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BeagleY-Al

BeagleY-Al is an open-source single board computer based on the Texas Instruments AM67A Arm-based vision
processor.
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Chapter 1

Introduction

BeagleY-Al is an open-source single board computer designed for edge Al applications.

1.1 Detailed overview

BeagleY-Al is based on the Texas Instruments AM67A Arm-based vision processor. It features a quad-core 64-bit
Arm®Cortex®-A53 CPU subsystem at 1.4GHz, Dual general-purpose C7x DSP with Matrix Multiply Accelerator
(MMA) capable of 4 TOPS (trillion-operations per second) combined (2 TOPS each), two available 800MHz Arm
Cortex-R5 subsystems for low-latency 1/0 and control, a 50 GFlop GPU, video and vision accelerators, and other
specialized processing capability.
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Table 1.1: BeagleY-Al features

Feature Description

Processor Texas Instruments AM67A, Quad 64-bit Arm® Cortex®-A53 @1.4 GHz, multiple cores including Arm/GPU processors,
DSP, and vision/deep learning accelerators

RAM 4GB LPDDR4 (x32)

Wi-Fi/Bluetooth BeagleBoard.org BeagleMod BM3301, 802.11ax Wi-Fi 6, Bluetooth Low Energy (BLE) 5.4

USB Ports 4 x USB 3.0 TypeA ports supporting simultaneous 5Gbps operation, 1 x USB 2.0 TypeC, supports USB 2.0 device
mode

Ethernet Gigabit Ethernet, with PoE+ support (requires separate PoE HAT)

Cam- 2 X 4-lane MIPI camera connector (one connector muxed with DSI capability)

era/Display

Display Output
Real-time Clock
(RTC)

Debug UART
Power

Power Button
PCle Interface
Expansion Con-
nector

Fan connector
Storage

Tag Connect

1 x HDMI display, 1 x OLDI display, 1 x DSI MIPI Display (DSI muxed with 1 CSI)
Supports external coin-cell battery for power failure time retention

1 x 3-pin debug UART

5V/3A DC power via USB-C

On/Off included

PCl-Express® Gen3 x 1 interface for fast peripherals (requires separate M.2 HAT or other adapter)
40-pin header

1 x 4-pin fan connector, supports PWM control and fan speed measurement
microSD card slot with UHS-1 support
1 x JTAG, 1 x External PMIC programming port

1.1.1 AMG67A SoC

The AM67A scalable processor family is based on the evolutionary Jacinto™ 7 architecture, targeted at Smart
Vision Camera and General Compute applications and built on extensive market knowledge accumulated over
a decade of Tl's leadership in the Vision processor market. The AM67A family is built for a broad set of cost-
sensitive high performance compute applications in Factory Automation, Building Automation, and other mar-

kets.

Some Applications include:

¢ Human Machine Interface (HMI)

* Hospital patient monitoring

¢ Industrial PC

¢ Building security system

* Off-highway vehicle

e Test and measurement

* Energy storage systems

¢ Video Surveillance

¢ Machine Vision

¢ Industrial mobile robot (AGV/AMR)

* Front camera systems

The AM67A provides high performance compute technology for both traditional and deep learning algorithms
at industry leading power/performance ratios with a high level of system integration to enable scalability and
lower costs for advanced vision camera applications. Key cores include the latest Arm and GPU processors for
general compute, next generation DSP with scalar and vector cores, dedicated deep learning and traditional
algorithm accelerators, an integrated next generation imaging subsystem (ISP), video codec, and MCU cores.
All protected by industrial-grade security hardware accelerators.

Tip: For more information about AM67A SoC you can checkout https://www.ti.com/product/AM67A

Chapter 1. Introduction
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1.2 Board components location

1.2.1 Front components

BM3301 4GB LPDDR4
WiFi 6 + BLE 5.4 RAM

Bicolor LED

Indicator

PMIC
Power

Power & USB 2 Device

Table 1.2: BeagleY-Al board front components location

40-pin Expansion

TI AM67A
SoC

Fan

Connector

;202404
o

££3000018

IR LSS

=
=

| 2x USB 3
o —
=
‘ 2x USB 3
le 5 Gbps Host

3
¢ beagleboard.org

EEE eval

micro HDMI

Display

4 lane MIPI

CS| Connector

4 lane MIPI

DSI/CS| Connector

PoE
HAT connector

Gigabit Ethernet
Network connectivity

Feature

Description

WiFi/Bluetooth
RAM
Expansion
SoC

Fan

USB-A

Network Connectiv-
ity

PoE
Camera/Display
Debug UART
Display Output
USB-C

PMIC

Bicolor LED
Power button
PCle

BeagleBoard.org BeagleMod BM3301 with 802.11ax Wi-Fi 6 & Bluetooth Low Energy 5.4 (BLE)

4GB LPDDR4 (x32)

40pin Expansion header compatible with HATs

TI AM67A Arm® Cortex®-A53 4 TOPS vision SoC with RGB-IR ISP for 4 cameras, machine vision, robotics, and

smart HMI
4-pin fan connector

4 x USB 3 TypeA ports supporting simultaneous 5Gbps operation host ports

Gigabit Ethernet

Power over Ethernet HAT connector

1 x 4-lane MIPI camera/display transceivers, 1 x 4-lane MIPI camera

1 x 3-pin JST-SH 1.0mm debug UART port

1 x HDMI display

1 x Type-C port for power, and supports USB 2 device
Power Management Integrated Circuit for 5V/5A DC power via USB-C with Power Delivery support

Indicator LED
ON/OFF button

PCl-Express® Gen3 x 1 interface for fast peripherals (requires separate M.2 HAT or other adapter)

1.2.2 Back components

Table 1.3: BeagleY-Al board back components location

Feature

Description

Tag-Connect
Display output
Storage

1 x JTAG & 1 x Tag Connect for PMIC NVM Programming
1 x OLDI display
microSD card slot with support for high-speed SDR104 mode

1.2. Board components location
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microSD
Storage

OoLDI

Display
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Chapter 2

BeagleY-Al Quick Start

I
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=I§g\ZER BeagleY'AI

A GPI0 NUMBER . .
B PIN FUNCTION 40-pin HAT header pinout

For an interactive and detailed pinout diagram, visit the BeagleY-Al Pinout page.

2.1 What’s included in the box?

When you purchase a BeagleY-Al, you'll get the following in the box:
1. BeagleY-Al with attached antenna.

2. Quick-start card

Todo: BeagleY-Al unboxing video
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2.2 Getting started

To get started your BeagleY-Al you need the following:
1. 5V @ 3A power supply
2. MicroSD card (32GB)
3. Boot Media (Software image)

You may need additional accessories based on the mode of operation, you can use your BeagleY-Al in different
ways.

1. USB Tethering by directly connecting via USB type-c port
2. Headless connection via UART debug port
3. Standalone connection with Monitor and other peripherals attached

Easiest option is to connect the board directly to your PC or Laptop using a USB type-C to type-c cable. There
is only one USB type-C port on board, if you choose to use a dedicated power supply for first time setup, you
may choose to access the board via any other methods listed above.

2.3 Power Supply

To power the board you can either connect it to a dedicated power supply like a mobile charger or a wall adapter
that can provide 5V = 3A. Checkout the docs power supply page for power supply recommendations.

Note: Instead of using a power supply or power adapter if you are using a Type-C to Type-C cable to connect
the board to your laptop/PC then make sure it can supply at least 1000mA.

2.4 Boot Media (Software image)

We have two methods to prepare bootable microSD card, It is recommended to use bb-imager.
1. bb-imager

2. Balena Etcher

2.4.1 bb-imager

Download and install bb-imager for your operating system. Below are all the steps required to create a bootable
microSD card with latest/recommended OS image for BeagleY-Al.

2.4.2 Balena Etcher

Download and install Balena Etcher and then download the boot media from https://www.beagleboard.org/
distros/beagley-ai-debian-12-5-2024-06-19-xfce. Flash it on a microSD card using Balena Etcher following the
steps below:

1. Select downloaded boot media
2. Select microSD card

3. Flash!

8 Chapter 2. BeagleY-Al Quick Start
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b 4 BeagleBoard Imager v2.0.0

07 beagleboard.ong

BeagleBoard Operating System Storage

CHOOSE DEVICE CHOOSE 0S CHOOSE STORAGE

Fig. 2.1: Click on CHOOSE DEVICE button
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b 4 BeagleBoard Imager v2.0.0 ¥ A v A~ X

BeagleBoard

No filtering

Show every possible image

@ BeagleY-Al
BeagleY-Al based on TI AM67A

Fig. 2.2: Choose BeagleY—AT board
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b 4 BeagleBoard Imager v2.0.0

¢ beagleboard.org

BeagleBoard Operating System Storage

BEAGLEY-AI CHOOSE 0S CHOOSE STORAGE

Fig. 2.3: Click on CHOOSE OS button

2.4. Boot Media (Software image)
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BeagleBoard Imager v2.0.0

Operating System

©

BeagleY-Al Debian XFCE (Recommended)

Debian graphical user interface (XFCE) image for BeagleY-Al based on TI AM67A

(J722S) processor (Recommended)
Released: 2024-06-12

Online - 1.4 GB download

]

Erase
Format card as FAT32

Use custom

Select a custom .img from your computer

Fig. 2.4: Select Recommended OS

12
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b g BeagleBoard Imager v2.0.0

beagleboard.org

BeagleBoard Operating System Storage

BEAGLEY-Al BEAGLEY-AlI DEBIAN XFCE (RECOMMEN.| CHOOSE STORAGE

Fig. 2.5: Click on CHOOSE STORAGE button

2.4. Boot Media (Software image)
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BeagleBoard Imager v2.0.0

Storage

q, Generic- SD/MMC (BOOT, rootfs) - 31.9 GB

Fig. 2.6: Choose your microSD card

14
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b 4 BeagleBoard Imager v2.0.0

beagleboard.org

BeagleBoard Operating System Storage

BEAGLEY-Al EBEAGLEY-Al DEBIAN XFCE (RECOMMEN. @SENERIC- SD/MMC (BOOT, ROO.]

NEXT

Fig. 2.7: Click on Next button

2.4. Boot Media (Software image)
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£ BeagleBoard Imager v2.0.0 ¥ A v A X

Use OS customization?

Would you like to apply OS customization settings?

EDIT SETTINGS NO, CLEAR SETTINGS YES “

Fig. 2.8: Click on EDIT SETTINGS button

16 Chapter 2. BeagleY-Al Quick Start
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b 4 0S Customization

GENERAL SERVICES

¥

A

s

OPTIONS

~

X

Set hostname: beagle

Set username and password

Username: Deagle

Password: 00000000

Configure wireless LAN

SSID: mywifi

Password: 00000000

[] show password Hidden SSID

Wireless LAN country: IN
Set locale settings

Time zone: Asia/Kolkata

Keyboard layout: us

SAVE

Fig. 2.9: Edit settings

2.4. Boot Media (Software image)
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b 4 0S Customization ¥ A v A X

GENERAL SERVICES OPTIONS

Enable SSH

(® Use password authentication

O Allow public-key authentication only

Set authorized_keys for 'beagle":

RUN SSH-KEYGEN

Fig. 2.10: Under SERVICES you can enable SSH

18 Chapter 2. BeagleY-Al Quick Start
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b4 0S Customization ¥ A v A X

GENERAL SERVICES OPTIONS

Play sound when finished

Eject media when finished

[] Enable telemetry

Fig. 2.11: Under OPTIONS you can enable to play sound when flashing is finished

2.4. Boot Media (Software image)
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£ BeagleBoard Imager v2.0.0 ¥ A v A X

Use OS customization?

Would you like to apply OS customization settings?

EDIT SETTINGS NO, CLEAR SETTINGS YES “

Fig. 2.12: Select YES to apply settings

20 Chapter 2. BeagleY-Al Quick Start
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b 4 BeagleBoard Imager v2.0.0

Warning

All existing data on 'Generic- SD/MMC (BOOT, rootfs)' will be
erased.

Are you sure you want to continue?

Fig. 2.13: Select YES again to confirm sdCard formatting

2.4. Boot Media (Software image)
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£ BeagleBoard Imager v2.0.0

¢ beagieboard.org

BeagleBoard Operating System Storage

Authentication Required — PolicyKit1 KDE Agent ¥ A ~ A X

fm———2 puthentication is required to open Generic- SD/MMC

us  (/dev/sdb).

An application is attempting to perform an action that requires
privileges. Authentication is required to perform this action.

Password:

@ Details >> © Cancel

Fig. 2.14: Provide password to Authenticate the flashing process
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b 4 BeagleBoard Imager v2.0.0

beagleboard.org

BeagleBoard Operating System Storage

Preparing to write... (opening image file)
CANCEL WRITE

Fig. 2.15: Download image else automatically open cached image

2.4. Boot Media (Software image)
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b g BeagleBoard Imager v2.0.0
ﬁ beagleboard.org

BeagleBoard Operating System Storage

Writing... 47%
CANCEL WRITE

Fig. 2.16: Writing data to microSD card

24 Chapter 2. BeagleY-Al Quick Start



BeagleY-Al

b 4 BeagleBoard Imager v2.0.0
beagleboard.org

BeagleBoard Operating System

Verifying... 24%

«
»
<

Storage

CANCEL VERIFY

Fig. 2.17: Verifying flashed microSD card

2.4. Boot Media (Software image)

25



BeagleY-Al

«
>
<
>
X

b 4 BeagleBoard Imager v2.0.0

beagleboard.org

Write Successful

BeagleY-Al Debian XFCE (Recommended) has been written to
ge Generic- SD/MMC (BOOT, rootfs)

You can now remove the SD card from the reader

CONTINUE

Fig. 2.18: microSD card is ready
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Tip: For more detailed steps checkout the beagleboard-getting-started under support section of the docu-
mentation.

b g balenaEtcher ¥ A v X

." balenaEtcher

©O — A

j722s-deb...-10gb.img Generic S...GE DEVICE

Fig. 2.19: Flashing BeagleY-Al boot image (software image) to microSD card

Once the microSD card is flashed you should see BOOT and root £s mounted on your system as shown in
image below,

Removable Devices
B BooT
&a rootfs

Fig. 2.20: Flashed microSD card mounted partitions

Under BOOT partition open sysconf.txt to edit login username and password.

In sysconf.txt file you have to edit the two lines highlighted below.

2 # user_name — Set a user name for the user (1000)
» fuser_name=beagle O

31

2 # user_password — Set a password for user (1000)
13 ffuser_password=FooBar @

@ If boris is your username, update #user_name=beagle to user_name=boris
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Network
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2
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Search For

Documents
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Videos

. Images

Devices

fedora_localhost-live
Enm—

D 1.0 GiB Internal Drive ...
—

Removable Devices

a8 BOOT A

m rootfs

LN

ID.txt
6/4/24 at 12:41 PM

services
6/4/24 at 12:41 PM

overlays
6/4/24 at 12:41 PM

extlinux

i
6/4/24 at 12:41 PM 6/4/24 at 12:41 PM

Image initrd.img k3-am67a-beagley-ai.dtb sysconf.txt tiboot3.bin

6/4/24 at 12:41 PM

6/4/24 at 12:41 PM

6/4/24 at 12:41 PM 6/4/24 at 12:41 PM Today at 1:31 PM

u-boot.img
6/4/24 at 12:41 PM

tispl.bin
6/4/24 at 12:41 PM

Zoom: :O = 195.7 MiB free |

4 Folders, 8 Files (55.9 MiB)

Fig. 2.21: sysconf file under BOOT partition
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@ If bash is your password, update #user_password=FooBar to user_password=bash

Important:

1. Make sure to remove # from #user_name= and #user_password= else the lines will be inter-
preted as a comment and your username & password will not be updated.

2. If you do not change your username and passord here then you will not see any output on your HDMI
monitor when you do a Standalone connection setup.

Once username and password are updated, you can insert the microSD card into your BeagleY-Al as shown in
the image below:

Pre-flashed with
BeagleY-Al Linux image

m

G S ® e
EEEJbe e 3
u

Heooevo
A KX X XN/

Fig. 2.22: Insert microSD card in BeagleY-Al

2.5 USB Tethering

Note: If you are using the board with a fan or running a computationally intensive task you should always
power the board with a dedicated power supply that can supply 5V = 3A (15W+).

As per USB standards these are the current at 5V that each downstream USB port type can (max) supply:
e USB Type-A 3.x port - 900mA (4.5W)
* USB Type-C 1.2 port - 1500mA (7.5W) to 3000mA (15W)

Thus it's recommended to use type-C to type-C cable.

To initially test your board, you can connect the board directly to your computerusinga type—-C to type-C
cable shown in the image below.
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USB Type-C

.....
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Fig. 2.23: BeagleY-Al tethered connection

2.5.1 SSH connection

After connecting, you should see the power LED glow, and soon just like with other Beagles, BeagleY-Al will
create a virtual wired connection on your computer. To access the board, open up a terminal (Linux/Mac) or
command prompt (Windows) and use the SSH command as shown below.

ssh debian@192.168.7.2

Important: Here debian is the default username, make sure to replace debian with the username
you selected during Boot Media (Software image) preparation step.

Tip: If you are not able to find your beagle at 192.168. 7.2, checkout start-browse-to-beagle to resolve
your connection issue.

Important: If you have not updated your default username and password during Boot Media (Software
image), you must update the default password at this step to something safer.

2.5.2 UART connection

Your BeagleY-Al board creates a UART connection (No additional hardware required) when tethered to a Lap-
top/PC which you can access using Put ty of t 10. On a linux machine it may come up as dev/ttyACM*, it
will be different for Mac and Windows operating systems. To find serial port for your system you can checkout
this guide.

* If you are on linux, try t i o with default setting using command below,
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$ ssh debian@192.168.7.2
Debian GNU/Linux 12

BeagleBoard.org Debian Bookworm Xfce Image 2024-03-25
Support: https://bbb.io/debian
default username is [debian] with a one time password of [temppwd]

debian@192.168.7.2"'s password:
You are required to change your password immediately (administrator enforced).
You are required to change your password immediately (administrator enforced).

The programs included with the Debian GNU/Linux system are free software;
the exact distribution terms for each program are described in the
individual files in /usr/share/doc/*/copyright.

Debian GNU/Linux comes with ABSOLUTELY NO WARRANTY, to the extent
permitted by applicable law.

Last login: Mon Mar 25 ©6:56:39 2024 from 192.168.7.1

WARNING: Your password has expired.

You must change your password now and login again!

Changing password for debian.

Current password:

Fig. 2.24: BeagleY-Al SSH connection

tio /dev/ttyACMO
With this you have the access to BeagleY-Al terminal. Now, you can connect your board to WiFi, try out all the
cool demos and explore all the other ways to access your BeagleY-Al listed below.

e Connecting to WiFi

e Demos and tutorials

2.5.3 Headless connection

If you want to run your BeagleY-Al in headless mode, you need Raspberry Pi Debug Probe or similar serial (USB
to UART) adapter. Connect your UART debug probe to BeagleY-Al as shown in the image below. After making
the connection you can use command line utility like £ 10 on Linux or Putty on any operating system. Check
UART connection for more information.

2.5.4 Standalone connection

Important: Make sure to update your username and password during Boot Media (Software image)
preparation step else you'll not see any output on you HDMI monitor.

To setup your BeagleY-Al for standalone usage, you need the following additional accessories,
1. HDMI monitor
2. micro HDMI to full-size HDMI cable
3. Wireless keyboard & mice combo
4

. Ethernet cable (Optional)
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P

Category:

Logging
~ Terminal
Keyboard
Bell
Features
v Window
Appearance
Behaviour
Translation
> Selection
Colours
Fonts
~ Connection
Data
Proxy
> SSH
Serial
Telnet

Rloain

PuTTY Configuration ¥ A v A~ X

Basic aptions for your PuTTY session

Specify the destination you want to connect to
Serial line Speed

‘ 115200|

Telnet v ‘

/dev/ttyACMO

Connection type:

(®) serial

() SSH ) Other:

Load, save or delete a stored session
Saved Sessions

Default Settings

‘ Delete

Close window on exit:

(® Always () Never () Only on clean exit

‘ About

Cancel

Fig. 2.25: Putty serial connection
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USB-UART

Fig. 2.26: Connecting Raspberry Pi debug probe to BeagleY-Al

Make sure you have the microSD card with boot media (software image) inserted in to the BeagleY-Al. Now
connect,

1. microHDMI to BeagleY-Al and full size HDMI to monitor

2. keyboard and mice combo to one of the four USB port of BeagleY-Al

3. Power supply to USB type-c connector of BeagleY-Al
The connection diagram below provides a clear representation of all the connections,
If everything is connected properly you should see four penguins on your monitor.

When prompted, login using the credentials you updated during Boot Media (Software image) preparation step.

Important: You can not update login credentials at this step, you must update them during boot media
(software image) micrSD card flashing or USB tethering step!

Once logged in you should see the splash screen shown in the image below:
Test network connection by running ping 8.8.8.8

Explore and build with your new BeagleY-Al board!

2.6 Connecting to WiFi

The onboard BM3301 can connect to any 2.5GHz wifi access point. We have two options to connect to WiFi,
1. nmtui

2. iwctl
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Fig. 2.27: BeagleY-Al standalone connection

Fig. 2.28: BeagleY-Al boot penguins
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Fig. 2.29: BeagleY-Al XFCE desktop login

HApplications [ A0 DL Boagle Usor

Fig. 2.30: BeagleY-Al XFCE home screen

2.6. Connecting to WiFi 35



BeagleY-Al

M App

o B Torminal - debionap

{32141

bytes

Home: by
bytes
bytes

. 4 byte
bytes
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8.8 (8.8.8

from
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A . B X

Terminal
% ping 8.8.8.8

8) 56(84) bytes of data

8.8.8.8: 1 tt1=118 time=2.82

ttl=118

from 8
from 8

from

from 8
from A

from

from 8
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Fig. 2.31: BeagleY-Al network ping test
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Fig. 2.32: BeagleY-Al running htop
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2.6.1 nmtui

* Enable NetworkManager

sudo systemctl enable NetworkManager

* Start NetworkManager

sudo systemctl start NetworkManager

e Start nmtui application

sudo nmtui

» To navigate, use the arrow keys or press Tab to step forwards and press Shift+Tab to step back
through the options. Press Enter to select an option. The Space bar toggles the status of a check
box.

* You should see a screen as shown below, here you have to press Enter on Acticate a connec-
tion option to activate wired and wireless connection options.

NetworkManager TUI

Please select an option

Edit a connection

Activate a connection

Set system hostname

Quit

Fig. 2.33: NetworkManager TUI

There under WiF i section press Enter on desired access point and provide password to connect. When
successfully connected press Esc to get out of the nmtui application window.

2.6.2 iwctl

Once board is fully booted and you have access to the shell, follow the commands below to connect to any
WiFi access point,

* To list the wireless devices attached, (you should see wlan0 listed)
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iwctl device list

¢ Scan WiFi using,

iwctl station wlanO scan

* Get networks using,

iwctl station wlanO get-networks

¢ Connect to your wifi network using,

iwctl —-passphrase "<wifi-pass>" station wlan0O connect "<wifi-name>"

¢ Check wlan0 status with,

iwctl station wlanO show

* To list the networks with connected WiFi marked you can again use,

iwctl station wlanO get-networks

¢ Test connection with ping command,

ping 8.8.8.8

2.7 Attach cooling fan

To attached the Raspberry Pi cooling fan to BeagleY-Al you have to follow these steps,
1. Clean the surface of BeagleY-Al with a microfiber cloth or electronics safe cleaning brush.

2. Gently pull the pre-cut (blue) thermal pads from cooling fan surface and transfer them to the most heating
parts of BegleY-Al like CPU and RAM.

3. Connect the fan cable, then carefully place the flat part of cooling fan on BeagleY-Al. Now, gently apply
force on spring loaded push pins to securely attach the cooling fan.

2.8 Demos and Tutorials

e Using GPIO

e Using the on-board Real Time Clock (RTC)
e Pulse Width Modulation (PWM)

* Using 12C ADC

e Booting from NVMe Drives

e TensorFlow Lite Object Detection

* Using 12C OLED Display

* Using IMX219 CSI Cameras

e Using PCA9685 Motor Drivers

* Using the Arducam Dual V3Link Camera Kit
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2 Transfer

pre-cut thermal pads

cooling fan and 4P JST SH cable

Fig. 2.34: Attaching cooling fan to BeagleY-Al
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Chapter 3

Design and Specifications

Todo: Add details about all the schematic sections.

If you want to know how BeagleY-Al is designed and the detailed specifications, then this chapter is for you. We
are going to attempt to provide you a short and crisp overview followed by discussing each hardware design
element in detail.

Tip: For board files, 3D model, and more, you can checkout the BeagleY-Al repository on OpenBeagle.

3.1 Block Diagram and Overview

3.2 Processor

The AM67A processor from Texas Instruments is a highly integrated SoC with an Automotive pedigree. It may
be referenced by Tl documentation by it’s superset J722s/TDA4AEN.

It's primary compute cluster revolves around 4xARM Cortex-A53 Cores running at 1.4Ghz.

An MCU subsystem consisting of an ARM Cortex-R5F running at up to 800Mhz is also available for user appli-
cations and is especially useful for real-time 10 applications.

For very advanced users, two additional R5 cores are also present, but they are normally reserved for Device
and Run-time Management of the SoC typically.

2x C7x DSPs with MMA support are intended for use as Deep Learning Accelerators for things like Al Vision,
with up to 2TOPS each.

An Imagination BXS-4-64 GPU rounds out the compute cluster, with a dedicated video encoder/decoder avail-
able for multimedia tasks.

The SoC features advanced high speed connectivity, including USB3.1, PCle and more.

Secure Boot is also available with the ability burn One-Time-Programmable (OTP) eFUSES by energizing the
VPP test pads.

3.3 Boot Modes

The default boot mode for BeagleY-Al is the SD Card Interface. If no SD card is present, the BootROM on the
AMG67A SoC is going to try booting from Ethernet.
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Fig. 3.1: BeagleY-Al block diagram
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Fig. 3.2: AM67A block diagram
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Fig. 3.3: BeagleY-Al boot modes

It is also possible to load U-Boot from the SD card and then load your main file system from another source,
such as Booting from NVMe Drives.

3.4 Power

BeagleY-Al's power architecture is split between the TPS65219 PMIC which handles the main logic rails and a
dedicated TPS62872 high current buck regulator for the SoC core rail which defaults to 0.85V on boot.

Both PMIC and VDD_CORE regulators are highly configurable but will boot the board to “sane” defaults out of
box. For advanced users, it is possible to adjust both the VDD_CORE rail as well as 10 rails (voltages, timings,
behavior, etc.) for applications such as low power modes where you may want to trade clock speeds for power
efficiency by running the SoC Core at 0.75V for example. Be careful, as changes here could result in unexpected
behavior, the board not booting or even hardware damage, so tread carefully.

Note: At the time of writing, dynamic voltage switching is not supported by the AM67A SoC.

3.5 Clocks and Resets

BeagleY’s main clock source is a 25Mhz Crystal Oscillator connected to MCU_OSCO pins.

A 32.768Khz “Slow Clock” Crystal is used on the WKUP_LFOSCO domain.

3.5.1 USB-C Power/Data Port

The board is powered via USB-C, using 5.1 kQ resistors to signal itself as a power sink (UFP) and enable 5V
output. It assumes 500 mA by default (per USB-C’s “Power Sinking Device"” rules) but requires 5V @ 3A for
stable operation. The USB-C source dictates available current (via CC-line signaling), which the board does not
validate. Users must ensure their charger explicitly supports 3A. While USB-PD supplies default to 5V, they
may not deliver 3A unless the source advertises it, risking instability or port damage if undersourced.

The USB-C port also functions as a USB 2.0 device, providing serial console access, Ethernet gadget connec-
tivity, and USB Mass Storage (UMS) emulation. A Type-C to Type-C cable is recommended to avoid power
limitations, and unpowered hubs should be avoided. single-cable design simplifies connectivity but relies on
proper power sourcing. Inadequate behavior may result in brownouts/resets or other unexpected behavior.
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Fig. 3.5: BeagleY-Al SoC Reset, Cntrls, and Clk

3.5. Clocks and Resets

45



BeagleY-Al

VDD_IO_3V3

R130
2.2K
1%
U26D R0201
Y\Iik_e“l.l_;_) WKUP_12C0_SCL 331 &3 B9/WKUP_I2C0_SCL/3V3 [6,26,27]
WKUP_I2CO_SDA D11/WKUP_I2C0_SDA/3V3 [6,26,27]
3.3V (VDDSHV_MCU)
WKUP_UARTO_TXD g %% C8/MCU_GPIO0_10/EXP/3V3 [27]
WKUP_UARTO_RXD C4 B3/MCU_SPI0_CS2/3V3 27
WKUP_UARTO_CTSN T C4/MCU_GPIO0_11/BL_EN/3V3 [20]
WKUP_UARTO_RTSN C3/MCU_GPIO0_12/MST_RST/3V3 [20]
3.3v  (VDDSHV_CANUART)
F12
WKUP_CLKOUTO 5> F12/WKUP_CLKOUTO/3V3  [25] —onF- _ _
- (VDDSHV_MCU) 32.768KHz CL=9pF: C335=C330=15pF.
WKUP_LFOSCO_XI A3 WKUP_LFOSCO.XI g%{ I’;_S%FNPO
1.8 (VDDS_0sCo) A2 WKUP_LFOSCO_XO - '
o, )_ X3 R224
WKUP_LFOSC0_XO 32768z SpF [ ™
X2_SMD_3_2X1_5MM 5%
XJ722S5AAMW 20ppm,9pF R0201
Egé\g&r{&d%jsxwmm -‘V DNP
. g%{ I’é_gS/TNPO
Fig. 3.6: BeagleY-Al wkup reset cntrls osc
u12 VCC_IN_5V
1
5| GND IN
o = P P s
7 UPAD 100uF 10uF 100nF USB2.0 Type C
1 10V,X5R | 10V,X5R | 10V,X5R USB2 0 TYPE C
= TVS0500DRVR C1210 C0603 €0201
WSON6_0d65_2x2x0_8mm B9
Z T G| el
'||| +_R151 51K _CCt A5 | e (@)
[ I R0402 1% B5 oCo
R156 51K CC2
R0402 1%
A7
USB0_DM C_USB0_DM DN1
_ 1 B, 2 C| _ | B7 | oz
USBO.DP 4 | e~~~~_| 3 C USBODP _ _ A6
=
L9 90R 280mA g
L2012 DLW21SN900HQ2L T "/ S1
S « A8 S1[s2
% D37 % B8] 32 55 53
o, ESD122DMXR o S4
o Y, B12 S5
o 36 81 | A1/B12GND S5 55
S, A12/B1/GND  S6
(52}
c
& «
<
= R14 O0R
R0805 5%
C15 | |4nFE
C1206 | [2KV,X7R
i USB_TYPEC_EARTH
Fig. 3.7: BeagleY-Al USB-C
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3.5.2 PMIC
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Fig. 3.8: BeagleY-Al PMIC

3.5.3 HCPS (High Current Power Stage)
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Fig. 3.9: BeagleY-Al VDD core High Current Power Stage (HCPS)

3.5.4 Analog Rail Decoupling

3.5.5 Digital Rail Decoupling

Note: Other power sections are nested within their specific interface section.

3.5.6 LDOs

While the 3.3V VDD _IO rail is provided by the PMIC, the actual “high current” VSYS 3.3V rail used on the
expansion header and elsewhere in the system is provided by a discrete TPS62A06DRLR regulator.

The 2V5 Rail used by the Ethernet PHY is generated a discrete TPS74801 regulator. This regulator is fed by the
3V3 VSYS regulator.

3.5. Clocks and Resets a7
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Fig. 3.10: BeagleY-Al SoC analog power rail decoupling capacitors
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Fig. 3.11: BeagleY-Al Al SoC IO and DDR decoupling capacitors
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Fig. 3.12: BeagleY-Al SoC VDD & VDDR_CORE decoupling capacitors
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BeagleY-Al VSYS 3V3
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Fig. 3.14: BeagleY-Al ethernet power 3V3 to 2V5
VDD_1V1
R173
u18 10K
TPS74801DRCRM3 1%
VDD_2V5  VSYS_3V3 EXP VSYS_3V3_EXP vson10 0d5_3x3ximm R0201
FB36 120R VDD_2V5/VSYS_3v3_EXP 1 3 PGV
L0603 2A T 2| IN1 PG VDD_1V1
FB35 120R DNP] IN2
L0603 2A 4
BLM18PG121SN1D BIAS ouT1
EN_1V1 5 out2
R176 EN . c293
C286 C287 | c284 10K Ss_1vi 7lss 2 o 100nF
1uF 100nF 4.7uF 1% z < 10V,X5R
10V,X5R | 10V,X5R 10V, X5R R0201 c202 © o €0201
C0402 C0201 C0603 10nF o] -
16V, X7R -
_| caa C0201 Vout = Vfb x (1 + R193 / R190)
= = = 100nF DNP R
10V,X5R
C0201

Ethernet PHY: VDD1P0=1.1V, Imax=108mA
USB3.0 HUB: VDD=1.1V, Imax=778mA
Total: Imax = 108mA + 554mA = 886mA
Option 1: VIN_2V5/3V3 = 3.3V

=1.0998V

Power Consumption: (3.3V-1.1V) * 0.886A = 1.9492W

Thermal Junction-to-ambient: 1.9492W * 44.2°C/W=86.15°C
Option 2: VIN_2V5/3V3 = 2.5V

Power Consumption: (2.5V-1.1V) * 0.886A = 1.2404W
Thermal Junction-to-ambient: 1.2404W * 44.2°C/W=54.83°C

Fig. 3.15: BeagleY-Al 3V3/V5 to 1V1 LDO
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The 1V1 Rail used by the PHY and USB 3.1 Hub is generated a discrete TPS74801 regulator. By default, this
regulator is fed by the 3V3 VSYS regulator previously discussed.

3.6 Memory

3.6.1 RAM (LPDDR4)
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i DDRO_CAT 72| CAO_A CA0_B [¢p: DDRO_CAT it
Bel'd 1, N DDROCAZ T9 CAI_A CA1_B FRi DDRU_CA: H
P I DDRU_C F10 7| CA2_A CA2_ B [R7g DDRU_C
i DDRO_CAZ H11 7| CA3_A CA3_B [R77 DDRO_CAZ
Y ——DDROCAS 71 ¥ CA4 A CA4_B [p17 DDRU-CAS
¥ = CA5_A CA5 B =
VDD_DDR_1V1 3L DDRO_CSNO_0 Ha | oo a cs0 8 R4 DDRO_CSNO_1
Ni = B8 ] Csta cste R —
Balvd T, [ DDRO_CKEQ J4 P4 DDRO_CKEQ
top branches — N\{} DDRO_CRET J5 8&;?,: gEE?,g P5 DDRO_CRET
# DDRO_CK_T 8 B " | ps DDRO_CK_T
Bal'd T, Y DDRU_CR.C J9 E’E’i\\ g;{ﬁ' P9 _CR_ ;
top branches ¥ C_ . CB Vaald T,
DDRO_ODT_CA A 62 | it oan oo7 oA B T2 DDRO_ODT_CA B top branches
DDRO_ZQ0 o .
DORO-207 ﬁg 2Q0 DNU8 %@1
= zat DNU9 [agz X
DDRO_RST# T11 DNU10 [7Ag7
= RESET_N DNU11 gy
Al DNU12
X—a5| DNU1 11
Re4 %77 DNU2 NC1 g5 X
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X==— DNU7
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Fig. 3.16: BeagleY-Al DDR

BeagleY-Al has 4GB of Kingston x32 LPDDR4 Memory.

Todo: Add Final DDR Part Number

3.6.2 EEPROM

BeagleY-Al features an on-board FT24C32A 32Kbit 12C EEPROM for storing things like board information, man-
ufacture date, etc.

Todo: Add details about specific EEPROM contents and formatting.

3.6.3 microSD Card

The microSD card is the primary boot interface for BeagleY-Al, it corresponds to the MMC1 interface on the
AM67A SoC.
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U26G
DDRO0_DQS0_P
DDRO DDR0_DQS0 EJ -DQS0. ] £
......... DDRO_DQSO0_N —
(VDDS_DDR) DDRO. DV G2 _DDRO_DMO DBIO#
(VDDS_DDR_CO) D6 DDRO DQO Vo
DDR0_DQO 55 B
DDRO_DQ1 ["Fg—DDRO.DQZ
DDR0_DQ2 -5z DDRO.D®
DDR0_DQ3 "G4 DDRO DG4
o= DDR0_DQ4 "E5——DDRUDG5
) . DDRO_CK_T P1 DDR0_DQ5 ~5g DDRODOS
Bal'd T, trunk {} DORO-CKC N1 | DDRO_CKO DDRO_DQ6 ["F3—DDRO DQ7
— DDRO_CKO_N DDRO DQ7 [——————————
3, DDRO_CAO0 L4 DDRO CAO
-\ DDRO_CAT L6 — o0 =
Bal'd T, trunk DDRO_CAZ M5 | DDRO_CA1 H1 DDRO_DQS1_P A
DDRO_CA3 L3 | DDRO_CA2 DDRO_DQS1 757 DDRO_DQST_N il
DDRU_CAZ N2 | DDRO_CA3 DDR0_DQS1_N
DDRO_CA5 L2 | DDRO_CA4 H6  DDRO_DM1_DBI1#
DDRO_CA5 DDRO_DM1{ [—————————— 408
H5  DDRO_DQ8
DDRO_CKEOQ P2 DDRO_DQ8 ™5 DDR0_DQY
i DDRO_CKET p6_| DDRO_CKEO DDR0_DQ9 "5 DDR0_DQT0
¥ DDRO_CKE1 DDR0_DQ10 [~-§—DDRO DO
DDRO0_DQ11 [~ 55 DDRU_DQ1Z
3, DDRO_CSN0_0 P4 DDRO_DQ12 [~ j2—DDR0_DQ13 .
— DDRO_CSNT 0 53| DDRO_CSNO_0 DDR0_DQ13 [~—DDR0 DQT4 i
DDRO_CSN1_0 DDR0_DQ14 [~z —DDR0_DQT5 i
DDRO_DQ15 f—— ¥
DDRO_CSNO_1 M3
| DDRO_CSNT_1 M4 | DDRO_CSNO_1 N
¥ DDRO_CSN1_1 T DDR0_DQS2_P TE~
DDR0_DQS2 [—j7 DDRO_DQSZ_N 1
DDRO_RST# Us DDR0_DQS2_N
DDRO_RESETO_N U4 DDRO_DM2_DBI2#
DDRO_DM2 [ 3 4%
v3  DDR0_DQ16 :"/_
DDR0_DQ16 [R5 B i
DDR0_DQ17 [R5 DDRO_DQT8
DDR0_DQ18 [ DDRU_DQTY
DDRO_DQ19 R DDRO_DQ20
DDRO DGz |2 PR
_| 5 DDRO_DQ22 i
% RSVD_L5 DDR0_DQ22 Lz DDRO_DQZ3 i
Xz | RSVD_M6 DDRO_DQ23 = v
X— RSVD_M2
N
DDRO_CALO DDRO0_DQS3_P VA
= RE DDRO_CALO DDR0_DQS3 w DDRU-DQSE N 1
DDRO_DQS3_N — v
DDRO_DM3_DBI3#
DDRO_DM3 | AA2  DDRO_DMS_DBIS# L
Y2 DDR0_DQ24 1%
DDRO_DQ24 [z |
DDR0_DQ25 [y5 —DDRU_DQZ6
DDR0_DQ26 w5 —DDRODQZ7
DDR0_DQ27 [yjg — DDRO._DQZ8
DDR0_DQ28 w3 DDR0O_DQ29 i
DDRO0_DQ29 [~aA3 —DDRU DQ30 i}
DDR0_DQ30 [~Aas —DDRUDO3T i
DDRODQ31 [— ———— !

XJT22S5AAMW
BGA594_0d65_18X18mm
FCBGA594

Fig. 3.17: BeagleY-Al SoC DDRO connections
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VDD_DDR_1V1
C28 C37 C33 C45 C44 C47 C57 C295 C302 C299 C296
——10uUF ——1uF —100nfF ——10nF ——10nF ——10nF ——10nF ——10nF ——10nF ——10nF ——10nF
6.3V, X5R | 10V,X5R | 10V, X5R | 16VX7R | 16V,X7R | 16V, X7R | 16VX7R | 16V,X7R | 16V, X7R | 16V X7R | 16V, X7R
C0402 C0402 C0201 C0201 C0201 C0201 C0201 C0201 C0201 C0201 C0201
VDD_DDR_1V1
C294 C40 C49 C67 C66 C54 C38 C29 C31 C34 C32
——10uF ——1uF =—=100nF ——10nF ——10nF ——10nF ——10nF ——10nF ——10nF =——10nF 10nF
6.3V,X5R| 10V,X5R 10V,X5R 16V, X7R 16V,X7R 16V, X7R 16V,X7R 16V, X7R 16V, X7R 16V, X7R 16V,X7R
C0402 C0402 C0201 C0201 C0201 C0201 C0201 C0201 C0201 C0201 C0201
_l_
VDD_IO_1V8 VDD1_DDR_1V8
FB22 /) 120R
L0603 1/ 2A
BLM18PG121SN1D
C283 C30 C50 Co64 C65 C36 C35 C52 C56 C60 C58
——10uUF ——1uF =—100nF ——10nF ——10nF ——10nF ——10nF ——10nF ——10nF = —10nF ——10nF
6.3V, X5R | 10V,X5R | 10V, X5R | 16VX7R | 16V,X7R | 16V, X7R | 16VX7R | 16V,X7R | 16V, X7R | 16V X7R | 16V, X7R
C0402 C0402 €0201 C0201 €0201 C0201 C0201 C0201 €0201 C0201 C0201
Fig. 3.18: BeagleY-Al DDR caps
VDD_DDR_1V1 Lol N - lololol2 VDD_DDR_1V1
T |2l T T PN P R = 1 P[] e g o P Y S e ) -
U228 Zz|zja oo |~ [~FIFFFEEEEIEEEER - <|<|<|<
B3 vDDQ DNDDDNDNDDDNDDDNDNDNDNDNDNDNDNDNDNDNDNDNDND NN DN VDD2 FS
B5 DDDDDDDNDDDNDDDDDDDNDDDNDDNDNDDNDDD F8
B8 | VbDQ SS3533553>535335353535353553353353>>> VDD2 [az
B10 ] VDDQ VDD2 [ag
571 VbDQ VDD2 [~
b5 VDDQ VDD2 5
s | VbDQ VDD2 Feg————¢
D12 VvDDQ VDD2 H12
F3 VDDQ VDD2 7
F10| VDDQ VDD2 [3
U3 | VDbQ VDD2 7o
Uio] VbDQ VDD2 g2
w1 | VDDQ VDD2 [y
W5 | VDDQ VDD2 N3
Ws | VDDQ VDD2 (g
Wiz | VDDQ VDD2 [N
AA3 | VDDQ VDD2 (g7
AAS vDDQ VDD2 R5
AAS | VDDQ VDD2 g1
VDD1_DDR_1V8 AAT0 vDDQ VDD2 [TR3%
T vDDQ VDD2 5
T4 VDD2 Gg 1
Tg | VDD1 VDD2 [~Aga
U1 | VDD1 VDD2 [~ARg
Giz | VDD1 VDD2
F1-1 vDD1
F12 | VDD1
G4 VDD1
VDD1 DNDDDNDNDDDNDDDNDNDDNDNDDDNDNDNDNDNDNDND NN NN
G9 DDDDDDDDDDDDDDDDDDDDDDDDDDD DD
VDD1 SS5353355353353533535335335335353>
_ [ _ — _ B3221PM3BDGUI-U
2EO[GCBERBEMEESEBBBGECCEBRFETE| bsa200_odss_15xtoximm
4GB,3733Mbps
WFBGA-200

=

Fig. 3.19: BeagleY-Al DDR power
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VDD_IO_3V3
12C 7-bit device address: 0x50 (0b1010000) VDD_10_3V3
u17
[6:1327] BOWKUP 20 SCLaV3  Yy—————I¥ sci vee |2 Gase. R182
[6,13,27]  D11/WKUP_I2C0_SDA/3V3 <>>— SDA 10V, X5R 10K
2 C0201 1%
Vvss R0201
5 - EEPROM_WP _ R175 R
WP R0207 1% < T23/GPIO0_31/EEP_WP/3V3 [16]
FT24C32A-ELRT R184
Pin to Pin: sot23-5 10K —O TP22 Test Point
1% TP60C_SMD Layout Note:
BeagleBone Al-64: 4Kbit, Microchip, 24FCO4HT-I/OT. R0201 TP24 Test Point Place TP22 TP24 To Bottom Side.
DNP O TP60C_SMD Space = 2.54MM

32Kbit, FMD, FT24C32A-ELRT.
Add Silkscreen:
BeagleBone Black: 32Kbit, Microchip, 24LC32AT-I/OT. TP22: E_WP
TP24: GND
32Kbit, FMD, FT24C32A-ELRT.

Fig. 3.20: BeagleY-Al board id eeprom

Load Switch

U1
TPS22918DBVR
5023 6

6 VDD SD 3v3

1 VIN vouT
(6132124  E2TRESETSTATZV3 P o
) ’ ’ Rig ® o
18] EZ5(GPIOT_S0/SD_PWR_ENGVS 3 LU * . s 2
Z Qop C415 C0805
0F =
.~ SOVXTR
coz01
_L one
VoD, MHC1
VDD_MMC1 power is from PMIC T VDD_IO_3V3,
c2
T i« | uSD Card C t
R6 Re Ro Ri2 R21 10V XR R10
47K 47K 47K 47K 47K €0201 u ar onnec or 10K
5% % 5% 5% 5% - 1%
Roz01 RO201 Ro2 Roz0 Roz01 ROz01
il
50 AT
PR 5 o Do o e vl
[14]  H25/MMCT_DAT3/ADJ ] ) = CDIDAT3 sw B 5> B24MMC1_SDCDI3V3  [14]
[14] H2ZMMCT.CMDIAD) onD
spolk  —sq VoD 1
(1 vt D) S B2 AR X oo svor [}
[14] H23MMCI_DATOAD) By i Sopere | baro Shoa 2 08
[14]  H20MMC1_DAT1/ADS 28 2] 0 D_DATT 8 microSD E 36V
/MMCT_DAT1) R0207 % DAT1 SHD4. D0402
N o o TOROSTORTT
- - . . L satoaosiosn =
Layout Note: z z z z =
& Swo 06 BW 5o =
Poce E50 rear 0 Card Camnctor. & SX% 3X% 8X%N X%
2 248 ooi0 ooae & P oosce & N ooaoa
5 5 5 5
2 2 g 3
£ g gl e

Fig. 3.21: BeagleY-Al microSD card interface
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To enable UHS-1 SD card functionality (and speeds!), a load switch is provided which allows the SoC MMC1 PHY
to switch the SD Card IO voltage to 1.8V.

Todo: Explain UHS-1 in more detail and add link to TRM for boot modes and resistor swap options for advanced
users.

3.7 General Expansion

3.7.1 40pin Header

VSYS_3v3_EXP VCC IN_5V

ca c10
00 1000F c3 s
1VXER | 10V XSR 100F 100nF
0603 0201 10VXSR | 10V.X5R
0603 0201

14 =

s h 5.1
GPIO2/SDAT V2
GPIOY/SCL1 GND_8
GPIO4/GCKL TXDO/GPIOT4 F24/UART1_TXDI3V3

GND_1 5 C27/UART1_RXD)

[20] AZ6/UARTI_RTSn3V3 GPIO17/GENO GPIO18 D25/MCASPO_ACLKX/3V3

[16]  N22IGPIO0_3JEXP/3V3 PIO27/GEN: GND_7
TIEVM: Used A25/UART1_CTSn  [16] R27/GPIOD_41/EXP/3V3

[13] ETUMGU_12C0_SDA3VS
[13] BIYMCU_12C0_SCLIV3
[16]  W2G/AUDIO_EXT REFCLK2/3V3

20

20
120

GEN4/GPIO23
GENSIGPIO24,
GND_6

BSIMCU_GPIO0_7IEXPI3V3  [13]
C8MCU_GPIO_1O/EXP/3V3  [13]  TI EVM: Used C5/MCU_GPIO0_8

N2

WKUP_UARTO_TXD

PIO22/GEN:
ava 2

[13]  B12/MCU_SPI0_DO/3V3 GPIOIMOS!

(13 V3 GPIOOMISO GENGIGPIO25 P21/

GPIOT1/SCLK CEQIGPIO8 WKUE UARTO RXD C12MCU va (13
$——57{GND 2 CE1/GPIO7 = Lt B3/MCU_SPI0_CS2/3V3 (13 Tl EVM: Used A10/MCU_SPI0_CS1
. ID_SD ID_SC BOWKUP_I2C0_SCLI3V3 — [6,13,26] =
GPIOS GND_5
GPIOS GPIOT2 c2o MO_BAV3 (20
GPIOT3 ND_4

P01 GPOTS ASUARTI TSV (20 TI EVM: Used R27/GPIO0_41
Ghi02s ahio20 FOIMOASFD AXROINS  20]
91 o3 Ghioet B2SMOASPO AXRIVS  [20]

Feader 220 780
heador2x20p_ 2454 6o

Fig. 3.22: BeagleY-Al user expansion connector

BeagleY-Al features a 40-pin GPIO Header which aims to enable compatibility with a lot of existing Raspberry
Pi HAT add-on boards. See pinout.beagleboard.io for a more comprehensive view of the 40 pin GPIO header,
available pin functions and tested accessories!

Todo: Add link to docs on building expansion accessories.

3.7.2 12C

By default, 5 different 12C interfaces are exposed, all of which feature external 2.2KQ pull-up resistors. 3 of the
interfaces are used by the CSI, DSI and OLDI ports for Cameras & Displays. The remaining 2 ports are exposed
on the 40pin GPIO expansion connector.

The MCU_I2CO0 interface is intended as the primary external I12C interface for BeagleY-Al and matches physical
pins 3 and 5 of the header. Most HATs will use these pins.

While WKUP_I2CO is also exposed on the 40pin Header (physical pins 27 & 28), that bus is shared with several
on-board devices, namely the PMIC, VDD_CORE regulator, Board ID EEPROM and RTC. As such, it is highly
advisable to leave these pins unused unless you are sure you know what you are doing. These pins are normally
only pinned out as a “HAT EEPROM detect” for RPi HATS that provide such functionality (of which there are very
few)

See pinout.beagleboard.io/pinout/i2c for a more visual explanation.

3.7.3 USB

BeagleY-Al features a USB3.1 HUB that provides 4 total USB3.1 Ports from a single USB3.1 Gen-1 (5 Gbps)
SERDESO lane.

3.7. General Expansion 55


https://pinout.beagleboard.io/
https://pinout.beagleboard.io/pinout/i2c

BeagleY-Al

WKUP_I2C0O

12C0

T
AMG67A
SOC

12C1

12C2

MCU_I2C0

Fig. 3.23: BeagleY-Al I12C tree

VDD_IO_3V3
2.2K 2.2K
WKUP_12C0_SCL
>
WKUP_I2C0_SDA
< >
; A 4 v v ; v A 4
PMIC DCDC HCPS Board ID EEPROM EXT RTC User Expansion
TPS6521910RSM TPS62872Q FT24C32A-ELRT DS1340U-33+ Connector
(0x30) (0x40) (0x50) (0x68) 40Pin Header
VDD_IO_3V3
Map Legend:
2.2K 2.2K
IC
12c0_sct > FPC 22Pin
12C0_SDA Connector
< > CS11/DS10
Connector
VDD_IO_3V3
HDMI Transmitter
2.2K 2.2K IT66122FN/CX
(0x98)
A
12c1_scL » Level Translator 12€1_sclL/1v8 » FPC 40Pin
12C1_SDA PCA9306DQE 12C1_SDA/1V8 Connector
< > < >
l »’|__OrTCA9801DGK [ v OoLDI
VDD_IO_3V3
2.2K ﬁ 2.2K
1262 3cL » FPC 22Pin
12C2_SDA Connector
< >
l » Cslo
VDD_IO_3V3
2.2K 2.2K
MQ_12¢co_scL > User Expansion
MCU_I2CO_SDA Connector
< >
il ld 40Pin Header
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VDD_IO_3V3

Option 1: PCA9306DQER

VDD_IO_1v8

R326 VDD_IO_1V8
200K c417
1% U31 100nF
R0201  PCA9306DQER 10V, X5R
T22/GPI00_22/12C1_EN/3V3 Lsont et b S cozot
¥ | R329 200K_DNP 7 2 =
ROZOT % VREF2 VREF1
8 1 en
C24/12C1_SCL/3V3 6 3 12C1_SCLAV8
scL2 scu
A22/12C1_SDA/3V3 5 z 4 12C1_SDA/1V8
SDA2 & SDA1
C416 Rpu=2.49K//10K=2.49K*10K/(2.49K+10K)=2K

100pF
50V,NPO

0201

IIC voltage-level

translator:

1

Option 1: TI_PCA9306DQER, if there are pull-up resistors on the OLDI LCD, must install U31.
As there are 10K pull-up on the OLDILCD, so install U31 default.

Option 2: TI_TCA9801DGKR, if there are no pull-up resistors or current source on the OLDI LCD, can install U7.

VDD_I|(_)_3V3 VDD_IO_1V8
C72 C74
100nF 100nF
10V, X5R 10V, X5R
C0201 C0201
DNP DNP

— ©
C24/12C1_SCL/3V3 12C1_SCL/1V8
= 21 scLa S 8 scus z =
A22/12C1_SDA/3V3 3 g g 6 12C1_SDA/1V8
SDAA SDAB |
1 R63 10K _DNP 5 a Review Note:
VDD_I0_3v3 | R0201 1% EN (ZD The only requirements are that no external source of current
[16] T22/GPI00_22/12C1_EN/3V3 > SSO OR_DNP - (pull-up resistor or current source) be on the B-pins of the TCA980x.
0201 1% u7

R65 TCA9801DGKR
100K vssop8_0d65_3x3x1_1mm
1% DNP
R0201 =
DNP

Option 2: TCA9801DGKR

Fig. 3.24: BeagleY-Al voltage level translator
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»
% E b scusumou
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far USB1_HUB_TEST PUReTL RO
R e e wewer wl
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C0201 | [Z5V.NPO. x
xz o
Yo o T
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%o
= 80
= SsaTITRGT

1 L
e g|
B o= To TYPE-A CONN#1
EEEH] uss_op ON1 [ — ; uss1ONIDP (22
§§§§ USB_DM_DN1 o UsB1 DN (2]
usa_ssrxp ont [ usst sscont e 21
USESSTaon fetaetiunte ]
usa_ssrue ot 15 usst ssrx ot e )
SESSRBN ettt
pwRCTLIBATEN! [ PuRCTLIBATEN! (22
SiERcURI: OVERoURT: i
usB_op DNz [ USBIDN2D P (22
0S8 D v S B
uss ssTxp onz ussi ssconz P 21
U8 SSTan v USScu
USB_SSRXP_DN2 e USB1_SSRX DN2 P [22]
USESSRarons et
PWRCTL2BATEN? [
uss_oP_ON3 | USBIDN3D P (22
vt S B
USB_ SSTXP DN [ Y sy
U85 SSmarons i tetiatea ]
US5SSR0 oNs USSiSSucouN (28
PwReTLYBATENS [
Snouni: 2
2 o= To TYPE-A CONN#2
usa_op one [ u ussioneo e 2
eyt it ]
usa_ssvie one [22 usst ssrconip 2l
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a

1164065 B30xmm

A vss

Review Note:
‘The Pin OVERCUR'Z can be eft unconnected if power management is not implemented.

Fig. 3.25: BeagleY-Al USB3 hub
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VDD_IO_3V3
R248 R246 R247
4.7K 4.7K 4.7K
5% 5% 5%
R0201 R0201 R0201 NOTE :
# 1 USB1_HUB_AUTOEN#
#2 USB1_HUB_PWRCTR_POL
#3 USB1_HUB_FULLPWRMGMT#
#4 USB1_HUB_GANGED
USB1_HUB_TEST
R238 R236 R235 R237 R241 NOTE :
4.7K 4.7K 4.7K 4.7K 4.7K ] 3
5% 5% 5% 5% ot #1 Automatic Charge Mode Disabled
Roaot | Roaor | RO0T | Re2T | RO0T 42 PWRCTL Polarity is Active High

#3 Power Switching and Overcurrent Inputs Supported
#4 Individual Power Control Enabled

Fig. 3.26: BeagleY-Al USB hub config

Note: ATB pins to
be left unconnected

SERDESO Bi8  SERDESO TXOP
,,,,,,,,,,,, SERDES_TXO_P
(VDDA_0PSS_SERDES)

ST | covp o17 (VDDAOPB5_SERDES_C) ~ SERDESO_TXON W{ [10V.X5R
X2 RSvo b1 (VODA-1P8 SEROES) seroESo_Ro0_p | ATS__ SERDESORXO P 0 L3 USBC_SS RX0P  [21)
SERDESO_REXT cerorsn oo | A2 SEROESO RO N i=09= ;ggg‘ gs ust XN @1
seroe s A4 _SIOE ST O, Tnpom
SeroEso ReFoLKo.N seroeso perol Ot o™
S
-
R
Fig. 3.27: BeagleY-Al SoC SERDESO
U26P
USBO_DP
USBO & USB1 USBO_DP AAG )| .
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Fig. 3.28: BeagleY-Al SoC USBO and USB1
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Fig. 3.29: BeagleY-Al USB-A Connector 1
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Fig. 3.30: BeagleY-Al USB-A Connector 2
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Fig. 3.31: BeagleY-Al dual USB current limiter

BeagleY-Al features a dedicated USB current limiter that will prevent the Type-A ports from drawing power in
excess of 2.8A.

3.7.4 PCI Express

BeagleY-Al features an RPi 5 compatible PCle connector rated for PCle Gen2 x1 (5GT/s) connected to SERDES1
on AM67A.

Note: Just like the Raspberry Pi 5, while the AM67A SoC is capable of PCle Gen3 (8GT/s), the choice of
cable/connector means that some devices may not be able to run at full Gen 3 speeds and will need to be
limited to Gen 2 for stable operation.

3.7.5 RTC (Real-time Clock)

BeagleY-Al has an on-board 12C RTC that can be powered by an external RTC for accurate time-keeping even
when the board is powered off. For more information, see the corresponding docs page - Using the on-board
Real Time Clock (RTC)

3.7.6 Fan Header

BeagleY-Al features a Raspberry Pi 5 compatible Fan connector. The fan is software PWM controller in Linux by
default to maintain a balance between cooling and noise depending on SoC temperature.

3.8 Networking

3.8.1 WiFi / Bluetooth LE

BeagleY-Al features a Beagle BM3301 Wireless module based on the Texas Instruments CC3301 which features
2.4Ghz WiFi6 (802.11AX) and BLE 5.4

Note: 5Ghz WiFi Bands and Bluetooth Classic are not supported by the CC3301.
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Fig. 3.32: BeagleY-Al USB VBUS resistor divider circuit
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Fig. 3.33: BeagleY-Al PCIE connector
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Fig. 3.35: BeagleY-Al 12C ext RTC
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Fig. 3.36: BeagleY-Al fan connector
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Fig. 3.37: BeagleY-Al WiFi module
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Fig. 3.38: BeagleY-Al SoC MMCO, MMC1, and MMC2

3.8.2 Ethernet

BeagleY-Al is equipped with a 1 Gb (10/100/1000) DP83867 Ethernet PHY connected over RGMII.
BeagleY-Al uses an RJ45 ethernet connector with integrated magnetics.

Optional PoE (Power over Ethernet) can also be used with compatible 3rd party HATs designed for the Raspberry
Pi 5.

Note: Only Pi 5 PoE HATs are compatible, as Pi 4 and previous designs have the PoE pins in a different location.

3.9 Cameras & Displays

BeagleY-Al is capable of driving up to 3 Displays (HDMI, OLDI/LVDS & DSI) simultaneously.
e HDMI via DPI Converter up to 1920 x 1080 @60FPS
e OLDI/LVDS up to 3840 x 1080 @60FPS (Dual Link, 150-Mhz Pixel Clock)
e DSl up to 3840 x 1080 at 60fps (4 Lane MIPI® D-PHY, 300-MHz Pixel Clock)

It also features 2 CSl interfaces and can support up to 8 Cameras using Virtual Channels and V3Link.

Note: The CSI1/DSIO 22-pin port is muxed between the two interfaces like the RPi 5, meaning that you must
chose if it's used as a Display or Camera port. The CSIO 22-pin connector can only be used as a Camera port.

64 Chapter 3. Design and Specifications



BeagleY-Al

P34
Test Point Test Point
TP30C_SMD | | TP30C_SMD VDDA2PS:
- MIN=2.375V, TYP=2.5V, MAX=2.625V
| PHY.VODA 2v5 Imaxet 37mA
PHY_VDDIO 33 </ PHY_VDD_1V1
8 VDD1PO!
< MIN=0.95V, TYP=1V, MAX=1.155V/
x| Imax=108mA
2RE| P3| o oFEE|
" 588 S8 £§ &
P R* Should close to MPU. za g8 BT T gegE | gy
MIT_ TX_DO zx 22 o PHY TD A P
{18l RGMIZTD1 20 101 Z>> 5333 § T0.PA Y PRY-TO A
[19] RGMIIT_TD2 559 TX D2 ge g¢ TD_MA —
fis] RGMIIZTD3 D3 4 PHY TD_B_P
TX_CLK T0PB PRY-TDOBW
119 RoMiTxC R AAARTLEE 29y 61y cik o8 2 TO B! 100 ohms differential
2 o B [ trace impedance.
[19]  RGMII_TX_CTL »p————————————————————"4 TX CTRL TD.P C g PAY_TD.C_W
TOMC -
RX_DO
(19] RGMIl1_RDO Rogs B 2 R.00 TP D HY
{15 RGMINRD1 — - 3 Rt TOMD
{19]  RGMI_RD2 e X 3o R D2
(19 RGMITRD3  Q—R2E NAAOR FXDT 364 opy PHY_VDDIO_3V3
RX_CLK PHY_LEDO
19 Romil RXC  (—RIEANAIRTEEE 2 oy ik DP83867 LED_0 | 45—
RX_CTRL LED_1 a
119 ROMIHRX.CTL (—R2IL A OR RXCTRL 38 |0 oo LED- ) [ae PRV IEDZ

RO201 1% R275
R* Should close to PHY. ETHERNET PHY 2.2K

{19 MDIoO_MDC Y 18, oo Reig |12 PHY.RBIAS R100 1K), 1%
S — - [ R

43 RGMIl1_RST#

%204 jraG cLk INTHPWONS 2 E20/GPIO1_19/RGMII1_INT#/3V3  [20]
priect kil o - v
JThe-Teo cuk_our (18— PHY.CKOUT _(5TPss Tost poin 406 || ONP (¢ tomoU_0BSCLKOBVS  [13]
22 - TP30C_SMD €0201 | 125V,NPO -
X—"N JTAG_TMS
15 PHY.XI ca0s || _2mF_ Note
PHY address settoOX00  PHY.CPICO 39 | ), a X C0z07 1 [5V.NPD
PAY.GPOT 40 | 2oio-y i xo | 14_PHY.XOR R0 O, PHY XO < 1. If an external clock source is used, XO should be left floating.
- o 3
z 2. For a3.3-V clock source, a capacitor divider is recommended,
- 1 s the CD1 and CD2 capacitors used are recommended to be 27 pF.
DPBIBSTCRRGZR g E o raor
qfn48_0d5_7x7mm @_smd_2_0x1_6mm

‘\‘ 2

caor
C0201

Fig. 3.39: BeagleY-Al ethernet DP83867

3.9.1 HDMI (DPI)

BeagleY-Al has a single HDMI 1.4 port capable of up to 1080p @60FPS with Audio. This is achieved using an
external Parallel RGB (DPI) to HDMI converter from ITE.

Because the DPI interface is used up by the HDMI converter, it does mean that DPI is not available on the 40Pin
GPIO header.

3.9.2 OLDI (LVDS)

The OLDI connector on BeagleY-Al has the same pinout as the one used by Beagle Play, meaning the same
displays are compatible.

3.9.3 DsSI

The DSIO port is shared withe CSI1 and selectable via a MUX switch to maintain Pi functionality. It features
the same pinout found on the 22-pin DSI connector on RPi5 and BeagleBone Al-64 and enables connectivity to
existing supported DSI displays.

Please note that DSl is only available on the second of the two 22-pin “CSI” connectors.

3.9.4 Csli

To maintain a Pi compatible form factor, BeagleY-Al only exposes 2 of the 4 physical CSl interfaces of the AM67A
SoC. Each CSlinterfaces is MIPI® CSI-2 v1.3 + MIPI® D-PHY 1.2 with 4 Data Lanes running at up to 2.5Gbps/lane.
The interface also supports up to 16 Virtual Channels for multi-camera applications using FPDLink or V3Link.

3.10 Buttons and LEDs

BeagleY-Al features a single dual-color (Red/Green) LED for Power/Status indication.
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Fig. 3.40: BeagleY-Al ethernet connector
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RGM" _____ MDIOo_mpio FA222 * <>> MDIOO_MDIO  [23]
(VDDSHV2)  3.3v MDIo0_MpC |FAC24 >> MDIOO_MDC  [23]
RGMII1_RDO ﬁgg? < RGMIIM_RDO  [23]
RGMI_RD1 [~AEoz <¢ RGMII_RD1  [23]
RGMI_RD2 [~AEog < RGMIIT_RD2  [23]
RGMII1_RD3 RGMII1_RD3  [23]
RGMII1_RX_CTL ﬁg%;’ < RGMINM_RX CTL  [23]
RGMII1_RXC RGMIIM_RXC  [23]
RGMII1_TDO QE% RGMIIM_TDO  [23]
RGMIIM_TD1 3555 RGMIIM_TD1  [23]
RGMI_TD2 [FaF34 RGMIIM_TD2  [23]
RGMII1_TD3 RGMII1_TD3  [23]
RGMIN_TX_CTL [ RGMIM_TX CTL (23]
RGMIIM_TXC RGMII1_TXC  [23]
XJ722S5AAMW
BGA594_0d65_18X18mm
FCBGA59%4
Fig. 3.41: BeagleY-Al SoC RGMII
VDD_IO 3V3
VDD_IO_3V3
0 VDD_IO 3V3
C375
100nF
R263 10V, X5R R269
10K C0201 10K
1% = 1%
R0201 R0201
DNP
[13] D27/PORZ_OUT/3V3 > 1 RGMIN RST#
[20] B21/GPIO1_23/RGMII1_RST#/3V3 > 2 2 Uo7
o SN74LVC1G08DCKR
R261 DCK5_2P15X1P4
10K
1%
R0201 e
DNP
Fig. 3.42: BeagleY-Al SoC RGMII1 RST
C207 €203
1uF 100nF
10V, X5R 10V, X5R
c216 c228 j(20402 jCOZLM
1uF 100nF =
Cclos c199 VvDD_1g_3v3 PHY_VDDIO_33 ‘C%\zg(zw ‘C%\ég(‘w VDD_1V1 PHY_VDD_1V1 | c197 C196
:g\F/st ]S\D/";SR FB33 120R MAX: SomA - - . FB32 mRi © MAX: 108mA :g\p/st 133"§5R
e PHU/DDA}V:AAX'WWmA jcmbz jcnzkn ;ﬁ”D?EPG‘Z@N‘D LC“’B LC“” Lcm Lcws BMTEPEI2INID c175 c183 =000 oot
£B34 120R - y :g\u/fst ]g\nfxm :ES\F/.MR 133’,‘)(5!& 10uF 10nF . §
Iéul.?\/\n?BPGQiZSAMD L(ﬂ:c:an L%wg L‘czeo Lc':nsz C0603 Icnzm ?C ?902”‘ I‘"’cé‘fbﬁs’jé%m z1:2F00 ?uzng
23:@51;%2@” L%zhéig%zﬁ I pos [ = = T o] o
= = ) ) Y

C0402 €0201

Fig. 3.43: BeagleY-Al Ethernet PHY caps
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PHY_VDDIO_3V3 PHY_VDDIO_3V3 PHY_VDDIO_3V3 PHY_VDDIO_3V3
R114
5.76K R270
1% 5.76K
R0402 1%
DNP R0402
PHY_LEDO PHY_LED1 RX_CTRL PHY_GPIO0
,EEDZ [ ,G O

R117
2.49K R274
1% 2.49K
R0201 1%
DNP R0201

LED_0: MODE 1 LED1 & LED2: MODE1 Autoneg enable. For Disabling RGMII Clock Skew RX[0:2]=[000]

Mirror Enable=[0] RGMII Clock Skew TX[0:2]=[000] R270=2.49K, R274=NI

For Enabling Mount R114, R117  ANEG_SEL (Auto-negotiation)=[0]
PHY_LED[0:2] CANT CONFIGURE IN MODE4

Fig. 3.44: BeagleY-Al Ethernet PHY misc

U29

U30
PHY_TD_A P CH1 Net | 10 PHY_TD_A P PHY_TD_C_P 1 [ cHi NCt [ 10 PHY_TD_C_P
PHY_TD_A'M 2 [ ch2 NC2 9 PHY_TD_A_M PHY_TD_C_M 2 | cH2 NC2 [9 PAY_TD C_M
PHY_TD_B_P 4 | cHs NC3 | 7 PHY_TD_B_P PHY TD D P 4 | cH3 NC3 | 7 PHY_TD D P
PHY_TD_B_M 5 | cha NC4 [ 6 PHY_TD_B_M PHY_TD_D_M 5 [ cha NC4 [ 6 PHY_TD_D_M
GND1 GND2 GND1 GND2
- | TPD4E05U06DQAR ™ | TPD4E05U06DQAR
5.5V 5.5V
uson10_0d5_2d5x1x0d5mm uson10_0d5_2d5x1x0d5mm
_l_ _l_

Fig. 3.45: BeagleY-Al Ethernet PHY protection

TR1_TAP 1 2 TRO_TAP

TR3 _TAP 3 4 TR2_TAP
3 4
J17
Header 2x2 2.54mm
header2x2 2 54

Fig. 3.46: BeagleY-Al PoE header
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Fig. 3.47: BeagleY-Al RGB888 to HDMI

U26Q

VOouTo

(VDDSHV3) 3.3V

VOUTO_DATAO
VOUTO_DATA1
VOUTO_DATA2
VOUTO_DATA3
VOUTO_DATA4
VOUTO_DATAS
VOUTO_DATAG6
VOUTO_DATA7
VOUTO_DATA8
VOUTO_DATA9
VOUTO_DATA10
VOUTO_DATA11
VOUTO_DATA12
VOUTO_DATA13
VOUTO_DATA14
VOUTO_DATA15

VOUTO_PCLK
VOUTO_DE
VOUTO_HSYNC

VOUTO_VSYNC

W27

W25

W24

W23

W22

W21

Y26

Y27

AA24

AA25

AB25

AA23

AA22

AB26

AB27

AC26

AC27

>

AB24

>

AB23

>

XJ722S5AAMW
BGA594_0d65_18X18mm
FCBGA59%4

Fig. 3.48: BeagleY-Al SoC VOUT
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VOUTO_DATAO
VOUTO_DATA1
VOUTO_DATA2
VOUTO_DATA3
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[24]
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VDD_

PCADR

12C 7-bit device address: 0x98

VDD_IO_3V3

U21

C19

1uF
10V, X5R
C0402
DNP

1

u19
HDMI_TX2+ 1 | cH1 NC1 | 10 HDMI_TX2+ HDMI_TX0+ 1 | cH1 NC1 | 10 HDMI_TX0+
HADOMI_TXZ 2 | che NC2 [g _TX2- HDMI_TX0- 2 | che Ne2 [9 _TX0-
HDMI_TX1+ 4 | cus Nes | 7 HDMI_TX1+ HDMI_TXC+ 4 | chs Nes | 7 HDMI_TXC+
HDMI_TX1- 5 | cha Ned [T _TX1- “HDMT_TXC- 5 | cha NCa [ TXC-
GND1 GND2 GND1 GND2
o) © TPD4E05U06DQAR ol | TPD4E05U06DQAR
5.5V 5.5V
uson10_0d5_2d5x1x0d5mm uson10_0d5_2d5x1x0d5mm
Fig. 3.49: BeagleY-Al HDMI addr protection
U4 DNP VLDO2_1V2 VDD_1V2
TLV75512PDBVR '|'
SOT23-5 VDD_LDO_1V2 FB28 /) 120R
'|' 10402 ¢/ 13A
5 . FB29 /) 120R _DNP
IN out v 10402 / 1.3A
4 FB_ R35 C20 c21
EN , FB DNP 2.20F 100nF
z 1% 10V, X5R 10V, X5R
© R0201 €0402 €0201 TP8
~ DNP DNP DNP Test Point
TP40C_SMD
. R34 .
?ul/\lP Review Note:
b
5%2;)1 HDMI: VDD_1V2, Imax=46.01mA

Option 1: VDD_1V2 = VLDO2_1V2, from LDO2 of PMIC TPS6521910.
Option 2: VDD_1V2 =VDD_LDO_1V2, from external LDO U4.

Fig. 3.50: BeagleY-Al HDMI power

VDD_IO_3V3
VDD_IO_3V3
VDD_IO 3V3
C41
——100nF
R55 10V, X5R R57
10K _| o201 10K
1% = o 1%
R0201 R0201
O DNP
1 O
[13] B2/MCU_GPIO0_13/HDMI_RSTn/3V3 D, A 4 HDMI_RSTn
[6,13,21,26] E27/RESETSTATZz/3V3 > 2 B Z U6
R54 O SN74LVC1G08DCKR
10K | DCK5_2P15X1P4
1%
R0201
DNP =
Fig. 3.51: BeagleY-Al HDMI reset
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sn I e ;
AG21 OLDI0_A3 P 10
g sn pASE— et 2
AC21 OLDI0_Ad_P 13
SR B
] OLOI0 A5 P 040_005 25, 4x5_25czmm
SiBiohon [ A1 ey v
A 01010 6 P I
SRR RS prove i
AA20. OLDI0_A7_P 22
OLDI0_A7P [~3R1g" 1 TOT_AT N 23
LD ATN = — 24
oLDw_ctiop —————— o2 o %
LD CLKON — o 7
OLDI0_CLK1P St SoC_OLDICLKILE OLDIO_CLK1 P g
Rt o GO -CIRT ST OLOM-CrRT 3
TSR PR NI 2
BGAS94_0d65_18X18mm ko
FeacK JEE=L e 5
TZCT_SCUTVE TE SCL 1Ve *®
SDMMOBOBH-2-900T 4
0650 6 508
vee i sv 32
R226 3|
SEST S S cos | om
< w S < T = 000F
o Roz01 | Roz01 VIR | TovsR
coes | cozon
Fig. 3.52: BeagleY-Al SoC OLDI
U26E
J00!
[ —— AE17 DSI0_TXCLK_P
DSIO_TXCLKP AE16 1] DSI0_TXCLK_N
(VDDA_CORE_CSI_DS|) ~ DSIO_TXCLKN o
B16 | ovp a1 (VDDA CORE_CSI_DSI_CLK) oo 1xpo |-ARI8 VA DSI0_TX0_P
B18 ~ (VDDA_1P8_CSI_DSI) ~ AD17 ] DSI0_TXO_N
RSVD_AB18 — -0 = DSIO_TXN
100
DSI0_TX_CALIB  AA16 AF16 DSI0_TX1_P
DSI0_TXRCALIB DSIO_TXP1 [~AE75 i DSI0_TXT N
DSIO_TXN1
100
R74 AG15 DSI0_TX2_P
499R DSI0_TXP2 A&7 ] DSI0_TXZ N
1% DSI0_TXN2
100!
R0201 AC19 DSIO_TX3_P
DSI0_TXP3 [—AGT8 ] DSI0_TX3_N
DSIO_TXN3 °
XJ722S5AAMW
BGA594_0d65_18X18mm
FCBGA594
Fig. 3.53: BeagleY-Al SoC DSIO TX connections
VDD_I0_1v8
TMUX646ZECR nFBGA36 1 =l
DSBGA36 0d4 2 45x2 45x0 5mm c14s 150 5 =
" n =5 -2.2uF 100nF
[14] L23/GPIO0_1/DSI_CSI_OE/1V8 OE VDD 10V,X5R 10V,X5R
. . PR
[14]  L22/GPIO0_2/DSI_CSI_SEL/1V8 ) 26 | seL oD |22 €0402 co201 Esljgsl,gg,g s ®a
= — 3
R78 DSI0_TXCLK_P - DSICSI_D1_N 4
10K . CLKAP K F6 DSI/CSI_CLK_P DSICSI DT P 5
1% ——— | CLKAN CLKP [ 6
R0201 CSI1_RXCLK_P F2 CLKN DSICSI_CLK_N 7
—TCSITRXCIKN —Fi ] CLKBP  —o DSITCSI_CLR_P. 8
= ———=————— | CLk8N 9
N DSI/CSI_D2_N 10
DSI0_TX0_P E4 DSICSI_DZP "
) TXU] E3 | DAP K E6 DSI/CSI_DO_P 12
———————>DAIN D1P [ D07 DSICS|_D3 N 13
CSI1_RX0_P. E2 DIN DSITCST D3 P 14
L e 4 Y e
[20]  D22/GPIO1_24/CSI_GPIO1/3V3 ; :ggg gz ::E xg 17
DSI0_TX1 P D4 [20] C22/GPIO1_25/CSI_GPIO2/3V3 ROOT % ' 18
DA2P " 19
LS AL N Ve NG Mo B i il VSYS_3v3 EXP [20] D23/12C0_SCL/3V3 20
Csi1 RX1 P D2 D2N = [20]  B22/12C0_SDA/3V3 21 93
CSITRXTN “D1]DB®  —o 2 Lo
DB2N Lcm Lcm = 6 el
10uF 100nF MTFP65-822SWN-19A72 I (I
DSI0_TX2_P B4 10V, X5R 10V, X5R FPC22_0d5_16_7x3 5x3_95mm_90D  @|®|
_TX2] B3 | DASP A Ce  DSICSI D2 P CO6 C0201
————————" DA D3P |2 TCST D7
CSI1_RX2_P c2 D3N L
—CSTRC N Gr| DB  —e =
————— | DB3N
DSI0_TX3_P A4
)_TX3] A3 | DA4P K B6 _ DSICS| D3 P
———————" DA\ D4P |55 TCSID3T
CSI_RX3 P B2 D4N
TCSTRGN — B1| DB —o
——=—=———" D8N ca
NC_1 X
NC_2 =X
OE:

L: Output enable
H: 10 pins High-Impedance

H: CLI

LK(P/N) = CLKA(P/N),
K(P/N) = CLKB(PIN),

Dn(P/N) = DAn(P/N)
Dn(P/N) = DBn(P/N)

Fig. 3.54: BeagleY-Al RPI DSI/CSI
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~— |\
I|T
o0 =
1 —~ )
CSI0_RX0_N 211 I
TSI0_RX0_P 3 g » D
4
CSI0_RX1_N 5|4
TSI0_RXT P 6 g
7
CSI0_RXCLK_N s |7
CSI0_RXCLK P 9 g
10
CSI0_RX2_N 11 | 10
TS0 RXZ P 12 | 11
731 12
CSI0_RX3 N 74113
T30 RX3 P 15 | 14
16|12
16
17
[13] C1/MCU_GPIO0_15/CSI_GPIO1/3V3 - 17
[13] BIMCU GPIOO_16/CSI GPIO2/3V3  S—B28 A AR L RPINC 18 1,
19
VSYS_3V3_EXP [16] P22/12C2_SCL/3V3 > S E
[16] P23/12C2_SDA/3V3 ( 55121 %
2 Hon
C126 C355 = J15 <
——10uF  ——100nF MTFP65-822SWN-19A72 T[T
10V,X5R 10V,X5R FPC22_0d5_16_7x3_5x3_95mm_90D o
C0603 C0201

Fig. 3.55: BeagleY-Al RPI CSI
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U26F

Note: ATB pins
to be left unconnected
AB7
H
AC5

CSI0_RX_CALIB AB8

CSI0 - RX

AC6
AC7

CSI0_RXCLK_P
TSI0_RXCIK_N

CSI0_RXCLKP

(VDDA_CORE_CSI_DSI) CSI0_RXCLKN
(VDDA_CORE_CSI_DSI_CLK)
(VDDA_1P8_CSI_DSI)

AD5
AD6

CSI0_RX0_P
TSI0_RXO_N

RSVD_AB7
RSVD_AC5

CSI0_RXPO
CSI0_RXNO

AE4 CSI0_RX1_P

E%b

B10
12

CSI1_RX_CALIB  AA10

CSI0_RXRCALIB CSI0_RXP1 [-Ags5 CSIORXTN
CSI0_RXN1 —

H
o
o

AF3
AF4

CSI0_RX2_P
TSI0_RXZ_N

CSI0_RXP2
CSI0_RXN2

AG2
AG3

CSI0_RX3_P
TSI0_RX3_N

CSI0_RXP3
CSI0_RXN3

AG5
AG6

CSI1_RXCLK_P
TSIT_RXCIK_N

RSVD_AB10
RSVD_AA12

CSI1_RXCLKP
CSI1_RXCLKN

AF6 CSI1_RX0_P

CSI1_RXRCALIB CSI1_RXPO

CSI1_RXNO AF7

TSIT_RXO_N

AE7
AE8

CSI1_RX1_P
TSM_RXT N

CSI1_RXP1
CSI1_RXN1

AD8
AD9

CSI1_RX2_P
TSI RX2_N

CSI1_RXP2
CSI1_RXN2

%5

CSI1_RX3_P
CSIT_RX3_N

AC9
AC10

CSI1_RXP3
CSI1_RXN3

A
A

G9
G8

l

RSVD_AB12
RSVD_AB13

CSI2_RXCLKP
CSI2_RXCLKN

AF1

CSI2_RXRCALIB CSI2_RXPO

CSI2_RXNO AP

lLl

AE1

CSI2_RXP1 [~3E7

CSI2_RXN1

AD1

CSI2_RXP2 [FAD1

CSI2_RXN2

AC1

CSI2_RXP3 [-A&7

CSI2_RXN3

LLLLLL

RSVD_AA15
RSVD_AA14

CSI3_RXCLKP
CSI3_RXCLKN

AF1

R71
499R
1%

R0201

B12

B13

CSI2_ RX_CALIB  AB14

R72

499R

1%

R0201

15

14

CSI3_RX_CALIB  AB15

R73

499R

1%

R0201

CSI3_RXRCALIB CSI3_RXPO

CSI3_RXNO AP

>>
LLL%E

AE1

CSI3_RXP1 [~AE+

CSI3_RXN1

AD1

CSI3_RXP2 357

CSI3_RXN2

LLLL

AC1

CSI3_RXP3 A&7
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LL

XJ722S5AAMW
BGA594_0d65_18X18mm
FCBGA594

Fig. 3.56: BeagleY-Al SoC CSI1, CSI2, and CSI3
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VCC_IN_5V VDD_IO_3V3
R330
1.69K R124 0 R123
1% 680R > 300R
R0402 1% 1%
DNP R0402 [ RO0402
Pyl
+ +
Q2
CJ1012 ® -
SOT 523 |3 T @
20V 500mA o &
LED1
% W W [XL-3210SURSYGC
[14] K26/GPIO0_11/PWR_LED/1V8 > g g [ED4_3_2x1_5x1_Omm
10K |
1% =
R0201 ®

L

Q1
(I:ﬂ CJ1012
> R4 OR 1, SOT_523

Ro2o1T 19, 7 "IV 20v 500ma
R1 2
10K B
1% =
R0201

Fig. 3.57: BeagleY-Al LEDs

[14] K23/GPIO0_12/ACT_LED/1V8
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3.11 Debug Ports

3.11.1 JTAG Tag-Connect

VDD_IO 3V3 VDD 10 3V3
-
C412
——100nF
R315 R317 10V, X5R R316 R314
4.7K 4.7K _|_co0201 10K 10K
5% 5% — 1% 1%
R0201 R0201 R0201 R0201
1 10 JTAG_EMU1
JTAG_TMS 211 10 g JTAG_TRSTh
3|2 9 g JTAG_TDI
JTAG_TCK 43 8 7 JTAG_EMUD
514 76 JTAG_TDO
———5 6
. J3 R319
— TC2050-IDC 4.7K
Connect10_1d27_12_4x6_7mm 5%
DNP R0201

Fig. 3.58: BeagleY-Al Tag-Connect

JTAG is available on the BeagleY-Al via a 10pin Tag-Connect header located on the bottom of the board between
the USB 3.0 ports.

Because of the density of the board and tight fit of the USB connectors, the standard retention clip provided
by Tag-Connect will not fit. A recommended 3D printable adapter is available on Printables

3.11.2 UART

VDD_IO_3V3

Layout Note:
LRB520S-30T1G
30V Add Silkscreen:

o] sod_523 J13: UARTO
VDD_IO_3V3 Pin1: RXD
Pin2: GND
) €356 100nF R225 Pin3: TXD
C0201 | [10V,X5R 47K
U25 5%
8 — R0201 —
7 \2/8<E3 1?§ UARTO_RXD 1 s1
UARTO_TXD
(20] F19UARTO RXD3V3 ((—RB0 AR BXD 5 15y 2v = 5 2
[20] F20/UARTO_TXD/3V3 ) RO20T % 2A GND «~ o~ ITF
SN7ALVC2G241DCUR = £ g = = =
U_8_DCU . A7E. A<l J13
S A3V I A6V MTWF63-103SRN-01163
E D0402 E D0402 JST3P_1d0_5_2x3x4_9mm
) o
o [N
= =

Fig. 3.59: BeagleY-Al debug UART port

By default, BeagleY-Al exposes the UART port used by UBoot & Linux on a Pi Debugger compatible JST 3pin
header. The UART port used for debug can also be changed in software to use a UART available on the 40Pin
GPIO header.
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3.11.3 PMIC NVM Tag-Connect

PG 3V3 VCC_IN_5V
PG 3V3
J_C410 C409
100nF 100nF
R311 R312 10V,X5R 10V, X5R R313 R318
2.2K 2.2K C0201 C0201 10K 10K
1% 1% = = 1% 1%
R0201 R0201 R0201 R0201
1
PMIC_I2C_SCL  R140 OR_DNP PG l2c_ STC_2 |1 1073 Bn R154 OR DNP __PMIC_PBn
RO0201 1% 312 98 R0207 1%
PMIC_I2C_SDA  R131 OR DNP PG_I2C_SDA [4 3 8 7] PG_RESET R167 OR DNP PMIC_RESET
R0201 1% 514 76| PGRSIOUN R133 OR_DNP___PMIC_RSTOUTH
5 61T R0201 1%
Layout Note: —_ M4 =
Place OR inline resistors Close To PMIC. TC2050-IDC

Connect10_1d27_12_4x6_7mm

DNP

Fig. 3.60: BeagleY-Al PMIC NVM programming interface

A PMIC programming header is present on the BeagleY-Al in the form of a 10pin Tag-Connect header located
on the bottom of the board between the Ethernet and USB 3.0 ports. Ensure you do not connect JTAG to this
port as the pinout and interface is different. PMIC NVM programming should not be performed unless you know
what you're doing. The port is mainly intended for use during manufacturing.

3.12 Miscellaneous

VDD_lO_3V3

R83
2.2K
1%
U26A R0201
General 10 12C0_SCL ggg D23/12C0_SCL/3V3  [17]
............... 12C0_SDA B22/12C0_SDA/3V3  [17]
(VDDSHVO)  3.3v 12C1_SCL 25; C24/12C1_SCL/3V3  [24]
12C1_SDA A22/12C1_SDAI3V3  [24]
D20 SPI0_CLK
SPI0_CLK B35 SPI0-CS0 D20/EHRPWM1_AI3V3  [27]
SPI0_CSO0 [~E3p SPI0-CST B20/EHRPWMO_A/3V3  [27]
SPI0_CS1 [E7g <PT0-D0 C20/EHRPWMO_B/3V3  [27]
SPI0_DO [E2p E19/EHRPWM1_B/3V3  [27]
SPI0_D1 K E20/GPIO1_19/RGMII_INT#/3V3  [23]
F20
UARTO_TXD [F1g >>  F20/UARTO_TXD/3V3  [27]
UARTO_RXD 25 < F19/UARTO_RXD/3V3 [27]
UARTO_CTSN [557 E22/TIMER_IO6/FAN_TACH/3V3  [27]
UARTO_RTSN >> B21/GPIO1_23/RGMI_RST#3V3  [23]
EXTINTN B23 < B23/EXTINTn/3V3  [6]
A23
EXT_REFCLK1 >>  A23/ECAPO_IN_APWM_OUT/3V3  [20]
D22
MCANO_TX 555 D22/GPIO1_24/CSI_GPIO1/3V3  [17)
MCANO_RX C22/GPIO1_25/CSI_GPIO2/3V3  [17]
MCASPO_ACLKR
MCASPO_ACLKR F24 = >>  F24/UART1_TXD/3V3  [27]
co7 MCASPO_AFSR
MCASPO_AFSR K C27/UART1_RXDI3V3  [27]
MCASP0O_AXRO g§§ >>  F23IMCASPO_AXRO/3V3  [27]
MCASPO_AXR1 [~A56 TCASPUAXR: K B25IMCASPO_AXR1/3V3  [27]
MCASPO_AXR2 A58 TMCASPOAXRY > A26/UART1_RTSn3V3  [27]
MCASP0_AXR3 K A25/UART1_CTSn/3V3  [27]
MCASPO_ACLKX [-222 >>  D25IMCASPO_ACLKX/3V3  [27]
McAsPo_AFSX |22 >>  C26/MCASPO_AFSX/3V3  [27]
XJ722S5AAMW
BGA594_0d65_18X18mm
FCBGA594
Fig. 3.61: BeagleY-Al general IO
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VDD_IO 3V3
R36 R30
2.2K 2.2K
1% 1%
U26K R0201 R0201
ME:_l_J_C_ie_n_era_I__l(?_ MCU_I2C0_SCL Eﬁ <§ B13/MCU_I2C0_SCL/3V3  [27]
MCU_| IZCO “SDA E11/MCU_I2C0_SDA/3V3 [27]
3.3y (VDDSHV_MCU)
MCU_SPI0_CLK égz A9/MCU_SPIO_CLK/3V3  [27]
MCU_SPIO_CS0 A10 C12/MCU_SPI0_CS0/3V3 [27]
MCU_SPI0_CS1 [g72 A10/MCU_OBSCLKO0/3V3 [23]
MCU_SPIO_DO C11 B12/MCU_SPI0_D0/3V3 [27]
MCU_SPI0_D1 C11/MCU_SPIO_D1/3v3  [27]
3.3v (VDDSHV_MCU)
MCU_MCANO_TX SQ > B2/MCU_GPIO0_13/HDMI_RSTn/3V3 [24]
MCU_MCANO_RX C < D8/MCU_GPIO0_14/HDMI_INTn/3V3 [24]
MCU_MCAN1_TX [—5; i C1/MCU_GPIO0_15/CSI_GPIO1/3V3 17
MCU_MCAN1_RX B1/MCU_GPIO0_16/CSI_GPI02/3V3 [17]
3.3v (VDDSHV_CANUART)
MCU_UARTO_TXD —gg MCU_LARTO.TXD > B4/MCU_GPIO0_6/PCIE_RST/3V3 [26]
MCU_| UARTO “RXD B5 = < B8/MCU_GPIO0_5/PCIE_DET_WAKE/3V3 [26]
MCU_UARTO_CTSN G5 <§ B5/MCU_GPIO0_ 7IEXP/3V3 7]
MCU_UARTO_RTSN CS/MCUiGPIOOJ/PCIEiPWRiENISVS [26]
3.3V (VDDSHV_CANUART)
J722S5AAMW
BGA594_0d65_18X18mm
FCBGA594
Fig. 3.62: BeagleY-Al MCU general IO
u26J
OSPIO L24
_____________ OSPI0_CLK ———
(VDDSHV1) 1.gv P
OSPI0_CSNO [go3 K26/GPIO0_11/PWR_LED/1V8 [6]
OSPI0_CSN1 g5, K23/GPIO0_12/ACT_LED/1V8 6]
OSPIO_CSN2
OSPIO_CSN3 J22 < J22/GPIO0_14/TP_INT/1V8  [20]
OSPI0_DO 52277 K27/GPIO0_3/BT_EN/1V8  [25]
OSPI0_D1 T8 L27/GPIO0_4/WLAN_EN/1V8 [25]
OSPI0_D2 [T5& < L26/GPIO0_5/WLAN_IRQ/1V8 [25]
OSPI0_D3
OSPI0_D4 ,'(,,2216 <  L21/UART6_RXD/1V8  [25]
OSPI0_D5 [-No7 M26/UART6_TXD/1V8  [25]
OSPI0_D6 w27 N27/UART6_RTSn/1V8  [25]
OSPI0_D7 < M27/UART6_CTSn/1V8  [25]
OSPI0_DQS L22 > L22/GPI00_2/DS|_CSI_SEL/1V8 17
OSPI0_LBCLKO L23 >>  L23/GPI00_1/DSI_CSI_OE/1V8 [17]
XJ722S5AAMW
BGA594_0d65_18X18mm
FCBGA594
Fig. 3.63: BeagleY-Al SoC OSPIO
3.12. Miscellaneous 77



BeagleY-Al

VDD_IO_1V8

J11
Header 1x2 1.27mm

header2p_1d27_dip.t uz6c
R48 O0R VPP_1V8, G9 eFUSE, VMON,
R0207 1% vep Debug & Rsvd
VCC_IN_5V DNP R
c25 cos R49
2.20F 100nF 10K Emuo |-C9_JTAG EMUD
10V XER | 10V XER S 1% F9
R197 co402 _|_co201 R0201 EMUT
monitoring VCC_IN_5V, to ?9/% = = L
protect SoC from lst stage R0402 . - B10 JTAG_TRSTn
power fault. Vth(min) = 0.45V yyon er vsvs o7 TRSIN—
i VMON_ER_VSYS
[ .
100nF A11__JTAG TCK
R199 c82 10V, X8R TeK
481K 100nF 0201
0.1% 10V X5R = (VDDSHV_MCU)
R0402 €0201 3.3v E12 JTAG_TDI
VDD_IO_1V8 Y TOI
- N R221 R VMON_1P8_SOC 97
RO20T 1% VMON_1P6_S0C oLFt0__JTAGTOO
c327 ™
100nF
10V.X5R o s
JTAG_TM
L coai s LE1 X
VDD_I0_3V3
E9
R222 OR__, VMON_3P3 SOC K7 | on 303 soc RSVD_E9 [———X
R0201 L2 W e RsvD_aatg [FAA1%
B
1O sR RSVD_B6 22X
_Lcox0t RsvD_cs 8-
RsVD_F8 X
XITZZS5AANW
BGA594_0d65_18X18mm
FCBGAS94

Fig. 3.64: BeagleY-Al SoC eFUSE, VMON, Debug, and RSVD

3.13 Mechanical Specifications

Todo: If there are real design elements, put those here, like clearances and other elements going into design
consideration. Summary information should just go in the support page.

Table 3.1: Dimensions & weight

Parameter Value

Size 85 x 56 x 20 mm
Max heigh 20mm

PCB Size 85 x 56 mm

PCB Layers 14 layers

PCB Thickness 1.6mm

RoHS compliant Yes

Gross Weight 110 g

Net Weight 5049
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U26H
GPMCO G R22 BOOTMODEQ
------------- Gmgg—ﬁgf R23 BOOTMODET
(VDDSHV3) — R26 BOOTMODE2
3.3V GPMCO_AD2 37 BOOTMODE3
GPMCO_AD3 755 BOOTMODE4
ggmgg_ﬁgg T24 BOOTMODE5
. T21 BOOTMODES
GPMCO_AD6 757 BOOTMODE?
GPMCO_AD? (37 BOOTMODES »  T22/GPIO0_22/12C1_EN/3V3  [20]
GPMCO_AD8 75 EOOTMODES VOUTO DATA16  [24]
GPMCO_AD9 |~y737 BOOTMODET0 VOUTO DATATT 124]
GPMCO_AD10 /55 EOOTMODETT VOUTO_DATA18  [24]
GPMCO_AD11 /56 EGOTMODET2 VOUTO_DATA19  [24]
GPMCO_AD12 /52 EOOTMODET3 VOUTO_DATA20  [24]
GPMCO_AD13 |y/2 BOOTMODET4 vOuTO_DATAZT  [24]
GPMCO_AD14 [/53 BOOTMODETS VOUTO_DATA22  [24]
GPMCO_AD15 VOUTO_DATA23  [24]
GPMCO_ADVN_ALE Nt >>  N21/GPIO0_32/USB_RST#/3V3  [21]
GPMCO_BEON_CLE P27 >>  P27/MCASP1_ACLKX/3V3  [24]
GPMCO_BE1N P26 <> P26/GPIO0_36/EXP/3V3  [27]
GPMCO_CLK 123 >>  T23/GPIO0_31/EEP_WP/3V3  [26]
GPMCO_CSNO 5317 S R27/GPIO0_41/EXP/3V3  [27]
GPMCO0_CSN1 555 P21/GPIO0_42/EXP/3V3  [27]
GPMCO_CSN2 [~po3 P22/12C2_SCL/I3V3  [17]
GPMCO_CSN3 P23/12C2_SDA/3V3  [17]
GPMCO_DIR N25 < N25/GPIO0_40/RTC_INT/3V3  [27]
GPMCO_OEN_REN N22 <> N22/GPIO0_33/EXP/3V3  [27]
GPMCO_WAITO :,/\,2216 V21/MCASP1_AFSX/3V3  [24]
GPMCO_WAIT1 W26/AUDIO_EXT REFCLK2/3V3
GPMCO_WEN N23 <> N23IMCASP1_AXRO0/3V3  [24]
GPMCO_WPN N24 <>> N24/AUDIO_EXT_REFCLK1/3V3
XJ722S5AAMW
BGA594_0d65_18X18mm
FCBGA594
Fig. 3.65: BeagleY-Al SoC GPMCO
VDD_CORE
VDD_DDR_1V1 VDDR_CORE
SoonE == honE == oo
T T e T e
L \V Tcozbw C0201 Tcoz’m co201 C0201
= Route supply & Gnd connections N Route sui & Gnd connections
Route supply ¢ 6rd comecions TR isl BT TS vear o tel 2
differential pair to TPs near access R & C termination for easy
R & C termination for easy access
Fig. 3.66: BeagleY-Al SoC supply noise kelvin sensing
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U26U
A ves Sround/Vss vss 157
Ao | Vs vss [Bro
A27 | VSS VSS [7p15
&1 Vss VSS 517
C23 | VSS VSS g
D36 ] VSS VSS [ R7
Eo ] ves vss [ K
Fs| VS VSS [-R7g
F16 | VSS VSS R4
F17 | VSS VSS "R16
F21 | VSS VSS I'R18
&1 Vss VSS [R1g
a5 Vss VSS 13
ag | Vvss VSS 17
G10 | VSS VSS 'T16
G12 | VSS VSS 'T18
1o | VS ves oz
e Vs vss [
Friq] VSS VSS 75
G17 | VSS VSS [TUts
J5 vss VSS 19
21 vss VSS [~
J26 | VSS VSS A1
K13 | VSS VSS V15
K15 | VSS VSS V20
KT Vss Vs[5
70 Vs VSS >
L11 | VSS VSS ["Wi4
L13 | VSS VSS w7
L14 | VSS VSS MW20
161 Vss VSS [~
| VsS VSS 10
V7| VSS VSS [~z
Mg | VsS VSS 18
7] VSS VSS [anq
M16 | VSS VSS |"AATS
m18 | VoS ves (A1
NO AA26
N12 | VSS VSS |"AD26
NT5 | VSS VSS [FaGT
N17_| VSS VSS ["AG27

VsS VsS
XJ722S5AAMW

BGA594_0d65_18X18mm

FCBGAS594

Fig. 3.67: BeagleY-Al SoC ground connections
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Chapter 4

Expansion

Todo: Describe how to build expansion hardware for BeagleY-Al. This section is not about using existing add-on
hardware.

4.1 PCle

For software reference, you can see how PCle is used on NVMe HATs.

4.2 CsSlI

For software reference, you can see how CSI is used on IMX219-based camera modules.

4.3 RTC

Todo: Remove this. | really don’t see how “RTC” falls into our definition of what should be documented in
“Expansion”.

* Booting from NVMe Drives
e Using IMX219 CSI Cameras

e Using the on-board Real Time Clock (RTC)
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Chapter 5

Demos and tutorials

Todo: Isn’tincluding “beagley-ai” in the filename superfluous?

5.1 Using GPIO

Todo: Add information about software image used for this demo.

GPIO stands for General-Purpose Input/Output. It's a set of programmable pins that you can use to connect
and control various electronic components.

You can set each pin to either read signals (input) from things like buttons and sensors or send signals
(output) to things like LEDs and motors. This lets you interact with and control the physical world using code!

A great resource for understanding pin numbering can be found at pinout.beagley.ai

Warning: BeagleY-Al GPIOs are 3.3V tolerant, using higher voltages WILL DAMAGE the processor!

5.1.1 Pin Numbering

You will see pins referenced in several ways. While this is confusing at first, in reality, we can pick our favorite
way and stick to it.

The two main ways of referring to GPIOs is by their number, so GPIO 2, 3, 4 etc. as seen in the diagram below.
This corresponds to the SoC naming convention. For broad compatibility, BeagleY-Al re-uses the Broadcom GPIO
numbering scheme used by RaspberryPi.

The second (and arguably easier) way we will use for this tutorial is to use the actual pin header number
(shown in dark grey)

So, for the rest of the tutorial, if we refer to hat-08-gpio we mean the 8th pin of the GPIO header. Which,
if you referenced the image below, can see refers to GPIO 14 (UART TX)

If you are curious about the “real” GPIO numbers on the Texas Instruments AM67A SoC, you can look at the
board schematics.
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BE—O
IPIG W SDA_J GPI02 guuel
121 S LTITEF—O

SBON MOSI £ GPI010 g ®
20 MISO § GPI0O gem'®)
20) SCLK J GPI011 gum'®)
Ay—0

EEPROM
f GPI05 gmmel
ADTH—O

W LATITFEF—O

PCM AN (ITFEF—O
J GP1026 gug®)
Ayr—O0

o1 2
[03) (o3
o3) o9
o7 oy
09 19
11 12
&l
[13) (16
17 (8
19) 29
21 (2
23 24
23 29
27 k3
29 (9
5162
53 (4
(33) 39
5759
(39 (40]

O—A{dITIY VTN UART
O—A{dITFEY ATOW UART
0 GPI018 PCM

SPIO
(o nny’ GPI07 # CE1 A3
O— AT ASS%W EEPROM
(o’ GND 4

(oo’ GP1012 #/ PWMO 4

(o nmy’ GND 4

(o' GP1016 4

PCM
O—ATEFEY HIUF PCM

— o BeagleY-AI

AW GP10 NUMBER
W PIN FUNCTION

40-pin HAT header pinout

Fig. 5.1: BeagleY-Al pinout
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5.1.2 Required Hardware

For the simple blink demo, all that is needed is an LED, a Resistor (we use 2.2K here) and 2 wires.

Similarly, a button is used for the GPIO read example, but you can also just connect that pin to 3.3V or GND
with a wire to simulate a button press.

Todo: Add fritzing diagram and chapter on Pin Binding here

5.1.3 GPIO Write

LED- <=> HAT Pin6
LED+ <=> HAT Pin8

Fig. 5.2: LED connected to HAT Pin8 (GPIO14)

At it's most basic, we can set a GPIO using the gpioset command.

¢ To set HAT Pin 8 (GPIO14) to ON:

gpioset $(gpiofind GPIO14)=1

» To set HAT Pin 8 (GPIO14) to OFF:

gpioset $(gpiofind GPIO14)=0

5.1.4 Blink an LED

Let’s create a script called blinky.sh,

¢ Create the file,

touch blinky.sh

¢ Open the file using nano editor,

nano blinky.sh

» Copy paste the code below to blinky. sh file,
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Fig. 5.3: GPIO ON state

Fig. 5.4: GPIO OFF state
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#!/bin/bash

while

do
gpioset $(gpiofind GPIO14)=1
sleep 1
gpioset $(gpiofind GPIO014)=0
sleep 1

done

* Close the editor by pressing Ctrl + O followed by Enter to save the file and then press to Ctrl
+ X exit

* Now execute the blinky . sh script by typing:

bash blinky.sh

Fig. 5.5: LED blinking

* You can exit the blinky . sh program by pressing CTRL + C on your keyboard.

Understanding the code

#!/bin/bash

while

do
gpioset $(gpiofind GPIO14)=1 @
sleep 1 @
gpioset $(gpiofind GPIO14)=0 O
sleep 1 ®

done

The script is an infinite whi le loop in which we do the following:

@ set the HAT Pin 8 (GPIO14) as 1 (HIGH)
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® Wait 1 Second
@ set the HAT Pin 8 (GPIO14) as 0 (LOW)
@ Wait 1 Second

5.1.5 Blink an LED using Python

Using python you can blink an LED.

The 1ibgpiod should already be installed in the default image, in case it's not installed then install it by
using the command below.

sudo apt-get install python3-libgpiod
Below is the Python code to blink an LED connected to GPIO14.

Listing 5.1: blinky.py

import gpiod
import time

gpiold = gpiod.find_line ('GPIO14")
gpioléd.request (consumer="'beagle', type=gpiod.LINE_REQ_DIR_OUT, default_val=0)

while True:
gpiold.set_value (1)
time.sleep (1)
gpiold.set_value (0)
time.sleep (1)

To open the Python REPL, type python in the terminal like below. Copy the above code and paste it into the
terminal. After running the code, the LED connected to GPIO14 will start blinking.

debian@BeagleBone:~$ python

Python 3.11.2 (main, May 2 2024, 11:59:08) [GCC 12.2.0] on linux
Type "help”, "copyright”, "credits” or ”"license” for more information.
>>>

Alternatively, you can create a Python script to achieve the same effect. Create a new file named blinky.
py and open it using the nano editor with the following command, copy and paste the above code to the
file.

nano blinky.py
Press CTRL+0O & ENTER to save the blinky.py script and then CTRL+X to exit.
To run the blinky . py script execute the command below,

python blinky.py

After running the code you can see the LED connected to GPTI014 or HAT Pin 08 blinking.

Understanding the code

import gpiod @
import time @

gpiol4 = gpiod.find line('GPIO14') ©®
gpiold.request (consumer='beagle', type=gpiod.LINE_REQ_DIR_OUT, default_
—val=0) ®

(continues on next page)
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(continued from previous page)

while True: ©
gpiold.set_value(l) ®
time.sleep(l) @
gpiold.set_value (0)
time.sleep(l) ©

@ Importing gpiod module

®@ Importing £t ime module

® Linking GPIO14 pin object to gpiol4 variable for better accessibility

@ Set GPIO14 as OUTPUT pin

® Create infinite while loop

® Set the GPIO14 as 1 (HIGH)

@ Wait 1 Second

Set the GPIO14 as 0 (LOW)

® Wait 1 Second

5.1.6 Read a Button

A push button simply completes an electric circuit when pressed. Depending on wiring, it can drive a signal
either “Low” (GND) or “High” (3.3V).

We will connect our Button between HAT Pin 12 (GPIO18) and Ground (GND).

Switch connection:
HAT Pin12 & Pin14

il @GR —
® >

Fig. 5.6: Button connected to HAT Pin12 (GPIO18)

The cool part is since we have an internal pull-up resistor, we don’t need an external one! The pull resistor
guarantees that the Pin stays in a known (HIGH) state unless the button is pressed, in which case it will go LOW.

» Reading GPIOs can be done using the gpioget command

gpioget —--bias=pull-up $(gpiofind GPIO18)

Results in 1 if the Input is held HIGH or O if the Input is held LOW
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Let’s create a script called but ton . sh to continuously read an input pin connected to a button and print out
when it’s pressed!

¢ Create the file,

touch button.sh

* Open the file using nano editor,

nano button.sh

» Copy paste the code below to button. shfile,

#!/bin/bash

while
do
if (( $(gpioget —--bias=pull-up $(gpiofind GPIO18)) == 0))
then
echo ”"Button Pressed!”
fi
done

e Close the editor by pressing Ctrl + O followed by Enter to save the file and then press to Ctr1l
+ X exit

* Now execute the button. sh script by typing:

bash button.sh

* You can exit the button. sh by pressing Ctrl + C on your keyboard.

5.1.7 Combining the Two

LED- <=> HAT Pin6
LED+ <=> HAT Pin8

Switch connection;
HAT Pin12 & Pin14

—
——

Fig. 5.7: Button connected to HAT Pin12 (GPIO18) & LED connected to HAT Pin8 (GPIO14)

Now, logically, let’'s make an LED match the state of the button.

Let’s create a script called blinkyButton.sh:
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¢ Create the file,

touch blinkyButton.sh

* Open the file using nano editor,

nano blinkyButton.sh

» Copy paste the code below to blinkyButton. sh file,

#!/bin/bash

while :
do
if (( $(gpioget --bias=pull-up $(gpiofind GPIO18)) == 0))
then
gpioset $(gpiofind GPIO14)=1
else
gpioset $(gpiofind GPIO14)=0
fi
done

e Close the editor by pressing Ctrl + O followed by Enter to save the file and then press to Ctr1l
+ X exit

* Now execute the blinkyButton. sh script by typing:

bash blinkyButton.sh

This means when we see HAT Pin 12 (GPIO18) go LOW, we know the button is pressed, so we set HAT Pin 8
(GP1014) (our LED) to ON, otherwise, we turn it OFF.

Fig. 5.8: LED is ON when button is pressed

* You can exit the blinkyButton. sh program by pressing Ct r1 + C on your keyboard.
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5.1.8 Understanding Internal Pull Resistors

Pull-up and pull-down resistors are used in digital circuits to ensure that inputs to logic settle at expected levels.

e Internal pull-up resistors connects the pinto a high voltage level (e.g., 3.3V) to ensure
the pin input reads as a logic high (1) when no active device is pulling it low.

« Internal pull-down resistors connects the pinto ground (GND) to ensure the input reads
as a logic low (0) when no active device is pulling it high.

These resistors prevent floating inputs and undefined states.
By default, all GPIOs on the HAT Header are configured as Inputs with Pull-up Resistors Enabled.

This is important for something like a button, as without it, once a button is released, it goes in an “undefined”
state!

To configure Pull-ups on a per-pin basis, we can use pass the following arguments within gpioget or gpioset:

-B, —-—-bias=[as-is|disable|pull-down|pull-up] (defaults to 'as-is')

The “Bias” argument has the following options:
¢ as-is - This leaves the bias as-is... quite self explanatory

« disable - This state is also known as High-Z (high impedance) where the Pin is left Floating without
any bias resistor

¢ pull-down - In this state, the pin is pulled DOWN by the internal 50KQ resistor
¢ pull-up - In this state, the pin is pulled UP by the internal 50KQ resistor

For example, a command to read an input with the Bias intentionally disabled would look like this:

gpioget —--bias=disable $(gpiofind GPIO14)

Pull resistors are a foundational block of digital circuits and understanding when to (and not to) use them is
important.

This article from SparkFun Electronics is a good basic primer - Link

5.1.9 Troubleshooting

* My script won’t run!
Make sure you gave the script execute permissions first and that you're executing it with a . / before

¢ To make it executable:

chmod +X scriptName.sh

e To run it:

./scriptName.sh

5.1.10 Bonus - Turn all GPIOs ON/OFF

¢ Copy and paste this with the button on the right to turn all pins ON.

gpioset $(gpiofind GPIO14)=1 ;\ gpioset $(gpiofind GPIO15)=1 ;\ gpioset

—$ (gpiofind GPIO17)=1 ;\ gpioset $(gpiofind GPIO18)=1 ;\ gpioset $(gpiofind.

—GPI027)=1 ;\ gpioset $(gpiofind GPIO22)=1 ;\ gpioset $(gpiofind GPI023)=1 ;\

< gpioset $(gpiofind GPIO24)=1 ;\ gpioset $(gpiofind GPIO10)=1 ;\ gpioset

—$(gpiofind GPIO9)=1 ;\ gpioset $(gpiofind GPIO25)=1 ;\ gpioset $(gpiofind.
(continues on next page)
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Fig. 5.9: All HAT GPIO toggle

(continued from previous page)

—GPIO11)=1 ;\ gpioset $(gpiofind GPIO8)=1 ;\ gpioset $(gpiofind GPIO7)=1 ;\._
—gpioset $(gpiofind GPIO1)=1 ;\ gpioset $(gpiofind GPIO6)=1 ;\ gpioset
—$(gpiofind GPIO12)=1 ;\ gpioset $(gpiofind GPIO13)=1 ;\ gpioset $(gpiofind.
—GPIO19)=1 ;\ gpioset $(gpiofind GPIO16)=1 ;\ gpioset $(gpiofind GPIO026)=1 ;\
— gpioset $(gpiofind GPIO21)=1

« Similarly, copy and paste this to turn all pins OFF.

gpioset $(gpiofind GPIO14)=0 ;\ gpioset $(gpiofind GPIO15)=0 ;\ gpioset
—$(gpiofind GPIO17)=0 ;\ gpioset $(gpiofind GPIO18)=0 ;\ gpioset $(gpiofind.
—~GPI027)=0 ;\ gpioset $(gpiofind GPI022)=0 ;\ gpioset $(gpiofind GPI023)=0 ;\
— gploset $(gpiofind GPIO24)=0 ;\ gpioset $(gpiofind GPIO10)=0 ;\ gpioset

—~$ (gpiofind GPIO9)=0 ;\ gpioset $(gpiofind GPIO25)=0 ;\ gpioset $(gpiofind.
—GPIO11)=0 ;\ gpioset $(gpiofind GPIO8)=0 ;\ gpioset $(gpiofind GPIO7)=0 ;\_
—gpiloset $(gpiofind GPIO1)=0 ;\ gpioset $(gpiofind GPIO6)=0 ;\ gpioset
—$(gpiofind GPIO12)=0 ;\ gpioset $(gpiofind GPIO13)=0 ;\ gpioset $(gpiofind.
—GPIO19)=0 ;\ gpioset $(gpiofind GPIO16)=0 ;\ gpioset $(gpiofind GPIO26)=0 ;\
— gpioset $(gpiofind GPIO21)=0

5.1.11 Going Further

* pinout.beagley.ai
¢ GPIOSet Documentation

¢ GPIOGet Documentation
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5.2 Pulse Width Modulation (PWM)

Todo: Add further testing steps, results, and images..

5.2.1 Whatis it

PWMorPulse Width Modulation, is atechnique used to control the amount of power delivered to an
electronic device by breaking up the power signal into discrete ON and OFF periods. The amount of time the
signal spends ON during each cycle determines the output power level (brightness of the LED).

PWM SIGNAL
A Duty = 40%
5V :I
Mean Output
2V 1
r
t
T =100 ps
f =10 kHz
Y

5.2.2 Configuring PWM overlay

To enable any of the PWM Pins, we have to modify the following file: /boot/firmware/extlinux/
extlinux.conf. We can check the available list of Device Tree Overlays using command below,

1s /boot/firmware/overlays/ | grep "beagley-ai-pwm”

When executed the above command should give output show below,

debian@BeagleBone:~$ ls /boot/firmware/overlays/ | grep ”"beagley-ai-pwm”
k3-am67a-beagley-ai-pwm-ecapl-gpiol2.dtbo
k3-am67a-beagley—-ai-pwm-ecapl-gpiolé6.dtbo
k3-am67a-beagley-ai-pwm-ecapl-gpio21.dtbo
k3-am67a-beagley-ai-pwm-ecap2-gpiol7.dtbo
k3-am67a-beagley—-ai-pwm-ecap2-gpiol8.dtbo
k3-am67a-beagley—-ai-pwmn-epwmO-gpiol2.dtbo
k3-am67a-beagley-ai-pwm-epwmO-gpiol4.dtbo
k3-am67a-beagley—-ai-pwmn-epwmO-gpiol5.dtbo
k3-am67a-beagley—-ai-pwmn-epwmO-gpio5.dtbo
k3-am67a-beagley-ai-pwm-epwml-gpiol3.dtbo
k3-am67a-beagley—-ai-pwn-epwml-gpio20.dtbo
k3-am67a-beagley—-ai-pwmn-epwml-gpio21.dtbo
k3-am67a-beagley—ai-pwm-epwml-gpio6.dtbo

Using hat-08 (GPIO14) as pwm

Add the line shown below to /boot/firmware/extlinux/extlinux.conf file to load the gpiol4
pwm device tree overlay:

fdtoverlays /overlays/k3-am67a-beagley-ai-pwm—epwmO-gpiol4.dtbo

Your /boot/firmware/extlinux/extlinux.conf file should look something like this:
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label microSD (default)

kernel /Image

append console=ttyS2,115200n8 root=/dev/mmcblkip3 ro rootfstype=extd._
—resume=/dev/mmcblklp2 rootwait net.ifnames=0 quiet

fdtdir /

fdt /ti/k3-am67a-beagley—-ai.dtb

fdtoverlays /overlays/k3—-amé67a-beagley-ai-pwm—epwmO-gpiol4.dtbo

initrd /initrd.img

Now reboot you BeagleY-Al to load the overlay,

sudo reboot

5.2.3 How do we do it

To configure HAT pin8 (GPI014) PWM symlink pin using beagle—pwm—export execute the command below,

sudo beagle-pwm-export —--pin hat-08

Let’s create a script called fade . sh that cycles through LED brightness on HAT pin8 by changing PWM duty
cycle.

touch fade.sh

Now open the file with nano editor,

nano fade.sh

In the editor copy paste the script content below,

#!/bin/bash
PWMPIN="/dev/hat/pwm/GPI014"”
echo 1000 > $PWMPIN/period
echo 0 > SPWMPIN/duty_cycle
echo 0 > SPWMPIN/enable

sleep 1

for i in {1..500};

do
echo $i > SPWMPIN/duty_cycle
echo 1 > SPWMPIN/enable
echo $i
sleep 0.0005
done

for i in {500..1};

do
echo $i > SPWMPIN/duty_cycle
echo 1 > SPWMPIN/enable
echo $i
sleep 0.0005
done

e Close the editor by pressing Ctrl + O followed by Enter to save the file and then press to Ctr1l
+ X exit

* Now execute the fade . sh script by typing:
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bash fade.sh

EEN EEREN EEN)

B <
- T
B2
B«
-
E
4
® =
s
@ ¢

Fig. 5.10: LED PWM fade demo

* You can exit the fade . sh program by pressing Ctr1 + C on your keyboard.

Todo: Add section about driving Servo Motors at 50KHz

5.2.4 Troubleshooting

Todo: Fill out empty section

5.2.5 Going Further

Todo: Fill out empty section

5.3 Using the on-board Real Time Clock (RTC)

Real Time Clocks (RTCs) provide precise and reliable timekeeping capabilities, which are beneficial for applica-
tions ranging from simple timekeeping to complex scheduling and secure operations.

Without an RTC, a computer must rely on something called Network Time Protocol (NTP) to obtain the current
time from a network source. There are many cases however where an SBC such as BeagleY-Al may not have
a constant or reliable network connection. In situations such as these, an RTC allows the board to keep time
even if the network connection is severed or the board loses power for an extended period of time.
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Fortunately, BeagleY-Al comes with a built-in DS1340 RTC for all your fancy time keeping needs!

5.3.1 Required Hardware

BeagleY-Al provides a 1.00 mm pitch, 2-pin JST SH connector for a coin cell battery to enable the RTC to
keep time even if power is lost to the board.

These batteries are available from several vendors:

¢ Raspberry Pi 5 RTC Battery via Adafruit

¢ Raspberry Pi 5 RTC Battery via DigiKey

e CR2023 battery holder for Pi 5 via Amazon

5.3

[WITTTTTTT] . .ll‘

Fig. 5.11: BeagleY-Al RTC battery connection

.2 Uses for an RTC

Maintaining Accurate Time: RTCs provide an accurate clock that continues to run even when the SBC
is powered down. This is crucial for maintaining the correct time and date across reboots.

Timestamping: Many applications need to know the current time for timestamping data, logs, or events.
For example, 10T devices may need to log sensor data with precise timestamps.

Scheduling Tasks: In some applications, tasks need to be scheduled at specific times. An RTC allows
the SBC to keep track of time accurately, ensuring that tasks are performed at the correct times.

. Network Synchronization: If the SBC is part of a larger network, having an accurate time helps with

synchronizing data and events across the network.

Standby Power Efficiency: Many RTCs operate with a very low power requirement and can keep time
even when the rest of the board is in a low-power or sleep mode. This helps in reducing overall power
consumption.

5.3.3 Setting time

Note: You must set the time before being able to read it. If you don’t do this first, you'll see errors. You may
connect your BeagleY-Al to a network so it can get time from an NTP server.

You can set time manually by running the following command:

sudo hwclock —--set —--date 72024-06-11 22:22:22”

5.3.
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5.3.4 Diving Deeper

There are actually two different “times” that your Linux system keeps track of.

» System time, which can be read using the date or t imedatect 1l commands

¢ RTC (hardware) time which can be read using the hwclock command shown above.
Open up a BeagleY-Al console and try the commands shown below,

» Reading the current system time is achieved using the date command,

date

The date command should print Tue Jun 11 06:30:51 UTC 2024.

* Reading the current RTC (hardware) time is achieved using the hwclock command.

sudo hwclock

The hwclock command should print 2024-05-10 00:00:02.224187-05:00.

Comparing both date and hwclock output above we see the time format is different. we add some extra
instructions to match the format.

debian@EBeagleBone:~$ date +%Y-%m-%d' '$H:%M:%S.%N%:z

2024-05-10 21:06:50.058595373+00:00

debian@BeagleBone:~$ sudo hwclock
2024-05-10 21:06:56.692874+00:00

But why?
We see here that our system and hardware clock are over 9 seconds apart!

Ok, in this particular case we set the HW clock slightly ahead to illustrate the point, but in real life “drift” is a real
problem that has to be dealt with. Environmental conditions like temperature or stray cosmic rays can cause
electronics to become ever so slightly out of sync, and these effects only grow over time unless corrected. It's
why RTCs and other fancier time keeping instruments implement various methods to help account for this such
as temperature compensated oscillators.

Let’s fix our hardware clock. We assume here that the system clock is freshly synced over NTP so it's going to
be our true time “source”.

sudo hwclock —--systohc

Let’s create a simple script to get the two times, we’ll call it getTime. sh,

nano getTime.sh

copy and paste the below code in that file,

HWTIME=$ (sudo hwclock)

echo "RTC - WTIME} ”
SYSTIME=§ (date +%Y-%m-%d' '$H:%M:%S.%N%:z)
echo "SYS - SYSTIME} ”

Now let’s run it!

bash getTime.sh

The script gives us this output,
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1L0:32:58

Fig. 5.12: https://youtu.be/BAo5C2gbLqg8

RTC - 2024-05-10 21:52:58.374954+00:00
SYS - 2024-05-10 21:52:59.048442940+00:00
As we can see, we're still about a second off, but this is because it takes a bit of time to query the RTC via I12C.

If you want to learn more, the Going Further at the end of this article is a good starting point!

5.3.5 Troubleshooting

The most common error results from not having initialized the RTC at all. This usually happens if the system is
powered on without an RTC battery and without a network connection.

In such cases, you should be able to read the time after setting the time as follows:

¢ Sync clock

sudo hwclock —--systohc

¢ Check RTC time

sudo hwclock

The above command should output 2024-05-10 21:06:56.692874+00:00.

5.3.6 Going Further

Consider learning about topics such as time keeping over GPS and Atomic Clocks!

There are some good YouTube videos below to provide sources for inspiration.

Network Time Protocol - Computerphile

Nanosecond Clock Sync - Jeff Geerling
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Fig. 5.13: https://youtu.be/RvnG-ywF6_s

Using GPS with PPS to synchronize clocks over the network

5.4 Using I12C OLED Display

Using 12C on BeagleY-Al is similar to using it on any Raspberry Pi compatible board. The image below shows
the BeagleY-Al 12C pinout. For more information check pinout.beagley.ai/pinout/i2c.

5.4.1 OLED (ssd1306) displays
Wiring/connection

Following the 12C pinout shown above let’'s make the connection of our OLED display with BeagleY-Al. Connec-
tion for both 128x64 and 128x32 resolution displays are demonstrated in the images below:

To check if your OLED is correctly connected to your BeagleY-Al you can use i 2cdetect command as shown
below.

i2cdetect -y -r 1

The above command should show 3¢ address occupied in the output, which is the default 12C address of our
OLED display.

debian@BeagleBone:~$ i2cdetect -y -r 1
0 1 2 3 4 5 6 7 8 9 a b c¢c d e f£
00: -

lo. —_—— e e e e e — —— —— —— —— ——
20. — e
30: == == == == == == == —— —— —— —— —= 3¢ —= -= -—-
40. —_—— e e e e ——

50: == —= == —= == = m= —— mm —— —m o —m o

601 —=— —= = —— —— —— —— —— —m o o o o o o
70: == == == == == —— —— -
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Fig. 5.14: https://youtu.be/7aTZ66ZL6Dk
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Fig. 5.15: BeagleY-Al I12C pinout

GND <=> HAT PIN9
VCC <=> HAT PIN1
SDA <=> HAT PIN3

I2¢C

SCL <=> HAT PIN5

SCL SDA

vevuv

GND VCC

) @0 ® © © O % OO e

Fig. 5.16: OLED display 128x32
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GND <=> HAT PIN9
VCC <=> HAT PIN1

SDA <=> HAT PIN3
SCK <=> HAT PIN5
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g. 5.17: OLED display 128x64

Using kernel driver

To use the kernel driver to drive the SSD1306 oled, we have created an overlay /boot/firmware/
overlays/k3-am67a-beagley—ai-i12cl-ssd1306.dtbo. To load the overlay you have to
add fdtoverlays /overlays/k3—-am67a-beagley-ai-i2cl-ssd1306.dtbo to /boot/
firmware/extlinux/extlinux.conf as shown below.

Note: Current overlay is created for 128x64 OLED displays, you can update the overlay to use it for other
resolution OLED displays.

label microSD (default)

kernel /Image

append console=ttyS2,115200n8 root=/dev/mmcblklip3 ro rootfstype=extd resume=/
—dev/mmcblklp2 rootwait net.ifnames=0 quiet

fdtdir /

fdt /ti/k3-am67a-beagley-ai.dtb

fdtoverlays /overlays/k3-am67a-beagley—-ai-i2cl-ssd1306.dtbo

After rebooting the board you should see /dev/fb0 available.

debian@BeagleBone:~$ 1ls /dev | grep fb
fb0

To show random noise on the display you can use /dev/urandom and feed it to /dev/fb0,

cat /dev/urandom > /dev/fbO0
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Fig. 5.18: Random noise on SSD1306 OLED

To show blank screen you can use /dev/zero and feed it to /dev/£fb0,

cat /dev/zero > /dev/£fb0

To fill the screen with white pixels you can create a python script called fill-oled.py to create data.
out file and feed it to /dev/fb0,

nano fill-oled.py

Copy paste the below codeto fill-oled.py,

xsize = 128
ysize = 64
with open('data.out', 'wb') as f:
for y in range (0, ysize):
for x in range (0, xsize):
pixel = 255
f.write ((pixel) .to_bytes (1, byteorder='little'))

To get the data.out from £fill-oled.py file execute the command below,

python fill-oled.py

The above command should create a file called data.out. To feed data.out to /dev/fb0 execute the
command below,

cat data.out > /dev/fbO0

Todo: Add instructions to use OLED for console and printing text via /dev/£b0 interface.
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Fig. 5.19: Blank (black/zero) SSD1306 OLED pixels

Fig. 5.20: Fill (white/ones) SSD1306 OLED pixels
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Setup ssd1306 linux software

There are several examples available online to use OLED (ssd1306) displays under linux. We are using
ssd1306_linux from armlabs to demonstrate how you can write to an OLED (ssd1306) display.

Tip: For detailed usage examples of the library check Examples section of the Readme.

Note: If you tried Using kernel driver, you must remove the fdtoverlays /overlays/
k3-am67a-beagley-ai-i2cl-ssd1306.dtbo line from /boot/firmware/extlinux/
extlinux.conf and reboot your BeagleY-Al board before following the instructions provided below.

Clone the ssd1306_11inux github repository on your BeagleY-Al.

git clone https://github.com/armlabs/ssd1306_linux.git

Change directory to your cloned ssd1306_11inux github repository.

cd ssd1306_linux

Execute make to build the binary to control your 12C OLED display.

make

Now, you should have ssd1306_lbin binary file generated in the folder that you can use to easily write text
on you I2C OLED (ssd1306) display.

Examplel: Hello World!!!! |et's create a script inside the repository (ssd1306 folder) to print Hello
World!!!! onthe screen.

nano hello-world.sh

Now copy paste the code shown below in your hello—-world. sh file. Update the code if your display
resolution is not 128x64, comment out first line and uncomment second line to choose 128x32 display
size.

./ssd1306_bin -n 1 -I 128x64
#./ssd1306_bin —n 1 —-I 128x32

./ssd1306_bin -n 1 -c

./ssd1306_bin —-n 1 -r O

./ssd1306_bin -n 1 -x 1 -y 1
./5sd1306_bin -n 1 -1 "Hello World!!'!!!"”

Execute the hello—-world. sh script using command below,

source hello—-world.sh

Executing the command above should print Hel1lo World!!!! on your OLED display.

Understanding the code

./ssd1306_bin -n 1 -I 128x64 O
#./5sd1306_bin -n 1 -I 128x32 [@

./ssd1306_bin —-n 1 -c O®
(continues on next page)
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Fig. 5.21: Hello World!!!! on 128x64 OLED

Fig. 5.22: Hello World!!!! on 128x32 OLED
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(continued from previous page)
./ssd1306_bin -n 1 -r 0 ®

./ssd1306_bin -n 1 -x 1 -y 1 ®

./ssd1306_bin -n 1 -1 "Hello World!!!!” &

@ Use this command to set OLED display resolution to 128x64

® Use this command to set OLED display resolution to 128x32

® Clear the display

@ Set rotation to 0 /normal

® Set cursor to location x:1 y:1

® Write Hel1lo World!!!! to display as line using —1 command.

Note: We are using —n 1 because our OLED display is connected to /dev/i12c—1 port.

Example2: Date and time To print the date and time on our OLED screen we will be using date command
but you can also use hwclock command to show date and time from onboard RTC. For details on using date
and hwclock you can check Using the on-board Real Time Clock (RTC) demo.

Let's create date—-time. sh in the same folder.

nano date-time.sh

Now copy paste the code shown below in your date—-time. sh file. Make sure to update the code if your
display resolution is not 128x64, comment out first line and uncomment second line to choose 128x32
display size.

./ssd1306_bin -n 1 -I 128x64
#./ssd1306_bin -n 1 -I 128x32

./ssd1306_bin -n 1 -c
./ssd1306_bin -n 1 -r O

while

do

./ssd1306_bin -n 1 -x 1 -y 1

./ssd1306_bin —n 1 —-f 1 -m ”"$(date +%Y:%m:%d) \n\n$ (date +%H:%M:%S)”
done

Execute the date—t ime. sh script using command below,

source date-time.sh

Executing the command above should print Date & Time on your OLED display.

Understanding the code

./ssd1306_bin —n 1 -I 128x64 @
#./55d1306_bin —-n 1 -I 128x32 [J

./ssd1306_bin -n 1 -c ®
./ssd1306_bin -n 1 -r 0 ®

while : ©

do

./ssd1306_bin -n 1 -x 1 -y 1 ®

./ssd1306_bin —n 1 -f 1 —-m ”"$(date +%Y:%m:%d) \n\n$ (date +%H:%M:%S)” @
sleep 0.2 ®

done
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Fig. 5.23: Date & Time on 128x64 OLED

Fig. 5.24: Date & Time on 128x32 OLED
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@ Use this command to set OLED display resolution to 128x64

® Use this command to set OLED display resolution to 128x32

® Clear the display

@ Set rotation to 0 /normal

® Run infinite loop to regularly update screen.

® Set cursor to location x:1 y:1

@ Write Date and Time to display on separate lines as message using —m command.
Sleep for 200ms (200 milli seconds)

Note: We are using —n 1 because our OLED display is connected to /dev/i12c—1 port.

Tip: Other 12C devices can also be connected and used with BeagleY-Al in the same way shown in this demo.

5.5 Using I12C ADC

Using 12C device on BeagleY-Al is similar to using it on any Raspberry Pi compatible board. The im-
age below shows the BeagleY-Al 12C pinout when using 5V for device VCC. For more information check
pinout.beagley.ai/pinout/i2c.

HAT

12C1 YW AT —O
12C1 5 AGSTEN—O

J GND gm @}

Fig. 5.25: BeagleY-Al I12C pinout (5V)

5.5.1 ADS1115 16-bit ADC

Wiring/connection

Following the 12C pinout shown above let’s make the connection of our ADS1115 ADC.

Tip: The ADC can workon 2.0V — 5.5V voltage range, here we have selected to run it on 5V from HAT
PINZ2. For more information checkout ADS1115 datasheet.

To check if your ADS1115 ADC is correctly connected to your BeagleY-Al you can use 12cdetect command
as shown below.

i2cdetect -y -r 1

The above command should show 4 8 address occupied in the output, which is the default 12C address of our
ADS1115 ADC.
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1eBit I2C ADC+PGA
ADS1115

(v VDD <=> HAT PIN2 (5V)
%@@@@@*U SDA <=> HAT PIN3

SRRl  SCL <=> HAT PIN5
GND <=> HAT PIN9 (GND)

a A
a =
> O

Fig. 5.26: ADS1115 connection

debian@BeagleBone:~$ i2cdetect -y -r 1
0 1 2 3 4 5 6 7 8 9 a b c¢c d e f£
00: .

10t == == == == —= o= o —m —m oo o o o o o o

20. —— e e e e

308 —= —= m= mm mm mm mm mm mm mm em mm —m o -
40: —= —= == == == == == == 48 —= —= —= —= —— - -

50. U

60: —= —= == —— —— —— —— —— —— o o
70: —— —— —= —— —— — — ——

ADC Parameters
PGA The pga is the programmable gain amplifier (values are full scale), in the device tree overlay we have
ti,gain = <#>; where # can be following,

e 0: +/-6.144V

: +/-4.096 V (default)

: +/-2.048V

1
2

s 3: +/-1.024V
4: +/-0.512V
5

i +/-0.256 V

Data rate The data_rate in samples per second, in the device tree overlay we have ti, datarate =
<#>; where # can be following,

« 0:8
« 1:16
e 2:32
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1 64

: 128
: 250
: 475

L]
N o O S W

: 860 (default)

ADC Inputs The inputs can be made available by 8 sysfs input files in0O_input - in7_input,
* in0: Voltage over AINO and AIN1.
e inl: Voltage over AINO and AIN3.
e 1n2: Voltage over AIN1 and AIN3.
e 1in3: Voltage over AIN2 and AIN3.
+ in4: Voltage over AINO and GND.
e inb5: Voltage over AIN1 and GND.
e 1n6: Voltage over AIN2 and GND.

e in7: Voltage over AIN3 and GND.

Note: In the device tree overlay we have channel@4 - channel(@7 device tree nodes representing
ind4 - 1in7 from the list above.

Using kernel driver

To use the kernel driver to drive the ADS1115 ADC, we have created an overlay /boot/firmware/
overlays/k3-am67a-beagley-ai-i2cl-adsl1115.dtbo. To load the overlay you have to
add fdtoverlays /overlays/k3—-amé67a-beagley-ai-i2cl-adsl1115.dtboto /boot/
firmware/extlinux/extlinux.conf as shown below.

label microSD (default)

kernel /Image

append console=ttyS2,115200n8 root=/dev/mmcblklp3 ro rootfstype=extd4d resume=/
—dev/mmcblklp2 rootwait net.ifnames=0 quiet

fdtdir /

fdt /ti/k3-am67a-beagley-ai.dtb

fdtoverlays /overlays/k3-am67a-beagley—-ai-i2cl-adsl1115.dtbo

After rebooting the board you should see /sys/bus/iio/devices/iio:device0 available.

debian@BeagleBone:~$ 1s /sys/bus/iio/devices/ | grep iio
iio:deviceO

To show all the ADC Inputs you can create a script called adcreader. sh.

¢ Create the file,

nano adcreader.sh

¢ Copy and paste the content below,
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in0=$ (cat
inl=$ (cat
in2=$ (cat
in3=$ (cat
in4=$ (cat
in5=$ (cat
in6=$ (cat
in7=$ (cat

echo ”in0O=
—Nnin6=5S{i

/sys/bus/iio/devices/iio\:
/sys/bus/iio/devices/iio\:
/sys/bus/iio/devices/iio\:
/sys/bus/iio/devices/iio\:
/sys/bus/iio/devices/iio\:
/sys/bus/iio/devices/iio\:
/sys/bus/iio/devices/iio\:
/sys/bus/iio/devices/iio\:

inl }\nin2=

”

in0 }\ninl=
né6 }\nin7=5S{in7

device0/in_voltageO-voltagel_raw)
device0/in_voltageO-voltage3_raw)
device0/in_voltagel-voltage3_raw)
device0/in_voltage2-voltage3_raw)

device0/in_voltageO_raw)
device(O/in_voltagel_raw)
deviceO/in_voltage2_raw)
device0/in_voltage3_raw)
\nin4=

in2 }\nin3=5{in3

* To allow the execution of the script as normal user use the command below,

chmod +x a

dcreader.sh

in4 }\ninb5=

* To view the ADC updates every 100ms use the wat ch command as shown below,

watch -n 0

The above command should show the values as shown below and it will update them every 0. 1s,

Every 0.1s

in0=0
inl=-2
in2=2
in3=0
ind=4447
in5=4762
in6=4470
in7=4696

.1 adcreader.sh

: adcreaderl.sh

5.6 Using PCA9685 Motor Drivers

in5

\

Todo: Add further testing steps, results, and images.

There are several such “Motor and Servo Driver HATs” available on Amazon, Adafruit and other marketplaces.
While different manufacturers implement them slightly differently, the operating principle remains the same.

This guide aims to show you examples for two, namely the Xicoolee and Adafruit variants and how you can
modify the example Python userspace library for other variations.

5.6.1 Operating Principle

The NXP PCA9685 is a simple 16-channel, 12-bit PWM controller that communicates over 12C.

While originally designed as an LED driver, it’s ability to output PWM also makes it suitable as a Servo Motor

driver.

In addition, to add the ability to drive DC motors, some board designers add one or two Toshiba TB6612FNG
dual motor drivers as shown in the schematic below.
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If we look at the Xicoolee board and compare it to the schematic, we see that indeed Servo Channels 3-8 on
the PCB Silkscreen match pins 12 through 18 of the PWM Driver, while PWM1, PWM2, INA1/2 and INB1/2 are
used in conjunction with the TB6612FNG.

Looking at the TB6612FNG Datasheet, we can see that the IN pins for Channels A and B (INAx, INBx) are used
to control the direction or “mode” of the DC motor, while the PWM signal controls the rotation speed for that
particular channel.

TOSHIBA
TB6612FNG

H-SW Control Function

Input Output
IN1 IN2 PWM STBY OuUT1 ouT2 Mode
H H H/L H L L Short brake
H H L H ccw
L H
L H L L Short brake
H H H L cw
H L
L H L L Short brake
L L H H OFF Sto
(High impedance) P
H/L H/L H/L L ) ,OFF Standby
(High impedance)

Thus, we can use the decoder table above to infer that to drive motor channel A at 50% speed clockwise, we
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would set the PCA9685 to output INAL High, INA2 Low and PWM1 at a 50% duty cycle.

If we wanted to go counter-clockwise, we would simply swap things around so INA1 was Low, INA2 was High
and assuming we want to keep the same rotation speed, PWM1 at a 50% duty cycle.

Lastly, we have the option for a “Short Brake” for the motors but please note that it is not recommended to
keep motors in this state as that shorts the coils internally and will cause them to heat up over time. If you
want to stop your motor, you should issue a “Short brake” state followed by a short delay to allow the motor to
physically stop rotating and then leave the motor in the “Stop” state (which de-energizes the coils) by setting
IN1 and IN2 to LOW.

But enough theory, let's use some actual code to make things spin...

5.6.2 Using Adafruit ServoKit

If you are looking to drive Servo motors accurately and not particularly interested in driving DC motors, you
may consider using the Adafruit ServoKit library which simplifies this type of use case. As with all python
modules, make sure you do so inside a virtual environment as shown below!

mkdir project-name && cd project-name

python3 -m venv .venv

source .venv/bin/activate

sudo pip3 install —--upgrade setuptools

sudo pip install —--upgrade adafruit-python-shell

wget https://raw.githubusercontent.com/adafruit/Raspberry-Pi-Installer—
—Scripts/master/raspi-blinka.py

sudo python raspi-blinka.py

pip3 install adafruit-circuitpython-servokit adafruit-circuitpython-
—busdevice adafruit-circuitpython-register

From here, you should be able to run some example code such as the following:

import time
from adafruit_servokit import ServoKit

# Set channels to the number of servo channels on your kit.
# 8 for FeatherWing, 16 for Shield/HAT/Bonnet.
kit = ServoKit (channels=16)

kit.servo[0].angle = 180

kit .continuous_servo[l].throttle = 1
time.sleep (1)
kit.continuous_servo[l].throttle
time.sleep (1)
kit.servo[0].angle =
kit .continuous_servo|[

Il
|
[N

0
1] .throttle = 0

To explore ServoKit further, check out the ServoKit Github Page and Examples

5.6.3 Python User-space Driver

As mentioned before, the PCA9685 is a rather simple 12C device, so the driver for it is equally simple:
PCA9685.py

Simply download this to the root of your project and you are most of the way there.

From there, you simply need an import statement and to define the driver instance:

from PCA9685 import PCA9685

pwm = PCA9685(0x60, debug=False) #Default I2C Address for the shield is 0x60
pwm.setPWMFreq (50) #Most Servo Motors use a PWM Frequency of 50Hz
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You can now drive LEDs or servo motors by issuing the following command (replacing pin and dutyCycle with
your particular values):

pwm.setDutycycle (pin, dutyCycle)

5.6.4 WaveShare Motor and Servo Driver HAT

Waveshare writes some of the better documentation for these types of Motor Driver HATs

Todo: Add more information on Waveshare motor & servo driver HAT.

5.6.5 XICOOLEE Motor and Servo Driver HAT
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Photo Credit - Xicoolee

Looking at the schematic for the Xicoolee HAT, we see that we need to define our DC motor pins as follows:

#Xicoolee TB6612FNG

self .PWMA =
self.AIN1
self.AIN2
self.PWMB =
self.BIN1 =
self.BIN2 =

Il
S w ok N o

We can then run some simple example code as shown below:
#!/usr/bin/python

from PCA9685 import PCA9685
import time

Dir = [
'forward',

'backward',

(continues on next page)
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(continued from previous page)

pwm = PCA9685(0x40, debug=False)
pwm.setPWMEFreq (50)

class MotorDriver () :
def _ init__ (self):

# Match these to your particular HAT!
self .PWMA = 0
self.AIN1 =
self.AIN2 =
self .PWMB =
self.BIN1 =
self.BIN2 =

DSw 0N

def MotorRun (self, motor, index, speed):
if speed > 100:

return
if (motor == 0):
pwm.setDutycycle (self.PWMA, speed)
if (index == Dir[0]) :
print (”1"7)

pwm.setLevel (self.AIN1, O0)

pwm.setLevel (self.AIN2, 1)
else:

print (”72")

pwm.setLevel (self.AIN1, 1)

pwm.setLevel (self.AIN2, 0)

else:

pwm.setDutycycle (self.PWMB, speed)
if (index == Dir[0]):

print (”3")

pwm.setLevel (self.BIN1, O0)

pwm.setLevel (self.BIN2, 1)
else:

print (”4")

pwm.setLevel (self.BIN1, 1)

pwm.setLevel (self.BIN2, O0)

def MotorStop(self, motor):
if (motor == 0):
pwm.setDutycycle (self.PWMA, O)
else:
pwm.setDutycycle (self.PWMB, O)

print ("this is a motor driver test code”)
Motor = MotorDriver ()

print ("forward 2 s”)
Motor.MotorRun (0, 'forward', 100)
Motor.MotorRun (1, 'forward', 100)
time.sleep(2)

print ("backward 2 s”)
Motor.MotorRun (0, 'backward', 100)
Motor.MotorRun (1, 'backward', 100)
time.sleep(2)

print (”"stop”)
Motor.MotorStop (0)
Motor.MotorStop (1)
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5.6.6 Adafruit DC & Stepper Motor HAT

Photo Credit - Adafruit

Looking at the schematic for the Adafruit HAT, we see that we need to define our DC motor pins as follows:

#Adafruit TB6612FNG #1

self.PWMA = 8
self.AIN1 = 10
self.AIN2 = 9
self.PWMB = 13
self.BIN1 = 11
self.BIN2 = 12

#Adafruit TB6612FNG #2

self .PWMA_2 =
self.AIN1_2 =
self.AIN2_2 =
self .PWMB_2 =
self.BIN1_2 =
self.BIN2_2 =

o U J W DN

Todo: Expand on running 2 DC motor objects
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5.7 Booting from NVMe Drives

Todo: Add further testing steps, results, and images.

BeagleY-Al supports a PCI-Express x1 interface which enables data rates of up to 1GB/s for high speed expan-
sion.

Note: While the SoC supports PCl-e Gen 3, the flat-flex connector required by HATs is only rated for PCl-e Gen
2, so, as is the case with other similar boards in this form factor, actual transfer speeds may be limited to Gen
2, depending on a variety of layout and environmental factors

This enables it to take advantage of standard PC NVMe drives which offer exponentially higher random and
sequential read/write speeds as well as improved endurance over SD cards or traditional eMMC storage.

While the boot-ROM on the AM67 SoC does not support direct boot-to-NVMe, we can use a method where we
boot U-Boot from the SD Card and then use it to load the Linux filesystem from external NVMe storage.

5.7.1 Verified HATs and Drives
Most/All HATs and NVMe drives should work, but the following have been verified to work as part of writing this
guide:
HATs:
1. Geekworm X1001 PCle to M.2 Key-M
2. Geekworm X1000 PCle M.2 Key-M
NVMe drives:
1. Kingston OM3PDP3512B (512GB 2230)
2. Kingston NV2 (512GB 2280)
Drive Adapters (3D Printable):

The X1000 above uses the slightly uncommon 2242 drive size, so, an adapter may be required to mount a
2230 drive.

1. A simple adapter from @eliasjonsson on Printables works great - https://www.printables.com/
model/578236-m2-ssd-2230-t0-2242

2. Similar adapters exist for 2230 to 2280 for example such as this one from @nzalog - https://www.
printables.com/model/217264-2230-to-2280-m2-adapter-ssd

5.7.2 Step by step

Note: This article was written using the BeagleY-Al Debian XFCE 12.5 2024-06-12 image.

Step 1. Boot from SD Normally

Grab the latest BeagleY-Al SD Image from (BeagleBoard.org/distros.)

Once logged in and at the terminal, make sure your system is up to date (a reboot is also recommended after
updating)
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sudo apt—-get update && sudo apt—-get full-upgrade -y
sudo reboot

Step 2. Verify that your NVMe drive is detected

The command 1spci will list the attached PCI Express devices on the system:

debian@BeagleY:~$ lspci

You should see an output similar to the following, where the first entrance is the SoC internal PCI Express bridge
device and the second device listed is your NVMe drive, in this case, a Kingston OM3PDP3 drive.

00:00.0 PCI bridge: Texas Instruments Device b010
01:00.0 Non-Volatile memory controller: Kingston Technology Company, Inc..
—OM3PDP3 NVMe SSD (rev 01)

Now that we know the PCle device is detected, let’s see if it's recognized as a Storage Device:

The command 1sb 1k will list the attached storage devices on the system:

debian@BeagleY:~$ lsblk

NAME MAJ:MIN RM  SIZE RO TYPE MOUNTPOINTS
mmcblkl 179:0 0 29.7G 0 disk

Fmmcblkipl 179:1 0 256M 0 part /boot/firmware
Fmmcblkip2 179:2 0 4G 0 part [SWAP]

L mmcblkip3 179:3 0 25.56 0 part /

nvmeOn1l 259:0 0 476.9G 0 disk

LnvmeOnipl 259:1 0 476.9G 0 part

Here we see that two devices are connected, mmclb1k1 corresponds to our SD card, and nvmeOn1 corre-
sponds to our NVMe drive, so everything is ready to go!

If your drives aren’t listed as expected, please check the Troubleshooting section at the end of this document.

Step 3a. Transfer your root filesystem over to NVMe with a bootmenu option (recommended)

For this method, you will need Raspberry Pi Debug Probe or similar serial (USB to UART) adapter, to select the
2: transfer microSD rootfs to NVMe (advanced) the boot menu option:

Scanning mmc 1:1...

Found /extlinux/extlinux.conf

Retrieving file: /extlinux/extlinux.conf
BeagleY-AI microSD (extlinux.conf) (swap enabled)
1: microSD (production test)

2: transfer microSD rootfs to NVMe (advanced)

3: microSD (debuq)

4: microSD (default)

Enter choice: 2

The BeagleY-Al will shutdown when complete

Step 3b. Transfer your root filesystem over to NVMe with a shell script
A variety of useful scripts are available in /opt /, one of them enables us to move our micro-sd contents to
NVMe and make BeagleY-Al boot from there directly.

The following 3 commands will change your U-boot prompt to boot from NVMe by default, but the serial boot
menu will still enable you to fall back to SD boot or other modes if something happens.
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Note: This will copy the entire contents of your SD card to the NVMe drive, so expect it to take upwards of 15
minutes. This only needs to be run one time

sudo cp -v /opt/u-boot/bb-u-boot-beagley—-ai/beagley-ai-microsd-to-nvme-w—
—swap /etc/default/beagle-flasher

sudo beagle—-flasher-mv-rootfs—-to—-nvme

sudo reboot

Step 4. (optional) Verify u-boot (Serial Debug) will jump to the rootfs on the NVMe

Note: boot menu 1: return to microSD will allow you to return to the microSD rootfs for any
reasons.

Scanning mmc 1:1...

Found /extlinux/extlinux.conf

Retrieving file: /extlinux/extlinux.conf
BeagleY-AI NVMe (extlinux.conf) (swap enabled)
1: return to microSD

2: NVMe (debug)

3: NVMe (default)

Enter choice: 3

Enjoy NVMe speeds!

Now that we’ve run the scripts above, you should see that Isblk now reports that our / or root filesystem is on
the nvmeOnlpl partition, meaning we are successfully booting from the NVMe drive.

It's subtle, but the change can be seen by running 1sblk again.

debian@BeagleY:~$ lsblk

NAME MAJ:MIN RM SIZE RO TYPE MOUNTPOINTS
mmcblkl 179:0 0 29.8G 0 disk

Fmmcblkipl 179:1 0 256M 0 part /boot/firmware
Fmmcblkip2 179:2 0 4G 0 part

Lmmcblkip3 179:3 0 25.6G 0 part

nvmeOnl 259:0 0 931.5G 0 disk

F-nvmeOnipl 259:1 0 4G 0 part [SWAP]
LnvmeOnlip2 259:2 0 927.5G6 0 part /

Congratulations!

5.7.3 Troubleshooting

While most setups should work, it is possible that a combination of Software, Hardware or both can result in
minor issues. Here are some ideas for troubleshooting on your own:

Check that your cables are plugged in and oriented correctly

The flat-flex ribbon cable will only connect correctly one way, so ensure the orientation is correct with your
expansion HAT manual and that the ribbon cable is correctly seated.
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A note on power-hungry drives

While most drives can be powered as-is with only the ribbon cable, some drives, especially high end full-
size 2280 drives may consume more power than normal for an M.2 connector. For such cases, some HAT
expansions will provide a means of providing external supplemental power. If your drive is not detected, it
may be worthwhile to try using a drive from a different manufacturer as a troubleshooting step.

As a side note, since 2230 drives are normally designed to run in Laptops, they tend to also consume less
power than their desktop counterparts and as such, are a “safer” option.

Check the Linux Kernel Logs for PCI:

You should see something similar to below without further errors:

debian@BeagleY:~$ dmesg | grep "PCI”

[ 0.005276] PCI/MSI: /bus@f0000/interrupt-controller@1800000/msi-
—~controller@1820000 domain created

[ 0.158546] PCI: CLS 0 bytes, default 64

[ 3.674209] j72le-pcie—host £102000.pcie: PCI host bridge to bus 0000:00
[ 3.742406] pci 0000:01:00.0: 7.876 Gb/s available PCIe bandwidth, .

—~limited by 8.0 GT/s PCIe x1 link at 0000:00:00.0 (capable of 31.504 Gb/s.
—with 8.0 GT/s PCIe x4 link)
[ 4.915630] pci 0000:00:00.0: PCI bridge to [bus 01]

Still having issues?

Post questions on the forum under the tag “beagley-ai”.

5.8 Using IMX219 CSI Cameras

Todo: Add further testing steps, results, and images.

Todo: Need to add gstreamer and/or cheese commands to show how to make use of connected cameras.

5.8.1 Camera connection

You have to make sure the CSI camera FPC cable is connected in proper orientation for camera to work properly.
The image below shows how it should look when connected correctly.

Tip: The image shows camera connection to CSIO0 port, you can similarly connect a camerato CSI1/DSI0
port

5.8.2 Configuring CSI camera

To enable an IMX219 CSI camera, we have to modify the following file: /boot/firmware/extlinux/
extlinux.conf. We can check the available list of Device Tree Overlays using command below,

ls /boot/firmware/overlays/ | grep "beagley”
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CSI Camera connection

Fig. 5.27: BeagleY-Al camera connection

When executed the above command should give output show below,

debian@BeagleBone:~$ 1s /boot/firmware/overlays/ | grep "beagley”
k3-am67a-beagley-ai-csi0-imx219.dtbo
k3-am67a-beagley—-ai-csiO-ov5640.dtbo
k3-am67a-beagley-ai-csil-imx219.dtbo
k3-am67a-beagley-ai-dsi-rpi-7inch-panel.dtbo
k3-am67a-beagley—-ai-lincolntech-1851lcd-panel.dtbo

Using CSI Port O

Add the line shown below to /boot/firmware/extlinux/extlinux.conf file to load the IMX219
CSIO device tree overlay:

fdtoverlays /overlays/k3-am67a-beagley-ai-csi0-imx219.dtbo

Your /boot/firmware/extlinux/extlinux.conf file should look something like this:

label microSD (default)

kernel /Image

append console=ttyS2,115200n8 root=/dev/mmcblk0p2 ro rootfstype=extd._
—rootwait net.ifnames=0

fdtdir /

fdt /ti/k3-am67a-beagley—-ai.dtb

fdtoverlays /overlays/k3-amé67a-beagley-ai-csi0-imx219.dtbo

initrd /initrd.img

Now reboot you BeagleY-Al to load the overlay,

sudo reboot

After reboot you can use beagle—camera—setup to setup your IMX219 CSI camera,

122 Chapter 5. Demos and tutorials



BeagleY-Al

sudo beagle—-camera-setup

beagle—camera-setup should give you below output,

debian@beagle:~$ sudo beagle-camera-setup
[sudo] password for beagle:
IMX219 Camera 0 detected

device = /dev/video—imx219-cam0
name = imx219
format = [fmt:SRGGB8_1X8/1920x1080]

subdev_id = /dev/v4l-imx219-subdev0
isp_required = yes

To check if the configuration is successfull you can check the video devices with 1s /dev/ | grep video
and you should see video—imx219-camO listed as show below,

beagle@beagle:~$ 1ls /dev/ | grep video
video—-imx219-cam0
videoO

videol

video?2

video3

video4

videob

videob

video7

video8

5.8.3 Using CSI Port 1

Todo: add instructions to setup CSI1

5.8.4 Photos & video

Todo: add instruction to take photos and videos

5.8.5 Troubleshooting

Found /extlinux/extlinux.conf
Retrieving file: /extlinux/extlinux.conf
beagley—-ai microSD (extlinux.conf)

1: microSD Recovery

23 microSD (RPI 7inch panel)
33 microSD (lincolntech-1851lcd panel)
4. microSD (csi0 imx219)
53 microSD (csil imx219)
6: microSD (csi0 ov5640)
78 microSD (default)
Enter choice: 4
4: microSD (csi0 imx219)
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5.9 Using the Arducam Dual V3Link Camera Kit

Todo: Add further testing steps, results, and images.

The Arducam Dual V3Link Camera Kit is an IMX219 based kit that leverages Texas Instruments’ FPDLink tech-
nology to enable using two CSI cameras over a single port up to 15 meters away using twisted pair cables.

ArduCam

8mp Camera-
era

Up to 2 X IMX219 Camera Module

Note: Unlike the larger quad-camera kit, the dual camera kit aims to simplify the software stack and improve
interoperability with the Raspberry Pi and other non-TI SBCs by forgoing the ability to support multi-stream CSI
inputs. This means that it is limited to “switching” between the two FPDLink inputs but has the benefit of not
requiring additional drivers beyond support for the base CSI camera driver (IMX219 in this case)

5.9.1 Initial Hardware Connection

Simply plug in the HAT into the BeagleY GPIO header and connect the CSI header as shown below.
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Either CSI header may be connected but make sure you use the corresponding CSI port DTS when enabling
your “camera”.

Todo: ADD CSI 0/1 Header Location photo.

5.9.2 Verify that the HAT is connected

The Arducam HAT should present itself as an I12C device on Bus 1.

To check that the 12C Bus looks like we expect:

sudo i2cdetect -r -y 1

To verify actual communication with the FPDlink device, we issue the following command:

sudo i2ctransfer -f -y 4 w30@0x0c Oxff 0x55 0x01 ril

5.9.3 Switching CSI Channels

The channel numbering for FPDLink goes from 1 to 2 (as opposed to counting from 0 as is the case for CSI)
Thus, to select video output from channel 1:

sudo i2ctransfer -f -y 4 w3@0x0c Oxff 0x55 0x01

To switch to channel 2:

sudo i2ctransfer -f -y 4 w3@0x0c Oxff 0x55 0x02

5.9.4 Troubleshooting

For additional documentation and support, see the Arducam Docs.

5.10 TensorFlow Lite Object Detection

This document describes how to set up and run an object detection model using TensorFlow Lite on the BeagleY-
Al platform. Below is a demonstration.
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FPS: 3.19

keyboard: 68%

remote: 68%

To run the object detection model on the BeagleY-Al, you will need the following:

* BeagleY-Al Board: Make sure to refer to the BeagleY-Al standalone connection for proper setup.

* USB Webcam: The model has been tested with the Logitech Webcam C270, but it should work well with

other webcam too.

* Active Internet Connection: Necessary for the installation of modules. Please check the WiFi connec-

tion guide for setting up the network.

5.10.1 Step 1: Installation of Conda

In this step, we will install a lightweight version of Conda.

wget https://github.com/conda-forge/miniforge/releases/download/24.3.0-0/

—Mambaforge-24.3.0-0-Linux—-aarch64.sh
bash Mambaforge-24.3.0-0-Linux—-aarch64.sh

After accepting the license terms you can verify the installation by

conda —-version

5.10.2 Step 2: Create Virtual Environment

Create a virtual environment with Python 3.9.

conda create —-name myenv python=3.9

5.10.3 Step 3: Activate the Virtual Environment

Activate the virtual environment created in the previous step.

conda activate myenv
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5.10.4 Step 4: Install Necessary Modules

Install the required Python modules.

pip install https://github.com/google-coral/pycoral/releases/download/v2.0.0/
—~tflite_runtime-2.5.0.postl-cp39-cp39-1linux_aarch64.whl

pip install numpy==1.26.4

pip install opencv-python

5.10.5 Step 5: Load Necessary Pretrained Models

Create a directory for the object recognition models and download a pretrained model.

mkdir object-recognition

cd object-recognition

wget https://storage.googleapis.com/download.tensorflow.org/models/tflite/
—coco_ssd_mobilenet_vi1_1.0_qgquant_2018_06_29.zip

unzip coco_ssd_mobilenet_vl_ 1.0_quant_2018_06_29.zip -d TFLite_model

Tip: You can train your own model using TensorFlow Lite.Here are some resources
1. Train TensorFlow Lite Object Detection Model.

2. TensorFlow Lite Model Maker.

5.10.6 Step 6: Connect Your USB Webcam

Connect your USB webcam via a USB socket.

ls -1 /dev | grep video

: $ 1s -1 /dev | grep video
rW—TWN———— :55 fbo

o | E— :42 media®

rw-rw————+ :55 video®

rou-rw————+ :55 videol
| — :55 video2
| f— :42 video3
P | E— :42 videol

Note: Check the video driver with the above command. Here its 3 in my case.

5.10.7 Step 7: Create the Code File

Create a Python file for running object detection.

nano object-detection.py

Paste the following code into the file:

import os
import argparse
import cv2
import numpy as np
(continues on next page)
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(continued from previous page)
import time
from threading import Thread
import importlib.util
from typing import List
import sys
from tflite_runtime.interpreter import Interpreter, load_delegate

video_driver_id = 3

class VideoStream:
?7”7?Handles video streaming from the webcam.
def _ init_ (self, resolution=(640, 480), framerate=30):
self.stream = cv2.VideoCapture (video_driver_id)
self.stream.set (cv2.CAP_PROP_FOURCC, cv2.VideoWriter_fourcc (*'MJPG"))
self.stream.set (3, resolution([0])
self.stream.set (4, resolution[1])
self.grabbed, self.frame = self.stream.read()
self.stopped = False

PR

def start (self):
»rrstarts the thread that reads frames from the video stream.
Thread(target=self.update, args=()).start ()
return self

o

def update (self) :
”7»rContinuously updates the frame from the video stream.
while True:
if self.stopped:
self.stream.release()
return
self.grabbed, self.frame = self.stream.read()

wrn

def read(self):
””7”Returns the most recent frame.”””
return self.frame

def stop(self):
77r”Stops the video stream and closes resources.
self.stopped = True

nrn

def load_labels(labelmap_path: str) -> List[str]:
»7”r”Toads labels from a label map file.”””

try:
with open (labelmap_path, 'r') as f:
labels = [line.strip() for line in f.readlines()]
if labels[0] == "'?2?22"':

labels.pop (0)
return labels
except IOError as e:

print (f”Error reading label map file: {e}”)
sys.exit ()
def main () :
# Argument parsing
parser = argparse.ArgumentParser ()
parser.add_argument ('--modeldir', required=True, help='Folder the
~tflite file is located in'")
parser.add_argument ('-—-graph', default='detect.tflite', help='Name of.
—~the .tflite file')
parser.add_argument ('-—labels', default='labelmap.txt', help='Name of.

—the labelmap file')

(continues on next page)
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(continued from previous page)

parser.add_argument ('-—-threshold', default='0.5"', help='Minimum.
—confidence threshold"')

parser.add_argument ('--resolution', default='1280x720', help='Desired.
—webcam resolution')

args = parser.parse_args ()

# Configuration

model_path = os.path.join(os.getcwd(), args.modeldir, args.graph)
labelmap_path = os.path.join(os.getcwd (), args.modeldir, args.labels)
min_conf_threshold = float (args.threshold)

resW, resH = map(int, args.resolution.split('x"))

# Load labels and interpreter

labels = load_labels (labelmap_path)

interpreter = Interpreter (model_path=model_path)
interpreter.allocate_tensors ()

# Get model details

input_details = interpreter.get_input_details ()
output_details = interpreter.get_output_details /()

height, width = input_details[0]['shape'][1:3]
floating_model = (input_details[0]['dtype'] == np.float32)

outname = output_details[0]['name']
boxes_idx, classes_idx, scores_idx = (1, 3, 0) if
—'StatefulPartitionedCall' in outname else (0, 1, 2)

# Initialize video stream
videostream = VideoStream(resolution=(resW, resH), framerate=30).start ()
time.sleep (1)

frame_rate_calc = 1
freq = cv2.getTickFrequency ()

while True:
tl = cv2.getTickCount ()
frame = videostream.read()
frame_rgb = cv2.cvtColor (frame, cv2.COLOR_BGR2RGB)
frame_resized = cv2.resize (frame_rgb, (width, height))
input_data = np.expand_dims (frame_resized, axis=0)

if floating _model:
input_data = (np.float32 (input_data) - 127.5) / 127.5

interpreter.set_tensor (input_details[0] ['index'], input_data)
interpreter.invoke ()

boxes = interpreter.get_tensor (output_details[boxes_idx]['index']) [0]

classes = interpreter.get_tensor (output_details[classes_idx] ['index
—~'1) [0]

scores = interpreter.get_tensor (output_details|[scores_idx] ['index
—"'1) [0]

for i in range(len(scores)) :
if min_conf_threshold < scores[i] <= 1.0:

ymin, xmin, ymax, xmax = [int (coord) for coord in (boxes[i]._
—~* [resH, resW, resH, resW])]

cv2.rectangle (frame, (xmin, ymin), (xmax, ymax), (10, 255,.
<4’o)/ 2)

object_name = labels[int (classes[i])]

label = f'{object_name}: {int (scores[i] * 100) }%

v

(continues on next page)
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(continued from previous page)

labelSize, baseline = cv2.getTextSize (label, cv2.FONT_
HERSHEY_SIMPLEX, 0.7, 2)

label_ymin = max(ymin, labelSize[l1l] + 10)

cv2.rectangle (frame, (xmin, label_ymin - labelSize[1l] - 10),.
— (xmin + labelSize[0], label_ymin + baselLine - 10), (255, 255, 255), cv2.
—~FILLED)

cv2.putText (frame, label, (xmin, label_ymin - 7), cv2.FONT_
HERSHEY_SIMPLEX, 0.7, (0, 0, 0), 2)

cv2.putText (frame, f'EFPS: frame_rate_calc:.2f}'", (30, 50), cv2.FONT_
HERSHEY_SIMPLEX, 1, (255, 255, 0), 2, cv2.LINE_AA)
cv2.imshow ('Object detector', frame)

t2 = cv2.getTickCount ()
timel = (t2 - tl1) / freq

frame_rate_calc = 1 / timel
if cv2.waitKey(l) == ord('g'"):
break

cv2.destroyAllWindows ()
videostream.stop ()

if name_ == "__main_ ":

main ()

Note: Make sure to change your video driver ID depending on your video driver. Here, the video driver ID is
set to 3.

5.10.8 Step 8: Run the Object Detection Script
To run the object detection script, use the following command. Replace TFLite_model with the path to your
model directory if it differs:

python3 object_detection.py —--modeldir=TFLite_model

A window will open, displaying the object detection model in action.

5.11 Using Edge Al

In this tutorial, we will set up a BeagleY-Al with an attached camera to run local Al inference using the Texas
Instruments Edge Al image.

The Edge Al image includes a collection of computer vision demonstrations including object detection and
image classification. It enables AM67A SoC features not yet ported to the Beagleboard Debian distribution,
including:

e Al acceleration using C7x MMA cores

* Image signal processing using the VPAC (Vision Processing Accelerator)
* Real-time computation on R5F cores

¢ OpenVX + GStreamer orchestration of computer vision pipelines

We will review a few sample GStreamer flows for UDP streaming, object detection, and image pre-processing.
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Fig. 5.28: Object detection demo

The tutorial concludes with links to additional resources for building a complete Edge Al application of your
own.

5.11.1 Hardware setup

A camera, and a few other additional parts are needed to run Edge Al demos. Optionally, a 3D printed mount
can organize the components onto a standard camera tripod with the sensor oriented forward.

Item Notes

BeagleY-Al Pictured with Raspberry Pi 5 Active Cooler

MicroSD card 32GB or greater recommended

Power supply Minimum 15W (3A @ 5V) USB Type-C

Camera IMX219 CSI module or USB+UVC webcam

Raspberry Pi debug probe For initial device configuration. Learn more here.

HDMI display For interacting with Edge Al GUI

USB mouse For interacting with Edge Al GUI

3D printed camera mount (Optional) For orienting Arducam IMX219 module forward. Download design on Printables.

Warning: Ensure your power supply provides sufficient wattage (8W+). Powering the device on a laptop
USB port may only provide up to 2.5W (0.5A @ 5V).

Important: USB on BeagleY-Al is presently unreliable and often fails to initialize. This issue also impacts
Beagleboard Debian. You may observe the USB mouse or camera not being detected.

If you hit this issue, try rebooting the device.

If using an IMX219 camera, connect it to port CSI 0 and verify that the cable leads are oriented correctly.
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5.11.2 SD card image

We require the Tl Edge Al for BeagleY-Al image flashed to an SD card for this tutorial. This is a modified
version of the official TI Edge Al release with a few device tree and driver additions required for board support
of the BeagleY-Al.

Release Notes

11.00.00.08 2025-09-06 (Latest) cc33xx driver updated to 1.0.2.10 improving Wi-Fi latency
11.00.00.08 2025-07-12 cc33xx (Wi-Fi/Bluetooth) 1.0.0.8 driver added

11.00.00.08 2025-07-03 Original BeagleY-Al board support release

For more information on this image:
* Tl Edge Al SDK documentation
* Beagleboard Edge Al image - Cl pipeline

e SD card flashing instructions

5.11.3 Image configuration

With the SD card flashed and inserted into the BeagleY-Al, it’s time to boot the board and configure it via the
debug probe + serial console.

Connecting over serial

Ensure the host machine is physically connected to the BeagleY-Al's port via the debug probe. Then, identify
the serial console’s /dev handle and connect using the serial client of your choice such as minicom.

sudo minicom -con -D /dev/ttyACMO

Tip: Minicom’s —con option enables colors.

Once the BeagleY-Al is booted and you see a login shell in the console, log in as user root. No password is
required.

Network configuration
Connecting the BeagleY-Al to the network will allow us to SSH into the device to remotely develop apps using
VSCode over SSH, and stream video to a remote server.

If the device is connected to your router via Ethernet, it should already be connected (try ping google.
com). If you're using Wi-Fi, we’'ll need to configure the device to auto-connect on boot.

Tip: For optimal networking performance, use an Ethernet connection.

While Wi-Fi works, you may notice small delays when typing over an SSH terminal, or frame drops when stream-
ing over UDP. The Beagleboard Wi-Fi cc33xx module driver is new and under active development from TI.

Setting up Wi-Fi Execute the following commands to connect to your local Wi-Fi 2.4GHz network.

wpa_passphrase ”"YOUR_SSID_HERE”
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You will be prompted to enter your Wi-Fi password into stdin. Then copy the network={. ..} output.

Paste this output into a wpa_ supplicant conf file that will be read to auto-connect on boot:

sudo mkdir /etc/wpa_supplicant
sudo vi /etc/wpa_supplicant/wpa_supplicant-wlanO.conf

Now, enable the wlanO service.

systemctl enable —--now wpa_supplicant@wlanO.service

Wait a few seconds for your device to connect. Then verify the connection.

ping google.com

Assigning a static local IP Later, we will SSH into the BeagleY-Al for remote development. This process is
simplified if the BeagleY-Al has a consistent IP address on the LAN.

Get the MAC address on the target via the following. (Replace with et hO if using Ethernet)

cat /sys/class/net/wlanO/address

Then go to your router’s configuration settings to assign the static IP, e.g. 192.168.1.5.
Verify SSH from host Restart your device to ensure the assigned IP address is correctly applied. Then from

your host machine, confirm SSH behavior via:

ssh root@192.168.1.5

Camera configuration

You can connect either an IMX219 camera on port CSTIO0 or a generic USB+UVC webcam.

IMX219 CSI camera We'll need to apply a provided device tree overlay for the IMX219 to be detected.

Important: Ensure your camera module is an IMX219 sensor. Others will not work.
In order to add support for a new sensor you would need to:

1. Ensure kernel driver is available

2. Provide ISP tuning for converting RAW sensor data to RGB

3. Create and apply a device tree overlay

These steps are outside the scope of this tutorial.

sudo vi /run/media/BOOT-mmcblklpl/uEnv.txt

Update the name_overlays= line by appending the IMX219 overlay path ti/
k3-am67a-beagley-ai-csi0-imx219.dtbo. It should be set to the following:

name_overlays=ti/k3-am67a-beagley—-ai-edgeai-apps.dtbo ti/k3-am67a-beagley-ai—
—csi0-imx219.dtbo

Reboot the device. If the camera is initialized successfully, you should see a log upon login like this:
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> ssh root@192.168.1.5

IMX219 Camera 0 detected
device = /dev/video—-imx219-cam0
name = imx219
format = [fmt:SRGGB8_1X8/1920x1080]
subdev_id = /dev/v4l-imx219-subdev0
isp_required = yes

USB+UVC camera If you're connecting a USB+UVC camera, the camera should automatically be detected
upon boot. If detected, you'll see this log upon SSH login.

> ssh root@192.168.1.5
USB Camera 0 detected

device = /dev/video-usb-cam0
format = jpeg

USB Camera 1 detected
device = /dev/video-usb-caml
format = jpeg

5.11.4 Running the Al demos

We're now ready to run the Texas Instruments Edge Al demos!

If you haven't already, plug in a compatible HDMI display + USB mouse, and boot the device. After ~10-20
seconds of boot, you should see the following screen:

TEXAS INSTRUMENTS Edge AI gallery

AMG67A

2-4 TOPS | RGB-IR

Part of AM6xA vision processor family

| Support: version:

Fig. 5.30: Edge Al boot screen

Note: Display port alternatives to HDMI like OLDI/DSI might work but have not been verified.

Use the mouse to select a demo in the side menu.
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To test Al inference with the attached camera, click Custom on the left of the home screen. For Input Type,
select Camera. For the Camera input, select IMX219 Camera 0 or your attached camera. Then select any
vision model to run, and click Start.

Input Type:

|Camera

|
L

Camera:

IMX219 Camera ©

}

Model: /opt/model zoo/

%ONR-QD-’BZZG-’onox-s-1ite-mn -

i

Note: Models may fake time to load after you
click 'Start'. So please wait for Tew seconds!

AmviosA
2-4 TOPS | RGB-IR

Part of AMBXA vision processor family

Tip: If the camera is not listed in the drop-down, it may not be configured correctly. Inspect kernel logs at
boot, and review camera configuration steps.

Congratulations! We are now utilizing an attached camera, image signal processor, and Al accelerator for a
vision application. See Tl Edge Al sample apps documentation for more details on the available demos.

5.11.5 Custom vision pipelines with GStreamer
Under the hood
Now that we’ve seen what the BeagleY-Al can do, you may be looking to build a vision application of your own.

To do that, let’s look under the hood to see how the demos work.

The Edge Al image is a minimal Yocto built image based on the Tl Arago project. On boot, it starts a /usr/
bin/edgeai-gui-app —-platform linuxfb process (see edgeai-gui-app) allowing you to graphi-
cally interact with a collection of GStreamer examples.

GStreamer is used to orchestrate a multi-stage video pipeline. The pipeline begins with a source element such
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as a video file or camera feed, passes through various processing elements, and completes at one or more
sink elements for export. A sink could be an attached display, output file, or UDP stream.

On the Edge Al image, Tl extends GStreamer with a suite of plug-ins (edgeai-gst-plugins) to expose hardware
acceleration of image processing, video encoding, and Al inference.

Tip: For a full list of Tl provided GStreamer plug-in elements, use the gst—-inspect-1.0 command:
root@j722s—evm: /opt/edgeai-gst—apps# gst-inspect-1.0 tiovx

tiovxcolorconvert: TIOVX ColorConvert
tiovxdelay: TIOVX Delay

tiovxdemux: TIOVX Demux
tiovxdlcolorconvert: TIOVX DL ColorConvert
tiovxdlpreproc: TIOVX DL PreProc
tiovxdof: TIOVX DOF

tiovxdofviz: TIOVX DofViz

tiovxisp: TIOVX ISP

tiovxldc: TIOVX LDC

tiovxmemalloc: TIOVX Mem Alloc
tiovxmosaic: TIOVX Mosaic
tiovxmultiscaler: TIOVX MultiScaler
tiovmux: TIOVX Mux

tiovxpyramid: TIOVX Pyramid

tiovxsde: TIOVX Sde

tiovxsdeviz: TIOVX SdeViz

root@j722s—evm: /opt/edgeai—gst—apps# gst-inspect-1.0 ti

ticolorconvert: TI Color Convert
tidlinferer: TI DL Inferer
tidlpostproc: TI DL PostProc
tidlpreproc: TI DL PreProc
timosaic: TI Mosaic
tiperfoverlay: TI Perf Overlay
tiscaler: TI Scaler

There are also a set of video encoder/decoder elements including v4d12h264enc and v4dl2h264dec that
are hardware accelerated.

GStreamer provides a high-level abstraction for hardware accelerators so you can quickly create new vision
pipelines, often without writing any code. The GStreamer plug-ins are built on a stack of rootfs libraries, kernel
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drivers, and firmware maintained by TI. It's a bit complex, and part of why Beagleboard Debian does not yet

support hardware acceleration to the same extent as the Edge Al image.

[ edgeai-gst-apps (Python, C++, OpTiFlow) J[

edgeai-tiovx-apps ]

edgeai-gst-plugins

edgeai-dl-inferer

hJ

ovx-modules

ed; gai-.tio\ir-xrkar'néls S

edgeai-apps-utils

Fig. 5.32: Tl GStreamer plug-in dependencies

“Hello, camera”

Let’s create a basic GStreamer vision pipeline of our own, starting with showing what the camera sees on the

display. First, stop the default GUI app so it doesn’t interfere:

killall edgeai-gui-app

The following command creates a pipeline with an IMX219 v412src source, a tiovxisp element for
processing RAW image data to RGB, and a aut ovideosink sink to show the image on the attached display:

gst—-launch-1.0 —-vvv \
v4l2src device=/dev/video-imx219-cam0 io-mode=5 !
queue leaky=2 ! \

\

video/x-bayer, width=1920, height=1080, format=rggb ! \

tiovxisp \
sensor—-name=SENSOR_SONY_IMX219_RPI \

dcc—isp-file=/opt/imaging/imx219/1linear/dcc_viss_1920x1080.bin \

format-msb=7 \

sink_0::dcc-2a-file=/opt/imaging/imx219/1linear/dcc_2a_1920x1080.bin \

sink_0::device=/dev/v4l-imx219-subdev0 ! \
video/x-raw, format=NV12 ! \
autovideosink
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The tiovxisp element is a Texas Instruments provided plug-in exposing access to the onboard ISP (Im-
age Signal Processor). You'll notice there are IMX219-specific binaries provided to aid the ISP in providing a
calibrated image.

Note: See the AM6xA ISP Tuning Guide for more information on ISP calibration.

If using a USB camera, it most likely has an integrated ISP you can omit that element from the pipeline:

gst—launch-1.0 —-vvv \

v4l2src device=/dev/video-usb-cam0 io-mode=5 ! \
video/x-raw, width=1920, height=1080, format=YUY2 ! \
autovideosink

To see all available resolution/framerates available for your camera, use the v412-ct1 command:

v4l2-ctl --device /dev/video-usb-cam0 —--list-formats—-ext

Todo: USB cameras often support video/x—h264 video with higher framerates than video/x—raw.
Add GStreamer pipeline example.

Camera control

Here are a few GStreamer snippets for altering the image from the camera.

Image orientation Depending on your assembly, the image from the IMX219 may not be oriented correctly.
For example, the 3D printed mount orients the sensor rotated 180 degrees off.

We can correct this efficiently using the on-board LDC (Lens Distortion Correction). As with other vision hard-
ware accelerators, this is available via a GStreamer element: tiovxldc.

The following corrects the image by rotating it 180 degrees (inverting X+Y).

gst-launch-1.0 -vvv \

v4l2src device=/dev/video-imx219-cam0 io-mode=5 ! \

queue leaky=2 ! \

video/x-bayer, width=1920, height=1080, format=rggb ! \

tiovxisp \
sensor—-name=SENSOR_SONY_IMX219 RPI \
dcc-isp-file=/opt/imaging/imx219/1linear/dcc_viss_1920x1080.bin \
format-msb=7 \
sink_0::dcc-2a-file=/opt/imaging/imx219/1linear/dcc_2a_1920x1080.bin \
sink_0::device=/dev/v4l-imx219-subdev0 ! \

tiovxldc \
sensor—-name=SENSOR_SONY_IMX219 RPI \
warp-params="<-4096, 0, 0, -4096, 15360, 8640>" ! \
video/x-raw, format=Nv12 ! \
autovideosink

Note: The derivation of warp—params is somewhat complicated, but it defines an affine transformation.

Input image:

x —> [0 .. 1920]
y —> [0 .. 1080]
warp-params = [[a, b, c], [d, e, f]1] = [a, d, b, e, c, f]

x _aff =a *x + b *y + c

(continues on next page)
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(continued from previous page)
y aff =d * x + e *y + £

For invert X + Y:
a = -1

b =20

c = 1920

d =20

e = -1

f = 1080

a, b, d, e —> S16Q12 (signed number on 14 bits, 2 bits integer + 12 bits.
—fraction)
c, £ —> S16Q3 (signed number on 16 bits, 13 bits integer + 3 bits fraction)

a=-1=*2 212 = -4096
b =20
c = 1920 * 2 ~ 3 = 15360
d=20
e =-1*2 712 = -4096
f = 1080 * 2 ~ 3 = 8640

warp-params = <-4096, 0, 0, -4096, 15360, 8640>

See AM67A datasheet for full details.

Exposure |If auto-exposure isn’'t behaving as you'd like, you can disable it by appending
sink_0::ae-mode=1 tothe tiovxisp element:

gst-launch-1.0 -vvv \

v4l2src device=/dev/video-imx219-cam0 io-mode=5 ! \

queue leaky=2 ! \

video/x-bayer, width=1920, height=1080, format=rggb ! \

tiovxisp \
sensor—-name=SENSOR_SONY_IMX219_ RPI \
dcc—isp-file=/opt/imaging/imx219/linear/dcc_viss_1920x1080.bin \
format-msb=7 \
sink_0::dcc-2a-file=/opt/imaging/imx219/1linear/dcc_2a_1920x1080.bin \
sink_0::device=/dev/v4l-imx219-subdev0 \

sink_0::ae-mode=1 ! \
video/x—-raw, format=NV12 ! \
autovideosink

Then run this v412-ct 1l command to manually adjust exposure:

v412-ctl -d /dev/v4l-imx219-subdev0 —--set-ctrl exposure=100

See max and min exposure values:

v4l2-ctl -d /dev/v4l-imx219-subdev0 —--list-ctrls

UDP streaming

True to its name, GStreamer can stream h264 encoded video over UDP so you can view the camera feed
remotely.

For this example, you'll need to install GStreamer on a host machine to preview the output.
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UDP server On your host machine with GStreamer installed, run:

gst-launch-1.0 -vvv \

udpsrc port=5000 caps="application/x-rtp, media=video, clock-rate=90000,
—~encoding-name=H264" ! \

rtph264depay ! avdec_h264 ! videoconvert ! autovideosink

This opens an UDP server expecting h264 video on port 5000.

UDP client On your target machine (BeagleY-Al), run:

gst-launch-1.0 -vvv \
v4l2src device=/dev/video-imx219-cam0 io-mode=5 ! \
queue leaky=2 ! \
video/x-bayer, width=1920, height=1080, format=rggb ! \
tiovxisp \
sensor—-name=SENSOR_SONY_IMX219 RPI \
dcc—isp-file=/opt/imaging/imx219/1linear/dcc_viss_1920x1080.bin \
format-msb=7 \
sink_0::dcc-2a-file=/opt/imaging/imx219/1linear/dcc_2a_1920x1080.bin \
sink_0::device=/dev/v4l-imx219-subdev0 \
sink_0::ae-mode=1 ! \
video/x—-raw, format=NV12 ! \
tiovxldc \
sensor—name=SENSOR_SONY_IMX219_RPI \
warp-params="<-4096, 0, 0, -4096, 15360, 8640>" ! \
video/x—-raw, format=NV12, width=1920, height=1080 ! \
v41l2h264enc extra-controls="controls, frame_level_ rate_control_enable=1, .
—~video_bitrate=10000000, video_gop_size=30" ! \
h264parse ! rtph264pay ! udpsink host=192.168.1.18 port=5000 sync=false

Note: Replace 192.168.1 .18 with the local IP address of the host machine.

If successfully connected, a video preview should appear on your host machine. This pipeline leverages the
hardware-backed h264 video encoder via vdl2h264enc.

Object detection

Let's bring it all together in an object detection example.

This pipeline uses tiovxmultiscaler to create a branch for Al inference. It resizes the image down to
416x416, processes the image with tiovxdlpreproc and tidlinferer, and overlays the detections
on the original image with tidlpostproc

Building on previous examples, it processes IMX219 with the ISP, rotates the image, and streams the output to
a UDP server.

gst-launch-1.0 -vvv \

v4l2src device=/dev/video-imx219-cam0 io-mode=5 ! \

queue leaky=2 ! \

video/x-bayer, width=1920, height=1080, format=rggb ! \

tiovxisp \
sensor—-name=SENSOR_SONY_IMX219_RPI \
dcc—isp-file=/opt/imaging/imx219/1linear/dcc_viss_1920x1080.bin \
format-msb=7 \
sink_0::dcc-2a-file=/opt/imaging/imx219/1linear/dcc_2a_1920x1080.bin \
sink_0::device=/dev/v41-imx219-subdev0 sink_0::ae-mode=1 ! \

video/x-raw, format=Nv12 ! \

tiovxldc \

(continues on next page)
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(continued from previous page)
sensor—-name=SENSOR_SONY_TIMX219_RPI warp-params="<-4096, 0, 0, -4096,.
—15360, 8640>" ! \
video/x-raw, format=Nv12 ! \
tiovxmultiscaler \
name=split_01 src_0::roi-startx=0 src_0::roi-starty=0 src_0::roi-

—width=1920 src_0::roi-height=1080 target=0 split_01. ! \
queue ! \
video/x—-raw, width=480, height=416 ! \
tiovxmultiscaler target=1 ! \

video/x-raw, width=416, height=416 ! \
tiovxdlpreproc model=/opt/model_zoo/ONR-OD-8200-yolox-nano-lite-mmdet-coco-
—416x416 out-pool-size=4 ! \
application/x-tensor-tiovx ! \
tidlinferer target=1 model=/opt/model_zo0o/ONR-OD-8200-yolox—nano-lite-
—mmdet-coco-416x416 ! \
post_0O.tensor split_01. ! \
queue ! \
video/x-raw, width=1920, height=1080 ! \
post_0O.sink tidlpostproc name=post_0 \
model=/opt/model_zo0o/ONR-OD-8200-yolox-nano-lite-mmdet-coco-416x416 \
alpha=0.200000 viz-threshold=0.600000 top-N=5 display-model=true ! \

queue ! \
v41l2h264enc extra-controls="controls, frame_level_ rate_control_enable=1, .
—~video_bitrate=10000000, video_gop_size=30" ! \

h264parse ! rtph264pay ! udpsink host=192.168.1.18 port=5000 sync=false

There are many more detailed examples on the Edge Al image in the /opt /edgeai—gst—apps directory.
Documentation on these examples are available in the Tl Edge Al sample apps documentation.

5.11.6 Next steps

The Edge Al image serves as a demonstration of the vision and Al capabilities of the AM67A. Additionally,
the Beagleboard port used in this tutorial serves as a reference implementation of required kernel and driver
changes needed to support Beagleboards like the BeagleY-Al.

You may be now looking to build a vision app of your own! Your best resource will be the official Texas In-
struments Processor SDK Linux AM67A and Edge Al documentation. This includes tutorials on training custom
models for your app.

Important: Simple experiments may get away with modifying the demo image. You can edit the /opt/
edgeai—-gst—apps examples remotely using VSCode over SSH.

For more complex applications, you may notice limitations of editing a minimal Yocto-built image. It lacks a
package manager like apt from Debian, so new dependencies must be compiled from source. In this situation,
you should consider moving to a Yocto-built image yourself using Tl docs.

In the future, the community may provide additional tutorials to supplement Texas Instruments documentation
for tasks like training a model or a Yocto build.

In the meantime, find us in Discord in the #edge-ai channel!
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Chapter 6

Support

All support for BeagleY-Al design is through BeagleBoard.org community at BeagleBoard.org forum.

6.1 Production board boot media

Todo: Add production boot media link in _static/epilog/production.image and reference it
here.

6.2 Certifications and export control

6.2.1 Export designations

* HS: 8471504090

» US HS: 8543708800
* UPC: 640265311062
» EU HS: 8471707000
* COO: CHINA

6.2.2 Size and weight

e Bare board dimensions: 85 x 56 x 20 mm
e Bare board weight: 50 g
* Full package dimensions: 140 x 100 x 40 mm

¢ Full package weight: 110g

6.3 Additional documentation

6.3.1 Hardware docs

For any hardware document like schematic diagram PDF, EDA files, issue tracker, and more you can checkout
the BeagleY-Al design repository.

143


https://forum.beagleboard.org/tag/beagley-ai
https://openbeagle.org/beagley-ai/beagley-ai

BeagleY-Al

6.3.2 Software docs

For BeagleY-Al specific software projects you can checkout all the BeagleY-Al project repositories group.

6.3.3 Support forum

For any additional support you can submit your queries on our forum, https://forum.beagleboard.org/tag/
beagley-ai

6.3.4 Pictures

6.4 Change History

Note: This section describes the change history of this document and board. Document changes are not
always a result of a board change. A board change will always result in a document change.

6.4.1 Board Changes

For all changes, see https://openbeagle.org/beagley-ai/beagley-ai. Versions released into production are noted
below.

Table 6.1: BeagleY-Al board change history

Rev Changes Date By
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