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Disclaimer

Embedded Artists AB makes no representaivanties with respect to the coméeats and
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Information in this publication is subject to change without notice and does not represent a
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2 Introduction

Thankyouforbuyinh e Andr oi dE Op e n frahcEmbeesdedArtigts. Poptpel i ¢ a't
rest of the document the £ardnoid Open Accessdlybe written outASA The kit (hardware

and software) will be calleal AOAA Kfor shortvhen referring to just the hardware the term

AOAA Boamdill be used.

Thekithas been develogsdEmbedded Artistelose cooperation with NX&htainswvo
microcontrollers from NXR,RI@F69 (Corte3 core) and LPC11C24 (Cul@ecore) hetwo
microcontrollease connectetha CAN network.

Emb e d d e AOAKitldts ysutgat @mdrunning with AOA experiments immediately. It is a
standal one platform for evaluation and proto
operatingystem. The AB@Boards also suitable for experimenting with CAN, Ethernet and RF
networks. THEOAMoardchas been designed for evaluation and is not designed for final integration
into consumer or industriaperdiicts.

Thi s doc ume n thatgrimarildesctibeetimaiivearecsign dheAQAAKiIt
demonstration applications. The hardware ddsliggss®ith another document.

It is recommended that the reader has some basic knowledge about C programming and Android A
development. Aogbsource for Android App development is the Android Developers Guide, see
referencfs]

2.1 Demo ApplicationdOverview

Android Open Accessdigws connectigcessorigs an Android devidgpically a phe or

tablet The Accessory and Android device communicates over USB. The Accessory has to implemer
a USB Host interface, while the Android acts as a USB client (also called USB Device). For more
information abdndroid Open Accesssed3]

From a software perspective, this means that the Accessory must implement a USB Host interface.
There must also be two applications, one on the Accessory and one on the Anerowd device
applications communicaé&s a custom defined protocol. AOAthlespesgocol open. The

applications have complete freedornmimgdie protocol between them and to create functionality

that supports the application in the best way.

] ANAroid

! Device

-

i Protocol betéen Android
/ device and Accessory.
1 USB is only transport layer
\ 1 Protocol is completely oper
definition and can be adapt|

Android to specific requirements of

applications.
Accessory

Device
\— J
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There are three AOA demo appkd¢htiboan be downloaded from the Embedded Artists support
page. The A@MBoards not proaded with any of these demo applications. THerrdasds

that the applications are continuously updated-tratiadegplication would quickly become
outdatedlhis section gives an overview of the demos. For more information about how to work with
the demos please read ch8pter

The three AOA demo applications are:

1. An pplication that allows controlling and monitoridgtBeak®from an Android device.

1 Theidea behind this (bad@ndstohaveasimpleand cleaimplementation that
is easy to understand Fratin the Andragplication point of view and the
software ruing on the Accessory (LP.IT6€re is no fancy user intesface
the Android side arwdallperipherals on tA®AMBoardare accessible. This
basic implementation is a good staminigppadding more functionality.

1 The applications shawmto move data in both directions; from Android device to
the Accessory and the other way around.

 The LPC11C24 is not used in this demo.

A network oriented demonstration application; the Ad¥€4$368) (manages nodes in a
CAN network and present information from the nodes (LPC11C24) on the Android device.

I The CAN nodes can be controlled and monitored from the Android device.
1 The Accessory detaghen CAN nodes are connected and/or removed.

1 The Adroid application is a kitttaore advanced than in the first demo
application.

A network oriented demonstration application; the Accessory (LPC1769) manages nodes in
wireless network and presents information from the nodes on the Android device.

 Thewirelessodes can be controlled and monitored from the Android device.

1 The Accessory detagherwirelesaodes araddedand/or removérdm the
network

1 The XBee wireless modules are used in the demonstration. Tieitmedes are
other AOABoard wth special applicatiohP€Xpresso LPC1Béfard
mounted on the LPCXprBsse Board

1 The same Android application as for the CAN network is used.

Thesource code has been organized in libraries for modularity andTéessmirasecode
packageare great platforms for quickly getting started with developaygpiicaitiowd he
LPC1769 packagmntainseveralvelknown software packages:

1
1

FreeRTO8as been ported to the board and a demo is available that show how to use it.

IwlPv1.4.0 haseen ported to the boardhithserver_raw (webserver) application from
the IwlP contrib package is available with a small modification-tmase 8{and
interface instead of the ROM based file system.

FatFdfile system module has been potteel hoard. The IwIP demo (based on
httpserver_raw) is using this module to access files on an SD card.

nxpUSBliwh i ¢ h i s N Bvailable@dr®& Bsed in therA®A demos.
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All'in all, there are applicatiorisur separate deviGese pictureelow.

4) Wireless node
(LPCXpresso Base Boat
or other AOAA board) Y

2) Android devid

1) LPC1769

...........

3) LPC11C24 e iiiiiitine

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

Figure2 0 Applications Running in Parallel

Up to three of them are running in parallel in the demo applications.

1) LPC176¥®this application runs on a fast ARM-@8npercessor with up to 120Melz co
frequency. The application implements the Accessory functionality in the system. The
processor has the capability of implementing big and complex applications.

2) Android devitehis application runs on a fast application processor on the Android device
The application implements some form of (graphical) user interface and other logic needed 1
control the Accessory.

These two applications represestirdud thebasic AOnplementatidranAndroid device
communicating over USB with an Accédsasywhat the firbasiclemo applicationplements

The seconahetwork orientei@mo application adds the possibility for a managed CA@etwork.
onboard CAN node makes it really simple to add this functionality.

3) LPC11C2#this application riorsa fast ARM Cofé@ processor with up to 50MHz core
frequency. The application implements a CAN node tHaigydllsemsors (temperature,
light and pusdiutton) and can control outputs (likeEE3Beveral CAN nodes can
simultaneoudhe conneted to the network.

The third, also network oriented, demo applications adds the possibility for a managed wireless
networklThe demonstration is the same as the CAN network. It is just the network medium that is
changedl'he XBee wireless modules haweskeéected in the demo for ease of use and availability.

4) Wirelessode the application has been ported to two different hardware platforms; another
AOM Boardind an LPCXpresso LPC1769 mounted on an LPCXpresso Blase Board.
application reads sengauiti(like trimming potentiometer) and can control outputs (like
RGBLEDSs). Several wireless nodes can exist simultaneous.
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2.2 Prerequisites

This section lists what is needed to get staapgliagttion development with@haKkit, i.e.,
with AOAxperimnts and prototyping.

2.2.1 Software
The following softwaaekages areeded to start working:

1) For program developing on the Accessory side (LPC1769 and LPC11C24), the latest versio
of the LPCXpresso IDE must be downloaded and insthBgd. See
http://www.nxp.com/Ipcxpréasdétails where to download and how to install.

2) For developing the application on the Android side, download and insta8bkhe Android
Seg[5] Note that the Android demo applications in this document are based on Android 2.3.-
(API 10) with Google API and that support must be selected during SDK installation.

3) Download the demo applications from Embedded Artists Suppapmditations are
distributed as fifes that cagasilybe imported into the LPCXpresso IDE (Eclipse based).
Registration is needed before getting access to the support AR&0EndsAO
delivered with a product serial kegusbeegisterd to gain access.

4) To testhe demo applications without contgaingcommendeditavnioadnd install
Flash Magiottp://www.flashmagictool)clhiisa PC tool for programming flash based
microcamollers frolMXPover the UART. This applicedionlownload prempiled
applications to theC1768n the AOXBoardlt is not really useful for program
development and debugging.

2.2.2 Hardware
The fdbwing hardware is needed to start working:

1) An A@AKit (AOABoardUSB cable and product serial key for access to the support site)

2) AnLPGLInlE is needed for effective application development on the LPC processors.
Check tha@ABoarch a r d w a guide forsneBommatisn about how to cre®€ an
Linkfrom an LPCXpresso target board. There is also an FAQ entry on the Embedded Artists
web site with a detage@leonhow to create ARGLink

1 Embedded Artists sells LPCXpresso boards that hededmeadkifications
dong(to create drPCGLinkfrom an LPCXpre&smarjl

3) An Android device that supports AOA. ChéddtBearch ar d wa r e fouaslistr 6 s gu
of (confirmed) supported Android devices.

1 The Android application demos have not beksd upltee Android Market. In
order to install the demos from a different source the settings in the Android device
must be changed. Go to 6Set tsélectgs d and
AUnknown sourceso.
On Android devices running Andraidsdsetting has been moved from

6Applicationsd to O6Securityd

1 The seconskttings requiredthen developing applications for an Android device.
Go to 6Settingsdéd, O6Applicationsé, and

4) A +5WCpower supply.rirost cases the Android device is supplied with a USB charger
(that has a USBconnector for supplying thB@5Whe USB chargaustbe capable of
supplying GBOA.

1 The USB cable that is included in #AekfQUSB to USB) is used between
theUSB chargéor your P@nd the ABABoard
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1 If a USB changgoes not exist an external +5VDC/1A supply can be used. A
standard 2.1mm power jack input exists on the board. Center pin is positive.

5) A USRable tohe Android device. Normally this isA(InS&rted in AB Boarg to
USBmicreB (inserted in Android device) cable, but not always. Some Android devices have
special USB connectors. Use the cable that comes with the Aradrdio miesiteo
the USB\ connector on theAA®oard

The followg additional hardware is needed to run the XBee dema.B1 section
1 Two or more XBee modules

9 Either a second AOAA Boardld?@Kpresso LPC1769 mounted on an LPCXpresso Base
Board

2.3 ESD Precaution

Please note thheACAA Boarccome without aicase/box and all
componentze exposed for finger touchesl therefore extra attention nr
be paid to ESBectrataticdischarge)recaution.

Make it a habit alwaigsfirst touch the metal surfaceavfe ofthe USBor
Ethenetconnectos for a few secondsith both hands befoteuching \
any other parts of the boarddat way, you will have the same potentic

the board and therefore minimize the risk for ESD.
Note thaEmbedded Artistsoés not replace boards that haverbdamaged by ESD.

2.4 General Handling Care

HandleheAQMA Boardvith care. The bo@rdiot mounted in a protective case/liexaind
designed for rough physical handling. Connecasaarafter excessive usebdheds
designed fewvaluationnaprototyping usand not for integrationéotssumer or induseiad
product

2.5 Code Read Protection

The LPC769 and LPC110##ea Code Read Protection function (specificallye€RP3
respectivdatasheset u s e r & for deta)shat,af lenddad, will make tbleipimpossible to
reprogram (unless the psegram has implemented such functionality).

Note thaEmbedded Artisidoes not replacBOAA boards where the LBTB9 or LPC11C24
haaeCRP3 enabl ed. I t 6 s tidvakethissnede Bysaccidemts ponsi bi | i

2.6 Other Products from Embedded Artists

Embedded Artists have a broad range 00@2000/3000/40%ed boards that are very low

cost and developed for prototyping / development as well as for OEM applications. Modifications fol
OEM applications easilype done, even for modest production volumes. Contact Embedded Artists
for further information about design and production services.

2.6.1 Design and Production Services

Embedded Artists provide design services for custom liess@mpmpkately new or modification to
existing boards. Specific peripherals andeéSilgaa added to different designs, for example,
communication interfaces, specific analog or digital I/0, and power supplies. Embedded Artists has
broad,andlolgx peri ence in designing industrial &ele
LPCD002000/3000/400aicrocontroller faesiin specific. Our competence also includes wireless

and wired communication for embedded systems. For examplatZHHIORAN),
BluetoothE, ZigBeeE, | SM RF, Ethernet, CAN,
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2.6.2 OEM/ Education / QuickStart Boards and Kits

Vi sit Embedde dwvAEmMbaddetAstidts, fonenfarenatipreaboet ,aEHewY
EducationQuickStakioards / kits or contaxtrylocal distributor.
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3 Demos

3.1 AOA Basic

This demo shows hoseted data in both directions between the AOAA Board and the Android
device. The AOAA Board has two buttons; two RGB LEDs and a trimming potégtioeneter (see

3). The LEDs are controlled from an Android application that will also display the state of the button
and the value of the trimming potentiometer

Buttons and
RGB LEDs

Connectetd

Poweng othe Android device

board

3.1.1 Setup

This setup uses the prebeitiion of the AOA Basic appli¢atidroid applicatitmt is stored on
the Embedded Artistsodé6 web site.

1) Flash the demo_aoa_basic project on the AOAA Board using the LPCXpresso IDE as
explained sectiod.3

2) Connect the Android device to the AOAA Board a$-ghon in

3) Follow the instructionshendisplayp download/instakk Android application. This is
explained in more detaiéatiort.1

3.1.2 Alternative Setup

The difference in this setup is that the AOA Basic application is built and transferred to the Android
device instead of using the prebuilt version.

1) Flash the demo_aoa_basic project on the AOAANBdbedLRCXpresso IDE as
explained sectio®.3

2) Connect the Android deviadPG

3) Follow the instructiomsectior.2to compile the AOA Basic Android application
4) Run the Hpse debugger to download the application on the Android device
5) Stop the debugger and disconnect the Android device from the PC
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6) Connect the Android device to the AOAA Board asghoen in

3.1.3  Running the Demo

The first thingat happens as the Android device is connected to the AOAA Board is that a dialog
appears asking AOpen AOA Basic when this USB
application. The Application will Ioeigliked below. The buttons control the two RGB LEDs on the
AOAA Board. When turning the trimming potentiometer on the AOAA Board the TrimPot value (whi
is 649 ifrigured) will be updated. Pressing ddohgalown the button(s) on the AOAA Board will

change the text in the Android application fromaOtoa 1.

Accessory Connected Accessory Disconnected

TrimPot  Button 1 Button 2 Button 1

6490 1 00000 0

RGB 6 LED RGB 6 LED

Red Green Blue Red Green

RGB 7 LED RGB 7 LED

Red Green Blue Red Green

The Android application detdws the USB cabldissonnectexhd changes the appearance to
reflect this. S&ggures.

3.2 AOACAN

The AOAA Board has two CAN intediaees) the LPC1769 side and one on the LPC11C24 side
and these are contaecin a CAN netwdtkis demo shows hibv AOAA boarthnages nodes in

the CAN network and present information from toamodesiroid devidere CAN nodes can

be connected to the network, but then modification of the AOAA board isundogssary (mo
connectors).
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CAN Node

Connectetb

Poweng othe Android device

board

Figure 6 - AOAA Board: CAN Demo

The CAModehas a light sensor, a temperature sensor, a button, an RGB LED and a red LED. All ar
accessed in this demo.

Note 1: As long as @#N nodis connected ttoe AOAA Board there is no way to test-the plug
andplay functionality of the CANTbhesCAN node must be separated from the LPC1769 side and
connectors mounted in order to test thagplay functionali8eeFigurer foran example where

the CAN Node is separated from the AOAA Board.

Figure 7 - CAN Node Separated

Copyright 22© Embedded Artists AB



AOAAKIBSof t warGuideUs er 0 s Pagel5

3.2.1 Setup

This setup uses the prebuilt version of the AOA Node @pplicati@pplicatitmt is stored on
the Embeddsitd Artistsé web

1) Flash the demo_aoa_can project on the AOAA Board using the LPCXpresso IDE as
explained wectio.3

2) The CAModehas an LPC11C24 that come pre flashed with the correct software for this
demo.

If the eftware have to be changedldsmthe aoa_can_nodd RC11C24 project) on
the CAModeusing the LPCXpresso IDE as explaretidrl.3

3) Connect the Android device to the AOAA Board as-&hoen in

4) Follow the instructions on the display to download/install the Android application. This is
explained in more detaiéationt.1

3.2.2  Running the Demo

The first thing that happenkeasndroid device is connected to the AOAA Board is that a dialog
appears asking A0Open AOA Node when this USB
application. The Application will start with a list of available CAN nodes (only) @mel iwithis case
look lik&igure3 below.

¥ Connected as a media device

Accessory Connected
Node: 144

n 0.0 ' 166 O 0

[E) node: 144

Temperature Light Button

28.12897 0

RGB LED

Red Green Blue

LED

Click on the Node in the list to bring up the controls for thatijors) (déete that the button
to control the green color of the RGB LED will appear tpthatbhsokething happens when
clicki ng on.Thishifecatisée mremected ta thet goean isEbared with the
JTAG interface on the CAN Node. To get it to work the JTAG interface has to be disabled.

The Android application detects when the USB cable is disconnected and changes the appearance
reflect this. S&ggurelQ
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Accessory Disconnected

Figure 10 - Accessory Disconnected

3.3 AOA XBee

The AOAA Board has a connector for an XBee wireless raglulkt {s&ehis demo shows
how to use the AOAA Board as a gateway betderdrott device anK8ee network.

Figure 11 - Socket for Digi XBee RF module
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XBee Nodeinningn an
LPCXpresddaseBoard

XBee Nodeinning on
anAOAMoard

Gateway for the XBee
network connected to
Android device

Figure 12 - XBee Demo Setup

Note that at least two XBee modules are needadthe AOAA Board acting as aygatelthe
second on the board acting as an XBeln riglgel 2there are three XBee modules since two
XBee nodes are connected to the gateway.

3.3.1 Setup

This setup is usingl2PC1760PCXpressnounted can LPCXpres&ase Baa An XBee
modulés mountednthe LPCXpresso Base Bddmel LPCXpresso Base Board must have the
jumpers positioned correctly as shieigarel 3
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1) Flash the demo_axbeeproject on the AOAA Board using the LPCXpresso IDE as
explained sectiod.3

2) Connect the LPCXpresso Base Board to the PC

3) Follow the instructiosdatio.3but download and use the
xpr_1769 bb_ xbee node xxxxxx.zip file for the code.

4) Connect the Android device to the AOAA Board as-ghoer2in
5) Follow the instructions on the digplaywmhload/install the Android application. This is
explained in more detaiéatiort.1

3.3.2 AlternativBetup

In this setup a second AOAA Board sumeXBee noddease note that more than one node

can le active simultaneously. This means that if both the AOAA Board and the LPCXpresso Board
acts as XBee nodsseFigurel?) two nodes will present in the list of nodes in the Android
Application.

1) Flash the demo_aoa_xbee projdet &OAA Board using the LPCXpresso IDE as
explained sectio.3

2) Connect the second AOAA Board to.the PC

3) Flash the xbee_node project on the second AOAA Board using the LPCXpresso IDE as
explained sectio 4.3

4) Connect the Android device to the first AOAA Board dsighaha in
5) Follow the instructions on the display to download/install the Android application. This is
explained imore detail ectiort.1
3.3.3  Running the Demo

The first thing that happens as the Android device is connected to the AOAA Board is that a dialog
appears asking AOpen AOA No?doe Awhsewe rt hOKs tUWS Bs |
application. The Application will start with a list of available XBee nodes (exéyrpieaincthis

will look likeigurel4below.
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i USB debugging connected § Connected as a media device

Accessory Connected Node: 1

Temperature Button

Each discovered node sends its capabilities to the gateway which forwards the information to the
Android application which in turn alters the user interface to réftpattisithdre is no light
sensor compared-igur@even if it is the same application.

The Android application detects when the USB cable is disconnectedhendpgeargese to
reflect this. S&égurelQ

3.4 FreeRTOS

FreeRTOS (s€EL) has been ported to the AOAA Board. As it is not used in any of the AOA demos,
there is a sapate demo for it. The demo shows twiodasksender and one receiver.

3.41 Setup
This demo only needs one AOAA Board.

1) Flash the FreeRTOS_demo project on the AOAA Board using the LPCXpresso IDE as
explained sectio.3

2) Connect the USB cable between the AOAA Board and the PC
3) Start a terminal program on the PC to see the messages sent from the receiving task

3.4.2  Running the Demo
The receiving task whthd UARTeonce everinsecorsdt ri ng A Rec

3.5 Web Server

IwlP v1.4.0 (s€Er) has been ported to the AOAA Board. The httpserver_raw (webserver) application
from the IwlIP contrib package is available with a small modificationtoardeSidaron
interface instead of the ROM based file system.

3.5.1 Setup
1) Add one or more fileart8D card and then insert it into the slot on the AOAA Board

2) Open the Iwip_httpd project in the LPCXpresso IDE as destidre® in
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3) The IP number for the AOAA Board is statically defined (i.e. no DHCP) and must likely be
modified to avoid conflicts with the network it will be connected to. The IP address, net masl
and gateway settings can be found in main.c.

4) Attach the netwadble to the AOAA Board
5) Flash the Iwip_httpd project on the AOAA Board using the LPCXpresso IDE as explained in
sectiordt.3
3.5.2  Running the Demo

Open a web browser and ent#? gldelress of the AOAA Boargdliadelected during Setup. For
example if the SD card hasraafiredest.htnit can be accessedrdr://192.168.5.239/tesifhml
the IP address is 192.168.5.239.
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4 Guides

4.1 Installing Suggested Andrdplication

When connecting the Android device to the AOAA Board deeiéedeadchés a matching
application. If one cannot be found then a dialog appears Bgsheh@rdlick the View

alternatey which will launch a web browser to download the file. The downloadachie is visible
the notification bar is expandedrigeel?). Install the application by clicking on it. dbiatagys
inFigurel8andFigurel Qwillappeaffrom a device running Android 4)

¥ Connected as a media device

Connected as a media device
Touch for oth ions

Demo - AO/ .
Demo_AOA_Basic-1.apk
Do mplete

No installed applications work

with this USB accessory. Learn

more about this accessory at http:

//www.embeddedartists.com/

_aoa/Demo_AOA_Basic.apk

Cancel View

AOA Basic

Do you want to install this application?

Cancel Install
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