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Warranty

All products manufactured by ICP DAS Co., Ltd. are warranted to the original purchaser against
defective materials for a period of one year from the date of delivery.

Disclaimer

ICP DAS Co., Ltd. assumes no legal liability for any damages resulting from the use of this product.
The company reserves the right to change or modify the contents of this document at any time
without prior notice. The information contained herein is subject to change without notice.

The company endeavors to provide accurate and reliable information; however, it does not
guarantee the use of this information or any use by third parties that may infringe upon patents or
rights. ICP DAS assumes no legal responsibility for any technical or editorial errors or omissions
contained herein.

Copyright

Copyright © 2026 ICP DAS Co., Ltd. All Rights Reserved.

Trademark Acknowledgements

All company names, trademarks, and product names mentioned in this document are the property

of their respective owners.

Technical Support

If you have any questions, please contact our customer service department. We will provide
assistance as soon as possible.

E-mail: service@icpdas.com
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1. Introduction

This chapter provides an overview of the AIB-2541M series modules and their components,

introducing the basic concepts to help users become familiar with the AIB-2541M.
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The AIB-2541M series is a fanless, secure, compact, and low-power Edge Al Controller equipped
with an ARM Cortex-A76 processor. It provides an M.2 expansion slot for various Al accelerator
modules, enabling scalable, high-performance, and energy-efficient Al computing at the edge for
industrial applications. For I/O expansion, optional high-protection XV-Board/XB-Board modules
are available. In addition, the system provides a microSD card slot and an M.2 Key M slot (for
NVMe SSD expansion), allowing users to store applications, images, and data while conveniently
expanding storage capacity.
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The AIB-2541M Edge Al Controller can be equipped with peripheral interfaces including Gigabit
Ethernet, HDMI, USB 3.0, digital I/O, and 4G wireless communications. Its rugged metal enclosure

and thermal design make it suitable for operation in environments ranging from -20°C to +70°C.
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1.1. Features

The AIB-2541M series provides comprehensive system configuration capabilities and convenient
remote system update services. It is suitable for a wide range of applications and can meet diverse

user requirements. The following sections describe the major features of the AIB-2541M.

I Ubuntu 24.04 (Default OS)

Ubuntu is an easy-to-use operating system suitable for both beginners and
experienced users. It provides an intuitive user interface and a rich set of
features for a wide range of applications, making it one of the most widely
used Linux distributions today. When deployed on the AIB-2541M, Ubuntu
fully utilizes the platform’s capabilities and performance. Ubuntu 24.04 is the
default operating system for the AIB-2541M.

Excellent user experience

U Ease of use, versatility, and security

o Extensive community support

o Supports embedded services such as web, FTP, and SSH servers

*  Rich software support and development tools, including dedicated SDKs, Perl, Java, GUI

software, and more

I Raspberry Pi OS

' Raspberry Pi

The AIB-2541M is pre-installed with Ubuntu 24.04. If required, users may also install Raspberry Pi
OS. The Edge Al Controller supports Raspberry Pi OS (64-bit). Raspberry Pi OS is based on Debian
Linux and supports command-line operation, making it suitable for users familiar with Linux
environments. It is also user-friendly for Windows users by providing a simplified desktop interface

with wallpapers, taskbars, shortcuts, and application menus similar to Windows systems.

i Extensive Raspberry Pi software ecosystem
*  More than 35,000 software packages available for easy installation
*  Pre-installed applications including Python 3 and a Python IDE

*  Numerous ready-to-use applications available online
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I Al Accelerator Modules

* M.2 Key M slot supporting Al accelerator modules or
NVMe SSDs

Flexible support for various Al accelerator modules through
the M.2 Key M interface

——® M.2 Key M Slot

-
&
:
&
g

I Hardware Security Key Protection

The AIB-2541M provides a 64-bit hardware security key for software copy protection.
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I Multiple Storage Expansion Interfaces

The AIB-2541M supports multiple reliable storage devices, allowing users to select a suitable
storage solution based on their application requirements.
A
*  One microSD card slot
*  One M.2 Key M slot for M.2 NVMe SSD expansion (optional)

¥ ocx

iCro
mS')

Adapter

Recommended SSD Models

e Innodisk M.2 (P80) 3TE4
https://www.innodisk.com/tw/products/flash-storage/m2-pcie/m2-p80-3te4-b-m-key

. APacer PV220-M280
https://www.apacer.com/en/product/industrial-product/detail/industrial ssd/pv220-m280

Since SSD compatibility may vary across different brands, the two industrial-grade SSD models
listed above have been verified for stable operation. Other SSD models have not been validated
and compatibility cannot be guaranteed. Users may use other SSDs, but ICP DAS only validates the
models listed above.

I Support for Multiple 1/O Expansion Modules

The AIB-2541M is equipped with an I/O expansion bus that supports optional XV-Board or
XB-Board expansion modules. These modules can be used to implement various I/0 functions such
as DI, DO, A/D, D/A, Timer/Counter functions, and communication interfaces including
RS-232/422/485.

o For more information about XV-Board I/0 modules:
https://www.icpdas.com/tw/product/guide+Remote | O Module and Unit+PAC | O
Modules+XV-board
o For more information about XB-Board 1/O modules:
https://www.icpdas.com/tw/product/guide+Remote | O  Module and Unit+PAC | O
Modules+XB-board
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I Rich Communication Interfaces

The AIB-2541M is equipped with multiple RS-485 serial communication ports, dual Ethernet ports,
and USB interfaces for I/O expansion and external device connectivity.

EEE D
| | |

-.] '
1/0 tET/tPET ET-7000 PET-AR400 USB-2200 USB-2000 USB I/0
Expansion Unit Series ET-2000 Series PET-7H Series Series Series Expansion Unit

| | |

e T H
E = 2 ® ¢
XV-Board XB-Board 17000 M-7000 tM 1/0
Series Series Series Series Series Expansion

o For more information about Ethernet I/0O modules:
https://www.icpdas.com/en/product/p02.php?root=537&kind=539
o For more information about USB I/O modules:
https://www.icpdas.com/en/product/p02.php?root=537&kind=541
o For more information about RS-485 I/O modules:

https://www.icpdas.com/en/product/p02.php?root=537&kind=538

I Rugged Metal Enclosure

The AIB-2541M is housed in a rugged
metal enclosure.

Compact Design for Easy
Installation

The AIB-2541M features a compact and
lightweight design and supports DIN-Rail

mounting, making it suitable for installation in limited-space environments.
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I Reliable Operation in Harsh Environments

The AIB-2541M is designed to operate reliably under extreme temperature and humidity
conditions.

 €-20 C !‘

Extreme Cold

&= +70°C

Extreme Heat

Reliable operation A7 ;,
in freezing environments :

Stable performance
even in high temperatures

@ -20 °C to +70°C

Built for Reliability. Designed for Any Environment.

*  Operating temperature: -20 °C to +70 °C

*  Storage temperature: -40 °C to +80 °C

Relative humidity: 10% to 90% RH, non-condensing
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1.2. Specifications

The following table lists the specifications of the AIB-2541M series modules.

System Software

CPU Module

0s Ubuntu 24.04 (Default) / Raspberry Pi OS (64-bit)
SDK C / Python libraries
Language Support English, Simplified Chinese, Traditional Chinese

Other Peripherals

Additional Storage

CPU Quad-core ARM Cortex-A76 (ARMv8) 64-bit SoC @ 2.4GHz
GPU VideoCore VII (OpenGL ES 3.0, H.265 HEVC, 4K 60fps decode)
SDRAM 4GB LPDDR4 SDRAM

Storage Built-in 64GB eMMC

1 x M.2 Key M connector (PCle 2.0 interface) (optional),
supports PCle SSD 2230/2242/2260/2280 installation. M.2 SSD
card is not included.

FRAM 128KB

RTC Provides second, minute, hour, day, week, month, and year
information

Watchdog Timer Supported

LED Indicators

Al Accelerator Module

M.2 Key M connector

1 x Power LED indicator, 1 x System RUN LED indicator, and 3 x
programmable LED indicators

1 x M.2 Key M connector (PCle 2.0 interface). (optional)

Supports optional Hailo-8L M.2 Al accelerator module,
2230/2242/2260/2280. Frameworks: TensorFlow/TensorFlow
Lite, ONNX, Keras, and PyTorch.

M.2 Key B connector

1 x M.2 Key B connector (USB 3.0 interface). (optional)

Supports optional Kneron M.2 Al accelerator module,
2230/2242/2260/2280. Frameworks: TensorFlow/TensorFlow
Lite, Caffe, Keras, and PyTorch.
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Display and Communication Interfaces

Display 1 x HDMI port, supporting 4K 60fps with audio
2 x RJ-45, 10/100/1000 Base-TX, with auto-negotiation LED
Ethernet o .
indicators and auto MDI/MDI-X LED indicators
USB 2.0 (host) 2
USB 3.0 (host) 2

Serial Port 1

RS-485 (Data+, Data-) with 2500 VDC isolation

Serial Port 2

RS-485 (Data+, Data-) with 2500 VDC isolation

Wireless Communication

1 x expansion connector for an optional 4G/LoRa/NB-loT
module (USB 2.0 interface) and 1 optional Nano SIM card slot

Digital Input
Channels 2
Type Wet contact

Sink/Source (NPN/PNP)

Sink/Source

ON Voltage Level

Wet contact: +19 VDC to +24 VDC

OFF Voltage Level

Digital Output

Wet contact: +11 VDC maximum

Channels 2
Type Isolated open collector
Load Voltage +24 VDC

Load Current

100 mA/channel

1/0 Expansion

I/O Type

Power Input

Overvoltage Protection 60 VDC
Overload Protection 1.1A
Short-circuit Protection Yes

XV-Board/XB-Board (optional)

+12 ~ +48 VDC

Power Consumption

Typical 4.8 W (0.2 A @ 24 VDC)
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Enclosure Metal

Dimensions (mm) 56 mm x 177 mm x 128 mm

Installation Standard DIN-Rail mounting / wall mounting (optional)
eronment

Operating Temperature -20~+70°C

Storage Temperature -40~ +80 °C

Humidity 10 to 90% RH, non-condensing
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1.3. Overview

The AIB-2541M series modules are equipped with multiple communication interfaces. External
devices can be connected and integrated through Ethernet, USB, RS-232/RS-485, and other
interfaces. The following sections provide an overview and brief description of the external
components and communication interfaces of the AIB-2541M.

I Front View

AIB-2541M ‘!] DO.COM

LED indicators DO

Ethernet ports x 2 —E j'— USB ports x 2

[

I/O expansion slot —==0

microSD card slot I '
Portl T

Pin assignment

LED Indicators

The AIB-2541M provides 6 LED indicators:

© © @ LED Indicator Color Description

RUN SSD/4G PWR RUN Green System running
© @ © PWR Red Power supply is normal
L1 L2 L3
4G/SSD Orange 4G communication activity / SSD activity
L1 Green User-programmable control
L2 Orange
L3 Red
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Ethernet Ports

The AIB-2541M supports 10/100/1000 Base-TX Ethernet with auto-negotiation LED
indicators and auto MDI/MDI-X LED indicators. The current network speed can be
identified by the LED status of the Ethernet port.

LED Indicator Status (Color) Description
ON (orange) 1 Gbps connection
e OFF 10/100 Mbps connection
ON (green) Network communication link established
Link/Act OFF No network communication link established
Blinking (green) Data packet transmission in progress
USB Ports

The AIB-2541M provides two USB 2.0 ports for connecting USB devices, such as a
mouse, keyboard, or other USB peripherals.

microSD Card Slot

The microSD card slot allows users to use a microSD memory card for system recovery and storage
expansion. microSD card expansion supports up to 32 GB.

XV-Board / XB-Board Slot

After an XV-Board or XB-Board I/O expansion module is installed, this is the location of the
connection terminal.

For installation procedures, refer to Section 2.2.2, “Installing the XV-Board/XB-Board.”
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Pin Assignment

Signal Description

DO.PWR

DOO0

Digital Output x 2
DO1

DO.GND

DI.COM

DIO Digital Input x 2

DI1

RS-485.GND

D2- Serial Port 2 (RS-485)

Serial Port 1 (RS-485)
D1+

Note

Serial Port 1 is identified as /dev/ttyAMA2 in Ubuntu.
Serial Port 2 is identified as /dev/ttyAMA3 in Ubuntu.
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I Wire Connections

Digital ON State OFF State
Input Readback as 1 Readback as 0
+19 ~ 24 VDC +11VDC
Sink .—08 |||pl.com I 18 |||pl.com
T 18 |||pIx +L 18 |||DIx
+19 ~ 24 VDC +11 VDC
Source  ,— 18 |||pr.com +— 18 |||pr.com
T 18 |||Dix T 118 |||
Digital ON State OFF State
Output Readback as 1 Readback as 0
24 VDC 24 VDC
Sink 1S | ||DO.PWR 1S | ||DO.PWR

| 1S | ||pox —1& | ||pox
15 | ||DO.GND 165 | | |DO.GND

I Top View

Microphone input and audio output (Optional)

o o
PWR GND F.G

Antenna connector | .

USB3.0portsx2  HDMI port

Power input and frame ground
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HDMI Port

HDMI output port x 1 (Audio Supported)
Maximum Resolution: 4K (3840 x 2160) @ 60 Hz

USB 3.0 Ports

The AIB-2541M series modules provide two USB 3.0 ports for connecting high-speed USB devices.

Antenna

One antenna connector is provided for use with the 4G module. (Optional)

Microphone Input and Audio Output (Optional)

Power Input and Ground PWR GND F.G

The AIB-2541M provides a 3-pin connector. Two pins are used for

power input, and one pin is used for frame ground (F.G.). L|J=

Power Input
| Left View Ground

4G / LoRa / NBloT / Audio Module

Connector (Optional)

XV-board / XB-board 1/O

Expansion Connector (Optional)
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4G / LoRa / NB-1oT / Audio Module Connector (Optional)

This connector is used to install an optional 4G/LoRa/NB-loT module via a USB 2.0 interface and
includes one optional nano-SIM card slot.

XV-Board / XB-Board 1/0 Expansion Connector

The 1/0 expansion slot is used for XV-Board/XB-Board installation. For installation procedures, refer
to Section 2.2.2, “Installing the XV-Board/XB-Board.”

I Right View

M.2 Key M Slot

M.2 Key M Slot (Optional)

The AIB-2541M provides one M.2 Key M connector with PCle x1 2.0
interface. This connector is used to install M.2 Key M Al accelerator
modules or M.2 NVMe SSDs in 2230/2242/2260/2280 form factors.
M.2 SSD cards are not included.

AIB-2541M User Manual, v1.0.0 P.20



Recommended SSD Models

Because there are many SSD brands available, the following two industrial-grade SSD models have

been tested and verified for normal operation:

Innodisk M.2 (P80) 3TE4

https://www.innodisk.com/tw/products/flash-storage/m2-pcie/m2-p80-3te4-b-m-key

APacer PV220-M280

https://www.apacer.com/en/product/industrial-product/detail/industrial ssd/pv220-m280

Other SSD brands and models have not been validated and may have compatibility issues.
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1.4. Dimensions

The following figure shows the dimensions of the AIB-2541M series modules. When installing the
module inside an enclosure, reserve sufficient space for heat dissipation.

All dimensions are in millimeters.

128.0

——— 111.04—‘ i

59.3

177.0

35.4 154.0

59.3 HE

(=]

| L]

Side View Front View
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2. Quick Start

This chapter describes the installation and configuration procedures for the AIB-2541M. It provides
step-by-step guidance for first-time users to understand how to install, configure, and operate the
AIB-2541M.

Before using the AIB-2541M, please check whether the package includes the following items. If any

item is missing or damaged during shipment, please contact your distributor immediately.

I
I

European terminal blocks * 16 Screwdriver
AIB-2541M Optional cellular communication expansion module accessories
GSM/GPRS antenna GPS active antenna
(ANT-421-04) (ANT-115-03)
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2.1. Installation and Startup

The AIB-2541M series module is equipped with a DIN-Rail clip for secure installation on a standard
35 mm DIN-Rail.

Step 1: Attach the DIN-Rail mounting plate to the
DIN-Rail clip on the module

Step 2: Hook the upper edge of the mounting
plate onto the top flange of the 35 mm
DIN-Rail

N\~

35 mm DIN-Rail

SN

Step 3: Press the bottom of the module
toward the DIN-Rail until it snaps

securely into place.
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Step 4: Connect Power and Peripheral Devices

i. Connect a USB mouse or USB keyboard to the USB ports.
ii. Connect a monitor to the HDMI port.
iii. Connect a +12 VDC to +48 VDC power supply to the PWR and GND terminals

N

Power Supply
+12 ~ +48 VDC

Monitor

USB Mouse/USB Keyboard

Step 5: After connecting the power, turn on the system. The user interface will appear
after startup.

Default user account: pi
Default password: icpdas

If sudo privileges are required, enter the default password.

Note & Warning

A For security reasons, please change the default password immediately after first use.
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2.2. Expansion Accessory Installation

2.2.1. Installing an Al Module/SSD

Step 1: Use a screwdriver to remove the screws
from the right-side cover

Step 2: Remove the right-side cover

Step 3: Locate the available M.2 slot for the Al
module or SSD

Step 4: Insert the Al module or SSD into the M.2 slot

Step 5: Secure the Al module or SSD using the
supplied M2 x 3L screw

Step 6: Reinstall the right-side cover and tighten the
screws
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2.2.2. Installing an XV-Board/XB-Board

The AIB-2541M series modules include an I/O expansion slot that supports optional
XV-Board/XB-Board expansion modules.
For XV-Board 1/0 module specifications (Optional):

https://www.icpdas.com/tw/product/guide+tRemote | O Module and Unit+tPAC | O Mo
dules+XV-board

For XB-Board I/O module specifications (Optional):

https://www.icpdas.com/tw/product/guide+Remote | O Module and Unit+PAC | O Mo
dules+XB-board

Step 1: Remove the screws from the left-side cover

Step 2: Remove the left-side cover

Step 3: Remove the screws from the 1/0 expansion slot cover on the front panel

T

1
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Step 4: Separate the XV-Board/XB-Board
from the 1/0 terminal block

Step 5: Hold the XV-Board/XB-Board
vertically and align it carefully
with the 1/0 slot. Gently press
the XV-Board/XB-Board into the
I/0 expansion slot

Step 6: Carefully connect the
XV-Board/XB-Board to the 1/0
expansion connector and secure it
using the supplied screws

Notice & Warning

When installing the XV-Board/XB-Board expansion module, ensure that the pin
A headers on the XV-Board/XB-Board are correctly aligned with the pin sockets on the

AlIB-2541M PCB before inserting the module.
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Step 7: Reinstall the left-side cover and tighten the screw

Step 8: Insert the 1/0 terminal block
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2.2.3. Inserting a SIM Card

(Only applicable when a cellular communication expansion card is installed.)

The SIM card slot is located on the side of the module.

Step 1: Use a screwdriver to remove the screws on the side cover, then remove the side

cover

Step 2: Insert the SIM card into the SIM card slot

Guidance & Notes

Before installing or removing the SIM card, ensure that the AIB-2541M is powered off.
Do not bend or scratch the SIM card.

AIB-2541M User Manual, v1.0.0 P.30



2.2.4. Installing the Antenna

(Only applicable when a cellular communication expansion card is installed.)

The cellular communication module provides one antenna connector for connecting a 3G/4G

antenna.

To install the antenna, securely fasten the antenna to the connector and place the antenna in an

appropriate location.
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2.3. Changing the User Interface Language

Regional Settings is a built-in Ubuntu function that allows users to easily change the user interface
language of the AIB-2541M series modules. Please follow the steps below to change the user

interface language.

Step 1: Click the icon at the
upper-right corner of the
desktop, then select
Settings from the pop-up
menu

Step 2: Click Region & Language,
and then select the
Language option

Settings =

Privacy H
Language

L B o

Online Accounts he languag

Sharing

ORI'I

Il sound Language

@

Power

UM & Touchpad
ouse & Touchpa Formats

Keyboard

=
el Printers

) removable Media

€4 Region & Language

D, Users
* Default Applications
(D Date&Time

(0 About

in windows and web pages.

@ Displa}l's The Format used For n

4)

& EthernetC
M pal-n-

‘ Q Settings

M Lon

O Power Off / Log Out

Reglon & Language = o ®

Manage Installed Languages

English {United States)

Taiwan (Chinese, Literary)
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Step 3: Select the desired language from the pop-up list, then click the Select button

Q Settings = Reglon & Language = &
& Privacy }
% Online Accounts The language used For text in windows and web pages.
<2 sharing Manage Installed Languages
J1 Sound Language e yuniced States)
® Power
Formats
@ DED'B‘_‘,‘S The format used fpr numbers, dates, and currencies.
O Mouse & Touchpad Formats Taiwan (Chinese, Literary)
= Keyboard
Cancel
English AuUsLIdlld
English Canada
English United Kingdom
English United States
2374 =
3L HE
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Step 4: Click the Restart button to apply the language settings

When a different language is selected, the Restart button will appear in the Region &
Language dialog.

Step 5: Click Log Out to confirm the restart process

Settings — Region & Language 1 x
& Privacy
A Langua lish ftirisad c+abag)
< Online Accounts s o s
“’: Sharmg Restart the session for changes to take effect
I Sound Formats Taiwan
® Power
Input Sources o
&) Displays - \

{) Mouse & Touchpad

Chinese

(=] Keyboard Shortcuts

) Printers
) removable Media
& Color

¥ Universal Access

Log Out pi

pi will be logged out auto s —===7"1 5U seconGs.

Cancel Log Out

2 Users

% Default Applicatic
(D Date& Time

4+ About

Step 6: At the login screen, enter the password and log in again to complete the system
language change procedure
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2.4. IP Configuration

Ubuntu provides a built-in IP configuration utility. Please follow the steps below to configure the IP
address.

Step 1: Click the icon at the
upper-right corner of the o

desktop, then select
& EthernetC

Settings from the pop-up I s

menu

‘ @ settings

M Lon

O Power Off / Log Out

Step 2: Select Network

Settings Network 2 @ ix

USB Ethernet ar
[2 Background Cable unplugged o
B Appearance S .
L. Motifications

100 Mby's o

Q. search
0 multitasking VPN +
# Applications ) Mot set up
& Privacy }
< online Accounts Network Proxy off | £
=, Sharing
1 sound
@ Power
EJ) Displays
[ Mouse & Touchpad
=) Keyboard
=) Printers
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Step 3: Configure the IP Address

I Assign IP Address Using DHCP

Enable the network connection directly using the switch button.

Ethernet

Connected - 100 Mb/s () @)

I Manually Assign an IP Address

Click the Settings button. In the pop-up dialog, select the IPv4 tab, choose the Manual
option, configure the IP address, and then click the Apply button to save the settings.

Ethernet

100 Mb/s

Cancel Wired Apply ‘

Details Identi curity

IPv4 Method Astzzatic (DHCP)

Link-Local Oy
@ Disable
/ “to————=5"0ther computers
Addre ——

Address

192.168.0.5

Netmask

255.255.255.0 192.168.0.2

DNS

Automatic O

Separate IP addresses with commas

AIB-2541M User Manual, v1.0.0 P.36



3. Tools and Utilities

This chapter briefly introduces the commonly used system and software tools of the AIB-2541M

series modules and their advantages.

In addition to the built-in Ubuntu software tools, the AIB-2541M also includes several software
tools specifically designed for the AIB-2541M.

3.1. System tools

System tools can be accessed by clicking the icon at the upper-right corner of the desktop and

selecting Settings.

Alternatively, click the icon H at the lower-left corner and then select Settings.

D)

&% Ethernet Cojffected >

<)

m -~ 4 >

‘ & settings

. TR

@ Power Off / Log Out

&

Settings
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3.1.1. Changing the User Interface Language

Regional Settings is a built-in Ubuntu feature that allows users to easily change the user interface
language of the AIB-2541M series modules. Please follow the steps below to change the user

interface language.

Step 1: Click Region & Language, then select the Language option.

Q Settings = Reglon & Language - o X

Ep

Privacy
Language

& Online Accounts

=, Sharing Manage Installed Languages

11 sound

English (United States)

Language

) Power

Formats

& Displays

0 Mouse & Tou  pad

“hinese, Literary)

Select Language

Formats

= Keyboard
= Printers

O remove gl Media Cancel

@

@ Region & Language

Color

English Australia
+ Accessibility
English Canada
A Users
% Default Applications ) )
English United Kingdom
(@ Date & Time
© About English v United States
g 2w
3L w2

Step 2: Select the desired language from
the pop-up menu, and then click
the Select button
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Step 3: Click the Restart button to restart the system and apply the settings

Return to the Region & Language dialog window. When a different language is selected, a Restart
button will appear under the Language item.

Step 4: Click Log Out to confirm the restart process

Settings - Reglon & Language ] x

& Privacy )

Language Encli s

Il sound Formats Taiwan

< Online Accounts

=5 sharing Restart the session for changes to take effect

& Power
Input Sources O
& D‘splays Choose keyboard layouts or input methods
() Mouse & Touchpad * Chinese © &
= Keyboard Shortcuts
Chinese (Chewing) O o B

&) Printers

) Removable Media

é Color Manage Installed Languages

) Region & Language

¥ Universal Access

2, Users

% Default Applications

(O Date&Time

4+ About

Log Out pi

pi will be logged out automatically in 50 cazand<

Cancel

Step 5: At the user login screen, enter the password and log in again to complete the
system language change process.
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3.1.2. IP Configuration

Ubuntu includes a built-in IP configuration utility. Please follow the steps below to configure the IP

-

ected >

address.

Step 1: Click the icon at the
upper-right corner of the
desktop, then select Settings Ethernet Co
from the pop-up menu QISR >

Settings
LULA

Power Off / Log Out

Step 2: Click Network

Settings Network = (=] X
USE Ethernet +
1]
Cable unplugged Q
L2 packground
[i7)
= Appearance Ethernet +
0 Notifications
100 Mby's o
O search
S/ Multitasking VPN T
il Applications 3 Not set up
& Privacy
& Online Accounts Network ¥ off @
=2 Sharing
1 sound
@) Power
& Displays

] Mouse & Touchpad

Keyboard

0 @

Printers
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Step 3: Configure the IP Address

I Assign IP Address via DHCP

Enable the network connection directly using the switch button.

Ethernet

Connected - 100 Mb/s

I Manually Assign an IP Address

Click the Settings button. In the pop-up dialog,

@ o

select the IPv4 tab, choose the Manual

option, configure the IP address, and then click the Apply button after completion.

Ethernet +
100 Mb/s ©
Cancel Wired Apply
Details |dentir'>v6 Security
IPv4 Method / Atootic (DHCP) Link-Local O/y
\ © Manu Disable
/ o o——="0ther computers
Addreccz= e
Address Netmask Gateway
192.168.0.5 255.255.255.0 192.168.0.2
DNS automatic ()
Separate IP addresses with commas
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3.1.3. Display Resolution Settings

Ubuntu includes built-in display resolution configuration functionality. The supported resolution
range is from 800 x 600 to 3840 x 2160 (4K). Please follow the steps below to configure the display

resolution.

Step 1: Select the Display tab

Step 2: Click the Resolution item and configure the desired resolution

Q Settings = Displays Might Light = o *
&% Network
ViewSonic Corporation 23"
Bluetooth
Orientation Landscape
[3 Background
Resolution 1920 = 1080 (16:9) ~
£ Appearance
1920 = 1080 (16:9) ~
L Notifications Relleall Rale
| 1680 = 1050 (16:10
Q search scale 10 e
o I ) . 1600 x 1200 (4:3
Multitasking Fractional Scaling * (4:3)
May increase power usage, lower speed, or reduce display sharpness.
i Applications ? 1600 x 900 (16:9)
. i \l
& Privacy / 1440 = 900 (16:10)
< online Accounts
1400 = 1050 (4:3)

= Sharing
1280 x 1024 (5:4)

J1 sound
1280 = 960 (4:3)

Power

-~ @ Trarwhn-

Keyboard

=) Printers
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Step 3: After configuration is complete, click the Apply button

Cancel

&) Network
Bluetooth
(D Background

) Appearance

=

Notifications
Q1 search
0 Multitasking
Applications )
A Privacy 3}
% Online Accounts
=, Sharing
J1 sound
® Power
) Mouse & Touchpad
Keyboard

=) Printers

Apply Changes?

VviewSonic Corporation

Orientation

Resolution

Refresh Rate

Scale

Fractional Scaling
May increase power usage,

23"

lower speed, or reduce display sharpness.

Landscape -~

1920 = 1080 (16:9) -~

100 %

60.00Hz ~

200 %
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Step 4: If the selected resolution displays correctly, click Keep Changes in the
confirmation dialog

If the display is abnormal, click Revert Settings or wait 20 seconds to restore the previous settings
automatically.

Keep these display settings?

Settings changes will revert in 5 seconds

Revert Settings | Keep Changes l

AlIB-2541M User Manual, v1.0.0 P.44



3.1.4. User Account Management

User account management is a security feature that helps prevent unauthorized system
modifications to the AIB-2541M series modules.

I Adding a User Account

Step 1: Click “Users”, and then click the “Unlock...” button

Q Settings = Users Add User... B & &

. Unlock to Add Users and Change Settings
B Privacy ) a8 Some settings musk be unlocked before they can be changed.

< Online Accounts
«2 Sharing

Sound

Power

Displays

Mouse & Touchpad

B & ¥ ® 1o

Keyboard

(=) Printers
count Activity Loggedin )

5 Removable Media

@ Color

€3 Region & Language

o

- s aililiLy

‘D Users

. Default Applications

Authentication Required

To install or remove software, you need to

(© Date&Time authenticate.

(i) About

©)

(T,

pi

Password ® ]

Step 2: In the pop-up dialog
window, enter the
password to unlock user Authenticate

management permissions
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Step 3: In the Add User dialog window, enter the user account information, and then click
the Add button to complete user creation

Cancel Add User m

Account Type Standard Administrator

Full Name newuser

Username newuser v

folder and can't be

This will be used to name your hor
changed.

Password

Allow user to set a password when they next login
© Set a password now

Password 90000000 v
Adding i s, numbers and punctuation will make
the passw nger

Confirm | 00000000| v

Q Settings = Users Add User... - O ®
@ Privacy 3
< Online Accounts o o
pi newuser
Your account
= Sharing !
Il sound
3 Power
newuser e
&) Displays
) Mouse & Touchpad
Account Settings
= Keyboard
Administrator
f;‘ Printers Administrators can add and remove other users, and can change settings for all users.
5 Removable Media Language English (United States)
@ color
Authentication & Login
& Region & Language
Password saan
F Accessibility
Automatic Login
2 Users
% Default Applications Account Activity
@ Date &Time
Remove User,..
() About
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I Deleting a User Account

Step 1: Click “Users”, and then click the “Unlock...” button

Q Settings = Users
. Unlock to Add Users and Change Settings
8 Pprivacy ) B Some settings must be unlocked before they can be changed.
< Online Accounts
«; sSharing
Il sound
® Power
&) Displays Authent//ation & Login
) Mouse & Touchpad Pass' ford
Keyboard Aut #natic Login
2 Printers
wccount Activity
3 Removable Media
@ Color
@ Region & Language

Accessibility

© Date & Time

(i) About

Step 2: In the pop-up dialog

Add User... = - X

e}

Loggedin )

Authentication Required

To install or remove software, you need to
authenticate.

©)

T

pi

i d
window, enter the Passwor

password to unlock user
management permissions

Authenticate
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Step 3: Select the user account to be deleted, and then click “Remove User...”

& Privacy b
< Online Accounts o o

1

Q Settings

pi newuser
o . Your account
=, Sharing
Il sound
®) Power
newuser #~
&) Displays

) Mouse & Touchpad

Account Settings

Keyboard
Administrator
=) Printers Administrators can add and remove other users, and can change settings For all users.
) Removable Media Language English (United Stz fzs)
& Ccolor

Authentication & Login

€ Region & Language
Password

¥ Accessibility

Automatic Login
0 Users

Account Activity

% Default Applications

(U Date & Time

Remove User...

(I About

Step 4: In the warning dialog window, click the Delete Files button to confirm deletion of
the user account

Do you want to keep newuser’s files?

Itis possible to keep the home directory, mail spool and temporary files
around when deleting a user account.

Delete Files Keep Files Cancel
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3.2. Software Tools

Software tools can be accessed by clicking the icon H at the lower-left corner of the
desktop. This section introduces several commonly used software tools.

3.2.1. Utility — Viewing System Information

The Utility application provides a unified interface for viewing system information and configuring
AIB-2541M functions.
Launching Utility

Program path: /home/pi/Tools/
Double-click the Utility file using the left mouse button to launch the Utility application.

[fhome/pi/Tools x [a

%,

Utility
The following are the Utility tabs and their functions:

Tab Description

Device Information View OS version, kernel version, and CPU temperature

Auto Execution Configure startup applications
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I Viewing System Version and CPU Temperature

The Device Information tab provides system information such as OS version and CPU temperature
for the AIB-2541M series modules.

The following figure shows the system information provided by the Utility.
Utility
Device Information | Auto exectuion

0OS Version |1.0.0.0

Kernel Versiol |Linux pi-desktop 6.12.45-v8-16k-1.0-cfs-raspi #2

CPU Temperature(Celsius) LIE -= 5
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I Managing Startup Applications

The Auto Execution tab provides the ability to manage applications that automatically execute

after boot. Up to 7 startup applications are supported.

Guidance & Notes

Supported auto-execution file types are .py files and executable files.
Execution order is from Program 1 to Program 7.

After specifying the application paths, click the Apply button to complete the configuration.

Device Information | Auto exectuion

Program 1

Program 2

Program 3

Program 4

Program 5

Program 6

Program 7

Utility

Browse
Browse
Browse
Browse
Browse
Browse

Browse

Apply
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3.2.2. Text Editor

Text Editor is a simple text-editing application for creating and editing plain-text files without
formatting or styles.

Select Text Editor from the application launcher to launch it.

After launching Text Editor, the application window appears as shown below.

Open v =1 Untitled Document 1 Save = . =] ks

Plain Text ~ Tab width: 8 ~ Ln1,Col1 b INS
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3.2.3. Performance Monitor

System Monitor provides real-time information for all processes and system threads, similar to the
Windows Task Manager. Ubuntu already includes this software. Follow the steps below to launch
it.

Click System Monitor.

—
Settings RustDesk Files

After launching System Monitor, the application window appears as shown below.

= Processes (1) Resources File Systems

]
|

O
X

~ CPU

1 min 50 secs 40 secs 30 secs 20 secs 10 secs

I cru1  6.3% I cPuz  4.0% [ JcrPus 2.0% CPU4 3.1%

~ Memory and Swap

100 %

50 %
0%
1 min 50 secs 40 secs 30 secs 20 secs 10 s8¢
Memory é Swap
1.7 GB (43.1%) of 4.0 GB .
Cache 2.4 8 34.3 MB (3.2%) of 1.1 GB
v~ Network
5.0 KB
. ft- 2.5 K,
1 miin 50 secs 40 secs 30 secs 20 secs 10 secs
Receiving 3.9 KiB/s Sending 0 bytes/s
Total Received 644.0 MiB TotalSent 31.1 MiB
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3.2.4. Automatic Time Synchronization

Ubuntu includes a built-in time synchronization feature. Please follow the steps below for

configuration.

Step 1: Launch Terminal

E B & ® =

CuteCom Text Editor Settings RustDesk Files

Step 2: Enter the following command “sudo gedit /etc/systemd/timesyncd.conf”, and
then enter the password (the default password is “icpdas”)

M+ pi@pi-desktop: ~

:-S sudo gedit /etc/systemd/timesyncd.conf
[sudo] password for pi:

open v | M I:imesynrl.l:l.cc:'unf Cave -~ B - ~;
1# This file is part of systemd.

2%

3# systemd is free software; you can redistribute it and/or modify it under the
4# terms of the GNU Lesser General Public License as published by the Free

5# Software Foundation; either wversion 2.1 of the License, or (at your option)
6# any later version.

T#

8 # Entries in this file show the compile time defaults. Local configuration

9 # should be created by either modifying this file, or by creating "drop-ins” in
10 # the timesyncd.conf.d/ subdirectory. The latter is generally recommended.

11 # Defaults can be restored by simply deleting this file and all drop-ins.

12 %

13 # See timesyncd.conf(5) for details.

14

15 [Time]

16 #NTP=

17 #FallbackNTP=ntp.ubuntu.com

18 #RootDistanceMaxSec=5

19 #PollIntervalMinSec=32

20 #PollIntervalMaxSec=2048

Plain Text ~ Tab width: 8 ~ Ln 20, Col 25 ™ INS

AIB-2541M User Manual, v1.0.0 P.54



Step 3: Configure the [Time] parameters in the timesyncd.conf file

Step 4: After configuration is complete, click Save to save the settings

open - || e
1# This file is part of systemd.
2#
3# systemd is free software; you can redistribute it/and/or modify it under the
4# terms of the GNU Lesser General Public License /5 published by the Free
5# Software Foundation; either version 2.1 of tk License, or (at your option)
6 # any later version.
T#
8 # Entries in this file show the Zmpile time defaults. Local configuration
9 # should be created by either y.idifying this file, or by creating "drop-ins" in
18 # the timesyncd.conf.d/ subdifectory. The latter is generally recommended.
11 # Defaults can be restored b/ simply deleting this file and all drop-ins.
12 #
12 # Ces ti macuncd ~anflEY For Aa'l':ri_]_s.
14
15 [Time]
16 #NTP=
17 #FallbackNTP=ntp.ubuntu.com
18 #RootDistanceMaxSec=5
19 #PollIntervalMinSec=32
20 #PollIntervalMaxSec=2048|

‘ PlainText ~ Tab Width: 8 ~ Ln 20, Col 25 ~ INS

The parameters are described in the following table.

Field Description

NTP Primary time synchronization server

FallbackNTP Backup time synchronization server

RootDistanceMaxSec | Maximum allowable time difference with the server (seconds)

PollintervalMinSec Minimum synchronization interval

PollintervalMaxSec Maximum synchronization interval

Field Description

Step 5: In Terminal, enter the following command to restart the time synchronization
service and load the new settings

[+1 pi@pi-desktop: ~

2 sudo‘gedit [etc/systemd/timesyncd.conf

[sudo] password for pi:

:S sudo éyatemttl restart systémd-timesyncdl
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3.2.5. CuteCom

CuteCom is a graphical serial communication utility for Ubuntu. It can be used to send commands
to external modules and receive data from external modules through the serial port.

Due to serial port access permission restrictions, please launch CuteCom with root privileges by
executing "sudo cutecom" in Terminal.

Step 1: Click Terminal

Settings RustDesk Files

Step 2: Enter the command sudo cutecom, press Enter, and then enter the sudo password

pi@pi-desktop: ~

S sudo cutecorﬂ

The CuteCom main window is shown below after startup.

CuteCom - Default - o X
Sessions Help
Open | Device: /dev/ttyAMAO ~ Settings
Input: LF v | Chardelay: Oms = Plain v
Clear Hex output Logging to: /home/pi/cutecom.log

Device: /dev/ttyAMAO Connection: 115200 @ 8-N-1

For more communication commands supported by external modules, please refer to:
http://www.icpdas.com/root/product/solutions/remote io/rs-485/i-8k i-87k/i-8k i-87k selection.
html#b
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3.3. Other Support Tools
3.3.1. Remote Connection Software

Remote desktop software may introduce security concerns; therefore, the AIB-2541M series
modules do not come with such software preinstalled. If remote desktop functionality is required,
RustDesk has been tested and verified to operate correctly.

RustDesk and AIB-2541M Architecture

Step 1: On the PC side, visit the RustDesk official website

RustDesk

https://rustdesk.com/

Step 2: On the download page, download the Ubuntu ARM64 version

JP— Compare ~
" Y
1.3.0 @=

© rustdesk released this Aug 19 - 85 commits to master since this release  © 130 -0 2aefdss @

WARNING: YOU MAY BE BEING SCAMMED!
If you are on the phone with someone you DON'T know AND TRUST who has asked you to install RustDesk,

do not install and hang up immediately.
They are likely a scammer trying to steal your money or other private information.

Architecture Windows Ubuntu Mac Android Flatpak Applmage ios
x86-64 (64-bit) EXE MSI Download = Universal Download = Download
AArché4 (ARMG4) .wnlc-sd Download Download Download TestFlight
ARMv7 (32-bit) Yowinved Download
x86-32 (32-bit) Download

Step 3: After downloading, upload the rustdesk-1.3.0-aarch64.deb file (version 1.3.0 in
this example) to the AIB-2541M
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Step 4: Launch Terminal on the AIB-2541M, switch to the directory where the uploaded
file is located, and enter “sudo dpkg -i rustdesk-1.3.0-aarch64.deb” to install
RustDesk (version 1.3.0 in this example)

pi@pi-desktop: ~

:-$ sudo dpkg -i rustdesk-l.3.0-aarch64.deﬂ]

Step 5: After installation is complete, RustDesk will appear in the application launcher

&« 4 B A

Thunderbird Mail Te Do Transmission Ubuntu Saftware

Step 6: RustDesk operates similarly to TeamViewer. Launch RustDesk on the AlB-2541M,
and then enter the displayed ID and one-time password into the RustDesk client
on the PC side

O

Your Desktop
Your desktoo can be accessed Control Remote Desktop

497 209 179

® Ready, For faster connection, please set up Yyour own server
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Step 7: After the RustDesk client on the PC successfully connects, the AlB-2541M desktop
will be displayed as shown below
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3.3.2. SSH File Transfer

SSH is enabled by default on the AIB-2541M series modules. To transfer files to or from the
AIB-2541M over SSH, an SCP/SFTP client is required. This example uses WinSCP to demonstrate
how to remotely connect and download files from the AIB-2541M.

The latest version of WinSCP can be downloaded from:
https://winscp.net/eng/download.php

WinSCP and AlIB-2541M Architecture

SSH protocol

Step 1: Launch WinSCP and click “New Session”

By WinSCP —T
Local Mark Files Commands Session Options Bemote Help - -
@ (50 Queus - | Transfer Settings Defautt - @~
| o Mew Session
' &czmss ' QG ERE BEREOL %

- B New~ [[] [ [¥]
C\Program Files (B6)\WinSCP,

Marme Mame
il
Translations
Extendion
PuTTY
__|unins000,dat
= unins000. g
B, unins0D0. exe
% DragExfd dll
i WinSCPnet dll
I WinSCP.com
B\ inSCRene 2
B WinSCP.map 1
lhcemae. et

4 nr (MKl nr

0B of40.7 MBin 0 of 12

Mot connected.
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Step 2: In the Login dialog window, enter the following information, then click the Login

button

*  File protocol: SCP *  Port number: 22
*  Host name: the IP address of the *  User name: pi
AlIB-2541M *  Password: icpdas
By Login -
@ New Site f Session

& root@10.1.0.58

File protocol:

|scp

Host name:
10.1.0.108

User name:

Port number:
2

Password:

pi

| (emaly

Step 3: After the connection is successfully established, file transfer operations can be

By WinSCP - pi@1010108 - WinscP - 2+l
focal Mark Files Commands Session Qptions Remote Help
BB 3 Synchonize B QP [ @ 3 Queve - Transfer Settings Default - @
PI®1010108 X |G§ New Session |
fcrTmax -1 - AL % b pi @ 8@ M @ | FindFiles | %y
B New- [[H - @ B New- I = &
Name Nome
- £ -
). Translations i config
J. Extensions J. Pictures
L PTTY 3 <ache
| unins000 dat U Joca
= unins000.msg Ji 20240502
B unins000.exe J. snap
[ DeagExt6d ol )i Videos &
[ WinSCPnet il ). Templates
FIWinSCP.com Ji Public
By WinSCP.exe 2| ki Music
8 WnSCP.map 1| A Downloads
| license it i Documents
J Desktop
ash_hestory
| tep_pythonservice

do_ss_admin_successhul

. " ’ . L]
|08 0f40.7 MBin0of 12 080f6.54KBin0of21
[ SCP 0:00:02
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4. Application Development

This chapter provides guidance on how to create a development environment, and explains the
procedures for downloading, installing, and configuring user applications on the AIB-2541M series

modules.

| Development Tools

The AIB-2541M is an Ubuntu-based product. Ubuntu is a mature Linux operating system that
supports rapid software development.

The following table lists the supported development environments and programming languages for
AIB-2541M application development.

Development

Development language Native SDK Python Example

Tool

Qté v \4
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4.1. Development Environment Preparation

The AIB-2541M is an Ubuntu-based product. Ubuntu is a mature Linux operating system capable of
rapid software development. The standard development environment is a highly integrated

toolchain that fully supports application development for the AIB-2541M under Ubuntu.

| ate

The AIB-2541M comes pre-installed with Python 3 and Qt. The installed Python version is 3.12, and
the Qt version is 6.4.2.

Qt is a cross-platform application development framework commonly used to create graphical user
interfaces. When used with PySide6, Qt allows developers to create cross-platform graphical
applications in Python.

1. Qt Creator

Qt Creator is pre-installed, as shown in the figure below. Qt
Creator is the primary development environment for Qt

applications.

Qt Creator

2. PySideb

PySide6 is a Python binding for Qt that enables developers to create Qt-based graphical
applications in Python. It is pre-installed on the system.
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4.2. Creating Your First Python Application

The best way to learn application development on the AIB-2541M series modules is through

hands-on practice by creating an actual AIB-2541M application.

The following example demonstrates how to create a demonstration application on the AIB-2541M
using Python.

The main steps required to create a Python application are:

1. Create a new project

2. Add control widgets to the window

3. Add event handling for the control widgets
4. Run the application

Each of these steps is described in detail in the following sections.

In this tutorial, it is assumed that Qt 6 and PySide6 are already installed on the AIB-2541M.

4.2.1. Creating a New Project

This example demonstrates how to create a new custom widget project and a sample user control
application.

Step 1: Launch Qt Creator

Qe

Qt Creator
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Step 2: In the Project section, click NEW

SQW‘) Projects | + New | | B) open |
rExamples 1@ default

| Tutorials ‘

| Marketplace ‘

New to Qt?

Learn how to develop your
own applications and
explore Qt Creator.

| Get Started Now ‘

Step 3: Under Application (Qt for Python), select Window Ul, and then click Choose

New Project — Qt Creator = (@) X
Choose a template: All Templates -
Pro;ec_ts - 5% | Empty Application Creates a Qt for Python application
Application (Qt) that includes a Qt Designer-based
Application (Qt for Python) ) widget (ui file). Requires .ui to Python
Hbracy e | Empty Window conversion.

Other Project Supported Platforms:
Non-Qt Project o e Desktop

Test Project
Import Project & | Qt Quick Application - Empty

© Cancel IQChoose...
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Step 4: Enter the project name in the Name field, and then click the OK button

In this example, the project name pyGUI is used. You may also click the Browse button to select a
different project location

r Qt For Python - Window (UI file) — Qt Creator X 1

| . . Project Location
# Location

Creates a Qt for Python application that includes a Qt Designer-based widget (ui file)

Name: |pyGU I I

Create in: | /home/pi Browse...

Use as default project location

| Next> | cancel

Step 5: Confirm that the project file name matches the previously entered project name

In this example, the name is pyGUI. After confirmation, click “Next”

Window Ul— Qt Creator = &) £
_ Define Class
Location
» Details Class name: |widget
Base class: | Qwidget -

Source file: |widget.py

Project file: |pyGUI.pyproject

< Back | Next > Cancel
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Step 6: In the PySide version field, select PySide 6, and then click “Next”

Window Ul — Qt Creator B &
, Define Python Interpreter
Location
Details PySide version: | PySide 6 ~
2 Interpreter
< Back MNext > Cancel

Step 7: By default, the option Python 3.12.3 virtual environment is selected

If you do not wish to test the application in a virtual environment, select Python 3.12.3 instead. In
this example, the application will not run in a virtual environment, so Python 3.12.3 is selected.
Then click the Next button.

window Ul — Qt Creator = = &
_ Kit Selection
Location
Details The following kits can be used for project pyGUI:
Interpreter Select all kits
2 Kits
v/ B Python 3.123 Details =

¥| Python 3.12.3
Python 3.12.3 Virtual Environment [UI/.qtcreator/Python_3_12_3venv| Browse...

< Back | Next > Cancel
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Step 8: In the Add to version control field, select a version control system if required.
Otherwise, select None.

In this example, “None” is selected. Click Finish to complete project creation.

Window Ul — Qt Creator = (@) ¢
, Project Management
Location
Details Add as a subproject to project:
Interpreter
B Add to version control: <None> ~ | Configure...
2 Summary

Files to be added in

/home/pi/pyGUI:

form.ui

pyGUI.pyproject

requirements.txt

widget.py

< Back ' Finish Cancel

Step 9: The created project contains three files: form.ui, widget.py, and <project
name>.pyproject. The project structure is shown in the figure below

[ ~

pyGUI - Qt Creator = & 2
File Edit View Build Debug Analyze Tools Window Help
Projects Y. ® B3 <no document>
- @ pycul
pyGULpyproject

7 form.ui

s widget.py
Open Documents =
| 1 Issues 2 Search Results 3 Application Output 4 Compile Output 5 QML Debugger C... 8 TestResults ¢ - H
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4.2.2. Adding Control Widgets to the Window

You may freely add control widgets from the Toolbox to the form and adjust their positions by
drag-and-drop operations.

After adding widgets to the window, the corresponding properties can be modified in the
Properties window, such as background color or default display text.

The property values configured in the Properties window will be initialized automatically when the
application runs.

Step 1: Open the project form page and open the “form.ui” file

PYGULPYPITys
7 Form.ui

- nidnak mve

LLLEND NN

LAy = class
Bl vertical Layoue
M1} seerisertsl Loyt
Bl cndiayes

T EREEET

@ Rada Ruttsn
o crock Rax . .
D) command Lsk nustas

Corlarar: - * 4 windowsodality  Mostads
erabisd "

¢ peametry [0, 800,

' inePlicy [Prarerred,

\ minmumsoe  0x0
+ manimamSize 16TTTH S

¢ sipelngrement  GxQ

+ basedize Bxd

: pelette Inheried

. :"I DM Ared v e A futsinng,
] Dock widget curser b Amow
mput nddgets. mouseTracking

taslet Tracking

[ rant comba s Fezusabicy Hstacus
contexthe e .. DefaitCon,

.| Acton Etor | sigrals and shets Edizar 4 = -

tearch Rewuits 3 Agplicatian Out

chod widget Feaeme Usid Tiat haieut Chikaale  ToalTg
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Step 2: In the Toolbox, drag the Push Button widget onto the window

Filter

- Layouts =

= vertical Layout

I Horizontal Layout

Grid Layout

§§ Form Layout

v Spacers

kel Horizontal Spacer 2 R PushButtons .
E Vertical Spacer c o . LI
— Buttons

@ Push Button

& Tool Button

(® Radio Button

' Check Box

e Command Link Button

Dialog Button Box

Step 3: In the Properties window, set the objectName property to “btnClick” and then set
the text property to “Show Message”

objectName btnClick QAbstractButton
text |Show Message
enable: E(,1so 120) 2Lkl
» geometry : al : -
» sizePolicy [Minimum, ... > IlconSize 16x16
» minimumsSize 0x0 » shortcut
» maximumSize  16777215x.. checkable
» sizelncrement 0x0
» baseSize 0x0
palette Inherited autoRepeaF
¥ Ponk A [Ubuntu.. autoExclusive
cursor l; Arrow autoRepeatDelay 300
mouseTracking autoRepeatinte... 100
tabletTracking
focusPolicy ‘StrongFocus
contextMenuPo... DefaultCon..
arcentNranc .
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4.2.3. Adding Events to the Control Widgets

After completing the application window design, you may begin writing the application
functionality code.

Step 1: Select Edit mode and open “widget.py”

File Edit Build Debug Analyze Tools
Projects
- @ pyGul

= pyGUL.pyproject
7 Form.ui

B widget.py

Welcome

=

The source code shown in the following figure will appear.

B widget.py X | Python 3.12.3 REPL

g This Python file uses the following encoding: utf-8
o

from PySide6.QtWidgets import QApplication, QWidget

Important:

You need to run the following command to generate the ui_form.py file
pyside6-uic form.ui -o ui_form.py, or
pyside2-uic form.ui -o ui_form.py

rom ui_form import Ui_Widget

- ® n i n

v class Widget(QWidget):
def init__(self, parent=None):
super().__init__(parent)
self.ui = Ui_Widget()
self.ui.setupUli(self)

> 11 name == " main_'
app = QApplication(sys.argv)
widget = Widget()
widget.show()
sys.exit(app.exec())
24

AIB-2541M User Manual, v1.0.0

P.71



Step 2: Modify “widget.py” as follows:

from PySide6.QtWidgets import QApplication, QWidget, QMessageBox

from ui_form import Ui_Widget

class Widget(QWidget):
def __init_ (self, parent=None):
super().__init__ (parent)
self.ui = Ui_Widget()
self.ui.setupUi(self)

self.ui.btnClick.clicked.connect(self.show_message)

def show_message(self):

QMessageBox.information(self, "info", "first program")

The completed source code is shown in the figure below.

# This Python file uses the following encoding: utf-8
import sys

—+,

rom PySide6.QtWidgets import QApplication, QWidget, QMessageBox

Important:

You need to run the following command to generate the ui_form.py file
pyside6-uic form.ui -o ui_form.py, or
pyside2-uic form.ui -o ui_form.py

rom ui_form import Ui_Widget

“H T 1" N N

v class Widget(QWidget):

v def __init__(self, parent=None):
super().__init__(parent)
self.ui = Ui_Widget()
self.ui.setupli(self)

self.ui.btnClick.clicked.connect(self.show_message)

v def show_message(self):
QMessageBox.information(self, "info", "first program")

v if __name__ == "__main__":

app = QApplication(sys.argv)
widget = Widget()
widget.show()

7 sys.exit(app.exec())

28 |
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4.2.4. Running the Application

In the lower-right corner of Qt Creator, click widget.py to specify that widget.py will be executed
next. Then click the Run icon - to start the application.

widget.py - 0O

Show Message

The running application window is

shown in the figure on the right.

After pressing the “Show Message” button, the following MessageBox dialog will appear.

widget.py o &

o first program

| @ok |
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4.2.5. Python Examples

These examples are intended for use in the Python programming environment. The latest version
can be downloaded from the ICP DAS website.

Python example programs are available at:
https://www.icpdas.com/tw/download/index.php?model=AIB-2000%20Series

The following example programs are included:

di.py: Reads the DI port status on the AIB-2541M.

do.py: Turns the DO ports on or off.

led.py: Turns LEDs L1-L3 on or off.

ser.py: Performs read/write operations on Port 1 and Port 2.
serial_number.py: Reads the serial number of the AIB-2541M.

watchdog_enable_refresh.py: Starts and updates the watchdog.
watchdog_enable_disable.py: Starts and stops the watchdog.
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5. Selecting I/0 Expansion Modules and SDKs

This chapter introduces how to select suitable I/0 expansion modules and corresponding SDKs,

allowing users to more flexibly utilize the AIB-2541M series modules and develop AIB-2541M
applications more comprehensively.

The AIB-2541M supports the following /O expansion configurations:

1/0 tET/tPET
Expansion Unit Series

| | |

USB-2200
Series

ET-7000 PET-AR400
ET-2000 Series PET-7H Series

Expansion Unit
1/0 Slot RS-485
| |

| I,_ AI‘ I_ I
B = a2 @

XV-Board

USB-2000

UsB 1/0
Series

XB-Board 1-7000 M-7000 tM 1/0
Series Series Series Series Series Expansion

I USB (USB-2000 Series and USB-87Pn Series)

The AIB-2541M can connect to USB-2000 and USB-87Pn modules through USB interfaces together
with ICP DAS I-87k series I/0 modules.

Module Native SDK Python Example
USB-2000 Series Python Example Python Example
USB-87Pn Series Python Example Python Example
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| Ethernet (ET-7000 Series and I-8KE4/8-MTCP)

The AIB-2541M can connect to ET-7000 and I-8KE4/8-MTCP modules through Ethernet interfaces
together with ICP DAS I-87k series I/0O modules, and supports the Modbus/TCP communication

protocol.
Module Native SDK Python Example
ET-7000 Modbus Example Modbus Example
I-8KE4/8-MTCP Modbus Example Modbus Example

| RS-485 (1-7000 Series and M-7000 Series)

The AIB-2541M can connect to I-7000, M-7000, and RU-87Pn modules through RS-485 interfaces
together with ICP DAS I-87k series I/O modules. The RS-485 network uses twisted-pair cables as
the transmission medium and supports data rates of up to 115.2 kbps.

1-7000 Series 1/0 Modules
Module Native SDK Python Example
[-7000 Series libAIB.so libAIB.py
[-7088 (D) libAIB.so libAIB.py

For more information regarding |-7000 series I/0O modules and example programs, please refer to:
https://www.icpdas.com/tw/product/guide+tRemote | O  Module and Unit+RS-485 1 O
Modules+I-7000

M-7000 Series 1/0 Modules

Native SDK Python Example

M-7000 Series Modbus Example Modbus Example

For more information regarding M-7000 series /O modules and example programs, please refer to:
https://www.icpdas.com/tw/product/guide+tRemote | O  Module and Unit+RS-485 1 O
Modules+I-7000
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RU-87Pn + 1-87K Series 1/0 Modules

Module Native SDK Python Example

RU-87Pn + |-87K libAIB.so libAIB.py

Other Specified I/0

Module Native SDK Python Example

[-7088W libAIB.so libAIB.py

I Local I/O Expansion Modules (XV-Board)

The AIB-2541M supports one XV-Board/XB-Board module.

XV-Board

Native SDK Python Example

XV-Board Modbus Demo Modbus Demo

For more supported module information, please refer to:
https://www.icpdas.com/tw/product/guidetRemote | O Module and Unit+PAC | O Mo
dules+XV-board

XB-Board

Native SDK Python Example

XB-Board Modbus Demo Modbus Demo

For more supported module information, please refer to:
https://www.icpdas.com/tw/product/guide+tRemote | O Module and Unit+PAC | O Mo
dules+XB-board
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6. System Update and Upgrade

This chapter provides the procedures required to update the AIB-2541M operating system (OS).

ICP DAS will continue adding additional features to the AIB-2541M OS in the future. Therefore,

users are encouraged to regularly check the ICP DAS website for the latest updates.

The AIB-2541M OS is updated by flashing the system image using Raspberry Pi Imager. Raspberry
Pi Imager must first be installed on a PC before updating the OS.

The latest OS installation image can be downloaded from the ICP DAS website:
https://www.icpdas.com/tw/download/index.php?model=AIB-2000%20Series

Step 1: Install Raspberry Pi Imager and rpiboot

The latest version of Raspberry Pi Imager can be downloaded from:

https://www.raspberrypi.com/software/

The latest version of rpiboot can be downloaded from:
https://github.com/raspberrypi/usbboot/releases

If Raspberry Pi Imager and rpiboot are already installed, this step may be skipped.
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Step 2: Disable the AIB-2541M hardware watchdog. Configure the hardware jumper as
shown in the figure below.

(Default)

-5
a¥=

2
i

Step 3: Connect the mini USB port of the AIB-2541M to the PC
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Step 4: Launch rpiboot on the PC

Wait for rpiboot to mount the eMMC storage. After mounting is completed, launch Raspberry Pi
Imager to flash the OS.

Raspberry Pi ~

'A., L Ty ) waygei

° rpiboot-CM4-CM5 - Mass Storage Gadget

[ rpiboot-Civimeneros

able e target device
1gging

Step 5: Launch Raspberry Pi Imager

Raspberry Pi Imager requires configuration of three items. Please follow the steps below.

Raspberry Pi A

[} Raspberry Pilmagerv2.0.7 = [} X

Raspberry Pi Imager

Setup steps Select your Raspberry Pi device

o rpiboot-CM4&-Livio"3ss Storage |
6,_ Raspberry Pi 5

Raspberry Pi 5,500 / 500+, and Compute Module 5

S

rpiboot-CM-CM2-CM3

3 Uninstall rpiboot

Raspberry Pi 4
Raspberry Pi 4 Model B, 400, and Compute Module 4 / 4S

Raspberry Pi 2
Raspberry Pi 2 Model B

Raspberry Pi 1
Raspberry Pi 1 Model A / A+ / B/ B+ and Compute Module 1

Raspberry Pi 3
" Raspberry Pi 3 Model A+ / B / B+ and Compute Module 3 /
3+

APP OPTIONS
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Step 6: In the Raspberry Pi Device field, select No Filtering

E) Raspberry Pi Imager v2.0.7 - a

Gy shpe Select your Raspberry Pi device

-
‘ Raspberry Pi 2

Raspberry Pi 2 Model B

0S
) & Raspberry Pi 1
Storage Raspberry Pi 1 Model A / A+ / B/ B+ and Compute Module 1
Customisation ’ Raspberry Pi Zero 2 W
Raspberry Pi Zero 2 W
Writing
= Se=ztomv Pj Zero
Done Raspberry Pi Zeru;™Q W, and Zero WH
No filtering
Show every possible image
APP OPTIONS NEXT

Step 7: In the Operating system field, select “Use custom”

[ Raspberry Pilmager v2.0.7 = (]
poery 9

Setup steps Choose operating system

Device Select an operating system to install on your Raspberry Pi
.~ client operatInQ systems - - ' i

0S

Storage Misc utility images
% Bootloader EEPROM configuration, etc.

Customisation

Writing Erase
D Format card as FAT32

Done

Select a custom .img from your ' imputer

APP OPTIONS BACK
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Step 8: Select the OS image downloaded from

https://www.icpdas.com/tw/download/index.php?model=AIB-2000%20Series

In this example, the initial OS image AIB-2541 v1.0.0.0.img is used.

8] Select image X
« v » This PC » Local Disk (C:) » AIB-2541_IMG w v arch AlB-2 1G 2
Organize « MNew folder * [N e
I Desktop # A Mame - Date modified Type Size
¥ Downloads # 2] AIB-2541.v1.0.00 4/2472026 10:30 AM Disc Image File 16,611,328 .
] Documents
= Pictures «+
B Music
MNETE
nietd.0-windows
B videos
@ OneDrive
3 This PC
¥ Metwork

W

File name: | AIB-2541 v1.0.0.0

Step 9: In the Storage field, select mmcblk0, and then click NEXT

“mmcblk0” is the device name of the eMMC mounted by rpiboot.

o Raspberry Pi Imager v2.0.7

Setup steps

Select == —===2a device

r

Device

mmcblk0 USB Device
4’ 291 GB
Mounted as E:\, F:\

0S

Customisation

Writing

Done

vl Image files

Exclude system drives

APP OPTIONS BACK

Cancel
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Step 10: Click WRITE to proceed to the next step

B} Raspberry Pi Imager v2.0.7 - O X
Setup stepe Write image
Device Review your choices and write the image to the storage device
0s
Storage
Customisation Summary

Device: Mo filtering
Operating system:  AIB-2541_v1.0.0.0.img

Storage: mmcblk0 USB Device
Done

APP OPTIONS BACK WRITE

Step 11: A warning message will indicate that the disk will be erased. If the data has
already been backed up, select "I UNDERSTAND, ERASE AND WRITE". The OS

flashing process will then begin

The flashing process takes approximately 30 to 40 minutes to complete.

You are about to ERASE all data on: mmcblk0 USB Device

This action is PERMANFA==77G CANNOT be undone.

| UNDERSTAND, ERASE AND WRITE
Selup Mepe Write image

Device Writing in progress — do not disconnect the storage device/
0s

Storage

CANCEL

[ Raspberry Pilmager v2.0.7 = o X

Customisatior Writing... 3%
-
Done
APP OPTIONS CANCEL WRITE
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Step 12: The OS flashing process is complete.

The following figure shows the completed flashing screen.

E Raspberry Pi Imager v2.0.7 - O Y
poerry g

Setup steps Write complete!

Device
Qs
Storage Your choices:
~ Device: No filtering
Customisation

Operating system:  AIB-2541_v1.0.0.0.img
Writing Storage: mmcblk0 USE Device

The storage device was ejected automatically. You can now remove it

safely.
Y

APP OPTIONS WRITE ANOTHER FINISH

Step 13: Power off the AIB-2541M and disconnect the mini USB cable connected to the
AlIB-2541M
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Step 14: Re-enable the AIB-2541M hardware watchdog and configure the jumper as
shown below.

Restore the setting to "Enable"

Step 15: Verify the OS Version

After flashing is completed, power on the AIB-2541M again. Please refer to Section 3.2.1 to launch
the Utility application, then select the Device Information page to verify the OS version.

‘j Launch
the Utility

Utility

utility S o ®

Device Information = Auto exectuion

05 Version  |1,0.0.0

Kernel Versio |Linux pi-desktop 5.15.0-1034-raspi #37-Ubuntu

CPU Temperature(Celsius) -I Ll S
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Appendix A. Practical Usage Notes

This chapter provides several useful tips for operating and maintaining the AIB-2541M series
modules.

A.1. How to Check the Kernel Version

1. Using the Utility

Refer to Section 3.2.1 Utility — View System Information on page 49 and launch the Utility.
Utility = (&) €X
Device Information | Auto exectuion

OS Version 1.0.0.0

Kernel Versiol |Linux pi-desktop 6.12.45-v8-16k-1.0-cfs-raspi #2

, oo
CPU Temperature(Celsius) I (

The Kernel Version field displays the currently installed kernel version.
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2. Using the uname -r Command

Enter the uname -r command in Terminal to display the current kernel version.

+1 pi@pi-desktop: ~

S uname -r
6.12.45-v8-16k-1.0-cfs-raspi

$ [

A.2. How to Check the HailoRT Version

To check the installed HailoRT version, open Terminal and enter the hailortcli --version command.
The version number will be displayed as shown below. In the example below, the HailoRT version is
4.23.0.

pi@pi-des

:-S hailortcli --version

HailloRT-CLI version 4.23.0

- $l]
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A.3. How to Configure Automatic Network Time Synchronization

You can synchronize the system time of the AIB-2541M through a network time server.
When synchronization is enabled, the AIB-2541M system time will automatically synchronize with

the network time server.

Step 1: Launch Terminal and enter the following command
sudo gedit /etc/systemd/timesyncd.conf

The configuration screen is shown in the figure below.

timesyncd.conf

1#
2 #
3# systemd is free software; you can redistribute it and/or modify 11
4 # under the terms of the GNU Lesser General Public License as publi:
5# the Free Software Foundation; either version 2.1 of the License,
6 # (at your option) any later version.

7 #

8 # Entries in this file show the compile time defaults.

9 # You can change settings by editing this file.

10 # Defaults can be restored by simply deleting this file.

11 #

12 # See timesyncd.conf(5) for details.

13

14 [Time]

15 NTP=

16 FallbackNTP=ntp.ubuntu.com

17 RootDistanceMaxSec=5

18 PollIntervalMinSec=32

19 PollIntervalMaxSec=2048

This file is part of systemd.

The parameter descriptions are listed in the following table.

Field Description

NTP Primary time synchronization server
FallbackNTP Backup time synchronization server
RootDistanceMaxSec Maximum allowable time difference with the

server (seconds)

PollintervalMinSec Minimum synchronization interval

PollintervalMaxSec Maximum synchronization interval

Step 2: After configuration is completed, click SAVE to save the settings.
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Step 3: In Terminal, enter the following command to restart the time synchronization
service and load the new settings

sudo systemctl restart systemd-timesyncd
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A.4. How to Replace the RTC Battery

The RTC chip uses a lithium battery that can provide continuous power for up to 10 years.

Step 1: Power off the AIB-2541M

Step 2: Use a screwdriver to remove the
screws on the left-side cover

Step 3: Remove the left-side cover

Step 4: Remove the depleted battery

Step 5: Insert a new battery

Step 6: Reinstall the left-side cover and
tighten the screws

Step 7: Set the RTC time

Ordering Information

Battery type: BR1632 (ICP DAS part number: 2LB010)

For additional information, please contact your local sales office or distributor.
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Appendix B. Hailo-8L Development and Application

The development workflow for Hailo-8L Al learning models is illustrated in the figure below.

Al Model
Application
Environment Development and
Setup Usage

AIB-2541M series + Hailo-8L
Development

Environment
l | Setup

Al Model Training and

. Model
Performance Evaluation

Conversion

I Environment Setup

*  Runtime environment setup for the AIB-2541M series: Install HailoRT and the Hailo PCle
driver. (Refer to Section B.1.1)

*  PCenvironment setup for Al model training: Install CUDA and the required deep learning
frameworks. (Refer to Section B.1.2)

HailoRT and the Hailo PCle Driver CUDA Toolkit and Deep Learning Frameworks

(PyTorch, TensorFlow, etc.)
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I Al Model Training and Performance Evaluation

Modern Al models require users to provide large amounts of training data so that the Al system
can extract target object features for recognition or prediction. After training is completed, the Al
model must also be tested and evaluated to verify inference performance.

For more information regarding Al model training and performance evaluation, please refer to
Section B.2.

Inference Output

I Model Conversion

The trained Al model must be converted into a file format supported by the Hailo-8L runtime using
Hailo conversion tools.

For installation procedures and model conversion workflows, please refer to Section B.3

:---Hailo Dataflow Compiler--=,

ONNX file — .hef file

I Al Model Application Development and Deployment

After the Al model conversion process is completed, the converted Al model is deployed on the
AlIB-2541M. An application program is required to load the Al model and input data into the
Hailo-8L accelerator, while also receiving the inference results generated by the Al model running
on Hailo-8L.

For more information regarding Al model application development and deployment, please refer
to Section B.4.

The following chapters describe the installation and operation procedures step by step. In this
example, the PC operating system used is Ubuntu 20.04, and the GPU used is an NVIDIA RTX 2060.
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B.1. Environment Setup

B.1.1. Runtime Environment Setup: HailoRT and Hailo PCle Driver

Installation

To operate a Hailo Al accelerator card on the AIB-2541M, HailoRT and the Hailo PCle driver must
be installed. The following section describes the installation procedure for HailoRT and the Hailo
PCle driver. First, download HailoRT and the Hailo PCle driver from the Hailo website listed below.

https://hailo.ai/developer-zone/software-downloads/

The following example demonstrates the installation of HailoRT version 4.15 and the

corresponding PCle driver.

Guidance & Notes

The versions of HailoRT and the PCle driver must match. If the versions are

inconsistent, problems may occur during HailoRT operation.

Step 1: Open Terminal and enter the following command, and then enter the password
“sudo apt-get install build-essential”

Step 2: Open Terminal, switch to the HailoRT installation package directory, and enter
“sudo dpkg -i hailort_4.15.0_arm64.deb”

The following screen indicates that the installation has completed successfully. (This example uses
HailoRT version 4.15.)

:$ sudo dpkg -1 hailort_4.15.0_armé4.deb
(Reading database ... 168833 files and directories currently installed.)
Preparing to unpack hailort_4.15.0_arm64.deb ...
npacking hailort (4.15.0) over (4.15.0) ...
Setting up hailort (4.15.0) ...

Do you wish to activate hailort service? (required for most pyHailoRT use cases) [y/N]:

tarting hailort.service

reated symlink /etc/systemd/system/multi-user.target.wants/hailort.service — /lib/systemd/system/hailort.
ervice.
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Step 3: Open Terminal, switch to the Hailo PCle Driver installation package directory, and
enter “sudo dpkg -i hailort-pcie-driver_4.15.0_all.deb”

The following screen indicates that the installation has completed successfully. (This example uses
HailoRT version 4.15.)

: S sudo dpkg -1 hailort-pcie-driver 4.15.0 all.deb
Selecting previously unselected package hailort-pcie-driver.
(Reading database ... 168833 files and directories currently installed.)
Preparing to unpack hailort-pcie-driver_4.15.0_all.deb ...
Could not test for SecureBoot, assuming SecureBoot is disabled on this machine.
Unpacking hailort-pcie-driver (4.15.0) ...

Setting up hailort-pcie-driver (4.15.0) ...
WARNING: apt does not have a stable CLI interface. Use with caution in scripts.
build-essential/jammy,now 12.9ubuntu3 arm64 [installed]

Do you wish to use DKMS? [Y/n]:
Please reboot your computer for the installation to take effect.

Step 4: Open Terminal and enter “hailortcli scan” to verify whether the Hailo hardware is
detected.

If the Hailo hardware is detected, a device ID will be displayed, indicating that HailoRT and the
Hailo PCle driver have been installed correctly.

S hailortcli scan
Hailo Devices

[-] Device: 0000:04:00.0
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This example uses an NVIDIA GPU and therefore requires an NVIDIA driver and a compatible CUDA
Toolkit. Many deep learning frameworks can use CUDA for GPU acceleration. The following section
describes how to install CUDA and the required deep learning framework in an Ubuntu

environment.

I CUDA Installation

Step 1: In the Ubuntu environment, open Terminal and enter “ubuntu-drivers devices”

The available NVIDIA GPU drivers supported by the OS will be listed. It is recommended to install

the driver marked as “recommended”. This driver version has been validated by NVIDIA and is less

likely to encounter issues.
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Step 2: After installing the GPU driver, please enter "nvidia-smi" in Terminal

The CUDA Version field indicates the maximum CUDA version supported by the installed NVIDIA

driver. Select a compatible CUDA Toolkit version for the framework being used.

Step 3: Please download the corresponding CUDA Toolkit installation package from the
following NVIDIA website

https://developer.nvidia.com/cuda-toolkit-archive

The website is shown in the figure below. In this example, CUDA version 12.0 is used.

CUDA Toolkit Archive

| be sure ta check wew.nvidia.comidrivers for more recent production drivers appropriate for your hardware configuration

Latest Release

alkit 12.6.2 (October 2024), Versioned Online Documentation

Archived Releases

CUDA Toolkit 11.8.0 (October 2022), Versioned Online Documentation

Step 4: Please select the installation options according to the software environment used
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by the PC

Select the OS, hardware architecture, and other required options in sequence. In this example, the
hardware platform is an x86 PC, the OS is Ubuntu 20.04, and the installation method uses .deb

packages. Therefore, select the options shown in the figure below.

Operating System Windows
Architecture ppcBdle arm64-sbsa aarch64-jetson

CentOS Debian Fedora KylinOS OpenSUSE RHEL Rocky SLES

Distribution
WSL-Ubuntu
Version 22,04
Installer Type deb (network) runfile (local)

Step 5: Follow the installation instructions provided on the website and execute the
commands step by step in Terminal to complete the installation

The base installer is available for download below.

»Base Installer

nstallation Instructions:

Step 6: After CUDA installation is completed, please enter "nvcc --version" in Terminal to
verify whether the installed CUDA version is correct

In this example, CUDA version 12.0 is installed, and the output is shown below.

I Deep Learning Framework Installation
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There are many deep learning frameworks available, such as PyTorch and TensorFlow. The required
framework depends on the model implementation and training workflow. Therefore, first

determine which framework is required by the selected model.

In this example, the Al model used is YOLOV5, and the corresponding deep learning framework is

PyTorch. Therefore, this section focuses on PyTorch installation.

Step 1: Please visit the PyTorch website https://pytorch.org/ to begin the installation
process

Select the appropriate options according to your PC environment, as shown in the figure below.
In this example, installation is performed on Ubuntu using pip. Select the PyTorch build that is
compatible with your NVIDIA driver and supported by the selected PyTorch release. For example,
the CUDA version installed in the previous section is 12.0, so version 11.8 is selected.

Because installation is performed using pip, enter the installation command shown under “Run this
Command” in Terminal.

PyTorch Build Stable (25.1) Preview (Nightly)

Your OS Linux hMac Windows

Package Conda LibTorch Source

Language Python Ce+/Java

CUDA CUDA CUDA
Compute Platform 191 19 2 ROCm 6.2 CPU

pip3 install torxch torchvision torchaudio --index-url hittps://download.pyt
orch.oxrg/whl/culld

Run this Command:

Step 2: After installation is completed, the installed packages can be verified using “pip list”. The

result shown below indicates that PyTorch has been successfully installed.
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B.2. Al Model Training and Performance Evaluation

There are many types of Al models available. Users should select an Al model according to their
application requirements. In this example, YOLOV5 is used. YOLOVS5 is an object detection model
implementation developed by Ultralytics. The following sections describe the Al model training
workflow and performance evaluation process for YOLOvV5.

B.2.1. Model Training

Step 1: Download YOLOV5 from the Ultralytics GitHub Repository

The latest version of YOLOvVS5 can be downloaded from the following link:
https://github.com/ultralytics/yolov5
This example uses YOLOvV5 v7.0.

Step 2: After extracting the downloaded YOLOv5 package, the directory structure is
shown below.

E e e Eee

classify data models segment utils benchmark CONTRIBUT
S.py ING.md
@ o @ = F = =
detect.py export.py hubconf.py LICENSE README. requiremen setup.cfg
md ts.txt
& = “
train.py tutorial. val.py
ipynb

Step 3: Add the Training Dataset
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Currently, many websites provide free training image datasets, such as COCO and Roboflow. In this
example, the training dataset is downloaded from Roboflow. The training target in this example is

vehicle and license plate detection. The figure below shows the dataset used for this training

example.
test train valid data.yaml README.
roboflow.
txt

Step 4: Open Terminal, switch to the YOLOV5 directory, and enter the following training
command:

python3 train.py --img-size 640 --batch 16 --epochs 300 --data ./car_License/data.yaml

--weights yolov5s.pt

The main parameters are described below:

--data: Path to the dataset YAML file

--epochs: Number of training epochs. If the dataset contains 100 images, processing all 100 images
once is considered one epoch.

--batch: Number of data samples input to the GPU for each training iteration. Larger values require

more GPU memory.

For additional parameters, enter “python3 train.py --help” for detailed descriptions. After entering

the above command in Terminal, training will begin as shown in the figure below.

3.98 anchors/target, 1.000 Best Possible Recall (BPR). Current anchors are a good fit to dataset 'I
Plotting labels to runs/train/exp/labels.jpg...
Image sizes 640 train, 640 val
Using 8 dataloader workers

Logging results to runs/train/exp
Starting training for 300 epochs...

Epoch GPU_mem box_loss obj_loss cls_loss Instances Size
0/299 3.46G 0.1238 0.03906 0.02909 90 640: so%|IEGIN | 8/16 00:02]

AIB-2541M User Manual, v1.0.0 P.101



Step 5: After training is completed, the following information will be displayed

The trained Al models will be stored in “/runs/train/exp<number>/weights”; the number indicates
how many training sessions have been executed previously. Since this example is the first training

run, the directory will be exp.

Two model files will be generated in the weights folder:
best.pt: The best-performing model across all epochs

last.pt: The model generated during the final epoch

Validating runs/train/exp/weights/best.pt...
Fusing layers...
Model summary: 157 layers, 7015519 parameters, O gradients, 15.8 GFLOPs
Class Images Instances P R mAP50-95: 100% || INEGN| 3/3 co:00

all 218 0.839 0.834 0.676
license-plate’ 84 0.888 0.893 0.705
vehicle 134 0.79 0.776 0.646
Results saved to runs/train/exp

Guidance & Notes

The dataset used in this example contains approximately 300 images. The training GPU
is an RTX 2060, the batch size is set to 16, and the training time is approximately 2 to 3
hours.

B.2.2. Model Performance Evaluation

After training is completed, the following performance information is displayed.

Validating runs/train/exp/weights/best.pt...
Fusing layers...
Model summary: 157 layers, 7015519 parameters, © gradients, 15.8 GFLOPs
Class Images Instances P R mAP50-95: 100% |G| 3/3 co:e0

all 218 0.839 0.834 0.676
license-plate’ 84 0.888 0.893 0.705
vehicle 134 0.79 0.776 0.646
Results saved to runs/train/exp

The mAP@0.5:0.95 metric evaluates object detection performance across multiple intersection
over union (loU) thresholds. Higher values indicate stronger object recognition capability.

For the meanings of each parameter, please refer to the Ultralytics documentation:
https://docs.ultralytics.com/guides/yolo-performance-metrics/#introduction
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The trained Al model can be verified using detect.py to determine whether images outside the
training dataset can be correctly recognized. Enter the following command:

python3 detect.py --source test.jpg --weights best.pt

The figure below shows the result of the trained Al model detecting vehicles and license plates.

--source specifies the image or video to be detected
--weights specifies the Al model used for detection
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B.3. Model Conversion

B.3.1. Installing the Model Conversion Tool and Converting Models for

Hailo-8L

Section B.2.1 has already explained how to train an Al model. However, the trained Al model
cannot be directly used on the AIB-2541M because HailoRT only supports Al models in Hailo

format. Therefore, additional Al model conversion is required.

In addition to installing the Hailo Dataflow Compiler, Al model conversion also requires additional
conversion scripts. Since the conversion scripts must be modified according to the parameters
used during the training process, and the converted results may require further adjustment, there

is no universal conversion script available.

Support from Hailo is required for this process. You may submit your Al model conversion issues to
us, and we will contact Hailo for technical assistance. This chapter only describes the installation of

the Hailo Dataflow Compiler and the preparation procedures required before Al model conversion.
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B.3.2. Installing the Hailo Dataflow Compiler

Step 1: Please first download the Hailo Dataflow Compiler from the following Hailo
website

https://hailo.ai/developer-zone/software-downloads/

Guidance & Notes

shown below.

HailoRT Hailo Dataflow Compiler

Q HailoRT and the Hailo Dataflow Compiler have compatible version combinations, as

4.13 3.23
4.14 3.23-3.24
4.15 3.23-3.25

Future HailoRT versions released after version 4.15 follow the same compatibility

rules.

1. The HailoRT version may be newer than the Hailo Dataflow Compiler version, but
the Hailo Dataflow Compiler version cannot be newer than HailoRT. For example, if
HailoRT is version 4.15, Hailo Dataflow Compiler versions 3.23 to 3.25 may be
installed. If HailoRT is version 4.13, only Hailo Dataflow Compiler version 3.23 or
earlier is supported.

2.If incompatible versions are installed, the compiled Al model may fail to run
correctly on the AIB-2541M.

3. HailoRT and the Hailo PCle Driver are pre-installed in the OS. Select the appropriate
version of the Hailo Dataflow Compiler based on the HailoRT version installed in the
operating system.

The examples in this section assume that HailoRT version 4.15 has already been installed as
described in Section B.1.1. Therefore, Hailo Dataflow Compiler version 3.25 is used in the following
example.
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Step 2: Enter pip install hailo_dataflow_compiler-3.25.0-py3-none-linux_x86_64.whli

Because the Hailo Dataflow Compiler also requires downloading and installing multiple additional
packages, the installation process may take a considerable amount of time. The following

information will be displayed after installation is completed.

KSuccessfully installed hailo-dataflow-compiler-3.25.0 keras-2.12.0 onnx-1.14.0 onnxsim-0
.4.17 protobuf-3.20.3 pydantic-1.10.8 setuptools-68.0.0 tensorboard-2.12.3 tensorflow-2.
12.0 tensorflow-estimator-2.12.0 tensorflow-probability-0.20.1 tflite-2.10.0

The installed Hailo Dataflow Compiler version can be verified using pip list

:~$ pip list | grep dataflow

-compiler 32550

B.3.3. Converting Models for Hailo-8L

Before starting the conversion process, the best.pt model trained in the previous section “B.2.1. Al
Model Training” must first be converted to ONNX format, because the Hailo Dataflow Compiler

only supports ONNX and CKPT file formats. Therefore, best.pt must be converted.

The export.py script included in YOLOV5 supports exporting ONNX format. Please open Terminal,
switch to the YOLOVS directory, and enter python3 export.py --weights best.pt --include onnx.

The following figure shows a successful ONNX conversion result.

The three required steps for converting a model into the HEF format supported by Hailo are
Parsing, Quantization, and Compilation. Each step requires separate conversion scripts. We are
unable to provide assistance for these conversion steps, and professional support from Hailo is

required. You may contact us to forward your issues to Hailo for further assistance.
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B.4. Al Model Application Development and Usage

In the section “B.3 Converting the Trained Al Model into a File Format Supported by Hailo-8L,” your
Al model has already been converted into the HEF format. The next step is to develop an
application program to run on the AIB-2541M.

Hailo has already provided application examples on GitHub. Please download them from the
following GitHub repository:
https://github.com/hailo-ai/Hailo-Application-Code-Examples

Hailo provides example applications in Python, C++, C#, and other languages for users to reference.
Taking Python as an example, Hailo provides the following demo applications:

APP Description

depth_estimation Depth estimation with StereoNet

detection_with_tracker | Object detection with tracking using ByteTracker and Supervision

hailo_onnxruntime Inference with a Hailo device and postprocessing with ONNX Runtime

instance_segmentation | Instance segmentation with yolov5_seg/yolov8_seg

lane_detection Lane detection with yolo, ssd or centernet

object_detection Object detection with yolo, ssd or centernet

pose_estimation Pose estimation with yolov8

streaming Object detection on a streaming input from a camera using OpenCV
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The vehicle and license plate recognition Al model trained in the previous section can be applied to
object_detection. The figure below shows an example running on the AIB-2541M after modifying
the demo application.
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Appendix C. XV-Board and XB-Board Series I/O Expansion Cards

The XV-Board and XB-Board series |/O expansion cards are supported by the AIB-2541M. Each
controller can be expanded using one XV-Board or XB-Board series I/O expansion card.

The following tables describe the specifications of the XV-Board expansion modules.

DIO Expansion Modules

DO
Module
Channels Sink/Source Channels Sink/Source
XV107 Source Sink
8 Wet 8
XV107A Sink Source
XV110 16 Dry/Wet Sink/Source - -
XV111 Sink
- - - 16
XV111A Source

Relay Output Expansion Modules

Module

Channels

Sink/Source

Relay Output

XV11e6

Wet

Sink/Source

Channels Type
2 Signal Relay
4 Power Relay

Hybrid 1/O Expansion Modules

AO DI
Module B
Channels Type Sink/Source
XV308 - DI+DO=8 Dry/Wet Source
XV310 5 4 Sink

Channels

DI+DO=8

DO

Sink/Source

Sink

Source

For more information regarding XV-Board expansion modules, please refer to:

http://www.icpdas.com/root/product/solutions/hmi touch monitor/touchpad/xv-board selectio

n.html
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The following table describes the specifications of the XB-Board expansion modules.

Hybrid 1/0 Expansion Modules

Al AO DI DO

Channels Type Sink/Source | Channels Sink/Source

XB310 4 4 4 Dry/Contact Source 4 Sink

For more information regarding XB-Board expansion modules, please refer to:

https://www.icpdas.com/en/product/guide+Remote | O Module and Unit+PAC | O Mo
dules+XB-board
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Appendix D. 4G Communication

The AIB-2541M supports 4G connectivity. Each AIB-2541M can be equipped with an optional
mobile communication expansion card and a 4G module to enable 4G communication.

The following link provides information about the 4G modules available from ICP DAS and their
supported frequency bands:

https://www.icpdas.com/tw/product/guide+Wireless Communication+3G 4G 5G _Products+M

odule

If there are telecommunications certification requirements, users may also purchase a 4G module
that complies with the certification requirements of their local region.

I Dial-up Configuration

Ubuntu includes the built-in 4G dial-up software wvdial. The following steps describe the
configuration and startup procedure for wvdial. The 4G module used in this example is the EC25-E,

and the SIM card provider is Chunghwa Telecom.

Step 1: Open Terminal and enter “sudo gedit /etc/wvdial.conf”, then press Enter

pi@pi-desktop: ~

$ sudo gedit /etc/wvdial.conf D
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Step 2: Modify the dial-up parameters in the gedit window as shown below

Open 9 o wvdia.l.n:anF
1]
2 [Dialer Defaults]
3 Phone = *99#
4 APN = internet
5 Username = username
6 Password = password
7 Initl = ATZ
8 Init2 ATQO V1 E1 S0=0 &C1 &D2 +FCLASS=0
9 Init3 = AT+CGDCONT=1, "IP","Internet"
10 Modem Type = Analog Modem
11 Baud = 115200
12 New PPPD = yes
13 Modem = /dev/ttyUSB3
14 Stupid mode = 1
15 ISDN = ©
16 ; Phone = <Target Phone Number>
17 ; Password = <Your Password>
18 ; Username = <Your Login Name>
Plain Text ~ Tab width:8 ~ Ln1, Col1 INS

1. [Dialer Defaults] indicates that the dial-up profile name used in this example is "Defaults".

This profile name will be used when initiating the dial-up connection.

2. The Phone parameter is typically set to *99#. However, some mobile network operators may
use a different dial-up number. If the dial-up connection fails, please contact your SIM card

service provider for the correct setting.

3. The Init3 parameter may vary depending on the mobile network operator. In most regions,
the parameter is the same as the one used in this example. If the dial-up connection fails,

please contact your SIM card service provider for the correct setting.

4. The Modem parameter specifies the modem communication port. Please refer to the
documentation of the 4G module being used. In this example, the EC25-E modem is used, and

its modem port is the fourth USB port, displayed in Ubuntu as /dev/ttyUSB3.

5. After modifying the parameters, click the Save button to save the configuration, then close

gedit.
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Step 3: Open Terminal and enter “sudo wvdial Defaults”, then press Enter to start the
dial-up connection.

A successful dial-up connection is shown below. The assigned IP parameters will be displayed at
the end of the output.

pi@pi-desktop: ~

S sudo wvdial Defaults
--> WvDial: Internet dialer version 1.61
--> Initializing modem.
--> Sending: ATZ

--> Sending: AT+CGDCONT=1, "IP","Internet”
AT+CGDCONT=1, "IP","Internet"

--> Modem initialized.

--> Sending: ATDT*99#

--> Waiting for carrier.

ATDT*99#

ONNECT 150000000

--> Carrier detected. Starting PPP immediately.
Starting pppd at Mon Jun 1 11:34:39 2026
Pid of pppd: 2719
Using interface ppp0O
local 1IP address 10.124.239.152
remote IP address 10.64.64.64
primary DNS address 168.95.1.1
secondary DNS address 168.95.192.1

AIB-2541M User Manual, v1.0.0 P.113



Appendix E. Revision

This chapter provides the revision history of this User Manual.

The following table lists the release date and description for each revision of this document.

Version Release Date Description

1.0.0 July 2026 Initial release

AIB-2541M User Manual, v1.0.0 P.114



	Contents
	1.  Introduction
	1.1. Features
	1.2. Specifications
	1.3. Overview
	1.4. Dimensions

	2.  Quick Start
	2.1. Installation and Startup
	2.2. Expansion Accessory Installation
	2.2.1.  Installing an AI Module/SSD
	2.2.2.  Installing an XV-Board/XB-Board
	2.2.3.  Inserting a SIM Card
	2.2.4.  Installing the Antenna

	2.3. Changing the User Interface Language
	2.4. IP Configuration

	3.  Tools and Utilities
	3.1. System tools
	3.1.1.  Changing the User Interface Language
	3.1.2.  IP Configuration
	3.1.3.  Display Resolution Settings
	3.1.4.  User Account Management

	3.2. Software Tools
	3.2.1.  Utility – Viewing System Information
	3.2.2.  Text Editor
	3.2.3.  Performance Monitor
	3.2.4.  Automatic Time Synchronization
	3.2.5.  CuteCom

	3.3. Other Support Tools
	3.3.1.  Remote Connection Software
	3.3.2.  SSH File Transfer


	4.  Application Development
	4.1. Development Environment Preparation
	4.2. Creating Your First Python Application
	4.2.1.  Creating a New Project
	4.2.2.  Adding Control Widgets to the Window
	4.2.3.  Adding Events to the Control Widgets
	4.2.4.  Running the Application
	4.2.5.  Python Examples


	5.  Selecting I/O Expansion Modules and SDKs
	6.  System Update and Upgrade
	Appendix A.  Practical Usage Notes
	A.1.  How to Check the Kernel Version
	A.2.  How to Check the HailoRT Version
	A.3.  How to Configure Automatic Network Time Synchronization
	A.4.  How to Replace the RTC Battery

	Appendix B.  Hailo-8L Development and Application
	B.1.  Environment Setup
	B.1.1.  Runtime Environment Setup: HailoRT and Hailo PCIe Driver Installation
	B.1.2.  PC Environment Setup: CUDA and Deep Learning Framework Installation

	B.2.  AI Model Training and Performance Evaluation
	B.2.1.  Model Training
	B.2.2.  Model Performance Evaluation

	B.3.  Model Conversion
	B.3.1.  Installing the Model Conversion Tool and Converting Models for Hailo-8L
	B.3.2.  Installing the Hailo Dataflow Compiler
	B.3.3.  Converting Models for Hailo-8L

	B.4.  AI Model Application Development and Usage

	Appendix C.  XV-Board and XB-Board Series I/O Expansion Cards
	Appendix D.  4G Communication
	Appendix E.  Revision

