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Android™ and Linux™ on the new i.MX53
Quick Start board

Remi Lorriaux (Adeneo Embedded)
Embedded Software Engineer — Linux, Android
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Training Agenda

» Morning

* Presentation of the i.MX53 Quick Start Board (30mins)
* Linux on the i.MX53 Quick Start Board

— Quick introduction to Linux for embedded devices (1hr)

- Building and using Linux for the Quick Start Board
(1hr 30mins)

» Afternoon

e, the

S
E
e the

F

P

* Android on the i.MX53 Quick Start Board (3hrs)

- General presentation of Android
- Using Android with the i.MX53 Quick Start Board
- Writing applications for your device
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Who am |?
» Remi Lorriaux
« Embedded Software Engineer at Adeneo Embedded
« Linux, Android, Windows CE
« BSP adaptation, board bring-up, driver development
e Training delivery (Linux and Android)
e rlorriaux@adeneocorp.com

» Adeneo Embedded o de neo
« Turnkey Design Embedded

« BSP and Driver Development
« Application Development

» Freescale partner (Linux, Android, Windows Embedded)
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Introducing the i.MX53 Quick Start board

=
Freescale, the Freescale logo, AltiVec, C-5, CodeTEST, CodeWarrior, ColdFire, C-Ware, mobileGT, PowerQUICC, StarCore, and Symphony are trademarks of :
Freescale Semiconductor, Inc.,Reg. U.S. Pat. & Tm. Off. BeeKit, BeeStack, CoreNet, the Energy Efficient Solutions logo, Flexis, MXC, Platform in a Package, -
Processor Expert, QorlQ, QUICC Engine, SMARTMOS, TurboLink and VortiQa are trademarks of Freescale Semiconductor, Inc. All other product or service -
names are the property of their respective owners. © 2010 Freescale Semiconductor, Inc. semiconductor

freescale eden

Embedded



=}
myﬂ“

e
I.MX Applications Processors

» Multimedia applications processors
« ARM9, ARM11, ARM Cortex™-A8, ARM Cortex-A9
e From 400 MHz to 1+ GHz
* Energy efficient

» System-on-chip

* Display, Network, Communication buses, Multimedia... all in
a single package.

» Markets:
« Consumer
« Automotive
e [ndustry
» i.MX family webpage on Freescale's website
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i.MX portfolio

'\ ft \ LMX B0uad -y
a2 4 Cortex Cores

> LMX 6Dual
I 2 Cortex Cores

> i.MX2 (ARMO)
. 454 MHz

> i.MX3 (ARM11)
+ 532 MHz

ARMII™  ARME Cortex™-As  ARM® Cortex™-AQ
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i e 1+ GHz
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» i.MX6 (Cortex-A9)
Performance e Multi-core
@ Automotive | @ Consumer | @ Industrial
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1.MX53 Multimedia Applications Processors

» Advanced multimedia / Power efficient
» ARM Cortex-A8 core
» Upto 1.2 GHz

®

Common Features of Al Devices

= 32 KB /D caches, 260 KB L2 cache

* NEON SIMD media sccalarator

= OpenGl ES 2.0 and OpenV'd 1.1 dual
graphica accelerator

= LXGA and 10B0p resolution display support

= Infegrated INDE display bridges

» Dual displey suppart

* Dual camera Interface

* Hardware accelsrated imags processing

= 18/32-bit LPDDR2/DOAZ-BO0TDRS-200

= BA6-bil SLC/MLS NAND

» Dual USH FPHY

= 107100 Ethernet

= Spourity

Core
ARM® Cortex™-A8

v

Feature Integration

‘ @ Automaotive | @ Consumer | @ Industrial | |
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e
I.MX53 key features

» ARM Cortex-A8 (NEON, VFP)
» DDR2/DDR3

» Storage
« NAND
« SDCard

» Connectivity
« USB
 10/100 Ethernet
« SATA
« CAN modules
« 12C, SPI...
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I.MX53 key features
» Multimedia

e OpenGL ES2.0 and OpenVG 1.1 dual graphics accelerator
« Dual-display and dual-camera interface
 Hardware accelerated image processing
 1080p video decode, 720p video encode
» Security

» Package-on-Package (i.MX538)

» ... and more
See the i.MX53 webpage and Reference Manual
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http://www.freescale.com/webapp/sps/site/taxonomy.jsp?code=IMX53_FAMILY

Evaluating the i.MX53
» SABRE Platform for Tablets

» i.MX53 Quick Start Board
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I.MX53 Quick Start Board

» .MX53

» 1GB DDR3 SDRAM

» Debug UART connector
» VGA connector

» SATA 7-pin connector

» \Wall 5V power jack

» Headphone out
» Microphone in
» Ethernet

» Dual USB
>
>

SD Card (data)
MicroSD Card (system)
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I.MX53 Quick Start Board

» 3-axis accelerometer

» Optional LCD screen 4.3" 800x480
WVGA and touchscreen

» HDMI and SPDIF add-on card via
Expansion connector

» JTAG connector
» 30-pin LVDS connector
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Software for the i.MX53 Quick Start Board

» OS Support:
e Linux (from Freescale)

* Android (from Adeneo)
Froyo, Gingerbread

« Windows Embedded Compact 7 (from
Adeneo)

» Freescale also provides a large portfolio
of optimized video, speech and audio
codecs

> Inflexion™ Ul for i.MX processors by
Mentor Embedded ™

» Get latest software from
Freescale's website
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Linux on the i.MX53 Quick Start Board
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e
Linux Agenda

» Introduction to Linux for embedded systems
« Key Linux features

» The different software components of a system (bootloader,
kernel, root filesystem)

 How to build a system using different tools
» Linux for the .MX53 Quick Start Board

 LTIB

e Labs:

- Assembling your i.MX33 kit

- Using prebuilt images

— Building and using your own images with LTIB
- Flashing and using Ubuntu
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Linux history

» Created by Linus Torvalds in 1991

» Thousands of people and companies contributed code to
the project

» Very popular in the embedded world

Date Version Lines of code

March 1995 1.2.0 310,950

January 2001 24.0 3,377,902

March 2011 2.6.38 14,294,439

#
cale, the F cale logo, AltiVec, C-5, CodeTEST, CodeWarrior, ColdFire, C-Ware, mobileGT, Powe QUICC StarCor d Symphony a t ademarks of &
I S d ctor, Inc.,Reg. U.S. Pat. & Tm. Off. BeeKit, BeeStack, CoreNet, the Energy Eff tS lutions logo, FI s, MXC, Platform i P ckage, f ’ d O
E rt, Qor Q QUICC Engine, SMARTMOS, TurboLink and VortiQa are trademarks of Freescale Semiconductor, I . All other produ t rvice - reesca e Ee'b"d ded
e the p operty of their respective owners. © 2010 Freescale Semiconductor, Inc. samicanductor mbe e

17



=}
myﬂ“

e
Linux key features

» Portability

« Supported architectures (see arch directory in the Linux
sources): alpha, arm, m68k, x86, mips, powerpc, sparc...

» Scalability
« Used on small embedded devices to super-computers

» Security
 The code is constantly being reviewed by the community

» Reusability

« Many drivers and platforms are part of the mainline. No need
to reinvent them!

» Well-defined coding standards

» Community support
« Easy to find support and documentation
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Linux development model

» Latest version is 2.6.38
« Part of the 2.6 branch (released in 2003)
* About one release every 3 months

« Stable branches are maintained by a dedicated team (only
the security fixes are backported)

» Kernel sources available on http://kernel.org/
e Can be downloaded as archives or with git

* “Mainline” or “Vanilla” kernel: contain the main, generic
branch of development

 Released by Linus Torvalds after integrating the changes
made by all other programmers

» Not all the Linux code is part of the mainline
« Silicon Vendors typically manage their own tree
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Licensing considerations

» The Linux kernel is licensed under the GPLv2

» The GPL does not require you to release your modified
version, or any part of it. You are free to make modifications
and use them privately, without ever releasing them.

» The GPL requires you to make the modified source code
available to the program's users, under the GPL.

» GPL FAQ

» Before reusing code and libraries, check the license of the
different software packages!

» Other open licenses exist (Apache, BSD, GPLv3, LGPL)
» Different possibilities/constraints
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Contributing to Linux

» Contributing to Open Source projects is not mandatory, but
it has several benefits:

« Code reviewed and corrected by experts
e Code maintained by the community
* |Increasing the popularity of your company

» Open Source projects typically use:
e Mailing-lists
- Also a way to find solutions to issues that you might have
e Version-control servers
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e
Booting Linux

Bootloader

Initialization scripts

L
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Bootloader

» Implementations in the embedded world:

 Redboot, U-Boot, Barebox

« Typical x86 bootloaders (LILO, GRUB) are not appropriate
» Executed first when the board boots

» Located at a predefined spot (hardware-dependent):
* Flash memory, SD Card, Hard-drive...

» Initializes:
« CPU

Clocks

Memory

Hardware required to load the kernel
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Bootloader

» Loads the kernel:

U-Boot 2009.88 (Oct 15 2010 - 13:03:11)

 From: Flash memory, SD
Card, LAN CPU: Freescale i.MX51 family 3.8V at 808 MHz
mx51 plll: 8O8MHz

o TO: RAM mx51 pll2: 665MHz
mx51 pll3: 216MHz
ipg clock : 66500000Hz
ipg per clock : 665008000Hz
uart clock : 66500000Hz
> Jumps to the kernel cspi clock  : 54900000Hz
Board: MX51 BABBAGE 3.8 [POR]
Boot Device: MMC
ready
512 MB
MMC:  FSL ESDHC: @, FSL ESDHC: 1
- : eriz
» Provides a command S
:  serial
prompt PHIC Mode: SPT
Met: got MAC address from IIM: 80:04:9f:81:13:34
. . FEC® [PRIME]
¢ COanguratlon Hit any key to stop autoboot: @

BBG U-Boot >

« Debugging

-
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Role of the kernel

User space

Kernel space

Hardware Hardware
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Kernel architecture

» Interactive map of Linux kernel
http://www.makelinux.net/kernel_map

l;"v"g'g'“"hﬁ human interface system processing memory storage networking
HI char devices ... interftaces core o, PrOCESSEs . MemOrY Access , files & directories ~_ sockets access
user e Sy Cal beriacs e ies v bt iy e i e e vl
s TR " PR nulnu e -n.lru- e | o i e G g
. 1S P FAN = Ry
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—— DI PN gl | |-
1 wu_mboat Tk
ik il i |

s /

1 1 [ |

user peripherals

memory disk controllers network controllers

A
Freescale, the Freescale logo, AltiVec, C-5, CodeTEST, CodeWarrior, ColdFire, C-Ware, mobileGT, PowerQUICC, StarCore, and Symphony are trademarks of ol
Freescale Semiconductor, Inc.,Reg. U.S. Pat. & Tm. Off. BeeKit, BeeStack, CoreNet, the Energy Efficient Solutions logo, Flexis, MXC, Platform in a Package,

= le~ - o
Processor Expert, QorlQ, QUICC Engine, SMARTMOS, TurboLink and VortiQa are trademarks of Freescale Semiconductor, Inc. All other product or service - reesca e CE{EE ed
names are the property of their respective owners. © 2010 Freescale Semiconductor, Inc. samicanductor

26


http://www.makelinux.net/kernel_map

e
Main kernel subsystems

» Interface with applications (through system calls)
» Process management

» Memory management

» Filesystems

» Networking

» Device drivers
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Drivers

» Usually part of the kernel space

» Can be linked statically with the kernel (built-in) or
dynamically (modules)

» Different types of drivers:
« Block
e Character
» Specific interfaces (e.g. network)

» Many drivers are available in the kernel tree.
Check before you start coding!
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Why using open-source drivers?

» Licensing issues

* Proprietary drivers cannot be statically linked with the kernel
(GPLv2)

 GPL drivers can freely reuse GPL code

» Mainline drivers are constantly being reviewed and tested
=> Stability
=> Security

» The kernel internal API changes all the time (Why?)

When a driver is part of the mainline, these changes are
taken care of.
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The root filesystem

» The root filesystem is where all the files contained in the
file hierarchy (including device nodes) are stored

» Many different components:

Scripts Applications

Basic utilities (busybox, ...) Frameworks

Configuration files Libraries
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Filesystem conventions

» /bin: Essential command binaries
» /dev: Devices

» /etc/: Configuration files

» /home/: User's directories

» /lib/: Libraries

» /usr/bin/ and /usr/lib: Non-essential command binaries and
libraries

» /sbin/. Essential system binaries
» /proc: Information about processes
» /sys/. Kernel devices and drivers information
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Initialization scripts

» After the kernel is done initializing the drivers, the system
typically calls initialization scripts to:
« Start services in the background
« Create a debug console
« Start your application

» If you use a build system (e.g. LTIB), you will get a default set
of scripts

» Usually written using shell scripts

» You want to customize these scripts to:
« Remove unnecessary features and reduce boot times
* Implement your own scenarios (recovery, normal boot...)
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Busybox

» BusyBox combines tiny versions of many common UNIX
utilities into a single small executable. e.q.

e shell

« coreutils (caft, dd, head, talil...)
e process utilities (ps, top...)

e ... and much more

» Less features than the standard GNU implementations...
. but must often sufficient for embedded usage

» Features can be enabled or disabled at build-time
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Network utilities

» Dropbear

« SSH server and client

e Small memory footprint (can be configured at build-time)
» Busybox

« FTP/TFTP/DHCP/Telnet servers and clients

« HTTP server

» Basic network utilities (ping, ifconfig...)

» Most desktop/server projects can be ported easily to
embedded devices (e.g. Apache)

» Alternative lightweight implementations often exist
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Graphical interfaces: Qt

(right-click) menu,

o] Qt Main Window Demo BLEIES -, Media’ Plilji‘l.r E“El
File Main window Tool bars Dock Widgets
T, =,
Qﬁ Qt Qﬂ: Qt Qﬂ: Qltv Qt Qt i{ri Qﬂ: Qt'QT[ Qt Qf[ » Title: Mists of Time - 4T
R et Artist: 4T Thieves
Qﬂ: Time: 00:00:23:489 Duration: 00:06:40:000
Qt Main Window Demo White D Widget
This is a demonstration of the QMainWindow, QToolBar and
QDockwidget classes.
:il;' The tool bar and dock widgets can be dragged around and
3 rearranged using the mouse or via the menu.
’§ Each dock widget contains a colored frame and a context
©

Black... white...
Yellow Dock Widget

Qt Qt Spectrum Analyser ., ;T

1000 - 1200 Hz

_— MM"WW\MMMMWM*’MWMWH

Wiggly Text

¥ ww!l

[l
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Graphical interfaces: Qt

» Cross-platform application and Ul framework
* Maintained by Nokia
» Written in C++
» Features:
« GUI
XML parsing
« Database access
* File handling
* Internationalization support
* Graphics hardware acceleration
» Native performance

» Easy to prototype on PC
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Graphical interfaces: Qt Creator

File Edt Buid Debug Tools Window Help

» Create interfaces with Qt e —— =

1l

Geometry

Creator: -

C++ and JavaScript
code editor ' -

Radius

aip

¥ Colors

Integrated Ul designer

New York Mumbai

Project and build
management tools A e

“_ErrorConstructor.cpp - JavascriptCore - Qt Creator

gdb and CDB debuggers S —

it CallFrame.cpp #include 'JSString.h"
g CodeBlock.cpp
CollatorDefault.cpp nanespace 38C {

ASSERT_CLASS_FITS_IN_CELL (ErrorConstructor) ;
Commenidentifiers.cpp

1 -
Completion.cpp ErrorConstructor: :ErrorConstructor (ExecStatet exec, PassRefPtr<Structures structure, ErrorPrototypet errorPrototype)
ConstructData. cpp - : InternalFunction (Sexec->globalbata(), structure, Identifier(exec, errorPrototype->classInfo()->classhane))
CurrentTime.cpp {

DateConstructor.cpp // ECHA 15.11.3.1 Error.prototype
putDirectiithoutTransition (exec->propertyNanes() . prototype, errorPrototype, DontEnun | Dontbelete | ReadOnly):

CO ntrol putDi recthi thoutTransition(exec->propertyNanes(). length, jshumber(exec, 1y, DontDelete | Readonly | DontEnun):
Projects. 1
" // ECMA 15.9.3

Help DebuggerActivation. cpp ~ ErrorInstance* constructError (ExecState* exec, const ArgList& args)
Debuggercallframe. cpp
() Error. ErrorInstance® obj = new (exec) ErrorInstance (exec->lexicalGlobalObject ()-serrorStructure ()
Er if (targs.at(0).isUndefined ())

obj-sputbirect (exec-spropertyNanes (). nessage, jsString (exec, args.at(0).toString(exec))):
return obj;

i
Errorl

Simulator for mobile Uls

v static JSObject constructWithErrorConstructor(ExecState® exec, JSObjectt, const ArgLists args)
ExecutableAllocatorwin.cpj
FastMalloc.cpp return constructrror(exec, args):
FunctionConstructor.cpp 3

FunctionPrototype.cpp

Support for desktop and
mobile targets

~ ConstructType ErrorConstructor: :getConstructData (Constructbatas constructData)

constructData.native. function = constructMithErrorConstructor;
return ConstructTypeHost;

7/ ECHA 15.9.2
~ static JSValue JSC_HOST_CALL callErrorConstructor(ExecState’ exec, JSObjectr, JSValue, const Arglisté args)
{

// “Error()” gives the sanes result as "new Error()*
return constructError(exec, args):

~ CallType ErrorConstructor: :getCallData(CallDatas callData)

callData.native. function = callErrorConstructor; H
return CallTypeHost:

-'Eum Issues. Search Resu\tsnpphcamn ﬂutput Compile OUtpLL
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Graphical interfaces: GTK+

» Toolkit for creating graphical user interfaces

» Cross-platform

» Available in many languages (through bindings)
» Used by GNOME, Maemo, Openmoko, OLPC

Contacts

B Andreas Nilsson
GNOME

Home ® +87643379865

i Work & +11234567890

Add Phone Number

i Work =] andreas@home.net
i Work =] andreas@work.com

Add E-Mail Address

10 GNOME Street

~TV
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Graphical interfaces: Other solutions

» Direct access the
framebuffer device

& 5 B |Bhomenick

e B B

O () File System archiof backups docs
-

» Use libraries that provide a  IEAGUNEEY:- = = =
.'g .o =]

framebuffer abstraction Dhaml,
(DirectFB, SDL)

L e 3 a hghtweight desktop emaranmant far vanious *hik systems. §
Designed for praductiaty, & laads and executes applicatiaons fast, whie 55 48 menu edtor il Accusachar -k
consenng system resoarces, Download Xfc = o satines 3 Dovalogmant  » [
i Xfce 4.4 embadies the tracitional UK philosophy of madularty and ]| © Autostaned Applcations | # Graphics - [

ra-usabiity. & consists of a numbar of components that together B mutimedia L
pravide the ful functionality of the desktcp emironment. They ars

packaged separately and you can pick and choose from the avaiable

packages to create the best personal warking environment.

O l2am mors

24 [¥Chat: xarvarius @ Fr...

* Lightweight
Implementations exist e.g. xfce on X Window
KDrive)

@ xice - Desktop Enviren... Melayar - Vidao Tarminal - nick@coffa 2 s
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Multimedia on Linux

» Audio
« ALSA (Linux kernel + User-space library)
« Pulseaudio (sound server in user-space)
» Media streaming
« Gstreamer
— Multimedia framework
— Pipeline architecture
— Can be used to easily create multimedia applications
« ffmpeg
« Cross-platform solution to record, convert and stream audio and video
» Graphics
« DirectFB, SDL, OpenGL
» Video capture and broadcast
« V4L2 (Video for Linux)

» Pictures
« libpng, libjpeg
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Databases: SQLite

» SQLite is a software library that implements a transactional
SQL database engine

» Most widely deployed SQL database engine in the world
(Android, Linux, 10S...)

» \Well-suited for embedded systems:
Self-contained

Serverless (it is a library, not a process)
The entire database is stored in a file

Zero-configuration

» The source code for SQLite is in the public domain
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Web browsers

> Firefox
> \Webkit

* Also supplied with Qt and Android
» Dillo (lightweight browser

Dillo: Di

v =% | http:/fwww.freescale.com/webapp/sps/site/prod_summi v | [* v |Google &
& € O & [#[nw pp/sps/site/prod_summi . v| [ v oo *lwpmndiooy g
[ Most Visited v (@) Getting Started [5]Latest Headlines v & Bellevue, Washingt... |¢.' 4 @ B n Tmages| Page

Jof 7 1108 KB
2% IMX53Q5B Product Summary P... | 58

Dillo

IMX53QSB: i.MX53 Quick Start Board

&=>8 years!
Overview | Documentation Downloads Buy / Specifications Training & Support ::,:?:ved Goals ]
& B | P Current Plans
= uy Changelog -
e e Welcome to the Dillo
Freescale delivers a cost-effective, easy-to-use platform designed iMX53 Quick Start Board i Mailing List -
to simplify product evaluation and speed time to market with its new & Ea\lm = ProjeCt!
Quick Start development board series based on the i.MX family of N Compatibility
multimedia applications processors. Funding # What is Dillo?
Donate MEW K X X
The first in the series, the i.MX53 Quick Start board is a $149 open F Fosdem 2005 * Dillo is & multi-platform graphical web
source development platform. Integrated with an ARM® e L5M 2005 browser known for its speed and small
CortexTM-A8 1 GHz processor, the Quick Start board includes a . Bug Track Engine BlEE. .
display controller, hardware-accelerated graphics, 1080p video - E,gugTrack mmg # Dillo is written in C and C++
decode and 720p encode as well as numerous connectivity options View Entries ¢ Dillo is based on ELTK2, the Fast Light
ideally suited for applications such as human machine interface in Bug Insertion ToalKit.
embedded consumer, industrial and medical markets. = Yolunteering # Dillo is free software made available
i " J ; C Developers under the terms of the GNU General
Designed as a feature-rich development platfiorm, the i MX53 Quick = New Developer nfa Public License (GPL3).
Start board includes hardware design files and a board support s Naming&Coding * Dillo strives to be friendly both to users
package (BSP) containing drivers optimized for multimedia Dpil Spec and developers
anerations This decreases time fo market_omvides a basic oroduct CS5 Spec * Dillo helps web authors to comply with
See what other engineers are interested in: %‘DG web standards by using the bug meter.
s tact - —
Products Documentation Software and Tools Applic ﬂ Project Objectives:
1.MX535: . MX335 Multimedia Ap... i.MX53 Quick Start Development... 1.MX53 Software and Developmen... Tablet: Users .
iMX53T: i MX537 Multimedia Ap... SABRE Platform for Tablets Bas... i.MX53 QS Board Schematics Help s The dem_ocratlzat\on of internet
i.MX538: i.MX538 Multimedia Ap... Architectural Differences Betw... Inflexion Ul for i.MX Processo... lcans information access. F
" "
M G| V
More =i
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Toolchain

» The toolchain is the set of tools that is used to produce
binaries

« Compiler: gcc, g++
« Libraries: glibc, libstdc++

 Binutils: /d (linker), as (assembler), binary manipulation
programs

» Typical scenario:

* You are compiling using your host machine (e.g. x86)
* You are compiling for an ARM target

=> Cross-compilation (requires a specific toolchain)
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Choosing a toolchain

» Build it manually
« Tedious and difficult
* |nteresting read: Linux from scratch
» Use toolchain-building tools (e.g. crosstools-ng)
« Also requires a fair amount of knowledge
» Use prebuilt toolchains (e.g. CodeSourcery)
e Good way to obtain the latest toolchains
« Easy to integrate with LTIB
« Latest toolchains are not as well tested

» From LTIB
 LTIB provides a toolchain tested by Freescale
e Fastest way to get up and running
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Choosing a C library

» The C library is a fundamental component of a Linux
system
 Many Linux programs are written in C

* Implements all the C functions declared in standard headers
(e.qg. printf())

» Built and provided with the toolchain

» Different implementations exist:
« glibc: aims for compatibility and standard compliance
 uclibc: smaller, configurable implementation
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Development tools: GDB

» GNU Project debugger
» Most popular debugger for Linux
» Supports many languages (including C and C++)
» Interface
« Command prompt
« Graphical frontends (ddd, Eclipse, ...)
» Remote debugging:

GDB

Jl-
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Development tools: Serial console

» Debugging on embedded devices is usually done using a
serial link to your device:

 Read Kernel messages
* [nteract with a remote shell
* Log application messages

» Minicom

Welco
Minicom Command Summary
OFTIO
Compr i Commands can ke called by CTEL-A {keykx
L] L]
[ J H Ig h Iy CO nflg u ra b I e Press Hain Functions Other Functions

AT 57| Dialing directory,,D run script (God,,..G Clear SCreef...s.sl
Ok Send Files..vessses Receive files....eq cOnfigure Minicom, .0

e Supports logging to a file, file

transfers

e Can also be ported to devices

 GUI alternatives
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comm Parameters, . . .FP
Capture ondoff, ...l
sehd break, vvseeesF
Terminal settings..T
lineWrap ondoff, . ..M

Add linefeed, .. vee+A
Hangups s s s s s s s sessaH
initialize Modem, ..M
FUn Eermity v vl
local Echo ondoff, .E

Suspend minicom, . ...J
exnit and reseb,, ..k
Ouit with no reset,
Cursor key mode, ,..1
Help SCREeR,vrssvs et
scrall Back,.sssvseB

Select function or press Enter for none,l]

Hritten by Higuel wan Smoorenburg 1991-1995
Some additions by Jukka Lahbtinen 1997-2000

il8n by

Arnaldo Carvalho de Melo 1992
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Development tools: TFTP and NFS

» During development, you will likely modify the kernel
and/or the contents of the root filesystem

Having to flash the software for every modification can be
very tedious!

» Solution:
 Download your kernel from your host over TFTP
* Mount your root filesystem using NFS

=> All the files are on your dev machine. No need to reflash
everything
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Development tools: QEMU

» Open source machine emulator and virtualizer

» Two different operating modes:

 User mode emulation, which allows you to run a simple
cross-compiled executable

« Full system emulation, which emulates a full system
iIncluding the corresponding hard disk image.

» Good performance

» Can be used to test applications on a virtual device
» ARM support
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Development tools: Misc

» Profiling:
« oprofile (system-wide profiler)
» gprof, gcov (for applications)
» System calls tracing:
e strace
» Library calls tracing:
* |trace
» Dynamic analysis (memory leaks, cache, profiling):
 valgrind

» And many more...
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Development tools: Version control

» Version control systems are typically used for:
e Your own project
« Getting the sources of Open Source projects

» Many different solutions exist:
« CVS, SVN
e Mercurial
e Git
- Used for many different projects now, most notably the
Linux kernel

- Very powerful

[ J
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Building a system

» Building a system requires to:
e Select a toolchain
» Select the different packages that will run on the target

e Configure and build these packages
e Deploy them on the device

» Different ways to build a system:

« Manually (creating your own scripts): tedious, harder to
reproduce builds on other machines

« Using complete distributions, e.g. Ubuntu/Debian ARM: one
size fits all — harder to customize

« Using build systems, e.g. OpenEmbedded, LTIB: easy to
customize and reproduce builds
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Writing applications
» Portability

« Writing code for Embedded Linux mostly similar to writing
desktop applications

» Prototyping
e Targeting your Linux host development machine
« Using QEMU to simulate a device
» Leverage existing software (frameworks, libraries, tools...)
e Avoid reinventing the wheel!
» Many languages can be used: scripts, C, C++, Java
» Tools
» Editors/IDEs: vi, emacs, Eclipse CDT...
« Build system: Makefile, autotools, cmake...
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Using Linux on the i.MX53 Quick Start Board
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Freescale Linux BSPs

» Typically contain:

* Build system:

- LTIB
Toolchains

- Compilers/Linkers
Source Code

- Bootloaders (most)
- Kernel and drivers
- Applications
Deployment

— Automated or instructions
Documentation

- BSP usage and hardware docs
- Device driver docs
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Freescale Linux BSPs: key features

» Easy to install and use
» \Well documented

» |everage drivers from the whole i.MX family

» Well tested drivers
» Support for hardware acceleration, codecs...

» Recent kernel

» Support reference designs
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Freescale Linux BSPs

» BSPs are starting points (also for our 3rd party BSP Linux
vendors)

* Provide basic functionality on listed set of devices

« They are not production tested or fully optimized

« They are not intended to be final solutions

* Bugs are verified and accepted

* Fixes/Patches are worked into future revs of the specific BSP

» Professional Services / Third party developers
» Feature requests or driver enhancement
e Training
« Driver / Application development
o Support
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Typical software development cycle

» Build and run the BSP on a reference design (e.g. Quick
Start Board)

» Prototype your application on the reference board

» Adapt the BSP for your custom design
* Write custom drivers
e Configure the kernel
e Customize the root filesystem

» Port your application to your custom design
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Getting the Linux BSP

» Get the latest BSP, documentation and application notes

from Freescale's website:

e .MX53 Software and Development Tool Resources

Building your i.MX53 based design just got easier. With the
introduction of our Smart Application Blueprint for Rapid
Engineering (SABRE) platform for tablets based on i MX53
reference design and our new low cost i.MX53 Quick Start board
you now have two development platfiorms to get your design to
market quickly. These pages contain the software, design and
development tools you need to help accelerate your development
cycle.

The latest in a series of premiere market-focused reference
designs, the SABRE platform for tablets showcases the well
integrated and high performing i MX53 series of multimedia
applications processors based on the ARM® Cortex ™ -A8 with core
speeds up to 1.2 GHz.

The first in the series, the i.MX53 Quick Start board is a $149 open
source development platform that supports the features of the
i.MX53 applications processor and includes support for a VGA
display as well as optional add-on boards to support LVDS,LCD
and HDMI displays. The i.MX53 Quick Start board and the provided
Linux® Board Support Package (B5P) decreases time to market by
providing a basic product design and serving as a launching point
for more complex designs.

With production-ready software components, an optimized OS and
a system-validated BSP, designers have the tools to test and

maximize the performance of the applications they have developed.
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Supported Device Families

i.MX53 Processors

See All |G-

i.MX53 Current Software Updates and Releases

Software: Quick Start Board

Linux
i.MX53 Linux Source Code
i.MX53 Linux Multimedia Codecs Source Code
i.MX53 Linux Demo Images

Supporting 3rd Party BSPs for Quick Start Board:
Android
Windows Embedded Compact

Software: SABRE for Tablet
Android

i.MX53 Android 9.4 Source Code
i.MX53 Android 10 Source Code

Documentation

Quick Start Board
i.MX53 Quick Start Board Fact Sheet

-
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What is LTIB?

» Linux Target Image Builder is a tool created by Freescale,

that is used to build Linux target images, composed of a set
of packages

A mechanism to deliver Linux board support packages (BSP)

« A wrapper around tool chains and standard Linux commands
(cp, make, objcopy, tar, gcc, ...)

» Provides:

« A known working configuration for a target board

* Functionality to configure and build Linux system components
(kernel, bootloader, busybox, ...)

* Functionality to configure and build the Linux target system
(network configuration, type of file system to use, ...)
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LTIB philosophy

» LTIB has been released under the terms of the GNU General Public
License (GPL)

» Provides more than 200 applications — originating from open source
projects

» “Standard Linux” look and feel (make menuconfiq)

» Typical LTIB cycle (only requires one single command):

Download packages from the network/Internet/local repository
Build kernel, boot loader and application packages from source
Deploy built packages to a root file system (RFS) tree

Prepare appropriate kernel or RFS image files ready for network or
flash-based use on the embedded target board

Capture source modifications into patches and auto update .spec files
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LTIB packages for the i.MX53 QSB

» Optimized toolchain for the Cortex-A8 CPU

Supports VFP, NEON

» Linux kernel 2.6.35
» U-Boot
» Packages:

scale Semiconductor,
Expi Q,

ert, Qorl
p

Base tools: BusyBox, Dropbear, ...
Frameworks: Qt, GTK, ...

2D and 3D acceleration drivers
Wireless connectivity drivers

... and many more! (We will have a look at them during the
hands-on labs)
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How to find help
» From Freescale:
« Documentation
« Application note
» 3" parties (e.g. Adeneo Embedded)
» Community websites
e i.MX Community: lots of information, trainings, vibrant community
* imxdev.org

» If you encounter an error, just look it up. In most cases, you will
directly find a solution

» Alot of information is readily available about the different
components of your Linux system
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Books: Driver development

» Linux Device Drivers, Third Edition

* Available online for free:
http://lwn.net/Kernel/LDD3/

e Advanced programming

» Essential Linux Device Drivers

- JONATHAN CORBET, ALESSANDRO RUBINI
O'REILLY® & GREG KROAH-HARTMAN

« Easier to read
« Covers many types of drivers

Essential Linux
Device Drivers
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LAB: Preparing the i.MX53 Quick Start Board
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Using the virtual machine

» The Linux (Ubuntu 10.10) development environment is run
from within a virtual machine (VMware)

» The performance is not as good as a native OS but
remains acceptable

» Start VMWare and load the VM called “Ubuntu 10.10”
» Skip the warnings about unconnected devices (if any)

» Login
 User: freescale
e Password: freescale

» The admin password is also
'freescale’

& English (United States) | v | @ UsA | v \ B2  Ubuntu Desktop Edition ‘ v | @  sat 08
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Using the shell

» The shell can be started using the quicklaunch bar or through the menu
(Applications | Accessories | Terminal)

» Tab Completion is your friend. Start typing a file name, and hit TAB and it will fill
in paths

» Everything is done in the “home” directory. This is /home/freescale
 If you want to get back to this location quick, type: cd ~

» To learn your current directory, type: pwd

» It is very common to type commands over and over again. The Up Arrow is
command history

» You can even search for a command by doing: CTRL-R and start typing the
command. It will fill it in!

» If you type: history, you will get a list of all typed commands. To execute one, type
. It (Where # is the command number you want to execute)
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» Note where the different
buttons are located:

» Power and reset
 User buttons

» Connect the LCD screen
(see picture)

» ocate the MicroSD Card
slot

» Connect 5V power
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Assembling your i.MX353 kit
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LAB: Building images with LTIB
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Configuring LTIB

» Open a terminal

Note: In this training “>" indicates the command prompt on
your host. Do not type it in.

» From the terminal, issue the following commands:
> cd ~/training mx53/linux/1ltib
> ./1ltib -c

» Configuring LTIB only requires a single command.

* Note: For these labs, LTIB has been preconfigured for the
Quick Start Board, but installing LTIB is only a matter a few
simple steps.
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Configuring LTIB

» The LTIB main menu wiill
appear

» Take some time to browse
through the different menus,
eS peCia”y: Arrow keys navigate the menu. <Enter= selects submenus ---=.

Highlighted letters are hotkeys. Pressing <Y> selectes a feature,
while <N> will exclude a feature. Press <Esc><Esc> to exit, <?> for
Help. Legend: [#] feature is selected [ ] feature is excluded

) The tOOIChain and C Iibrary (imx51) latform
options BTTp settings

Sys em features --->
- Choose the target C library type
arget C library type (glibc) ---=

. ' lib kage (from toolchain only)
* How can you build different colchain comanent aptions -5
--- Toolchain selection.

kernel versions (including e N e
the bleeding-edge git :
version)

< Exit > < Help >

* The many items of the
package list

 The Target Image
Generation options
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Building your image

> Select tslib in the Package list (use the arrows and space
keys to navigate)

» \When you are done, select “Exit” in the main menu
» LTIB will save your configuration and build your image.

You will also notice that tslib is getting built in the process
(the other packages have been precompiled for this
training)

Build path taken because: no prebuilt rpm,

rpmbuild --dbpath /home/rem/training mx53/linux/ltib/rootfs//var/lib/rpm --ta
t arm --define ' unpackaged files terminate build @' --define ' target cpu arm
--define ' strip strip’ --define * _topdir /home/rem/training mx53/1linux/1tib
m' --define ' prefix /usr' --define ' tmppath /home/rem/training mx53/Llinux/1
/tmp' --define ' rpmdir /home/rem/training mr53#llnur#lflb#rpm#RPH" --define
mandir Jusr/share/man' --define ° _sysconfdir /etc' --define ' localstatedir
r' -bb --clean --rmsource HhUmPHerHTrHlnan mx53/linux/ltib/dist/1fs-5.1/ts
/tslib.spec

Building target platforms: arm

Building for target arm

Executing(%prep): /bin/sh -e /home/rem/training mx53/linux/ltib/tmp/rpm-tmp.73
1
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Building your image

» Once everything has been built, you will find the output in
~/training_mxb83/linux/Itib
 rootfs/boot/u-boot.bin: bootloader image
» rootfs/boot/ulmage: kernel image
 rootfs: this is the unpacked filesystem

 roolfs.jffs2: packed image (for flash devices here — can be
configured in LTIB)

» These images can be flashed to the SD Card
« Using standard Linux tools (dd, fdisk...)
 Using Freescale's dedicated tools
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DEMO: Using Ubuntu with the Quick Start Board
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Ubuntu demo

» This demo uses the Ubuntu image that you can download from
the i.MX53 Quick Start Board page
» Showcases the graphics capabilities of the i.MX53
 OpenGL (Lots of information and tutorials in the GPU SDK)
» Video decompression and resizing

« Flashed to the SDCard using flash _ubuntu _gfx.sh (script written for
these labs)

st [hanaann

reie <, S, TR

i
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Extra LAB (homework): Using USB gadgets
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LAB: using the USB gadgets

» Configure LTIB and set “Configure the kernel”

» When the kernel configuration menu appears, select Ethernet Gadget in Device
Drivers | USB support | USB Gadget Support. Choose to build as a module (M)

» Let LTIB build the kernel, flash it and boot the device

» From the serial console, load the ethernet gadget module:
# modprobe g _ether

» Connect the micro USB port to your PC

» Configure the USB ethernet connection on your device:
# ifconfig usb0 up 192.168.4.2

» Configure the USB ethernet connection on your PC:
> sudo ifconfig usb0 up 192.168.4.1

» Your PC is now connected to your device over USB!

» Other USB gadgets:
« USB mass storage
« USB video
« ... and many more (look at the kernel options)
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Lunch break
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Android on the i.MX53 Quick Start Board
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Agenda

» General presentation of Android

» Lab: Flashing and using Android on the i.MX53 Quick Start Board
» The Android architecture

» Writing applications for Android

» Lab: Hello World using the emulator

» Android on the i.MX53

» Lab: Using ADB to connect to the Quick Start Board

» Lab: Deploy an debug an application on the device

» The SDK and the NDK

These slides are based on Eric Gregori's Android training:
Hands-On Android Applications Development Training with Eclipse
and the i.MX51 ARM Cortex-A8
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Introduction to Android
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Introduction to Android

» Android is a Operating system created by Google for
smartphones and tablets

» The first Android based phone was released in October of
2008

» Android based phone sales surpassed Apple and
Blackberry in July of 2010
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Android market share

» | eading OS for recent smartphones

Top 3 Operating System Share - Recent Acquirers
Acquired Smartphone within & Months, Jan "10 - Aug "10, National

e Bpdroid 08 =R BlackBeorry 05 =———pppleiPhone 05

37% 37%,

/_.f'il*s{. 21%
-

e
1%
14%
Jan 10 Fob 10 Mar 10 Apr 10 May 10 Jun 10 Jul 10 Aug 10
(n=1,527) {n=1,227) [n=1,558) {n=1,302) (n=1,321} {1,425) {n=1,414) (n=1,744)

Source: The Mielsen Company
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Android market share

» Very quick growth: 3.9% in 2009, 22.7% in 2010!

Manufacturer operating system share-smartphones

{Thousands of Units)

Worldwide Smartphone Sales to End Users by Operating System in 2010

2010 2009 IJ
2010 Market Share 2009 Market Sha
Company Units (%) Units (%)
Symbian 111,576.7 37.6 B80,B78.3 46.9
Android 67,224.5 22.7 6,798.4 3.9
Apple Research In Motion 47,451.6 16.0 34,3466 19.9|
e
i0s 46,598.3 15.7 24 ,889.7 14 .4
Microsoft 12,378.2 4.2 15,031.0 8.7
Other Oss 11417.4 3.8 10432.1 6.1
Total 296,646.6 100.0172,376.1 100.0
gl =lo
g o
o7 o° Source: Gartner (February 2011)
& '
¥
W .
L E g
Source: The Nielsen Compary. mﬂ]&cn
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Android phones

By

» Typical features: |

e 1 GHz ARM Cortex-AS8
e 16 GB Flash
e 256 MB RAM

Jim Samers
Meet me outsides the theater af 8
tey the front entrance. | have an

o 3-axis accelerometer
e GPS

« Compass

« Cameras

e 800x480 LCD
touchscreens

 WiFi, Bluetooth
« USB
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Android tablets

Motorola Xoom Galaxy Tab
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Other Android products

Archos32 Android based
Internet Tables

e« NOTACELL PHONE -no
monthly fees S+
e $149.00
e ARM Cortex A8 at 800 MHz —
8GB of flash
e VGA Camera
« Touch screen, 400x240 pixels
(WQVGA), 3.2" TFT
« LCD, 16 million colors
* WiFi (802.11 b/g/n) + Bluetooth
 3-Axis accelerometer
EE S ERE SR~ reescale- Ldenco
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Android Market

» In 2011 (source: http://www.androlib.com/appstats.aspx)

3,799,156,143

Estimated number of Applications downloaded in the Android Market

Accumulated number of Application and Games in the Android Market

| Mew Applications & Games |

380

300 +

260 4

200 S

130 4

100

50 i

1 Mow 1 Mar 1 Jul 1 Mow 1 Mar

O

Accumulated number of Application and Games inthe Market (10*3)

—
o 4=
=
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Android Market

» In 2011 (source: http://www.androlib.com/appstats.aspx)

Distribution of free and paid apps in Andraid Market
(3/24/2011)
[C——= Free 0 Paid |
| | | I | | | |
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o |
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o
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Interesting applications

» Games and emulators

: Level:70-97 I Fs:iR17
Schre:1,512,294'+4 : -
[y
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Interesting applications

» Sleep Monitor Application
* http://www.artfulbits.com/Products/

EAR B M@ s:08 AM

ECGGraphSample

Graph: ISIeep Trend lDurattnn I Pattern | Sleep Time MWake Time

Jd

Range: | Past 10 Days lau Days | 60 Days ‘ l 180 Days |

Sleep Duration Trend - past 10 days

LE H i :: it :: . Ll L
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Interesting applications
» CyanogenMod
« Aftermarket firmware for a number of cell phones

o |t offers features not found in the official Android based firmwares of vendors
of these cell phones

 Git project available online

7 cyanegen

What is CyanogenMod?

CyanogenMod is an aftermarket firmware for a number of

cell phones based on the open-source Android operating

system. It offers features not found in the official Android

based firmwares of vendors of these cell phones. ‘ L

o 4 '- “me g
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Android naming
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Android naming

FROYO GINGERBREADg HONEYCOMB

Source: http://igurutalks.com/internet/historyofandroid/
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Android History

» Android Inc. founded in 2003 (software for mobile phones)

» Android Inc. acquired by Google in 2005
* Open source mobile platform built on top of the Linux Kernel

» Android 1.0
 Released in September 2008

e The first mobile to run Android 1.0 was HTC Dream (or) HTC
G1.This mobile was officially marketed by Google.

» Android 1.1
 Released in February 2009
* Android Dev Phones (ADP)
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Android History

» Android 1.5 (Cupcake)
* Released in April 2009
» Android 1.6 (Donut)

 Released in September
2009

» Android 2.0, 2.1 (Eclair)

e 2.0 released in October
2009 Android 2.1

* 2.1released in January Usage share as of March 2011
2010 (source: Wikipedia)

» Android 2.2 (Froyo)
» Android 2.3 (Gingerbread)
» Android 3.0 (Honeycomb)

Android 2.3
— Androld 1.5

— Android 1.6
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e
Android Eclair (2.0 / 2.1)

» Android 2.0
 October 26, 2009
« APl level 5

» Android 2.1
e January 12, 2010
* APl level 7 (this is correct)

» Revamped the user
interface

» Introduced HTMLS5 and
Exchange ActiveSync 2.5
support
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Android Froyo — FROzen YOgurt (2.2)

» Android 2.2
 May 2010
» Updated to 2.2.2 July 2010
* APl level 8

» Big performance increase
due to JAVA Just In Time
Compiling.

Over 4x application
performance increase i
» Chrome V8 JavaScript

» Wi-Fi hotspot tethering
» Adobe Flash support
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» Android 2.3
e December 2010
e APl level 9

» Multiple camera

» Support for larger screens
» Improved the soft keyboard
» Copy/paste features

» Support for Near Field
Communication

» USB Accessory (2.3.4)

Android Gingerbread (2.3)
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e
Android Honeycomb (3.x)

» Android 3.0 and 3.1
* APl levels 11 and 12

» Tablet-oriented
» Larger screen

» Many new interface
features

» USB Host (3.1)

-

Freescale, the Freescale logo, AltiVec, C-5, CodeTEST, CodeWarrior, ColdFire, C-Ware, mobileGT, PowerQUICC, StarCore, and Symphony are trademarks of :

Freescale Semiconductor, Inc.,Reg. U.S. Pat. & Tm. Off. BeeKit, BeeStack, CoreNet, the Energy Efficient Solutions logo, Flexis, MXC, Platform in a Package, - freesca’e ™ 4 den O
Processor Expert, QorlQ, QUICC Engine, SMARTMOS, TurboLink and VortiQa are trademarks of Freescale Semiconductor, Inc. All other product or service - " < E bedded
names are the property of their respective owners. © 2010 Freescale Semiconductor, Inc. semiconductor mbe e

101



R
Android is Open Source

» The Android OS is opens source, available for anyone to
download

* Most of the Android code is released under the Apache
License

» Android runs on top of Linux, which of-course is also Open
Source

» This makes Android based phones and devices completely
open, and EASY to modify/Hack
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» Central entry point

‘ What's New ‘ Press/Media

www.android.com

Learn More »
Partners prog Developers
Access to the entire platform | AN Tools and documentation on
. e source and information on 1 % how to create Android
how to contribute. - applications.
Learn more » Learn more »

Site Terms of Service | Privacy Policy | Brand Guidelines | Jobs
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Android 3.0 is here!

Android Market

? Android Market, now on the web.
Discover and send apps to your
devices from your computer.

Browse now »

Z " freescale- e
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developers.android.com

» For application developers (SDK)

H SDK Dev Guide Reference Resources Videos Blog

“aus Download

The Android SDK has the

tools, sample code, and docs
Thanks to everyone who visited us at the you need to create great apps.
Game Developers Conference in San

Francisco. We're looking forward to seeing your Leam more »
'W [ , games running on Android! ==

—#%_ Publish

'_ﬁ Android Market is an open
service that lets you distribute

your apps to handsets.
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Developer Announcements

Leamn more »

Android 3.0 is here!

Android 3.0 is now available for the Android
SDK. It offers a redesigned Ul and all new
developer APIs for an optimized experience
on tablets and similar devices. For more Android Open Source Project
information about what's in Android 3.0, read gives you access to the entire

the version notes. platform source.
If you have an existing SDK, add Android 3.0

as an SDK component. If you're new to
Android, install the SDK starter package.

Leam more »

Contribute

Leam more »

49 . Target Devices

W The Device Dashboard
. provides information about
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source.android.com

» For platform developers (BSP)

an2>301>

open source project

m Source Porting Compatibility Community About

Nelcome to Android

iere you can find the information and source code News

'ou need to build an Android-compatible device. “ Compatibility Definition for Android 2.3.3

The Compatibility Definition Document for Android
2.3.3 has been published. Android 2.3 allows device
manufacturers to use the Android source code to ship
a significantly wider variety of devices, including
devices with extra-large screens, such as tablets.
Android 2.3.3 adds enhanced Mear-Field
Communications support to the Android APIs. For
more information, visit the Compatibility page.

\ndroid is an open-source software stack for mobile
levices, and a corresponding open-source project led
y Google. We created Android in response to our
wn experiences launching mobile apps. We wanted
0 make sure that there was no central point of failure,
0 that no industry player can restrict or control the

novations of any other. That's why we created Android, and made its source Source Code Avallable for Androld 2.3
The source code for the Android 2.3 platform and

:ode open.
P software stack has been released! This release
allows OEMs to begin preparing Android 2.3 for
£arn more » installation on new and existina devices. and allows
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Getting the Android sources for the i.MX53 QSB

» Get the sources and cae..

documentation from —_ e
Adeneo'’s website S o

» The Android sources for the = ==
other i.MX products can be B —
downloaded on Freescale's = i 6
website = |

> You need the sources if you | e
want to make changes to the e —
system (typically not if you
are writing applications) s
o e Ly U s O SR S b Dem Cadt o op P W R e AP “freescale - {den
% the propert fmeirrespl%t?fé owners.@20’1o“.';r;?e;”ca.i”s%?ic'oniié'foﬁni.marS° o e e Embedded
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http://www.adeneo-embedded.com/Products/Board-Support-Packages/Freescale

imxcommunity.com

» Open community of developers
» Get help
» Get access to online trainings and events

Home My Page Events Terms of Use

Latest Activity i.MXCommunity.org e Y
Sam Zak and Mark Ackerson Welcome to the i MX Community! This is an open community of developers with the IMXCommunity_org
n joined eric gregor’s group common interest in transforming i.MX applications processors into practically anything Sign Up
L.MX28 and . MX2BEVK imaginable — be it a smartbook, an eReader, a smart meter, a remote control — even )
9 hours ago infotainment in your car! i.MX processors, based on ARM architecture, are a great or Sy
foundation for your ideas. The i.MX Community is the place to share your knowledge,
1 Rogerio Pimentel joined eric development tips and code, learn from your peers, and take your design to a new level. Groups
gregori's group
i.MX33 Quick Start Board Forum i.MX28 and
10 hours ago m 1.MX2ZBEVK
D cpu freq change problem bringing up new 1.MX28 board 1 Reply 16 members
—— Mil-a MArrall ranliad i AMilka Hi | arm wrarkins Aam brinains on s neoar | KIYIR2 haaed an dacianad and ths lact
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Other websites

A
' ' Page Discussion Read
Main Page
a1ND0ID
» http://en.androidwiki.com — Information for | |

newcomers

i
Main Page Introduction to Android i
Community portal Necessary tools
Current events Tutorials (

Recent changes

> ... many other websites e
(use Google!) -

Books avallable

Toolbox

What links here
Related changes
Special pages

Printable version Software development
Permanent link

[

-

Samples
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Books

t__'_l_'r':lﬁ to LOOK INSIDE! gid{ - LODK INS|DE!

o ;
Saared EO by

Android

Wireless Application
Development

Professional |
Android 2

Application Development

Kb Meber

ISBN-10: 0321743016 ISBN-10: 0470565527
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Lab: Using Android on the i.MX53 Quick Start
Board
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LAB: Flashing the Android images

» Reminder: these labs will be run from the VM

» Insert the SD Card into your PC's card reader
» Open a terminal and issue the following command:

> dmesg

« This will display the kernel messages of your host and tell you what entry in /dev
corresponds to your SD Card reader, e.g.

15762.076079] tifm core: MMC/SD card detected in socket 0:1
15762.305755] mmcl: new SDHC card at address e624
15762.305984] mmcblk0: mmcl:e624 SUO4G 3.69 GiB
15762.306198] mmcblk0: pl

=> The device is /dev/mmcblkO in this case

L B s B s B |

« Alternatively, you can use
> cat /proc/partitions
Before and after you insert the SD Card. This way, you can see what has changed.

» CAUTION: make sure you are using the right device node! Any mistake could
cause you to erase your hard drive! Ask your instructor if you have any doubt.
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LAB: Flashing the Android images

» Flashing scripts have been prepared for the lab
environment. They will prepare the whole Android SD Card

for you

» Use the following commands:

> c¢d ~/training_mx53/android/

> /flash_android.sh [NAME OF YOUR SD CARD DEVICE
(e.g. /[dev/immcblk0)]

* You will be prompted for the superuser password
(“freescale”) and the SD Card will be prepared (takes a few

minutes).

» Have a look at the script if you are curious!
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LAB: Running Android on the device

» You can remove the SD Card once the script is done flashing it
» Insert the SD Card in the micro SD slot (the smallest one)

» Turn on your board (do not forget to use the power button — you
should see the LEDs turn blue and green)

» You should successively see:
 The Linux penguin logo

e The calibration screen (only done once, so make sure you are doing it
right — one light touch per cross is enough)

e The Android logo
« A prompt saying “Complete action using” => select the value at the top

Note: If the screen remains black after a few minutes, just restart the
board
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LAB: Running Android on the device

» Click on the launcher (2"
button in the icon bar on the
right of the screen)

» Choose Settings | Display

« Set the brightness to the
maximum

 Disable Auto-rotate screen

 Set the Screen timeout to 30
minutes

» Go back to the Home screen
using the two user buttons on
the board (between the
Ethernet and SD Card
connectors)

» Play around!
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Android architecture
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e
Android key features

» Connectivity

e Supports connectivity technologies including GSM/EDGE, CDMA,
EV-DO, UMTS, Bluetooth, and Wi-Fi

» Web browser

 Web browser available in Android is based on the open-source
WebKit application framework

» Media

« Supports the following audio/video/still media formats: H.263, H.264
(in 3GP or MP4 container), MPEG-4 SP, AMR, AMR-WB (in 3GP
container), AAC, HE-AAC (in MP4 or 3GP container), MP3, MIDI,
OGG Vorbis, WAV, JPEG, PNG, GIF, BMP

» Hardware and graphics

e (Can use video/still cameras, touchscreens, GPS, accelerometers,
magnetometers, accelerated 2D bit blits (with hardware orientation,
scaling, pixel format conversion) and accelerated 3D graphics

J'

e, the F logo, AltiVec, C-5, CodeTEST, CodeWarrior, ColdFire, C-Ware, mobileGT, Powe| QUICC StarCor dSymph ny a t ademarks of

cale tiVe 5
o Semiconductor r, Inc.,Reg. U.S. Pat. & Tm. Off. BeeKit, BeeStack, CoreNet, the Energy Eﬁ' tS lutions logo, Floxis, MXG. Platform P ckage, -*, f " ’ '
E rt, Qorl Q QUICC Engine, SMARTMOS, TurboLink and VortiQa are trademarks of Freescale Semiconductor, I . All other produ t rvice - reesca e ‘jsepﬂﬂ d
e the p operty of their respective owners. © 2010 Freescale Semiconductor, Inc. 116 mbe e



e
Android key features

» Multi-touch

e Has native support for multi-touch which is available in
newer handsets

» Android Market place

« (Catalog of applications that can be downloaded and installed
to target hardware over-the-air, without the use of a PC

» Dev environment

* Includes a device emulator, tools for debugging, memory
and performance profiling, a plugin for the Eclipse IDE
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Android platform details

» Android uses Linux for its device drivers, memory
management, process management, and networking

» The next level up contains the Android native libraries
o Written in C/C++ internally
e Called through Java interfaces (in most cases).

 In this layer you can find the Surface Manager, 2D and 3D

graphics, Media codecs, the SQL database (SQLite), and a
native web browser engine (WebKit)

» Dalvik Virtual Machine

 Runs Java programs
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Android platform details

-
The Android Platform
r -
Android Android Android
Application Application Application
A B c
fw—m::;g s wﬁn Ll £ wniten Lsing
Andeid Ardraid Ardraid
Jimvm Framessmrk Java Framesark Java Framesark
% A Y - o
DALYIE Wirtual Machine DALYIE Virtual Machine CALVIK Virtual Machine

i L )

Liman Lizar

il Lger
=]

Linux 2.6 Operating System
{Hordware Abstraction Layer)

Linum: Lkzar

Process
Fanagement

Biraier IFC

Seeurity

Display
Keypad
Toucrscreen

Citheer Drivers:
WiiFI, Bluetootn, Camera, Aado,
Telephonty, Fash, Devioe Sensors

Physical Hardware

)

o
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Android software stack

Activity Manager

Package Manager

Surface Manager

OpenGL|ES

SGL

APPLICATIONS

Contacts Phone

Browser

APPLICATION FRAMEWIORK

Vindow Content
Manager Froviders

Telephany Resource
Manager Manager

LIBERARIES

Media -
Framework A

FreeType VWebkKit

55L libe

View Motification
System Manager

Location :
Manager XMPP Service

ANMNDROID RUNTIME

Core Libraries

Machine

Display
Driver

LSE Driver
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LiNUX KERKMEL

Eluetooth

amera Driver :
= Driver

Keypad Driver WiFi Driver

Flash Memory Binder (IPC)
Driver Driver

Audio Power
Drivers Management

Apps (Java) — Everyone
can create his/her own
application based on
Android API

Android “Program” API

Middleware (Java) — App

- framework including

window/focus
management, inter-app
communication, event
notification, etc.

Middleware (C/C++) —
system libraries for

| media, graphic,

database, font, web
engine, etc.

Android “Porting” IF

2.6 based Linux kernel
with Android patch
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From “Android Anatomy and Physiology”
.
Linux Kernel

e Android is built on the Linux kernel, but Android is not
Linux

No native windowing system

No glibc support

Does not include the full set of standard Linux utilities

LINUX KERNEL

Display Driver Camera Driver Bluetooth Driver ﬁaregm:mry Binder (IPC) Driver

: : Audio Power
USB Driver Keypad Driver WiFi Driver : Management
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From “Android Anatomy and Physiology”

Why Linux Kernel?

Great memory and process management

Permissions-based security model
Proven driver model
Support for shared libraries

It’s already open source!

LINUX KERNEL

Display Driver Camera Driver Bluetooth Driver Sl'naregm:mr}r Binder (IPC) Driver

' Audio Power
USB Driver Keypad Driver WiFi Driver : Management
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From “Android Anatomy and Physiology”

Kernel Enhancements

Alarm

e Low Memory Killer
Ashmem

e Kernel Debugger
Binder =

e Logger
Power Management

LINUX KERNEL

Display Driver Camera Driver Bluetooth Driver Sl'laregﬁ:mry | Binder (IPC) Driver I
: Audio | Power I
USB Driver Keypad Driver WiFi Driver Divire Management
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From “Android Anatomy and Physiology”

Hardware Abstraction Libraries

e User space C/C++ library layer

e Defines the interface that Android requires hardware
“drivers” to implement

Separates the Android platform logic from the hardware
interface

HAaARDWARE ABSTRACTION LAYER

Graphics Camera Bluetooth GPS Radio (RIL) WiFi
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From “Android Anatomy and Physiology”
Bionic libc

e BSD License

e Small size and fast code paths

e Very fast and small custom pthread implementation

LIBRARIES

surface Manager Media Framework SQLite

OpenGL|ES Audio Manager FreeType
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From “Android Anatomy and Physiology”
Bionic libc

e Doesn't support certain POSIX features
e Not compatible with Gnu Libc (glibc)

e All native code must be compiled against bionic

LIBRARIES

surface Manager Media Framework SQLite

OpenGL|ES Audio Manager FreeType

Freescale, the Freescale logo, AltiVec, C-5, CodeTEST, CodeWarrior, ColdFire, C-Ware, mobileGT, PowerQUICC, StarCore, and Symphony are trademarks of

=
-
. ) - ’ ; f - A
Freescale Semiconductor, Inc.,Reg. U.S. Pat. & Tm. Off. BeeKit, BeeStack, CoreNet, the Energy Efficient Solutions logo, Flexis, MXC, Platform Pack R - f ’
i u g i gy Effici uti g Xi in a Package > reesca e ™ den

Processor Expert, QorlQ, QUICC Engine, SMARTMOS, TurboL.ink and VortiQa are trademarks of Freescale Semiconductor, Inc. All other product or service e Embedded
names are the property of their respective owners. © 2010 Freescale Semiconductor, Inc. . 5emo XL for mbe e

126



From “Android Anatomy and Physiology”

WebKit

Based on open source WebKit browser:
Renders pages in full (desktop) view
Full CSS, Javascript, DOM, AJAX support

Support for single-column and adaptive view rendering

LIBRARIES

surface Manager Media Framework S5QLite | WebKit I

OpenGL|ES Audio Manager Free Type SSL
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From “Android Anatomy and Physiology”
-—

Media Framework

e Based on PacketVideo OpenCORE platform
e Supports standard video, audio, still-frame formats

e Support for hardware / software codec plug-ins

LIBRARIES

Surface Manager l Media Framework I sQLite

OpenGL|ES Audio Manager FreeType
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From “Android Anatomy and Physiology”
Surface Flinger

Surface =——>
App <
Surface = Surface Flinger —— ~ame

App
\ Surface ——>

Buffer

Provides system-wide surface “composer”, handling all surface
rendering to frame buffer device

Can combine 2D and 3D surfaces and surfaces from multiple
applications

LIBRARIES

[ Surface Manager ] Media Frameworlk SQLite

OpenGL|ES Audio Manager FreeType
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From “Android Anatomy and Physiology”

Audio Flinger

Tone
Adio \— Earpeace

App Media
Player

Audio Flinger Speaker

Game Audio=———> Bluetooth

e Manages all audio output devices
¢ Processes multiple audio streams into PCM audio out paths

¢ Handles audio routing to various outputs

LIBRARIES

Surface Manager Media Frameworlk S5QLite

OpenGL|ES Audio Manager FreeType
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From “Android Anatomy and Physiology”

Dalvik Virtual Machine £\

e Designed for embedded environment
e Supports multiple virtual machine processes per device
e Highly CPU-optimized bytecode interpreter

e Uses runtime memory very efficiently

ANDROID RUNTIME
Core Libraries
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From “Android Anatomy and Physiology”

Dalvik Virtual Machine S0\

e Android’s custom clean-room implementation virtual
machine

¢ Provides application portability and runtime consistency
e Runs optimized file format (.dex) and Dalvik bytecode

e Java .class/ .jar files converted to .dex at build time

ANDRDOID RUNTIME

Core Libraries
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From “Android Anatomy and Physiology”

Core Libraries S

e Core APIs for Java language provide a powerful, yet
simple and familiar development platform

Data structures
Utilities

File access
Network Access

Graphics

ANDROID RUNTIME

Core Libraries
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From “Android Anatomy and Physiology”

Core Platform Services .

e Services that are essential to the Android platform

e Behind the scenes - applications typically don’t access them
directly

APPLICATION FRAMEWORK

Window View Motification

Manager Content Providers System Manager

Activity Manager

Package Manager EII:E:;E“! Resource Manager KocaHon
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From “Android Anatomy and Physiology”

Core Platform Services .

e Activity Manager

Package Manager
Window Manager
Resource Manager
Content Providers

View System

APPLICATION FRAMEWORK

Window View Motification
Manager System

Activity Manager

Content Providers [

Package Manager Tﬁé:ﬁ:;"r}’ Resource Manager LOCaon
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From “Android Anatomy and Physiology”
Hardware Services

e Provide access to lower-level hardware APIs

e Typically accessed through local Manager object

LocationManager 1lm = (LocationManager)
Context.getSystemService(Context.LOCATION SERVICE);

APPLICATION FRAMEWORK

Window Yiew Motification

Manager Content Providers System Manager

Activity Manager

Package Manager -I;?,I‘:E:;E“f Resource Manager Locatlon
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From “Android Anatomy and Physiology”
) -—
Hardware Services

e Telephony Service

Location Service
Bluetooth Service
WiFi Service
USB Service

Sensor Service

APPLICATION FRAMEWORK

Activity Manager mg:;ewr Content Providers S;Iris:.ewm Notification

Package Manager Tﬁtﬁ:\;&? Resource Manager FOCRCON
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Graphics acceleration on Android

=
Freescale, the Freescale logo, AltiVec, C-5, CodeTEST, CodeWarrior, ColdFire, C-Ware, mobileGT, PowerQUICC, StarCore, and Symphony are trademarks of :
Freescale Semiconductor, Inc.,Reg. U.S. Pat. & Tm. Off. BeeKit, BeeStack, CoreNet, the Energy Efficient Solutions logo, Flexis, MXC, Platform in a Package, -
Processor Expert, QorlQ, QUICC Engine, SMARTMOS, TurboLink and VortiQa are trademarks of Freescale Semiconductor, Inc. All other product or service -
names are the property of their respective owners. © 2010 Freescale Semiconductor, Inc. semiconductor

freescale " eden

Embedded



APPLICATIONS

APP FRAMEWORK

RUNTIME -= NATIVE

NATIVE LIBRARIES

LINUX KERNEL
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Multimedia — 3D graphics

Verify OpenGL/ES based 3D operation is
available in APP level as expected (i.e. either
SW or HW OpenGL/ES is properly integrated
into Android).

OpenGLES class

Gei'ﬁmtq‘:te Service
via IPC bindin®=.,

Load per request

Create a “hgl" and integrate in GPU
accelerated OpenGL/ES implementation.

Command to
request 30
calculation
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Multimedia — 2D graphics

APPLICATIONS

APP FRAMEWORK

RUNTIME -= NATIVE

NATIVE LIBRARIES Use SGL.

Other Service
s

Surface Get Surface Eer'.rlce
composite viaIPC binding

¥ wmwﬂ

agl or hgl - OpenGL/ES
implementation

render to l
display

l

LINUX KERNEL
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Graphics

» More information about accelerated graphics in the GPU
SDK can be found in the downloads section for the i.MX5
family (remember the Ubuntu demo).
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Writing applications for Android
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Android development

» Android development is done in Java (using the SDK), C,
and C++ (using the NDK)

» The tools are provided for Windows, Linux, and Mac OSX
hosts

» The tools include:
* The Eclipse IDE (not mandatory for Android development)
 An emulator to test your code on your computer

« Complete debugger, to test your code directly on your Android
device

» The tools are free and well supported
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Android SDK and tools

» The Android SDK contains:
e Class Library
* Developer Tools

- dx — Dalvik Cross-Assembler

— aapt — Android Asset Packaging Tool

- adb — Android Debug Bridge

— ddms — Dalvik Debug Monitor Service
« Emulator (AVD) and System Images

» Documentation and Sample Code

» JAVA JDK + Eclipse IDE + ADT (Android Development Tools)
 Reduces Development and Testing Time
 Makes User Interface-Creation easier
 Makes Application Description Easier
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Downloading the Android SDK
» http://developer.android.com/sdk

aN2=3012

d ev E i G p E rS search developer docs

Dev Guide Reference Resources Videos Blog

b

Android SDK Starter Package

Download the Android SDK

Installing the SDK

Downloadable SDK Components Welcome Developers! If you are new to the Android SDK, please read the steps below, for an overview of how to set up the SDK.
Adding SDK Components

_ . i If you're already using the Android SDK, you should update to the latest tools or platform using the Android SDK and AVD Manager, rather th
_ i:g:ﬂ:g ;g Zﬁf&;m ey starter package. See Adding SDK Components.

» Android 2.3 Platform

Android 2.1 Platform

Android 1.6 Platform

z android-sdk_r10-windows.zip 32832260 bytes 1e42bBf528d9cabd9b887c58cEf1b%a2
Android 1.5 Platform |
» Older Platforms I ;
installer r10-windows.exe (Recommended) 32878481 bytes 8&ffa2dd734829d0bbd3eat01b30b36c7
SDK Tools, r1Q new!
Google USB Driver, rd
o il Mac OS X (intel) android-sdk_r10-mac_x86.zip 28847132 bytes e3aab578a6553b69cc3B659c0505be3f
ADT Plugin for Eclipse
ADT 10.0.1 new! Linux (i386) android-sdk_r10-linux_x86.tgz 26981997 bytes c022dda3a56cBab7698e6a39b0b1adel
Native Development Tools
, Here's an overview of the steps you must follow to set up the Android SDK:
Android NDK, r3b

e e 1. Prepare your development computer and ensure it meets the system requirements.

More Information =1 o

. Install the SDK starter package from the table above. (If you're on Windows, download the installer for help with the initial setup.)
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http://developer.android.com/sdk

e
ADT Eclipse plugin

» Android Development Tools (ADT) is a plugin for the

E

clipse IDE that is designed to give you a powerful,

iIntegrated environment in which to build Android
applications.

» ADT extends the capabilities of Eclipse:

Set up new Android projects

Create an application Ul

Add components based on the Android Framework API
Debug your applications using the Android SDK tools

Export signed (or unsigned) APKs in order to distribute your
application.

» http://developer.android.com/sdk/eclipse-adt.html#installing
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Installing the ADT Eclipse plugin

» Eclipse Classic is recommended for Android development

» http://developer.android.com/sdk/eclipse-adt.ntml#installing

anN33012

Home Dev Guide

@ |[English |»| Android.com

Reference Resources Videos Blog

Android SDK Starter Package
Dowenload
Installing the SDK

Android 3.0 Preview
Platform Highlights new!
SO new!

Downloadable SDK Components
Adding SDK Components

Android 2.3 Platform
Andraid 2.2 Platfarm
Android 2.1 Platform
Android 1.6 Platform
Android 1.5 Platform
Older Platforms

SDK Tools, ra !
Google LISHE Driver, r4

ADT Plugin for Eclipse

ADT 9.0.0

Mative Development Tools
Andraid MO, rah new!
Whatis the MDK?

More Information

OEM USH Drivers
S0k Systerm Reguirements
SOk Archives

>

Installing the ADT Plugin

The sections below pravide instructions on how to download and install ADT into your Eclipse ervironment. If you encounter problems, see the Troubleshooting section.

Preparing Your Development Computer
ADT is a plugin for the Eclipse IDE. Before you can install or use ADT, you must have a compatible version of Eclipse installed on your development computer.

« If Eclipse is already installed on your computer, make sure that it is a version that is compatible with ADT and the Android SDK. Check the Systern Requirements
docurnent for a list of Eclipse versions that are compatible with the Android SDK.
o If you need to install or update Eclipse, you can download it fram this location:
http:Mwiew. eclipse. org/downloadss

For Eclipse 3.5 or newer, the "Eclipse Classic” version is recommended. Otherwise, a Java or RCP version of Eclipse is recommended.

Additionally, before you can configure or use ADT, you must install the Android SDWK starter package, as described in Downloading the SDK Starter Package. Specifically,
you need to install a compatible version of the Android SDK Tools and at least one development platform. To simplify ADT setup, we recommend installing the Android
SOk prior to installing ADT.

YWhen your Eclipse and Android SDK ervironments are ready, continue with the ADT installation as described in the steps below.

Downloading the ADT Plugin
Use Update Manager feature of your Eclipse installation to install the latest revision of ADT on your development computer.

Assuming that you have a compatible version of the Eclipse IDE installed, as described in Preparing for Installation, above, follow these steps to download the ADT plugin
and install it in your Eclipse environment.

Eclipse 3.5 (Galileo) and 3.6 {Helios) Eclipse 3.4 (Ganymede)

1. Start Eclipse, then select Help = Install New Software.... 1. Start Eclipse, then select Help = Software Updates.... In the dialog that

appears, click the Available Software tab.
2. Click Add Site.

2. Click Add, in the top-right corner.
3. Inthe Add Renositorv dialoo that annears. enter "ADT Plugin® for the

|<
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LAB: Building your first Android application
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LAB: Hello World

» Start Eclipse Classic (the shortcut can be found in the
quicklaunch panel at the top of the screen)

£} Applications Places System ) ] 4% B
k
Eclipse

» If prompted for the workspace, go on with the default
option
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LAB: Hello World
» Create a new Android project:
 Choose File | New | Project...
e Choose Android — Android Project
» Click Next

Select a wizard —

Wizards:

| &

2% Java Project
# Java Project from Existing Ant BuildFile
4 Plug-in Project
> = General
¥ (= Android
J5 Android Test Project

& CVS
P = lawa =

@ < Back %} | Cancel |

Tl
=)
A
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LAB: Hello World

» The New Android Project window will
open. Fill in the fields. it Maclrutys Exoasce

Creates a new Android Project resource.

Contenks
#® Create new projectinworkspace

» Project Name: MyFirstProject

Create project from existing source

| Contents: B Use default location

« Create new project in workspace

Create project from existing sample

« Check “Use default location” A
» Build Target: “Android 2.2” should be  suldmree
checked Target Name vendor Platform APl Lev
& Android 2.2 Android Open Source Project 2.2 8

» Application name: MyFirstProject

> PaCkage name: Pruplerties
H . Application name: MyFirstProject
com.example.MyFirstProject o e

Package name: com.example.MyFirstProject

» Create Activity: MyFirstProject @ Create Activity: [myFirstproject
Min SDK Version:
» Click on Finish
The project will be created @ <Back | Next>  cancel | [[Finishin

.....
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LAB: Hello World

» If you see errors in the console, right-click on the project (in the Package
explorer pane) and choose Android Tools | Fix Project properties

Java - Eclipse SDK

MNavigate
1 B |2 5 & | #>0-Qy |8 @~ | & & o & Java

12 package Explorer &2 =0 = B || z= outline £ =0

An outline is not available.

Go Inbo

Open in New Window

pen Type Hierarchy

. liz, peclaration| B Console =

ect] Launch canceled!
i.ide.eclipse.adt.internal.project.AndroidManifestHelper] Unable to read
.ide.eclipse.adt.internal.project.AndroidManifestHelper] Unable to read

Android SDK Content Loader

Mew Test Pro

-
Freescale, the Freescale logo, AltiVec, C-5, CodeTEST, CodeWarrior, ColdFire, C-Ware, mobileGT, PowerQUICC, StarCore, and Symphony are trademarks of
Freescale Semiconductor, Inc.,Reg. U.S. Pat. & Tm. Off. BeeKit, BeeStack, CoreNet, the Energy Efficient Solutions logo, Flexis, MXC, Platform in a Package, - freesca’e ™ 4 den
Processor Expert, QorlQ, QUICC Engine, SMARTMOS, TurboLink and VortiQa are trademarks of Freescale Semiconductor, Inc. All other product or service - < E bedded
names are the property of their respective owners. © 2010 Freescale Semiconductor, Inc. semiconductor mbe e

152



LAB: Hello World
» From the Run menu, select Configurations
» Select Android Application and press the New button 5

ok —+l
L7 I
]

Android Application

» Choose a name for your configuration (anything works)

» Select your project by clicking Browse and choosing
MyFirstProject

Mame: |config

=] Android . B Target| = Common
Project:

MyFirstProject Browse...

Launch Action:
(® Launch Default Activity

Launch:
Do Nothing
=
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LAB: Hello World
» Switch to the Target tab and select Manual

— Now, when you run your program, you will be prompted
for which target you want to run it on (i.e. the emulator or a
physical device)

Note: You can also choose Automatic and assign the Run
configuration for one specific device

» Click on Run button (in the bottom right corner)

Run Configurations
Create, manage, and run configurations
Android Application @

= 5 s
[¥ BB ® FE Zrv | Name: |config

|| [E Android (B Target . O Common _
» [ Android Applicatio D_eploymentTarget Selection Mode
config ® Manual
J5 Android JUnit Test ") Automatic
@ Eclipse Application Select a preferred Android Virtual Device for deployment:
Java Applet AVD Name Target Name Platfo APILer| Details
Java Application virtual  Android 2.2 22 8
Ju Junit

Jt Junit Plug-in Test
4 0sGi Framework

Filter matched 9 of 9 ite

@ | close || Run |
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LAB: Hello World

» |f you have not already created a virtual device, you will be asked to
create one.

Answer “Yes” in that case.
» In the Virtual devices tab, click on New...

» Create the device using the following information:
« Name: mx53 emulator
« Target: Android 2.2
o Skin: Built-in (IWVGA800)

» If the emulator takes too much space, you can increase the value of the
“Abstracted LCD density” in the Hardware box.

» Click on Create AVD

» Click on Start...

The Emulator will start (this takes a few minutes). You can then run your
application in the emulator (using the Run menu).
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LAB: Hello World

5554:My_AVD

Ml € 3:45pPm

MyFirstProject

Hello World, MyFirst

J

@/ -| @ Java - Eclipse SDK | (3 5554:My_AVD
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Waiting for the emulator to start

» The emulator takes about 5 minutes to start.

» The emulator is painfully slow in a VMWare environment.

» Running directly on Linux, or in Windows, it works
fantastically and is a very powerful tool for Android
application development.

» To speed things up, do not close it.

» Run the application again if the deploying process seems
stuck
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Android application files

» The following list describes the structure and files of an Android application. Many of these files can be built for
you (or stubbed out) by the android tool shipped in the tools/ menu of the SDK.

» MyApp/
« AndroidManifest.xml (required)

_ Advertises the screens that this application provides, where they can be launched (from the main program menu or
elsewhere), any content providers it implements and what kind of data they handle, where the implementation
classes are, and other application-wide information. Syntax details for this file are described in the
AndroidManifest.xml File.

» Src/

. /myPackagePath/.../MyClass.java (required) This folder holds all the source code files for your application, inside the
appropriate package subfolders.

» res/ (required)

« This folder holds all the resources for your application. Resources are external data files or description files that are
compiled into your code at build time. Files in different folders are compiled differently, so you must put the proper
resource into the proper folder. (See Resources for details.)

» anim/

. animation1.xml(optional) Holds any animation XML description files that the application uses.
» drawable/

« Some_picture.png

. some_stretchable.9.png

. some_background.xml

... (optional) Zero or more files that will be compiled to android.graphics.drawable resources. Files can be image files
(png, qif, or other) or XML files describing other graphics such as bitmaps, stretchable bitmaps, or gradients.
Supported bitmap file formats are PNG (preferred), JPG, and GIF (discouraged), as well as the custom 9-patch
stretchable bitmap format.
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Android application files

» layout/
. screen_1_layout.xml

(optional) Holds all the XML files describing screens or parts of screens. Although you could create a
screen in Java, defining them in XML files is typically easier. A layout file is similar in concept to an
HTML file that describes the screen layout and components. See User Interface for more information
about designing screens, and Available Resource Types for the syntax of these files.

» values/

. arrays

. classes.xml
« colors.xml
. dimens.xml
o strings.xml
 styles.xml
. values.xml

» (optional) XML files describing additional resources such as strings, colors, and styles. The
naming, quantity, and number of these files are not enforced--any XML file is compiled, but these
are the standard names given to these files. However, the syntax of these files is prescribed by
Android, and described in Resources.

» xml/ (optional) XML files that can be read at run time on the device.
» raw/ (optional) Any files to be copied directly to the device.
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Android Manifest

» The information in this file is used by the Android system to:
 |nstall and upgrade the application package

« Display the application details such as the application name, description,
and icon to users

« Specify application system requirements, including which Android SDKs
are supported, what hardware configurations are required (for example,
d-pad navigation),and which platform features the application relies
upon (for example, uses multitouch capabilities).

e Launch application activities
 Manage application permissions

« Configure other advanced application configuration details, including
acting as a service, broadcast receiver, or content provider.

« Enable application settings such as debugging and configuring
instrumentation for application testing.
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DDMS

» Android DDMS (Dalvik Debug Monitor Server)
» DDMS is represented as an Eclipse Perspective.

» With Eclipse, you can think of a perspective as a building
containing a bunch of windows. In Eclipse, a window is called a
view.

So a perspective contains a bunch of views (windows).
» Perspectives are used to group views based on a common task.

» The DDMS perspective is a debugger. You can use it to:
* View all the running processes
o Step through your code
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DDMS

DDMS - MyFirstProject/src/com/emgrobotics/MyFirstProject/MyFirstProject.java - Eclipse 5|_ |0 || %

File Edit Run Source Navigate Search Project Refactor Window Help

| 3 |8 |88 4| 0 |® 9| % |0OMS|

-,

;
@ Devices 2 = B || % Threads 2 Heap} Allocation Tﬂ i File Explure} — A8

- o o < ||Thread updates not enabled for selected client
i @0 22 © I (use toolbar button to enable)

Name -
e =
com.android.phone 103  |om
com.android.inputmethod.p 100
android.process.acore 128
com.android.mms 170
com.android.alarmclock 195
com.android.email 210
COM.5V0X.pico 5232 ey

< ) >
' LogCat & WeoOe® * B ¥ =0

Filter: | |

J ki J Launching MyFirstProject

. [5554:My_AVD] | G

# | [@ DDMS - MyFirstProject...
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Android on the i.MX53
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Android i.MX53 BSP features

» Support for the i.MX53 Quick Start Board hardware

» Supports Froyo (Android 2.2)
Gingerbread (Android 2.3) support coming soon

» Hardware acceleration
e Graphics acceleration: OpenGL, 2D graphics
 Multimedia codecs

» Very easy to connect with the Android tools
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Resources for Android on the i.MX

» Android BSP sources and images

e www.freescale.com/imxtools

i.MX Software and Development Tools

Take your designs to the next level, reduce you design complexity
and accelerate your time to market with i.MX software and
development solutions. The tools supplied on these pages will
provide you with exactly what you need to build comprehensive
solutions.

Reduced costs are also important when building your solutions.
That's why at no cost, customers can download binary and source
device drivers, as well as a full suite of multimedia codecs.

Embedded Software and Development Tools

i.MX Embedded Software by Device

~i.MX23 Processor

-i.MX25 Processors
~i.MX28 Processors
-i.MX35 Processors
-i.MX51 Processors
~1.MX53 Processors

.MX Embedded Software by Operating Systems

~Android
sLinux
~Windows Embedded

.MX Development Boards and Systems by Device

- MX23
EH-i.Mx25

» New Tablet Reference Design

The latest addition to our premiere series of market-
focused reference designs is now available - the
Smart Application Blueprint for Rapid Engineering
(SABRE) platform for tablets based on i. MX53. With
speeds up to 1 GHz, full HD capability and a
multitude of connectivity features, the SABRE
platform for tablets delivers the most advanced
features of the i.MX53 processor in a form-factor
ready system that will accelerate your design from
production to market.

System includes exclusive Ul bundle. Learn more | &

Our Software Solutions

P

Customer Application

. ' . Hypervisor

Processor

Connect With Us

i.MX Embedded Software Features Portfolio

M
» Smart Mobile Devices Blog

An at-a-glance resource for operating system
features by i.MX family.

LMX Portfolio

Wiew portfolio now | &

by Freescale’s consumer experts

¢ i.NMX Community
Share ideas, design tips and meet
other i.MX fans

8] flin

¢ Visteon Connected Car iMX51 Infotainment
Solution Demo

(Video - 2:07) What an advanced audio infotainment
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Resources for Android on the i.MX

» Android i.MX53 QSB BSP sources
» Adeneo Embedded

F denco

Embedded
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Resources for Android on the i.MX

» imxcommunity and imxdev.org
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- b
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Home Inwvite My Page Members Pholos WVideos

Welcome to IMXCommunity.org, eric gregori!

Here are a few things you can do right now v
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Friends Content

Late st Activity i.MXCommunity.org eric gregori
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ADB

» The Android Debug Bridge (ADB) is a communication
channel between the Android tools, and an Android Device
(also works with the emulator)

» Connect to your device through:

USB
Ethernet (for devices with an ethernet connection)

» Using ADB, you can connect to the device for:

cale
uctor,
Q

Debugging

Transferring files

Installing applications

Executing commands via a shell
Configuring the device
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ADB commands

adb push
adb pull

adb logcat
adb sync
adb install
adb shell
adb devices

v v v v v v Y
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e
Checking the logs with logcat

» The logcat command can be entered at the shell prompt,
or can be accessed from DDMS

» Very powerful debug tool, similar to dmesg in Linux

» Usage:
« adb logcat <option> <filter>
e Or at the shell prompt:
- logcat <option> <filter>

> Filters are formatted tags and event priority pairs.
The format for each filter is:

<Tag Name>:<Lowest Event Priority to Print>
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Checking the logs with logcat

» The severity types(from lowest priority or most verbose to
highest priority or least verbose) follow:

> <filter>
1. Verbose (V)
o 2. Debug (D)
e 3. Info (I)
* 4. Warning (W)
e 5. Error (E)
* 6. Fatal (F)
o 7. Silent (S)
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Checking the logs with logcat

» The following shell command displays all AppLog-tagged
logging information and suppresses all other tags:

# logcat —v time AppLog:V *:S

» You can clear the emulator log using the —c flag:
# adb —e logcat —c

» You can redirect log output to a file on the device using the
—f flag. For example, to direct all informational logging
messages (and those of higher priority) from the emulator
to the file mylog.txt in the sdcard directory, you can use the
following ADB shell command:

# logcat -f /sdcard/mylog. txt *: |
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LAB: Using ADB to connect to the Quick Start Board
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LAB: ADB

» Boot your i.MX53 Quick Start Board

» On the Android device, go to Settings | Applications |
Development and make sure that USB debugging is
enabled.

» Plug the micro USB cable (right next to the user buttons)
between the device and your PC.

» VMware will tell you that a device has been connected.
Follow the instructions to make it available in the VM.

The Following devices can be connected ko this virtual machine using the
status bar or choosing %M = Removal ble Devices:

[EHigh Android Phone {connected to Ubunkua 10, 10)

Each device can be connected either ko the hosk or to one virtual machine
at akime,

[~ Do not show this hint again
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LAB: ADB

» In the VM, open a shell:
> c¢d ~/training_mx53/android/sdk/android-sdk-linux_x86/platform-tools/

> ./adb devices List of devices attached
8123456789ABCDEF device

Note: you can restart the adb server by issuing the following commands:
> ./adb kill-server
> sudo ./adb start-server

» If you do not see your device, you may need to toggle “High android
phone” in VMware (look in lower left corner of VMware window)

» If the AVD (i.e. the device emulator) is still running, you will see it too
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Troubleshooting ADB issues

» Like all debugging connections, it can be difficult to
establish ADB communications. Here are some tips to help
you get connected.

» Verify your Android device is configured properly.
 Menu -> settings -> Applications -> development —

- Check USB Debugging
- Check Stay awake

» \When you connect the device to the host, YOU MUST
ACCEPT THE CONNECTION ON THE DEVICE!

If the device is locked, you must unlock it.

» |f using VMWare, make sure you have connected the
device to VMWare.
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Troubleshooting ADB issues

wfC ¢ 0 = I E2 3:21pm

Development

USB debugging

Debug mode when USB is connected

Stay awake

Screen will never sleep while charging

Allow mock locations
Allow mock locations
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LAB: ADB

» \We now want to see the logs that were generated on the
device.

» From the shell of your development machine, issue the
following command:

> /adb -d logcat
The logs will be printed to the screen.

» You can also open a remote shell on the device:
> /adb -d shell

Exit by issuing the “exit” command.

» Note: you add “-d” to the command line to instruct ADB to

direct the requests to the USB-connected device (rather
than the emulator)
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LAB: Deploy and debug an application on the device

=
Freescale, the Freescale logo, AltiVec, C-5, CodeTEST, CodeWarrior, ColdFire, C-Ware, mobileGT, PowerQUICC, StarCore, and Symphony are trademarks of :
Freescale Semiconductor, Inc.,Reg. U.S. Pat. & Tm. Off. BeeKit, BeeStack, CoreNet, the Energy Efficient Solutions logo, Flexis, MXC, Platform in a Package, -
Processor Expert, QorlQ, QUICC Engine, SMARTMOS, TurboLink and VortiQa are trademarks of Freescale Semiconductor, Inc. All other product or service -
names are the property of their respective owners. © 2010 Freescale Semiconductor, Inc. semiconductor

freescale eden

Embedded



e
LAB: Deploy the application on the device

» \We will reuse the application that we have tested on the emulator

» To debug on hardware, you have to register the application as
debuggable in the manifest file.

» To do this, perform the following steps:
« Open the Java perspective

« Double-click on the AndroidManifest.xml file (in the Package Explorer
pane)

« Switch to the Application tab
« Set the Debuggable Application Attribute to true (right side).
« Save thefile.

Note: You can also modify the application element of the
AndroidManifest.xml file directly with the android debuggable attribute
(use the AndroidManifest.xml tab):

<application ... android: debuggable="true™>
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LAB: Deploy the application on the device

/] MyFirstProject.java . *MyFirstProject Manifest E:i =0
Browse... Persistent | W
Browse... Enabled | v
Browse... Debuggable krue v
Browse... Manage space activity Browse...
Browse... Allow clear user data | W

| v | Test only | v
Browse... Backup agent Browse...
Browse... Allow backup | v -
‘ e — I

| Manifest ﬁpplicatinr_\ Permissions Instrumentation AndroidManifest.xml
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LAB: Deploy the application on the device

» From the Run menu, choose Run
» The Android Device Chooser window will appear.

Choose the 0123456789ABCDEF device (it is your actual

device, not the emulator)

Select a device compatible with target Android 2.2.

@® Choose arunning Android device

Serial Number AVD Name Target Debug State
B) emulator-5554 | mx53_emulator i« Android 2.2 Yes online
B 0123456789ABCDEF [N/A o221 i Yes | oOnline

) Launch a new Android Virtual Device

|. Cancel | [ OK

» The application will be deployed and run on the device.
Not too hard either!
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LAB: Deploy the application on the device

» Add logging code to your application:

* In the Package Explorer pane, expand src and
com.example.MyFirstProject

* Double-click on MyFirstProject.java to edit the file.

» onCreate() is essentially the entry point of your application (
more about activities in the SDK documentation).

* Replace the file contents (see next page)

| Pack &2  Ts Hier = O/ [J) MyFirstProjectjava & . |J MyFirstProject Manifest
—~ & w ' package com.emgrobotics.MyFirstProject;
~import android.app.Activity;

import android.os.Bundle;
import android.util.Log;

&1 HelloAndroid
" =2 MyFirstProject
= @ ST
< 8 com.emgrobot
I [4) MyFirstProje
b Emgen [Generated |z
P =4 Android 2.1-updat
&= assets

B

| public class MyFirstProject extends Activity {
private static final String DEBUG TAG= "MyFirstProject”;
/** Called when the activity is first created. */
@0verride
public void onCreate(Bundle savedInstanceState) {
super.onCreate(savedInstanceState);
Log.i(DEBUG TAG,"Info about MyFirstProject”);
setContentView(R. layout.main) ;

b s res

AndroidManifest,

}

1

-
Freescale, the Freescale logo, AltiVec, C-5, CodeTEST, CodeWarrior, ColdFire, C-Ware, mobileGT, PowerQUICC, StarCore, and Symphony are trademarks of :

Freescale Semiconductor, Inc.,Reg. U.S. Pat. & Tm. Off. BeeKit, BeeStack, CoreNet, the Energy Efficient Solutions logo, Flexis, MXC, Platform in a Package, - freesca’e ™ 4 den
Processor Expert, QorlQ, QUICC Engine, SMARTMOS, TurboLink and VortiQa are trademarks of Freescale Semiconductor, Inc. All other product or service - < E bedded
names are the property of their respective owners. © 2010 Freescale Semiconductor, Inc. semiconductor mbe e

183


http://developer.android.com/guide/topics/fundamentals/activities.html

e
LAB: Deploy the application on the device

package com.example.MyFirstProject;

import android.app.Activity;
import android.os.Bundle;
import android.util.Log;

public class MyFirstProject extends Activity {

private static final String DEBUG_TAG= "MyFirstProject";

[** Called when the activity is first created. */

@Override

public void onCreate(Bundle savedinstanceState) {
super.onCreate(savedlnstanceState);
Log.i(DEBUG_TAG,"Info about MyFirstProject");
setContentView(R.layout.main);

}
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LAB: Deploy the application on the device

» Switch Eclipse to the Debug perspective.

» From the Run menu select Debug.

» The application will be run on the device.

» Check that your message appears in the LogCat pane:

File Edit Run Source MNavigate Search Project Refactor Window Help

(4] IIE' .I-LlI | - O~ q.' > 4~ B ‘;m a
e e

/% LogCat i3 OO®E® + i B~ <0
Log -

Time pid |tag Message ~
&
O
v =

i | »

Filter: | MyFirstProject

= LNIDUE & ¥ IddARD L AT T N =

Android

Launching MyFirstProject
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LAB: Deploy the application on the device

» Quit the application

» In your code, move the cursor to the line where the log is
generated “Log.i..."

» From the Run menu, select Toggle Breakpoint.

» Debug the application again. The application will stop on
your breakpoint.

% Debug =2 I3 I S ¥ v =0

-

¥ o Thread [<1> main] (Suspended (breakpoint at line 13 in MyFirstProject))
= MyFirstProject.onCreate(Bundle) line: 13
= Instrumentation.callActivityOnCreate(Activity, Bundle) line: 1047
= ActivityThread.performLaunchActivity(ActivityThreadSActivityRecord, Intent) line | _

]

{9 MyFirstProject Manifest 1J] MyFirstProject.java &3

public class MyFirstProject extends Activity {
/** Called when the activity is first created. */
@iverride
public void onCreate(Bundle savedInstanceState) {
super.onCreate(savedInstanceState);
setContentView(R.layout.main);
| Log.i(new String("My first project"), "My first project");
}
}
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LAB: Building sample applications from the SDK
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LAB: Building sample applications

» Create a new Android project

» In the wizard, choose “Create
project from existing source”
and choose Browse

» Open
/home/freescale/training _mx5
3/android/sdk/android-sdk-
linux _x86/samples/android-8/
[PICK A PROJECT]

» Click on Finish

» Build and run the application.

That was easy!
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Android NDK

» NDK = Native Development Kit

» Allows you to build C and C++ libraries for Android applications

» You can also build C/C++ Executables
« A bit more difficult to execute (requires a shell)

» \Writing native code does not necessarily improve the
performance

» The NDK is useful when porting an existing C/C++ codebase

» Uses JNI for binding between Native library and Java apps.
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Getting started with the NDK

» Once you have installed the NDK successfully, take a few
minutes to read the documentation included in the NDK.

» You can find the documentation in the <ndk>/docs/
directory

» In particular, please read the OVERVIEW.TXT document
completely, so that you understand the intent of the NDK
and how to use it.
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Working with the NDK

» Place your native sources under <project>/jni...

» Create <project>/jni/Android.mk to describe your native sources to the
NDK build system

» Optional: Create <project>/jni/Application.mk

» Build your native code by running the 'ndk-build' script from your projet's
directory. It is located in the top-level NDK directory:

$ cd <project>
$ <ndk>/ndk-build

» The build tools copy the stripped, shared libraries needed by your
application to the proper location in the application's project directory.

» Finally, compile your application using the SDK tools in the usual way.
The SDK build tools will package the shared libraries in the application's
deployable .apk file.

» For complete information on all of the steps listed above, please see the
documentation included with the NDK package.
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NDK samples

» The NDK includes sample applications that illustrate how to use native code in
your Android applications:

hello-jni — a simple application that loads a string from a native method
implemented in a shared library and then displays it in the application Ul.

two-libs — a simple application that loads a shared library dynamically and calls a
native method provided by the library. In this case, the method is implemented in a
static library imported by the shared library.

san-angeles — a simple application that renders 3D graphics through the native
OpenGL ES APIls, while managing activity lifecycle with a GLSurfaceView object.

hello-gl2 — a simple application that renders a triangle using OpenGL ES 2.0
vertex and fragment shaders.

hello-neon — a simple application that shows how to use the cpufeatures library to
check CPU capabilities at runtime, then use NEON intrinsics if supported by the
CPU. Specifically, the application implements two versions of a tiny benchmark for
a FIR filter loop, a C version and a NEON-optimized version for devices that
support it.

bitmap-plasma — a simple application that demonstrates how to access the pixel
buffers of Android Bitmap objects from native code, and uses this to generate an
old-school "plasma" effect.
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