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State of the art and Project originality

A digital twin in a manufacturing system is a virtual replica of a physical system that can be used to analyze,
monitor, and optimize processes in real-time. These digital models are important in modern smart industries,
helping in terms of production planning and control decisions if they are correctly representing their physical
counterparts. More specifically in operations management digital twin can be used [16] for example for real-
time monitoring, production control or production planning. The digital is a means to organize and merge
past, current and future information on the production system to make the smartest decisions in the
management of operations.

Many challenges occur along the lifecycle of a production system digital twin. Namely, the creation of the
digital twin necessitates skills, data and time. Then, during the operational life of the twin, it has to be fed
with timely consistent and accurate data to be valuable in possible decisions. Lugaresi and Matta [15]
highlights that the ability to take online decisions is strongly based on the assumption that models are
properly aligned with the real system. As a consequence, practical implementations of digital twins remain
scarce due to the challenges of real time alignment. For the digital twin creation, the challenge of data
production remains the same. Halaska and Sperka [17] highlighted how discovery algorithms for digital twin
creation perform better with more extensive event logs when discovering complex models.

Computer vision can aid in the process of Automated Digital Twins Generation and feeding by using cameras
and sensors to capture data about the physical asset's movements, dimensions, and properties.

The complex environment of a factory poses hard computer vision problems that we aim to address in this
work, such as 2D object recognition, 3D volume estimation, integrating information from multiple views,
enriching the vision model with data from logs, and providing a flexible way to adapt the model to new
objects and actions happening in the manufacturing environment.

Object recognition and segmentation are extensively studied tasks in computer vision [1]. Deep learning
architectures ranging from fully convolutional to recent transformers have been pushing the capabilities of
vision recognition systems.

Fusing RGB images with other visual modalities such as 3D data [4], Infrared [3], or thermal [5], can make
models more robust to mistakes [2]. Multiple views can also be considered as multiple modalities [8].

The additional modalities might not be always available at inference time, due to sensor failure or other
malfunction in the computing pipeline. One way to address this problem is to train the model using all
modalities possible, and let it use whatever number of modalities available to make the prediction. This
paradigm is related to learning using privileged information [6, 7].

The ultimate trend of deep learning for computer vision tasks is to leverage foundation models that are pre-
trained on very large vision-language datasets [9,10]. The ability of these models to integrate different types
of information, including tabular data and log information, points to future architectures that exploit the
strengths of both pure vision and language models.

Besides object recognition, the digital twin generation and feeding need to consider humans in the scene. As
pointed by Liu et al. 2021, significant research effort needs to be made on the topic of digital twin for people
in the manufacturing phase. Understanding human actions is usually cast as a video recognition task in the
computer vision literature, using only RGB or other modalities such as depth or even audio [11]. The specific
case of human-object interactions is especially important for our application. Several datasets have been of
great importance in the development of these methods [12][13]. As in the object recognition and
segmentation task, foundation models are starting to play a key role in this area [14].

This project will build on these recent advances in classic computer vision tasks and advance digital twin
generation for smart factories. It will contribute to more precisely consider human behavior in the production
system digital twin. It is also to contribute to developed digital twin feeding technology by focusing on a
unique technology capable of replacing a sensor network and capable of providing high level information
namely on operator’s activity.

The originality of the work this work is to consider computer vision as the major source of data for two
phases of a manufacturing system digital twin: its creation and its real time feeding.
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Scientific or technological challenges

Industrial Engineering scientific challenges: to include operator behavior in the digital twin, to automate the
generation of plant supervision digital twin including operators, to merge computer vision data and workshop
data for digital twin supervision.

Computer vision scientific challenges: object recognition with occlusions, 3D scanning and volume prediction,
motion analysis and action prediction, real-time requirements, to perform anomaly detection for the quality
control module.



Scientific approach and work plan

The scientific approach is based on addressing two technical parts: defining the computer vision algorithms
for the manufacturing system analysis and defining a methodology for the manufacturing system digital twin
creation and exploitation. To guide and validate the proposals, it is decided to define a reference industrial
scenario on which experimenting the algorithms. This scenario will permit to define the reference industrial
situation to analyze with the camera and to illustrate the use of the digital twin to operate the system. Figure
1 illustrates the main phases envisioned for the project. It is to be realized between Grenoble and Lisboa.
Grenoble will held the main experimental site with its platform for real size production system simulation.
Lisboa is the excellence center for computer vision activities.
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WP 3 Computer vision algorithms development

WP 4 Digital Twin creation
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Integration of Computer vision data flow
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Figure 1. Project outline

WP 1. The project will start by giving a complete state of the art on the following point:

e Use of digital in production systems

e Human factor integration in digital twin

e Digital twin creation based on process mining technologies

e Usage of camera based technologies in production systems’ digital twin

e Usage of camera for productive activities identification
The realized state of the art will permit to refine the research questions and identify the promising
technologies to deploy in the digital creation phase.

WP 2. In parallel a test and validation case has to be developed to support and evaluate the project’s technical
development. It is about defining the production scenario we want to cover within the project. The scenario
will be based on the existing experiment environment and test case available at G-SCOP lab. It will be a
production scenario intensively embedding human participation in the production activities. For example, a
hydro-turbine assembly production system is in the finalization phase within the lab. The project
development will be developed and tested in real environments, both in Portugal and in France. In particular,
the facility at Grenoble is fully equipped to test manufacturing systems mixing human and industry 4.0
technologies. The platform available at Grenoble Institute of technology emulates a flexible production
system. It is composed of several equipment that can be integrated with each other: reconfigurable assembly
stations in which human operators are handling the products: Autonomous Mobile Robots for intralogistics
; Cobots ; Real Time Location System ; Automatic Stocker.

The validation and test benches will also be defined by its realization protocol and by gathering a database
of registered experiments. Scenarios demonstrating the value-added by the digital twin guided decision will
have to be defined and tested.

WP 3. A work package will be devoted to the creation of the computer vision algorithm capable of retrieving
the expected data from the shop floor for the digital twin creation and feeding phases. The plan is as follows:
to define the highest priority data to obtain (ex: recognition of human activity, stock levels, parts paths, etc.)



; define the data retrieving techniques ; implementation of the retrieving algorithms (coding, training data
pipeline, deploying, real-time monitoring); conduct individual validation tests.

WP 4. A work package will be devoted to the creation of the digital twin based on discrete event simulation
techniques. It will also focus on the integration of the data retrieving services (camera-based factory analysis)
in a digital twin feeding process. The appropriate data pipelines, dashboards and visualizations will be
developed and served using cloud services. The digital twin can also be complemented using a unifying view
using 3D maps and CAD models of the factory floor. Hence, a step of this project involves collecting visual
data, namely 3D maps using mono or stereo vision systems, and CAD models obtained from Al models that
use the acquired 3D point clouds. The work package will address the discrete event simulation model
development that will be used to analyze the possible future state of the production system. An integration
phase between this model and the real-time data retrieved from the camera-based analysis will be developed
to provide the simulation model with real-time accurate data. The raw data from the camera analysis will be
also used for the first model creation in a fashion mimic process mining technology, showing the ability to
generate important parts of the digital twin.

Results and deliverables

The output of this work is an application for automated digital twin generation in real-life manufacturing
scenarios, given as input a set of camera feeds and information logs. The system has to be flexible to adapt
to new situations, which means a configurable continued training process of the deep learning models,
reducing the time and cost of constructing a digital twin. Furthermore, it has to operate in real-time.

The setup validation scenario will also be considered as testbenches that can be made available to the
scientific community.

Taken independently we can list the following technical and scientific results:
e computer vision-based algorithms for factory activities monitoring including humans’ activities
analysis
e adigital twin architecture to merge production logs and camera-based data
e amethodology to synchronize discrete event-based production digital twin with camera based real-
time data
¢ a methodology to exploit camera-based factory analysis to generate production system digital twin.

International positioning of the project; Current status of the
international collaboration and its strengthening

This project is the result of an application to the Unite! PhD Fellowship Call between Faculty of Sciences at
University of Lisbon and Université Grenoble Alpes.

The Unite! - University Network for Innovation, Technology and Engineering - is one of the 17 European
Universities pilots that were granted funding by the European Commission. This alliance is composed of nine
universities and promotes collaboration towards a trans-European Campus.

This project is a step towards the realization of the Unite! goals of a more trans-regional network for open
innovation and entrepreneurship.

Currently a joint master’s program in Industry 4.0 is under development within Unite!, in which University of
Lisbon and Grenoble INP/UGA are partners (together with TU Darmstadt, Polito and UPC). For the success of
this joint master’s program, the professors from all participating partners should also get to know each other
and collaborate in research. This will generate further collaboration opportunities and proposals of joint
research topics within this master’s program. We believe that our research project will provide a valuable
example for future joint collaborations among the professors who are providing input to this Master’s
program.



This project is an important opportunity to bring together the competencies of Lisbon team on
complex computer-vision analysis and the expertise of Grenoble team in industrial operation
management. It creates a synergy between two scientific specialties to advance the state of
practices in Digital Twin creation and operation. The project will be the opportunity to bring new
project for example within the frame of the EU funded EIT Manufacturing calls. Indeed, the
produced demonstrator of the project will be a strong basis to respond to EIT manufacturing
innovation calls. Both Grenoble INP and University of Lisboa belong to this EIT.



