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Who Am |?

- MRFH  Aka cookys
s EMATEAE in &

» Sun CA (Campus Ambassdor)

» Blog: http://blog.cookys.org
» Email: cookys@gmail.com


http://blog.cookys.org/

What is Sun SPOT?

Akz . &



What is Sun SPOT?

» Small Programmable Object
Technology

> Java on small devices

> Sun has licensed Java on over 1.5 billion cell
phones

> Programming the world with Java
> Research project from Sun Labs

> Platform for wireless sensor network
applications

> Helping to build the “network of things”
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What is Sun SPOT? = e
;*é_wtéipf_! e uane
- A Java platform for developing I

applications for wireless
networks and small devices

 Applications such as:
> Robotics
> Art
> Toys
> Personal electronics  _ z&
> Commercial Applications =&
> Telemetries |
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Sun SPOT Device

- Basic device has three layers =5
> Battery

> Processor Board with Wireless
Communication (radio)

> Sensor Board(more later)
> Stacked on top of processor board

J Propessor Board alone acts as a base- -é
station 3

» User programs the device entirely in
Java and standard Java tools
(Netbeans)

Sunroof

Sensor Board

Processor Board

Battery



Processor Board

180 Mhz 32-bit ARMO20T core
> 512K RAM/4M ROM

ChipCon 2420 radio
> 2.4 GHz IEEE 802.15.4 (ZigBee)

USB interface

3.7V rechargeable 750 mAh prismatic
lithium ion battery

40AuA deep sleep mode, 40 mA to 100+
m

64 mm x 38 mm

Double sided connector for stackable
boards
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Sun Spot
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Sun Spot

Huk. 0014. 4F01. 0000. 1301
#E). 0014. 4F01. 0000. OFC9
%), 0014. 4F01. 0000. OFDD

IEEE Extended Mac Address (IEEE %E{H Mac {7 1)

i DU gH 7SN EA B 4H % ( nnnn. nnnn. nnnn. nnnn )
FIif Sun SPOT {147 hik- §iy T phy 4H %5 4% 0014. 4F01
{5 ant slots iy 223G H AR SIS Y Sun SPOT 4 il

http://en. wikipedia. org/wiki/MAC address



Sensor Board

« SPOT kits comes with some
Sensors

» “Out of the box” sensors
2G/6G 3-axis Accelerometer
Temperature sensor

Light sensor

8 3-colour LEDs

2 push switches

A/D input pins

5 General Purpose I/O pins

High current (100mA) output pins

VvV VvV VvV V V V VvV V



Sun SPOT developer’s kit

* Two Full Sun SPOTs with
eDemoSensor boards and
batteries

* One base-station Sun SPOT

« Software
> Squawk VM

> Java SDK
> Netbeans

* USB cable

« $499 introductory price
> http:/lwww.sunspotworld.com




Sun SPOT SDK

» Squawk Java VM: Desktop and Sun SPOT

* Libraries
> Java ME CLDC 1.1 libraries

> Hardware libraries

> SPI, AIC, TC, PIO drivers all written in the Java programming
language

> Demao sensor board library
> Wireless layer libraries
> Network layer libraries
>802.15.4 MAC layer written in Java (
> Desktop libraries S,
Java



Why Sun SPOT?

* Need for higher level programming language
> With good development tools and IDEs. eg. Netbeans.

* higher level proramming language
> Javavs. C

» Separate developer from low level hardware
> Focus on application functionality and features.



Why Sun SPOT?

» Abstraction of low level details through VM

* Protection of hardware by VM
> Memory protection from bad code
> Security protection from malicious code

> 802.15.4 wireless communication
> upto 250Kbps, ZigBee support
> adhoc, mesh, cluster tee and star topologies.

* A simple device with sensors and wireless operates
at low power

S
—

Java



Why Sun SPOT?

* OpenSource !
(that's why we are herell)

> https://spots.dev.java.net/

Sun SPOTs are small, Java-based, wireless devices developed at Sun Labs. The SPOTs project
is the place on java net for development of open source code relating to Sun SPOTs. This
includes system code, application framewaorks, demonstrations, and applications.

It is also the place for educators interested in using Sun SPOTs in their classes. Here they can
develop and share instructional materials.

Please visit the various SPOTs subprojects and join in.

+ SPOT Applications - demonstration and applications for Sun SPOTs

« SPOT Curriculum - instructional materials using Sun SPOTs

« SPOT Hardware - open source development of the hardware used by Sun SPOTs

« SPOT Libraries - open source development of the libraries used by SPOT applications
Squawk VM - open source development of the Java virtual machine used by SPOTs

To find out more about Sun SPOTs or to purchase a development kit, see the Sun SPOT Waorld
home page.

SPOTs related links

& Sun SPOT World Home Page
© SPOTs documentation
& SPOTs Discussion Forums

Sun

microsystems

Java


https://spots.dev.java.net/

Open source Software

- =i ies - Ongoing development of the core libraries for the Sun SPOT

- -li - Ongoing library development for network stack of the Sun SPOT
spots—security - Ongoing library development for security on the Sun SPOTs
spots-sensorboard-library - Ongoing library development for different SPOT sensorboards
solarium - an application for managing Sun SPOTs

spots-sdk-demos - Demo code distributed with the Sun SPOT SDK (AirText, BounceDemo,
BuiltinSensorDemo, CalibrateAccelerometer, CodeSamples, DatabaseDemo, EmulatorDemo,
HTTPDemo, RadioStrengthDemo, SpotCheck, TelemetryDemo)

spots-midi - Interfacing MIDI to Sunspots
yggdrasil - Reference implementation of a data collection framework

java NeT The Source for Java Technology Collaboration

aua



Sun

microsystems

Open source hardware

spot-espot - the Sun SPOT main board
spot-edemo - Demonstration add-on board for Sun SPOT eSPOT

spot-ebones - eBones: information to create add-on boards for the eSPOT
spot-eproto - Prototype board with simple interface to SunSPOT eSPOT
spot-eprotomega - eSPOT Prototyping board with Atmega88 processor
spot-eflash - MiniSD card reader/writer add on board for Sun SPOT eSPOT
spot-eserial - RS232 Serial interface board for the SunSPOT eSPOT
spot-eusbhost - USB host interface to Sun SPOT eSPOT

spot-edaq High-resolution Autonomous Data Acquisition board for SunSPOTs

Sfessvacee
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SPOT Development Cycle

Java Project @—» -

Jar

W ant Deploy

ant Compile




Java Source
File

Squawk
Suit
Converter




The Squawk Java VM

.classl/.jar

Interpreted
VM

Loader

Verifi
eririer Java Libraries

Transformer
(Optimizer)
Bootloader
Serializer

Digital Signer Native Code

suite Device <,
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The Squawk Java Virtual Machine

- Small footprint, highly portable Java VM
> Runs on the metal

* Most of the JVM is written in Java programming language
> Interpreter and low level I/O is written in C
> Everything else is in Java

* Provides a CLDC 1.1 platform
> Connected Limited Device Configuration
> Same platform as your mobile phone
> Additional libraries for sensors, LEDs, bootstrapping, etc.



“Regular” vs. Squawk Virtual Machine

Standard Java VM

| Java Class Library '

>
Garbage Collector | | |nterpreter

Thread Scheduler

Java
Code

C Code

Squawk

Java VM

Java Class Library '

Loader Verifier ransformer

Garbage Collector

Thread Scheduler

Interpreter

Exporter

Compiler

Device Driver Architecture

I/O Library




Isolate Application Model

JSR 121 - Application Isolation APl Specification
Allows running multiple Java applications inside a single Java VM
Every isolate has its own state for all static variables

Inter-isolate communication
> Provides lower level asynchronous message delivery

Can migrate from one device to another
> Not a standard Isolate feature



N, 5.

“Regular” vs. Isolates

Standard Java VM Squawk Java VM

Non-
shareable
object
memory

Shareable
object
memory
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Accessing the Sensors

* EDemoBoard class represents all the sensors
on the “out-of-the-box” sensor board

» Singleton — EDemoBoard.getinstance()

» Access to sensors
> getADCTemperature() - temperature
> getLEDs() - LEDs
> getLightSensors() - light sensors
> getAccelerometer() - accelerometer
> getSwitches() - push switches



SPOT Programming Example

protected void startApp()
throws MIDletStateChangeException {

ITriColorLEDJ] leds =
EdemoBoard.getinstance().getLEDs();

leds[0].setColor(LEDColor.GREEN);
leds[0].setOn(true);

/IKeep the program from exiting
while (true) {};



Sun SPOT Sensor Code Snippet

Rangelnput light = SensorBoard.getLightSensor();
Rangelnput temp = SensorBoard.getTemperatureSensor();
ISwitch switch1 = SensorBoard.getSwitch1();
Accelerometer3D accel = SensorBoard.getAccelerometer();
Il Set accelerometer to 6G scalling

( (LIS3L0O2AQAccelerometer) accel).set6GSScale();

SensorBoardColouredLED led1 =
SensorBoardColouredLED.getLed1();

led1.setOn();

Il Change LED colour as SPOT is tilted

int xAccel = accel.getX().getValue();

if(xAccel > 0)
led1.setRGB(xAccel, 0, 0);
else
led1.setRGB(0, 0, xAccel);

N

Java



Wireless Sensor Networks

-
#
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-
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' To Host PC,
4 LAN, or
Internet

N

Basestation

Sensor and Data Acquisition Boards
. Processor/Radio Boards

i Gateway



Using the Base Station

Base station
USB 2. .
S  802.15.4 radio

» Base station can communicate with SPOT through
the radio network

» Two modes of communcation
> Broadcast and point-to-point

» Each SPOT has a 64 bit IEEE address
» Uses CLDC's GCF to open connection




SPOT Communication Protocol

* Radio Protocol:

> Socket-like peer-to-peer protocol that provides
reliable, buffered streambased 10 between two
devices
RadioConnection conn=

éRadioConnection)Connector.open
"radio://<destinationaddr>:<portNo>");

» Radiogram Protocol:

> Client-server protocol that provides reliable,
buffered datagram-based 10 between two devices

> Server:

RadiogramConnection conn =
(RadiogramConnection)
Connector.open("radiogram://:<portNo>");



SPOT Communication Protocol

» Radiogram Protocol.

> Client;

RadiogramConnection conn =
(RadiogramConnection) Connector.open
(“radiogram://<serveraddr>:<portNo>" ) ;

> Broadcasting:

RadiogramConnection conn =
?RadiogramConnection) Connector.open
“radiogram://broadcast:<portNo>" ) ;



Example: Welcome Message...
0014:4F01.0000.0006

Port 100

% J 0 O e

1. Write “Hello World”
2. Flush

3. Read buffer
4. Turn on LED

5. Print answer

HOST

Port 100
0014:4F01.0000.0007



Radio Connection — Host

RadioConnection conn = (RadioConnection)
Connector.open(“radio:/ / 0014:4F01.0000.0006:100’);

DataOutputStream dos = conn.openDataOutputStream();

dos.writeUTF(“Hello World”);
dis.flush();

dos.close();

conn.close();



Radio Connection — SPOT

RadioConnection conn = (RadioConnection)
Connector.open(“radio:/ / 0014:4F01.0000.0007:100");

DatalnputStream dos = conn.openDatalnputStream();

String msg = dis.readUTF();
//[Turn on LED

dis.close();

conn.close();



Radiogram Connection — Host

DatagramConnection conn = (DatagramConnection)

Connector.open(“radiogram:/ / :100”);

/[Creates a datagram with the maximum size

Datagram dgram = conn.newDatagram(conn.getMaximumLength());

dgram.writeUTF(“Hello World”);

conn.send(dgram);

conn.close();



Radio Connection — SPOT

DatagramConnection conn = (DatagramConnection)
Connector.open(“radiogram:/ / 0014:4F01.0000.0007:100");

Datagram dgram = conn.newDatagram(conn.getMaximumLength());

conn.receive(dgram);

String msg = dgram.readUTF();

conn.close();



Broadcasting

Host

DatagramConnection conn = (DatagramConnection)
- ”\.
Connector.open(“radiogram:/ / broadcast:100 ),

//As sending datagram

SPOT

DatagramConnection conn = (DatagramConnection)
Connector.open(“radiogram:/ / :100”);

//As receiving datagram
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Project Blackbox

- 4 Monitoring a
== Mobile Data Center

..........



Sun

microsystemns

Sun SPOTs on Blackbox

A 3D Accelerometer. Rigid body
simulation: records movement of
the Blackbox container in transit.

GPS. Tracks Blackbox location.

= T
Temperature, humidity and light. ok B rﬁlww &
Monitors environmental conditions e L S [t o
of systems in transit. e 8. B " '
WOV Il U
Data loggers. Redundant ; ' i )
data collection. _ 11 _
i =]




Visit http:/lwww.sunspotworid.com/

» Submit a proposal for classroom curriculum using
Sun SPOTS

» Obtain a Sun SPOT development kit
» Watch some cool Sun SPOT video demos

» Participate in Sun
SPOT forum

» Create something cool!



http://www.sunspotworld.com/

S

Web Site

HoEals) SunSpotWorld - Home of Project Sun SPOT

¢ || + | @ hitp:/ /www.sunspotworld.com/ ~(Q~ Google
L]

! [ Bonjourv My Yahoo! Wikipedia Commerce (219} News (1569) Digital Photography v Swanv¥ Art Techv Stuffw >

Sun

http://www.sunspotworid.com

*  More Information

* Forums

> for questions

+ Mailing list

> for latest information



Sun SPOT Resources

* Project Sun SPOT http://www.sunspotworld.com/
> Sun SPOT documents and applications notes
> Short Video demos
> Classroom Curriculum
> Discussion Forum

- David's Blog: http://blogs.sun.com/davidgs/
> Latest news, other informal information on Sun SPOT

+ The Squawk Project
http://research.sun.com/projects/squawk/

> Sun Microsystems official Squawk research project page

- NetBeans IDE
> Free download software development tool for Sun SPOT.

Java


http://www.sunspotworld.com/
http://blogs.sun.com/davidgs/
http://research.sun.com/projects/squawk/

Project Sun SPOT

http://www.sunspotworid.com
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