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Description

A BeagleBoards and BeagleBones are inexpensive web servers, Linux
desktops, and electronics hubs that include all the tools you need to
create your own projectsd whether it's robotics, gaming, drones, or
software-defined radio. This webcast will go over some of the recipes
In the BeagleBone Cookbook that go beyond BeagleBone Black for
connecting and talking to the physical world with this credit-card-sized
computer.

A In this webcast you will learn:

I What is BeagleBone Black? What can you do with BeagleBone Black?
I What basic skills will iBeagleBone Co o0 k b 0 o kné dekiedop?p

I What are some other BeagleBoards coming out, including SeeedStudio
BeagleBone Green, SanCloud BeagleBone Enhanced, BeagleBoard.org
BeagleBone Blue and BeagleBoard.org BeagleBoard-X15

I What recipes will work with these other boards and how do | apply them?
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BeagleBone Black

Ready to explore and use in minutes

Truly flexible open hardware and L
software development platform AR e
A USB client network
A Built-in tutorials
A Browser based IDE
o A Flashed w/Debi
All you need is in the box A Pt and flesibre
A 1-GHz Sitara ARM
A 2x200-MHz PRUs
A512-MB DDR3

A On-board HDMI

Proven ecosyStem from prototype A 65 digital I/0
A 7 analog inputs
(o prOdUCt A Support for numerous

Cape plug-in boards

http://beaglebonecapes.com

BeagleBone Black 1 the most flexible solution in open-source computing



http://beaglebonecapes.com

BeagleBone Black board features

10/100 Ethernet

USB Host

Easily connects
to almost any

DC Power

Power Button
LEDS
Reset Button

USB Client

everyday Development interface
device such and directly powers
as mouse board from PC
or keyboard

, 4-GB on-board
gucroHDMI storage using
connee . 1-GHz Sitara ~ €MMC |

Irectly to 8 AM335x APre-loaded with
monitors ARMP® Debian Linux
and TVs Cor t eABE Distribution

Expansion processor A8-bit bus

_ headers _ accelerates
microSD Enable cape hardware Provides a performance
Expansion slot for and include: more AFrees the microSD
additional storage A65 digital 1/0 advanced user slot to be used for

A7 analog interface and additional storage
512MB DDR3 A4 serial up to 150% for a less
Faster, lower power A2 SPI better expensive solution
RAM for _ Boot éé EVC\:/MS performance than SD cards
enhar_lced user-friendly Button AZ timers than ARM11
experience AAnd much much more!
- APower over USB A4-GB on-board stora
. ge
Money saving extras: Alncluded USB cable ABuilt-in PRU microcontrollers
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Simple browser-based interactions
http://beagleboard.github.io/bone101
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http://beagleboard.github.io/bone101

Cloud9 IDE hosted locally

Zero install and exposes command-line

Muev: = ' EBnca = ' Sloust = * Slbeas » G . « 1o & Cire P we = C)Dee = ¥ Bl kine B Qorus

C 192.168.3.25 3000/ide.htm

C

vor 1
b.pinMode(leds[1i], b.OUTPUT);

r stote - b.LOW;
rlvor 1 in leds) {
b.digitalNriteleds[i], state);
}

setinterval(toggle, 1009);

O {
f(state b.LOW) state - b HIGH;
¢ state - b.LOW;
rCvar 1 in leds) {
b.digitolWrite(leds[i], state);




10,000s of developers building
connected devices today

A

’ Medical a
lo

BeagleBone  %™né
Appllcatlons

o o Do I

Software Robotics
Defined Radio g

Drones

To o

Medical analysis, assistance and
information management

Home information, automation and
security systems

Home and mobile entertainment
and educational systems

New types of communications
systems

Personal robotic devices for
cleaning, upkeep and
manufacturing

Remote presence and monitoring

Automotive information
management and control systems

Personal environmental exploration
and monitoring
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BeagleBone Cookbook
http //beagleboard.org/cookbook

BeagleBone
Cookbook

Mark A. Yoder & Jason Kridner

A 99 recipes covering
Basics

Sensors

Displays and outputs
Motors

Internet of things
Kernel

Real-time 1/O

Capes



http://beagleboard.org/cookbook

Key take-aways from BeagleBone
Cookbook

A Gain familiarity with electronic components you can
Integrate
I Sensors, displays/lights, motors, networking and more
I Quick success with known-good recipes
I Go all the way to making your own PCB

A Build confidence working with a Linux system
I Get the guided tour
I Work with high-level languages like JavaScript and Python
I Utilize Linux networking capabilities
I Get introduced to working with real-time and kernel patching
i Gain exposure to related industry tools

§# beagleboard.org

9




Fanless open computer
BeagleBoard

& Now, BeagleBoard-X15,
: updates the full-featured
BeagleBoard line for
those wanting everything

In—éOiO, BeagleBoard-xM
provided extra MHz and
memory, without extra cost

#_ In 2013, BeagleBone Black
again brought developers
extra MHz and memory,
restored the HDMI and all at
a price below $50!

In 2008, BeagleBoard.org
introduced the world to
personally affordable open
computing with the original
BeagleBoard, spawning

In 2011, BeagleBoard.org got
down to the bare bones and

countless want-to-be ~ asingle cable development Mint tin sized
designs inspired by open experience with the original BeagleBone
community collaboration BeagleBone at under $90




BeagleBoard.org Logo program

http://beagleboard.org/logo

A Third party product
that licenses use of
logo

A Verified to run

BeagleBoard.org
software image

A Open hardware design
materials

A Targeting new
applications
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SeeedStudio BeagleBone Green
http://beagleboard.org/green

A Available now

A Compared to Black
I Removes HDMI
I Adds Grove connectors

A Affordable and great for
qguick-connect to 12C
and UART sensors

A SCL=P9 19
SDA =P9 20
A TXD=P9 21
RXD = P9 22



http://beagleboard.org/green

SanCloud BeagleBone Enhanced
http://beagleboard.org/enhanced

A To be released soon

| A Compared to Black
- W%' i Adds RAM to 1GB
I Ethernet to 1Gbit/s

I Adds IMU, barometer,
temperature sensors

I Adds WiFi/Bluetooth via
daughterboard

I Adds 3 USB ports

A For those that want all
the bells and whistles,
but still BeagleBone
compatibility



http://beagleboard.org/enhanced

BeagleBoard.org BeagleBone Blue
http://beagleboard.org/blue

A To be released May 2016

A Compared to Black

I Removes cape headers,
HDMI and Ethernet

I Adds wireless connectivity
I Adds battery support

T Adds DC and servo motor
control

T Adds IMU and barometer
sensors

I Adds CAN and several
quick expansion
connections

A Open robotics education
solution

.
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http://beagleboard.org/blue

BeagleBoard.org BeagleBoard-X15

A To be released Feb

2016
A Compared to Black

Similar Debian Linux
distribution

i No cape interface
I PRUs

.
|
|

Many more cores

" Many more I/Os
" Lots more connectivity

AThe fiwhat i

f



Beag |eBOa I'd 'X1 5 USB3.0 Host Bottom side

_ _ . SD card slot
Hi gh performance Sitaratk 3x HUB Ll\l/licroUSBZ.OsIave
AM5728 processor
A 1.5GHz ARM® Cortex®-A15 for Reset button

processing and user interface
A 750-MHz C66x DSP for analytics
A Quad core PRU and dual core
Cortex-M4 for real time control
A Video and Graphic acceleration

Audio in

Audio out

eMMC
4GB

Bottom side
Expansion connectors

2x Ethernet Ports §

Gigabit _
6SATA 20-pin ARM JTAG
HDMI
DDR3L
12V DC Power >GB

TPS659037
Power
Management IC

Power button

16
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Quick Compatibility Chart vs. Black
_

BeagleBoard.org BeagleBone Y JTAG
BeagleBoard.org BeagleBone Black Y Y Y -
Arrow BeagleBone Black Industrial Y Y Y Industrial
Elementl4 BeagleBone Black Industrial Y Y Y Industrial
SeeedStudio BeagleBone Green Y N Y Grove
SanCloud BeagleBone Enhanced Y Y Y 1GB, 1Ghit,
wireless
BeagleBoard.org BeagleBone Blue N N Y Robotics
BeagleBoard.org BeagleBoard-X15 N Y N Big jJump in
CPUs and I/O




Audio recipes




Possible audio solutions

A Built-in HDMI audio
I connect to TV or HDMI-audio adapter

A Audio cape
i SPI, I1°S and 1°C available

A USB Bluetooth dongles
I BlueZ A https://wiki.debian.org/Bluetooth/Alsa

A USB audio adapter & this will be our approach

| Easy to find adapters on Amazon, etc.

A http://www.amazon.com/s/ref=nb sb noss 2?url=search-
alias%3Dapsé&field-keywords=linux+usb+audio

§? beagleboard.org
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https://wiki.debian.org/Bluetooth/Alsa
https://wiki.debian.org/Bluetooth/Alsa
http://www.amazon.com/s/ref=nb_sb_noss_2?url=search-alias=aps&field-keywords=linux+usb+audio
http://www.amazon.com/s/ref=nb_sb_noss_2?url=search-alias=aps&field-keywords=linux+usb+audio
http://www.amazon.com/s/ref=nb_sb_noss_2?url=search-alias=aps&field-keywords=linux+usb+audio
http://www.amazon.com/s/ref=nb_sb_noss_2?url=search-alias=aps&field-keywords=linux+usb+audio
http://www.amazon.com/s/ref=nb_sb_noss_2?url=search-alias=aps&field-keywords=linux+usb+audio
http://www.amazon.com/s/ref=nb_sb_noss_2?url=search-alias=aps&field-keywords=linux+usb+audio

Step #0 — Prerequisites

A Connect to the board per recipe 1.2
| http://beagleboard.org/getting-started

A Verify the software image per recipe 1.3 and
potentially updating per recipe 1.9
I http://beagleboard.org/latest-images



http://beagleboard.org/getting-started
http://beagleboard.org/getting-started
http://beagleboard.org/getting-started
http://beagleboard.org/latest-images
http://beagleboard.org/latest-images
http://beagleboard.org/latest-images

Step #1 — Boot with USB audio
adapter

A Power up with USB
audio adapter inserted

I Some kernel s
USB hotplugging

I USB power typically
sufficient, but add a
power adapter if you
see Issues

A Verify driver loaded

I Isusb
I dmesg




Step #2 — Test playback

A Discover devices
I man aplay
I aplay -l
I aplay -L

A Playback samples

I aplay -D "default: CARD=Device"
/usr/share/sounds/alsa/Front_Center.wav




Step #3 — Test record

A Use the mixer to set the input gain
I alsamixer

A Record a sample
I man arecord
I arecord -f dat -D "default: CARD=Device" test.wav




Step #4 — Set default audio

A Write to ~/.asoundrc

A Enables you to use
applications without
specifying the card
each time

A Example
r e g ui r-gesinstalldliped

| flite 7Tt "Hello!

pcm.!default {
type plug
slave {
pcm "hw:1,0"

}

}
ctl.!default {

type hw
card 1

§# beagleboard.org




More about ALSA

Advanced Linux Sound Architecture - http://alsa-project.org

Native ALSA Apphcation Native ALSA Application
ALSA LIBRARY
USER SPACE f
KERNEL SPACE $
ALSA KERNEL API
ALSA SoC CORE
CODEC MACHINE PLATFOR!
DRIVER DRIVER DRIVER
TLVAIC31 CODEC McASP Driver
CONTROL INTERFACE DATA TRANSFER
(120) SYSTEM-OMA INTERFACE (McASP)
A A
' AUDIO COD!
AUDIO HARDWARE

A Includes user space
ibrary for application
programming

A Supports many
devices

A ALSA SoC supports
adding codecs to
embedded boards



http://alsa-project.org
http://alsa-project.org
http://alsa-project.org

More

A Nice set of tutorials from 13-year old Alek Mabry
I http://einsteiniumstudios.com/speak.html

A Shortcuts to updates and examples from the book
I http://beagleboard.org/cookbook



http://einsteiniumstudios.com/speak.html
http://einsteiniumstudios.com/speak.html
http://einsteiniumstudios.com/speak.html
http://beagleboard.org/cookbook
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Prerequisites

A Connect to the board per recipe 1.2
| http://beagleboard.org/getting-started

A Verify the software image per recipe 1.3 and
potentially updating per recipe 1.9
I http://beagleboard.org/latest-images



http://beagleboard.org/getting-started
http://beagleboard.org/getting-started
http://beagleboard.org/getting-started
http://beagleboard.org/latest-images
http://beagleboard.org/latest-images
http://beagleboard.org/latest-images

Connect a button to GPIO P8 19

http //beagleboard. orgISugporthone101I#headers

BeagleBone
Cookbook

. J
\QLUTIONS
V), '
- e

GPIO 66 7
GPIO_ 69 9
GPIO_45 11
13
GPIO_47 15
GPIO_27 17
19

~Mmci oL 21
MMC1 DATA 23

25
27
29
s
33
35
Lo pATAs 37
39
41
43

| LCD_DATAO 45

8 GPIO_67
10 GPIO_68
12 GPIO_44
14 GPIO_26
16 GPIO_46
18 GPIO_65

20 MMCICMD
22 MMCIDATS
2 MMC1DATI
26 GPIO_61

26 Lcopek
30 LD ACBiAS.
32 LCD_DATAIS |



http://beagleboard.org/Support/bone101/#headers

Recipe 6.6: Continuously Displaying

the GPIO Value

https://github.com/BeagleBoneCookbook/firstEdition

/blob/master/06iot/[QueryDemo.html

<html>

<head>
<title>BoneScript jQuery Demo</title>
<script src="/static/jquery.js"></script>
<script src="/static/bonescript.js"></script>
<script src="jQueryDemo.js"></script>

</head>

<body>
<h1>BoneScript jQuery Demo</h1>

<p>buttonStatus = <span id="buttonStatus">-
</span>

</p>
</body>
</html>

https://github.com/BeagleBoneCookbook/firs
tEdition/blob/master/06iot/jQueryDemo.js
setTargetAddress('192.168.7.2',
{initialized: run}
);
function run() {
var b = require('bonescript");
b.pinMode('P8_19', b.INPUT);
getButtonStatus();
function getButtonStatus() {
b.digitalRead('P8_19', onButtonRead);
}
function onButtonRead(x) {
$(‘#buttonStatus’).html(x.value);
setTimeout(getButtonStatus, 20);

}
}



https://github.com/BeagleBoneCookbook/firstEdition/blob/master/06iot/jQueryDemo.html
https://github.com/BeagleBoneCookbook/firstEdition/blob/master/06iot/jQueryDemo.html
https://github.com/BeagleBoneCookbook/firstEdition/blob/master/06iot/jQueryDemo.html
https://github.com/BeagleBoneCookbook/firstEdition/blob/master/06iot/jQueryDemo.js
https://github.com/BeagleBoneCookbook/firstEdition/blob/master/06iot/jQueryDemo.js
https://github.com/BeagleBoneCookbook/firstEdition/blob/master/06iot/jQueryDemo.js

Stepping back to recipe 6.3

Interacting with the Bone via a Web Browser
https://github.com/BeagleBoneCookbook/firstEdition/blob/master/06iot/server.js

var port=9090, h=require('http"), A BeagIeBone Black
u=require('url’), f=require('fs’); _ _ _
var s=h.createServer(servePage); ShIpS with Debian and
s.listen(port); Node.JS
function servePage(req, res) { A Using Node.JS Is easy
var p = u.parse(req.url).pathname; i
f.readFile(__dirname+p, 0 serve up a Slmple
function (err, data) { web page
if (err) return; T
res.write(data, 'utf8'); A Run with: _
res.end(); node server.js
)} A Browse to port 9090
} and a local file

ﬁ’beogeboad.org 31



https://github.com/BeagleBoneCookbook/firstEdition/blob/master/06iot/server.js

Recipe 6.4 adds hardware interaction

https://github.com/BeagleBoneCookbook/firstEdition/blob/master/06iot/GPIOserver.js

var h=require('http"),f=require('fs"),
b=require('bonescript’),
g='"P8_19', p=9090;

var htmlStart = "<IDOCTYPE htmI>\
<htmI><body><h1>" + g + "</h1>data = ";
var htmlEnd = "</body></htmI|>";

var s = h.createServer(servePage);

b.pinMode(g, b.INPUT);,
s.listen(p);

function servePage(req, res) {
var data = b.digitalRead(g);

res.write(htmlStart + data + htmlEnd, 'utf8");

res.end();

}

A Builds on simple
Node.JS web server

A BoneScript library
utilized on server

A Content served using
variables, not files

A Full example uses
URL path

I distinguish content
A Refresh manually

ﬁ’beogeboad.org &



https://github.com/BeagleBoneCookbook/firstEdition/blob/master/06iot/GPIOserver.js
https://github.com/BeagleBoneCookbook/firstEdition/blob/master/06iot/GPIOserver.js

Recipe 6.5 introduces jQuery
http://jsfiddle.net/n5j3p320/1/

» A

TargesAdd
= intiatts BoneScript jQuery Demo
= teamonStarss « 0
Lion sl
P “ WER
5, plrMode! LN
L Crodis
gerButeansiasus();

dlgtealnad(i M, coluttoriend);

A Great tool to make content dynamic
A jsfiddle.net provides a playground for learning
A Learn more about the API at jquery.com



http://jsfiddle.net/n5j3p32o/1/
http://jsfiddle.net/n5j3p32o/1/
http://jsfiddle.net
https://jquery.com/

How BoneScript works in the browser
http://beagleboard.org/static/bonescript.js

A Provides a setTargetAddress() function to define
the global require() function

A Utilizes the built-in Node.JS based web server

built into the Beag e Black default image
https://qithub.Com/iadonk/bonescript/blob/m%e.r/\s;c/server.is

A On-board bonescript.js provides the require()
function and utilizes socket.io to define remote

procedure calls
https://github.com/jadonk/bonescript/blob/master/sréoonescapr.|s
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http://beagleboard.org/static/bonescript.js
http://beagleboard.org/static/bonescript.js
https://github.com/jadonk/bonescript/blob/master/src/server.js
https://github.com/jadonk/bonescript/blob/master/src/server.js
https://github.com/jadonk/bonescript/blob/master/src/bonescript.js
https://github.com/jadonk/bonescript/blob/master/src/bonescript.js




