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Introduction
The rapid advancement of open-source software

has pointed out the need for open-source hardware.
Open-source hardware platforms, such as those
offered by BeagleBoard.org, give developers and
hobbyists the robust open-source resources they
need to deliver new products to the marketplace
quickly and, at the same time, reauce their risks. As
a flexible and extensible open hardware develop-
ment platform, BeagleBone from BeagleBoard.org
can effectively facilitate a development team’s tran-
sition into the open-source world. For those who
already participate in the open-source community,
BeagleBone can function as a Stable, readily
available development platform fully supported by
thediverse universe ofopen-sourceresourcesas well

as the reputable support system of BeagleBoard.org.
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BeagleBone low-cost
development board provides a clear
path to open-source resources

What is BeagleBone?
BeagleBone, based on Texas Instruments (Tl) Sitara™ AM335x ARM® Cortex™-A8 processor,
is a ready-to-use open-source hardware platform for rapid prototyping and firmware and
software development. The low-cost BeagleBone follows on the heels of BeagleBoard.org’s
successful BeagleBoard platform addressing mid-range and upper-end applications such
as wirelessly networked autonomous 2
robots, self-teaching electronics
education kits, intelligent digital
signage, flexible retro-gaming devices,
home automation and much more.
BeagleBone is a professional grade
development platform suitable for
professional engineers, designers and
developers as well as hobbyists.

BeagleBone is well suited for

various mobile systems, robotics
applications, web servers, Internet-enabled kiosks, media centers, home automation
applications, thin clients, digital signage and many other types of low- and mid-range
embedded applications. The ARM Cortex-A8 core runs at 720 MHz and features 3D accelera-
tion with the SGX programmable graphics processing unit.

In addition to the highly optimized processor, BeagleBone also features 256 megabytes
(MB) of DDR2 RAM memory, a microSD slot and a four-gigabyte (GB) microSD card with a
validation and demonstration image of Linux built using the Angstrom Distribution. In addition
to executing the Linux kernel, many complete operating and development environments are
supported by community and third-party developers, such as Android™, OpenEmbedded,
Windows® Embedded, QNX, Ubuntu, Symbian, Debian, Fedora, Gentoo, FreeBSD and others.
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To accommodate a range of sensors, controls, and other types of inputs, it has two 46-pin expansion

headers featuring 66 general purpose interrupt generating input/output (GPIO) pins at 3.3V and multiplexed

with LCD signals, a parallel memory bus, secondary MMC/SD/SDIO
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USB hub
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A Fig. 1 - BeagleBone block diagram

More than 1,400 Dhrystone MIPS using TI’s
superscalar AM335x ARM Cortex-A8
MiCroprocessors

Two 46-pin, two-row, 0.1” spaced female
expansion headers

Multipurpose USB device connection with on-board
hub, USB-to-serial/JTAG conversion device with
software reset and reprogrammable high-speed USB
device interface

Open GL® ES 2.0 capable 3D graphics accelerator

USB 2.0 host port that support low, full and
high speeds

microSD connector
On-chip 10/100Mbit Ethernet

Four on-board LEDs

A Table 1 - BeagleBone key features

Benefits

Runs full Linux operating system with full-featured web servers,
native compilers and scripting languages, video analytics libraries
and much more

Enables developers easily add off-the-shelf expansion hardware
or directly breadboard connections to countless readily available
peripherals

Developers can plug in just one cable to power, debug and
interface to their applications and not needing a JTAG emulator
saves additional cost

Achieves photo-realistic, real-time pixel-shaded graphics for
gaming and 3D user interface acceleration

Can be used for USB peripherals like keyboard, mouse, WiFi,
Bluetooth®, Web cameras or USB hubs for additional expansion via
on-chip USB PHY

Adds multiple gigabytes of storage for your boot image and data
and includes a 4GB card.

Network your network and the Internet with minimal
software stacks

Provide user status
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bus, two I°C buses, five UARTSs, an SPI serial port, an 125/AC97-capable serial port, CAN bus, 6 pulse-width
modulators, multiple timers/counters and more digital peripherals in addition to 7 analog-to-digital conver-
tors. One USB cable provides both power and access to the BeagleBone. Through this one USB cable, users
are able to access the processor’s USB, Serial and JTAG ports. Moreover, BeagleBone can be linked to a

BeagleBoard or any Linux computer via USB or Ethernet and act as an expansion module to it.

BeagleBone  As BeagleBoard did before it, BeagleBone has shown that the vast resources of the open-source community
and open-Source and the support of a major technology developer are not mutually exclusive. In fact, taken together the two
complement each other effectively and benefit developers and hobbyists who are then able to take advantage
of the best of both worlds.

An example of a possible BeagleBone user would be a hobbyist, developer or design team that has based
their past projects on microcontrollers (MCU) but is now contemplating a microprocessor-based design.
Much of the attraction of the open-source world for such developers comes from the extremely rich software
ecosystem that the community represents. For designers looking to leverage a richer set of software, migra-
tion can be easy and the performance and software availability far exceed any MCU platform, despite being
around MCU prices. With open-source resources at its disposal, the design team can quickly deploy a robust
set of development tools, ready-to-use functional drivers and other functional modules, including complete
USB host and device stacks, rich networking support with firewalling, quota support, throttling and more.

Designers are attracted to an open-source community because of the vast richness and depth of the
resources available. Receiving feedback and sharing ideas with other developers increase the quality and
breadth of knowledge that could lead to getting their product to market faster. In cases such as that of an
MCU design team migrating to a microprocessor platform, the support of Tl with its many resources such as
software and the BeagleBone and BeagleBoard platforms can be essential to an effective transition.

For example, an MCU-oriented team might decide that its risks would be reduced if it eases into the
open-source world by initially adopting development tools contained in the software development kits (SDK)
that support microprocessors platforms. These customers will look for a proven hardware platform, as well as
one that can leverage open-source and mainstream software offerings. Tl has made investments to ensure
that its software SDKs are compatible with not only standard Tl hardware, but also open-source tools such
as BeagleBone. The real value in these software tools is that Tl breaks down the most common operations
required by customers and documents the process to execute those operations. Tl has completed the hard
work of understanding the open-source components for you and has seen an increase of community
members utilizing these resources.

Even TI's Code Composer Studio™ integrated development environment (IDE) is built upon the Eclipse
project, the most popular open-source graphical debugger and development environment, yet Tl has
customized it to ease your learning curve into open-source. At this stage, the team can begin to explore the
many robust options available to it and learn how to collaborate fully with the open-source community in
general. Because of the breadth of the open-source community, a designer can reasonably assume that most
problems have been solved in some form or fashion by other members of the community who are willing to

share their expertise.
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What is A small group of enthusiastic engineers interested in creating powerful, open and embedded devices
BeagleBoard.org? ionecred new ground in open hardware and worked together to launch BeagleBoard, BeagleBoard-xM
and most recently BeagleBone. The resulting open-source hardware platforms bridge desktop and
embedded development, allowing developers to design to their specification and collaborate with the
open-source community on creative new applications. The BeagleBoard.org community aims to engage
passionate developers and fuel their innovations in the open-source development community, whether
they are designing projects for work or fun.

Since the introduction of the open-source community in 2008, the support ecosystem, tools and sense of
collaborative community surrounding it have grown phenomenally. Currently around 5,000 members, mostly
representatives from Fortune 100 companies, industry leaders, hobbyists and academia, play an active role
in the BeagleBoard.org community.

For example, BeagleBoard.org generates around 50,000 visitors every week, making it one of the
largest and most collaborative communities in the open-source hardware world. Members are posting
3-5 new projects each week and are getting instant feedback from international and local developers. The
open-source community has even extended its reach to diverse areas of the globe such as Brazil, Japan and
Turkey, with many more communities on the way. Each community hosts and fosters the sharing of the latest
software developments, live forums and online chats for easy collaboration. These communities are available
to anyone who wants to join and take advantage of a strong support system where interaction with other
developers, learning about new trends and the sharing of ideas happen every day.

Though BeagleBoard.org receives ongoing support from Tl, it is mostly a self-sustaining community that
utilizes distributor pre-orders and previous board sales to fund hardware development. BeagleBoard.org is
committed to utilizing components available through distribution in low quantities to ensure the open-source

hardware design is one that many manufacturers can duplicate and enhance.

Path to From professional embedded system design teams to individual hobbyists, BeagleBoard.org’s versatile and
open-source cost-effective BeagleBone provides a powerful development and rapid prototyping platform which functions as
a direct path into the open-source world.

The perception among designers and developers of the open-source community has changed radically
in recent years as the depth and breadth of development tools, functional modules like driver stacks,
middleware frameworks and other resources have rapidly increased. Now, most developers realize that
open-source is a force in the industry that must be taken into account. Not doing so runs the risk of being left
behind and missing many of the innovations that are emanating from the open-source community.

As an example, many embedded system developers who historically have based their applications on MCU
platforms are now discovering that developing their next systems with the Linux OS opens the door to a very
rich and diverse set of ready-to-use software modules and plug-ins at no cost. A wide array of interfacing and
communications stacks like TCP/IP, USB and many others are readily available. These stacks and drivers have
been widely deployed and, as a result, are very robust. By and large, any potential problem has already been

identified by other developers who have shared their findings with the rest of the open-source community.
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Another advantage of developing under the open-source Linux OS instead of MCU-like direct
register-based development is the fact that Linux provides an abstraction layer above the underlying
hardware. Unlike direct register-based development, where a shift to a new MCU family or to a new
generation MCU would mean re-developing or re-porting much of the previously developed software,

a change to a different Linux processor will not require re-development of firmware, system-level or
application software. Certainly there will be similarities in the development environment when moving
from one MCU to the next generation device, but there typically will be enough differences to require new

learning and the re-porting of established code. With Linux, the transition is seamless because the 0S

interacts with the hardware layers on one side the software layers on the other.

Application Application Application
# #2 #3

System call interface

Device drivers

et

Hardware

A Fig. 2 - Linux block diagram

Additional  Many of the aspects of the open-source world that attract developers also assist those who decide to make
open-source
resources

the transition to the open-source community. For example, a number of middleware frameworks make it
easier for new and experienced designers to develop functional subsystems like a graphical user interface
(GUI) or web server. The type of assistance that the various open-source frameworks have to offer covers a
range of capabilities from very specialized tools for specific needs to generalized programming environments.
In general, most frameworks feature programming tools, libraries of low- or mid-level functional modules that
can be deployed as is or modified to suit a certain system requirement, and other capabilities that facilitate
the rapid assembly of functional embedded applications.

An example of such a framework is Qt. Qt is an open-source cross-platform application framework
which is widely used to develop GUIs and consoles for applications. In addition to Linux, it can also be used
to develop user interfaces and consoles for other operating systems as well, including Windows, Mac 0S,
Symbian and others. The Qt framework was built in C++ but it makes extensive use of a special code
generator. It has been widely adopted by major system providers like Nokia®, Adobe®, Microsoft® (Skype®),

Hewlett-Packard, Google™ and others.
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Other open-source frameworks (See Table 2) have been as widely deployed as Qt, if not more so. As a
result, design teams are able to leverage the capabilities of these frameworks to rapidly develop system or
application prototypes. They also relieve designers of the necessity of understanding the minutiae of the
underlying hardware as a prerequisite for developing software subsystems to run on it. This allows
developers who are more adept at designing an engaging user experience to concentrate on this aspect
of the system while engineers more familiar with the requirements of the hardware can focus on the lower

levels of the system’s architecture.

Frameworks or component providers Functionality

Qt, OpenGL, X11, GTK, DirectFB 2D and 3D graphics frameworks

Python, Perl, Erlang, Smalltalk High-level programming languages for rapid
application development

Apache, node.js, Ruby on Rails, lighttpd Web server and network communications
development frameworks

OpenBricks Linux development framework for embedded devices

GStreamer, libav, OpenMAX Multimedia processing components and frameworks

A Table 2 - Various open-source frameworks (not a complete list)

BeagleBoard.org is also at the heart of commercial open-source resources, enabling you to quickly
leverage existing software and experienced developers to bring your project idea to life. The BeagleBoard-xM
is the ARM reference platform for the Yocto Project, a Linux Foundation project that provides templates, tools
and methods to help you create custom Linux-based systems for embedded products regardless of the
hardware architecture and is supported by many major commercial Linux providers, including Mentor

Graphics, Timesys, MontaVista, Wind River and individual consultants.

Mind your licenses Fundamental to the open-source community is the sense of sharing that pervades its members, who have
willingly contributed to the development of many open-source tools and functional modules. This sense of
sharing extends to some of the licenses which govern the use of some open-source resources. Generally,
some licenses will require that if software that is developed was directly derived from an open-source
resource or is partly made up of open-source code then the resulting software is also considered
open-source, and it should be shared and made available to the rest of the community.

This is not to say that the open-source community is in conflict with the many commercial companies
that want to protect and retain for their use the intellectual property (IP) they develop. To retain control over
their IP, such companies should analyze the licenses for the open-source resources they have adopted and
carefully control how these resources are used, always keeping in mind the restrictions and requirements

embodied in these licenses.
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BeagleBoard.org’s BeagleBone and BeagleBoard hardware platforms capture the vibrant and collaborative
spirit of the open-source community. At the same, they bring to bear the vast resources and continued

commitment to enable innovation.

For more information on the BeagleBoard community, go to www.beagleboard.org. For more information

on the BeagleBone platform, go to www.beagleboard.org/bone.

&:beagleboard.org
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Tl Worldwide Technical Support

Internet

Tl Semiconductor Product Information Center
Home Page
support.ti.com

TI E2E™ Community Home Page
g2e.ti.com

Product Information Centers

Americas Phone +1(972) 644-5580 Asia
Brazil  Phone  0800-891-2616 Phone
International +91-80-41381665
Mexico Phone 0800-670-7544 Domestic Toll-Free Number
Note: Toll-free numbers do not support
Fax  +1(972) 927-6377 mobile and IP phones.
Internet/Email support.ti.com/sc/pic/americas.htm Australia 1-800-999-084
. . China 800-820-8682
Europe, Middle East, and Africa Hong Kong 800-96-5041
Phone India 1-800-425-7888
European Free Call 00800-ASK-TEXAS . _ana. )
(00800 275 83927) Edones'a 8(8)(1) gg? gggl 100
International +49 (0) 8161 80 2121 Moe:lzasia 00803073
Russian Support +7(4) 9598 10 701 y
New Zealand 0800-446-934
Note: The European Free Call (Toll Free) number is not active in Phlllpplnes 1-800-765-7404
all countries. If you have technical difficulty calling the free call Singapore 800-886-1028
number, please use the international number above. Taiwan 0800-006800
Thailand 001-800-886-0010
Fax +(49) (0) 8161 80 2045 Fax +8621-23073686
Internet www.ti.com/asktexas Email tiasia@ti.com or ti-china@ti.com
Direct Email asktexas@ti.com Internet support.ti.com/sc/pic/asia.htm
Japan Important Notice: The products and services of Texas Instruments
Incorporated and its subsidiaries described herein are sold subject to Tl's
Phone Domestic 0120-92-3326 standard terms and conditions of sale. Customers are advised to obtain the
most current and complete information about Tl products and services
Fax International +81-3-3344-5317 before placing orders. Tl assumes no liability for applications assistance,
) customer’s applications or product designs, software performance, or
Domestic 0120-81-0036 infringement of patents. The publication of information regarding any other
. . . o company’s products or services does not constitute Tl’s approval, warranty
Internet/Email  International  support.ti.com/sc/pic/japan.htm or endorsement thereof.

Domestic www.tij.co.jp/pic
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property of their respective owners.
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, modifications, enhancements, improvements,
and other changes to its products and services at any time and to discontinue any product or service without notice. Customers should
obtain the latest relevant information before placing orders and should verify that such information is current and complete. All products are
sold subject to TI's terms and conditions of sale supplied at the time of order acknowledgment.

Tl warrants performance of its hardware products to the specifications applicable at the time of sale in accordance with TI's standard
warranty. Testing and other quality control techniques are used to the extent Tl deems necessary to support this warranty. Except where
mandated by government requirements, testing of all parameters of each product is not necessarily performed.

Tl assumes no liability for applications assistance or customer product design. Customers are responsible for their products and
applications using TI components. To minimize the risks associated with customer products and applications, customers should provide
adequate design and operating safeguards.

TI does not warrant or represent that any license, either express or implied, is granted under any Tl patent right, copyright, mask work right,
or other Tl intellectual property right relating to any combination, machine, or process in which Tl products or services are used. Information
published by TI regarding third-party products or services does not constitute a license from Tl to use such products or services or a
warranty or endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual
property of the third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of Tl information in Tl data books or data sheets is permissible only if reproduction is without alteration and is accompanied
by all associated warranties, conditions, limitations, and notices. Reproduction of this information with alteration is an unfair and deceptive
business practice. Tl is not responsible or liable for such altered documentation. Information of third parties may be subject to additional
restrictions.

Resale of Tl products or services with statements different from or beyond the parameters stated by TI for that product or service voids all
express and any implied warranties for the associated Tl product or service and is an unfair and deceptive business practice. Tl is not
responsible or liable for any such statements.

Tl products are not authorized for use in safety-critical applications (such as life support) where a failure of the Tl product would reasonably
be expected to cause severe personal injury or death, unless officers of the parties have executed an agreement specifically governing
such use. Buyers represent that they have all necessary expertise in the safety and regulatory ramifications of their applications, and
acknowledge and agree that they are solely responsible for all legal, regulatory and safety-related requirements concerning their products
and any use of Tl products in such safety-critical applications, notwithstanding any applications-related information or support that may be
provided by TI. Further, Buyers must fully indemnify Tl and its representatives against any damages arising out of the use of Tl products in
such safety-critical applications.

Tl products are neither designed nor intended for use in military/aerospace applications or environments unless the TI products are
specifically designated by Tl as military-grade or "enhanced plastic." Only products designated by Tl as military-grade meet military
specifications. Buyers acknowledge and agree that any such use of Tl products which Tl has not designated as military-grade is solely at
the Buyer's risk, and that they are solely responsible for compliance with all legal and regulatory requirements in connection with such use.

Tl products are neither designed nor intended for use in automotive applications or environments unless the specific Tl products are
designated by Tl as compliant with ISO/TS 16949 requirements. Buyers acknowledge and agree that, if they use any non-designated
products in automotive applications, TI will not be responsible for any failure to meet such requirements.

Following are URLs where you can obtain information on other Texas Instruments products and application solutions:

Products Applications
Audio www.ti.com/audio Automotive and Transportation www.ti.com/automotive
Amplifiers amplifier.ti.com Communications and Telecom www.ti.com/communications
Data Converters dataconverter.ti.com Computers and Peripherals www.ti.com/computers
DLP® Products www.dlp.com Consumer Electronics www.ti.com/consumer-apps
DSP dsp.ti.com Energy and Lighting www.ti.com/energy
Clocks and Timers www.ti.com/clocks Industrial www.ti.com/industrial
Interface interface.ti.com Medical www.ti.com/medical
Logic logic.ti.com Security www.ti.com/security
Power Mgmt power.ti.com Space, Avionics and Defense  www.ti.com/space-avionics-defense
Microcontrollers microcontroller.ti.com Video and Imaging www.ti.com/video
RFID www.ti-rfid.com
OMAP Mobile Processors www.ti.com/omap
Wireless Connectivity www.ti.com/wirelessconnectivity

TI E2E Community Home Page e2e.ti.com

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
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