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Abstract

« We will walk through an open source project utilizing the BeagleBoard,
the Trainer I/O expansion board and the Node.JS-based Cloud9 IDE to
a provide synchronized and responsive JavaScript library and
programming environment for performing low-level I/O. By hosting the
IDE directly on the BeagleBoard and serving it up locally using
QtWebkit, hobbyists can begin twiddling GPIOs and talking to 12C or
SPI1 based sensor devices without installing any software. Only simple
web programming skills are required to create a GUI, transparently
remote it anywhere on the web and utilize Linux 1/0. The audience
Includes open source developers looking to teach embedded 1/O using
the Linux kernel and hobbyists looking to rapidly add electronic controls
to their applications. Information will be given on how to setup the
environment, toggle GPIOs, synchronously update a web page upon
getting a Linux input event efficiently using a JavaScript closure,
measure the latency and contribute to the project.
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Hi Embedded, meet full-distro Linux

beagleboard org

* Low-power and
affordable (and small)

* Open hardware with
large community
having many hardware
forks

e Support in many distros
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Zero-install visualization tools and editor
anywhere on the web In under 2 Watts

'é'Applications Places System

Sun Apr 10, 9:53 PM g

Terminal

File Edit Wiew Terminal Help
21:53:39 up 1:17,
112 total,
73.1%us,

top -
Tasks:
Cpuls):

5 users,

14.1%sy, 0.0%n1,

3 running, 109 sleeping,

load average: 1.09, 0.60, 0.35
0 stopped, O zombie
0.0%wa, 2.8%h1, ©0.7%s1,

[ [

9.5%id, 0. st

@

£ Cloud9 IDE - Ajax.org

(—
File Edit
H save & debug - ®run -

FILES

= || jadons-education
[ binary
[ cloud9
= labs
[ peg-game-js

Open...

=[] processing-js
[0 hello_world. htrml
L index. html
index. htrnl~

play_swept_sine.sh
L+
L+

processing.js
processingjs-demo.js
processingjs-demo.sh

processingjs-demo.sh~
[ toggle-ed
= [ toggle-led-nodejs
4r | hello_werld.js
L indesx. html
4r | matrix_cormmand_shell.js
4» | read-event.jz
[ toggle-led-gt
[ togale-led-websocket

C M % httpyflocalhost:2000/#home

Command:

Status:

Connected

Output:

VARV

stop -
index.html
1 <html=
2 <head=
3 <title=Processing.js + socket.io demo</title=
4 </head=
5 <body=>
6 <h2=Command:</h2>
7 <p=<button onclick="trigger()">Trigger</button=
8 =h2»Status:</h2>
9 =p»=span ld="status"=Not yet connected</span=</p>
10 <h2=0utput:</h2>
11 =canvas ld="canvasl"=</canvas=
12 <pre=
13 <span id="output"=<!--%0UTPUTS- - =</span>
14 </pre=
A
16 <script src="/socket . io/socket.io.js"»</script>
17 <script src="processing.js"»</script>
18 <script type="text/javascript"s
19 var graphDataSize = 50;
20 var graphData = new Array(graphDataSize);
21 var sketchProc = function(p) {
22 p.frameRate(10);
23 p.size(600, 250);
24
25  war rangeY = 258;
26 wvar centerf = p.height / 2:
27 war scaleY = p.height / rangeY;

[ B Terminal || Terminal

H Te_rn-ﬂ.i-nal -

|[® Clouds IDE -

Ajax.org ... ” |w| Processing.js + socke... ]

https://gitorious.org/~Jadon/jadons-education
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This Is where | started learning electronics

* A computer was * EXperimentation was
something you encouraged, without
programmed, not justa  fear of destroying the
collection of family photo album
applications
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Making the web programmable for all

Cloud9 IDE utilizing the
Ajax.org Code Editor

¥ Cloud9 - Your code, anywhere anytime. - Mozilla Firefox

Kids and grandparents
alike “get” the browser

A URL Is universal

=  Eats its own JavaScript
: dog food

llllllll

Head(
1nag

z7 ding="'utfs
unction| I
9 ifferr]) {
30 res.writel Head (500, {"Content-Type": "text/plain™}):
31 s.urite(err + “\n"j;

[ [
3z res.end();
- « HTML provides a quick
34 }
res.write Head (200, {"Content-Type": type}):
36 tro= 1" 4 Filel.renlane ! L hd
B and easy Ul

 Possible to encourage
good version control

[# @ [Hr[ssrox [@ R

JavaScript-based in-browser editor merged
with Mozilla Bespin/Skywriter project
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JavaScript provides native closures

root@beagleboard:~# node

> by = function (x) 1 A function refgrence
var multiplier = x; iIsn’t just a pointer

return function(y) {
return (y*multiplier);

SR * The reference keeps a
> by4 = by(4); copy of the local state
[Function]

by5 = by (5); . .
[Function] » Garbage collection is
o, v used to clean up the
o Pyl references
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HelloWorld in node.|s

var http = require('http'); ° Node u‘““zes the V8
h‘;tp":?eatese”e“ JavaScript interpreter
unction (req, res) { .
res.writeHead (200, { ertten by GOOgle
'Content-Type': L
'text/plain' * The node.jsis
b CommonJS and its

res.end('Hello World\n'):;

\ standard libraries make

) .1listen (8124, "127.0.0.1"); use of closures
console.log('Server running at
nttp://127.0.0.1:8124/7); * The libraries focus on
enabling networking
setTimeout (function () {
console.log ("world"); « Many, many other
b, 2000 ; libraries available via

console.log("hello");

ﬁnpm7
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Event-based programming with node.js

* The node.js event loop runs as long as there are callbacks remaining

* 1/0O requests are given callbacks instead of leaving it to the operating
system to try to find something else to do while waiting on the hardware

« There is no need to create threads to do something when blocked

« events.EventEmitter is a class that you can use to make new objects
that allow registering callbacks for events (event listeners)

« JavaScript closures make all of these callbacks really easy to create,
unlike interrupt handlers that you’d have to carefully guard how they
communicate to the rest of the system

« The approach keeps node.js responding quickly even with many
callbacks, open sockets, and event listeners as shown in benchmarks
against apache
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Reading events from Linux device nodes

63 war socket = io.listeniserver)

G5 zocket . oni'connection', functioniclient) |

B7
B
B
70
71
72
73
74
75
76
77
78
79
a0
&1
g2
a3
g4
&5
86
a7
a8
a9
a0
g1
g2
g3
g4

A new connection will
trigger creation of
e iy sty myListener function to

cwordadZlual 'timel ')

send data to the browser

wordlélual 'type ')
_wordlélal ' code ')

sys.puts("New client connected");

cwordIdZlal tvalue ')

* The standard node.js

wyEvent . time = myEvent. timel + (wyEwvent.timef / 10000007 ;

var wyEventJEON = JS0N. stringifywyEvent); blnary mOdUIe enables

client . send (wyEwventISON + "wn");

simple parsing

var myStream = fs. createReadStreami

* When the device node
s provides more data,
erean, addlistenes ( daca’, ayiissenes), myListener is called

wyStreaw. addlistenar (| 'error', functiconferror) |

sys.puts("Bead error: " + error);

bi: 10

13 TEXAS
INSTRUMENTS




Processing.JS visualization language

cC f &f&' I-.tt|:-.-.-1o.1.123.2: 3000/workspace/processing-jsfexamples based |an g u ag e u Sed aS
Processing.js starting point for the
BouncyBubbles Arduino language

Based on code from Keith Peters (www.bit-101.com). Multiple-object collision,

j:DhttpH101123230 \ 2 ) PrgceSS“’]g |S a Java_

Original Processing.org Example: BouncyBubbles

* Processing.JS utilizes
HTML5 Canvas and
JavaScript to do the
same thing

| == | * Designed for artists and
/] o s aritien vy Sases feas and pan e animators, the language

int numBalls = 12;

float sorns = 005 boiler plates many
Ball[] balls = new Balll[numBalls];

programming tasks

s1zel(200, 200);
noStroke();

I E — A AAAAAANRECrL=S==———
Terminal ‘ £} Clouds IDE - Ajax.org | & http:f10.1.123.2:200

11
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HelloWorld in processing.js

f = loadFont ("Arial");
size (250, 250);
frameRate (15) ;

// Main draw loop
void draw () {
textFont (£, 32);

r = 100*sin (frameCount / 4);
background (220) ;
£111(0);

text ("hello world", 30, 130+r);

line (30, 135+r, 180, 135+r);

* More graphical than

textual, so you need to
load a font

 draw() loop repeated

every frame

* Lots of useful graphical

functions and transforms

* Integrates easily with

JavaScript syntax

12
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Streaming audio data to processing.]s

6| s/ socket_din

77 war socket = io.listeniserwver) a6
78 socket _oni'connection', functioniclientc! { 57 war canvas = document . getElewmentEyIdi"canwasl");
8| sy new client is= herel

55 . _ . N
50 sys.puts('New client commected"); war processing new Processingi{canwvas, sketchProc);

&1 59
82| ff dndtiate read
83 try {

) ) Gl socket . conmect () ;
o4 vwar child = child process.spawn!

85 "jusrsbinfarecord", G2 zocket.on('connect', function() {
& [ 63 document . getElementById{"status").innerHTML="Connected" ;
&7 "—clh, "—rg000", “"-fS8", "-traw", B4/} ;
f=1=] "——-buffer—-=size=200", "--periocd-size==z00", "-HN" !
o] ] B5 socket.on{'message’', function(data) {
a0 g 66 var myData = window. atobi{data);
=4l hild. std . E i ‘b 540 . . . .
child. stdout. Setincoding('hass= ! 67 foriwar i=0; i<graphDataSize; it+) |
g2 child. stdout . oni'data', functionidatal |
o3 client cenddata - G5 war b = myData.charCodelt (i) ;
84 s B9 ifibe=128) {
a5 child. stderr._ oni'data', functionidatal) | Fii] b = h-255:
H
=] sys._pubs{'arecord: " + data); 71
7| 1 !
=15 child. oni'exit', functionicaodel | 72 window. graphbatali] = b;
== ] svs_putsi"arecord exited with walue " + code)l: 73 }
100 i
T4 b
101 3 catcchierr) |
102 svys.putsitarscord error: " 4+ eEr) 7a socket.on{'discommect ', functioni() {
103 3 76 document . getElementById{"status").innerHTML="Disconnected";
104

T opoexiti);

105| s/ on message

105 glienmt.oni'messages’', function{data) | 78 bi:
107 sys_ putsi"Got message from cliewnt:", data) ; 79
105 ifidata.match{ /crigger 11 { an trigger = function{] {
109 child process.exec|

110 "play -bl -cl -r2000 -n synth 10 sine create 200-200 O O 1 socket.send{"trigger');
111 functicon (err, stdout, stderr) {} a2 }:

112 1
114 311

TE| sy on discomnnmect

117 pliemt . oni'discommect ', functioe () |

G0 var socket = new io.Socketi{null, {port: 3001, rememberTransport:

falsel});

13

115 child kill({'SZITCHID' ) 2

119 sys._puts ("Client disconnected. ") ; I TEXAS
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Performing the display of the data

16
17
18
19

“soript | sro="/socket_ ioSsocket_io. js"
<script | sro="processing. js"

<script | type="text//javascript

war graphDatafize = 50;

war graphlata = new Array|{graphDataSize);
war sketchProc = functionip) {

p. frameRate (10 ;

p.=si=ze(&00, E50);

var range¥ = ELG;

var centerY = p.height [/ Z;

var scale¥ = p.height / range¥;

var stepX = p.width / (graphDatalSize - 1);

Ff The draw function will be called frameRate times per second
p.draw = functioni) {
S erase background

p-background (ZZ24) ;

S draw axis
p.stroke (25} ;
p.strokelWleight il ;

p.line (0, center¥, p.width, center¥);

A draw graph
p.stroke(0);
p.strokelleight (3] ;
Ffp.line (0, center¥+l, p.width, center¥+l):
war lastH = 0, nexti = 0, last¥, next¥;
for(war point in graphData) |
neXty = center¥ - (graphbatalpoint] * scale¥);
ifi{point 1= 0% {
p.line{lasti, lastY, nexti, nextT);
lastH += stepk;
}
nextX += stepk;

last¥ = next¥;

war canvas = document . getElementByIdi"canwasl");

war processing = new Processing{canvas, sketchProc);

ﬁ‘App\ications Places System

EEANES
sl = are)

Status:

Connected

Output:

File Edit
top - 06:38:38 1
107 tota
Cpuls): 64,8%us

Wiew

Tasks:

¥ * X x 2000
i;*;;ocom“iﬂ

e
R
e
11
11
=
Go

ar
. ar

ar

Go
Go
Go
tr

0

[ Terminal ][ Terminal

][ B [Terminal]

][ |@) Prc;

14
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Round-trip performance with DOM update

{"timel":1302500648,"time2":504489,"type":1,"code":108, "value":1,"time":1

.
° A qUICk CheCk Of the 302500648.504489, "start":1302500648534)
{"timel":1302500648,"time2":504489,"type":0,"code":0, "value":0,"time":130
2500648.504489,"start":1302500648540}
Got ack from client after 19 milliseconds
perforl I lance Showed that {"timel":1302500648,"time2":753144,"type":1,"code":108, "value":2,"time":1
302500648.753144,"start":1302500648755}
- {"timel":1302500648, "time2":753205,"type":0,"code":0, "value":1,"time":130
t ICaI reS Onses Were 2500648.753205,"start":1302500648759}
yp p Got ack from client after 17 milliseconds

{"timel":1302500648,"time2":792238,"type":1,"code":108, "value":2,"time":1

- 302500648.792238,"start":1302500648800}
un er ZomS Or roun _trlp {"timel":1302500648,"time2":792269,"type":0,"code":0, "value":1,"time":130
2500648.792269,"start":1302500648803}
Got ack from client after 13 milliseconds

m essa e 9 DO M {"timel":1302500648, "time2":831392, "type":1, "code":108, "value":2, "time": 1
302500648.831392, "start":1302500648833}

{"timel":1302500648,"time2":831422,"type":0,"code":0,"value":1,"time":130
d > I 2500648.831422, "start":1302500648841}
up ate message OO ps Got ack from client after 7 milliseconds
{"timel":1302500648,"time2":870485,"type":1,"code":108, "value":2,"time":1
302500648.870485,"start":1302500648872}
acrOSS the IP Over USB ("timel":1302500648, "time2":870515, "type":0, "code":0, "value":1, "time":130

2500648.870515, "start":1302500648880}
Got ack from client after 6 milliseconds

. .
Connectlon to Wlndows P( : ("timel":1302500648, "time2": 909364, "type":1, "code":108, "value"”:2, "time":1
302500648.909364, "start":1302500648911)

{"timel":1302500648,"time2":909395,"type":0,"code":0,"value":1,"time":130
- - 2500648.909395, "start":1302500648919}
runnlng Flrefox Or ChrOI I le Got ack from client after 15 milliseconds
{"timel":1302500648, "time2":948549,"type":1,"code":108, "value":2,"time":1
302500648.948549, "start":1302500648950}
{"timel":1302500648, "time2":948579,"type":0, "code":0, "value":1,"time":130
2500648.948579, "start":1302500648958}

° Runnin M -d 1 I |I Got ack from client after 7 milliseconds
g I Orl Oca y {"timel":1302500648, "time2":987550,"type":1,"code":108, "value":2,"time":1
302500648.98755,"start":1302500648989}
- {"timel":1302500648, "time2":987581,"type":0,"code":0, "value":1,"time":130
showed a typ|Ca| response 2500645. 987581, "atar e 11302500648995
Got ack from client after 6 milliseconds
{"timel":1302500649, "time2":26704, "type":1,"code":108,"value":2,"time":13

Of nder 35mS 02500649.026704,"start":1302500649028}

u {"timel":1302500649, "time2":26765, "type":0,"code":0,"value":1, "time":1302
500649.026765,"start":1302500649036}
Got ack from client after 12 milliseconds

15
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TinCanTools Trainer-xM

Elink
Turns on an LED on for che second, then off for one second, repeatedly.

This example code is in the public domain.
*

void setup() {
I initialize the digital pin as an output.
#/ Pin 13 has an LED connected on most Arduino boards:
pinMode(13, GUTPUT):

H

void loop() {
digitalWrite(13, HIGH); // set the LED on

celay(1000); Jf wrait for a second

digitalWrite(13, LOW); // set the LED off

celay(1000); Jf weait for a second
H

2 ~~-idr 4 N
. Jelalele - . BOUQ
D DOoooooo “1*1*1°1°1°
GO000000 poooopDooooooOees
- oocv'rv'o-------u pog
o elefelelelolotofodolofotolotntadatatal |~
DOODD ;{:‘ooq'ow-n--.--~
* slnlalalalnls slelelel alele inlnl i1
COO0000000D00! . &‘%Fn.
v wlololololalalalolalalolalolololalalal s
s elelelolololololole v
elelofelalololols
00000000
cuoonoo:‘d:t
slelslelalel T
poooooDon0

Y 3 googoooons
goooopooDe

* |2C Interface (3.3V/5V)
* SPI interface (3.3V)
* GPIOs (3.3V)

* Arduino-compatible
Atmega328 processor

— Connected to the
BeagleBoard’s 2" serial

— Works with avrdude

16
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Plans

Finish getting the Arduino tools up on the Trainer-xM

Create simple apps on the Arduino to exercise the BeagleBoard 1/Os
— 12C, SPI and serial data streams with interesting patterns
— Add A/D conversion on the AVR with triggers to make a better scope demo
— Invoke Arduino tools from the Cloud9 environment

Create libraries for the 12C, SPI and serial 1/0

Create an explorer for SYSFS and the kernel device nodes
— Ultimately want to create a full training on kernel features

Hook up the interface into QtWebkit browser that loads at boot time
— Provide SD card images
— Hopefully update the shipping image to enable zero-install
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BeagleBoard-xM detalils

Laptop-like performance

;;;;;;

@3730 processor
(AM37x-
compatibile)**

= 1GHz** superscaler
ARM® Cortex ™-A8

= More than 2,000**
Dhrystone MIPS

= Up to 20** Million
polygons per sec
graphics

= 512KB** L2%

= HD video capable
C64x+™ DSP core

POP Memory**

© 512MB** LPDDR
RAM

\

4

.
....................

Desktop-style USB

peripherals and

embedded style
expansion

(LCD Expansion \

~= |2C, I?S, SPI,
MMC/SD Expansion

= DVI-D

~= Camera Header**
= S-Video

= JTAG

= 4-port USB 2.0 Hub*}
"= Stereo Out

= Stereo In

10/100 Ethernet**
USB 2.0 HS OTG*

Alternate Power
RS-232 Serial*

oy

(microSD Slot* /

* Supports booﬁng from this peripheral
** Change between Rev C4 and BeagleBoard-xM

13 TEXAS
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Development Boards Based on
BeagleBoard

TechNexion

u® Chestnut43
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http://www.compulab.co.il/t35/html/t35-cm-datasheet.htm
http://www.compulab.co.il/t35/img/t35-sb-top-m.jpg
http://www.variscite.com/varomap35xxsbc.html
http://wiki.omap.com/index.php/File:VAR-OMAP35CustomBoard_Front_s.jpg
http://www.technexion.com/index.php/tao-3530
http://wiki.omap.com/index.php/File:Kboc_bb1_pp.jpg
http://www.kwikbyte.com/KBOC.html
http://www.ultratronik.de/peodukte_embedded.html?&L=2
http://wiki.omap.com/index.php/File:IGEPv2-Platform.jpeg
http://www.igep-platform.com/
http://wiki.omap.com/index.php/File:Thirdparty_devtool_icetek-omap3530-mini.gif
http://www.realtimedsp.com.cn/
http://www.realtimedsp.com.cn/
http://www.realtimedsp.com.cn/
http://www.realtimedsp.com.cn/
http://www.magniel.com/omap3.html
http://www.buglabs.net/
http://images.google.com/imgres?imgurl=http://www.popsci.com/files/imagecache/bown_article_image/files/articles/bug-labs.jpg&imgrefurl=http://www.popsci.com/bown/2008/product/bug-labs-bug&usg=__wcAp1_heMnvo5WW9TKUQW4ReN1Y=&h=455&w=485&sz=31&hl=en&start=2&sig2=S0uGQSGrZcAqK_n5iVUyZA&um=1&tbnid=SmpMAufKn3N_0M:&tbnh=121&tbnw=129&prev=/images?q=buglabs&hl=en&rlz=1T4ADBF_enUS297US297&sa=N&um=1&ei=yvsTS6yMFpK1tgeE8emsCQ
http://www.ebv.com/de/products/categories/details/product/ebvbeagle-board/
http://www.gumstix.com/store/catalog/product_info.php?products_id=237
http://www.embedinfo.com/English/product/devkit8000.asp
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