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2  Introduction 
Thank you for buying The AndroidÊ Open Accessory Application Kit from Embedded Artists. For the 
rest of the document the term Android Open Accessory will be written out as AOA. The kit (hardware 
and software) will be called The AOAA Kit, for short. When referring to just the hardware the term 
AOAA Board will be used. 

The kit has been developed by Embedded Artists in close cooperation with NXP. It contains two 
microcontrollers from NXP, the LPC1769 (Cortex-M3 core) and LPC11C24 (Cortex-M0 core). The two 
microcontrollers are connected via a CAN network. 

This document is a Userôs Guide that primarily describes the hardware design of the AOAA Board. 
Software development and Android specific issues are addressed in another document. 

2.1  Features 

The AOAA kit from Embedded Artists lets you get up-and-running with AOA experiments immediately. 
It is a standalone platform for evaluation and prototyping electronic accessories for Googleôs Android 
operating system. The AOAA kit is also suitable for experimenting with CAN, Ethernet and RF 
networks. Note that the AOAA board has been designed for evaluation and is not designed for final 
integration into consumer or industrial end-products. 

2.1.1  LPC1769 side features 

¶ NXP's LPC1769 ARM Cortex-M3 microcontroller in 100-pin LQFP package, with 64 KByte 
internal SRAM and 512 KByte internal FLASH. 

¶ 12.0000 MHz crystal for maximum execution speed and standard serial bit rates, including 
USB and CAN requirements. The LPC1769 runs at frequencies up to 120 MHz. 

¶ USB Host interface for Android connection 

¶ USB Device interface  

- Future proof for when Android devices can be USB Hosts also 

¶ Other communication interfaces: 

- 100/10Mbps Ethernet interface 

- CAN interface (DSUB9 and RJ45 connector pads exist, not mounted per default) 

- Serial Expansion Connector, 14-pos connector with UART/I2C/SPI/GPIO pins 

- Pads for interfacing NXP/Jennic RF module  (JN5148-XXX-M00) 

- Socket for DigiÊ XBee RF module and interface compatible modules   

¶ IO and peripherals: 

- Two RGB LEDs 

- Two push buttons 

- Analog input with trimming potentiometer 

- Eight protected inputs/outputs (of which four can be analog inputs) 

- Four open collector outputs (for driving for example relays) 

- All free LPC1769 pins available on expansion connector 

- UART-to-USB bridge that also supports automatic ISP (for program download via 
UART/USB) 
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- 32 kbit I2C E2PROM for storing non-volatile parameters 

¶ Powered via Android deviceôs normal USB power plug 

- +5V DC external supply can also be connected via standard 2.1mm power jack 

¶ SWD/JTAG connector 

- 2x5 pos, 50 mil/1.27 mm pitch, standard SWD/JTAG connector 

¶ Small prototyping area 

- 100 mil pitch matrix of holes, 64 x 23 mm in size 

¶ Compact size of complete board: 135 x 100 mm (5.4 x 3.9 inch) 

- Four layer PCB design for best noise immunity 

 

2.1.2  LPC11C24 side features 

¶ NXP's LPC11C24 ARM Cortex-M0 microcontroller in 48-pin LQFP package, with 8 KByte 
internal SRAM, 32 KByte internal FLASH and integrated CAN transceiver. 

¶ 12.0000 MHz crystal for maximum execution speed and standard serial bit rates, including 
CAN requirements. The LPC11C24 runs at frequencies up to 50 MHz. 

¶ Can be broken off from LPC1769 side of the board to create a remote CAN node. 

¶ DSUB9 and RJ45 CAN interface 

- Pads exist but connectors not mounted (only needed to expand CAN network or when 
LPC11C24 CAN node broken off from LPC1769 side). 

¶ RGB-LED 

¶ LED on PIO0_7 (compatible with LPCXpresso LPC11C24 board design) 

¶ Push-button 

- On wakeup pin (PIO1_4), allowing low-power experiments 

¶ LM75 temperature sensor on I2C 

¶ ISL29003 light sensor on I2C 

¶ Powered via CAN interface 

- +5V supplied, local 3.3V regulator on board 

¶ All relevant LPC11C24 pins available on expansion connectors (dual 20 pos edge connector, 
100 mil/2.54 mm pitch rows, 700 mil apart). 

¶ SWD/JTAG connector 

- 2x5 pos, 50 mil/1.27 mm pitch, standard SWD/JTAG connector 

¶ Compact size of LPC11C24 node: 69 x 23 mm (complete board is 135 x 100 mm) 

 

2.2  ESD Precaution 

Please note that the AOAA Board comes without any case/box and all 
components are exposed for finger touches ï and therefore extra attention must 
be paid to ESD (electrostatic discharge) precaution.  
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Make it a habit always to first touch the metal surface of one of the USB or Ethernet connectors 
for a few seconds with both hands before touching any other parts of the boards. That way, you 
will have the same potential as the board and therefore minimize the risk for ESD. 

Note that Embedded Artists does not replace boards that have been damaged by ESD. 

2.3  General Handling Care 

Handle the AOAA Board with care. The board is not mounted in a protective case/box and is not 
designed for rough physical handling. Connectors can ware out after excessive use. The board is 
designed for evaluation and prototyping use, and not for integration into consumer or industrial end-
products. 

2.4  Code Read Protection 

The LPC1769 and LPC11C24 have a Code Read Protection function (specifically CRP3, see 
respective datasheets/userôs manuals for details) that, if enabled, will make the chip impossible to 
reprogram (unless the user program has implemented such functionality). 

Note that Embedded Artists does not replace AOA boards where the LPC1769 or LPC11C24 
have CRP3 enabled. Itôs the userôs responsibility to not invoke this mode by accident. 

2.5  CE Assessment 

The AOAA Board is CE marked. See separate CE Declaration of Conformity document. 

The AOAA Board is a class B product. 

EMC emission test has been performed on the AOAA Board. Standard interfaces like Ethernet, CAN, 
USB, serial have been in use. General expansion connectors where internal signals are made 
available (for example processor pins) have been left unconnected. Connecting other devices to the 
product via the general expansion connectors may alter EMC emission. It is the userôs responsibility to 
make sure EMC emission limits are not exceeded when connecting other devices to the general 
expansion connectors of the AOAA Board. 

Due to the nature of the AOAA Board ï an evaluation board not for integration into an end-product ï 
fast transient immunity tests and conducted radio-frequency immunity tests have not been executed. 
Externally connected cables are assumed to be less than 3 meters. The general expansion connectors 
where internal signals are made available do not have any other ESD protection than from the chip 
themselves. Observe ESD precaution. 

2.6  Other Products from Embedded Artists 

Embedded Artists have a broad range of LPC1000/2000/3000/4000 based boards that are very low 
cost and developed for prototyping / development as well as for OEM applications. Modifications for 
OEM applications can be done easily, even for modest production volumes. Contact Embedded Artists 
for further information about design and production services. 

2.6.1  Design and Production Services 

Embedded Artists provide design services for custom designs, either completely new or modification to 
existing boards. Specific peripherals and I/O can be added easily to different designs, for example, 
communication interfaces, specific analog or digital I/O, and power supplies. Embedded Artists has a 
broad, and long, experience in designing industrial electronics in general and with NXPôs 
LPC1000/2000/3000/4000 microcontroller families in specific. Our competence also includes wireless 
and wired communication for embedded systems. For example IEEE802.11b/g (WLAN), BluetoothÊ, 
ZigBeeÊ, ISM RF, Ethernet, CAN, RS485, and Fieldbuses. 

2.6.2  OEM / Education / QuickStart Boards and Kits 

Visit Embedded Artistsô home page, www.EmbeddedArtists.com, for information about other OEM / 
Education / QuickStart boards / kits or contact your local distributor. 
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3  Getting Started 
This chapter contains information about how to get acquainted with the AOAA Kit. 

Please read this chapter first before start using the board - it will be well spent time! 

3.1  Demo Applications 

There are three AOA demo application that can be downloaded from the Embedded Artists support 
page. The AOAA board is not pre-loaded with any of these demo applications. The reason for this is 
that the applications are continuously updated and a pre-loaded application would quickly become 
outdated.  Precompiled binary images (i.e., hex-files) can be downloaded from the support page. Note 
that there are two processors on the AOA board; the LPC1769 and LPC11C24. Normally it is only the 
LPC1769 that needs to be updated. The application on the LPC11C24 is the same for all demo 
applications and it is also pre-loaded during production test. 

The three AOA demo applications are: 

1. Application that allows controlling and monitoring the AOAA Board (LPC1769 side) from an 
Android device. 

2. Application where the Android device can detect CAN nodes (such as the LPC11C24 side of 
the AOAA board) in a CAN network. The CAN nodes can be controlled and monitored from 
the Android device. 

3. Application where the Android device can detect XBee nodes in an XBee network. The XBee 
nodes can be controlled and monitored from the Android device. 

o XBee nodes are LPC1769 LPCXpresso Boards mounted on LPCXpresso Base 
Board. Code for this is also included. 

The demo applications include parts of well-known software packages like: 

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

¶ lwIP v1.4.0 has been ported to the board. The httpserver_raw (webserver) application from 
the lwIP contrib package is available with a small modification to use the on-board SD-card 
interface instead of the ROM based file system. 

¶ FatFs file system module has been ported to the board. The lwIP demo (based on 
httpserver_raw) is using this module to access files on an SD card. 

¶ nxpUSBlib is available and used in the AOA demos. 

 

http://www.embeddedartists.com/node/134
http://www.embeddedartists.com/node/136
http://www.embeddedartists.com/node/136
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A seven step process will follow to get the one of the demo applications up-and-running quickly. 

3.2  Step 1: Have Supported Android Devices 

Make sure to use an Android device that supports AOA. 

Not all Android devices support Android Open Accessory. A basic version requirement is to have 
Android version v3.1, or higher. Some v2.3.4 devices support Android Open Accessory but not all 
since the functionality has been back ported to this version and inclusion is optional. 

Below is a list of Android devices known to support the Android Open Accessory functionality. It is 
currently very short but will gradually be expanded when users report first hand success with specific 
devices. Please report firsthand experience to: info@embeddedartists.com 

Brand Devices 

Acer Iconia A100 (tablet) 

Motorola Xoom (tablet) 

Samsung Galaxy Nexus (phone) 

HTC/Google Google Nexus One (phone) 

 

Below is a list of Android devices reported to support the Android Open Accessory functionality by 
others on Internet. Note that Embedded Artists has not tested the devices below. 

Brand Devices 

Acer Iconia A500 

ASUS Eee Pad 

ASUS Eee Pad Transformer TF101 

Foxconn Commtiva-HD710 

Dell Streak 10 Pro 

HTC EVO 3D 

HTC PH4100 

HTC Sensation 4G 

LG Optimus Pad 

LG Optimus 2X 

Samsung Galaxy A 

Samsung Galaxy Ace 

Samsung Galaxy S (S-II does not seem to work) 

Samsung Galaxy Tab 10.1 (might need some manual work to get it working) 

Samsung Galaxy S 

Sony Ericsson Xperia (Arc, Acro, Ray) 

Sharp IS05 

Toshiba AT100 
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3.3  Step 2: Connect and Power the Board 

The picture below illustrates the basic setup of the AOAA board. The Android device is connected to 
the USB Host interface of the AOAA board, using the normal USB charger cable (that came with the 
Android device). The Android deviceôs charger is used to power the AOAA board. It actually also 
powers the Android device via the USB Host interface. The USB cable between the USB charger and 
the AOAA board is included in this kit. It is also possible to power the board via an external +5VDC, 1A 
power supply. Note that only one external source should power the AOA board at any given point in 
time. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1 ð The AOAA Board Setup 
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3.4  Step 3: Verify Default Jumper Settings 

Verify that the default jumper positions on the board are correct, as below. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2 ð The AOAA Board Default Jumper Positions 

3.5  Step 4: Install USB Driver for Console Output/ISP 

The AOAA Board contains an USB-to-UART bridge chip (FT232R from FTDI) that connects UART 
channel #0 on the LPC1769 to a virtual COM port on the PC/laptop (via USB). This UART channel is 
typically used as the console channel for applications. Printf() output can for example be directed to 
this UART channel. To locate the (mini-B) USB connector, J16, see Figure 20. 

A USB driver must be installed on the PC/laptop in order for the virtual COM port to be created. See 
FTDIôs installation guides for details how to install the driver for different operating systems:  

http://www.ftdichip.com/Support/Documents/InstallGuides.htm 

3.6  Step 5: Download Demo Application 

Download the selected demo application into the LPC1769. See section 5.1 for details how to 
download an application. For simplicity and quickest way forward, it is recommended to start with 
downloading via Flash Magic (i.e., using the UART-to-USB bridge). 

Precompiled binary images (i.e., bin-files) can be downloaded from the support page. 

There is no need to update the LPC11C24 application. It is pre-programmed with a suitable application 
from production test. 
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3.7  Step 6: Prepare Android Device 

The demo application on the Android side has not been uploaded to Android Market. In order to install 
the demo from a different source the settings in the Android device must be changed. Go to Settings 
and then Applications in the device and check ñUnknown sourcesò, see Figure 3 for Nexus One and 
Figure 4 for Motorola Xoom. 

 

Figure 3 ð Unknown sources - Nexus One 

 

Figure 4 ð Unknown sources ð Motorola Xoom 

One more setting, that is useful when developing applications for an Android device, is to enable USB 
debugging. This step is not strictly needed for running the demo. Go to Settings, Applications and then 
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Development and enable USB debugging, see Figure 5 for Nexus One and Figure 6 for Motorola 
Xoom. 

 

Figure 5 ð Enable USB debugging ð Nexus One 

 

Figure 6 ð Enable USB debugging ð Motorola Xoom 
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3.8  Step 7: Run the Demo Application 

1. Connect the USB cable (USB micro-B to A) between the Android device and J3, if not already 
done. 

2. A dialog will appear indicating that there is no installed application that work with the USB 
Accessory. Click the View button to download the application from Embedded Artists website. 

3. When the application has been downloaded a dialog will appear asking if it is okay to install 
the application. Select Install. 

4. After installation has completed it is possible to Open and start the application. 

5. When the application starts allow it to access the USB accessory. Select OK. 

The demo application is now running on the Android device and communicating with the AOA board! 
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4  The AOAA Board Design 
This chapter describes the design of the AOAA Kit both from a conceptual and hardware perspective. 

Android Open Accessory allows connecting Accessories to an Android device. The Accessory and 
Android device communicates over USB. The Accessory has to implement a USB Host interface, while 
the Android acts as a USB client (also called USB Device). For more information about Android Open 
Accessory, see [3]. 

The AOAA Kit supports the requirements to implement an Android Accessory and much more! 

4.1  AOA Use Cases 

Typical basic Accessory use cases are outlined below. There are many application where connecting 
(typically) a phone to an isolated system has great benefits. It can give the system a user interface for 
information readout or control of the system. It can also allow for the system to get Internet access. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7 ð Basic Android Accessory Use Cases 

There are two ways of viewing the relationship between the Android device and the accessory: 

¶ A traditional view is that the application in the Android device contains the intelligence and 
basically only uses the accessory for input/output. In a master/slave analogy, the Android 
device would be the master and the accessory the slave. 

¶ An alternative is to view the Android device as (an alternative) user interface to the accessory. 
The intelligence is embedded in the accessory and the application running on the Android 
device creates a graphical user interface to the accessory. Possibly in combination with a 
communication channel with the Internet. 

The AOAA kit is much more than just a platform for prototyping and developing basic Android Open 
Accessory applications. The hardware has a network centric design, meaning that there is provision for 
creating both wired and wireless networks. Figure 8 below illustrated the three types of networks 
directly supported by the AOAA board. 
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Figure 8 ð The AOAA Board Network Interfaces 

A number of very powerful applications open up when the Accessory no longer is an isolated system, 
but instead a gateway to a networked system. The Android system no longer controls and interacts 
with just a single device, but a complete network! 

4.1.1  Industrial Use Case 

Consider an industrial plant with a network of sensors diagnosing important components. It can for 
example be vibration and temperature monitoring of electrical motors. By being able to correctly 
diagnose and predict future failure of bearings and the motors in general, scheduled maintenance and 
service can be performed. Scheduled maintenance can prevent costly production stops. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 9 ð Advanced Android Accessory Use Case 
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The central controller (the AOAA board in this example) is connected to the Internet and can send 
diagnostic data to a service central, where maintenance is scheduled. A service technician can for 
example receive a message that immediate maintenance is needed for a specific motor. It can also be 
that maintenance is scheduled at a later point in time, but still urgent. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 10 ð Advanced Android Accessory Use Case, cont. 

When a service technician arrives at the Industrial plant, an Android device is connected to the central 
controller (since it is an Android Accessory also). For safety or security reasons, certain operations are 
only allowed on-site when the Android device is connected. An example can be firmware updates. 

The central controller normally operates in M2M mode (machine to machine communication) but it also 
acts as a user interface to the system when a service technician works with the system. 

The network can be of any type. CAN networks are common in Industrial plants due to the robustness 
of the CAN network. Wireless networks are also common when cabling cost and flexibility is an issue. 

The following three sections present the network interfaces in more detail. 
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4.2  CAN Network Expansion 

The AOA board even contains an on-board CAN network. There is a CAN node built around the 
LPC11C24 microcontroller, which also contains an integrated CAN transceiver. The LPC1769 and 
LPC11C24 processors communicates over the CAN network. 

The CAN node can easily be detached from the main (LPC1769) board. If detaching the CAN node it is 
recommended to first cut the board connection between the CAN node and the prototype area. After 
that it is easier to cut off the CAN node. The location of the CAN network bridge is illustrated in the 
picture below. When cutting the network bridge, be sure to check that there are no shorts between the 
wires. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 11 ð The AOAA Board Network Interfaces 

Figure 12 illustrated a CAN node that has been detached from the AOAA board. 
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