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Elevate Manufacturing Agility with e e e e e e e e
On-the-Fly Al Inspection Solutions T

The Covid-19 pandemic has accelerated the transformation of manufacturing
industries toward advanced automation and digitization, driven by the necessity
to mitigate supply chain disruptions and labor shortages. This shift, coupled with
the rise of diversified, small-batch production, has increased the reliance on

precision technologies such as Automated Optical Inspection (AOI).

AOl is critical in the precision manufacturing of high-tech electronics, including
flat-panel displays, semiconductors, and PCBs, where precision and micro-
component integration are key. With technological advancements leading to
smaller, more intricate designs, the limitations of manual quality control are
evident. Traditional AOI systems often yield high false-positive rates and suffer

from rigidity, leading to inefficiencies and increased operational costs.

To counter these challenges, Artificial Intelligence (Al) is revolutionizing AOI.
Unlike conventional systems that rely on fixed algorithms, Al-enhanced AOI
harnesses deep learning, enabling adaptive and experiential analysis akin to
human judgment. This not only minimizes false positives but also categorizes

products, identifying manufacturing errors and facilitating process optimization.




Building upon the Al-driven inspection capabilities, Advantech’s

integrated system comprises three primary components that

further elevate the manufacturing process:

Pulse-Type Motor

Camera

Peripheral Control 2

AMAX-3245C

Motion Module

On-the-Fly Inspection Trigger System

Trigger Module
AMAX-4270

Main Control System

[ B

CODESYS

SoftLogic Controller
AMAX Series

EtherCAT.
-~ Encoder
——— Trigger Signal

Pulse Train

@ The core of the control system features a CODESYS-equipped controller

that adheres to the PLCopen standards for motion control, seamlessly

orchestrating complex automated tasks with precision and reliability.

At the heart of the on-the-fly inspection capabilities is the AMAX-4270, 4-
channel EtherCAT trigger and position latch module, which is specifically
designed for high-speed, real-time image capture. This enables the system
to conduct rapid inspections at an exceptional rate, ensuring quality

control without compromising on efficiency.

Complementing the setup is the peripheral control system, which includes
the motion module AMAX-3245C. Compatible with the standard EtherCAT
CiA-402, it effectively converts EtherCAT communications into pulse
signals for the control of pulse-type stepper and servo motors, thus
providing a flexible and precise control solution crucial for the diverse

needs of modern automated systems.

Advantech's components work together to redefine intelligent motion

control, delivering the precision, speed, and flexibility essential for

advanced smart manufacturing.




Overcoming Inspection Hurdles with

Advantech On-the-Fly Innovation

In the realm of AOI, traditional devices face significant challenges that hamper
efficiency and accuracy. One major bottleneck is the slow pace of image
capture, necessitated by the requirement for components to be completely
stationary. This not only lengthens the inspection cycle significantly as the
number of components increases but also introduces delays that are

incompatible with the demands of high-speed manufacturing lines.

Moreover, the quest for impeccable image quality often hits a roadblock due
to premature image capture. In instances where the motor and mechanical
parts have not fully settled, the resulting images are marred by blurriness and
inaccuracies, undermining the very purpose of quality control. Compounding
these issues is the critical synchronization mismatch between the lighting
system and the camera’s triggering mechanism. Without precise alignment,
the camera may either pre-empt or lag behind the optimal lighting condition,
leading to recognition errors. These errors result in missed defects or false

positives, severely impacting the reliability of the inspection process.

Addressing these challenges with traditional solutions typically involves
integrating high-speed PLCs for triggering direct outputs at predetermined
intervals for image capture, coupled with a separate light source controller.
This approach not only escalates costs but also adds layers of complexity to
the control architecture, presenting a daunting task for engineers faced with

intricate programming requirements.
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Velocity

Trigger

Traditional AOI

Stops equipment for each item image,

leading to longer inspection times.

l Process

Moving
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Advantech On-the Fly AOI

Images are taken of items in motion, significantly reducing the

time needed for the same number of inspections.
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Enter the transformative Advantech AMAX-4270 solution, a beacon of efficiency for
on-the-fly applications. This ingenious EtherCAT module eliminates the need for
multiple ancillary devices, seamlessly integrating into existing setups. It features
advanced four-channel compare trigger functionality, streamlining the process by
allowing precise position inputs through the EtherCAT MainDevice. As components
pass the designated trigger points, the AMAX-4270 ensures instantaneous imaging,

capturing components in motion with unparalleled clarity.

Before

IPC

PLC

3 EtherCcAT. ~

Encoder

—— Trigger Signal

Furthermore, its trigger delay output functionality empowers users to fine-tune the
synchronization between lighting and camera triggers, dramatically enhancing image
recognition accuracy. By significantly reducing developmental hurdles, hardware
costs, and programming complexity, the AMAX-4270 elevates inspection speed,

quality, and operational throughput, marking a new era in manufacturing efficiency.

SoftLogic Controller
AMAX Series

®
CODESYS @é
Motor

The system is simplified and @?
empowered by AMAX-4270 @4 '

Trigger Module
AMAX-4270

EtherCAT.
® e ——— Encoder

—— Trigger Signal



AMAX-4270

4-Ch EtherCAT Trigger & Latch SubDevice

B EtherCAT Standard B Space Saving

- Supports 3rd-party EtherCAT MDevices - Compact size, smaller than a motor drive

AMAX-4270 EtherCAT. ® 7 mov=nsvs

EtherCAT CODESYs

PWR ERR

B CODESYS Function Blocks and Examples

- AMAX-4270 provides CODESYS libraries including structure, function blocks, and examples.
- 2 simple steps to completing an AMAX-4270 project.

Step 1. Import Library Step 2. Select Example to Develop
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AMAX-4270

4-Ch EtherCAT Trigger & Latch SubDevice

f \ ("h Encoder Channel 4
@ / \ Encoder Input CW/CCW, P/D, AB
. . 2.5 MHz@CW, P/D
Precise ngh Speed Encoder In Frequency 10 MH 2@4 AB
AMAX-4270 Position /0 20

Trigger

Trigger Output Channel 4-Ch

AOI Dispensing Measurement Laser Trigger Out Freq. 10 kHz
Output Type NPN/PNP, TTL
Sink Current 500 mA

SUppOI’tS 1D & 2D PSO Trigger Type 1&2- Dimension Position Trigger

Trigger Mode Table
Trigger Signal Pulse/Toggle
Trigger Delay Time 0 ~ 65 ms (Interval: 1 ps)
Latch Input Channel 4-Ch
Latch In Frequency 10 kHz
Latch Mode Rising/Falling/Both

EtherCAT Cycle Time 500 ps (Min.)
Dimensions (WxH xD) 150 x45x 120 mm




PSO - Position Synchronized Output

B What is PSO?

PSO stands for Position Synchronized Output, which allows users to input
the positions that need to be compared into the module and output control
values such as dispensing valve switch position or camera imaging position.
The real-time encoder feedback position is compared with the set position
data, when the compared position synchronizes with the actual position, it
triggers a digital output, thus achieving high-speed and high-precision switch

control.

Position

Trigger Data 3 -~

Trigger Data 2 --

Trigger Data 1 -~

PSO Signal

ON

v

v
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PSO - Position Synchronized Output

] Why dO we need PSO) To address this issue, we need to adjust the processing method so that the
dispensing valve triggers at consistent intervals along the entire motion
. . - trajectory. Using PSO (Position Synchronized Output), the triggering
" s In dispensing applications, rounded shapes are commonly L . ) ) )
. . . condition is set based on position. This avoids changes in speed and
e = encountered during actual processing, from the corners of mobile ) ] ) ] ] ]
" . . acceleration that may affect dispensing quality, ensuring that the spacing
A e phones to the chamfers of PCB boards. In traditional dispensing ) ) ]
. . . . . . between each adhesive dot remains consistent.
. . solutions, the dispensing valve is typically triggered by pulses at
. . a fixed time frequency. Common processing paths include both
. . straight lines and corners. Due to mechanical limitations, the
speed needs to be reduced at corners to avoid equipment Timing Domain Output “
vibration or noise. If the triggering frequency at curved positions
remains the same as that at straight-line positions, it can lead to
adhesive overflow, thereby reducing dispensing quality. /‘ L
Trigger by Timing Trigger by Distance
. . Non-uniform distribution of trigger Guaranteed uniform distribution
pulses in acceleration and of trigger pulses which are
LI deceleration process at the corner triggered by the fixed position




AMAX-3245C

CiA402 Device Profile 4-Axis EtherCAT Motion Module

B Supports 4-Axis Servo/Stepper Motor

- High-speed motion I/0 (Pulse in/out, CW/CCW)

- 26P D-Sub & terminal for motion signals

EtherCAT MDevices

s & :
L E
‘,Twinc?\! " s |
d & e CODESYS

Controller

EtherCAT SubDevice
ID Setting Switch
(Range:00~FF)

LED Indicator
(Signal / System Status)

B Supports 3rd-Party EtherCAT MDevices B Provides CiA402 CSP/HM Mode

- Supports EtherCAT Fieldbus -
- Supports COE/FOE/PDO/SDO -

ﬁervo Motor

500 ps/1 ms cycle time for 4-axis

Supports 32 homing methods

AMAX-5000

=
EtherCAT. Slice I/0 Modules

Motion Signal ﬁ Stepper Motor

LMT+/LMT- ‘_’
DI/DO ’ !‘i !

Signal Light

Limit
Switch/Sensor

EMG Switch

Sensor Relay




AMAX-3245C

CiA402 Device Profile 4-Axis EtherCAT Motion Module

Pulse Control & Local I/0

153 mm

) _ Axes 4
N General DI/O 4D1/4D0
t Motion Input EMG, ORG, LMT+, LMT-
Motion Output SVON, RALM, ERC
90 mm Encoder In A/B phase, CW/CCW
Pulse In/Out Count Range 12,147,483,648
Pulse Output Type Pulse/Direction, CW/CCW
Max. Output Speed 5 Mpps
v Pulse Input Type A/B phase, CW/CCW
EtherCAF Max. Input Frequency 10 MHz @ 4xAB
Port 2
Cycle time 500 ps/1 ms
/' Bus Type ClIA402 CSP, HM mode
- il . Oter
Input Voltage 24 \Vpc = 10%
Field Wiring Easy & Fast Upgrade Enhanced System Operating Temperature 0~ 60°C

Reduction Traditional Machines Productivity & Quality

Dimensions (W x H x D) 153 x90 x 53 mm n




AMAX-5570/5580 Series

IEC 61131-3 SoftLogic Controller

m |EC 61131-3 For Automation Efficiency
AMAX-5580 Series

Modular EtherCAT - Standardization and interoperability
SoftLogic Controller

- Improved efficiency and productivity

P oec B Q : -  Enhanced flexibility and scalability

CODESYS Real-Time Kernel
- Motion control libraries compatible with CiA402 standard for drive integration
- Includes ready-to-use CODESYS RTE for efficient control and visualization

- Enables real-time automation for EtherCAT, ProfiNet, and Ethernet/IP

EtherCAT co:svs 1 - | B B Flexible Expansion & Data Connection

' : - Easy plug-in expansion for EtherCAT Slice I/0 modules
intr-r.\_lt. AMAX-5570 Series - Fastest EtherCAT cycle: 100 ps for module scanning
partner

Tianiam Ultra-Compact EtherCAT - Windows API to access variables of CODESYS
! tons SoftLogic Controller

- Capability for data streaming with MQTT and other third-party cloud servers




AMAX-5081

EtherCAT Slice I/0, 1-Ch RS-422/TTL Encoder Input Module with PSO Function

[

i
§
.
.
i
§
{
L

EtherCAT.

Supports up to 10 MHz encoder input

32-bit counter with PWM and PSO function
Supports 5 V output for encoder power input
Supports frequency and pulse width measurement

Compact size with wide operating temperature range




CiA402 in Industrial Automation

B What is CiA402?

CiA402, known as the CANopen profile for drives and motion control,
is an established communication protocol in the automation industry.
Developed by CAN in Automation (CiA), this protocol standardizes the
way in which various motion devices like motors and actuators

communicate, ensuring seamless operation across different systems.

B The Benefits of CiA402

This protocol outlines the essential parameters, communication objects,
and services that facilitate the integration and management of motion
devices within the CANopen framework. It includes features for
velocity, position control, and homing procedures that are key to

precise and synchronized motion in automated setups.

B Standardization and Compatibility

One of CiA402’s greatest strengths is its uniform communication standard.

It ensures that motion control devices, regardless of manufacturer, can be
easily managed using a unified programming model. This uniformity
simplifies engineering workflows, shortens development timelines, and

assures compatibility between diverse devices and control systems.

B Enhanced Communication with EtherCAT

Combined with EtherCAT, CiA402 employs Process Data Objects (PDOs)
for the cyclic transfer of essential motion data, ensuring synchronized
control. Service Data Objects (SDOs) enable on-demand device
configuration, allowing for adjustments to motion settings on the fly. This
integration enhances system commissioning efficiency and high-

performance operation, boosting productivity and engineering agility.

17



Precision Adhesive Dispensing with
High-Speed Control

.

Case Study 3-1

System Diagram

SoftLogic Controller
AMAX Series

Trigger Module
AMAX-4270

Motor

q " Valve
Overview:
The conventional dispensing solution regulates the valve according to speed over time,
requiring complex paths to reduce overflow at corners. With increasing demands for
production efficiency, there is a need to seek faster and more precise solutions. g‘f"}
=

Challenges/Requirements: L » .
« Avoiding adhesive overflow at corners. Velocity/Time Position/Time
* Requires high-speed 2D comparison trigger.
Solution: Y 4 2D Compare Out
» Advantech’s AMAX-4270 provides a 4-channel encoder input and trigger output

solution to achieve the 2D comparison trigger for the process trajectory. Y45
» With the PSO function, users input the positions that need to be compared to realize

the position/time control to avoid overflow at corners. Y EtherCAT. ™

Y5 |---- N Encoder

Benefits: Trigger Signal
* Upto 10 kHz jetting speeds to improve equipment productivity. >
» Position-triggered for precise control of adhesive dispensing locations.

18



High-Speed Defect Inspection for

Passive Components
. ,

Case Study 3-2

P
~
-~

System Diagram

SoftLogic Controller
AMAX Series

i

Trigger Module
AMAX-4270

Ot

e

CODESYS

Motor

Overview:

As the market demand for passive components continues to grow, meeting this demand
presents challenges not only in increasing production output but also in quality control
management. Consequently, there is a growing trend toward Al-based automatic optical ﬂ
inspection.

Challenges/Requirements: Camera
» Improve image acquisition speed.
* Enhance image quality.
EtherCAT
Solution:
» Advantech’'s AMAX-4270 is able to achieve on-the-fly image capture. Encoder
+ The AMAX-4270's built-in FIFO comparison trigger for real-time output. Trigger Signal

Benefits:
» Processing speed of up to 12,000 pieces per minute.
» Simple control system and wiring which amounts to cost savings.

19



Industrial AGV Application with CODESYS IPC
and Battery Management System

Overview:

A Taiwanese company produces its own AGV application with an IPC and battery management
system. The AGV utilizes communication technologies such as Wi-Fi, CANopen, and RS232/RS485.
This technology is used for data storage and transmission via OPC UA to local HMI to facilitate
efficient operations in industrial environments.

Challenges/Requirements:

* Real-Time Communication: Seamless communication between the AGV’s Control IPC and
peripheral devices is essential for optimal performance.

+ Integration Complexity: Integrating multiple communication protocols and devices poses
challenges in system configuration and maintenance.

Solution:

» The AMAX controller serves as the central control unit, leveraging its robust processing
capabilities and real-time application based on the PLCopen IEC 61131-3 standard.

« CANopen communication for managing battery usage and monitoring battery health. Data is
transmitted through Wi-Fi to the control room to manage all vehicle usage.

* OPC UA data is exchanged with the HMI and is shown on the screen.

Benefits:

« Easy modular plug-in application of function blocks in CODESYS makes the architecture more
adaptable.

» Low latency for data transmission and large-scale data acquisition thanks to the EtherCAT
analog module.

Case Study 3-3

System Diagram

occC

(Operation Control Center)
A

AMAX Battery
Controller

- “#0PC UA
—— CANopen 20



Product Offerings

AMAX-4270 AMAX-3245C AMAX-5081 AMAX-5000 Series I/0

4-Ch Trigger & Latch Module

EtherCAT SubDevice

CiA402 Device Profile 4-Axis
Motion Module

1-Ch RS-422/TTL Encoder Input Module
with PSO Function

Compact Modular EtherCAT Slice I/0

Application 1/0 for inspection and
measurement

4-ch encoder, 4-ch position trigger, & 4-ch
position latch

Max trigger frequency: 10 kHz (supports 1D
& 2D triggers)

Max latch frequency : 10 kHz (edge
rising/falling/both)

Learn More

Supports 4-axis servo/stepper motor
High-speed motion I/0 (pulse in/out,
CW/CCW)

Provides CiA402 CSP/HM mode

Compact size & EtherCAT to pulse solution
Supports 3rd-party EtherCAT Mdevice
Supports COE/FOE/PDO/SDO

Learn More

Supports up to 10 MHz encoder input

32-bit counter with PWM and PSO functions
Supports 5V output for encoder power input
Supports frequency and pulse width
measurement

Compact size and wide operating

temperature range

Learn More

* Removable push-in I/0 terminal

» Smart power quality diagnosis

* Dual power inputs

* 2000 V. isolation

» Supports isolated DI/DO, analogue
(V/mV/mA, RTD, thermal couple ), AO
(V/mA), counter/encoder, timestamp
module

+ DC mode selectable

Learn More
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https://www.advantech.com/en/products/ac0b3c7c-d363-4cd7-8215-c45e2fcebd5f/amax-4270/mod_10946a6e-85ef-4a7f-80ef-986bd0de40ad
https://www.advantech.com/en/products/ac0b3c7c-d363-4cd7-8215-c45e2fcebd5f/amax-3245c/mod_87daee34-bb65-4b24-a492-eff0b0635fb4
https://www.advantech.com/en/products/170f18fe-12a6-4b1c-87f7-aae3c5377c91/amax-5081/mod_2f013f1f-dd01-4246-a6c9-c18fb4f7dc22
https://www.advantech.com/en/products/ethercat-slice-modules/sub_99c5cc32-7ef5-419a-a9f2-672f0ebd55e3

Product Offerings

CODESYS-Ready Controller

CODESYS-Compatible IPC

intel.

partner

Titanium
loT Solutions

AMAX-5570 Series AMAX-5580 Series UNO-148 V2 MIC-770 V3 IPC-240

Ultra-Compact EtherCAT SoftLogic
Controller with Slice 1/0 Expansion

Modular EtherCAT SoftLogic

Controller with Slice 1/0 Expansion

Fanless DIN-Rail IPC with Intel®
Core™ Processors (13th Gen)

Compact Fanless System with
Intel® Core™ Processors
(14th/13th/12th Gen)

Compact Industrial Computer
System with Intel® Core™
Processors (14th/13th/12th Gen)

* Intel Atom® X Series x6413E® processor

» CODESYS control Real Time Engine (RTE) &
Visualization (target & web)

» Supports IEC 61131-3 programming
languages (FBD, LD, IL, ST, and SFC) and
PLCopen automation specification

» Upstream connectivity facilitates IT/OT
integration (MQTT, OPC UA, and ODBC)

» CODESYS software control redundancy
supported

»  CANopen communication supported with
CODESYS runtime

Learn More

Intel® Core™ (6th Gen) / Intel® Celeron®
processors

CODESYS control Real Time Engine (RTE) &
visualization (target & web)

Supports IEC 61131-3 programming
languages (FBD, LD, IL, ST, and SFC) and
PLCopen automation specification
Upstream connectivity facilitates IT/OT
integration (MQTT, OPC UA, and ODBC)
Supports flexible AMAX-5000 slices 1/0
and AMAX-5400 LAN/CAN/COM I/0
expansion

CODESYS software control redundancy &

cable redundancy supported

Learn More

Intel® Core™ processors (13th Gen)
Comes with 8GB DDR5 memory

Port isolation for 8 x DI, 8 x DO, 4 x COM
Supports 2 x M.2 M-Key 2280 NVMe SSD
and 1 x M.2 B-Key 2242 storage

Supports 1 x M.2 E-Key 2230 Wi-Fi module
and 1 x mini PCle with Nano SIM card slot
for LTE

Dual 2500BASE-T Ethernet supports Time-
Sensitive Network (TSN) technology
Modular design for optional iDoor

expansion

Learn More

« Intel® Core™ processors (14th/13th/12th

Gen)

* CPU type: LGA1700 socket
* Chipset: Intel® Q670E/H610E

* Operating temperature range:

-20~60°C /-4~140°F

*  VGA/HDMI output, NVMe M.2
» 2xGigaLAN, 2 x USB 3.2 (Gen2) and 6 x

USB 3.2 (Gen1)

* 2 xDDR5ECC/Non-ECC SO-DIMM, up to

64GB

Learn More

Intel® Core™ processors (14th/13th/12th
Gen)

CPU type: LGA1700 socket

Chipset: Intel® Q670E/H610E

Up to 4 x expansion slots (PCle/ PCI)

2 x GbE, 1 x NVMe M.2, 2 x SATAIII, 2 x RS-
232/422/485 serial ports

Supports 5V/12V power output (max. 2A)
Compatible motherboard : PCE-2033/ 2133

Learn More
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https://www.advantech.com/en/products/0fb1dad3-7242-422e-91ac-3dcdd2d0dbb0/amax-657/mod_a85c79fe-458f-4afa-aba7-8b658fb76895
https://www.advantech.com/en/products/0fb1dad3-7242-422e-91ac-3dcdd2d0dbb0/amax-658/mod_dcdf8099-a302-45ae-bd8a-1322e075412d
https://www.advantech.com/en/products/gf-bvl2/uno-148-v2/mod_61073522-ec4a-4da8-a3d2-735a95499608
https://www.advantech.com/en/products/1aa4d2cd-914a-4357-a3e5-219840c81420/mic-770-v3/mod_2801e5b6-eec6-43a0-81f7-73efef338b54
https://www.advantech.com/en/products/f84b671b-953b-4585-98df-15076256d5f0/ipc-240-v2/mod_a527aff5-1efd-400f-880b-9e80ac2de55d

Worldwide Offices
Regional Service and Customization Centers

Taiwan Taipei
886-2-7732-3399

Eindhoven Poland

31-40-267-7000

China Kunshan Netherlands

86-512-5777-5666

Asia Pacific Asia Pacific Europe
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USA Milpitas, CA
1-408-519-3800

Americas
United States
Cincinnati
Milpitas

Irvine

Ottawa
Chicago

Boston
Canada
Toronto

Brazil

Toll Free

Sao Paulo
Itajuba

Mexico
Toll Free
Mexico City
Guadalajara

Middle East and Africa

1-888-576-9668
1-408-519-3800
1-800-866-6008
1-800-346-3119
1-513-742-8895
1-800-866-6008

1-800-866-6008

0800-770-5355

55-11-5592-5355
55-35-3623-5949

1-800-467-2415
1-800-467-2415
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