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Since our last PC Control Intralogistics Special, the market has seen significant 

changes stemming from the COVID-19 pandemic. First, lockdowns in 2020 and 

2021 created a near overnight boom in e-commerce, leading to the largest 

global year-over-year market segment growth by a staggering 17.1% in 2021. 

As restrictions began to relax, there was a whipsaw effect. People’s habits some-

what shifted as they returned to brick-and-mortar stores after long lockdowns. 

As a result, the growth rate has cooled and is even expected to decelerate for 

a few years after 2023.

 

Make no mistake, the e-commerce share of retail sales will continue to increase. 

It’s expected to grow from 19.7% to 24% of all retail sales by 2026. And with 

the continued growth of e-commerce will also come continued growth of parcel 

operations that fulfill e-commerce orders. The exceptional growth, as well as 

major labor shortages, has really highlighted the need for automation. Today 

more than 80% of warehouses have no automation. Right now companies have 

two options: automate manual processes to adapt to the rapidly accelerating 

market – or fall behind.

of the TwinCAT automation software, for example, enables the execution of 

projects on any Beckhoff machine controller provided the selected processor 

offers the performance required for the tasks at hand. For example, TwinCAT 

projects developed in the year 2000 can be executed on any modern Beckhoff 

PLC and IPC, or even third-party IPCs, without any re-engineering. The TwinCAT 

automation platform complies with open programming languages, including 

all languages in the IEC 61131-3 standard from PLCopen, and Microsoft Visual 

Studio® – even supporting real-time C++. Projects can be imported from other 

platforms that are compliant with IEC 61131-3 and Visual Studio, or they can be 

exported from TwinCAT to other hardware platforms in standard XML format.

EtherCAT, the fastest fieldbus on the market, was released by Beckhoff in 2003. 

From the start, the fully open technology was made available to others in the 

market – even Beckhoff’s direct competitors – which is just one reason for its 

incredibly fast adoption rate. Today, the EtherCAT Technology Group, which gov-

erns the technology, is the largest industrial Ethernet and fieldbus organization 

in the world. 

The openness of a fieldbus is measured in three ways: the availability of 

third-party masters or controllers, the availability of third-party field devices, 

and the simple integration of other open protocols. EtherCAT is not dominated 

on the master side by one large automation company, but instead is supported 

by many automation companies and PLC manufacturers. Additionally, you can 

find sensors of every kind with EtherCAT technology as well as support from just 

about every drive manufacturer in the world. FSoE (Fail Safe over EtherCAT) is  

also an open international standard for communication of safety data across 

EtherCAT and is supported by more safety devices than other open safety  

protocols. And finally, EtherCAT supports integration with all legacy and  

modern fieldbus protocols. With so few functional limitations and extreme 

openness, EtherCAT is helping companies meet new goals for open automation 

platforms while also drastically improving equipment performance and system 

determinism.

And the open platform benefits don’t stop there. Beckhoff’s automation plat-

form also enables vertical communication to the enterprise via support of open 

protocols such as OPC UA, MQTT, HTTPS REST and even redundant communica-

tion to the enterprise (PRP, Parallel Redundancy Protocol). 

While Beckhoff continues to develop industry-leading technologies that elimi-

nate system obsolescence and improve the life cycle of systems, we remain one 

of the most open providers of complete automation systems on the market. 

Newer mechatronic innovations such as the XPlanar “flying motion” system, 

XTS linear transport system with NCT (No Cable Technology), and the modular 

Automation Technology for Robotics (ATRO) system are enabling OEMs to meet 

new challenges in the material handling and intralogistics industry by complete-

ly rethinking product handling and transport. 

The integrated control platform improves ROI when calculating how automation 

can replace manual operations. For instance, individual machine controllers from 

Beckhoff can execute all automation tasks (PLC, HMI, motion control, vision, 

mechatronics, robotics and a host of other important functions) synchronously 

with sub-millisecond cycle times. Executing these functions synchronously on 

one hardware controller offers not only significant price reductions and life-cycle 

improvements, but also significant process throughput increases. Furthermore, a 

single, fully integrated machine controller can host databases that collect large 

amounts of data for use in local analytics and predictive maintenance that 

previously would have to be done on a dedicated edge device.

In the pages of this magazine, you will learn how some of the leaders in the 

industry have become far more competitive and open using game-changing 

technologies from Beckhoff. Maybe you are questioning the openness of 

your current automation platform, like many of them were. Or maybe you are 

simply looking for your next-generation platform that has the features and 

performance to give you the competitiveness to lead into the next decade. If 

so, contact one of our direct sales engineers around the world. We are excited 

to discuss how Beckhoff can solve your greatest automation challenges and 

provide solutions that truly deliver for intralogistics.

Doug Schuchart,  

Global Material Handling & 

Intralogistics Manager

Adaptive automation in intralogistics: 

New mechatronics and robotics technol-

ogies, like XPlanar and ATRO, are helping 

intralogistics leaders innovate.

The pandemic had another impact that no one quite anticipated. When restric-

tions were removed and the economy came raging back, shipping ports became 

clogged with cargo ships, creating major interruptions in the supply chain. Steel, 

plastics and many other raw materials were in short supply, which added to the 

woes of the expanding economies. Closures of semiconductor facilities during 

the pandemic have created a major supply shortage of electronics of all sorts, 

including those used in automation components. 

The overall supply chain issues have in many ways changed how companies 

operate and caused companies to rethink just-in-time inventory models. In the 

automation sector, it has also brought to the forefront the importance of open 

technologies to ensure a single supplier’s disruption doesn’t bring machinery 

OEMs, retailers and parcel companies to their knees. 

As a leader in flexible automation architectures, Beckhoff has championed open 

technologies since the very inception of the company. Customers experience 

freedom via the open Beckhoff ecosystem in virtually every area. The openness 

More information:
www.beckhoff.com/intralogistics

 

The door to new intralogistics 
opportunities is open
With greater market growth – and uncertainty – open and flexible automation 
technologies are more critical than ever before to remain competitive 
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The MX-System from Beckhoff is a flexible, space-saving, and intelligent system 

solution that can completely replace conventional control cabinets, opening up 

entirely new possibilities for fulfillment and parcel automation solutions. As 

a modular control cabinet replacement that can also be decentralized on the 

machine, the MX-System cuts down on engineering, assembly, installation and 

maintenance work for wide-ranging intralogistics applications. This enables 

highly efficient processes for machine builders, systems integrators and distribu-

tion center staff, ranging from planning, setup and installation of the MX-System 

right through to the maintenance of MX-System-equipped machines.

The basic concept of the MX-System is to standardize the electrical and mechan-

ical interfaces for all electronic and electromechanical components. Implement-

ing this idea results in two interfaces: 

–  The data interface integrates each functional unit into an EtherCAT network 

and supplies it simultaneously with 24 V DC and, if necessary, also with  

48 V DC. 

–  A second interface has been defined as standard for the high-voltage  

range. These interfaces distribute the mains voltage of up to 530 V AC and 

a DC voltage of up to 848 V.

This standardization allows all functionality traditionally found in a control 

cabinet to be mapped as an IP67 cabinetless backplane system. 

The various baseplates available are equipped with standardized interfaces 

as described above. The MX-System baseplates provide both the electrical 

and mechanical interface for accommodating the modules. The combination 

of MX-System baseplate and MX-System function modules resulting from the 

modular construction kit combines all tasks and features of a control cabinet: 

energy supply, fuse protection and distribution, generation and monitoring of 

auxiliary voltages, sequence control with the inputs and outputs, control of 

motors and actuators as well as the connection level for the field devices. A full 

range of function modules from the areas of IPC, bus coupler, I/O, drive, relay and 

system are available. These are simply plugged and screwed onto the baseplate. 

The completed solution kit results in an IP67-protected unit that is optimized 

in terms of space utilization and can be mounted directly on the machine. The 

MX-System stations are connected via EtherCAT and thus can be flexibly distrib-

uted along the equipment in line, star or other topologies.

In terms of how this connection is established, the MX-System relies on the 

portfolio of Beckhoff hybrid connectors and the corresponding cables. Similar 

to the backplane interfaces, the hybrid connectors combine EtherCAT, low volt-

ages, and higher voltages in various combinations. The corresponding function 

modules can either feed power and EtherCAT communication into or out of 

a baseplate. It is also possible to connect any of the wide variety of existing 

Beckhoff EtherCAT EP/EPP box signal modules or distributed servo drives to the 

outputs in addition to other MX-System stations. In fact, any device that requires 

EtherCAT and/or voltage can be connected, regardless of the connector type. 

The integration of the peripheral level, which has already been around for many 

years, demonstrates the flexibility of the MX-System, as does the possibility of 

using an MX station as a control cabinet substation. 

A special feature of the system for distributing EtherCAT and voltage is that the 

DC voltage of the drive’s DC link is also distributed via this path. This voltage can 

be generated at a central point so that both servo drive modules and frequency 

PC Control | Intralogistics Special 2023       products6
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With the robust baseplate and plug-in function modules from the areas of IPC,  

bus coupler, I/O, motion, relay and system technology, the MX-System provides a 

highly flexible, control cabinet-free automation solution with protection rating IP67.

The future of intralogistics equipment  
is cabinetless
Maximum flexibility for machine builders, control cabinet manufacturers and end users
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the installation time and provides a high level of protection against errors during 

cable connection. Connections do not have to be completed by specially trained 

electricians due to the simple pluggability of the modules.

Advantages for the machine end user

For the machine end user, there are clear advantages in terms of service and 

maintenance: The MX-System consists of EtherCAT components that are net-

worked throughout, so comprehensive system diagnostics are available at any 

time. In addition to classic status LEDs, each function module has a unique 

serial number in the form of a DataMatrix code. This can be scanned via a 

smartphone app, which causes the smartphone to connect to the control and 

output diagnostic data for the corresponding function module. The process of 

replacing modules is also very easy, since these are hot-swappable and can 

be plugged in and unplugged during operation. Just like the manufacturer of 

the machine, operators also benefit from the fact that the modular MX-System 

covers the complete spectrum of automation technology with considerably 

fewer parts and therefore fewer assemblies to stock as spares. Through their 

simple basic principle, MX-System modules can also be reused very easily 

beyond the life cycle of the machine. And with the complete elimination of the 

freestanding control panel on the plant floor, along with all quick-disconnect 

connections, the control system adds to the flexibility of the equipment, en-

abling easy adaptability to changes in the equipment from fluctuating business 

requirements and changing consumer demands.

PC Control | Intralogistics Special 2023       products8
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converter modules can then be used at different stations. This is the first time 

that Beckhoff has broadened its portfolio to include frequency inverters for the 

operation of simple asynchronous motors, which are often used in large num-

bers in the logistics industry. As has been the case in servo modules for many 

years, Beckhoff also offers the frequency inverters as a dual-axis module, as well 

as with Safe Torque Off (STO) via the integrated EtherCAT FSoE functionality, 

which means no separate wiring and safety inputs are required for this safety 

functionality. 

Advantages for engineering

The system architecture of a baseplate combined with function modules results 

in a modular solution that can be used to solve a wide range of automation 

tasks. A particular advantage is that the MX-System function modules integrate 

individual functions, such as line protection for outgoing power lines. This facil-

itates project planning and significantly reduces the number of components. 

These advantages are evident in the fact that the number of pages in the circuit 

diagrams and parts lists is reduced by up to 80%. Even in the engineering 

phase, the MX-System’s low installation space requirements prove to be yet 

another advantage. This facilitates better coordination between departments, 

as there is usually no need to design special installation spaces and holders 

for the MX-System. Another important aspect is that the MX-System meets 

the requirements of relevant control cabinet standards and, in contrast to con-

ventional control cabinets, it is also IEC-, UL- and CSA-compliant, making it a 

globally standardized solution.

Advantages for automation setup

The principle of plugging function modules onto a baseplate and fastening 

them with screws not only revolutionizes control cabinet design, but also com-

pletely replaces it in the form known today. Mechanical assembly of the control 

cabinet and its mounting plate are eliminated, as is time-consuming manual 

wiring. This is directly noticeable in the time required to set up the MX-System. 

As a result, an MX-System can be set up within just one hour, including the 

necessary tests and checks. For a comparable control cabinet, the total setup 

time would require at least 24 hours. In this way, the MX-System also counters 

the shortage of skilled workers, as individual employees are tied to a task 

for a much shorter period of time. In addition, wiring errors are completely 

eliminated. From a logistical point of view, there are also clear advantages for 

control cabinet design, as the complete elimination of mechanical work steps 

means that the assembly requires considerably less time and workspace on 

the production floor. Processes such as external control cabinet design can be 

completely eliminated. 

Advantages in machine installation

The MX-System can be integrated visually and functionally into the machine in-

stallation space due to its considerable compactness in contrast to conventional 

solutions. This reduces the machine footprint many times over. Modular machine 

concepts can be put together very easily due to the possibility of cascading 

MX-System installations. In addition, there are significantly shorter cable runs 

to the sensor or actuator level. The use of pre-assembled cables further shortens 

products       PC Control | Intralogistics Special 2023

The MX-System is highly modular and can  

be optimally adapted to the application at hand 

with a wide range of function modules.

More information:
www.beckhoff.com/mx-system
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The MX-System and EtherCAT replace the conventional centralized 

control approach with a decentralized, distributed control platform 

that is better suited to the needs of intralogistics equipment. 

Daniel Siegenbrink, Product Manager MX-System, Beckhoff Automation
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to optimize commissioning time, machine efficiency, predictive maintenance 

and fast troubleshooting of intralogistics systems. TwinCAT Analytics enables 

users to select from a toolbox of more than 90 algorithms to help quickly find 

insights within the data. It supports a wide array of options for collecting and 

sharing data and generates a robust dashboard with one click.

We designed TwinCAT Analytics to be inherently flexible, to let you choose your 

own adventure and implement analytics with real insights on your own terms. 

Let’s explore the choices available with this approach.

Where can you gather data from? 

The power of Beckhoff machine controllers and the high data throughput 

of EtherCAT mean you can acquire data from many sources with incredible 

granularity.

– PLC: Log cyclical data at microsecond rates and scope for machine optimi-

zations or troubleshooting.

– Measurement terminals: Gather even more specific data from wide-ranging 

sensors using EtherCAT Terminals in the ELM series, among others.

– Machine vision: Vision is becoming more important to industrial applica-

tions. The ability to add vision results into scoped data brings very powerful 

PC Control | Intralogistics Special 2023       products10
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Have you ever read one of those “choose your own adventure” books? You 

could skip ahead and essentially create your story how you wanted to – or based 

on what you had time to fit in. “Does the hero escape the danger? Skip to page 

200.” Something like that. 

The intralogistics market, with its constant explosive growth, often feels like 

one of those books. There’s no one-size-fits-all solution. You have to make your 

choice quickly and move forward. Otherwise, you fall behind. And automated 

equipment – from company to company, even site to site – needs to offer flex-

ibility and adaptability to achieve peak performance. 

However, analytics software for distribution and fulfillment centers rarely sup-

ports such dynamic requirements. The software options typically only report on 

overall productivity with a maximum granularity of 1 second, more often 5 or 

even 10 seconds. This works well for reporting on business goals and comparing 

performance across multiple sites. But for understanding machine health and 

optimizing line performance, engineers need more options to augment the 

higher-level offerings.

Whether you’re a machine builder OEM or equipment end user, TwinCAT Analyt-

ics software offers unique advantages. Engineers can use the Beckhoff solution 

products       PC Control | Intralogistics Special 2023

Control your destiny with  
customizable machine analytics
TwinCAT Analytics offers standard, drag-and-drop functionality that allows 
engineers to optimize machine performance on their own terms

Beckhoff offers a no-code One-Click Dashboard to 

easily visualize data via responsive HMI screens.

TwinCAT Analytics helps engineers in intralogistics and beyond optimize commissioning 

time, machine efficiency, predictive maintenance and troubleshooting.

benefits to troubleshooting and diagnostics and will continue to become 

more widely used as the technology evolves. The TwinCAT Vision solution 

allows you to embed timestamped images to your machine data either at a 

specified interval or when a trigger occurs.

– Devices on other networks: The Beckhoff system architecture is designed 

to maximize openness, allowing simple connection of more than 30 com-

mon protocols. That allows for implementation of mixed architectures in 

greenfield applications as well as gathering data from legacy equipment in 

brownfield warehouses.

– TwinCAT Analytics can access, log and analyze data from nearly anything 

related, or running in the TwinCAT runtime, or data from any device capable 

of exposing data via an OPC UA server. 

How can you access the data?

While many operations are becoming more comfortable with edge or cloud 

computing technologies, many others require zero connectivity to equipment 

on the warehouse floor. TwinCAT Analytics supports these and other paradigms:

– Cloud or edge: Our controllers offer built-in cloud connectivity, so they can 

easily communicate data directly to AWS, Microsoft Azure or many other 

cloud platforms. We can then analyze the data in TwinCAT. Only want to 
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– Reporting: TwinCAT Analytics allows you to output data, e.g. at regularly 

scheduled intervals or when an alarm is triggered, to a standardized PDF, 

JSON or HTML file format. This functionality efficiently summarizes raw or 

processed data into reports in an automated way (it can be automatically 

emailed). It also supports customization for parameters and branding, such 

as company-specific headers, test or batch information, and user data listed 

in tabular form, charts or simple labels.

Two possible adventures in analytics

Sound interesting? Let’s take a look at two use cases, one advanced and another 

that’s more standard.

First off, the advanced scenario: Consider a fulfillment center with an AS/RS, 

no shortage of conveyors and a right-size-packaging system. You want to 

accurately calculate OEE on these systems. The engineering team also wants 

to implement predictive maintenance across all equipment and reduce wear 

and energy consumption on the AS/RS specifically. Using TwinCAT Analytics, 

the controls engineers can share data from a local analytics server to the cloud. 

With the One-Click Dashboard, they can visualize OEE, drawing from devices 

on the main EtherCAT network as well as others on CANopen and EtherNet/IP  

using the appropriate gateways. By analyzing vibration on the conveyors, as  

well as power consumption of MDR controllers, they can identify irregularities 

and schedule maintenance before anything fails. With a trained ML model, 

the AS/RS shuttles can adjust acceleration and deceleration rates to increase  

product life cycles, reduce energy requirements and, as a result, extend the mean 

time between repairs.

What about a less complex but also beneficial use of machine-level analytics? 

Let’s consider a robotic palletizing system that runs 24/7. It operated normally 

throughout the day, but in the middle of the night, it faulted and needed to be 

reset. This distribution center allows no connectivity on the production floor. 

The local maintenance staff can plug in a laptop to the controller, export the 

current file from the TwinCAT Analytics flight recorder and send it to the con-

trols engineering team at the OEM. The engineers can then use the TwinCAT 

Analytics Service Tool to examine the data from many sources in the controller 

around the time of the fault. They can then identify the issue and send a code 

update or advise the maintenance team of a problem at the warehouse (e.g. 

power quality, a team member that tried to bypass safety measures, etc.) that 

needs to be addressed. Being able to access data at or near PLC update rates 

means the diagnosis can check each state in PLC code state machines to help 

programmers identify exactly what step each machine process was in at the 

time of the fault. The power of TwinCAT Analytics and the Analytics Workbench 

really shines in scenarios such as this when the machine exhibits undesirable or 

“strange” behavior, but never throws an alarm or fault message. 

The increasing requirements in intralogistics facilities call for greater custom-

ization in analytics. By leveraging the flexible options in TwinCAT Analytics, 

machine builders and onsite staff triumph in achieving peak performance.

PC Control | Intralogistics Special 2023       products12
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send select data to mitigate bandwidth issues or perform some preprocess-

ing at the edge before sending? Our controllers can do that.

– Local network: Maybe you don’t want to connect to the cloud, but you have 

an enterprise-level system that would be ideal for communicating data. We 

support open standards for sending machine data to these layers.

– Local controller: If your systems operate as islands of automation with 

absolutely no connectivity to higher levels, our “flight recorder” solution is 

ideal. This can log every PLC cycle’s data, including information on motion 

control, fieldbus diagnostics, etc., for a user-defined amount of time in a ring 

buffer. For example, you could log hundreds of variables every PLC cycle for 

24 or 48 hours. So, if there’s an issue, the end user can easily send the file 

for the machine builder’s support team to analyze, diagnose and even send 

a program update that can be installed just as easily. A hybrid approach that 

is also available involves using the flight recorder to send data of every PLC 

cycle to a local network archive or even a cloud archive, as long as there is 

enough bandwidth available.

What analysis options are available?

TwinCAT Analytics offers more than 90 algorithms as well as the option to 

incorporate custom algorithms or even AI-based functions.

– TwinCAT 3 Analytics Library: This standard toolbox offers function blocks 

with simple and complex functions – from edge counters and lifetime 

monitoring to mathematical functions and envelope curve monitoring, as 

well as correlation functions, Den-Stream algorithm and linear regression. 

The function blocks support object-oriented programming in IEC 61131-3.

– Graphical Analytics: These libraries are available to use within PLC code, 

or from the easy drag-and-drop graphical environment of the TwinCAT 

Analytics Service Tool and TwinCAT Analytics Workbench. These analytics 

tools are combined with TwinCAT Scope/Measurement for a graphical view 

of analytics algorithm outputs and analyzed data sets.

– Machine learning (ML): Optimizing machine performance becomes tricky 

when complex motion or decisions with 10-plus variables are involved. 

Beckhoff offers the ability to train ML models in TwinCAT Machine Learning 

and run them on the controller in real time. An algorithm trained in ML could 

be dropped into TwinCAT Analytics, for example, to perform monitoring for 

predictive maintenance.

How can you visualize the data?

The Beckhoff solution offers several ways to visualize the data in real time and 

to generate reports for recordkeeping.

– One-Click Dashboard: Our no-code dashboard allows you to drag and 

drop the variables that you want to see to continuously visualize machine 

conditions, analysis results and even Overall Equipment Effectiveness (OEE). 

With simple integration into TwinCAT HMI, you can display both live and 

historical data side by side, along with a range of new interactive functions 

for further customization. Users can also adjust the display format in the 

chart and switch from line to bar charts or similar representations without 

accessing the engineering environment.

With a range of options, TwinCAT Analytics helps 

engineers design a solution for any application.

products       PC Control | Intralogistics Special 2023

More information:
www.beckhoff.com/analytics

 

Daymon Thompson, U.S. Director 

of Product Management
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Robotic applications are gaining a tremendous amount of focus in intralogistics. 

Individually compiled orders with confirmed delivery times for the next or even 

the same day require a high degree of automation in fulfillment and distribution 

centers. Flexible transport systems, such as the eXtended Transport System (XTS) 

or the XPlanar system with levitating movers, create exciting new possibilities 

for handling products – both within the machine and between several machines. 

The modular ATRO system complements these individual product transport 

options with flexible robot configurations integrated into the machine or line 

control that can be specifically tailored to the task at hand.

With the industrial robot toolbox, users can create almost any robot config-

uration for their application from the ATRO modules provided. Standardized 

motor modules with integrated drive functionality, together with connection or 

link modules in different designs and lengths, enable countless combinations 

of mechanics. You can easily and quickly adapt the robot solution to changing 

production conditions at any time. The required reach and payload, along with 

the number of degrees of freedom, are determined by the task to be solved 

and no longer by the robot available. Since not every application requires a 

6-axis serial articulated robot, palletizing tasks can be solved with 5 degrees of 

freedom, pick-and-place tasks often also with 4 degrees of freedom or with the 

help of 3-axis delta kinematics. The use of the same motor and link modules in 

different combinations reduces the variance in the warehouse and thus reduces 

costs while increasing flexibility.

All modules are connected to each other via the ATRO interface, which guaran-

tees connections that twist together easily yet remain rigid. In addition, various 

media are fed through the modules internally in the ATRO kinematics: a Gigabit 

Ethernet interface, energy and fluids (compressed air, vacuum or water). The 

media are fed into the base module and can be decoupled and used again at 

the ATRO interfaces. In this way, any robotic tools can be easily connected. These 

can be complex gripper systems, for example, but also a camera on the end 

effector for inspection or object recognition, which is fed directly by the ATRO 

interface and transmits images back to the controller.

Conventional robot solutions guide such media externally and are therefore 

limited in rotation and use of the working space. This limitation is completely 

eliminated in the Beckhoff solution – each joint can be rotated endlessly, which 

enables better Cartesian reach and the shortest positioning paths. Furthermore, 

interfering contours, e.g. due to external hoses or cable guides, and interfering 

torques, especially in cobot applications, are avoided by internal media guidance.

The seamless integration of the robot solution into the standard Beckhoff  

architecture is the basis for direct combination with intelligent transport solutions 

such as XPlanar and XTS and decentralized EtherCAT I/Os and feed axes.

The modular industrial robot system
ATRO is a modular robotics toolbox from which the right robot kinematics can be put together extremely 
flexibly for any application. The combination with XPlanar and XTS as well as the simple integration of all 
Beckhoff components in the robotic system allow completely new concepts for intralogistics.

Automation Technology for Robotics (ATRO): Modular, flexible and integrated
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As a seamlessly integrated control component, ATRO marks a real turning 

point in the development of robots and enables machine builders to offer 

“production-ready” machines with completely integrated robotics and their 

own kinematics. The future viability and investment security of the machine is 

ensured by the modularity and scalability of the complete solution. The robot 

can be used flexibly on different machines and the application can be easily 

adapted to new tasks.

The integration of safety sensors from different manufacturers via Safety over 

EtherCAT into the Beckhoff automation system is easily possible via TwinSAFE 

functions and can therefore also be used immediately to establish robot safety. 

With the use of safe position and safe speed information from all joints, safe 

Cartesian spaces and zones can be monitored in the controller – a system that 

meets the requirements of the corresponding EN ISO 10218-1 standard. This 

creates smart solutions for cooperative and collaborative work between the 

robot and the worker.

As always with automation technology from Beckhoff, the open control architec-

ture applies. The ATRO system can be connected to all feasible interfaces in cell 

or plant communication (PROFINET, EtherNet/IP, OPC UA) or to a cloud solution. 

As a high-performance communication system, EtherCAT is used to control the 

robot modules in sub-millisecond cycles. Among other things, this also means 

simple integration of I/Os and feed axes.

The holistic approach of Beckhoff is decisive for simple commissioning and han-

dling, because only the direct integration of the robot system into the machine 

controller enables a truly optimized and complete solution for the machine or 

plant. This reduces the number of controllers required, even with several robots, 

to one industrial controller. This system concept doubles the benefits: On the 

one hand, a single vendor supplies optimally matched software and hardware 

components. On the other hand, one control platform completely integrates 

all functionalities: machine control, robotics, vision, safety, machine learning, 

analytics, etc.

Until now, one of the main tasks in robot integration has been to manage the 

interfaces between the systems. This usually requires a lot of effort that does 

not add value. At Beckhoff, a machine controller with the TwinCAT automation 

suite takes over all these tasks. At the same time, it helps to ensure that all 

processes work synchronized with each other, and that the data is available 

to all processes simultaneously. This also makes complex applications possible: 

The combination of line control, vision and robot control can be used for the 

separation of products in sorting processes (“automated bin picking”). Machine 

learning will play a role in robotics, for example, in the optimization of axis 

movements. Here, the unique feature of endless rotation of all axes of the ATRO 

system is the perfect basis, as it avoids movement restrictions.

Intuitive functions improve the ease of robot operation for the user. With ATRO, 

for example, hand-guiding the robot during teach-mode is used for easy setup 

of the application or for troubleshooting. The system will also assist in avoiding 

errors. Using tools with a graphical sequence description, for example, will pre-

vent syntax errors during programming. Another example of simplification for 

handling the system is the visual feedback of the robot movement. The graphical 

representation of the entire system including the robot in TwinCAT shows the 

user exactly how the program will behave.

The seamless integration of the robot solution into the Beckhoff architecture is 

also the basis for direct combination with intelligent transport solutions such 

as XPlanar and XTS. This allows the configuration of an extremely powerful 

overall package on a compact machine design with a greatly reduced footprint. 

All components are fully synchronized through EtherCAT. Highly dynamic pick-

and-place applications are no problem; with EtherCAT, coordinated motion is 

performed ”on-the-fly.” 

In this application example, boxes of different sizes can be flexibly and indi-

vidually fed from a warehouse to one or more robot stations using an XPlanar 

system. The products in the boxes are identified and located by vision and 

picked by the robot. The separated products can then be sorted into shipping 

boxes within a running transport stream on a roller conveyor, synchronized, for 

example, by the EP7402 EtherCAT Box as the MDR (motor-driven roller) drive 

for the roller conveyor. The payload and reach of the robot are determined by 

the application. Using a multi-arm robot configuration can also increase the 

throughput of this pick-and-place application by rotating the main axis contin-

uously in one direction, so that there is always one arm available for gripping 

a product. A palletizing robot stacks the finished boxes at the end of the line 

– the same robot modules can be used, but now in a 5-axis configuration.

More information:
www.beckhoff.com/atro

 

The ATRO product management team (from left to right): Dr. Guido Beckmann, Uwe Bonin, and Thomas Rettig

All ATRO modules are designed with endlessly rotating  

axes. The internal media routing with data, power and fluids 

enables the connection of complex gripper systems.

ATRO offers a robot solution that can be precisely 

adapted to the task at hand with any number of axes. 

As such, it is freely scalable, modifiable and expandable.
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The latest XTS extension, No Cable Technology (NCT), adds another powerful tool for increased 

flexibility and material handling capabilities to the Beckhoff mechatronics portfolio.

Keep customers happy. Increase revenue. Whether you’re a large CPG manufac-

turer or a startup e-comm outfit, more than likely you’re looking for new ways 

to meet both goals through more powerful automation technologies. The initial 

order shipment – faster picking, higher accuracy, less packaging waste, etc. – 

has always been a focus for optimization. Now companies are also implement-

ing automatic replenishment for commodities like filters, printer cartridges and 

pantry items as well as pharmaceuticals, meal kits, etc., through subscriptions, 

Dash buttons, smart sensors and predictive algorithms.

And what does this mean for fulfillment operations? More microfulfillment, down 

to lot-size-1 orders, more frequently. The existing strain on distribution center and 

warehouse real estate means any technology additions need to operate without 

adding square footage. This often is not the case for traditional robotics systems, 

which are rigid and require barriers or reduced speeds to work as cobots. 

Revolutionary mechatronics solutions, such as the linear transport system XTS 

and XPlanar “flying motion” system from Beckhoff, have offered new options 

for dynamic material handling. These are not mere “conveyor replacements.” 

Both simplify designs of entire machines, eliminate mechanical components, and 

can even take over common robot functions, reducing footprint requirements for 

automated equipment. And they can work in concert for even greater flexibility 

and lot-size-1 processing. The XTS offers a modular linear track design with few 

parts: a controller, motor modules, several track options depending on payload 

and passive movers, which are propelled by electromagnetic fields. Each mover 

is mapped as a unique servo axis in software, increasing traceability for both 

the mover and the products it carries. 

While XTS has already been proven in a large number of machines globally, the 

technology continues to evolve to better fit the demands of today’s intralogistics 

equipment. One such advance is No Cable Technology (NCT), a major extension 

of XTS. NCT provides contactless power supply and synchronous real-time 

data communication directly to XTS movers. This evolution supports the use of 

wide-ranging end effectors without sacrificing the XTS solution’s high dynamics 

and flexibility. This enables individual movers to serve as mobile handling and 

processing stations. Essentially, NCT turns the intelligent transport system into 

a powerful, highly flexible multi-robot system.

A special motor module as well as electronics that mount on the movers are fully 

compatible with existing XTS components and work within the established foot-

print. As such, NCT can support new designs and augment existing XTS applica-

tions without expanding footprint. Implementing NCT requires no further supply 

lines or software supplements in TwinCAT. Ample computing power in Beckhoff 

control hardware running TwinCAT automation software enables easy connection 

of all end devices, including sensors and actuators. The data communication is real- 

time capable and can synchronize system-wide events with microsecond-level 

accuracy via the EtherCAT industrial Ethernet protocol. 

The impressive capabilities of XTS with NCT empower engineers to design new 

breakthrough solutions, especially for complex product and material handling in 

highly automated facilities:

– NCT allows for numerous motion sequences to occur directly on the mover, 

for example, to rotate and align a product for barcode scanning or quality 

inspections.

– Movers with NCT become mobile material handling systems with electro-

motive grippers, lifting magnets or vacuum suction cups that can pick up, 

transfer and deposit goods and parcels on the fly.

– The integrated data communication of NCT enables unique identification of 

the mover, toolbox or product as well as monitoring of states and processes 

on individual movers.

– Implementation of Track Management allows movers to transfer between 

multiple XTS tracks for further sorting, inspection, or transfer to end-of-line.

– Use of various track options, including the GFX Guidance System track and 

XTS High-Drive setup, boosts payload ranges for handling heavier products 

or parcels with numerous products.
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The intelligent transport system’s latest extension supplies wireless power and 
communication to end effectors on movers. This creates a highly flexible multi- 
robot system that replaces inflexible traditional equipment in intralogistics.

Reinvent material handling with mechatronics

XTS with NCT takes fulfillment  
capabilities down to lot-size-1 

NCT makes myriad end effectors available for use on wireless XTS movers.
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Numerous intralogistics applica-

tions have proven the power of 

TwinCAT/BSD in the field.

products       PC Control | Intralogistics Special 2023

TwinCAT/BSD bridges the  
AT-IT divide in intralogistics

Machine controllers using the Windows-alternative OS and accompanying Hypervisor 
boost security and edge computing capabilities in industrial control systems

Here’s an all-too-common scenario: Autonomous mobile robots (AMRs) and 

automated guided vehicles (AGVs) need to cram navigation, vision, lidar, bat-

tery, PLC and safety functionality into an incredibly compact enclosure. But the 

black box technologies that AGV makers normally use simply will not fit inside. 

These “typical” components introduce excessive space requirements, and reduce 

the life cycle of the overall control platform due to the separate CPU hardware 

and add unnecessary costs. That is the way it has always been done, so the idea 

that multiple functionalities could be combined onto a single piece of hardware 

may seem revolutionary. The convergence of AT (automation technology) and IT 

is just the starting point. But many managers in intralogistics operate under the 

misconception that PC-based control must run on Windows. 

With the release of TwinCAT/BSD in 2020, Beckhoff has introduced an alterna-

tive operating system (OS) based on FreeBSD for our industrial machine control-

lers. This non-Windows solution works seamlessly on Beckhoff controllers and 

utilizes the same universal automation software platform for developing PLC 

projects, TwinCAT. The accompanying Hypervisor adds even more benefits like 

the ability to use multiple operating systems on one device via implementation 

of virtual machines.

Numerous applications have already proven the power of TwinCAT/BSD in the 

field. Customers have also commended the ease of porting existing TwinCAT 

projects from a Windows-based system to TwinCAT/BSD without hardware or 

software changes. Even for companies where Windows is accepted, benefits like 
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– Real-time EtherCAT communication supports easy synchronization with 

other systems, from conveyors using motor-driven rollers to XPlanar or 

the upcoming Automation Technology for Robotics (ATRO) system from 

Beckhoff.

– Movers can operate asynchronously on the track or they can perform syn-

chronous functions such as clamping or gripping. Combined with wireless 

power and communication on the movers even more mechanical solutions 

are possible.

– TwinCAT 3 automation software enables quick changeover of system func-

tions.

The TwinCAT automation platform is the single powerful programming and 

simulation environment for all functions of the automation system. TwinCAT 

enables everything from mechatronics like XTS and XPlanar to the ATRO system 

and other motion control systems to vision, PLC, HMI, IoT and more. A single 

project combines all functions and can run on a single powerful automation 

controller. Beckhoff offers a broad range of processors to meet any application 

requirement. The power of the centralized control enables synchronous execu-

tion of all functions, reduces cost and energy consumption, and vastly improves 

the life cycle of the system.

So where would this technology benefit intralogistics equipment? Really, almost 

all conveying, gapping, sortation, robotics or material handling systems for in-

duct or order fulfillment could be candidates. However, with the greater expense 

of XTS compared to basic equipment such as conveyors, engineers should focus 

on areas or combined functions of the fulfillment operation where XTS can solve 

particular challenges. After all, you’re gaining a flexible multi-robot functionality, 

not just a one-to-one replacement of a traditional conveyor. 

With robotics, XTS with NCT offers an entirely different, ultra-low-profile format 

that combines multiple grippers with ultra-fast linear movement, which is ideal 

for material handling applications. The intelligent transport system also reduces 

the amount of dead space that standard robots need to ensure operator safety. 

As such, you can fit more functionality into a smaller footprint.

Countless applications could benefit from the use of a multi-gripper system 

for building orders. In a meal kit fulfillment application, for example, various 

electromechanical or vacuum grippers could gather the necessary ingredients 

to fulfill a complete kit. The XTS movers could carry the items from predefined 

stations that store packages of each ingredient type or simply move cartons of 

prepackaged goods. Then the movers could drop them into bins or cartons on 

levitating XPlanar movers to fulfill a custom order with multiple meals selected 

by each customer, enhancing the lot-size-1 capabilities. With the traceability 

of both the XTS and XPlanar systems, each ingredient is tracked from the time 

it’s picked until the order is labeled and ready for pickup by the postal carrier.

More information:
www.beckhoff.com/xts

Jeff Johnson, U.S. Mechatronics 

Product Manager
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XTS with NCT is ideal for wide-ranging assembly, handling,  

inspection and packaging tasks in fulfillment operations.
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Pharmaceuticals could provide a 

similarly compelling case, and here, 

the right end effector could also 

work to rotate the bottle for capping 

or for validation. There are count-

less other opportunities in today’s 

e-commerce landscape. And they 

will continue to grow. XTS with its 

powerful NCT extension will keep 

evolving to meet new challenges 

and provide new opportunities to 

innovate in intralogistics.



23
|

Also supported is an additional way to deploy multiple, isolated services on a 

single Beckhoff controller via container technology, such as those offered by 

Docker or Kubernetes. Containers simplify packaging, deployment and manage-

ment of lightweight applications. This has proven beneficial in advanced edge 

scenarios. The power and flexibility of TwinCAT/BSD with its Hypervisor creates 

countless new opportunities to innovate and secure a competitive edge.

Is this the end of Windows?

Not by a longshot. Beckhoff continues to see the value of Windows for our 

engineering environment in Microsoft Visual Studio®, and many applications 

still benefit from Microsoft’s continued Windows development and capabilities 

of that OS. However, TwinCAT/BSD offers a worthy alternative for applications 

where it makes sense or where the equipment end user simply will not allow a  

Windows-based machine controller.

Continued AT-IT convergence remains our goal. This alternative OS option brings 

the longstanding benefits of the fully integrated Beckhoff controls architecture 

to applications where it perhaps was once locked out due to different technol-

ogy preferences in 24/7 distribution operations. 

Extend system life cycles. Reduce CPU and other hardware requirements. Deliver 

advanced computing power. Introduce new possibilities for your intralogistics 

equipment with TwinCAT/BSD.
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smaller OS image size for faster deployment and lower licensing requirements 

have proven beneficial. Additional OS features include write filters similar to 

legacy Windows CE as well as snapshots, replication and snapshot cloning,  

all with support of ZFS (previously Zettabyte File System), which is a powerful 

volume manager and file system that also protects data stored on the device 

and the OS from corruption. Most importantly, machine controllers running 

TwinCAT/BSD do not lose anything compared to the traditional Beckhoff solu-

tion; even robust graphics support is included.

Like a PLC except better

With the alternative OS, the Beckhoff controller acts even more like a modern 

PLC in its designed architecture. It continues to take advantage of processors 

from Intel, AMD, ARM and more but with greater performance, openness and 

functionality than other PLCs on the market. Current PLCs, after all, do not use 

the proprietary firmware of yesteryear. Practically every PLC vendor uses Intel or 

Arm processors and a commercially available real-time operating system (RTOS), 

or third-party real-time kernel. The difference is: It locks you out. The engineers 

have less visibility and less freedom as a result.

TwinCAT/BSD mirrors this by using FreeBSD, a Unix-compatible open-source  

And with the hypervisor, commonly referred to as bhyve, you combine all this 

functionality with the ability to run virtual machines with other operating 

systems, such as Linux, QNX or Windows for instance, on a single machine 

controller. This opens the door to run virtually any software on the automation 

devices alongside the TwinCAT real-time control and PLC software.

The added benefit is that the OS and software executables can be updated in 

the virtual machines without having to restart the host OS that is handling the 

real-time machine control. As a result, you can deploy patches and other updates 

to Windows, or to another OS that is running user-level functions in the virtual 

machines without restarting the host OS and real-time kernel in TwinCAT/BSD. 

This enables successful installations of vital security patches without impacting 

machine operation.

The smart warehouse of tomorrow – today

The advantages of TwinCAT/BSD are clear even when communication, rather 

than footprint, is the top concern. With robust control hardware, this alternative 

OS enables intralogistics operations to start implementing the smart ware-

houses of tomorrow right now. Engineers can leverage TwinCAT IoT libraries to 

send orders from the cloud and performance data back for analysis or machine 
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More information:
www.beckhoff.com/twincat-bsd

 

  The power and flexibility of TwinCAT/BSD with its Hypervisor creates  

countless new opportunities to innovate and secure a competitive edge.

Casey Taylor,  

U.S. Software Product Manager

Eric Reiner,  

U.S. IPC Product Manager

operating system directly originat-

ing from Berkeley Software Distri-

bution (BSD). As an open-source 

project, FreeBSD is continually 

being developed further, improved 

and optimized by a large group of 

developers. Unlike current PLCs, the 

Beckhoff approach increases long-

term availability, reduces license 

costs and retains our decades of 

controller development expertise.

The standard Beckhoff architecture 

allows engineers to consolidate all 

functionality – from PLC and motion 

control to HMI, IoT and machine 

vision to robotics and mechatron-

ics, even executing these functions 

synchronously – onto one powerful 

piece of hardware. Third-party software can also run on the controller. So in the 

example above, the mobile robot maker could shrink the hardware requirements 

to a single Embedded or Industrial PC (IPC) from Beckhoff and support all soft-

ware functions of the AGV. The controls footprint could now work for the compact 

enclosure on AGVs, or much smaller AMRs, and save costs. 

Beyond that, advanced Beckhoff features like our controllers’ core isolation 

capabilities for multi-core and many-core processors remain available with 

TwinCAT/BSD. This enables a quad-core controller, for example, to isolate the OS 

on Core 0, run one PLC program for machine control on Core 1, another for data 

analysis or machine learning on Core 2 and motion control or another machine 

function on Core 3 and so on. By isolating the OS from the PLC on another core, 

tasks are executed with minimal or zero jitter.

learning. At the field level, real-time  

EtherCAT communication delivers  

the extreme data throughput neces-

sary. However, they can still harness 

the reliability and security of a mod-

ern Unix-like operating system and 

the extensive built-in cyber security 

features of EtherCAT.

Consider another scenario that’s 

of growing interest – complete 

fulfillment center digitization: A 

large fulfillment operation needs 

to implement equipment across 

its massive warehouses, and that 

equipment needs to talk to high-

er-level enterprise or cloud systems 

to give updates on OEE (overall 

equipment effectiveness). Typically, 

the warehouse operator will need to add a separate PC or edge device with 

local analytics algorithms and a separate network to manage all the data from 

sensors before sending the results to the enterprise level. This would multiply 

expenses, add points of failure, make update management a headache and, 

again, add obsolescence concerns.

A TwinCAT/BSD system, on the other hand, enables state-of-the-art industrial 

edge computing. EtherCAT already offers bandwidth for large amounts of data, 

eliminating the need to add parallel networks. And the standard Beckhoff ma-

chine controller natively supports the functions of both the PLC and the edge 

device, with capabilities for local data collection and local analytics. Running 

a Windows or Linux virtual machine in the Hypervisor, you could implement  

AWS IoT Greengrass or Azure IoT Edge directly on the machine controller. 
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TwinCAT Engineering on Windows laptop – 

TwinCAT 3 Runtime on TwinCAT/BSD

TwinCAT/BSD Hypervisor: Separation of IT and 

OT networks with a Linux VM as container host
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As mobile robots drive forward, they are leaving outdated solutions behind. 

Case in point: Beckhoff and Navitec Systems have collaborated on a solution 

to increase navigation, safety and performance capabilities while reducing 

the amount of controller hardware. This approach leverages Navitec’s leading 

navigation software on a standard Beckhoff machine controller. Implementing 

virtual machines via the TwinCAT/BSD Hypervisor was critical to the solution’s 

success.

Natural-feature navigation is the most adaptive solution for individual route 

planning and fleet management on Automated Guided Vehicles (AGVs), Auto-

mated Mobile Robots (AMRs) and similar solutions. Legacy AGV guidance 

systems relied heavily on tape applied to warehouse floors, which caused 

major constraints. Subsequent technology upgrades, using lidar and countless 

reflectors stuck to racking, improved AGV capabilities marginally. Both options 

lacked flexible automation systems, and they also made commissioning drag on 

too long in the field.

Navitec took a different route. The Espoo, Finland-based company with a global 

presence has been advancing natural-feature navigation since it was founded 

in 1998. The company initially focused on the mining industry, but quickly grew 

in size and industries served. For the past 10 years, Navitec has served the ma-

terial handling industry in applications from manufacturing and automotive to 

warehousing and fulfillment to service robots for hospitals.

“Today, we offer natural features navigation in warehouses for any vehicle, and 

we can automate any vehicle type or size, whether it weighs 50 pounds or 500 

tons,” says Matthias Otto, Vice President Global Sales at Navitec. “Our compre-

hensive fleet control can handle more than 150 vehicles indoors (2D navigation) 

or outdoors (3D navigation) in any weather, and we support the ability for AGVs 

to drive around obstacles when necessary. Because of the intelligence of our 

system, we guarantee a mere five-day integration time for basic AGVs to make 

vehicles production ready, and we provide continued software upgrades as part 

of our maintenance contract.”
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Matthias Otto, Vice President Global Sales, Navitec Systems

The consolidation of hardware for PLC, navigation, vision 

and other functionalities on AGVs opens the doors for new 

possibilities.

While AGV functionality has grown, enclosure sizes have not. Builders of mobile 

robots have faced the challenge of squeezing separate hardware for navigation, 

PLC, safety, vision and more into incredibly tight spaces. In addition to excessive 

hardware, the black-box systems require separate software and communica-

tion protocols that complicate engineering. Using a central CPU for multiple 

functions made sense for AGVs, but beyond Navitec’s Linux-based software, 

most other components were completely closed and only worked on expensive, 

dedicated hardware.

Increase AGV flexibility and safety while reducing footprint

Beckhoff has always delivered additional functionality via software rather 

than adding further unnecessary controllers. Consolidating hardware not only 

optimizes supply chain concerns, but also lengthens system life cycles. When 

black-box solutions reach end of life, machine builders typically need to reengi-

neer the entire control system since they are wholly reliant on the single-source 

supplier for the hardware. With Beckhoff’s fully integrated and long-term-avail-

able control platform, OEMs also have a clearer and easier migration path for 

next-generation controllers. 

Do mobile robots need  
separate hardware for  
navigation, PLC and safety?  
Not anymore.

Beckhoff collaborated with Navitec to deploy the navigation company’s soft-
ware for AGVs and AMRs on a virtual machine in TwinCAT/BSD Hypervisor
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that would be very attractive to end users and AGV OEMs alike, but at that time 

we were missing one critical piece of the solution,” says Doug Schuchart, Global 

Material Handling & Intralogistics Manager for Beckhoff. 

However, soon after Beckhoff released its Hypervisor in 2022, a large systems 

integrator looking to build AGVs reached out to Beckhoff and Navitec about 

combining the TwinCAT environment and navigation software on one con-

troller. Experts from the three companies met together at the MODEX 2022 

trade show in Atlanta to discuss the possibility. “From my first phone call with 

the customer to closing the deal took just 24 hours,” Otto says. “It was an 

incredibly fast sale because the combined Beckhoff-Navitec solution was so 

compelling.”

As mobile robot OEMs increase functionality, they can select from the scalable 

portfolio of Beckhoff machine controllers while maintaining the same system ar-

chitecture including the same TwinCAT project since this single software is sup-

ported across all Beckhoff controllers. These include hardened, DIN rail-mounted 

embedded controllers and Industrial PCs (IPCs) with the latest processors from 

Intel and AMD. Extremely unique in the industry, Beckhoff designs and produces 

all the motherboards for the scalable portfolio of controllers, even owning the 

BIOS. This futureproof platform helps machine builders keep moving forward 

without any bumps in the road.
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More information:
www.navitecsystems.com
www.beckhoff.com

 

Matthias Otto,  
VP Global Sales, Navitec Systems Oy:
matthias.otto@navitecsystems.com
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The TwinCAT/BSD alternative operating system (OS) and its Hypervisor make 

this consolidation possible for AGVs and AMRs, according to Gilbert Petersen, 

Intralogistics Industry Application Specialist for Beckhoff Automation LLC. 

TwinCAT/BSD offers greater application flexibility and the security of a modern 

UNIX-like OS while retaining the powerful automation capabilities of TwinCAT. 

Beckhoff has long supported third-party software being executed alongside 

TwinCAT projects on its control hardware, but previously only Windows-based 

programs. Once it was released, the TwinCAT/BSD environment also supported 

the execution of third-party software from the large FreeBSD repository of 

supported software. The Hypervisor extends this capability further by enabling 

virtual machines to run third-party software in Linux, Windows or other OS 

environments on the same controller. 

“By implementing the Navitec software in a universal control architecture, we 

can add navigation to our standard functionality, even for advanced applications 

like having one AGV follow another,” Petersen explains. “A major strength of the 

Beckhoff solution is one controller can easily handle complex machine safety 

in addition to PLC and motion control, and now additionally the navigation.”

products       PC Control | Intralogistics Special 2023

AGVs are highly customizable to fill many requirements 

in todays warehousing and distribution operations.

Heat mapping is just one of the  

Navithor Tools from in Navitec’s software 

to optimize warehouse applications.

The integrated functional safety solution from Beckhoff, TwinSAFE, extends 

its wide-ranging benefits in this architecture. Graphical programming in 

TwinCAT  3 automation software simplifies implementation of both digital and 

analog safety solutions. As such, mobile robots can leverage safety devices like 

E-stops, safety scanners and light curtains, as well as solutions for safe position 

and safe velocity via TwinSAFE SC, single-channel safety for analog functions. 

TwinSAFE uses the TÜV-certified Fail Safe over EtherCAT (FSoE) protocol for 

black-channel communication over standard EtherCAT networks.

With EtherCAT, AGV makers benefit from the industrial Ethernet system’s 

high performance, built-in diagnostics and ability to interface with more 

than 30 common protocols, Petersen explains: “CANopen is widely used in 

mobile robots as a legacy technology, but EtherCAT is gaining market share 

due to its speed, high synchronization and ease of use. Another benefit of 

EtherCAT is simplified cabling with standard connectors. With CAN, engi-

neers regularly have to add the communication to cable connectors with 

up to 36 wires, which creates noise issues and reduces baud rates from  

500 kbit/s down to 125 or less. Of course, Beckhoff can still incorporate 

CANopen as well as RS232, EtherNet TCP/IP, EtherNet/IP, PROFINET or other 

protocols common to AGVs.”

Mobile robot companies keep moving forward

In the combined solution, the Beckhoff and Navitec systems communicate 

seamlessly between TwinCAT/BSD and Linux. A second virtual machine could run 

Windows to accommodate additional software. Still, only one machine controller 

is necessary, greatly reducing hardware footprint and extending the life cycle of 

the solution.

When Beckhoff and Navitec originally spoke about combining expertise, the full 

TwinCAT/BSD solution was not yet available. “Realizing a complete AGV control 

solution in a single PLC or IPC was our vision for several years. After first contact-

ing Navitec both companies agreed it would be a unique solution in the market 

Navitec’s natural feature navigation 

software, Navitrol, is an advanced fleet 

control system that supports high traffic 

density and efficient interaction with  

all factory systems and personnel.
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Benefits for mobile robots of all sizes: New systems from JR Automation 

were the first to deploy the combined Beckhoff-Navitec solution on a 

single controller using TwinCAT/BSD and its Hypervisor.
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What do intralogistics, aerospace, entertainment, offshore oil and gas, renew-

able energy, and scientific research have in common? First, applications in 

these industries all benefit from autonomous robot technology. Second, they’re 

all industries in which Oceaneering has pioneered innovative automated tech-

nology solutions.

Oceaneering Mobile Robotics (OMR) applies the company’s expertise in mo-

bile robotics to material handling applications, according to Dr. Gareth Jones, 

Manager of Technology for OMR. The group has a rich history of deploying 

systems in manufacturing, hospitals, distribution and automotive sectors, and 

has served some of the world’s most prestigious brands. The number of OMR 

mobile robots deployed across North America, Europe, Australia and Asia has 

surpassed 1,700, which have collectively travelled 30 million miles. To maintain 

its impressive growth, OMR has focused on creating standard product lines to 

increase adoption in a host of new applications.

“Like many mobile robotics suppliers, we originally focused on bespoke solu-

tions. But demand has grown across all industries, and we want to increase 

access to mobile robots,” Jones explains. “Now, instead of making a few 

dozen custom vehicles per year, we are focusing on producing hundreds of 

standardized products with a strong roadmap for releases – most recently the 

UniMoverTM O 600.”

On the route to success

The UniMoverTM O 600 is an underride mobile robot for light industrial and 

healthcare applications with extremely tight space requirements. It can reach 

speeds of 1.8 meters per second and handle heavy payloads up to 600 kilograms 

(1,322 pounds). 

In industrial and hospital applications, the UniMoverTM O 600 is a typically 

efficient and cost-effective transportation solution for picking up or dropping 

off goods or materials, such as raw materials, food carts or laundry. The vehicle 

features omnidirectional motion and uses natural feature navigation with safety 

lidar to recognize and move safely through busy, unstructured environments. To 

accomplish this, the UniMoverTM O 600 can operate in an autonomous mobile 

robot (AMR) mode, which provides optimal object avoidance while limiting 

speed, or AGV mode, which increases speed but essentially stops when objects 

are detected rather than maneuvering around them. 
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The broad portfolio of EtherCAT Terminals from Beckhoff supported 

standard I/O requirements as well as communication via CANopen 

and DMX to safety lights on the robot.

How OMR delivers on highly compact,
maneuverable material handling robots 

Ideal for industrial and medical facilities, the UniMoverTM O 600 system from Oceaneering Mobile Robotics 
moves ahead with powerful, space-saving automation technologies

The UniMoverTM O 600 from Oceaneering Mobile Robotics 

is an underride mobile robot that supports omnidirectional 

movement and natural feature navigation.

Above: A Beckhoff C6017 ultra-compact 

IPC provides control logic and other func-

tionality for the UniMoverTM O 600.

Below: OMR uses a range of EtherCAT 

Terminals and yellow TwinSAFE cards for 

integrated functional safety. 
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EtherCAT ensures drivers’ safety in mobile robotics 

The EtherCAT industrial Ethernet system offers real-time communication, along 

with free selection of topology and communication to all open protocols. OMR 

uses the EL6581 DMX master to control safety lights on the vehicle, and the 

EL6751 CANopen master streamlines communication with a third-party naviga-

tion controller. These modules also offer the compact, modular form factor of 

standard I/O cards.

Safety is critical for any autonomous robot, and TwinSAFE technology relies 

on Fail Safe over EtherCAT (FSoE), another international open standard, to 

enable high levels of safety. FSoE uses a “black channel” approach to commu-

nicate safety data over the standard EtherCAT network. This reduces cabling 

requirements, while providing the necessary redundancy for digital and analog 

safety. TwinCAT also boosts safety capabilities through the ability to implement  

TwinSAFE applications using Safety C, in addition to standard safety logic.

The UniMoverTM leverages a number of TwinSAFE terminals from Beckhoff. In 

particular, the EL5001-0090 1-channel SSI encoder interface simplifies monitor-

ing of speed and position. “With the omnidirectional drive, we have to control 

two drive motors and two steering motors, so we need to know the positions of 

the steer angles and the actual speeds of the drive motors themselves,” Jones 

says. “The enhanced capabilities in TwinSAFE give us more options in the future 

as well, which will allow us to make even more sophisticated mobile robots.”

Compact controls move mobile robots full speed ahead

The viability of the UniMoverTM O 600 comes down to size and maneuverability, 

Jones says, and standardizing on Beckhoff technologies helped in both aspects. 

The compact form factor of the C6017 reduced space requirements by 56% 

compared to OMR’s previous machine controller. The C6017 and EtherCAT Ter-

minals saved time in addition to space. In the past, technicians had to spread 

components around the machine. Now, they make standard control kits ahead 

of time and install them in one enclosure on the UniMoverTM, speeding up 

commissioning times.

The New Automation Technology leader’s global sales network simplified col-

laboration with the OMR team, Schuchart explains: “The UniMoverTM project 

provides a perfect example of our ability to collaborate internationally with 

customers. We work directly with Oceaneering’s engineers in Maryland and 

Florida, global purchasing in Louisiana, Gareth’s team in The Netherlands 

and global industry management to facilitate solid communication among all 

groups.” 

OMR plans to further optimize production by switching to EJ series EtherCAT 

I/O modules, which mount on application-specific PCB boards and use stan-

dard connectors. At roughly 50% the size of standard I/O slices, EJ terminals 

are ideal for series production by eliminating labor time required for tradi-

tional discrete wiring, which can add up in the production of large fleets of 

mobile robots. The solution provides engineers with the ability to create their 

own connectorized board in a highly streamlined manner using commercial-

off-the-shelf (COTS) I/Os from Beckhoff.

Based on the UniMoverTM O 600 project’s success, Oceaneering Mobile Ro-

botics has continued to move ahead with powerful, space-saving automation 

technologies from Beckhoff for new vehicle systems: such as its MaxMoverTM 

CB D 2000 counterbalance forklift. “The MaxMoverTM replaces conventional 

forklifts, but even when fully loaded – with payloads over 4 tons – it can also 

operate in the AGV or AMR modes like the UniMoverTM,” Jones says. “Designing 

the UniMoverTM was a challenging project. However, with the benefits gained 

through Beckhoff, we wanted to apply the same architecture across more of our 

standard mobile robotics lines.”
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Beyond functionality and reliability, the OMR engineers needed to fit all control 

hardware into the smallest footprint possible, maintaining the vehicle’s compact 

dimensions of 1,670 by 600 by 335 millimeters (65.8 by 23.6 by 13.2 inches). 

They also had to develop manufacturing processes that would scale to support 

volume production of the standard solutions. In the past, they would program 

the vehicles and manufacturing equipment using Linux, and technicians tested 

products via Linux line command, according to Jones. Despite these inefficien-

cies, the team could not afford to completely scrap years’ worth of development. 

OMR began evaluating automation vendors in 2021 based on functionality, 

but with an international team, the ability to collaborate and receive support 

globally was also critical. In just six months, Beckhoff was selected due to its 

high scores in both capabilities and usability. 

Alternative OS offers flexibility for robotics

Each vehicle relies on a C6017 ultra-compact Industrial PC (IPC) from Beckhoff 

for control logic and other functionality. While Windows has long been the 

default for Beckhoff machine controllers, the C6017 on the UniMoverTM uses 

the TwinCAT/BSD alternative operating system (OS). TwinCAT/BSD offers the 

performance and security of a modern UNIX-like OS. As such, it functions like 

today’s PLCs, which use a real-time operating system (RTOS) rather than pro-

prietary firmware. 

TwinCAT/BSD was a gamechanger for OMR, along with many other material 

handling specialists, according to Doug Schuchart, Global Material Handling & 

Intralogistics Manager at Beckhoff. “Unlike the ‘black box’ approach of tradi-

tional hardware PLCs, TwinCAT/BSD harnesses decades of sophisticated controls 

development at Beckhoff,” Schuchart says. “The powerful OS also remains open, 

allowing machines to run third-party software, such as Linux distributions, and it 

enables virtual machines in our new Hypervisor. Many applications benefit from 

the execution of third-party software alongside the PLC in the same hardware, 

either in the native OS or another OS in a virtual machine. AGVs, however, gain 

unique advantages using this architecture.”

TwinCAT 3 automation software remains the end-to-end engineering and 

runtime platform for TwinCAT/BSD applications. The OMR engineers enjoyed 

the ability to program in a variety of languages from the internationally  

standardized IEC 61131-3 and its object-oriented extensions to function 

blocks and computer science standards in its integration with Visual Studio®. 

“Our team is very happy with TwinCAT because they can build user inter - 

faces, for example, for performing functional checks in a production line.  

This is much more intuitive than using command line in Linux,” Jones  

says. “Plus, they can connect them to data coming off all the peripherals for 

greater visibility.”

TwinCAT 3 offered the Oceaneering Mobile Robotics 

a flexible engineering and runtime platform.
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Robots for land, sea and 
beyond: Oceaneering
Oceaneering was founded in 1964 by two deep-sea 

divers working in the oil and gas industry. Since 

then, it has grown into a leading global provider 

of engineered products and services with 10,000 

employees and approximately $1.9 billion in annual 

revenue worldwide in 2021. Oceaneering Mobile 

Robotics started from Oceaneering’s acquisition of 

a mobile robot manufacturer in 2013. The company 

retained the group’s more than 30 years of experi-

ence while applying its own extensive developments 

in other areas of robotics.

At the OMR office in The Netherlands: Dr. Gareth Jones (right), Manager of Technology 

for Oceaneering Mobile Robotics, and Stefan Dubbeldeman, Sales Engineer, Beckhoff 

Automation B.V., stand alongside a MaxMoverTM CB D 2000 counterbalance forklift.

The UniMoverTM O 600 is ideal for healthcare  

and industrial facilities.
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Like Boston Dynamics’ other robot designs, Stretch helps people man-

age dull, dirty and dangerous applications in manufacturing and ware-

housing, explains Matthew Meduna, Technical Director of Hardware 

Engineering, Stretch: “Spot® users find great value in having a robot 

that effectively automates tasks like industrial equipment inspection, 

hazardous gas detection or investigation of suspicious packages to keep 

humans out of harm’s way. Similarly for Stretch, there is incredible value 

in automating tasks that are difficult to consistently staff in warehouses 

and 3PL facilities, such as trailer unloading.” 

Stretch development team puts human safety first

Boston Dynamics had several goals for Stretch. The robot needed to 

offer the autonomy to intelligently react to changes in its environment 

and handling requirements, which is another key differentiator in the 

market. It needed to extend the world-class manipulation capabilities 

of Boston Dynamics’ other platforms to provide significant customer 

value in intralogistics. And it needed to provide the mobility to bring the 

autonomy and manipulation capabilities from job to job throughout the 

day. But to achieve these capabilities with high system availability, the 

Stretch solution needed to provide robust safety capabilities to prevent 

injuries or damage. 

“We had to find a solution that supported all the different types of sen-

sors and safety features required for the robot and offered reliable sup-

port for black-channel safety communication protocols over Ethernet,”  

Meduna says. “Beckhoff provided the perfect fit with TwinSAFE inte-

grated functional safety and machine control technologies.” 

The Boston Dynamics engineering team began working with local Beckhoff 

experts, including Regional Sales Engineer Brian Buck, during the early stage of 

the Stretch design in 2019. “The flexibility and wide range of options Beckhoff 

offers were decisive factors in Boston Dynamics choosing to use our technolo-

gies both in the robot and off the robot as part of the total solution for control 

and safety,” Buck adds.

TwinSAFE leverages the trusted Fail Safe over EtherCAT (FSoE) standard, which 

is TÜV-certified, even enabling the passing of safety states over Wi-Fi in a hier-

archical safety architecture. FSoE communicates safety data over the standard 

EtherCAT industrial Ethernet system using a black-channel approach. The advan-

tages of EtherCAT – real-time communication, free selection of topology, up to 

65,535 nodes on one network, extensive diagnostics and more – are available 

to the safety system. The TwinSAFE solution reduces cabling, hardwiring of 

safety switches and management of different software packages, which helped 

simplify safety system implementation.
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As the intralogistics industry speeds ahead, mobile robotics will become even 

more critical. Many solutions move cartons and totes from point A to point B. 

Limitations arise when they lift cartons from conveyors or out of semi-trailers and 

shipping containers for palletizing and depalletizing. To better meet warehouse 

and distribution center requirements, Boston Dynamics developed an innovative 

robotic solution called StretchTM. The autonomous mobile case-handling solution 

for unloading applications combines the robotics leader’s three decades of R&D 

with automation and integrated safety technologies from Beckhoff.

Designed from the ground up to meet the needs of this industry, Stretch features 

a compact, highly maneuverable base that safely moves in any direction and 

navigates ramps or other obstacles. A perception mast uses advanced com-

puter vision for fast and precise case detection. What sets Stretch apart is its 

purpose-built robotic arm with seven degrees of freedom and adaptive vacuum 

gripper, which works with the perception system to manipulate the broadest 

possible set of cartons. A high-capacity battery option can power Stretch 

through two full shifts to support continuous, flexible unloading.

Stretch from Boston Dynamics puts mobile robots 
at the forefront in intralogistics technology
With a focus on autonomy, flexibility and safety, Boston Dynamics applies its robotics expertise to a commercial robot solution 
with automation and integrated safety technologies from Beckhoff

application reports       PC Control | Intralogistics Special 2023

Boston Dynamics designed StretchTM to be an autonomous 

mobile case-handling solution for unloading applications.

StretchTM features a purpose-built robotic arm with seven 

degrees of freedom and an adaptive vacuum gripper.

The safety system for StretchTM features EtherCAT I/O Terminals and yellow  

TwinSAFE functional safety modules both on the robot and in a remote cabinet.

©
 F

or
ew

or
d 

LL
C,

 2
02

3

©
 F

or
ew

or
d 

LL
C,

 2
02

3

©
 B

os
to

n 
Dy

na
m

ic
s, 

20
23



Boston Dynamics:  
A robotics revolution – on repeat
Boston Dynamics is the global leader in the development and 

deployment of highly mobile robots that can tackle the toughest 

challenges in many industries. Founded in 1992 by Marc Raibert, 

Boston Dynamics spun out of the MIT Leg Lab and now possesses  

30 years of experience developing robots with advanced mobility, ma-

nipulation and perception. The company’s core mission is to imagine 

and create exceptional robot technologies that enrich people’s lives. 

In addition to Stretch™, the company’s portfolio currently includes 

Spot® – the four-legged robot designed for industrial inspection, 

public safety, academia and other applications – and the world’s 

most advanced humanoid robot, Atlas®. Boston Dynamics’ robot 

designs purposely mimic the sophisticated movement of humans  

and animals to allow them to go where other robots cannot.
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Beckhoff’s robust portfolio and reliable support from sales and applica-

tions engineers helped ensure the successful launch. The large variety 

of devices and options from Beckhoff allowed Boston Dynamics to 

rapidly enhance the functional safety coverage of the Stretch robot in 

a very short timeframe. “This has allowed us to be nimble with new 

design changes and supported many different off-the-shelf sensors and 

components,” Meduna says.

Going forward, Boston Dynamics plans to use wide-ranging Beckhoff 

technologies to best support unique customer applications, ensuring the 

utmost safety and reliability as robotics technologies evolve. “We are 

always developing and releasing new software, hardware and systems 

improvements to increase our robots’ ability to help people in real-world 

applications,” he adds. “Innovation is the lifeblood of our company.  

Boston Dynamics was built on nearly 30 years of research-and-devel-

opment into advanced mobile robots, and those efforts are coming to 

fruition with commercially available products like Stretch.”
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Automation and robotics experts gather at the Boston Dynamics test facility: (from left)  

Gilbert Petersen, Intralogistics Industry Application Specialist at Beckhoff; Brian Buck, Regional 

Sales Manager at Beckhoff; Matthew Meduna, Technical Director of Hardware Engineering, 

Stretch at Boston Dynamics; Eric Landry, Director, Supply Chain at Boston Dynamics; and  

Doug Schuchart, Global Material Handling & Intralogistics Manager at Beckhoff.

A high-capacity battery option can power StretchTM for 

up to 16 hours to support continuous, flexible unloading.

Stretch also gains an advantage through use of TwinSAFE SC (single channel) 

from Beckhoff. This enables the addition of standard analog signals for safe 

position and safe velocity of the mobile robot. TwinSAFE SC supports standard 

signals for both control and safety tasks, helping machinery achieve a safety level 

up to category 3, performance level d. Furthermore, specialized safety encoders 

are not required. Instead, standard encoders can be utilized with a full offering 

of TwinSAFE SC encoder input signal types including SSI interface, Sin/Cos,  

EnDat 2.2, incremental encoder RS422 and incremental encoder 24V HTL.

Standardized, streamlined and above all, safe

Each Stretch robot features a CX5130 embedded controller inside, which mon-

itors the system and communicates with a separate PC for fleet management. 

“The CX5130 determines if the robot is in a sufficiently safe environment to 

allow motion, and it engages the power distribution zones and releases the 

brakes when requested by the controls software,” Meduna says. Along with 

several EtherCAT Terminals, TwinSAFE and TwinSAFE SC Terminals, including 

the EL1918, EL2912 and EL2904, handle safety functionality. These are critical 

for monitoring joints of the robot arm and the speed and angles of the wheels. 

Two single-channel encoder interfaces validate the accuracy of positioning data: 

EL5001-0090 for SSI and EL5101-0090 for incremental encoders with differen-

tial signals (RS422) or TTL single-ended signals.

A remote fleet management panel ensures safety of the overall work zone 

using a CX8190 embedded controller with a similar lineup of EtherCAT and 

TwinSAFE modules. These read inputs from E-stops, safety I/Os, cart or conveyor 

detection, and dock or shore cable detection. “This control setup handles any 

StretchTM combines Boston Dynamics’ three decades of R&D with 

automation and integrated safety technologies from Beckhoff.

safety communication in the cell surrounding where Stretch is working,” Buck 

explains. “In addition to stack-light control, these technologies enable the fleet 

manager to control the safety state of the Stretch robot wirelessly over a local 

Wi-Fi network. For example, if an E-stop is pressed or a person enters the work 

zone, Stretch will go into a safe mode.”

TwinCAT 3 automation software from Beckhoff delivered an end-to-end 

engineering environment and runtime for the safety application. The Boston 

Dynamics team relied on TwinCAT for programming PLC and safety logic and 

used the real-time Ethernet communication to talk UDP to other computers 

in the solution. With TwinCAT, engineers can program in the languages that 

they are most familiar with or that best fit the project, including the available 

IEC 61131-3 languages and their object-oriented extensions, function blocks 

and computer science standards in Microsoft Visual Studio®. “The support 

for these standards allows us to consider a large ecosystem of automation 

components,” Meduna says. “This is extremely important as we continue to 

develop integrated solutions.”

Mobile robot delivers ROI by the truckload

The commercial launch of Stretch occurred in early 2022 with clear differen-

tiators from other mobile robots on the market. Stretch can autonomously 

unload trucks and shipping containers and remains incredibly flexible. With 

a powerful vacuum gripper and advanced vision system, the robot handles a 

variety of package types up to 50 pounds with no requirement for SKU number 

pre-programming or box size information. It can even autonomously recover any 

packages that shift or fall during the unloading process.
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Video: Watch StretchTM  

tackle unloading at the Boston  

Dynamics test facility.
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the number of parcels delivered in London expected to double by 2030 and the 

2050 target of zero carbon emissions drawing closer, it has become essential to 

find a new, sustainable delivery method.

Wembley-based Magway Ltd. has developed an all-electric delivery solution 

that produces zero emissions, while still managing a high capacity. The delivery 

system can deliver the equivalent of 3,000 articulated lorry (tractor-trailer) loads 

every day through a single 1-meter-diameter pipe. Magway is using Beckhoff 

technology to automate its system.

Distributed servo drives and fast EtherCAT communication

The underground system comprises a 1-meter tube ran on a track. On the track it-

self are track-mounted distributed servo drives. Beckhoff provided the technology 

in this area, as it was based on AMP8000 distributed servo drive system, which 

offers compact and flexible solutions for modular machines. Due to Beckhoff’s 

in-house design and manufacturing capabilities, it was possible to customize 

a unique variant of the distributed drive system to fit Magway’s requirements. 

Beckhoff’s deep in-house capabilities on a wide variety of automation technolo-

gies mean that it can react to clients' precise requirements.

PC Control | Intralogistics Special 2023       application reports36
|

We live in a world of convenience, where same-day shipping is the norm and 

anything can be bought at the click of a button. But there is an environmental 

cost to this as one truck is estimated to have the same carbon footprint as  

14 people. At a time when the environment is a top consideration, Magway, 

with the help of Beckhoff technology, is looking to do things differently.

 

A recent study from the Centre for London think tank found that diesel and 

petrol vans ferrying goods and services around the city make up for a quarter or 

more of London’s greenhouse gas and polluting emissions from transport. With 

Delivering a greener future
How Magway used Beckhoff technology to launch 
an all-electric underground delivery system

application reports       PC Control | Intralogistics Special 2023

Magway’s underground delivery solution 

comprises a track inside a 1-meter tube 

with various trucks transporting parcels – 

all with zero emissions.
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“Beckhoff has always offered a high standard in automation technology. You 

always know that you are getting quality when you work with them,” explains 

Cruise. “But they took it a step further when working with us on this project, even 

including Hans Beckhoff in the opportunity when we needed a unique custom-

ized solution that was not yet part of Beckhoff’s standard product portfolio. Some 

other engineering companies would not have taken on this project due to its 

complicated nature. However, the skilled Product Managers at Beckhoff met with 

me at their headquarters in Germany to discuss the development of the solution. 

When Hans Beckhoff joined the meeting to introduce himself and thank me for 

coming to Beckhoff headquarters, I learned that we are both physicists, and it 

was a real treat to get to work with someone so experienced in the industry.”

Having worked closely on this project together, Beckhoff and Magway are now 

looking at further developments. As an engineering partner, Beckhoff is consis-

tently optimizing the existing technology to achieve maximum efficiency and 

performance for Magway. The companies are working together on integrating 

MATLAB® and Simulink® into the programmable logic controller (PLC) in hard 

real-time. This can be done using TwinCAT 3, as the software already comes 

linked with the programming language and programming environment of these 

popular platforms. 

The environment and climate change have grown as pressing concerns for 

consumers, with 81% of them preferring to shop sustainably. This means that 

companies need to consider ways to gain and maintain zero emissions to match 

what consumers are looking for. Magway’s delivery system allows companies to 

make the switch, while keeping the essential high delivery load that consumers 

demand. Such innovative ways of tackling climate problems are only possible 

with the right technology, which is why companies like Magway and Beckhoff 

working together is the future.
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“Magway is also using the EtherCAT industrial Ethernet system with their tech-

nology,” explains Bradley McEwan, Business Development Manager at Beckhoff 

UK. “Due to the large number of trucks – and the speeds required from them – 

EtherCAT is the only bus system that can manage the data load with fast cycle 

times and minimal infrastructure. This is due to EtherCAT’s virtually limitless 

network topology options, as the machine’s structure determines the network 

topology, rather than the other way around.”

Modular automation software and alternative operating system

Magway also relies on Beckhoff’s all-purpose automation software,  

TwinCAT 3, which runs on Beckhoff Industrial PCs (IPCs) using the Windows 

alternative TwinCAT/BSD operating system. By standardizing on TwinCAT 3, 

Magway needs only one software for programming and configuration, which 

is easier and more efficient than having to juggle multiple software platforms. 

TwinCAT 3 also provides open interfaces for expandability and adaptation  

to the tools landscape found in both automation and IT, which means that 

Magway can adapt the software as their company and products grow. 

TwinCAT/BSD gives Magway flexibility to use widely available Linux-based tools, 

for example, remote updates to multiple devices. Beckhoff IPCs are designed 

and built for industrial environments and long-term availability, according to 

Doug Schuchart, Global Material Handling & Intralogistics Manager at Beckhoff: 

“The life-cycle advantages of Beckhoff IPCs come from the in-house design and 

production of our own motherboards and owning the BIOS. The system archi-

tecture adds further advantages by supporting the execution of any TwinCAT 

project across the large offering of IPCs in the Beckhoff portfolio. This system 

architecture fully protects customers from system obsolescence, improving the 

overall system life cycle.”

These advantages ensure continued support for large infrastructure projects 

such as Magway’s, according to McEwan: “Real-time data monitoring, diagnos-

tics and fault tolerant infrastructure, including redundancy and high availability 

coupled with marshalling areas ensures maximum uptime of the system.”

Automation specialist with comprehensive support

“Working with Beckhoff on this project has been incredible,” says Rupert Cruise, 

Technical Director at Magway. “It has been a close process throughout. We 

came to them with ideas for the motor and track system and they helped us 

make the ideas a reality. This allows us to continue our aims of revolutionizing 

the parcel delivery industry and creating a greener future for everyone.

Magway leverages a unique variant of the AMP8000 

distributed servo drive system, mounted on the track, 

to meet its specialized requirements. 

Magway is building a fully electric delivery 

system to help companies offer zero-emissions 

logistics with rapid delivery times.
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CTDI is increasing warehouse automation 

capabilities to meet demands, especially at 

peak times, in its global distribution centers.

Major telecom fulfillment provider  
makes the call for modular automation
By designing modular systems to scale across 100 warehouses globally, CTDI produced an automated picking line 
that uses robotics, EtherCAT and PC-based control to more than double hourly throughput

More than likely, the biggest player in intralogistics you’ve never heard 

of is Communications Test Design, Inc. (CTDI). Based in West Chester, 

Pennsylvania, CTDI offers reverse and forward logistics solutions for the 

world’s top telecommunications carriers, cable service providers and 

smartphone devices. The family-owned company operates 100 facilities 

globally with over 20,000 employees. To remain a technology leader, like 

its customers, CTDI has invested heavily in automation in recent years, 

according to CTDI Director Mark Parsons.

CTDI was founded in 1975 by Don and Jerry Parsons and has grown 

into a global engineering, repair and logistics company. CTDI has a long 

history of test engineering expertise that has delivered industry-leading 

CTDI relies on a 

range of Beckhoff 

machine controllers, 

including C69xx  

series Industrial PCs.

technical service solutions throughout its 47-year history. In 2021, CTDI 

established a dedicated warehouse automation team that is solely 

focused on modular automation innovation, which supports CTDI’s 

growing services globally. 

To get the group up to speed quickly, industry veteran Kirk Whittemore 

joined CTDI as General Manager of the Automation Group. For the 

engineers on Whittemore’s team, the company provides incredible R&D 

resources to lead in innovation (see sidebar) as they complete everything 

from design and programming to wiring and system commissioning 

in-house. However, the task also requires an understanding of the huge 

range of company activities, the massive sizes of the facilities, how to 

avoid scope creep and what to look for in technology partners.
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CTDI’s automated picking line leverages the company’s 

standard robotic cell for faster implementation.

Test automation, such as grading smartphones for returns 

or repairs as shown here, is one of CTDI’s main strengths.
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Automation software, hardware and 

networking deliver scalability

New Automation Technology from Beckhoff extends two major advantages to 

CTDI’s modular fulfillment systems, according to Soham Patwardhan, Control 

Systems Architect at CTDI. The first is the ability to develop internal libraries in 

TwinCAT 3 automation software. TwinCAT enables the CTDI warehouse automa-

tion team to program in a variety of languages depending on the project, and it 

also provides a deterministic runtime. The Library Manager in TwinCAT stream-

lines version control and implementation of standardized code in the field.

“With TwinCAT, we can create code for our standard equipment – for example, 

a robot, scanner or conveyor – so that it is able to operate in different modes 

and apply to almost any situation,” Patwardhan says. “The code lives on our 

internal engineering drive, and we simply install it as a library on all the different 

systems. When we tested this, the standardized approach sped up deployment. 

This gets us one step closer to plug-and-play capabilities.”

The PC-based control philosophy also facilitates communication from ware-

house and test automation systems to CTDI’s warehouse management software 

(WMS). “Some of our systems that interact with our WMS also have a global 

component, such as a test application or middleware, for system communication 

and other processes. Our standard is Visual Studio® with .NET and C# for our 

code development,” Patwardhan explains. “Having ADS in TwinCAT to commu-

nicate between PLC and the .NET has been immensely helpful.” 

CTDI uses the TwinCAT IoT library to send data between the WMS and the 

Beckhoff machine controllers. This has reduced additional programming re-

quirements significantly in applications with no test app. “The PLC can directly 

communicate with WMS/WES systems, which is much more efficient than our old 

way of using a C# middle layer,” Patwardhan says. “Using tools in the TwinCAT 

IoT library is also more scalable and stable from a performance standpoint.”

The scalable machine control portfolio from Beckhoff also offered an ideal fit for 

CTDI. The automated picking line leverages a C5210 19-inch rack-mount PC. With 

Intel® CoreTM processors up to eight cores, the C5210 delivers the power needed to 

control multiple robots and other systems with room to expand. In other applica-

tions, CTDI has leveraged control cabinet Industrial PCs (IPCs) in the C69xx series. 

“This scalability of Beckhoff’s machine control portfolio has proven important 

to CTDI,” Schuchart adds. “When switching controllers to match performance 

requirements, the engineers do not need to worry about a hardware rip-and-

replace scenario or even software changes in TwinCAT. The Beckhoff architecture 

is fully integrated, which safeguards our customers’ control hardware, code base 

and I/O against obsolescence.”
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“We need to build modularity into our systems and standardize on the right 

vendors,” Whittemore says. “Beckhoff was a clear choice to be our automation 

technology partner. Their controls and networking technologies enable plug-

and-play solutions across all our different automated systems, with extensibility 

for the future. This helps optimize projects like our fully automated, robotic 

picking line.” 

CTDI is just one of the companies that operates as both end user and OEM that 

is focusing on flexible automation systems in today’s warehouse and fulfillment 

operations, according to Doug Schuchart, Global Material Handling & Intralo-

gistics Manager at Beckhoff: “More than ever, companies like CTDI must remain 

nimble to rapidly changing markets and consumer demands. This is yet another 

benefit that Beckhoff users gain with our flexible automation solutions as well 

as improved system life cycle with full protection from system obsolescence, 

which is another important factor in helping our customers remain competitive.” 

A custom solution for universal use

As the CTDI warehouse automation team quickly got up to speed, the engi-

neers began to answer their core question: How can CTDI implement standard-

ized systems to speed up delivery times, nimbly adjust to changing customer 

requirements and scale for peak seasons when each distribution center is so 

different?

 

“Our team needed to establish basic principles of how we wanted to approach 

these projects,” Whittemore explains. “First, we decided not to tackle entire 

buildings, like a warehouse integrator would, but instead solve strategic prob-

lems in a modular way. If we can eliminate a pain point for, say, $1 million, then 

we can implement that at select branches across our network. Globally, flexible 

systems like our automated picking line provide more value than dedicating 

massive resources to one multi-million-dollar upgrade that doesn’t scale.”

The concept for the automated picking line leverages CTDI’s standard robotic 

cell for several tasks. One robot serves as a flexible carton erector to build differ-

ent sizes of boxes, depending on the type or quantity of product, then places the 

carton on a conveyor. Next, the cartons are labeled with a unique barcode and 

weighed. Another robotic cell loads product. Then a final robot adds paperwork 

or other collateral before the box is weighed, sealed and labeled. At each step, 

scanners confirm the box and product are correctly matched.

If greater throughput is necessary, the team can deploy additional robot cells for 

whichever task is the bottleneck, Parsons adds: “With this modular approach, 

we can develop and approve standardized systems that scale across multiple 

sites.” This approach requires not just standardized robots and conveyor, but  

also modular controls, networking and programming technologies to make 

them all work together seamlessly.
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EtherCAT and flexible machine control from Beckhoff provide significant ben-

efits during operation as well as commissioning. “As an example, we recently 

installed a line with 20 EtherCAT I/O Box modules and about the same amount 

of additional field devices,” Patwardhan says. “Using EtherNet/IP or another 

IP-based protocol, scanning and configuring this system would normally take 

two hours. With EtherCAT, it takes just five minutes to scan in all devices, so it's 

a tremendous time savings for us.”

What initially attracted CTDI to Beckhoff was the ability to use a Windows environ-

ment to run both machine control logic and the company’s house-developed test-

ing programs, which grade returned electronics, on the same control hardware. The 

inherent connectivity of PC-based control technology also boosts commissioning 

and maintenance, Whittemore explains: “When I am in the field, it is tremendously 

valuable to be able to have my team in West Chester log on to the system via our 

internal network to answer my questions, solve issues or make quick changes.” 

This is possible because Beckhoff controllers are architected much like other 

modern PLCs, Schuchart adds. “However, our customers can run tasks on 

separate cores of a multi-core processor and run third-party software. We see 

this often in the intralogistics market with companies running a WMS/WCS or 

other software as does CTDI,” he says. “Engineers can use Windows or a non- 

Windows OS. They can even run the TwinCAT project in a non-Windows envi-

ronment and run Windows applications in a separate virtual environment on 

the same hardware. This gives their systems incredible flexibility to meet their 

customer’s requirements.”

This flexible Beckhoff architecture also streamlines the collection and transmission 

of data to the WMS to continue to enhance CTDI’s equipment to meet the challeng-

es of forward and reverse logistics. “Reverse logistics is challenging because there’s 

less control over what products are coming in, how they’re packaged and what the 

condition is,” Parsons says. “Although forward logistics is more controlled and has 

less unknowns, every single order is a custom order. Our dynamic equipment must 

communicate between our WMS and our control system in real time, and flexible 

automation technology is critical to fulfill each order on time every time.”

PC Control | Intralogistics Special 2023       application report
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Schuchart says. “It further supports customers’ flexibility initiatives, enabling 

them to easily add safety devices at any point of the design with little engineering 

or wiring effort.”

The CTDI engineers prefer to use EtherCAT field devices, for example, for 

check-weighing and other functions. But when needed, they can take advantage 

of Beckhoff gateway terminals and bus couplers to more than 30 communica-

tion protocols. Another option is to communicate via an Ethernet port on the 

IPC, using TwinCAT to designate that port for EtherNet/IP communication, for 

example, to robot controllers or other devices.

Results arrive right on schedule

By building modularity into every system, the CTDI warehouse automation team 

is able to tackle a project, such as an automated picking line, in six months that 

would normally take a warehouse integrator a year, according to Whittemore. 

In addition, the engineers in the field make the maintenance technician part of 

their team during the install so that individual fully understands the equipment. 

The automated picking line boosts throughput significantly for picking and 

shipping orders from 180 per hour in a completely manual process to upwards 

of 450. This helps CTDI warehouse managers handle fluctuating demands.

To innovate constantly, CTDI tests 

leading-edge automation technol-

ogies, such as the XPlanar “flying 

motion” system from Beckhoff.
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Investing in innovation
Over nearly five decades, CTDI’s philosophy has been to invest in, standardize 

on and scale with leading technology. Because the company’s customers 

lead in their markets, the distribution and test automation giant strives to 

keep pace in its test automation, warehouse automation and warehouse 

management systems. One way that CTDI accomplishes this is by investing 

in leading-edge technologies without requiring them to be tied to specific 

applications. 

At the company’s innovation lab in West Chester, the automation  

teams are evaluating adaptive automation with an XPlanar starter kit. 

Beckhoff’s “flying motion” system with six degrees of freedom in movement 

offers exciting potential for streamlining forward and reverse logistics pro-

cesses. They also look forward to working with the emerging robot solution 

from Beckhoff – Automation Technology for Robotics (ATRO) – to support 

CTDI’s modular machine concepts.

Field-mounted EtherCAT Box and  

TwinSAFE modules from Beckhoff 

optimize I/O installation, cabling and 

integrated safety functionality in test 

and warehouse automation systems.

TwinCAT automation software provides a flexible 

programming environment for engineers coming 

from computer science backgrounds.

Experts in intralogistics and automation gather in 

West Chester, Pennsylvania: (from left) Matthew 

Adams, Applications Engineer at Beckhoff; Mark 

Parsons, Director at CTDI; Kirk Whittemore, General 

Manager of the Automation Group at CTDI; Soham 

Patwardhan, Control Systems Architect at CTDI; 

Michael Parsons, Executive Vice President at CTDI; 

and Ryan Dusk, Northeast Regional Manager at 

Beckhoff.

The second critical advantage of working with Beckhoff, according to Patward-

han, is the strength of the EtherCAT industrial Ethernet system. “EtherCAT has 

helped immensely in standardizing designs for our flexible systems,” he says. 

“We do not have network-related maintenance, configurations or any of the 

issues typical of other networks since EtherCAT automatically scans in connect-

ed devices. It’s also extremely easy when it comes to network topologies and 

to the architecture, because you are not confined like switch-based networks.” 

Even on CTDI’s largest systems with up to 2,000 linear feet of conveyors, a 

single EtherCAT network can handle communication without any effects on 

performance.

With the broad portfolio of EtherCAT Terminals from Beckhoff, CTDI builds 

standard I/O segments for its robotic cells. This includes IP20-rated terminals for 

basic input and output, as well as TwinSAFE modules for integrated functional 

safety. For direct mounting on conveyors, IP67-rated EtherCAT Box and TwinSAFE 

modules reduce cabling and distribute signal acquisition and safety across the 

machine. “TwinSAFE devices leverage the Fail Safe over EtherCAT (FSoE) protocol 

to send safety data on the standard EtherCAT network using a ‘black channel’ 

approach. This reduces costs and engineering effort for hardwiring safety relays 

while increasing the amount of data available to analyze machine performance,” 
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Video: Want to see CTDI’s 

automated picking line and 

other innovations in action?
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If you’re in the intralogistics industry, you know – business continues to boom. 

But for large postal and parcel providers, e-commerce retailers and third-party 

logistics (3PL) companies alike, capital investments still need to make good 

business sense. NPI understands this and concentrates on customer ROI when 

designing parcel sortation solutions. The company’s GenIII Xstream linear shoe 

sorter and standalone Singulator are just two examples. 

“Our customers typically process at least 40,000 packages per day, so they need 

to maximize uptime and throughput, reduce costs and offset labor shortages. By 

keeping their goals in mind, we continue to shorten the time to ROI as much as 

possible,” CTO Joshua Owens says. “To accomplish this, we spend about 60% 

of in-house engineering efforts on R&D and continue to add key engineering 

resources as our products evolve.”

NPI was founded by Henry Daboub in 1977 and released the first fully auto-

mated mail sorting machine the following year. The Fort Worth, Texas-based 

Beckhoff controllers with TwinCAT/BSD, however, enhance this architecture 

through a real-time kernel, higher RAM and options for terabytes of removable 

media, as well as extended functions such as spreading tasks across multiple 

cores and running third-party software alongside the PLC. Engineers can also 

select from a wide range of Intel or AMD processors from single and multi-core 

microprocessors up to very high-performance multi-core processors. TwinCAT/BSD 

Hypervisor enables simultaneous execution of virtual machines running Windows 

or Linux distributions. 

Beyond performance gains, the smaller image size of TwinCAT/BSD reduces 

compact flash requirements, which lowers costs and allows NPI to deploy the 

image 70% faster. But those were not the main motivators for NPI. “We’re 

always looking for the most robust and secure automation system for our cus-

tomers. Migrating to TwinCAT/BSD further hardens our systems,” Owens says. 

“Most importantly, the platform based on FreeBSD makes PC-based control a 

viable option to our more OS-sensitive customers by removing the Windows 

association. To me, Beckhoff IPCs already functioned like more powerful PLCs 

even when running Windows.”

TwinCAT and EtherCAT exceed requirements

NPI appreciates the power of TwinCAT 3 automation software and the EtherCAT 

industrial Ethernet system. TwinCAT is an end-to-end engineering and runtime 

environment for everything from PLC and motion control to IoT. It empowers 

engineers to program in the languages they know best or that best fit the 

application – from open, internationally standardized IEC 61131-3 and its 

object-oriented extensions to function blocks and computer science standards. 

Migrating to the Beckhoff platform from the homegrown C++ code on NPI’s 

legacy microcontrollers was another gamechanger, according to Owens: “The  
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Automation upgrades reduce sortation system 
wiring by 50% and lower costs by thousands
NPI’s singulation and sortation solutions, which leverage Beckhoff controls and EtherCAT, helped a California distribution 
center reduce difficult-to-fill labor requirements while increasing throughput and decreasing turnaround times
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The NPI Singulator dumps parcels out of gaylords 

to feed them into the accumulation conveyor.

NPI developed the Xstream shoe sorter system while 

operating an e-commerce facility because existing  

solutions had difficulty handling polypacks for pharma-

ceuticals that they processed.

company focused on letter and flat sortation until 2007 when it began operating 

an e-commerce facility that processed polypacks for mailing pharmaceuticals. 

Owens and COO Brent Daboub found the floppy packages difficult for standard 

machines to handle, so they developed the Xstream system. 

The team recently released the NPI Singulator, which can handle up to 7,500 

packages per hour with two operators. The Singulator offers a modular, cost- 

effective induct for an Xstream or equipment from other intralogistics OEMs. 

“Compared to the large, complex and expensive automated induct systems on 

the market, our Singulator leads the industry in terms of reduced footprint, cost 

and labor requirements,” explains Brent Daboub.

To meet current demands and assure innovation into the future, NPI expanded 

its 100,000-square-foot facility with an additional 18,000 square feet of storage 

and 25,000 square feet of manufacturing space. Standardizing on New Auto-

mation Technology from Beckhoff – from EtherCAT networking and scalable 

controllers to the new TwinCAT/BSD alternative operating system – has also 

proven invaluable for the future of the company.

Overcoming legacy controller’s throughput limitations

While NPI’s solutions keep evolving to meet today’s demands, legacy net-

working and control technologies have not. By nature, sortation systems are, 

expansive and teeming with nodes, which exacerbates performance limitations 

in switch-based protocols. Also, the company wanted its machines to be modu-

lar and easily extensible. Discrete I/O and Ethernet, which NPI previously used, 

introduced unnecessary complexity, costs and installation effort. 

The GenI and GenII Xstream machines used an ARM-based microcontroller with a 

proprietary board that NPI developed in house. However, the microcontroller did 

not offer the necessary flexibility for customer requirements. The engineers began 

evaluating vendors of scalable commercial off-the-shelf (COTS) solutions in 2017 

ahead of the GenIII Xstream redesign. NPI standardized on Beckhoff, working 

with the vendor’s Dallas-based team, including Sales Engineer Jeff Kuzniar and 

Applications Engineer Isaac Spear.

“Standardized hardware offered us room to grow without having to redesign 

boards, find new processors or add memory,” Owens says. “I was looking for a 

company that's moving forward and not just building what they've always built. 

Beckhoff was easy to choose after comparing system availability, scalability and 

I/O capabilities with EtherCAT.”

Extreme controller performance boosts Xstream system

NPI found powerful and inherently scalable industrial control options in the 

Beckhoff portfolio. For standalone Singulator units used with other sorters, NPI 

uses a Beckhoff C6017 ultra-compact Industrial 

PC (IPC). For combined Singulator and Xstream 

setups, a DIN rail-mounted CX2030 series Em-

bedded PC – or “PLC” – has served as the main 

controller for most applications. NPI recently 

switched to the CX2043, which boasts a quad-

core AMD RyzenTM processor with a clock speed 

of 3.35 GHz, to gain more processing power for 

future expansion capabilities.

New NPI machinery uses TwinCAT/BSD instead of 

Windows 10 IoT. This Windows alternative com-

bines Beckhoff’s decades of in-house controls 

development, scalable hardware and real-time 

capabilities with the enhanced security and per-

formance of a modern UNIX-like OS. Today’s PLCs 

all use real-time operating system (RTOS) options 

rather than the proprietary firmware of yesteryear.  
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labor shortages. Before the technology upgrades, this site needed three shifts 

working six days per week to keep up. Now just one shift five days per week 

handles more products and packages than the company previously thought 

possible.

An Xstream success

While these outcomes are impressive, NPI has implemented even bigger systems 

and plans to keep developing automated solutions. For starters, NPI is releasing 

a dual 22-inch chute that uses a pneumatic actuator to divert parcels, doubling 

the number of sacks for more granular sorting. The company created an AWS 

dashboard to visualize WCS data and let management compare performance 

at sites with robust analytics. Owens and Daboub are also working on custom 

robotics to fill the Singulator’s operator stations. These robots will supplement 

labor during peak times or overnight for 24/7 productivity. Owens sees in-

creasing automation capabilities, with a firm foundation built with Beckhoff 

technologies, as key to shortening customer ROIs.

Migrating away from the microcontroller meant NPI needed to adapt a decade 

of development in mere months. Assistance from the local Beckhoff team during 

this process, along with no-cost technical support over the phone for standard 

troubleshooting, has been critical, according to Owens. “We were not a PLC 

company when we started evaluating controls vendors, and the strong support 

structure at Beckhoff was key to our success,” he says. “As we continue to evolve 

our products, I can’t imagine NPI moving away from Beckhoff. Beyond the great 

support, their control platform provides all the room we need to keep growing 

at a rapid pace.”
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Visual Studio®-based integrated development environment (IDE) has 

really helped us to continue on our path forward.”

Using the ADS protocol, TwinCAT speeds up commissioning by automat-

ically scanning in devices on an EtherCAT network. NPI uses a variety 

of EtherCAT I/O Terminals and Box modules. The IP67-rated, remote I/O 

solutions with M8 and M12 connectors mount directly on the Singulator 

and each 11-foot middle module of the Xstream. The open protocol has 

also simplified use of third-party devices, since the EtherCAT Technol-

ogy Group ensures device interoperability. The functional principle of 

EtherCAT on its own impressed Owens and Daboub. EtherCAT supports 

real-time communication, up to 65,535 nodes on one network and free 

selection of topology – line, star, tree, mixed, etc. – without affecting 

performance.

the packages into the Singulator’s accumulation conveyor. Sensors limit the 

flow of packages to operators who place them on the main conveyor. NPI’s 

dynamic high-speed gapping conveyors are driven by servomotors operated 

over EtherCAT, which allows for precise separation of packages required by 

downstream peripherals. Tracking information is communicated over EtherCAT 

to the Beckhoff controller, then via TCP/IP to NPI’s warehouse control system 

(WCS) software to determine the sort point. 

“When parcels reach the correct output, NPI’s patented stepper-driven diverter 

routes the appropriate number of shoes onto the divert rail. Parcels are directed 

into sacks or bulk containers to be delivered to post offices across the U.S.,” 

Potter explains. “Using large-diameter Urethane coated bearings on slat ends 

and a patented independent chain tensioning system, our engineering team 

made the Xstream system’s operation as safe, smooth and quiet as possible.”

 

By implementing NPI solutions, the 3PL more than doubled throughput. 

The company now provides same-day turnaround, meaning packages leave 

within 24 hours of arrival at its dock. The company also reduced intense labor 

requirements, which is critical during peak times, particularly with ongoing 
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The GenIII Xstream is NPI’s next-level, ultra-quiet shoe 

sorter with options for single- or dual-row applications.

After the shoe sorter fires, each parcel falls 

from the 22-inch chute into the correct bin.

More information:
www.npisorters.com
www.beckhoff.com

 

Experts in parcel sortation: (from left) Regional Service Technician Noah Cisneros, Sales  

Support Manager Shane Potter and CTO Joshua Owens of NPI examine the GenIII Xstream with  

Doug Schuchart, Global Material Handling & Intralogistics Manager for Beckhoff.

In addition to a flexible engineering and runtime environment in TwinCAT, Beckhoff 

control technologies allowed NPI to easily connect to its warehouse control software.  

A combination of GigE cameras and scanners to measure 

size ensure parcels end up in the correct bin.

EtherCAT Terminals and field-mounted EtherCAT Box modules 

offer high-performance distributed networking for NPI.

“We were looking for something that could eliminate the degraded perfor-

mance you often see in I/O-intensive systems. EtherNet/IP, for example, and  

other platforms see performance start to degrade the more nodes you put 

on them, resulting in the need for more networks, hardware and engineering 

effort,” Owens says. “EtherCAT is a high-speed, deterministic communication 

protocol. The use of redundant EtherCAT cabling throughout our systems and 

the readily available diagnostics have been other important advantages.”

Doug Schuchart, Global Material Handling & Intralogistics Manager at Beckhoff, 

adds: “The reduced cost and complexity is only part of the benefit our customers 

are seeing from a simplified architecture as a result of EtherCAT. The reduced 

architecture also provides considerable diagnostic and system life-cycle advan-

tages as well as simplified digitization for IIoT and Industrie 4.0 initiatives.”

Throughput skyrockets at 3PL provider

The Singulator and GenIII Xstream systems’ power is illustrated clearly at a 3PL 

facility in Greater Los Angeles, according to local NPI Sales Support Manager 

Shane Potter. At two induct points, workers move gaylords (i.e. large cardboard 

bins containing unsorted parcels), using pallet jacks onto lifts. Each lift dumps 

In the largest Xstream applications, EtherCAT allowed for sys-

tems of up to 481 nodes on one network with no performance 

issues. The EtherCAT Box modules ensure extension of the middle 

sortation modules, which reassures NPI and its customers they 

can scale up to meet future demand. In addition, the IP67 I/O 

modules have provided impressive savings, including a 50% 

reduction in cabling. This approach saves $4,700 per Xstream 

system for overall wiring effort, Owens explains: “That saves five 

days in the field for our technicians, which is a huge reduction.”

The CX2030 Embedded PC offered 600% higher CPU power 

and 800% more RAM compared to NPI’s microcontroller. Based 

on the company’s tests, the CX2043 boosts those figures by an 

additional 22%. Using COTS hardware from Beckhoff helps NPI 

escape the continuous cycle of redesigning the microcontroller, 

as Kuzniar points out: “NPI’s experience is a great example of 

how we protect customers from control system obsolescence. 

When our next-generation IPC came out, they were able to 

use the same TwinCAT PLC project without replacing any I/O, 

and that will continue to be the case as we release even more 

powerful hardware.”
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Video: See how NPI’s GenIII 

Xstream shoe sorter boosts 

parcel sortation.
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Montreal is a North American fashion capital. For more than a century, the 

Garment District established the city as a hub of innovation in design, manufac-

turing and handling of textiles. Planiform was founded in the 1970s to deliver 

solutions for demanding garment manufacturing and dry-cleaning applications. 

Just as styles have changed over the past 50 years, Planiform’s conveyance and 

garment-on-hangar (GOH) systems continued to evolve, increasing automation 

capabilities to meet new requirements for industrial laundry services and dis-

tribution centers. 

Planiform’s latest innovation, the GOH HiveTM, enables fashion retailers to 

boost e-commerce efficiencies, according to Charlotte Girod, Director of Sales. 

 “We have built an incredibly efficient system that is 10 times faster than tradi-

tional methods,” Girod says. “An operator walking aisles and manually picking 

garments can typically handle 100 units per hour on a traditional system. 

With assistance from the robotic capabilities of GOH HiveTM, that operator can 

manage about 1,000 units per hour.” This helps distribution centers not only 

increase throughput, but also scale to accommodate higher demand during 

peak seasons. Planiform’s first installation was for a major fashion retailer with 

both an e-commerce and brick-and-mortar presence.

A complete suite of New Automation Technology from Beckhoff assisted in this 

success. Faster communication and greater functionality in a smaller footprint 
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AS/RS for garments boosts throughput  
by factor of 10

Planiform designed the GOH HiveTM as an AS/RS for 

hanging garments with smart robots for picking.

The GOH Hive from Planiform stores and picks clothing items with multiple robots 
while relying on powerful, space-saving automation technologies from Beckhoff

application report       PC Control | Intralogistics Special 2023

In the GOH HiveTM, one type of robot picks individual garments while  

another transports loads of up to 30 garments to operator workstations.

were just starting points in terms of the advantages. Based on the success of GOH 

HiveTM, Planiform is working to further leverage Beckhoff solutions. The company 

also plans to upgrade their existing automated carousel solutions using Beckhoff 

tech to reduce cabling effort and minimize control cabinet requirements. 

Fashions change and technologies advance, but as the working relationship 

between the Planiform and Beckhoff teams proves, great collaboration never 

goes out of style. Beyond technology, Beckhoff provided responsive auto-

mation experts who offered timely assistance, according to the Head of the 

Automation Department at Planiform: “The engineering support we received 

from Ted and Yan was incredibly helpful. Beckhoff visited our facilities to help 

us with development and troubleshooting as needed, so that really gave us 

the upper hand.”

In the past, these companies would have one DC for store 

replenishment and another for e-commerce, but those facil-

ities – and their inventories – are being combined now to 

support omnichannel retail solutions. The GOH HiveTM is an 

automated storage and retrieval system (AS/RS) for hanging 

garments with smart robots for picking, helping operations 

overcome labor market challenges and seasonal scalability.

“Because of the lack of systems to capably automate gar-

ment-on-hanger storage on the market, we designed GOH 

HiveTM to help distribution centers meet today’s demands,” 

Girod says. “Most DCs are still working with traditional, 

one-level racking systems while trying to handle millions 

of garments. The ideal user is likely processing 100,000-

150,000 units per day over three shifts. In these environ-

ments, automating the process uses space more efficiently 

and requires less labor.”

Trendsetting AS/RS efficiency

Traditionally, workers would have to hunt through large 

warehouses or move entire trolleys to the pick station to 

induct garments into inventory and go through the process 

again to retrieve garment for order fulfillment. This can be 

particularly cumbersome for fashion resale or rental opera-

tions, where every item has a different SKU.

With Planiform’s AS/RS, an on-premise server communicates between the  

warehouse execution system (WES) and the robots via Wi-Fi, according to  

the Head of the Automation Department at Planiform. The GOH HiveTM uses  

two types of robots: one to navigate through the racking and a second that 

receives up to 30 hangers before moving to the operator workstation. The 

pick stations can work in conjunction with a pouch sorter or other system for 

the intermediary steps.

GOH Hive throughput gets rave reviews

The Planiform engineers worked closely with the local Beckhoff Canada team, 

including Regional Sales Manager Ted Sarazin and Application Specialist  

Yan Letourneau. From an engineering perspective, the GOH HiveTM required 

flexible controls and networking technologies, and Beckhoff control hard-

ware, TwinCAT automation software and the EtherCAT industrial Ethernet 

system helped Planiform optimize the equipment. The hardware needed to 

be extremely compact to fit the required functionality into small enclosures 

on the robots.
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The USS next-generation Case Loading and Packing System (CLAPS) shows how the 

machine builder can adapt customer-specific solutions for future applications.

Sortation system OEM blends intralogistics and 
packaging expertise in custom end-of-line solution
United Sortation Solutions bridges industries with EtherCAT-enabled cartoning equipment  
for rapid deployment in demanding applications

The EP7402-0057 MDR controller offered ideal functionality on the 

standard EtherCAT network while meeting current NFPA 79 requirements.
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The high-growth intralogistics and packaging markets have developed an inter-

esting overlap that experts in both industries have recognized for years. Once 

goods have been retrieved and picked to fulfill an order, orders are sorted and 

conveyed to the last 100 feet of the warehouse where packaging, weighing 

and labeling occurs before shipping — one of the critical final steps. Serving 

end users that operate in this crossover area takes knowledgeable equipment 

suppliers that are experts in both realms. One such supplier is United Sortation 

Solutions (USS), which became a subsidiary of Honeywell Intelligrated in 2016. 

“Prior to the acquisition, USS was a preferred supplier to Honeywell Intelligrat-

ed's Warehouse Automation Group, because we’re very agile and not afraid to 

design something completely new,” explains Eamon Kelly, Advanced Mechani-

cal Design Engineer at USS. “Whenever Honeywell Intelligrated ran into a situ-

ation in a distribution center where they needed highly specialized equipment 

to be delivered very cost-effectively, they would come to USS to collaborate.” 

Now as part of Honeywell’s Safety and Productivity Solutions (SPS) business, 

USS maintains its role as a solution center for internal and external customers 

by providing specialized designs for tough or unusual material handling appli-

cations challenges. While USS most typically works in tote handling applications, 

often providing these solutions to the largest retailers in the world, the team 

there considers custom solutions as the core competency. Packaging equipment 

is just one of a variety of different types of custom solutions they can offer. 

“Where many other suppliers have a set catalog and can only deliver the items 

listed, we are truly a bespoke engineering house,” says Evan Bassett, Advanced 

Software Engineer, USS. “That said, we also have a deep catalog of custom-de-

signed equipment, so we sometimes adapt previous designs or create entirely 

new concepts to meet each customer’s unique requirements.”

Material handling and packaging expertise combined

A large manufacturer in the medical industry approached Honeywell Intelli-

grated in 2021 to automate their entire distribution center (DC). The facility’s 

end of line required a highly customized machine to handle complex packaging 

requirements unique to their application. The customer needed extremely pre-

cise product and package handling that assured zero damage after its medical 

products left the manufacturing area – this part of the DC project went to USS 

for a custom machine design. 

The application presented USS with a number of unique engineering challenges. 

The products are placed in trays, which are then stacked and inserted into plastic 

bags in a clean room. It’s critical that the bagged trays don’t overlap beyond a 

set point, which would likely lead to product damage. The customer previously 

used a six-axis robot cell to complete the process of inserting bagged trays 

into boxes, but the cell’s speed was too slow to keep up with their high rate of 

production upstream. 

USS rapidly designed and built a custom solution for the application in approxi-

mately nine months. The resulting machine is now known as USS’s next generation 

Case Loading and Packing System (CLAPS). This packaging process is considered a 

part of the overall Honeywell Intelligrated automated storage and retrieval system 

(AS/RS) and is geared toward intralogistics operations. Honeywell Intelligrated 

has secured intellectual property rights for the solution and can now leverage 

the designs in future projects. “This is the most recent example of how we can 

modify and adapt customer-specific solutions for future applications and how USS 

can design, build and field a new, custom machine very quickly,” explains Donna 

Kiefer, Business Unit Leader and Senior Engineering Manager, USS. 

The new CLAPS replaces many functions previously handled by a robot. The ma-

chine receives erected and labeled boxes from upstream conveyance equipment 

as previously packed and tied bags of barcoded product await. CLAPS moves 

the boxes into position and places cardboard liners at the bottom. The machine 

then moves the boxes to the next position where bags of product are lifted and 

placed into the box via a patented gripping mechanism. Then another cardboard 

liner is inserted on top of the bagged products. While this is happening, barcode 

scanners simultaneously read box and product barcodes to record which prod-

ucts are packed in each box. After these processes are complete, the filled boxes 

are sent downstream for taping, final handling and fulfillment in the warehouse 

execution system (WES).

application report       PC Control | Intralogistics Special 2023

The case erector folds the bottom of the corrugated boxes 

while the bagged medical products are being prepared.

Top: USS designed the system for a large manufacturer in the medical industry that 

required a highly customized solution to handle end-of-line packaging requirements.

Below: The USS machine bagged products into cartons with zero damage.
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motors with a maximum of 3.5  A current. The new EP7402-0167 variant can 

control a range of motor-driven rollers from 24 V to 48 V DC. Eight additional 

digital I/Os enable easy connection of devices such as photoelectric switches 

and communication between the box modules in operation without a PLC. The 

EP7402 takes over the complete control of a roller motor or BLDC motor regard-

less of the manufacturer. It can also be operated without a PLC and provides 

functions such as ZPA (Zero Pressure Accumulation), single or slug mode. Freely 

available function blocks for TwinCAT automation software also offer ZPA func-

tionality, merge and other important MDR control features. The MDR controller 

also allows integrated functional safety in the system architecture via TwinSAFE 

technology from Beckhoff.

USS also uses TwinSAFE in other areas to connect all safety inputs on the system. 

“We decided on TwinSAFE because of the safety segmentation required for 

the various zones of the machine,” Bassett adds. “We need the ability to inde-

pendently disable each subsection to maintain throughput while the operators 

are reloading liners or clearing jams. We are also able to segment our machine 

into functional safety areas, so we don’t have to E-stop the whole line for a 

localized safety event.”

EtherCAT ties every application together

The power of the EtherCAT protocol also proved invaluable to USS when in-

corporating a customer-specified PLC that did not offer the same networking 

performance of Beckhoff machine controllers. “With traditional PLCs, we usually 

get 10- or 20-millisecond scan rates for all of the I/O on the machine,” Kelly 

said. “But when we add Beckhoff embedded controllers and EtherCAT, we can 

achieve 1- or 2-millisecond scan rates in the EtherCAT I/O system. This enables 

us to utilize more I/O with a lower scan rate than what was previously possible 

with the traditional PLC.”  

Smart sensors on sortation machinery often require very fast scan rates that can 

be difficult for traditional PLCs to meet. “If you're trying to sense objects passing 

by a sensor while the machine is running, your pulse time is typically in the tens 

of milliseconds, so if your scan rate is 15 or 20 milliseconds, you’ll completely 

miss the trigger,” Bassett explains. “With EtherCAT I/O, we can solidly lock onto 

the object and get five I/O scans before the trigger goes away. Therefore, we're 

guaranteed to track even the fastest moving objects on the machine and we can 

react with millimeter precision on the sortation systems.”

EtherCAT also offers a wealth of diagnostic capabilities and can provide infor-

mation on exactly where cable breaks are in the system, as well as whether 

individual networked devices are not in an operational state. “In addition to 

meeting our functional and cost requirements, Beckhoff also went the extra 

mile for us by providing custom color-coded cables to ensure that the correct 

connections are made in the field every time,” Kiefer says.  “Error-proofing is 

major value-add for our customers to reduce their support needs, and it helps 

reduce calls to our service department.”

USS also sees value in the service and support provided to them through Beckhoff, 

particularly Jay McNeil, Regional Sales Engineer, and Shawn Sidelinger, Regional 

Application Engineer. “For automation consultation on new systems, we have 

a great longtime relationship with the Beckhoff team,” Bassett says. “Shawn 

Sidelinger, who is a delight to work with, has even helped us build standard code 

blocks for numerous USS applications in addition to helping us reduce our use of 

control cabinets through machine-mountable automation hardware.”

After experiencing this success with cabinetless I/O and drive technology in 

the EP7402, USS is evaluating additional cabinetless control solutions from 

Beckhoff such as the C7015 Industrial PC that offers IP65/67 protection as a 

machine-mountable automation controller. “I know our customers will be very 

happy to see USS machines with the main PLC installed outside of the electrical 

cabinet,” Kiefer says. This is just one more example of how USS continues to 

invest in new hardware, software and networking technologies that provide 

the engineering tools to do what’s never been done before. For the USS team, 

there is no “business as usual,” so their customers can feel assured that they 

will have the support to succeed in any application, no matter how custom, 

complex or utterly unusual.
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Standard automation for custom machines

For years, USS has standardized on a wide range of automation technologies 

from Beckhoff for high-speed sortation equipment and tote handling equipment, 

especially the scalable CX series embedded PCs for machine control. This in-

cludes the high-powered CX2040 with quad-core Intel® CoreTM i7 processor, the  

mid-range CX5130 with dual-core Intel® AtomTM processor and ultra-compact 

CX8190 Embedded PCs. The CX8190 is a microcontroller that can also act as an 

EtherCAT I/O (or E-bus) gateway to other PLCs over various Ethernet protocols, 

offering an easy solution with the benefits of EtherCAT on other PLC platforms.

EtherCAT is the common denominator for all USS machines. In the case of the 

custom CLAPS machine, a CX8190 Embedded PC communicates to all EtherCAT 

devices and uses EtherNet/IP to communicate with traditional PLC hardware for 

other functionality. EtherCAT I/O in IP20 and IP67 protection is distributed along 

the entire machine with I/O mounted inside and outside of electrical cabinets. 

“In our standard machine designs, we try to minimize the amount of wiring that 

gets home run back to I/O in the main panel,” Bassett says. “On a custom system 

like this, nearly all of the I/O is mounted directly on the machine to connect with 

sensors and other field devices. EtherCAT Box I/O lets us connect both input and 

output channels to a single module.” 

Doug Schuchart, Global Material Handling & Intralogistics Manager at Beckhoff,  

adds: “Distributed I/O significantly reduces installation time while adding 

improved equipment uptime with extended diagnostics and simplified main-

tenance. It also makes the equipment much more flexible for later expansion. 

Since EtherCAT is not a switch-based protocol, customers like USS can freely 

design equipment with distributed I/O and not worry about network constraints, 

such as performance limitations, switch delays, limits on number of devices on 

the network, limits of the number of connections in the PLC or even in topology 

branching. This makes EtherCAT uniquely beneficial for intralogistics equipment.”

Previously, scanning and configuring the I/O system with thousands of points 

was a manual process that could take several days. “That was in addition to 

several more days of commissioning to check every individual I/O point to make 

sure that they were all mapped correctly,” Bassett says. “Today, this entire 

process is easily handled in minutes using the TwinCAT Automation Interface, 

which enables programming tasks to be automated.” 

Innovation, even in the smallest details

Even with simple design elements, USS is not afraid to develop a novel ap-

proach that results in reliable solutions for end users. One example is applying 

motor-driven roller (MDR) technology to extend the unique benefits of these 

brushless DC motors to many applications beyond just conveyor applications. 

USS had many challenges with previous MDR controller suppliers with unreli-

able fieldbus communication and limited-to-no safety integration. “The safety 

requirements in this application mandate that the MDR controller can cut motor 

power independent the overall system power. But most manufacturers do not 

support this feature without powering down the MDR controller and the entire 

fieldbus network, which also interrupts the input feedback on the status of all 

the sensors in the application,” Bassett says. 

The engineering team at USS found that establishing reliable 

communications in this way with MDR controllers was key for 

their machine to pass new NFPA 79 requirements. “We put a 

project team together to evaluate different ways to handle  

the new e stop category requirements in the 2021 revision 

of NFPA 79,” Kiefer says. “We reviewed a series of vendors’ 

hardware and standardized on the Beckhoff EP7402 MDR 

controller boxes with EtherCAT P, which incorporates EtherCAT 

communication and power in a single cable. The EP7402 is also 

used on other box and tote handling machines from USS and 

other Honeywell Intelligrated systems.”

The EP7402-0057 MDR controller offers two motor outputs to 

directly connect 24 V DC conveyor roller motors or other BLDC 
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More information:
https://sps.honeywell.com
www.beckhoff.com

 

At the USS facility in Owings Mills, Maryland: Jay McNeil (left) and Doug Schuchart (right) of Beckhoff 

meet with the machine building experts at United Sortation Solutions, part of Honeywell Intelligrated.

A Beckhoff CX8190 Embedded PC communicates to all 

EtherCAT devices and safety components via TwinSAFE.

IP67-rated EtherCAT Box modules from Beckhoff are 

convenient for direct mounting on the USS machine.

Beckhoff Regional Sales Manager Jay McNeil (right) worked with 

the USS team, including Sr. Program Specialist Timothy Woodard 

(center), on design and implementation of the CLAPS machine.
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Video: Watch the CLAPS 

solution bridge the worlds of 

packaging and intralogistics.



Development of the CVP Impack machine concept commenced in 2012/2013, 

explains Cornelis Kooistra, Project Manager at Sparck: “The idea for this new 

machine arose when one of our managers became dissatisfied after realizing 

that products were almost always packed in corrugated cartons that were too 

large. In particular, the packaging sent out by web shops contains more than 50% 

cushioning on average.”

This occurs because of the extremely tight schedules when shipping goods, 

alongside the lack of suitable and sufficiently flexible packaging solutions. In 

turn, this not only wastes large amounts cardboard material but also creates 

unnecessary transport volume – resulting in all the associated consequences such 

as increased energy consumption and CO2 emissions together with higher work 

overhead and additional costs. “We developed the CVP Impack to eliminate all 

these disadvantages. This is the first packaging machine capable of producing 

cardboard boxes optimized in all three dimensions. Today, the CVP Automated 

Packaging systems are used by numerous e-commerce companies in Europe and 

North America allowing them to efficiently auto-box in smart, fit-to-size parcels,” 

Kooistra summarizes.

Sustainability and cost reductions for e-comm

Using 3D scanning technology, Sparck’s automated packaging systems size, con-

struct, weigh and label each individual order – regardless of whether it is made 

up of individual or multiple items in just a matter of seconds. In addition, the 

cartons are always designed to perfectly match the respective product, lowering 

the shipping volume by up to 50%. Kooistra also explains that this system uses 

as much as 30% less cardboard material for the same products. Furthermore, this 

approach also eliminates empty space in the packaging and, therefore, the need 

for void filling material. Waste products are also eliminated because the packag-

ing process only leaves behind cardboard cuttings, which are then recycled and 

processed to make new cardboard.

“The mechatronic components are an essential part of the manufacturing 

process and ensure the corrugated carton roll is precisely unwound, positioned 

and cut. This process involves approximately 150 I/Os for the connected sensors, 

guard doors, lighting and valves, for example. In addition, there are 16 DC motors, 

23 synchronous AC motors, six drum motors and three conveyor belts,” Kooistra 

explains. “The HMI module for plant operation and maintenance is another es-

sential component. Furthermore, the machine is also equipped with an Industrial 

PC for data communication with the customer’s warehouse management and 

ERP systems.”

First, a single- or multi-item order is placed on the induct station. The operator 

pushes the button and the order is advanced to a 3D scanner that measures the 

products to be packaged and generates an image of the entire product surface. 

The box is created around the order, then sealed, weighed and labeled. Option-

ally, a robot module can be utilized to place an invoice inside the packaging. The 

process is monitored by a total of eight cameras.

Modernization with PC-based control and EtherCAT

Kooistra explains the current control and drive technology: “At the end of 2019, 

Beckhoff technology was used in the CVP Impack for the first time. The AX8000 

multi-axis servo system is an especially important product for us in this regard, 

as it supports the efficient One Cable Technology (OCT) employed by the AM8000 

servomotors. We use a CX2020 Embedded PC with the familiar TwinCAT 3 

Sparck’s right-size  
packaging boosts sustainability  
in intralogistics  
E-commerce has recently experienced an enormous rise in acceptance and success. 
At the same time, consumers increasingly value sustainability and avoiding the use 
of unnecessary packaging material. To address these trends, Sparck Technologies in 
Drachten, The Netherlands, developed a new packaging machine for the flexible, 
sustainable and cost-effective production of customized corrugated packaging. This 
system utilizes PC-based control, EtherCAT communication and drive technology 
from Beckhoff.

PC-based control and EtherCAT enable flexible  
and sustainable packaging machines for e-commerce
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Control cabinet with AX8000 multi-axis servo drive system (right), EtherCAT and 

TwinSAFE Terminals (bottom left) and the EPP1322-001 EtherCAT P junction with IP67 

protection (bottom center).

Cornelis Kooistra, Project Manager at Sparck, regards 

the powerful EtherCAT communication system as a major 

advantage for packaging machinery.

 More information:
www.sparcktechnologies.com
www.beckhoff.com/ethercat
www.beckhoff.com/intralogistics  
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automation software to control the machine. In addition, TwinSAFE I/Os ensure 

machine safety.”

According to Kooistra, the communication system forms the foundation for the 

machine’s performance. “EtherCAT plays a crucial role in achieving the high ac-

curacy and predictability of the packaging process. All actions and steps can be 

recorded precisely, and our machines actually generate ‘big data’ that can then 

be saved and processed on a server via the Internet. Both we and our customers 

access this data in order to use it for predictive maintenance, incident analysis 

or machine optimization, for example. EtherCAT enables us to control the system 

in real time while also tracking machine data quickly and seamlessly, which we 

provide to internal and, in particular, external analysts.”

The fact that EtherCAT has become an established global communication 

standard with a correspondingly broad range of EtherCAT devices from diverse 

manufacturers is yet another advantage. “This is highly beneficial for OEMs,” 

Kooistra says. “Together with the open system design typical for PC-based 

control, it enables us to expand our own software modules with new and even 

external modules and to easily reuse existing modules.”

The next generation of automated packaging

In early 2020, Sparck introduced its next-generation auto-boxer: The CVP Everest 

does everything that the CVP Impack does, but it boasts higher throughput 

capabilities that address the needs of the modern e-commerce fulfilment center. 

With a maximum speed of up to 1,100 boxes per hour, the CVP Everest is the 

fastest automated packaging solution on the market for fit-to-size boxes. Like 

the CVP Impack, the machine auto-boxes single- and multi-item orders without 

the need for additional equipment or operators, thus saving companies valuable 

time and money.

The CVP Impack system enables production of customized 

right-size corrugated packaging, saving material costs and 

increasing sustainability in e-commerce.
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Produce packaging on demand and cut to size  
with over 100 precisely controlled axes
Online retail is booming and the packaging that is indispensable for this is becoming even more important. However, goods 
are often shipped in unnecessarily large packaging. This increases costs, resource consumption and environmental impacts. 
To avoid this, Swiss company Kern AG has developed the PackOnTime 2box packaging system. Using this system, shipping 
boxes can be made to measure and exactly when needed. The project was implemented with the high-performance PC-based 
automation solution from Beckhoff.

PC-based control enables product-specific, resource-saving packaging 

The system is controlled by a CX2062 Embedded PC. 

The PackOnTime® system consists of various modules: Placing and measuring (1), 

feeding the corrugated board (2), processing the corrugated board (3), packing the 

articles (4) and closing the packaging (5).

Kern AG in Konolfingen, Switzerland, is a family business founded more 

than 70 years ago and originally rose to success with enveloping machines. 

“However, the market for enveloping machines, in particular at banks and 

insurance companies, is progressively diminishing as conventional letters 

are increasingly replaced by paperless communications,” explains Reto 

Schori, Subproject Manager Electronics at Kern AG. This decline provided 

the impetus to establish a new foothold in a related, promising market 

with PackOnTime®: e-commerce. This sector still offers a great deal of po-

tential for growth and innovation, particularly with regard to sustainability. 

Currently, conventional packaging often utilizes standard cardboard boxes, 

which are considerably larger than the goods being shipped. As a conse-

quence, they are partially filled with filling material. Furthermore, excessive 

volumes take up unnecessary space during transport to the customer along 

with increased storage space. Simply put, oversized boxes and filling mate-

rial create an unnecessary amount of waste. 
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More information:
www.kernworld.com
www.beckhoff.com/packaging

 

The newly developed PackOnTime® system enables automated and on- 

demand packaging of ordered products in shipping boxes produced to the 

perfect size. This saves resources such as packaging material, space and time. 

“We measure the length, width and height of the object or group of objects 

and then create a package with precisely the right size in the space of only  

30 to 40 seconds,” says Schori, explaining the concept. “The only materials we 

use are sustainable corrugated cardboard and glue.” The system is capable of 

producing and filling up to 750 customized packages per hour. The system can 

be operated efficiently by just one person. 

PC-based control succeeds in evaluation

“We spent a long time developing and utilizing our own control systems. 

However, in 2016, we realized that we could no longer maintain the workload 

necessary to do so. In addition, with our own controllers we did not achieve 

the speeds desired the way we do today with the Beckhoff solution,” reports 

Marcel Stalder, Head of Development at Kern AG. “When evaluating a suitable 

control system, we approached several control system manufacturers, two of 

which were able to implement their solutions for a specific project. Based on 

our positive experience during evaluation, we decided on Beckhoff as our 

control systems supplier. Since then, all new projects have been implemented 

with PC-based control from Beckhoff. This also applies to PackOnTime®.”

One of the reasons for using PC-based control is its open design allowing 

different standards. “We initially had the idea of reusing software elements 

developed for our own controls systems. However, that ultimately turned out 

to be unnecessary,” Schori adds. Kern chose a high-performance CX2062 

Embedded PC with Intel® Xeon® CPU (2.0 GHz, 8 cores) for the PackOnTime® 

control system. CP3224 Economy Panel PCs with 24-inch multi-finger touch-

screens serve as operator interface terminals.

ogy (OCT) is another benefit because it significantly reduces the amount of 

cabling required.” 

Along with the decision to go with PC-based control, EtherCAT was also 

selected for the fieldbus and is utilized consistently with PackOnTime®.  

“EtherCAT has truly proven its value in our system. The ability to synchronize 

the axes with each other extremely easily via EtherCAT was a new experience 

for us. This was not possible with the previous control system and CANopen 

bus technology,” Schori explains. “The fact that a great number of suppliers 

now support EtherCAT was another advantage during the project implemen-

tation.” 

Kern AG is also impressed by the performance of EtherCAT, which in addition 

will increase significantly with the new EtherCAT G technology upgrade. 

“Currently, the performance when implementing PackOnTime® is thoroughly 

adequate. However, EtherCAT G, which is based on 1- or 10-Gbit Ethernet, may  

become an important factor in the future, as our modular system will be 

expanded to include additional modules,” adds Patrick Vogel, PackOnTime® 

Project Manager at Kern AG.

Service tool increases reliability

Kern AG recommends that service organizations use the Beckhoff Service Tool 

(BST) to maintain their systems and machines. “We believe it is essential to be 

able to replace a component in the field at any time, even an IPC. That is why a 

tool like this is simply indispensable from our point of view,” continues Schori, 

explaining this recommendation. BST is a user-friendly, graphical backup and 

restore program for Industrial PCs with a Windows operating system. In the 

event of failure, the operating system image can be restored or used to create 

a new IPC system with identical configurations and settings.

The corrugated cardboard is cut to size, perforated and grooved to perfectly match the contents;  

the packaging can then be assembled, glued and transported to the insertion station.

The PackOnTime® system merges the articles fully 

automatically with the tailor-made packaging.

Gathering in front of the prototype for the PackOnTime® system: (from left) Marcel Stalder, 

Head of Development, Reto Schori, Subproject Manager Electronics, and Patrick Vogel, Project 

Manager PackOnTime®, all from Kern AG, and Andreas Iseli, Head of the Beckhoff Lyssach office.

More than 100 drive axes implemented with AM8000 servomotors enable  

the numerous movements necessary to produce the packaging, transport the 

goods and insert the articles into the packaging.

After switching to Beckhoff automation technology, the 

control software was initially created with Structured Text. 

“However, this type of programming required additional 

documentation overhead,” Schori says. “That is why we 

decided to switch to TwinCAT 3 UML. The TwinCAT Editor 

for the Unified Modeling Language (UML) offers the ad-

vantage that the software is comprehensibly documented 

simultaneously with the development.” 

Optimal design and synchronization of drive axes

Drive technology plays a major role in PackOnTime®. 

Currently, around 100 drive axes are utilized in the plant 

prototype and a further 30 are planned. “It is very im-

portant that Beckhoff offers an extremely wide range of 

drive technology. With previous suppliers, we usually had 

to decide on one type of motor and one type of motion  

controller and then implement almost all of the applica-

tions with these. This sometimes proved extremely difficult 

with regard to the parameterization,” explains Schori. 

“In contrast, this is far easier with Beckhoff. Because  

they offer an extensive product catalog, enabling us to 

select the optimum motor for every application as well as 

the ideal drive technology with the AX8000 Servo Drive 

and the EL72xx servomotor terminals. One Cable Technol-
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Among many intralogistics solutions available, the automated storage and 

retrieval system (AS/RS) has become a staple. Companies of all sizes and in-

dustries rely on AS/RS solutions to enable modern warehousing and fulfillment. 

OPEX® raised the bar by releasing the InfinityTM system at MODEX 2022. This 

next-generation goods-to-person (G2P) system offers top-tier storage den-

sity, modularity and flexibility. Using wireless Infinity iBOT® robotic vehicles, 

triple-deep tote storage and OPEX’s proprietary CortexTM software platform, 

Infinity delivers the right SKU to the right workstation every time, increasing 

storage capacity by 35% while making bot paths up to 65% more efficient.

aspects to consider. First, ongoing labor shortages and rising labor costs mean 

companies need to leverage their existing workforce efficiently and safely. This 

means they are not continually walking the warehouse aisles and climbing 

ladders to manually pick parts, which leads to burnout. Second, the cost of ware-

house real estate is at an all-time high, so companies need to optimize how they 

use each square foot. Next, inventory security is critical, especially in industries 

like pharmaceuticals – robotic technologies, including AS/RS solutions, solve 

these challenges. Finally, with clear value-add benefits from automation, more 

companies are futureproofing their business by investing in technology before 

prices increase or they fall behind the competition.

What technology trends are you seeing in the AS/RS market?

McVaugh: One key initiative is optimizing order fulfillment logic and capabil-

ities in addition to control software. The objective is to funnel orders rapidly. 

Once consumers click “Purchase” on the e-commerce site, the order should be 

picked and shipped out in under 15 minutes. Many companies are focused on 

workstation ergonomics. From a fulfillment software perspective, using past or-

der information helps predict orders, buffer and slot inventory to keep products 

from sitting in the AS/RS. For other companies, shipping orders in under 15 min-

utes means deploying robotic picking and palletizing solutions. Labor resources 

shift to quality control or retrain for more skilled tasks.

But scaling these solutions still presents a major challenge, regardless of the 

company’s size. Many of our customers believe their operations are too small to 

automate, so they think a positive ROI will take years, particularly for large, com-

plex systems. With increasing labor costs, that ROI equation makes more sense. 

OPEX prioritized making a modular, scalable and flexible system with Infinity 

to help make people more comfortable with the investment. We incorporated 

PC Control | Intralogistics Special 2023       technology partnership64
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AS/RS solutions shape the future  
of distribution operations

OPEX® discusses the importance of EtherCAT and TwinSAFE from Beckhoff 
in optimizing the scalable, high-performance InfinityTM system

technology partnership       PC Control | Intralogistics Special 2023

OPEX® launched the InfinityTM AS/RS  

as a next-generation G2P system.

Monty McVaugh, Manager  

of Product Management at OPEX®

Beckhoff spoke with Monty McVaugh, 

Manager of Product Management at 

OPEX, to explore what sets Infinity 

apart on a technical level. In addition to 

many impressive in-house technology 

developments at OPEX, the EtherCAT in-

dustrial Ethernet system and other auto-

mation technologies play an important 

role in meeting fulfillment requirements 

with sustainability in mind.

Why are AS/RS solutions in such 

high demand today?

Monty McVaugh: There are several 
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How are you continuing to enhance the Infinity system’s  

performance and reliability?

McVaugh: We leverage invariance and selectivity machine learning algorithms 

on all the data we send to the cloud. That can include events and logs from 

the bots, conveyance and other equipment as well as performance indicators 

at operator stations. Behind the scenes, the system gathers data and generates 

reports based off those datasets to give us trend analysis. As such, we can study 

and model system performance, boost reliability, increase mean time to failure 

and schedule maintenance. 

The data might also tell us to flash an update on the control panel at certain 

intervals, for example, to make operators more alert and increase their perfor-

mance. By gathering as much data as possible through fast EtherCAT communi-

cation, we learn from our machines and subsystems to determine which aspects 

deserve a closer look.

PC Control | Intralogistics Special 2023       technology partnership

More information:
www.opex.com
www.beckhoff.com
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customer feedback to provide infinite possibilities. That’s where the name comes 

from — the idea of enabling infinite configurations, settings, options and more.

How is the Infinity system different from other AS/RS offerings?

McVaugh: In traditional AS/RS solutions, shuttles travel horizontally on a set 

row, and they bring inventory to an elevator. In contrast, the Infinity iBOTs have 

access to all inventory in the storage grid because they can travel in X, Y and Z 

coordinates. And unlike others on the market, our iBOTs can leave the storage 

grid to bring the inventory to detached workstations. Decoupling these stations 

from the AS/RS structure offers greater flexibility. For example, the iBOT could 

bring the tote or case to a pick-and-place robot for palletizing. 

Infinity is not your traditional AS/RS. It offers new dimensions of operational 

freedom that help users adapt to changing consumer demands or business 

requirements.

What were the biggest technical challenges when creating  

the iBOTs?

McVaugh: Traffic management and communication to the iBOTs in real time 

are the two most challenging aspects of our whole system. The ability to plan 

the shortest path and optimize the traffic route around other iBOTs is a differ-

entiator for OPEX. Our software predicts the moves that bots will make 10 steps 

ahead and updates routes in real time for peak efficiency.

How important is EtherCAT to achieve this real-time performance?

McVaugh: Many elements of our system, even at the iBOT level, require the 

real-time communication of EtherCAT. The traffic controller and hundreds of bots 

exchange packets and messages over Wi-Fi. Also, receiving data from individual 

system modules — such as our bots or conveyance equipment — helps us man-

age alerts, events and logs, then send that information to our cloud for analytics. 

Using EtherCAT, we can do all of this in milliseconds. That is critical for Infinity’s 

functionality moving forward. OPEX is a member of the EtherCAT Technology 

Group (ETG), and we’ve developed our own EtherCAT devices to meet our spe-

cific needs. Not having the determinism, flexibility and openness of EtherCAT 

would shackle our ability to innovate.

What advantages does Safety over EtherCAT (FSoE) offer?

McVaugh: Without FSoE, our safety architecture would be outdated and 

expensive. We divide Infinity’s storage grid into “multi-zone safety zones,” and 

the iBOTs constantly communicate their current location. Using the EK1960 

TwinSAFE Compact Controller from Beckhoff, we can shut down individual 

zones when a safety gate on the perimeter fence is opened. But the unaffected 

zones can continue running, which ensures high availability.

Networking safety devices together via EtherCAT helps us establish a central 

command center, streamlines documentation and allows customers to reconfig-

ure or expand systems with ease. The EK1960 further supports this modularity; 

you can easily add further I/O to the terminal unlike other safety PLCs that 

require excess hardware and redundancy additions. FSoE is also key to obtaining 

certifications for international Infinity deployments.

How does the EP7402 EtherCAT Box optimize control  

of motor-driven roller (MDR) conveyors on the AS/RS?

McVaugh: Our G2P system supports fully automated options to convey cases 

and totes to the operator. The EP7402 MDR controller delivers a plug-and-

play solution to scale our conveyance capabilities. Because of the flexibility 

of EtherCAT, we can easily add a 6-foot section, for example. Our conveyance 

controls, the same software that routes the box on Infinity, can route contain-

ers on homegrown and third-party conveyors via EtherCAT and the EP7402.

What Beckhoff resources helped in designing and launching  

the Infinity system?

McVaugh: Regarding technology, having access to and time to learn TwinCAT 

automation software has been extremely valuable. We can easily configure the 

safety systems in TwinCAT, then make changes as the application evolves. 

On the business side, we started developing Infinity during the pandemic, and 

despite ongoing supply chain challenges, Beckhoff customer service has deliv-

ered a positive experience. We greatly value having a direct point of contact at 

the company, rather than going through a distributor and having information 

slowly filter down.

technology partnership       PC Control | Intralogistics Special 2023

OPEX: Sustainably driving  
warehouse automation
OPEX is a leading supplier of solutions for warehouse automation and 

document and mail automation. The company counts 48 companies 

in the Fortune 100 as customers. With more than 1,600 employees 

across five continents, OPEX has continually grown since its founding in 

1973 as a mail automation equipment supplier, primarily for Columbia 

Records. Al Stevens purchased the company in 1975, and now three 

generations of the Stevens family serve in leadership. 

Based in Moorestown, New Jersey, OPEX maintains offices in Plano, 

Texas, along with Australia, England, Ireland, France, Switzerland and, 

most recently, Germany. Beyond delivering energy-efficient solutions, 

the company has a deeper commitment to sustainability, powering its 

manufacturing facilities with solar, wind and other renewable energy 

sources.

The InfinityTM system’s iBOT® robotic vehicles can travel in 

X, Y and Z coordinates – and even leave the storage grid.

Real-time EtherCAT communication, I/O and integrated safety 

from Beckhoff boost performance throughout the AS/RS.
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Cybersecurity: The next “big thing”  
in industrial Ethernet

Cybersecurity will become the big topic in industrial communication technologies as it has been 
in IT for many years now: The connectivity required by IoT and Industrie 4.0 concepts means the 
controls engineer will also have to deal with the topic. When and to what extent depends primarily 
on two decisions: what the network architecture looks like and which network technology is used.

First, the architecture: Up to now, a hierarchical model has worked well. The 

real-time control network, i.e. the control-level fieldbus to which the I/Os 

and drives are connected, is separated by the controller from the higher-level 

communication systems and the plant network. The controller provides and 

conditions the process data that the higher-level systems require and also 

regulates access to the lower-level devices, such as the I/O nodes.

The controller thus acts effectively as a cybersecurity firewall for the under-

lying network, and it transforms hardly comprehensible raw data from the  

I/O level into meaningful information. Transporting data directly “from the 

sensor to the cloud” only makes sense in some select cases. For example, the 

user cannot know without further information whether a motor temperature of 

85 degrees Celsius is OK or too hot. Often not even the motor itself knows this 

because it depends on the application and the current situation. A controller, 

on the other hand, can tell the operator’s cloud service in addition whether 

the current motor temperature is acceptable. And for those cases where the 

provision of raw data is desired – for example, by the motor manufacturer who 

wants to see for warranty claims whether the motor is being operated within 

specification – the user should be able to decide whether to allow that. And that 

is much easier to do in the controller than on each sensor or device.

For some, however, the hierarchical architecture is considered outdated. They 

demand complete access, with a single network from “bottom to top.” This 

is also the justification for demanding the same network technology below 

the controller as above – there should be no more “below” and “above.” 

What may look tempting at first glance, however, harbors many problems: in 

terms of responsibility and liability, independent performance of the control 

network, address duplication and costs. And especially regarding cybersecuri-

ty: suddenly, I/O nodes, networked sensors and drives are directly visible and 

accessible in the plant network and possibly beyond. And here we don’t even 

have to assume deliberate attacks: Even an accidental change of parameters 

on the wrong device would have far-reaching consequences.

So, in this brave new world, all devices must have cybersecurity protections. 

That means certificates on every I/O device, and certificates expire, so they 

must be updated. Security requires additional computing power and memory 

on the devices, and this alone leads to increased costs. And meeting security 

requirements with this architecture means that controls engineers must build 

up profound cybersecurity know-how.

And secondly, of course, the choice of network technology plays a decisive 

role. With switch-based industrial Ethernet solutions, each device must be 

cyber-protected, especially if the technologies are fully or partially based on 

the Internet Protocol. EtherCAT, on the other hand, is neither switch-based 

nor does it rely on the Internet Protocol: The EtherCAT protocol is directly 

embedded in the Ethernet frame. 

Since almost all cyberattacks require the Internet Protocol for routing, with 

EtherCAT they go nowhere. Furthermore, the EtherCAT chips filter out non- 

EtherCAT frames by hardware, and by principle EtherCAT devices cannot 

be persuaded to falsify data not intended for them, even by compromised 

firmware. In addition, EtherCAT ports that are not used can be switched off 

in hardware. 

EtherCAT is already so well protected, per se, that no further cybersecurity 

measures are required beyond what’s required to harden the controller to 

industry cybersecurity standards. Therefore, no knowledge of certificates or 

cybersecurity is required to operate this industrial Ethernet fieldbus. With 

EtherCAT, this new “big thing” is covered without any additional effort.

 EtherCAT is already so well protected,  
per se, that no further cybersecurity measures  
are required beyond what's required to harden  
the controller to industry cybersecurity standards.

Martin Rostan, Executive Director, EtherCAT Technology Group
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