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Abstract 
 

This work presented consists of automatically 
managing a real process based on different 
manufacturing recipes. The data is routed over a 
digital network (Local Area Network) and 
encapsulated in an OPC UA protocol. The homothetic 
process is a chemical system consisting of different 
baths for surface treatment of metal objects. Recipes 
can be loaded automatically from Excel files. Each 
Excel file has been adapted with a script in Visual 
Basic for Applications (VBA). The various recipes are 
available in read-write format. Under these 
conditions, the process manager can process all data 
in an adapted human-machine interface solution. The 
control system is managed by a Schneider Electric 
PLC (Modicon M340). The program embedded in the 
PLC is developed in the EcoStruxure Control Expert 
software environment (CEI 61131-3). This 28-hours 
assignment is for 2nd year Bachelor students. It 
responds perfectly to the current needs of industry. In 
this context, students can acquire new skills in the 
context of the connected factory and in a Supervisory 
Control and Data Acquisition (SCADA) environment. 
A specific collaboration with a software publisher 
(Skkynet) and our University enables the use of a 
client/server gateway for OPC UA protocol. This 
official partnership agreement allows our University 
to use a software package that is normally very 
expensive, but which is totally free under these 
conditions.  
 
1. Introduction 
 

The work presented in this paper outlines a project 
validated with students in their second year of a 
bachelor’s degree program in Electrical Engineering 
and Industrial Computing (28 hours' work). This 
technical endeavor is integrated into a Project-Based 
Learning methodology [1], [2], [3]. The technical 
objectives to be validated are numerous and 
demanding: 
- Provide a contextualization of the "Surface 

finishing" function within a real industrial context. 

- Examine the "Surface finishing " system proposed 
in this work, encompassing its control and 
operational components. 

- Develop a model of the system utilizing functional 
analysis and an "Octopus" type diagram. 

- Justify specific technical choices and propose 
alternative approaches capable of fulfilling the 
same function and requirements. 

- Identify components depicted on the electrical 
diagram of the system. 

- Analyze the existing program and adapt it to align 
with the new operational requirements. 

- Perform tests to validate the new program. This 
new program can be implemented using various 
strategies (SFC, LD, ST, FBD [4]). Provide a 
comprehensive verification strategy (coherent 
checklist) for this purpose. 

- Identify and map the architecture of the industrial 
network being utilized. 

- Capture and analyze data accessible via the PLC 
on the OPC UA communication channel [5]. 

- Research and develop a "Traceability (Reporting)" 
solution tailored for the manager of the "Surface 
treatment" line within an Excel environment (OPC 
UA client). 

- Investigate and develop a solution for managing 
manufacturing recipes catered to the "Surface 
finishing" line manager within an Excel 
environment (OPC UA client). 
 
This project encompasses several technical 

resources: 
- A "Surface finishing" homothetic system. 
- Control Expert (Control-command configuration 

& development of the program for the PLC). 
- PRONETA (network sniffer and network 

administration) [6]. 
- Advanced IP Scanner (network sniffer). 
- UA Expert (Sniffer, Item OPC UA). 
- OPC UA Expert Configuration (OPC UA 

communication channel configuration). 
- Cogent DataHub (OPC UA Client/Server). 
- Excel & VB Macro (OPC UA Client, development 

of the "Reporting" HMI traceability solution). 



2. The technical context of work 
 

After various research projects, the task involves 
formalizing a study summary to present the function 
within the context of real industrial needs. This 
formalism could be presented on a one-page A4 
format. Initially, the system will represent a "Surface 
treatment" line for aluminum parts to be treated. Five 
treatment baths are available. The parts are installed 
on transfer bars and are moved from bath to bath by a 
robot. Chromating (Alodine) is a surface treatment for 
aluminum widely used for its anti-corrosive and 
electrically conductive properties, as well as its 
excellent adhesion to paints and adhesives. This 
treatment can be applied to all aluminum surfaces 
(Figure 1, Figure 2). Before chromating, the 
aluminum surface must be carefully cleaned and 
deoxidized. The different stages of Passivation: 
Degreasing => Rinsing = > Pickling=> Rinsing => 
Chromating (Alodine) => Rinsing. 

 

 
Figure 1 Simple presentation of the operating part of the 

system 

 

 
Figure 2 Position of detectors and actuators 

 
The system has various inputs and outputs (digital). 
Details are given in Figure 3, Figure 4. The parts list 
for the various components and the various electrical 
diagrams for the system are available. After 
consulting the technical documentation of the system, 
this assessment emerges as one of the essential tasks 
that students must undertake. 

 
Figure 3 Inputs 

 
Figure 4 Outputs 

3. Develop a control/command function 
based on the real needs of manufacturers 
 

The overarching objective of the work outlined in 
this subsection is encapsulated in Figure 5. This 
endeavor involves utilizing two files (Excel models) 
to fulfill present demands regarding system Control-
command and traceability. Within this framework, the 
automatic loading of diverse settings and instructions 
in the form of a recipe will be executed automatically 
under the supervision of the production line controller 
[7].  
 

 
Figure 5 General system management principle 

 

 
Figure 6 Layer of the communication network 



Part of the industrial network architecture and the 
principle of communication and services are depicted 
in Figure 6. Students will be tasked with managing 
static IP addresses. Figure 7 illustrates the 
development that requires validation to furnish the 
line operator with pertinent information regarding the 
operation of the system (development of a Human 
Machine Interface). The system information is 
consolidated within a spreadsheet-type environment. 
A notable aspect of this environment is its capability 
to leverage a wide array of functions already 
implemented in libraries (such as conditional 
formatting, histograms, pie charts, mathematical 
calculations, ...). 
 

 
Figure 7 Organization of user pages for complete 

traceability of the application 

4. The principle of managing recipes 
 

A basic program is provided to the students, 
allowing the system to operate in a precise mode while 
adhering to a potentially configurable manufacturing 
recipe. The objective of the task is to adjust different 
recipes on demand by specifying the required position 
based on the relative position of the carriage 
managing translations (Left-Right) and determining 
the soaking time delay according to the number of 
containers. These values must be extracted from a pre-
filled table. Figure 8 outlines the general principles to 
be followed for modifying this program. Figure 9 (a 
and b) illustrates the principle of managing a table and 
its associated numerical values (setpoint, identifier, 
...). 
 

 
Figure 8 The general principle for managing a recipe 

 
Figure 9 Principle of table management 

5. A few examples of results 
 

In order to meet the technical requirements of the 
task, students must validate various software layers 
with specific configurations. This task demands a high 
level of rigor and thorough analysis of the digital data 
routed over the network. Figure 10 describe the 
configuration of the OPC UA access point in the 
“EcoStructure OPC UA Server Expert Configuration 
tool” software environment. 

 

 
Figure 10 Configuring the OPC UA access point with the 

PLC 

Figure 11 specifies whether it is possible to declare a 
certificate in OPC UA communication. This 
certification enables data encryption with specific key 
generations. No certificate will be present in your 
application. 
 

 
Figure 11 Configuring the OPC UA access point with the 

PLC 



After completing the configuration, you should keep 
this software open. Next, launch the "EcoStructure 
OPC UA Server Expert" software environment. This 
software should automatically provide an address 
based on computer's static IP address (see Figure 12). 
If the configuration is correct, communication with 
the OPC UA channel of the PLC, along with the 
loading of its "nodes" (data), should Start (see Figure 
13). 
 

 
Figure 12 Configuring the OPC UA access point with the 

PLC 

 

The EcoStructure OPC UA Server Expert 
environment must remain active throughout the 
remainder of the task. Sniffing the selected "Item" 
data in OPC language is crucial. This work allows for 
the verification of all information transmitted by the 
PLC. For this task, you must utilize the software 
UaExpert. The various configurations are provided in 
the figures below (see Figure 14 and Figure 15). 
 

 
Figure 14 Configuration with the “UaExpert” software 

 

Figure 13 Declaration of the access point by the  

EcoStructure OPC UA Server Expert software 

 
Figure 15 Verification of the data made available by the PLC in the “UaExpert” software 



Cogent DataHub (OPC UA client/server (Figure 5) after its configuration allows you to retrieve all the data made 
available by the PLC (Figure 16). Figure 17 describes the principle of connection between Excel and Cogent 
DataHub. 
 

 
Figure 16 Configuration and provision of data by the PLC 

 
Figure 17 Connection between Cogent DataHub and Excel 

 
6. Some results with Excel and the 
Human-Machine Interface (HMI) 
 

Figures 18, 19 and 20 present a development set 
that was proposed by a group of students (HMI part). 
In this context, they demonstrated and validated the 
initial requirements proposed in this work. These 
results meet the constraints outlined in Figure 7 
satisfactorily. 

 
Figure 18 Excel Home page 

 



 
Figure 19 Excel recipes page 

 

 
Figure 20 Excel reporting page 

 
7. Conclusion 
 

This work carried out with students demonstrates 
that our university's technological and scientific 
training is intended to respond to the needs and 
challenges associated with Industry 4.0. We have also 
shown that the transmission of knowledge and skills 
can be based on a so-called "PBL" pedagogy. In this 
topic, students have also made significant progress in 
terms of skills associated with industrial computing. 
Studying and implementing real-technical solutions 
also helps to motivate students. At the end of the 
project, each group presents its work, respecting the 
different technical delivery phases of a project. 
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