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Executive summary 
Please provide a short overview of the use-case and why it is relevant for the AIPlan4EU project 
 
The use case aims to implement and test a planning and optimization layer on a flexible assembly line system in order 
to generate energy-aware control decisions and manufacturing operation subsequences. The optimisation objectives 
are directly linked to the overall and operation-wise energy efficiency of the full manufacturing process. Validation on 
an existing five-station flexible assembly line (including digital twin model) for standardized integration with the 
AIPland4EU APIs is proposed. 
 
The use case supports the AIPlan4EU objectives in the area of smart manufacturing for various industry verticals such 
as food processing, automotive and electronics. Bridging the IT and OT environments through the planning and 
optimization layer is foreseen with adoption of new academic research artefacts (models and methods) within the 
realistic constraints of an industry use case. The use-case outcomes will be fully integrated into the AI4EU platform 
through remote testing and experimentation. 
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1 Context [~1 page] 
Please describe the context of the use-case (use pictures if possible/useful to clarify the situation): 

• Which is the application domain? 
 
The use case belongs to the smart manufacturing application domain. The Smart Flexible Assembly System (Figure 1) 
allows the simulation of complex industrial production processes. This researcg and training platform combines 
different fields such as: automation technology, sensor technology, drive technology, mechatronics and robotics which 
make the integrated system a versatile and flexible one. The system reflects the new developments in Industry 4.0 
revolution such as: RFID technology, service - oriented program architecture, standard communication interfaces, pallet 
transfer system, mobility and offers a modular intelligent factory system for teaching and research purposes. The system 
illustrates the practical implementation of a networked factory and can be used to represent the entire value chain.  
The Smart Flexible Assembly System consist of a training and development platform with pneumatic warehouse stations 
for 3D-printed workpieces, conveyor system with different types of electric drives, ABB IRB120 six joint industrial robot 
assembly unit, visual detection device, finished product storehouse. The workpieces contain information in the form of 
production parameters. The workpieces know what they are and can communicate with the facility through RFID 
technology. Beside its modularity, the system can model a fully-fledged expandable factory model which can be used in 
many areas of teaching, research and industry verticals applications for electronics manufacturing, automotive and food 
processing. Open, standards-based, hardware and software interfaces allow the interoperability of upper decision layers 
through bidirectional communication. 

 
Figure 1 Flexible Assembly Line System for Smart Manufacturing 

• How are the operations handled currently? Is there an established workflow? 
 
The current workflow is defined by the layout and sequence of operations of the five workstations: work pallet storage 
and release station, base piece storage and release station, robot cell which assembles a particular configuration of the 
product which is configured locally (touch panel HMI) or can be received from higher level (MES/ERP type systems), top 
piece storage and fixing station and storage unit. The sequence of operations leads to the manufacturing of a finished 
product. Each station is designed as a stand-alone unit with its own drive system (conveyor belt with different type of 
electric motor and drive unit), sensors (proximity switches, rfid detectors) and control unit (PLC). The system is 
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reversible, allowing the implementation of the dissasembly operation, and expandable by servicing with an autnomous 
robotic platform (Festo Robotino) with manipulator arm (Niryo Ned2). The robotic platform implements advanced, 
vision-based, reinforcement learning algorithms for navigation control to a particular workstation. 
 

• What are the drawbacks of the current solution (if any)? 
 
The current routines are static and predefined through the PLCs and robot programs. The selection of a particular 
operation mode is input directly through the HMI panel or through a dedicated engineering workstation. Faults and 
maintenance issues are currently handled in a reactive manner instead of a proactive manner based on predictive 
modelling and advanced analytics for the operation logs. The energy consumed is measured globally for the complete 
flexible assembly line system using a Siemens PAC3200 energy meter and Profinet communication. At the level of each 
workstation, energy is also measured individually through Siemens S7-1200 energy meter modules e.g., SM 1238. An 
experiment has been carried out for accurate characterisation and labelling of each manufacturing operation and 
replicable energy disaggregation. However, this data is not currently used further. An optimization (planning) layer could 
leverage this granular energy data to increase the overall performance of the solution with an energy efficiency as an 
optimisation criterion – at both the individual operation level (sequences of operations to assemble/disassemble one 
product) and at the product batch (high level sequences of product batches). 

2 Planning Application [~1 page] 
Planning is a technology that helps you in automating or optimizing some decisions given a predictive model of a 
system / situation. Here we need to clearly identify the key decisions that should be automated/optimized in the use-
case. Also, a storyboard of how planning is used within the workflow shall be presented. 

• What are the key problems that you plan to address with planning technology? 
o Highlight which kind of decisions shall be automated or optimized 

 
The planning technology will directly impact the PLC program parametrisation and robot routines towards improvement 
of the overall performance of the manufacturing line and predictive optimisation with regard to the operation-specific 
and global energy consumption. There are several types of decisions that can be optimized for achieving the desired 
energy aware planning. These include, but are not limited, to the following: 

- Conveyor belt speed and associated static frequency converter (SFC) parameters; 
- PLC program parameters; 
- Robot arm speed and pick-and-place strategy; 
- Spare parts supply and placement. 

 
In addition, at the upper levels, planning can indicate the optimal sequence of products and timeslots for the 
manufacturing and correlate these with external factors such as time-of-day energy pricing or the availability of 
renewable energy. Prioritisation of the decisions to be automated/optimized should be carried out according to their 
impact on the aggregate cost function for the specified problem. 
 

• How do you measure the quality of such decision/automation? Why is the status quo not satisfactory? 
 
The status quo is not satisfactory as few manufacturing plants include highly granular energy data in the optimisation 
of their production processes. We expect however for this interest to increase given the increasing energy costs and 
high variability of renewable energy sources. The first metric of quality for the optimal decision/automation is related 
to the economic impact of the trade-off between productivity and energy use for a give manufacturing process. Various 
configurations can be tested to prove the replicability and the scalability of the solution. Here the use of a dedicated 
training and research platform is highly relevant as normally such test runs cannot be done extensively on an existing 
production line without affecting the day-to-day operation and productivity of the plant. Additional, secondary, energy-
related metrics (overall energy, peak power draw, self-consumption etc.) can be defined for each 
workstation/manufacturing stage and for the process as a whole. 
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• Which kind of data is relevant for taking the decisions to be automated /optimized? 
o Highlight what is “constant” (i.e., it does not change between successive decisions) and what is 

“contingent” (i.e., non-predictable data that is important to take an informed decision) 
 
In order for proper automating/optimizing of the operation of the line, baseline operational data traces should be 
collected and validated over multiple runs in various predefined configurations. 
Constant data is considered all data that corresponds to the baseline mechanical and electrical characteristics of the 
flexible assembly line components such as the conveyors, drive systems, sensors, robot arm. 
Contingent data can be considered as stemming from wear and tear, maintenance requirements, mechanical tuning, 
and software programming decisions. This will be reflected in variations and emerging trends in the operational logs 
and energy measurement over multiple runs. 
 

• How often is planning invoked? Which actor/software/rule invokes the planning? 
o E.g., planning is done once a day to decide the shift activities 
o E.g., planning is triggered when a discrepancy is observed w.r.t. the planned course 

 
A two-stage planning process is proposed in which both on-line (product level) and day-ahead (batch level) planning is 
perfomed with different complexity and timeliness requirements. The on-line planning is carried out within the sampling 
rate of the local control loops e.g. robot arm speed and position control, based on the output of a predictive model. The 
day-ahead planning decides which product configurations will be manufactured according to their energy intensity and 
forecasted energy costs and other constraints. This informs the supply with parts, their placement in the line and the 
selection of the particular PLC and robot routines. 
Figure 2 illustrates the component-level and layered communication hierarchy of the flexible assembly line. 
For the actual implementation the planning/optimisation can be run at the edge data collection interface between the 
local system and the cloud infrastructure providers, either private such as Siemens Mindsphere, or public, such as 
Microsoft Azure. Depending on the computational and real-time requirements, a dedicated Siemens Nanobox IPC or a 
low cost embedded development board (Raspberry Pi) can be used. Planning decisions are then pushed downstream 
towards the local control layer. 
 

 
Figure 2 Planning Layer for Flexible Assembly Line - Conceptual Diagram 
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3 Impact [~ 1 page] 
3.1 Business Impacts 

• What are the business impacts of automating/optimizing the decisions?  
 
In a time of increasing energy costs and high energy supply variability, increased energy awareness is becoming a key 
competitive factor in the manufacturing sector. 
Implementing the optimized planning routines will both reduce the overall energy consumption, assure peak power 
shaving, and correlate the production process (where possible) with energy supply contracts. This will reduce or 
maintain the share of the energy costs in the final product cost and will thus assure market competitiveness. 
Energy awareness can also reflect positively on the business image and bottom line, through current environmental, 
social and governance (ESG) requirements. 
 

• How does the quality measure defined in the previous section map to the business? E.g.: 
o by automating the picking from shelves, we can reduce the operational costs by … 
o by optimizing the management of agricultural practices, we can reduce soil compaction that is bad 

because…) 
 
Optimizing the product-level and batch-level planning, by including energy specific optimisation constraints, we can 
lower the energy costs associated to the operational expenses of the manufacturing process. The software 
implementation is easily scalabile to multiple manufacturing lines and can be deployed on commodity edge hardware 
with limited costs. 
 

• How do you define a satisfactory measurement from the business perspective? (e.g., we aim at reducing soil 
compaction by 10% because…) 

 
From a business perspective, a satisfactory outcome of the planning/optimization layer implementation for the flexible 
assembly line system would yield a 15% reduction in energy consumption compared to a well-defined baseline (no 
optimization/planning). 
 

3.2 Other Impacts 
• Is there any other impact besides business? E.g. environmental, societal… 

 
The environmental benefits of the use case stem from lower energy consumption which reduces the need for increased 
generation capacity at the grid level for assuring peak power consumption (usually from fossil fuels) and less waste by 
anticipating product defects and line maintenance failures. 
Social impact is related to increase the required skills and pay of manufacturing operators and engineers to understand 
the planning and optimisation module and subsequently parametrise the solution in changing manufacturing 
conditions. 

4 Measures of Success [˜1 page] 
Describe how, concretely, one can measure the success of a planning integration in this use-case. 

• KPIs: what are key indicators and their thresholds? 
 
Main KPI is the overall energy consumption reduction of the five-stage manufacturing process for similar production 
batches (15%). Secondary KPIs relate to the individual product energy consumption reduction (10-15%) across 
multiple production runs and the workstation level energy consumption reduction (as the workstations might be 
rearranged in various configuration 
Deriving from the energy KPIs is a maintenance and early fault detection KPIs where anomalies in the energy data are 
used to anticipate maintenance/repair requirements. This is defined through the costs saved through unplanned 
downtime avoidance. 
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• Expected performance: computational speed, solution quality… 

 
The on-line planning should offer a computationl speed that is adaptive to the sampling period of local control loops. 
Solution quality can be traded-off (inexact solutions) against the hard real-time constraints of the production process 
in some situations. 
The performance of the off-line planning should assure the timely processing of large historical datasets. In this case 
exact solutions are prefered for maximizing the operational efficiency (e.g. number and type of products in a predefined 
energy budget given day-ahead energy market conditions). 
 

• How can one make these measures? 
 
The measures can be calculated both online on real-time streaming data (through fast computation of deviations against 
a reference internal model) and offline once daily data is accumulated at the edge nodes, thereby allowing the update 
of the internal model. 
 


