 )pin logic 1
#include <avr/io.h>

#include <avr/interrupt.h>

#include <util/delay.h>

/IFunction to initialize Buzzer

void buzzer_pin_config (void)

{

DDRC = DDRC | 0x08;

//Setting PORTC 3 as output

PORTC = PORTC & OxF7;

//Setting PORTC 3 logic low to turnoff buzzer

}

void port_init (void)
{

buzzer_pin_config();

}

void buzzer_on (void)

{

unsigned char port_restore = 0;
port_restore = PINC;

port_restore = port_restore | 0x08;
PORTC = port_restore;

}

void buzzer_off (void)

unsigned char port_restore = 0;
port_restore = PINC;

port_restore = port_restore & OxF7,;
PORTC = port_restore;

}
void init_devices (void)

cli();  //Clears the global interrupts

port_init();
sei(); //Enables the global interrupts
}

/IMain Function
int main(void)

init_devices();
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while(1)
{

buzzer_on();
/[delay
_delay_ms(1000);
buzzer_off();
/ldelay
_delay_ms(1000);

}

We are now going to compile this code to generate the hex file which we will load on the
Robot’s microcontroller. Select “Build” menu and click on “Rebuild All”. It will compile the
“buzzer_test.c” code and will generate “buzzer_test.hex” file for the robot’s microcontroller.

AVR Studio - [E:\Fire Bird YAExperimentibuzzer_test\buzzer_test.c]

; File  Project | Build | Edit View Tools Debug Window Help
) 5@ Y Buid ol 3 | 1 5= =
 [Trace Disabled | PERuild Al | B e s S
lamere | ®» Buildand Run Ctri-F7 £ e
| AVR GCC e Buzzer is connected at the third pin of the PORTC
= @'buzzer_test {d @ Compile Alt-F7 FTo turn it on make PORTC 3rd (PC3 )pin logic 1
Ela ULCB Fif 34 Clean FL2 bnclude <avrsio. h
A=l Dueds Export Makefile include <avr-delay. h>
43 Header Fil —minclude<avr-interrupt h>
[-23 External Dependencies #include<avr~szignal h:>

725 Other Fil
i3 Other Files void buzzer_delawvi):

Figure 4.24

You can verify successful compilation in the bottom most “Build” window of the AVR Studio.

B 1A 2
/{3 THER COUNTER 3

3 Hama Mddes Ve B

e

I 1w Bt ¥ Eperirmers stttz ik

Fiure 4.2 o
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You can also verify that “buzzer_test.hex” file is generated in the “default” folder inside the
folder you have selected.

4.5 Debugging the code in AVR studio
After successful compilation of the code we can debug the code by AVR Debugger provided by

AVRStudio. Here is the illustration of debugging of code given in Expl (buzzer ON-OFF
folder).

Click on Debug tab in the menu and click on “Start Debugging”.

File Project Build Edit View Tools | Debug | Window Help

0B , B3 & ¥ ~ G start Debugging Ctrl=Shift-Alt-F5 \}_—;T [ T—

Trace Disabled DRI S o
AVR GCC - X
=] ‘Q buzzer {default)

=453 Source Files
buzzer.c
= Header Files
(#4239 External Dependencies
423 Other Files

=0 L@ D s i E ! =

LI

RTS®xxxx,

#75etting PORTC pind a= outpt
ssInitialize Values of PORTC to 0.

[r] =
Fo el

Mew Breakpoint »
@ Toggle Breakpoint Fa

Remave all Breakpoints

Trace L4

<752t pind to turn the "buzzer CH"
Select Platform and Device... ssdelay

#/Clear pind to turn the "buzzer OFF"
ssdelay

Figure 4.26

Now debugging mode is started and an arrow is visible at the first line of our main function from
where the debugging will start.

AVR Studio - [E:\Fire Bird ViExp1 (Buzzer ON-OFF)\buzzer\buzzer.c]

File Proje¢ Build Edit View Tools Debug Window Help

DESH@ G 4Eadd ThiMAB AR EE FEY WOl A 0 ySEEENE Ve BARE 1
Trace Disabled <% % L T G AR i B B i3,
Finclude <avr/io b
#include <util/dslay h>
Hare Value
Program Countsr  Dx00012E void buzzer_delay():
im0 xxxex Function to Tnitislize PORTSexscxx -
 poirter Dx000208 void init_port()
¥ pointer Dx0021FF oEC - Dans EE———
- 0n08; ~Setting pind as outpt
Zporter DHO0UDAE PORTC = Nalll): V/Tnitialize Waluss of PORTC to 0
Cycle Counter 100
Frequency 10000 MHz
Stop Watch 25.00 us aEr el Delay Functionsssss. 4
d b del.
SPEG 8 s uzser_gslasl
4l Registers unsignsd int i

for{i=0; 1<5:i++)
_delay_ms(100);
1]

~xxnxrbain Functionesses.

int main(woid)
&

init_port();

whils(1)
PORTC = 0=08; ##Set pind to turn the "buzzer OH"
buzzer delay(); <sdelay
PORTC = 0=00; ##Clear pin3 to turn the "buzzer OFF"
buzzer_delay(): srdelay

¥

Figure 4.27
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&=
Press “F11” key or “Step into” button == from the toolbar to start debugging statement by
statement. Processor details are visible at left window and the 1/0 port status is displayed at the
rightmost window.

AVR Studio - [E:\Fire Bird W\Exp] [Buzzer ON-OFF fbuzzeribuzzer.c]

File Project Build Edt View Took Oeoug Window Help - 8%
JEdde s hndar 2k AsrhhEs By aa i al adFliaBe vs 2333 5
| vl LT 7]
oDz NN ) W) i 5 Steplio L) | =
Prozessor ude {avz/10 by z et Lo view xX
i Steps into the nert statement
o T Finclude (util/delay by _ﬁ'".PCRTC .
Pugan Courie (00012 void buzzer delay(); T — M
ot O 1 sawensfusction to Initialize PORTSewsan DD CORERTER
Hporls (00208 \('m.‘l init_part() T HAMALOG_ COMPARA .
f parlst (O21FF + Be0or_Loed
DORC = 008; +73atting BORTC pind as outpt 2
Zyerls il FORTC « 0x00; /Initislize Values of BORTC to 0 I8
CieComts 100 } 2 Beermon
fiequency 4000 el f CREXTERNAL_INTERR
SupWech  500ue el Rimclccamties -j%mu i
EL")
wei  OooogEmn || 4 heetelr) pET
4] Regiters unsigned int 1; +| EPORTI
for(in0; i45:14) ji
¢ EdroR
_delay_ns(100); Pait CData Rogitter 0410
PortC Data Divectin. 040
i PotClputPrs 00
rassastiain Functionsesss; 2 ARPORTD
nt nain(weid) HFERPORTE
g 4 RFORTF
init_port(): 3
vhila(1) 4 EFORTR
{ 4 RFORTH
PORTC = 0x08 /3at pind to turn the “buzzer ON* JSRRORTY
buzzer_delay(); #/delay 1
PORTC * 0x00 #/Clear pind to tuzn the “buzzer OFF" o RPORTE
buzzex_delay(); sedalay SR PORTL
Jish
} (B TIMER _COUNTER_0 v
Nare Addes  Vae  Bis
 DDAC s w000000000
2 wERa  w00000C000
SLPORIC wosma 00000000000

Figure 4.28

By this way we can continuously monitor the bit changes in any of the registers of
microcontroller and debug the code before actually burning it to the microcontroller. PORTC bits
changes as per our commands and these changes can be seen in right window. After debugging is
done select “Stop Debugging” from Debug tab.

AYH S (1w i YALep]

Wt huen b A
A Sl s e T M rr R 0= 4w azasauEe oo J23D -

ooigen oo
08 e8] a8 CICH

[
-

—

Figure 429
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4.6 Loading your code on robot using AVR Boot loader from NEX Robotics

All AVR microcontrollers can be programmed using In System Programming (ISP), external
programmer or using boot loader. Advantage with the boot loader is that you don’t need any
external hardware to load the .hex file on the microcontroller.

4.6.1 Boot loader operating principle

If Bootloader firmware is loaded on the microcontroller then it can be programmed directly via
serial port or USB (using USB to Serial converter) using PC. In the boot loading method a small
piece of code is loaded on the microcontroller in the configurable boot memory section. When
signaled using external switch while resetting the microcontroller it gets active and waits for
communication from the PC. Bootloader software from NEX Robotics which is installed on the
PC communicates with the microcontroller. Boot loader software loads the .hex file on the
microcontroller. After the boot loading process is complete, newly loaded code can be executed
by pressing reset. Once the code is loaded on the microcontroller UART is free and can be used
for other applications. Bootloader get invoked only if boot switch is kept pressed while
microcontroller is reset using reset switch.

Note:

Bootloader code is loaded on the ATMEGA16 of the Spark V robot using ISP programmer. It is
recommended that you only use Bootloader for the robot. If you use ISP programmer with the
robot then boot section code might get erased and robot will no longer support boot loading.

4.6.2 Jumper settings for the boot loading

ATMEGA16 has one serial port. In Spark V it can be switched between USB and XBee wireless
module by using jumper J5. For serial interfacing FT232 USB to Serial converter is used.

Bootloading is done via USB Port. Figure 4.30 shows the correct jumper settings of J5 to connect
USB port to the ATMEGAL6 via FT232 USB to serial converter. Figure 4.30 shows the correct
jumper settings for the boot loading.

Figure 4.30: umper settlng for connectlng USB port
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4.6.3 Installing FT232 USB to Serial converter drivers

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.
provided in the SPARK V CD or can also be downloaded from the NEX Robotics’ website.

Important: Make sure that jumper is configured to enable USB communication. Jumpers on J5
should be in the position.

Steps to install the drivers for 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 in the 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 taskbar tray and
the following window opens.

Projecks

i) Found New Hardware %
FT232R. USE UART
) Downloads : =@ '3‘ [ i F}':,I,
Figure 4.31

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

Found Mew Hardware Wizard

Welcome to the Found New
Hardware Wizard

Windows will search for current and updated software by
lnoking on your computer, an the hardware installation CO, or on
the Windows Update "web site [with your permizsion).

Read our privacy policy

Can Windows connect to Windows Update to search far
software?

() Yes, this time anly
&%, O atd Evemy time | connect a device

Click Mext to continue. !

L Mest > ]l Cancel |

Figure 4.32
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The following window will appear.

Found New Hardware Wizard

5

Thiz wizard belps vou inztall zoftware for;

FT232R USE UART

\j If your hardware came with an installation CD
4" or Hoppy disk. insert it now.

wwhat do you want the wizard to do?

@) Install the software automatically [Recommended)
(1 Install from a list or specific location (Advanced)

Click Mext to continue. I};‘

- < Back 1 Mest> | ¥ Cancel

Figure 4.33
Select the second option manually to install the drivers and click on next button.

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 MNew Hardware Wizard

Please choose your search and installation options. .-.

@) Search for the best driver in these locations.

|Jze the check bowes belaw to limit or expand the default search, which includes local
paths and removable media. The best diver found will be installed.

Search removable media [foppy, CO-ROM.. ]
Iude this location in the search: ¢

DA E - | Browse
) Don't zearch. | will chooze the driver to install.

Chooze this option o select the device driver from a list. Windows does not guarantee that
the driver you chooze will be the best match for your hardware,

< Back i Ne_:-:t> | | Cahcel

Figure 4.34
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Step 6:
On clicking next driver installation will begin.

Found New Hardware Wizard
Please wait while the wizard searches... .

i J_ FT232R USE U&RT
4

| < Back % [ Ccancel

Figure 4.35

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 ta close the wizard.

Figure 4.36

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.

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.
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4.6.4 ldentifying COM Port number of the USB to serial

To use terminal.exe or any other serial program for robot control we need to first identify
communication port which is generally referred as COM n, i.e. COM1 or COM2 etc. on which
USB to serial converter or wireless device is connected. Follow these steps to identify your COM
Port number.

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

System Properties E| g|

Systemn Restare Automatic Updates Femote
General 7 Comnputer M arne Hardware: Advanced

Swystem:
Microsoft Winduwﬁp
P Professional
,"' '[j Wergion 2002
u, - Service Pack 2
t b~ | Registered to:
. lab
abc
B5274-640-5150263-23096

Computer:
Intel(R]
Pentium(R] I CPU 3.40GHz
3.40 GHz. 1.98 GB of RAM
Phyzical Address Extenzion

[ 0K ] [ Cancel

Figure 4.37

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

System Properties

Systern Restore Automatic Updates Femote
General Il Corputer Mame _ Hardware !_ Advanced

Device banager

= The Device Manager lists all the hardware devices installed
% onh your computer. se the Device Manager to change the

properties of any device.
Device Manager

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

Dirivvers

[ Drriver Signing ] [ ‘windows Update

Hardware Profiles

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

Hardware Profiles

[ 5] ] [ Cancel ]

Figure 4.38
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Step 3:
Expand Ports (Com & LPT) tree. COM Port number is mentioned in the parenthesis next to USB
Serial Port.

£, Device Manager |:||E”'§Z|
File Action Miew Help

m &

OFF
Carnputer
[+-ge Disk drives
A g Display adapters
[ 4 DYDJCD-ROM drives
[#-{g Human Interface Devices
[+-= IDE ATAJATAPI controllers
[+ IEEE 1394 Bus host controllsrs
[z Keyboards
-} Mice and other pointing devices
- # Monitors
[+ B8 Metwork adapters
£ &k Other devices

- ¥ Ports (COM &LPT)
; F‘»y" Communications Port (COML)
5 ECP Printer Port (LFT1)

J USE Serial Part (COM3)
] FOCESSONS

[+ @é 551 and RAID controllers
[+ @ Sound, video and game controllers

=

Figure 4.39

Step 4:
If the COM port number is greater than 10 Terminal will not be able to detect it. To resolve this
problem, change the port number by right clicking on “USB serial Port” and select properties.

LISB Serial Port (COM3) Properties

_.General Port Settings |Dliver. Detailég

Bitz per second: ! 9E00

Drata bits: ; 2 b I
Parity: ! Mone V_!

Stop bits: i1 vi
Flows contral: | Mome vi

[ Advanced... ] [ Festare Defaults ]

s

Figure 4.40

In the Port settings tab click on the “Advanced” button, the following window will appear.
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Advanced Settings for COM3

COM Part Number: |CDM3 -
_DK

coms PRI
LISE Transfer Sizes |COM4 [inuse] —
COMS [in use)

Select lower setting COME [in use] ance problems at low baud rates.

Select higher setti COMY7 [inusel —h 0
COME [in use]
: COMA [in uze] L
Receive [Bytez]  [COMI0 il
COmM11 |
Transmit [Bytes): Egm:}% linuse. oz w
COm14
COM15
Er Options COMIE Mizeelaneous Options
COM17 ;
Select lawer setting COM12 & problems. Serial Enumerator [v]
COm13

[<]

Serial Printer

COM2D | O
S 0
Timeouts COM23 Event On Surprise Removal O
O
O

Latency Timer [ms
Cancel [f Power OFff

COmM24
COM25 — SetRTS On Close
MinE B Te Egm%? & Digable Madem Ctrl &t Startup
fap o - [COM23 |
Mimirnum Ywrite Tirr] COM29 | v |
COm30
COmMA

Figure 4.41
You can change the COM port number by clicking on the Com Port number drop down list and
select the appropriate number. Make sure the new COM port is not being used by any other
device.

4.6.5 Installing and using Bootloader GUI
Insert the Spark VV documentation CD and from the “Software and Drivers” folder copy “AVR
Bootloader” on the PC and click on “setup” application file.

& AVR bootloader,

File Edit ‘iew Favorites Tools  Help

eBack - \_/I l'ﬁ; ):NJ Search i Folders v @FulderSync

Address |23 Esparkvisoftwares|aYR bootoader v| 2

dotnetfx
AR, Bookloader Setup

(=]

]
'1:

File and Folder Tasks

Iﬂﬂ Rename this File
ﬁ Miorwe this File
D Copy this File
&N Fublish this File to the Web

A - al s

Figure 4.42

It will pop-up with the “AVR Bootloader Setup wizard”
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i AVR Bootloader Setup

Welcome to the AVR Bootloader Setup Setup
Wizard

The inztaller will guide wou through the steps required to install AR Bootloader Setup on your
computer.

WwiSHMING: This computer program is pratected by copyright law and international treaties.
Unauthorized duplication or distribution of thiz program, or any portion of it, may result in severe civil
or criminal penalties, and will be prozecuted ta the maximum extent pozsible under the law.

Cancel ‘

Figure 4.43

Click on the “Next” button.

i AVR Bootloader Setup

Select Installation Folder

The inztaller will inztall AR Bootloader Setup to the following folder.

Toinztall in thiz folder, click "Mext”. Tainztall to 5 different folder, enter it belaw or click "Browse".

Folder:
C:4Program Filez'Mex Programmer'AWF Bootloader Setuph

Browse. . |

Disk Cost.. |

Install &R Bootloader Setup for vourself, or for anyone who uzes this computer:

(" Evemone

& Juzt me

Cancel | < Back

Figure 4.44

Select the installation location and click on the “Next” button.
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i& AVR Bootloader Setup

Installation Complete

AR Bootloader Setup has been successfully installed,

Click "Close" to exit,

Pleaze uze Windows Update to check for any critical updates to the MET Framewiork.

Figure 4.45

Click on the close button and the installation is complete. Now you can use the Boot loader.
4.6.6 Using Boot loader
Stepl: Turn on the robot.

Step2: Connect a USB cable between the USB port on your PC and the USB connector on
SPARKYV Robot.

Step3: Enter in to boot load mode by keeping the BOOT switch pressed and then press and
release RESET switch. Release BOOT switch after releasing reset.

Step4: To start the Bootloader you can click on the desktop icon which is created while
installation or you can open it by going to “Start” menu using following path.

"C:\Program Files\Nex Programmer\AVR Bootloader Setup\"
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& AVR Bootloader, NEX Robotics

ATmegaBE0 v

Program /| -

Figure 4.46

Step5:

Identify the COM port used by the USB port as mentioned in the section 4.6.4
Select the COM port, in this case COM3 is selected.

Set he baud rate at 115200bps

Select Microcontroller as Atmegal6

Select the .hex file to be loaded by clicking on the brows button

& AVR Bootloader NEX Robotics

ATmega1 5] |
E:\Sparkitespeimentsh1_Buzzer_Beephdefaulth1_Buzzer_ Be

verry

Figure 4.47
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Step6:
Click on the “Program” button to start the programming
If the microcontroller is programmed successfully it will show the below message

&) AVR Bootloader NEX Robotics

&Tmegalh -
COm3 | E:A\Sparkhvespenmentzy1_BuzzerBesphdefault1_Buzzer Be

—_—

e

TR

Programming Flash contents_..

Uzing block mode...

TR E IR R R R R R R R R R R AR R
Reading Flazh contents_..

Uszing block mode. ..

b N N N N N N N N
Comparing Flazsh data_..

Equall

Leaving programming mode_..

Figure 4.48
If error occurs then repeat the all steps from stepl. Otherwise press the reset the microcontroller
using the reset switch to execute the loaded .hex code.

Note:

Section 4.7 and 4.8 describes how to use In System Programming (ISP) based microcontroller
programmers. If you use ISP then boot loader might get erased. If boot loader is erased then
AVR Boot loader from NEX Robotics can not be used any more.

4.7 Loading your code on the robot using AVR USB programmer from NEX
Robotics

This is the second option for loading the program. We are going to use “USBasp”, USB port
based programmer from NEX Robotics to load the “1_buzzer_test.hex” file on the robot. This
programmer requires avrdude.exe file which comes with WINAVR. So installation of WINAVR
is necessary for this programmer.
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4.7.1 Driver Installation

/—FRC Cable for ISP Programining

Program Indicator

Power Indicator

TSE Connector

Figure 4.49: AVR USB programmer from NEX Robotics

First we need to install driver for the USB port based USBasp ISP (In System Programmer).

Stepl: Connect your programmer to the USB port, computer will show that a new device has
been found. It asks you to install the appropriate software (driver). Select "Install from a specific
location”.

Found New Hardware Wizard

Welcome to the Found New
Hardware Wizard

This wizand helps you install software for:

LISBasp

I'\.') If your hardware came with an installation CD
&2 orfloppy disk. insert it now.
What do you want the wizard to do?

() Install the software automatically (Recommended)
() Install from a list or specific location {Advanced)

Click Mext to continue.

l ’ Cancel ]

Figure 4.50
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Step2: Select the path where the driver is located. Tick "Include this location in the search” and
specify the path for the driver. The driver is located in “Software and Drivers \ AVR USB
Programmer Driver \ ...” in the documentation CD. You can also download it from the NEX
robotics’ website. With WIinAVR version 20080512 or greater, use libusb_0.1.12.1. Use
libusb_0.1.10.1 with older WinAVR versions.

Found New Hardware Wizard

Please choose your search and installation options. .

(%) Search for the best driver in these locations.

Use the check bowes below to limit or expand the default search, which includes local
paths and removable media. The best driver found will be installed.

[] Search removable media floppy, CO-ROM..}
Include this location in the search:

|C:"-.Doc:umerrts and Settings“lab*Desktop \MAC wsh \{@

(") Dont search. | will choose the driver to install.

Choose this option to select the device driver from a list. Windows does not guarantee that
the driver you choose will be the best match for your hardware.

l < Back ” Mexd = ll Cancel

Figure 4.51
Found New Hardware Wizard

Please wait while the wizard installs the software... .

% USBasp

J\J

libusb0.dl

To CAWINDOWS\System32

Figure 4.52
Step 3: After the driver is successfully installed. Click “Finish” to complete the installation
process.
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4.7.2 Using AVR ISP USB Programmer
Insure that AVR USB programmer is connected to the computer

Step 1: Go to My Computer, right click and select Properties.

2 My Computer
Edit View Favorites Tools Help ,ﬁ',.

File

\J Back J Lﬁ? p Search ll: Folders - @ Folder Sync

ﬂ My Computer

v Be
MName Type Total Size Free Space = Comments
Files Stored on This C

System Tasks

View system information
L) Add or remove programs
E} Change a setting

le Shared Documents  File Folder
I[J)Antony's Docume...  File Folder
|C)Guest's Documents  File Folder
|C)lab's Documents File Folder

Other Places

Hard Disk Drives

W My Network Places
B My Documents

|3 Shared Documents
D’ Control Panel

e Local Disk (C:) Local Disk 43.8 GB 6.61GB
“#® Local Disk (E:) Local Disk 48.8 GB 20.4GB
e Local Disk (G:) Local Disk 39.86GB 22168

with bl

&3'}‘; Floppy (A:) 3ta-Inch Floppy Disk
QCDRW Drive {D:)  CD Drive

Details

View 3

My Computer
System Folder Other

Arrange Icons By  »

4@ Administrative Tools System Folder Configure administr...

Displays properties for this folder,

Figure 4.53
Step 2: Click on the Hardware tab.

System Properties |?|r§\ ——

= =R 2% -~

- o | System Restore |l Autom: ates I Remote |
)—j Search H_: Fol | Genersl ” Computer Name ( ‘ Hardware Advanced |
Device Manager Zl =

e . The Device Manager lists all the hardware devices installed R

System Tasks : Files Storef on your computer. Use the Device Managerto change the
properties of any device.

View system information ﬁshared Do

Y Add or remove programs [ Antony's D
[ change a setting 122 Guest's Do
I3)lab's Docun]

T My Computer

& pack \“;) lﬁ;

Address | ' My Computer

Driver 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

Other Places Hard Disk

‘g My Network Places | ocal Disk [
ﬂ My Documents e Local Disk
Iz Shared Documents e Local Disk
B control Panel

Driver Signing J [ Windows Update ]

Hardware Profiles

Devices wil Hardware profiles provide a way for you to set up and store
different hardware corfigurations.

33‘.-’1 Floppy

Details E A 4
iz CD-RW Diri Hardware Profiles

My Computer
System Folder Other

o

bure administr...

10 objects i My Computer

Figure 4.54
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Step 3: Click Device Manager.

-
My Computer 3 —r— =
= System Properties [ 2 |[z| |_||_ |
D I I U, ar
= A o, | System Restore H Automatic Updates | Remote _|
(€ < [_ﬁ: )‘- Search ll_ Fol | General | ComputerName |  Hardware Advanced
Address g My Computer Device Manager bt e
e The Device Manager lists all the hardware devices installed renks
System Tasks Files Storef - on your computer. Lse the Device Manager to change the
properties of any device.
View system information ) shared Do T e oee———
ij Add or remave programs [ Antony's D ‘.
G Change a setting | Guest's Do T
nvers

(Clab's Docunj
Driver 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

Other Places Hard Disk I

& My Network Places e Local Disk [
B My Documents o ocal Disk
| Shared Documents % Local Disk

Driver Signing ] [ Windows Update J

Hardware Profiles

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

@ Control Panel

53‘& Floppy
2L CO-RW Dri Hardware Profiles

Other

4 Administrat Cancd T bure administr...

10 objects ﬂ My Computer

Figure 4.55

Step 4: Verify that an icon called LibUSB-Win32 Devices with USBasp appears in it.

£ Device Manager
File  Action \View Help

|-~ m & 2 =&

« Computer
ags Disk drives
§ Display adapters
2L, DVD/CD-ROM drives
[+-4=% Floppy disk controllers
: & Floppy disk drives
-fidg Human Interface Devices
+-{=) IDE ATA/ATAPI controllers
[+ Keyboards
B ; .

- Aice e
- EEh Network adapters
7 & Ports (COM &LPT)
- -#¥ Processors
[=-€= SCSI and R.AID controllers

€4 SCSI/RAID Host Controller
+-8), Sound, video and game controllers

/- ' System devices
- Universal Serial Bus controllers

[+
[+
[#
[+

Figure 4.56
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Step 6: Now hex file can be loaded on the microcontroller. Go to Start menu.

i Internet —) My Documents

Mozilla Firsfox = 3

— . T a My Recent Documents »
| - E-mail

;.9‘ Microsaft OFfice Gutlook ﬁ My Pictures

“ MsN j My Music
@ My Computer
B Mokepad

q My Metwork Places

AVR Studio 4
@ Control Panel
Acrobat Reader 4.0 Set Program Access and
Defaults
; Shartcut ko terminal, exe *_\ Connect To L

= 4 Print dF
=) i Printers and Faxes
= Calculator

l I @ Help and Support

Irfaniiew 3.61
p Search

aurrograms [

U Opens a program, Folder, document, or Web site,
@| Log OFF lo | A ey e ey — -

— —

= FES_: o &= Edited

¥ Grail - Inbosx (4643 - ..,

Figure 4.57
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Step 7: Click run Type ‘cmd’ and press enter.

Run @@

= Twpe the name of a pragram, Folder, dacument, or
Internet resource, and Windows will open it For you,

Open: w

I K H Cancel ” Browse, ..

Figure 4.58

Step 8: The command window appears.

(=)

Microsoft Windows XP [Uersion 5.1.26H881
CC> Copyright 19852881 Microsoft Corp.

(C:~Documents and Settings~BOT 11>

- = -.
74 start [ EFir

Figure 4.59
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Step 9: Type “avrdude” and press enter to see the list of commands available. You can also refer
to the WIN AVR manual for more detailed information about various command line operations
available with avrdude. It is located in “your destination drive\WinAVR20xxxxxx\doc\avrdude”

ssparkvsexperinentsl_Buzzer_ BeepsdefawltXavrdode
sage: avrdude [options]
Options:

P
-h
-B
-C
-
-D
g !
o
-F
-B
-0
-

g
-E
—X
B
]
—-u
-q
-2

“partno> Regquired. Specify AUR device.
<haudrate> Ouverride R5-232 baud rate.
<hitclock> Specify JTAG/STESBBAv2 bit clock period fus).
{config-file> Specify location of configuration file.
{programmey > Specify programmer type.
Disahle auto erase for flash memory
{delay> I8P Clock Delay [in microseconds]
{port > Specify connection popt.
OQueprride invalid signature check.
Perform a chip erasze.
Perform RC oscillator calibration <zee AURBAS3>.
{memtype ririwivi<filename>[=format]
Memory operation specification.
Multiple —U options are allowed. each request
iz performed in the order specified.
Do not write anvything to the device.
Do not verify.
Dizahle safemode, default when running from a scrip

Silent safemode operation, will not ask you if
fuses should be changed back.
Enter terminal mode.
{exitspec>[,{exitspec>] Lizt programmer exit specifications.
{extended_param* Pass <{extended_param> to programmer.
Count # erase cycles in EEPROM.
<numhep > Initialize erase cycle # in EEPROM.
Uerhose output. —v —uv for more.
Quell progress output. —g —gqg for less.
Display this usage.

avrdude project: <{URL:http:/ savannah.nongnu.orgsprojectssavrdude >

E:-“sparkvsexperiment™l_Buzzer_ Beeprdefault?

Figure 4.60

Turn off the robot.

Insert 10 pin FRC cable in the ISP socket (shown in figure 4.44) of the ATMEGALG6
microcontroller adaptor board.

Turn on the robot

Stepl10: Copy the file “1_buzzer_test.hex” to desktop and type this command to transfer the file
to the ATMEGAZ16 microcontroller.

avrdude -c usbasp -p m16 -P Usb -U flash:w:1_buzzer_test.hex

And wait for program to upload.
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o C:AWINDOWSAsystem32\cmd. exe

E:~zparkvsexperimentsl_Buzzer_ Beep*default>
E:~zparkvsexperimentsl_Buzzer_ Beep“defaultavrdude —c¢ ushasp —p mlb
ch:w:1l_Buzzer_Beep.hex

avrdude: AUR device initialized and ready to accept instructions
Reading | f#iHtHGEHH G HE R R R R e R S | 106

avrdude: Device signature = Bxle?7483
avrdude: HOTE: FLASH memory has heen specified. an erase cwycle will be performed

To disable this feature, specify the —D option.
avrdude: erasing chip
avrdude: reading input file "1_Buzzer_Beep_.hex™
avrdude: input file 1_Buzzer_Beep.hex auto detected as Intel Hex
avrdude: writing flash (3648 hytes>:

Writing | HHEHEHEHEEEHHGHEHEHEHE SRS HE S TSR e R EE | 1068

2648 hytes of flash written

verifying flash memory against 1_Buzzer_ Beep.hex:
avrdude: load data flash data from input file 1_Bu=zer_Beep.hex:
avrdude: input file 1_Buzzer_Beep.hex auto detected as Intel Hex
avrdude: input file 1_Buzzer_Beep.hex contains 3648 hutes
avrdude: reading on—chip flash data:

Reading | Hiffasdiisigddtatdgitagiantaniantgatnd ittt nias | 1600

avrdude: verdifying ...
avrdude: 3648 hytes of flash verified

Hlavrdude: zafemode: Fuses 0K

llaurdude done. Thank you.

epavkvsexperimentsl_Buzzer_ Beepdefault?

Figure 4.61

After successful loading of the “1_buzzer_test.hex” you will hear beeping sound being ON-OFF
continuously after some delay.
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4.8 Loading your code on the robot using ATMEL’s AVRISP mkll
Programmer

AVRISP mkll programmer from the ATMEL is the most versatile programmer. It is very easy to
use and has more features. Only flip side is that its bit expensive.

[
|

Figure 4.62: AVRISP mKl|

Step 1: Connect AVRISP mkll to the PC. It will install driver automatically provided that USB
driver installation option is selected while installing AVR Studio. For more details refer to figure
4.13.

Start AVR Studio
Go to “Tools tab and click on “Program AVR”. Select connect option.
Following window will open.

AVR Studio
: File Project Build View | Tools | Debug Help
RN A= N e AVR Prog.. %Y == ign W Warib dElaod e E L

ICESO Upgrade..

ICESD Selftest...
JTAGICE mkll Upgrade...
AVR OME! Upgrade...
AVRISP mEIl Upgrade
AYWR Dragon Upgrade
S5TKB0O Upgrade

: |Trace Disabled -

Customize...
Options...
Show Key Assignments

Pl
- =

Program AVR

Connect...

FLIFS INTUTIT LT AULY LUHHE{.L
ANVR Wireless Studio Write Flash
AVR Battery Studio Write EEPROM
AVR QTouch Studio Read EEPROM
Start Auto
Figure 4.63
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Select AVR Programmer A - ﬁ

Platfarr: Port:

AR ONEL { s ] |

T OO ﬂ Connect. .. |]
uu = ] [ Cancel ]

JTAGICE mkll .

AVR Dragon Baud rate:

avRISF 115200

JTAG ICE

Baud rate changes are

|- _ active immediately,
Tip: To auto-connect to the programmer uzed last time, press the 'Programmer’

button on the toolbar,

Mate that a tool cannot be uzed for programming as long as it is connected in
a debugaing zeszion. In that case, select 'Stop Debugaing' first.

Dizconnected Mode. .

Figure 4.64

Step 2: Select “AVRISP mkll”, select “USB port” and press “Connect”.
Following window will open.

AVRISP mkll in ISP mode with ATmega1 6 M=

Main | Program | Fuses | LockBits | Advanced | Hw Settings | Hw Infa || Auta |

Device and Signature Bytes

Signature not read Read Signature

Programming Mode and Target Settings

ISP Frequency.  B00.0 kHz

o

Detecting on USE"..

AWRISP mkll with senal number 000200002125 found.
Getting izp parameter.. SD=0<04 .. QK.

Getting isp parameter.. SD=0x04 .. QK.

Figure 4.65
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AVRISP mkll use 6pin FRC connector for ISP while Spark V robot uses 10 pin FRC connector
for programming. We need to use AVR ISP adaptor to convert 6 pin to 10 pin connector which is
available on NEX Robotics website. It comes free with the AVRISP mkll programmer if it is
purchased from NEX Robotics website.

Step 3: Connect AVR ISP adaptor between robot and AVRISP mkll. Insert 10pin FRC
connector in the Spark V ATMEGAL16 robot and turn on the power.

'. Figure 4.66

Step 4: Go to Main tab

Select “ATMEGA16” microcontroller.

Click on the “Read Signature” button.

It will read the signature and if its matches with the microcontroller signature then we are ready
to load hex file on the robot.

AVRISP mkil in ISP mode with ATmegalé

Main | Program | Fuses | LockBits | Advanced | Hw Settings | Hw Info | Auta

evice and Signature Bytes

:
0x1E 0534 003 [ Read Signature |

Signature matches selected device

Frogramming Mode and Target Settings

ISP Frequency:  500.0 kHz

Selting mode and device parameters.. DK
Entering programming mode.. OK!

Feading fuses address Ota 1., 0xFF, 008 . OKI
Leaving programming mode.. 0!

Figure 4.67
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If ISP does not work properly then try to reduce the ISP frequency and try it again.

AVRISP mkll in ISP mode with ATmegal 6 - 5%

Main | Program | Fuses ” LockBits | Advanced || Hw Settings \l Hw/ Info | Auta |

[revice and Signature Bytes

|ATmega1E V| [ Eraze Device ]

|Ux1E 094 0:03 | [ Read Signature }

Signature matches selected device

Programming Mode and Target Settings

I5F mode v l Setings.. I

ISP Frequency:  500.0 kHz

Target Settings
ISP Clock.

w | |Aktainable:

R 00,0 kHz

Mote; The ISP frequency must be less than 1/4 of the target

Getting izp parameter.. SD=0:04 . OK

Figure 4.68: Changing ISP frequency if required

Step 5: Go to “Program” tab.

Check on Erase device before programming and Verify device after programming check box.
Browse and select the desired hex file in the flash section

Press “Program” button

Look at the comments at the bottom to verify that hex file is loaded in the flash.

-
AVRISP mkdl in ISP mode with ATmegazsﬁo- (ol
| Main | Program |Fuse5 | LockBits |Mvanced I HW Settings I HW Info I.Mto |
Device
( Erase device before flash progamming Verify device after programming ]
Flash
Use Cumrent Simulgior/] r ELASH Memory
@) Input HEX File | 560\Robot test codes 2010-01-15\FB5_SERIAL_GUIlhex D]
[ Program ] [ Verify ] [ Read ]
EEPROM
Use Cumrent Simulator/Emulator EEPROM Memory
@) Input HEX File E]
Program ] [ Verify ] [ Read ]
ELF Production File Format
Input ELF File E]
Save From: [V]FLASH [V]EEPROM [V]FUSES [VILOCKBITS Fyses and lockbits settings
must be specified before
[ Program ] [ Save ] saving to ELF

Erasing device.. OK!

Programming FLASH .. OK!

Reading FLASH OK! —
FLASH contents is equal to file.. OK (I
Leaving programming mode.. OK! <

Figure 4.69
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4.8.1 Fuse settings for ATMEGAZL16 microcontroller

Correct Fuse settings are done in the ATMEGAL16 microcontroller before shipping out Spark V
robot.. Do not change them unless you have very clear understanding of the fuse settings. This
information is only given for the reference.

AVRISP mk! in ISP mode with ATmegal 6 Clo|&
Main || Program | Fuses | LockBits | Advanced | HW Settings | HW Info | Suto
Fuse Walug
OCDEN O
JTAGEN O
SPIEN [
EES&VE []
BOOTSZ Boot Flash size=1024 words start addiesz=$1C00 -
BOOTRST
CKOPT []
BODLEVEL Browrrout detection at WCC=2.7 v -
BODEN O
SUT_CKSEL Ext. Ciystal/Resonator Low Freq.: Start-up time: 258 CK + 64 ms -
HIGH 0«8
L0 0:DA
Auto read
mart warnings
[¥]¥erify after prograrming l] Program 1 [ Werify l [ Read u
Setting mode and device parameters.. OK!
Entering programming mode.. QK1
Fieading fuzes address Ota 1., OxFF, OxDE .. OKI
Leaving programming mode.. OK!

Figure 4.70

AVRISP mkll in ISP mode with ATmegal 6

Main || Program | Fuses | LockBits | Advanced | Hw Settings || HW Info || Auto

Fuge
OCDEN
JTAGEM
SPIEM
EESAVE
BOOTSZ Boot Flash size=1024 words start address=$1C00 -
BOOTRST O
CKOPT O
BODLEVEL Brown-out detection atWCC=27 W -
BODEM
SUT_CKSEL |Ext. Crystal/Resonator High Freq.: Start-up time: 16K CK. + B4 mg
Ext. RC Osc. 8.0 MHz - 12.0 MHz; Startup time: & CK + 4 ms -
Ext. Low-Freq. Crystal; Start-up time: TK CK + 4 me
Ext. Low-Freq Crystal: Start-up time: 1K CK + 54 mz
HIGH Ext. Low-Freq. Crystal; Start-up time: 32K CK. + B4 mg
LOw Ext. Ciystal/Resonator Low Freq.; Start-up time: 258 CK + 4 ms

Ext. Ciystal/Hesonator Low Freq.; Stat-up time: 258 CK. + 64 ms
Ext. Ciystal/Fesonatar Low Freq.; Start-up time: 1K CK. + 0 ms
Ext. Ciystal/Fesonatar Low Freq.; Start-up time: 1K CK + 4 ms
Eut. Crystal/Resonator Low Freq.; Start-up time: TE CK + B4 ms
Ext. Ciystal/Resonator Low Freq.: Start-up time: 16K CK + Oms
Ext. Crystal/Resonator Low Freq.: Start-up time: 16K CK + 4 ms
Ext. Ciystal/Resonator Low Freq.; Start-up time: 16K CK + 64 ms
"
[ Auta read . Ext. Ciystal/Hesonator Medium Freq.; Start-up time: 258 CK + 4 ms
mart warnings Ext. Ciystal/Fesonatar Medium Freqg.; Start-up time: 258 CK + 64 ms
p Ext. Ciystal/Fesonatar Medium Freq.; Start-up time: 1K CK + Oms

L
] Verity afer progiam Ext. Ciyetal/Resonator Medium Freq.; Start-up time: T CK + 4 ms
Ext. Ciyetal/Resonator Medium Freq.; Start-up time: 1K CK + B4 me
Ext. Ciystal/Resonator Medium Freq.; Start-up time: 16K CK + 0 me
St sl e et Ext. Ciystal/Resonator Medium Freq.: Start-up time: 16K CK. + 4 ms
i g - Ext. Ciystal/Resonator Medium Freq.; Start-up time: 16K CK. + 64 mg
H" eg_ng ?rugran:jn;mg 'T'U Ext. Ciystal/Hesonatar High Freq.; Start-up time: 258 CK. + 4 ms
L Eading uses address Bl oy mostal/Resonator High Fred,: Startup time: 258 CK. + 64 ms
SaVING ProQrammind Mol £~ uctal/R esonatar High Freq.: Startup time: 1K CK + 0 ms
Eut. Ciyetal/Resonator High Freq.; Start-up time: TK CK + 4 me _
Ext. Ciystal/Resonator High Freq.; Start-up time: 1K CK + 64 mg

Eut onatorH!gh Freq.; Start-up time 16K CK + 0 mz
Figure 4.71: Fuse settings of ATMEGAL6 microcontroller
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Go the “Fuse” tab while robot is powered on and AVRISP mkll is connected. Press “Read”
button. All the fuse settings will be visible.

Brown-out detection is disabled.

JTAGEN is set at Brown-out detection at VCC=2.7V

Boot size is at 4096 words with start address = $1C00

SUT_CKSEL is set at External crystal greater than 8MHz with startup time of 64ms

If needed you can set appropriate Fuse setting and write it by pressing “Program” button.
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5. Pin Functionality

ATMEGA16 microcontroller pin configuration

PINNO Pin name USED FOR Status

1 (XCO/T0O)PBO Logic output 1 for Left motor (Left back) Output

2 (T1)PB1 Logic output 2 for Left motor (Left back) Output

3 (INT2/AINO)PB2 Logic output 1 for Right motor (Right back) Output

4 (OCO/AIN1)PB3 Logic output 2 for Right motor (Right back) Output

5 (SS)PB4 Output

6 (MOSI)PBS ISP (In System Programming) Output

7 (MISO)PB6 Input

8 (SCK)PB7 Output

9 RESET Microcontroller reset Default

10 VCC 5V -

11 GND Ground -

12 | XTALL Crystal 7.3728 MHz Default

13 XTAL2 Default

14 (RXD)PDO UART Receive* Input

15 (TXD)PD1 UART Transmit* Output

16 (INTO)PD2 Eﬁfgﬂ?E*Enooder input for Left Motor, TSOP1738 Input

17 (INT1)PD3 Position Encoder input for Right Motor Input

18 (OC1B)PD4 PWM output for Left Motor Output

19 (OC1A)PD5 PWM output for Right Motor Output

20 (ICP1)PD6 Ultrasirlzz Trigger Input Left (sensor no. 1) ultrasonic Output

sensor

21 (OC2)PD7 Boot loader switch / Servo Pod output Input/
Output

22 PCO(SCL) LCD control line RS (Register Select) Output

23 PC1(SDA) LCD control line RW(Read/Write Select) Output

24 PC2(TCK) LCD control line EN(Enable Signal) Output

25 PC3(TMS) Buzzer Output

26 PC4(TDO)

2 PCS(TDI) LCD data lines (4-bit mode) Output

28 PC6(TOSC1)

29 PC7(TOSC2)

30 AVCC 5V -

31 AGND Ground -

32 AREF ADC reference voltage pin (5V external) **** --

33 PAT7 (ADCT7) ADC input for External ultrasonic sensor Input*****

34 PAG6(ADC6) ADC input for battery voltage monitoring Input*****

35 PA5(ADCS5) ADC input for white line sensor Right Input*****

36 PA4(ADC4) ADC input for white line sensor Center Input****

37 PA3(ADC3) ADC input for white line sensor Left Input*****
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ADC input for right side analog IR proximity sensor or

38 PA2(ADC2) ultrason?c range gensor 9P g Input
ADC input for center side analog IR proximity sensor or

39 PAL(ADC]) uItrasonFi)c range sensor 9P g Ut
ADC input for left side analog IR proximity sensor or

40 PAO(ADCO) uItrasonFi)c range sensor 9P 4 Ut

Table 5.1: ATMEGAL16 microcontroller pin configuration

* UART can be connected between FT232 USB to Serial converter or XBee wireless module
using jumper J5.

** Qutput of the Left position encoder and TSOP1738 IR receiver are open collector and both
share the same 10K ohm pull-up resistor.

*** Ultrasonic sensors are connected in daisy chain for trigger synchronizing. For more details
refer to chapter 3.

**** AREF can be obtained from the 5V microcontroller

**x%* All the ADC pins must be configured as input and floating
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6. PC Based Control Using Serial Communication

In this chapter, simple robot control over wired (USB) 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. Spark V ATMEGAL6 robot can communicate with the PC using USB
or XBee wireless module.

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

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 “10A_Serial Communication_ USB” and
“10B_Serial_ Communication_ZigBee” projects which are located in the “Experiments” folder in
the documentation CD. 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.

6.2 Robot control using USB port

Spark V ATMEGA16 has onboard USB port for direct interface with PC. USB interfacing is
based on FT232 USB to serial converter. Serial port of the ATMEGAL16 can be connected to
either USB port via FT232 USB to serial converter or to XBee wireless module. To connect
TXD and the RXD of the microcontroller to FT232 USB to serial converter, Jumper J5 needs to
be set in the correct setting. Refer to figure 6.1 for the jumper setting to use USB port.
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(i

56 lrnmnmrl

Figure 6.1: 35 Jumper settlng 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 4.6.3.

We need to load “10A_Serial_Communication_USB.hex” on the robot which is located in the
“Experiments” folder in the documentation CD. For loading the hex file refer to section 4.6.

For transferring the command and data we are using the “Terminal Software” located in the
documentation CD. The Installation and use of terminal software explained in section 6..

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.

6.3 Robot control using ZigBee wireless communication module

Figure 6.2: Xbee Wireless USB Module from NEX Robotics
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XBee USB Wireless Module from the NEX Robotics enables wireless transmission of serial data
through PC’s USB port. It uses Xbee module for wireless communication. The Xbee module can
be configured via PC’s USB port easily using X-CTU utility to change frequency, baud rate etc.
It is located in the “Software and Drivers” folder in the documentation CD. XBee wireless
modules accepts serial data from any device. To interface it with the PC, FT232 USB to serial
converter is used. To connect XBee USB Wireless Module to the PC you need to install drivers
for FT232 USB to serial converter. To install drivers for FT232 USB to serial converter and to
identify or change COM port number, refer to section 4.6.3 and 4.6.4.

On the PC side this device is treated as the Communication Device Class (CDC) of USB family
and it is assigned a virtual Comport number allowing the user to make use of existing GUI. The
destination side (robot) requires another XBee wireless module.

Make sure that ZigBee wireless module s installed on the robot. Serial port of the ATMEGAL16
can be connected to either USB port via FT232 USB to serial converter or to XBee wireless
module. To connect TXD and the RXD of the microcontroller to XBee wireless module, Jumper
J5 needs to be set in the correct setting. Refer to figure 6.3 for the jumper setting to use Xbee
wireless module.

0|
O| @rou-wes I yxe w-mmm ,.\‘b

o @ o 339 “ ek ol 0‘10
@ D01 204 &

Figure 6.3: Jumper settlng to enable XBee wireless module

We need to load “10B_Serial_Communication_ZigBee.hex” on the robot which is located in the
“Experiments” folder in the documentation CD.

For transferring the command and data we are using the “Terminal Software” located in the
“Software” folder of the documentation CD. The Installation of terminal software and its use is
explained in section 6.4.

Note: Wait for at least 5 seconds to start the wireless communication after turning on the robot
and the USB wireless module.
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6.4 Using the Terminal software to control robot via USB port or ZigBee
wireless module

Terminal is easy to use free software for serial communication. It is located in the “Software and
Drivers” folder in the documentation CD. It can also be downloaded from http://hw-
server.com/software/termv19b.html. Serial communication protocol covered in the section 6.1B
can be used with the terminal software control robot over wire or wireless medium.

Step 1:
Copy Terminal software on the PC from the “Software and Drivers” folder from the
documentation CD and double click on the terminal software. The terminal window will open

up.

5 Terminal v1.9b - 20041226 - by Bray++ Q@@
- COM Port Baud rate Data Paiity Stop bits| ~Handshaking
% &1 £ BO0 (" 14400 ¢ 57600 || 5% @ none | o4 * rone
. ‘9 (o £ 1200 ¢ 13200 ¢ B0 || - o © odd  RTS/CTS
AEED (i (0 20 28800 128000 C even || © 15 || XONXOFF
£bout v s ¢ 4800 C 38400 ¢ 256000 © mark ~ RTS/CTS+X0NAXOFF
it 5 & 9800 SBO000 ¢ cugtom | 8 ¢ space | 2 © RTS on Tx
Settings
Serfore | | Auto Dis/Connect [~ Time [~ Steamlog  custor mER FxClear ASCltsble | Scripting =icts =co
I AutoStart Sor pt [~ CReLF ™ Sty T op  [9600 27 5 Graph | Remote | (= DECE= ]

= _ O HEX [ Dec [ Bin
CLEAR | Reset Counter 13 %! Counter= 0 @ ASCH T Hex StartLog

rrrrrr

CLEAR SendFile ¥ CR=CR+LF EivTR E=RTS
Hacros

SetMacios | M1 | M2 | M3 | M4 | M5 | ME | M7 | ME | M9 | M10] M11] MI12]
‘$SA -+ Send
Discornected

Step 2:

Select correct jJumper setting of J5 to use USB for XBee wireless module for interfacing with the
robot. For more details, refer to sections 6.2 and 6.3

Identify the com port. For more details refer to section 4.6.3

Current version of the terminal software does not support COM port number greater than 10. If
identified COM port number is more than 10 then to change it refer to section 4.6.4.

Specify the COM port in the terminal software

Set the baud rate at 9600 bps

© NEX Robotics Pvt. Ltd. and ERTS Lab IIT Bombay, INDIA 93



SPARK V ATMEGA16 Hardware Manual

* Terminal v1.9b - 20041226 - by Br@y++

Tt OM Port Baud rate Data bits | [ Parity Stop bits| —Handshaking
—— i R0 (14400 O S7RO0 || g & none || g & rore
_'Hel Sk o 1200 13200 © 15200~ o " odd " RTS/CTS
S 3 C 2400 (28800 ¢ 128000 ~ oeven || 15 " KON/XOFF
About | A= (" 4800 ¢ 38400 ¢ 256000 7 " mark " RTS/CTS+XON/=0FF
Quit (o 1 & O9E00 ¢ SRO00 O custom || Z 8 " space 2 " RTS on T®
Settings

sattong | | AutoDisiConrect [~ Time [~ Shesmlog — customBR FiClear ASGitable | _Seiipting |

[ AutoStart Script [ CR=LF [ Stayon Top |950D 27 31 Graph | _ Remote

Receive

7 _ " HEX W Dec [T Bin .
CLEAR Feset Counter | 13 3] Counter= 0 & ASC [ Hex StantLog | Stoplac

Figure 6.5

Step 3:
Now you are ready to transmit the data. Type the data into the text box and click send. For more
information about using terminal software click help.

7 Terminal v1.9b - 20041226 - by Bray++

COM Port Baudrate Dvata btz —Parity Stap bt —~Handshaking
v 1 600 (14400 © SO0 | g @ none || 4 4 * none
= Gr s 1200 15200 © 115200| o~ g " odd ~ RTS/CTS
i) e (2400 20800 128000 2 Ceven | C 15 || KONMKOFF
Pl‘ess gl (" 4800 39400 ¢ 256000 " mark. ~ " ATS/CTS+X0NA<0FF
B @ 9600 SBO000 ¢ custom | 8  spacs|[ T 2 " ATS on TX
connect
Auto Dis/Connect [~ Time [~ Sheamlog custom BR Fix Clear ASCiltable | Scripking =Icts ©=Ico
ST puoStat Soipt [ CR=LF [ Sty onTop 900 [ % Bragh_|_ Femote =T
[ Receive

CLEAR Resst Counter | 113 3| Counter= 0 2:?& ga:: I Bin Startlog | Slopbog

Type Command
here and press
ENTER to send

-CRLF EI0TR EATS

M4 | M5 | ME | M7 | ME&| M3 | M10] Mi1 M12J

-» Sang

|Discannected

Figure 6.7
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Turn on the robot. Connect Robot’s USB cable or XBee USB wireless module to the PC.
Make sure that Num lock of the keyboard is on.
Use Numerical keypad to control robot.

£ Terminal v1.9b - 20041226 - by Bray-+

Discanneat | [ COM Part Baud rate Diata bits| ~Parity —| - Stap bits| - Handshaking-
2 c1 s || eBm o o osrEm || e os & none | oy & nore
H-\. & AR 1200 18200 ¢ 1162001| ~ G " odd " RTS/CTS
AEED C 4 Gg || Con om0 Cm) | Coeven || 15 || € KON/XOFF
il o o (7 4800 ¢ 38400 ¢ 256000 " mark " RTS/CTS+X0N/HOFF
i ails 900 BEO0 ¢ custom || B ¢ spane|| © 2 © ORTS anTH
S ettings
_sajon | | AutoDis/Comect [~ Tims [~ Stsambg  cistomen feces _ASOliabie | Serping = o
[~ AuteStatSeript [ CR=LF [~ StayonTop  |9600 Eelf= Graph Remate =I0sR =R
Receive
CLEAR Reset Gounter | [12 2] Counter= 0 ((_IESEE(” ga:i I Bin Startlog | Sl oo
Transit
CLEAR Send File |~ CR=CR+LF [=IDTR JRTS
'.M.ECIOS
SetMacros | M1 M2 | M3 | M4 | M5 | ME | M7 | M8 | M3 | M10| MT1| MI2|
|$51 -5 Gend
B = Type and press enter ko send, }
*fou can use macro format ta send bytes in hex or dec fomat,
Connected P 0 e
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7. Robot Control using ‘GUI’ for SPARK V
ATMEGA16

SPARK V ATMEGAZ16 robot can be controlled by GUI using USB cable or XBee USB wireless
module. You need to load “GUI control.hex” on the robot and depending on the mode of
communication (USB / Wireless) set the Jumper J5 in correct setting. For correct jJumper setting,
refer to section 6.2 and 6.3. For how to load hex file on the robot, refer to section 4.6.

In this chapter section 7.1 and 7.2 covers Installation and use of GUI. Section 7.3 covers the
communication protocol used in the GUI.

7.1 Installing GUI

Stepl: Copy “SPARK V ATMEGAL6 setup” folder which is located inside the folder “GUI and
Related Firmware”

Click on setup.exe which is located in the “SPARK V ATMEGAL16 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.

7% SPARK V Setup [5|[3] | 1% sPARK ¥ Setup
Welcome to the SPARK Y Setup Setup Wizard 1 / Select Installation Folder
.’f ‘:'° o ° &
The installer will guide you through the steps required to install SPARK % Setup on your computer The installer will install SPARK W Setup ta the following folder

To installin this folder, click "Next". Toinstall to a different folder. enter it below or click "Browse™.

Folder:

C:\Program Files'NE-Robotics\SPARK W Setuph, Browse...
Disk Cost...
‘WARNING: This computer program is protected by copyright law and international treaties. Install SPARK % Setup for yoursell, or for anyone who uses this computer:
Unautharized duplication or distribution of this program, o any portion of it, may result in severe civil
ar criminal penalties. and wil be prosecuted ta the maximum extent possible under the law.
() Evervone
@) Just me
e <o ] [
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After successful installation go to Start -> All Programs -> SPARK V Atmegal6 -> SPARK V

Atmegal6 or click on SPARK V Atmegal6 on your desktop location, GUI will open.

SPARK V Atmegal6
-

COM Part gt reer Voltage IR Sensor
o e . A
Motion Control -180 -180 ]

-150 -150
-120 -120 -6
-90 - 90
- 60 - 60 -3
- 30 - 30
-0
@ @0
Start Propertie CrassB GOy 0 0 o 0 0
White Line Velocity
Threshold Left  Center Right Right Motar
Value
-5
-250
-4
200
-3
150
-2
100
-1
- 50
-0
@ o
D00 crmfeas 0.00 cmisec
Disconnected . me-Toboti in}
Figure 7.2: Selecting correct COM Port
Step 2:

Connect Robot with the PC via USB cable or XBee wireless communication module.

Make sure that jumper J5 is correctly set for selected communication option. Refer to section 6.2
and 6.3 for correct jumper setting.

Step 3:

Select the COM port. For identifying the COM port, refer to section 4.6.4.

Press connect.

Now robot can be controlled by GUI.
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SPARK V Atmegal6
B ( = .
- d Valtage IR Sensaor
: (on)
__/ : -12 1 2 3 4 5 (i 7 8
’Mmion Control -180 -180 _g
~150 150
120 -120 6
|
90 90
|60 60 -3
- 30 - 30
- i -0
@ o @0
Start Properti CrossBar 216 214 240 0 0 0 0 1]
-
White Line Velocity

Threshold Left  Center Right Vet Mates Right Motor
Value

0.00 cmisec

Connected

Figure 7.3: GUI showing robot’s data

AWarning:
While using USB communication, ensure that the appropriate jumpers are in place. For more
refer section 6.2 and 6.3

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.

7.3 Communication protocol used in GUI

The communication between the host computer and Spark V robot is done by sending and
receiving commands and data byte by byte. The host computer interacts with the Spark V robot
by first sending a command byte followed by data byte or it waits for data from the robot. All
communication is initiated by host PC. The host computer acts as a master and Spark V robot
acts as a slave. PC introduces delay of at least 3ms between two consecutive commands, so that
the microcontroller gets sufficient time to process the command sent to it. You can also build
your own application by using command set given below to control robot using USB or over
wireless communication. It’s a simple byte based protocol in which upper nibble is command
and lower nibble can be data or command.
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7.3.1 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 (OCR),
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 O 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 OXAB, follow the sequence of commands below. Attach
lower nibble “B” with command 1 and upper nibble A with command 2.

Stepl: Send 0x1B Load the lower nibble of the left motor speed in the robot.

Step2: Delay of at least 3 milliseconds

Step3: Send 0x2A 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.

7.3.2 Commands to set direction of the robot:

Command Iél\zl\llzg LEFT RIGHT RIGHT
(HEX) DIRECTION FWD(LF) | FWD(RF) | BWD(RB)
(LB)
PB1 PB2 PB3
PBO — — —
51 FORWARD 0 1 1 0
52 REVERSE 1 0 0 1
RIGHT (Left wheel
53 forward, Right wheel
backward) 0 1 0 !
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LEFT(Left wheel
54 backward, Right
wheel forward,) . 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.
Stepl: Ox14
Step2:

Step3: 0x28

Step4:
Step5: 0x35
Step6:
Step7: 0x46

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

7.3.3 Commands to access the Analog sensor data:

Command
(HEX)

Data

60

Battery voltage

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

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 (Centre)
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

C1

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

C2

IR Proximity sensor 2 (Centre)
The Robot will return an 8 bit analog value of the IR
Proximity sensor 2
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C3 IR Proximity sensor 3 (Right)
The Robot will return an 8 bit analog value of the IR
Proximity sensor 3

Table 7.3

7.3.4 Commands to turn on / off the buzzer:

69 Turn on the buzzer.
6A Turn off the buzzer.
Table 7.4

7.3.5 Robot Version Signature

| 6B | If 6B is sent to the robot will send back its ID
Table 7.5

7.3.6 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.

A 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 3.8.
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