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Introduction

When you think of Android development, most people picture sleek smartphones and tablets. Yet the Android
ecosystem extends far beyond mobile devices. Engineers and hobbyists increasingly turn to Android as a flexible,
developer-friendly platform for building embedded systems. One of the most compelling use cases is android
hardware interfacing with the beaglebone black— a powerful, low cost single board computer that offers a rich
set of 1/O interfaces. By marrying Android’s user friendly APIs with the BeagleBone Black’s hardware capabilities,
you can create sophisticated 10T devices, remote monitoring systems, and interactive prototypes that run on a
familiar platform.

This guide walks you through everything you need to know about connecting Android devices to the BeagleBone
Black, from choosing the right interface to writing robust code. Whether you're a seasoned developer or a curious
maker, you'll find practical examples, best practices, and troubleshooting tips that will help you build reliable,
high performance solutions.

Why Combine Android with the BeagleBone Black?

The BeagleBone Black (BB) is an open source, ARM based single board computer that runs a full Linux kernel. It
features:

e 1/GHz ARM Cortex A8 processor

512 /MB DDR3 RAM

4 /|GB eMMC storage

Multiple I/O interfaces: GPIO, UART, I2C, SPI, CAN, USB OTG, and more
¢ Low power consumption and small form factor

* Extensive community support and a wealth of libraries

Android, on the other hand, provides a mature application framework, a large developer ecosystem, and a
user friendly Ul. By bridging the two platforms, you gain:

Rapid Ul development using Android Studio and Java/Kotlin

Access to Android’s rich hardware APIs (e.g., Bluetooth, Wi Fi, sensors)

Native code support via the Android NDK for performance critical tasks

Easy deployment of OTA updates and remote management

Cross platform compatibility — the same Android app can run on phones, tablets, or embedded Android devices

In essence, android hardware interfacing with the beaglebone blackenables you to harness the strengths of
both worlds: Android’s software ecosystem and the BeagleBone’s hardware versatility.

Hardware Interfaces Commonly Used for Android—BB Communication

Depending on your project requirements, you can choose from several physical connections. Each interface has its
own performance characteristics and use cases.

USB (Host or Device)



Android devices can act as USB hosts (OTG) or USB devices. The BeagleBone Black supports USB 2.0 host
mode, allowing it to connect to Android phones or tablets. Conversely, Android can also act as a USB device,
enabling the BB to control Android hardware or vice versa.

UART (Serial)

UART is the simplest and most widely used serial communication protocol. The BB’s UART pins can connect to the
Android’s USB to serial converter or to the Android’s built in serial ports on certain devices.

SPI (Serial Peripheral Interface)

For high speed data transfer, SPI is ideal. The BB’s SPI pins can interface with Android’s external SPI peripherals
via USB to SPI adapters or custom hardware.

[2C (Inter Integrated Circuit)

I2C is a low speed, multi device bus that's perfect for sensors and small peripherals. The BB’s [2C pins can
communicate with Android through a USB to [2C bridge or by running an I12C server on the BB.

GPIO (General Purpose Input/Output)

Direct digital 1/0 is useful for controlling LEDs, relays, or reading button states. Android can toggle the BB’'s GPIO
pins via a USB bridge or through a networked API.

CAN (Controller Area Network)

For automotive or industrial applications, the BB’s built in CAN controller can exchange messages with Android
devices that support CAN (e.g., via a USB to CAN adapter).

Getting Started: Setting Up the BeagleBone Black

Before diving into Android code, ensure your BB is ready to communicate.

1. Install a Linux Distribution

Download a recent image of Debian for BeagleBone or Ubuntu Matefrom the official website. Flash the image
onto a microSD card, insert it into the BB, and power it up.

2. Enable I/O Interfaces

Open a terminal and enable the desired interfaces. For example, to enable UART:

sudo enable_uart

For 12C, edit /boot/uEnv.txt and add:

dtparam=i2cl=on

Similarly, enable SPI and CAN as needed.

3. Install Required Packages
Install python3-pip, libusb-1.0-0-dev, and other development tools:

sudo apt update
sudo apt install python3-pip libusb-1.0-0-dev build-essential



4. Test Serial Communication
Connect a USB to UART adapter to the BB’s UART pins and verify communication using minicom or screen:

screen /dev/ttyS0 115200

Choosing an Android Platform
There are two primary approaches to integrating Android with the BeagleBone Black:

Android Things (Deprecated)

Google’s Android Things platform was designed specifically for 10T devices and offered a Peripheral 1/0 APlfor
direct hardware access. Although officially discontinued, many projects still rely on Android Things for legacy
support.

Standard Android with USB Host/Accessory Mode
Modern Android devices support USB host and accessory modes natively. By leveraging the Android USB Host
API, you can communicate with the BB over USB without needing a specialized OS.

Custom Android Build

For advanced projects, you can build a custom Android ROM that includes necessary drivers and libraries,
enabling direct hardware access.

Connecting Android to the BeagleBone Black via USB Host

Below is a step by step example of using Android’s USB Host API to communicate with a BB acting as a USB device.

1. Configure the BeagleBone Black as a USB Gadget

Edit /etc/modprobe.d/blacklist.conf to ensure the g_serial module is loaded:

sudo modprobe g_serial

This turns the BB into a virtual serial device that Android can detect.

2. Connect the Devices
Use a USB OTG cable to connect the Android device’'s USB port to the BB’'s USB port.

3. Android Code Example

Below is a concise Java snippet that opens the serial port and sends data to the BB.

UsbManager usbManager = (UsbManager) getSystemService(Context. USB_SERVICE);
HashMap devicelList = usbManager.getDeviceList();
UsbDevice bbDevice = deviceList.get("BeagleBone Black");
UsbDeviceConnection connection = usbManager.openDevice(bbDevice);
UsbSerialDevice serialDevice = UsbSerialDevice.createUsbSerialDevice(bbDevice, connection);
if (serialDevice.open()) {

serialDevice.setBaudRate(115200);

serialDevice.write("Hello from Android".getBytes());



4. Read Data on the BeagleBone Black
On the BB, read from the serial port:

cat /dev/ttyGS0

You should see “Hello from Android”.

Using Android NDK for Performance Critical Tasks

When you need low latency communication or heavy data processing, the Android NDK (Native Development Kit)
allows you to write C/C++ code that runs directly on the Android device.

1. Set Up the NDK

Download the latest NDK from the Android Developer site and add it to your project’s local.properties:

ndk.dir=/path/to/android-ndk

2. Create a JNI Wrapper
Write a C++ function that uses libusb to communicate with the BB over USB:

extern "C"
JNIEXPORT jstring JNICALL
Java_com_example_BBCommunication_sendData(JNIEnv *env, jobject /* this */, jstring data) {
const char *nativeString = env->GetStringUTFChars(data, 0);
/I Initialize libusb, open device, send data...
env->ReleaseStringUTFChars(data, nativeString);
return env->NewStringUTF("Data sent");

3. Call the Native Function from Java/Kotlin
In your activity:

static {
System.loadLibrary("bbcommunication™);

}
public native String sendData(String data);

Interfacing with Sensors via 12C

Suppose you want to read temperature data from an ADT7480sensor connected to the BB’s I12C bus and display it
on an Android app.



1. Connect the Sensor
Wire the ADT7480 to the BB’s 12C1 pins (P9.17/SCL, P9.18/SDA). Ensure proper pull up resistors (4.7 /k:"a

2. Run an 12C Server on the BeagleBone Black

Use Python to expose the sensor data over a TCP socket.

import smbus
import socket
import time

bus = smbus.SMBus(1)
ADDR = 0x48

def read_temp():
high = bus.read_byte data(ADDR,
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