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Abstract 

The PLC Integrator is a new tool developed at the Euro-
pean Spallation Source (ESS) to modernize the integration 
of PLC-based control systems with the EPICS framework. 
It replaces the legacy PLC Factory, removing outdated de-
pendencies such as the CCDB database, while introducing 
support for modern technologies like OPC-UA and Beck-
hoff ADS. The software retains key features familiar to in-
tegrators - such as automatic PLC-IOC communication 
code generation, alarm handling, and archiving - but is 
built on a sustainable, extensible, and easier-to-maintain 
foundation. By adopting JSON files instead of the older 
.def format, it improves standardization, enables automatic 
validation, and increases memory efficiency on PLCs. This 
article presents the context and motivations behind its de-
velopment, describes the architecture and main features of 
the PLC Integrator, highlights the challenges faced during 
implementation, and discusses its impact at ESS as well as 
the path forward. 

INTRODUCTION 
The European Spallation Source (ESS), under construc-

tion in Lund, Sweden, is one of the world’s largest scien-
tific infrastructure projects, aiming to become a global 
leader in neutron scattering research. To achieve this, its 
operation relies on highly robust, scalable, and interopera-
ble automation systems capable of handling the complexity 
of large-scale scientific instruments. Within ESS, the IC-
SHWI group (Instrumentation & Control Systems Hard-
ware and Integration), and specifically its Automation Sec-
tion, plays a central role by bridging Programmable Logic 
Controllers (PLCs) with the EPICS (Experimental Physics 
and Industrial Control System) framework [1]. EPICS un-
derpins communication and supervision across thousands 
of devices. For years, this integration relied on an in-house 
tool called PLC Factory [2], which simplified tasks such as 
generating PLC-IOC communication [3] code for Siemens 
controllers, managing alarms, and supporting device hier-
archies. While effective early on, the tool accumulated sig-
nificant technical debt over time. Its main limitations were: 
• Reliance on an outdated version of Python [4]. 
• Dependence on the CCDB database [5], which was 

scheduled for decommissioning. 
Faced with these limitations, ESS needed a new solution 

that would ensure continuity, remove obsolete dependen-
cies, and prepare the infrastructure for future challenges. 
This need gave rise to the PLC Integrator. 

DEVELOPMENT AND 
IMPLEMENTATION 

The PLC Integrator was designed to be backward-com-
patible with existing workflows, while offering completely 
modernized architecture (Fig. 1). 

 

Figure 1: PLC Integrator UI. 

Interface and Platform 
Its graphical interface was built from the ground up us-

ing PySide6 [6], resulting in a modern, responsive, and in-
tuitive application. The goal was to shorten the learning 
curve for engineers familiar with PLC Factory, while also 
adding new features and improved usability. 

Modular Architecture 
All functions were restructured into independent mod-

ules (Fig. 2), each responsible for a specific task such as 
template management, preprocessing, or code generation.  

 

Figure 2: Modular Architecture 

• Template Management Module: Manage Device 
Templates and Project Templates. 

• Validation: Performs real-time validation during 
configuration, checking user inputs, JSON syntax, 
and PV consistency, running continuously in the 
background rather than only at preprocessing. 

• Preprocessing Module: Validate data before code 
generation. Detect errors in PV names (missing, du-
plicated, or invalid).   ____________________________________________  

† adalberto.fontoura@ess.eu    



20th Int. Conf. Accel. Large Exp. Phys. Control Syst. (ICALEPCS'25), Chicago, IL, USA

JACoW Publishing

ISBN: 978-3-95450-255-4

ISSN: 2226-0358

doi: 10.18429/JACoW-ICALEPCS2025-WEPD043

MC10: Software Architecture & Technology Evolution

1137

WEPD: WEPD Posters

WEPD043

Content from this work may be used under the terms of the CC BY 4.0 licence (© 2025). Any distribution of this work must maintain attribution to the author(s), title of the work, publisher, and DOI.



• Code Generator Module: Automate the creation of 
PLC programs and IOC modules. 

• GitLab Integrator Module: Connect project work-
flows to the ESS version control system.  

• User Interface (UI): Although not a backend module, 
the graphical interface is the central hub of the PLC 
Integrator: Connects all modules via action buttons 
(e.g., Generate Code, Validate Project, Push to 
GitLab). 

PLC Integrator is structured as a collection of independ-
ent modules. Each module handles a specific part of the 
workflow, while the user interface orchestrates them seam-
lessly, making the tool powerful, easier to maintain, more 
scalable, and clearer to develop further yet easy to use. 

Continuity and Compatibility 
Despite its modernization, the PLC Integrator preserves 

the core logic (Fig. 3) of its predecessor [2]. This ensures 
smooth migration for integrators, allows reuse of estab-
lished workflows, and maintains compatibility with previ-
ously generated data. 

 
Figure 3: Core logic. 

From .def to .json 
A significantly important part of the PLC Factory plat-

form are definition files, they are configuration files used 
in legacy systems to describe devices, process variables 
(PVs), and control parameters. They served as a reference 
for generating PLC-IOC code in ESS, but they had limitat 
ions such as lack of standardization, difficulty in automatic 
validation, and inefficient memory usage, which led to 
their replacement by JSON files in PLC Integrator. Replac-
ing the legacy .def format with JSON was a game-changer. 

JSON files provide a rigid, well-defined structure, enabling 
automatic validation, syntax error detection, and clearer or-
ganization. 

This shift also simplifies future growth: new fields or 
functions can be added naturally and consistently without 
breaking workflows. 

FEATURES 
The PLC Integrator was designed to simplify the work 

of engineers at ESS [7], making PLC–EPICS integration 
consistent, efficient, and easy to manage. It acts as a central 
platform for configuring, validating, and generating inte-
gration code between PLCs and EPICS, reducing much of 
the repetitive manual work that was once unavoidable. The 
general workflow (3) follows these steps: 
• Device Registration: Devices must first be registered 

in the ESS Naming Service [8], ensuring each has a 
unique and consistent identifier. 

• Device Template Creation: For each device, a De-
vice Template is created defining PVs (Process Vari-
ables), commands, parameters, and optional PLCF#* 
tags or verbatims**. Templates can be reused across 
projects and shared (i.e. via GitLab). 

• Project Creation: Configure IOC details, PLC/hard-
ware information, and link devices to their templates. 
Edit PLCF# parameters, run data preprocessing to val-
idate consistency, and generate files for PLC–IOC 
communication (initially via Modbus). Automatically 
create IOC files, including .db databases with PVs. 

• Project Saving: Completed projects can be stored lo-
cally for future updates and documentation. 

• GitLab Integration: Entire projects can be pushed to 
GitLab repositories, ensuring version control and 
team collaboration. 

• Execution: With files generated, integrators can: Run 
the IOC and establish communication with EPICS. 
Deploy PLC communication blocks, enabling effi-
cient and standardized PLC–IOC interaction. 

This workflow shows how the PLC Integrator turns 
complex, repetitive integration tasks into a logical, as-
sisted, and standardized process, tightly linked with essen-
tial ESS systems like the Naming Service and GitLab. 

Device Templates 
Device Templates (Fig. 4) are the foundation of integra-

tion. Each template defines process variables (PVs), com-
mands, and parameters associated with a device. These can 
be categorized as Status, Command, or Parameter, and can 
include specific tags PLCF# and verbatims for fine adjust-
ments. By reusing templates across multiple projects, en-
gineers achieve greater consistency while minimizing er-
rors. Templates can also be stored locally or shared via 
GitLab repositories, promoting collaboration across teams. 

 ___________________________________________  

* PLCF is a simple embedded domain-specific language for use in tem-
plate files to substitute parameters value (e.g. EGU = K). 
** Verbatim are literal texts containing EPICS records that will be added 
to the IOC EPICS db and PLC code.  
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Figure 4: Device Template file (.json format). 

Project Templates 
Project Templates (Fig. 5) bring together multiple De-

vice Templates into a coherent project configuration. They 
ensure that each project is clearly documented, with de-
vices, parameters, and connections organized systemati-
cally. Compatibility with the ESS Naming Service [8] 
guarantees unique and consistent identifiers for each de-
vice, which is vital for large-scale integration. 

 

Figure 5: Project Template file (.json format). 

Preprocessing and Automated Code Generation 
One of the biggest innovations in the PLC Integrator is 

the preprocessing mechanism (Fig. 6) [9]. Before any final 
files are created, the system checks for consistency and 
flags potential errors, such as invalid PV names, missing 
parameters, or incorrect hardware addresses. Only after 
this validation does the software automatically generate: 

• Optimized PLC programs, designed for efficient 
memory usage. 

• IOC files, including databases with all PVs needed for 
EPICS integration. 

 

 
Figure 6: Processing and code generation log. 

Real-Time Data Validation 
Validation is not limited to preprocessing - it runs con-

tinuously during project setup. This early detection pre-
vents many errors from reaching the testing phase, saving 
time and effort. It also ensures that all project data remains 
in sync with the Naming Service, avoiding conflicts or du-
plications. 

GitLab Integration 
With native GitLab integration, both projects and tem-

plates can be version-controlled automatically. This pro-
vides full traceability, supports collaborative work, and 
strengthens long-term maintainability. 

CHALLENGES OF IMPLEMENTATION 
Developing the PLC Integrator was not just about writ-

ing new software, it meant reshaping the entire integra-
tion ecosystem at ESS Automation Section. This transition 
brought technical, operational, and organizational chal-
lenges. 

Designing a Modern Interface 
Building the interface from scratch required balancing 

ease of use with advanced functionality [9]. 
• It had to feel familiar enough for engineers coming 

from PLC Factory, while also supporting new work-
flows. 

• External tools such as GitLab and the Naming Service 
had to be integrated seamlessly into the UI, so tasks 
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like pushing projects or syncing devices were intui-
tive. 

• Usability testing carried many iterations, extending 
the development timeline but resulting in a more ro-
bust and user-friendly tool. 

Migrating Projects from CCDB 
Decommissioning the CCDB database was one of the 

toughest challenges. CCDB projects relied on specific for-
mats and REST APIs, which the new tool could not support 
directly. To ensure continuity: 
• Conversion scripts were developed to translate legacy 

data into JSON. 
• Devices and hierarchies were restructured to fit the 

new modular model. 
• All migrated projects were validated to confirm syn-

chronization with the Naming Service and compati-
bility with IOC generation. 

This process required close collaboration between devel-
opers and users, as any data loss could have disrupted crit-
ical operations. 

Transitioning from .def to .json 
Moving from .def to JSON was both necessary and chal-

lenging. Legacy files often contained: 
• Inconsistent or redundant structures. 
• Poorly formatted configurations that were hard to 

translate automatically. 
• Inefficient memory usage that strained PLC perfor-

mance. 
The solution included: 
• Automated conversion tools with built-in validation. 
• Strict normalization rules to enforce consistency. 
• A redesigned code generation logic to improve 

memory efficiency. 

User Adoption 
Beyond technical hurdles, adoption by engineers posed 

its own challenges. Users accustomed to PLC Factory had 
to learn new concepts such as JSON templates and work-
flows. Training sessions, clear documentation, and hands-
on support during rollout were essential to smooth the tran-
sition. 

IMPACT AND FUTURE 
The PLC Integrator has already delivered clear benefits 

to ESS: 
• Reliability and standardization: reduced risk of con-

figuration errors and improved consistency across 
projects. 

• Efficiency: optimized memory usage on PLCs and 
faster code generation. 

• Reduced technical debt: removal of outdated depend-
encies like CCDB and legacy Python. 

• Long-term sustainability: modular architecture en-
sures the tool can evolve with future needs. 

Looking ahead, the planned integration of OPC UA [10] 
and Beckhoff ADS [11] will be crucial. OPC UA brings 
cross-platform interoperability and strong security, while 
ADS offers low-latency, direct integration with Beckhoff 
hardware. Together, they will further position ESS as a 
leader in modern scientific automation, with scalable, se-
cure, and future-ready workflows. 

CONCLUSION 
The PLC Integrator is more than just a replacement for 

PLC Factory—it represents a generational leap in PLC-EP-
ICS integration at ESS. Its modular design, modern inter-
face, and support for advanced protocols make it a sustain-
able, forward-looking solution. 

By cutting technical debt and improving operational ef-
ficiency, ESS ensures its automation infrastructure is not 
only ready for the start of operations, but also for decades 
of groundbreaking scientific research to come. 
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