BEAGLEBONE BLACK PROGRAMMING BY EXAMPLE

BeAGLEBONE BLACK PROGRAMMING BY EXAMPLE IS AN ENGAGING WAY TO EXPLORE THE CAPABILITIES OF THIS VERSATILE SINGLE-
BOARD COMPUTER. THE BEAGLEBONE BLACK IS A POWERFUL TOOL FOR BOTH HOBRBYISTS AND PROFESSIONALS, OFFERING
VARIOUS FEATURES FOR EMBEDDED SYSTEMS, ROBOTICS, loT PROJECTS, AND MORE. IN THIS ARTICLE, WE WILL DELVE INTO THE
BASICS OF PROGRAMMING THE BEAGLEBONE BLACK/ SHOWCASE SOME PRACTICAL EXAMPLES, AND DISCUSS VARIOUS
PROGRAMMING LANGUAGES AND FRAMEWORKS THAT CAN BE UTILIZED.

INTRODUCTION TO BEAGLEBONE BLACK

THe BEacLEBONE BLack (BBB) I1s A LOW-COST, COMMUNITY-SUPPORTED DEVELOPMENT PLATFORM THAT IS DESIGNED FOR
DEVELOPERS AND HOBBYISTS ALIKE. |T IS EQUIPPED WITH:

- A 1 GHz ARM CorTEX-A8 PROCESSOR

- 512 MB oF RAM

- 4 GB OF ONBOARD STORAGE

- 65 GPIO pINs

- AN ETHERNET PORT, USB PORTS, AND HDMI ouTPUT

THESE FEATURES MAKE IT A ROBUST CHOICE FOR A WIDE RANGE OF APPLICATIONS. THE BBB RUNS A LINUX-BASED OPERATING
SYSTEM, TYPICALLY DEBIAN, WHICH MAKES IT ACCESSIBLE FOR USERS FAMILIAR WITH LINUX ENVIRONMENTS.

SeTTING UP THE BEAGLEBONE BLACK

BEFORE DIVING INTO PROGRAMMING, IT’S ESSENTIAL TO SET UP YOUR BEAGLEBONE BLACK. FOLLOW THESE STEPS TO GET
STARTED:

STEP 1: HARDWARE SETUP

1. CoNNECT THE Power SuppLY: USE A 5V POWER SUPPLY TO POWER THE BEAGLEBONE BLACK. YOU CAN ALSO POWER IT
viAa USB.

2. ConNeCcT To A CoMPUTER: CONNECT THE BEAGLEBONE BLACK TO YOUR COMPUTER USING A USB CABLE. THIS WILL ALLOW
YOU TO ACCESS IT THROUGH A SERIAL TERMINAL.

3. NeETWoRrk CONNECTION: FOR INTERNET ACCESS, CONNECT THE BBB TO YOUR NETWORK USING AN ETHERNET CABLE.

STEP 2: ACCESSING THE BEAGLEBONE BLACK

- SeriAL ConsoLE: USE A TERMINAL EMULATOR LIKE PUTTY (WiNbows) or THE TERMINAL (LINUX/MAC) TO CONNECT TO
THE SERIAL CONSOLE.

- SSH Access: You caN SSH INTo THE BBB UsING THE DEFAULT IP ADDRess (USUALLY 192.168.7.2) AND THE DEFAULT
USERNAME AND PASSWORD (USERNAME: DEBIAN, PASSWORD: TEMPPWD).

PROGRAMMING LANGUAGES FOR BEAGLEBONE BLACK

THE BEAGLEBONE BLACK SUPPORTS MULTIPLE PROGRAMMING LANGUAGES. HERE ARE SOME COMMON CHOICES:



- PYTHON: EXCELLENT FOR BEGINNERS AND WIDELY USED FOR HARDW ARE INTERACTION.

- C/C++I OFFERS LOW-LEVEL ACCESS TO HARDW ARE FEATURES, SUITABLE FOR PERFORMANCE-INTENSIVE APPLICATIONS.
'_JAVASCRIPT (NODE.JS)Z GREAT FOR WEB-BASED APPLICATIONS AND REAL-TIME INTERACTION.

‘JAVAZ USEFUL FOR CROSS-PLATFORM APPLICATIONS AND ANDROID DEVELOPMENT.

EACH LANGUAGE HAS ITS LIBRARIES AND FRAMEWORKS TAILORED FOR HARDW ARE INTERACTION, MAKING IT EASIER TO CONTROL
GPIO, SENSORS, AND OTHER PERIPHERALS.

PROGRAMMING EXAMPLES

LET'S ILLUSTRATE THE PROGRAMMING CAPABILITIES OF THE BEAGLEBONE BLACK THROUGH SOME PRACTICAL EXAMPLES.

ExAMPLE 1: BLINKING AN LED wWiITH PYTHON

IN THIS EXAMPLE, WE WILL CONTROL AN LED CONNECTED To ONE oF THE GPIO PINs.

MATERIALS NEEDED

- BEAGLEBONE BLACK

- LED

- 220-0OHM RESISTOR

- BREADBOARD AND JUMPER WIRES

W IRING DIAGRAM

ConNECT THE LED As FoLLows:

- ANoDE (LoNG LEG) To GPIO PINP8 13

- CATHODE (SHORT LEG) TO ONE END OF THE RESISTOR
- OTHER END OF THE RESISTOR To GND

PyTHoN CoDE

Py THON
IMPORT ADAFRUIT_BBIO.GPIO as GPIO
IMPORT TIME

SeT uP THE GPIO PIN
LED_PIN="P8_13"
GPIO.seTup(LED_PIN, GPIO.OUT)

TRY:
WHILE TRUE:

GPIO.outpuT(LED_PIN, GPIO.HIGH) TurN LED oN
TiMe.SLEEP( 1) W AIT FOR 1 SECOND
GPIO.ouTpuT(LED_PIN, GPIO.LOW) TuUrN LED oFF
TiMe.sLEeP( 1) W AIT FOrR 1 SECOND

EXCEPT KEYBOARDINTERRUPT:

GPIO.cLeanuP() CLEAN UP ON EXIT

ARNY



RunNING THE CoDE

1. SAVE THE CODE IN A FILE NAMED 'BLINK.PY".
2. RUN THE SCRIPT USING THE COMMAND 'SUDO PYTHON BLINK.PY'.

Y oU sHouLD SEe THE LED BLINKING ON AND OFF EVERY SECOND.

ExAMPLE 2: READING A BUTTON INPUT

IN THIS EXAMPLE, WE WILL READ THE STATE OF A BUTTON AND TURN ON AN LED BASED ON THE BUTTON PRESS.

MATERIALS NEEDED

- BEAGLEBONE BLACK

- PUSH BUTTON SWITCH

- LED

- 220-0OHM RESISTOR

- BREADBOARD AND JUMPER WIRES

W IRING DIAGRAM

- CONNECT ONE TERMINAL OF THE BUTTON TO GPIO PINP8_12.
- CONNECT THE OTHER TERMINAL TO GND.
- CoNNECT THE LED AS IN THE PREVIOUS EXAMPLE.

PyTHoN CobE

“MPYTHON
IMPORT ADAFRUIT_BBIO.GPIO as GPIO

SeT uP THE GPIO PINS

LeD_PIN="P8_ 13"

BUTTON_PIN = “P8 12"

GPIO.seTup(LED_PIN, GPIO.OUT)

GPIO.seTup(BUTTON_PIN, GPIO.IN, PULL_UP_DOWN=GPIO.PUD_DOWN)

TRY:
WHILE TRUE:

BUTTON_STATE = GPIO.INPUT(BUTTON_PIN)

IF BUTTON_STATE == GPIO.HIGH:
GPIO.ouTpuT(LED_PIN, GPIO.HIGH) TUrN LED oN
ELSE:

GPIO.outpuT(LED_PIN, GPIO.LOW) TuUrN LED oFF
EXCEPT KEYBOARDINTERRUPT:

GPIO.cLeanup() CLEAN UP ON EXIT

A\

RUNNING THE CoDE

1. SAVE THE CODE IN A FILE NAMED 'BUTTON_LED.PY'.
2. RUN THE SCRIPT USING THE COMMAND 'SUDO PYTHON BUTTON_LED.PY".



Now, WHEN YOU PRESS THE BUTTON, THE LED WiLL LIGHT UP.

ExAMPLE 3: WEeB SERVER WITH NODEJS

IN THIS EXAMPLE, WE WILL CREATE A SIMPLE WEB SERVER USING NODEJS THAT CONTROLS AN LED.

SeTup NODE,JS

1. INSTALL NODE.JS AND NPM ON YOUR BEAGLEBONE BLACK.

2. CREATE A DIRECTORY FOR YOUR PROJECT AND NAVIGATE INTO IT.
“'BASH

MKDIR LED_CONTROL

CD LED__CONTROL

NPM INIT -Y

NPM INSTALL ONOFF EXPRESS

A

Nobeys Cobe

"JAVASCRIPT

CONST EXPRESS = REQUIRE('EXPRESS');

consT Grio = ReQUIRE( oNoOFF").GPIO;

CONST APP = EXPRESS();

consT Lep = New Grio( 13, ‘out’); // Use GPIO piN 13 For THE LED

APP.GET('/LED/oN’, (REQ, RES) => {
LeD.WRITESYNC(1); // Turn LED on
res.Send(‘LED 1s ON');

D;

APP.GET('/Lep/oFf’, (REQ, RES) => {
LeD.wRITESYNC(O); // Turn LED oFf
res.send('LED 1s OFF');

b;

APP.LISTEN(3000, () => {
CONSOLE.LOG('SERVER RUNNING ON HTTP://LoCcALHOST:3000");

b;

A

RUNNING THE CoDE

1. SAVE THE CODE IN A FILE NAMED \SERVER._JS\.
2. RUN THE SERVER USING THE COMMAND 'SUDO NODE SERVER.JS\.

Now, YOU CAN ACCESS THE WEB SERVER USING YOUR BROWSER AT "HTTP://:3000/LeD/oN' TO TURN ON THE LED AND
*HTTP://:3000/LED/OFF' TO TURN IT OFF.

CoNCLUSION



THE BEAGLEBONE BLACK IS A POWERFUL PLATFORM THAT OPENS UP NUMEROUS POSSIBILITIES FOR PROGRAMMING AND

HARDW ARE INTERACTION. W/ITH A VARIETY OF PROGRAMMING LANGUAGES AVAILABLE, ALONG WITH A SUPPORTIVE COMMUNITY
AND EXTENSIVE DOCUMENTATION, YOU CAN EASILY CREATE PROJECTS RANGING FROM SIMPLE LED conTrOLS TO COMPLEX |OT
APPLICATIONS. THE EXAMPLES PROVIDED IN THIS ARTICLE REPRESENT JUST A FRACTION OF WHAT YOU CAN ACHIEVE WITH THE
BEAGLEBONE BLACK. BY EXPERIMENTING AND BUILDING UPON THESE EXAMPLES, YOU'LL DEEPEN YOUR UNDERSTANDING OF BOTH
THE HARDW ARE AND SOFTWARE ASPECTS OF THIS REMARKABLE DEVICE. WHETHER YOU ARE A BEGINNER OR AN EXPERIENCED
DEVELOPER, THE BEAGLEBONE BLACK OFFERS A RICH ENVIRONMENT FOR INNOVATION AND EXPLORATION.

FREQUENTLY AskeD QUESTIONS

\WHAT IS THE BEAGLEBONE BLACK AND WHY IS IT POPULAR FOR PROGRAMMING
PROJECTS?

THe BEAGLEBONE BLACK IS A LOW-COST, COMMUNITY-SUPPORTED DEVELOPMENT PLATFORM FOR DEVELOPERS AND HOBBYISTS.
IT IS POPULAR DUE TO ITS POWERFUL ARM CORTEX-AB PROCESSOR, EXTENSIVE |/O CAPABILITIES, AND SUPPORT FOR
VARIOUS PROGRAMMING LANGUAGES, MAKING IT IDEAL FOR EMBEDDED SYSTEMS AND |OT PROJECTS.

\WHAT PROGRAMMING LANGUAGES CAN BE USED FOR BEAGLEBONE BLACK DEVELOPMENT?

THE BEAGLEBONE BLACK SUPPORTS SEVERAL PROGRAMMING LANGUAGES, INCLUDING PYTHON, JAVASCRrIPT (NobE,s), C/C++,
AND JAVA. THIS VERSATILITY ALLOWS DEVELOPERS TO CHOOSE THE LANGUAGE THEY ARE MOST COMFORTABLE WITH OR THAT
BEST SUITS THEIR PROJECT.

How po | seT up THE BEAGLEBONE BLACK FOR PROGRAMMING?

To seT UP THE BEAGLEBONE BLACK, YOU NEED TO CONNECT IT TO YOUR COMPUTER VIA USB, INSTALL THE NECESSARY
DRIVERS, AND ACCESS ITS BUILT-IN WEB INTERFACE OR SSH INTO IT. YOU CAN THEN INSTALL DEVELOPMENT TOOLS AND
LIBRARIES AS NEEDED.

\WHAT ARE SOME COMMON EXAMPLES OF PROJECTS THAT CAN BE DONE WITH
BeaGLEBONE BLACk?

COMMON PROJECTS INCLUDE HOME AUTOMATION SYSTEMS, ROBOTICS, WEATHER STATIONS, AND REMOTE SENSORS. | HE
BeaGLEBONE BLACK'S GPIO PINS MAKE IT SUITABLE FOR CONTROLLING VARIOUS HARDW ARE COMPONENTS IN THESE PROJECTS.

CAN | USe THE BEAGLEBONE BLACK WITH CLOUD SERVICES?

YES, THE BEAGLEBONE BLACK CAN BE INTEGRATED WITH CLOUD SERVICES SUCH AS AW/S, MICROSOFT AZURE, AND GOOGLE
CLoup. THIS ALLOWS DEVELOPERS TO SEND DATA FROM THEIR PROJECTS TO THE CLOUD FOR STORAGE, PROCESSING, AND
ANALYSIS.

\WHAT IS THE ROLE OF DeVICE TREE IN BEAGLEBONE BLACK PROGRAMMING?

DevICE TREE IS A DATA STRUCTURE USED IN LINUX TO DESCRIBE THE HARDW ARE COMPONENTS OF THE BEAGLEBONE BLACK. IT
ALLOWS THE OPERATING SYSTEM TO UNDERSTAND THE AVAILABLE PERIPHERALS AND THEIR CONFIGURATIONS, ENABLING PROPER
DEVICE MANAGEMENT IN PROGRAMMING.

How cAN | conTRoL GPIO PINS oN THE BEAGLEBONE BLACK USING PYTHON?

You caN conTRoL GPIO piNs oN THE BEAGLEBONE BLACK USING THE ADAFRUIT_BBIO LIBRARY IN PYTHON. THIS LIBRARY
PROVIDES EASY-TO-USE FUNCTIONS FOR SETTING PIN MODES, READING INPUTS, AND WRITING OUTPUTS, ALLOWING FOR
STRAIGHTFORWARD GP|O MANIPULATION.



\WHAT RESOURCES ARE AVAILABLE FOR LEARNING BEAGLEBONE BLACK PROGRAMMING?

NUMEROUS RESOURCES ARE AVAILABLE, INCLUDING THE OFFICIAL BeAGLEBONE DOCUMENTATION, ONLINE TUTORIALS, FORUMS,
AND BOOKS. W/EBSITES LIKE ADAFRUIT AND SPARKFUN ALSO OFFER GUIDES AND EXAMPLE PROJECTS TO HELP BEGINNERS GET
STARTED.
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