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Include a short introduction for the document, listing as titles the testbeds that will be described in the document and from which organization.

[bookmark: _Toc215043383][bookmark: _Toc215867663][bookmark: _Toc216434941]CircuBot
	TestBed title
	Provide illustrative names that may include core DeepTech and/or possible application
CircuBot – AI-Powered Modular Collaborative Robotic System for Object Sorting


[bookmark: _Toc215043384][bookmark: _Toc215867664]
[bookmark: _Toc216434942]Short summary
	Please provide a short summary of what the TestBed offers, its key technology focus, and relevance to DeepTech or Industry 5.0 applications. (approximately 150 words)
CircuBot is a modular collaborative robotics TestBed designed to support experimentation, validation, and deployment of advanced waste-sorting technologies. It integrates collaborative robots, AI-driven computer vision, soft adaptive gripping, and cloud-based data analytics to enable safe, flexible, and efficient separation of recyclable materials such as PET bottles, metal cans, and small electronic components.
The TestBed provides a controlled yet realistic industrial environment for testing circular economy solutions under real-world conditions, supporting Technology Readiness Levels (TRL) 3–8. CircuBot enables rapid Proof-of-Concept validation and performance assessment for DeepTech innovations in robotics and artificial intelligence.
Aligned with Industry 5.0 principles, CircuBot emphasizes human-centric automation, environmental sustainability, and resilient manufacturing by improving worker safety, enhancing material recovery, and enabling data-driven process optimization. Within the CITADELS framework, the TestBed offers accessible infrastructure for research organizations, SMEs, and industry stakeholders to develop and validate intelligent, sustainable automation solutions.

	Principal Investigator Name
	Prof. dr Kosta Jovanović

	Position / institutional role
	Associate Professor

	Email
	kostaj@eft.rs

	Phone No.
	/

	ORCID persistent identifier (PID)
	0000-0002-9029-4465

	TestBed Responsible Name (if different from PI)
	/

	Funding source(s) for TestBed’s acquisition
	Science Fund of Republic of Serbia – Green Program for Science and Industry Cooperation

	Relevant Keywords
	Modular collaborative robotic system, Intelligent waste-sorting automation, Human–robot collaborative platform


[bookmark: _Toc215867665]
[bookmark: _Toc216434943]Hosting Institution
Please provide institutional details of the location of the TestBed. 
	Name of Host Organization
	University of Belgrade – School of Electrical Engineering (ETF)

	Department or Lab 
	Department of Signals and Systems, ETF Robotics lab

	Name of Building
	Palace of Science

	Physical Address 
	Kralja Milana 11, 11000 Beograd, Serbia

	Website Links
	https://circubot.etf.rs
https://robot.etf.bg.ac.rs
http://etf.bg.ac.rs

	Institutional contact name
	Prof. dr Kosta Jovanović 

	Institutional contact email
	kostaj@etf.rs


[bookmark: _Toc215867666]

[bookmark: _Toc216434944]Photos/videos
Main photo: Please embed the most illustrative photo of your testbed.
	[image: ]
 
Video Link: CircuBot – AI-Powered Smart Waste Management


You may add additional photos and/or video links related to the TestBed (links to external providers, i.e. google photos, Flickr, YouTube, Vimeo, are acceptable)

[bookmark: _Toc215043385][bookmark: _Toc215867667][bookmark: _Toc216434945]DeepTech Area and Application Domain
Check the main technology fields covered by your TestBed: 
	DeepTech Area
	Check all that apply

	Extended Reality
	· 

	Robotics
	· 

	Artificial Intelligence
	· 

	Human Machine Interfaces
	· 

	Biotechnology
	· 

	Other
	· 


Provide short explanation of how this area is covered: 
i.e. the TestBed covers the XR domain because it consists of a VR application that runs on the Meta Quest headset and aims to support the operator perform training activities in the manufacturing. (no more then 150 words)
Collaborative Robotics: The testbed utilizes the Neura Robotics MAiRA M, a 7-degree-of-freedom cognitive cobot with 0.01mm repeatability, 1400mm reach, and 12kg payload capacity. The robot features integrated sensors for 3D vision, audio, and force-torque feedback, enabling safe human-robot collaboration.
Artificial Intelligence and Computer Vision: AI-powered deep learning models perform real-time waste detection, classification and damage estimation using segmentation pipelines (e.g., Segment Anything Model) combined with RGB-D perception from Intel RealSense D435 depth cameras. The system processes 3D spatial data for object localization and manipulation planning.
Smart Manufacturing and Industry 5.0: The testbed demonstrates human-centered automation through task allocation logic that coordinates collaborative workflows, cloud-based IoT integration for real-time monitoring (e.g. wearing protective equipment, ergonomic scores) and predictive analytics, and digital transformation of traditionally manual industrial processes.
Soft Robotics: The SoftGripping Construction Kit provides pneumatic soft actuators capable of adaptively grasping irregular, fragile, and variable-geometry waste items, ensuring gentle handling while maintaining reliability.


Check the main application domains that apply to your TestBed: 
	Application Domain
	Check all that apply

	Manufacturing
[image: A blue and purple circle with a building
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	· 

	Healthcare
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	· 

	Logistics
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	· 

	Agriculture
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	· 

	Maintenance & inspection
[image: A white outline of a wrench holding a gear
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	· 

	Other
	· 


[bookmark: _Toc215043386][bookmark: _Toc215867668][bookmark: _Toc216434946]
Potential Stakeholders and Exploitation Scenarios
Choose the potential target audience of your TestBed: 
	Non-academic stakeholders

	Industrial Partners
	Pilot deployment and validation studies of robotic sorting, handling, and collaborative operation scenarios under real industrial conditions.

	SMEs 
	Testing and prototyping of robotic subsystems, perception algorithms, and circular-economy solutions with reduced development cost and risk.

	Startups
	Rapid validation of innovative robotics and AI concepts related to waste sorting, automation, and sustainability, supporting product development and market readiness.

	Government Bodies
	Evaluation of technological solutions supporting waste management strategies

	Professional Associations
	Dissemination of best practices, technical guidelines, and standards related to collaborative robotics and sustainable waste management.

	Community
	Benefiting from improved recycling infrastructure, increased efficiency of waste processing, and reduced landfill waste, contributing to environmental sustainability.

	Others 1 (comma-separated)
	Environmental NGOs, Waste management authorities, Technology transfer offices

	Academic stakeholders

	Undergraduate students
	Hands-on training in robotics, computer vision, and automation through laboratory exercises, project-based learning, and introductory research activities.

	MSc students
	Development and validation of advanced algorithms and system components within master theses focused on robotics, AI, and circular economy applications.

	PhD students
	Long-term experimental research on collaborative robotics, perception, control, and human–robot interaction.

	Researchers
	Experimental validation of scientific hypotheses, development of new methods, publication of research results, and participation in national and international research projects.

	Others 2 (comma-separated)
	Visiting researchers, Postdoctoral fellows, Academic collaborators

	Other types of stakeholders

	Others 3 (comma-separated)
	European research partners, Standardization bodies, Funding agencies


*Add as many fields as you see fit
Define the type of exploitation that is available for the testbed.
	
	Check all that apply
	Short notes (optional)

	Internal academic research only
	· 
	

	Collaborative research with external academic partners
	· 
	

	Contract research / Proof-of-Concept for industry
	· 
	

	Pilot / DeepTech Deployment in operational environment
	· 
	

	Training services (courses, workshops, certification)
	· 
	

	Service provision (testing, benchmarking, validation)
	· 
	

	Open access for walk-in users (e.g. open days / hackathons)
	· 
	

	Other (specify): _____________________________________________
	· 
	


[bookmark: _Toc215043388][bookmark: _Toc215867669][bookmark: _Toc216434947]
Formal Access Conditions
Define the type of contractual relationship that needs to exist between the TestBed provider (legal entity) and the TestBed user (legal entity), before someone can work on it.
	Type of partner asking for access
	Type of contractual relationship
	Check all that apply

	Academic partners
	No contract (direct access)
	· 

	
	Direct contract between parties (e.g., research agreement)
	· 

	
	Indirect contract between parties (e.g., project framework)
	· 

	
	Other / Describe
	· 

	Industrial
	No contract (direct access)
	· 

	
	Direct contract between parties (e.g., research agreement)
	· 

	
	Indirect contract between parties (e.g., project framework)
	· 

	
	Other / Describe
	· 


Define additional prerequisites agreements that an individual user needs to meet before accessing the TestBed and working on it.
	Type of prerequisites
	Description of prerequisites
	Check all that apply

	Agreements
	Confidentiality agreement for proprietary algorithms
	· 

	
	Data sharing agreement for datasets generated
	· 

	
	IP agreements
	· 

	
	Other / Describe
	· 

	Insurance
	Users must have appropriate liability coverage through their home institution
	· 

	
	Other / Describe
	· 


[bookmark: _Toc215867670][bookmark: _Toc216434948]
Training and Safety
Also define the training and safety preconditions that fits for accessing and working with the TestBed. 
	Mandatory technical training (comma-separated)
	ROS2 Fundamentals, OpenCV Fundamentals 

	Recommended technical training (comma-separated)
	Advanced OpenCV, Robot Perception Fundamentals, 3D Vision & Point Cloud Processing, Camera Calibration & Sensor Fusion

	Mandatory safety requirements (comma-separated)
	Safety certification for collaborative robot operations, Laboratory safety protocols


[bookmark: _Toc215043389][bookmark: _Toc215867671][bookmark: _Toc216434949]
Technical description
Provide details on the technical components of the TestBed.
· Hardware – list all physical equipment available in this TestBed (e.g., robots, machines, sensors, actuators, computing and network equipment, measurement devices, safety systems).
· Software needed to run the TestBed – list all software components required to run and develop on this TestBed (e.g., OS, drivers, middleware, frameworks, libraries and tools).
· Standards that apply – list all standards and regulations that are relevant for the safe and compliant operation of this TestBed (e.g., ISO, IEC, EN, IEEE, national standards). 
Refer to the technical specs of this equipment and the relevant standards that should be followed.
	Hardware
(provide list of hardware components with their brief descriptions)
	Intel RealSense D455 stereo depth camera: 95 mm stereo baseline | RGB-D up to 1280×720 @ 90 fps | ≈87°×58° depth FOV | 0.4-6 m usable range | <2 % D-error @ 4 m

	
	MAiRA M pro collaborative robot | 7 degrees of freedom | Reach: 1400 mm | Payload: 15 kg | Repeatability: 0,01 mm

	
	Soft Gripping Construction Kit: Modular pneumatic gripper system with compliant soft fingers. | Configurations: 2-finger parallel, 3-finger centric, 4-finger parallel, 6-finger centric grippers.

	
	Trasing S4000 Tabletop Conveyor: Modular lamellar-chain system supporting up to 50kg items

	
	PC Workstation: CPU 8 cores / 16 threads | CPU Clock 4.2 GHz base | 32 GB DDR5 RAM | CUDA-compatible GPU 12 GB VRAM)

	Software needed to run the TestBed
(provide list of 
	Ubuntu 24.04.3 LTS – Operating System

	
	ROS 2 – Middleware

	
	Python 3 stack: NumPy | OpenCV | PyTorch | NeuraPy API SDK

	Standards that apply
(provide list of standards that apply with their short descriptions)
	ISO/TS 15066 – Collaborative robot operations

	
	ISO 10218-1/2 – Robot safety

	
	ISO 14001 – Principles for waste management research alignment

	
	IEC 61131-2 – Digital I/O specifications

	
	IEC 60204-1 – Electrical equipment of machines 


[bookmark: _Toc215043391][bookmark: _Toc215867672][bookmark: _Toc216434950] 
Existing Software Assets (i.e. in GitHub)
Software already built using this TestBed (demos, PoCs, deployment code, services, scripts, APIs, etc.). This will help the TestBed user and any other interested party gain background knowledge required to use the TestBed efficiently.
	Link:
	Short description:

	/
	/

	/
	/


[bookmark: _Toc215043392][bookmark: _Toc215867673][bookmark: _Toc216434951] 
TestBed documentation
Documentation in the form of technical documentation, teaching materials, publications, datasets. Similar to the above, optionally, refer if there are available technical specifications, teaching materials, publications, datasets available on Zenodo or in institutional repositories, related to the data used/generated by the TestBed.
	Type
	Short description:
	Name and source (link):

	Dataset
	EEG and video + depth (RGB-D) measurements of cooking experiments
	 https://zenodo.org/uploads/15026783

	Scientific article
	A Neuroergonomic Workstation for a Human-Centered, Collaborative Robot-Supported Manual Assembly Process
	https://ieeexplore.ieee.org/abstract/document/10767726

	Technical documentation
	MAiRA robot datasheet
	https://robodk.com/robot/Neura/MAiRA-Pro-M


[bookmark: _Toc215043394][bookmark: _Toc215867674][bookmark: _Toc216434952]
Application cases
Describe typical use cases and example experiments that make use of your TestBed. Show how the TestBed has been (or can be) applied in Proof-of-Concept or DeepTech Deployment actions to support the secondment activities, preferably with visuals or case summaries from past or current projects. Also, optionally, you may describe, beyond the actions, how your TestBed contributes to educational, research and innovation activities in your organization, i.e. if it is used in teaching and/or student projects, support SMEs, startups and/or spin-offs etc. You may describe previous application cases. Add as many inputs (rows) as needed.
	Application case:
	Short description:

	Automated industrial sorting (robot control & manipulation)
	Fully autonomous robotic sorting of waste on a conveyor belt. AI-based vision performs real-time object detection and classification, while motion planning generates efficient pick-and-place or pick-and-toss actions using a soft robotic gripper adaptable to irregular shapes.

	Collaborative human–robot sorting (real-time object detection & task allocation)
	Shared human–robot workspace enabling safe collaboration during sorting tasks. Real-time perception and safety monitoring support dynamic task allocation, with robots handling repetitive items and humans managing complex or uncertain objects.

	Sorting strategy design and optimization
	Experimental evaluation and optimization of sorting strategies, including conveyor speed, grasping methods, and robotic cell layouts, using performance metrics such as throughput, accuracy, purity rate, and cycle time.

	AI model training, validation, and benchmarking
	Training and benchmarking of machine-learning models for waste classification under realistic conditions, including variable lighting, occlusions, cluttered scenes, and mixed-material streams.

	Education, research, and innovation support
	Use of the CircuBot testbed for student projects, academic research, professional training, and proof-of-concept demonstrations for SMEs and startups, supporting technology transfer and skill development.


Include information on the TRL range of possible TestBed applications as well as the related standards and safety certifications.
	Possible TRL application range
	TRL4
	· 

	
	TRL5
	· 

	
	TRL6
	· 

	
	TRL7
	· 

	
	TRL8
	· 


[bookmark: _Toc215043396][bookmark: _Toc215867675][bookmark: _Toc216434953] 
Funding source
Include all relevant funding sources, links to past projects, related to the creation of the TestBed and related materials. Add as many inputs (rows) as needed.
	Funding source acknowledgements

	The creation of this TestBed was supported by The Science Fund of Republic Serbia, Grant #6784, Green Program for Science and Industry Cooperation – CircuBot.


[bookmark: _Toc215043400][bookmark: _Toc215867676][bookmark: _Toc216434954] 
Ethical and societal aspects
Describe how your TestBed’s value is connected to broader societal challenges. For example, describe concrete societal benefits to non-technical audiences by explaining how your TestBed contributes to accident prevention at work, ergonomics, or human–robot task allocation. Also, describe any ethical or legal issues such as data collection or AI-related aspects referring to the respective regulation such as DPIA alignment, GDPR measures, AI Act, user consent measures etc. Add as many inputs (rows) as needed.
	Ethical and societal aspect:
	Short description:

	Improved worker safety
	The CircuBot TestBed enables collaborative robotic sorting and handling tasks, where robots and humans share the workspace. Task allocation between robots and human operators is dynamically adapted based on object properties and safety constraints, reducing direct human exposure to hazardous, heavy, or sharp materials and lowering the risk of workplace accidents.

	Improved environmental impact – waste sorting
	The primary use case of the CircuBot testbed is automated waste sorting. The developed software components enable classification and handling of different waste streams (e.g., plastics, PET bottles, composite packaging), improving recycling efficiency and supporting circular economy practices. 

	GDPR compliance and data Protection
	Any research activities involving human participants (e.g., ergonomic studies or human–robot interaction experiments) will comply with GDPR requirements. Data collection will be minimized, based on explicit informed consent, anonymized or pseudonymized where applicable, and securely stored in accordance with institutional data protection policies.

	Environmental responsibility and sustainability
	Research outcomes contribute to reducing landfill waste and improving resource efficiency, in line with EU Directive 2018/850 and broader sustainability goals. The testbed supports the development of technologies that promote responsible waste management and reduced environmental footprint.

	Worker-centric and human-centered design
	The CircuBot testbed follows a human-centered design approach, prioritizing ergonomics, usability, and operator well-being. Collaborative robotic solutions are designed to support workers rather than replace them, reducing physical strain and improving working conditions in sorting and handling tasks.

	Ethical AI and transparency
	AI-based perception and decision-making components are developed with transparency, robustness, and traceability in mind. The system avoids opaque decision-making where possible and allows human oversight, supporting alignment with emerging EU AI Act principles for trustworthy AI.

	Intellectual property and confidentiality
	Clear agreements define foreground and background intellectual property rights among project partners. Confidential data from industrial or institutional stakeholders is handled according to agreed confidentiality and data-sharing policies.







[bookmark: _Toc160461322][bookmark: _Toc160462061][bookmark: _Toc160462174][bookmark: _Toc216434955]TestBed 2 Title
	TestBed title
	Provide illustrative names that may include core DeepTech and/or possible application
Neuroergonomic Cobot-Assisted Manual Assembly Workstation



[bookmark: _Toc216434956]Short summary
	Please provide a short summary of what the TestBed offers, its key technology focus, and relevance to DeepTech or Industry 5.0 applications. (approximately 150 words)
A modular neuroergonomic workstation for human-centered, collaborative manual assembly. The setup combines portable EEG-based mental workload assessment (BrainWatch), a nonintrusive hand-gesture interface (Leap Motion–based M2O2P-L), an adaptive graphical instruction system (ADIN), and a collaborative robot assistant (Franka Emika Panda) that delivers the right parts at the right time. All modules are integrated through FIWARE middleware (Orion Context Broker) and can be extended with a smart task scheduler for workload-aware task allocation. The concept was validated as a proof-of-concept in a real factory environment for assembly of fiscal devices, showing fewer errors and lower mental demand with cobot-supported assembly, while maintaining comparable cycle times. The workstation is designed for easy deployment and reconfiguration across assembly variants, supporting onboarding of new workers and improving well-being and productivity in Industry 5.0 contexts.


	Principal Investigator Name
	dr Nikola Knežević

	Position / institutional role
	Assistant Professor

	Email
	knezevic@etf.rs

	Phone No.
	/

	ORCID persistent identifier (PID)
	0000-0002-0262-8956

	TestBed Responsible Name (if different from PI)
	/

	Funding source(s) for TestBed’s acquisition
	EU Horizon 2020 (SHOP4CF, Grant 873087) 

	Relevant Keywords
	Industry 5.0; neuroergonomics; EEG; mental workload; human–robot collaboration; manual assembly; FIWARE; adaptive HMI; gesture recognition; task scheduling



[bookmark: _Toc216434957]Hosting Institution
Please provide institutional details of the location of the TestBed. 
	Name of Host Organization
	University of Belgrade – School of Electrical Engineering (ETF)

	Department or Lab 
	Department of Signals and Systems, ETF Robotics lab

	Name of Building
	Palace of Science

	Physical Address 
	Kralja Milana 11, 11000 Beograd, Serbia

	Website Links
	https://robot.etf.bg.ac.rs
http://etf.bg.ac.rs

	Institutional contact name
	Prof. dr Kosta Jovanović

	Institutional contact email
	kostaj@etf.rs


[bookmark: _Toc216434958]
Photos/videos
Main photo: Please embed the most illustrative photo of your testbed.
	[image: ]Experimental setup of the assisted assembly line with the example of one assembly task. 1 – BrainWatch module interpreting brain activity indicators, 2 – Smartphones used to acquire EEG signals for BrainWatch module, 3 – ADIN module used to display instructions, 4 – Collaborative robot passing necessary components to the worker, 5 – Leap Motion sensor that supports interaction with the system using M2O2P-L module. Task 1 - Place the motherboard on the plastic cover. Task 2 - Assemble the front cover of the fiscal device. Task 3 - Screw the motherboard to the fiscal device. Task 4 - Assemble the thermal printer. Task 5 - Connect the GSM module to the motherboard. Task 6 - Assemble the top and bottom parts of the fiscal device.

Videos:
https://www.youtube.com/watch?v=PCnx6Xcknqo
https://www.youtube.com/watch?v=w7F1bNlHWi0


You may add additional photos and/or video links related to the TestBed (links to external providers, i.e. google photos, Flickr, YouTube, Vimeo, are acceptable)

[bookmark: _Toc216434959]DeepTech Area and Application Domain
Check the main technology fields covered by your TestBed: 
	DeepTech Area
	Check all that apply

	Extended Reality
	· 

	Robotics
	· 

	Artificial Intelligence
	· 

	Human Machine Interfaces
	· 

	Biotechnology
	· 

	Other
	· Industrial IoT


Provide short explanation of how this area is covered: 
The TestBed covers the Extended Reality (XR) domain through adaptive visual instructions delivered to the operator as context-aware guidance during assembly, supporting human-centered task execution and training-like assistance. It covers Robotics by integrating collaborative robots that handle component delivery and provide ergonomic physical support to reduce operator strain. It covers Artificial Intelligence / Machine Learning via CNN-based hand-gesture recognition for natural interaction and EEG-based real-time workload estimation to adapt the workflow to the operator’s cognitive state. It covers Human–Machine Interface (HMI) through the combined gesture-based interaction and adaptive instruction interface, enabling intuitive, closed-loop collaboration. Finally, it covers Industrial IoT because all modules interoperate through FIWARE middleware, providing standardized connectivity and scalable deployment in Industry 5.0 settings.
i.e. the TestBed covers the XR domain because it consists of a VR application that runs on the Meta Quest headset and aims to support the operator perform training activities in the manufacturing. (no more then 150 words)






Check the main application domains that apply to your TestBed: 
	Application Domain
	Check all that apply

	Manufacturing
[image: A blue and purple circle with a building
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	· 

	Healthcare
[image: A blue and white circle with a dna strand
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	· 

	Logistics
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	· 

	Agriculture
[image: A logo of a plant
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	· 

	Maintenance & inspection
[image: A white outline of a wrench holding a gear
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	· 

	Other
	· Worker well-being / ergonomics (Industry 5.0)


[bookmark: _Toc216434960]
Potential Stakeholders and Exploitation Scenarios
Choose the potential target audience of your TestBed: 
	Non-academic stakeholders

	Industrial Partners
	X	Comment by Никола Кнежевић: Put checkbox here

	SMEs 
	X

	Startups
	X

	Government Bodies
	

	Professional Associations
	X

	Community
	

	Others 1 (comma-separated)
	Factory operators; production managers; HSE/OSH officers	Comment by Никола Кнежевић: Other is for additional comments 

	Academic stakeholders

	Undergraduate students
	X

	MSc students
	X

	PhD students
	X

	Researchers
	X

	Others 2 (comma-separated)
	Human factors/ergonomics students; industrial engineering students

	Other types of stakeholders

	Others 3 (comma-separated)
	Ethics committees; data protection officers


*Add as many fields as you see fit
Define the type of exploitation that is available for the testbed.
	
	Check all that apply
	Short notes (optional)

	Internal academic research only	Comment by Никола Кнежевић: Remove only 
	· 
	

	Collaborative research with external academic partners
	· 
	Neuroergonomics + HRC studies; joint publications

	Contract research / Proof-of-Concept for industry
	· 
	Rapid piloting in factories for targeted assembly processes

	Pilot / DeepTech Deployment in operational environment
	· 
	On-site workstation deployment and customization

	Training services (courses, workshops, certification)
	· 
	Hands-on training on XR cobot-assisted assembly and neuroergonomic sensing


	Service provision (testing, benchmarking, validation)
	· 
	Evaluate workload, usability, and error rates for new HMIs/robot behaviors

	Open access for walk-in users (e.g. open days / hackathons)
	· 
	Demonstrations / open lab days

	Other (specify): _____________________________________________
	· 
	


[bookmark: _Toc216434961]
Formal Access Conditions
Define the type of contractual relationship that needs to exist between the TestBed provider (legal entity) and the TestBed user (legal entity), before someone can work on it.
	Type of partner asking for access
	Type of contractual relationship
	Check all that apply

	Academic partners
	No contract (direct access)
	· 

	
	Direct contract between parties (e.g., research agreement)
	· 

	
	Indirect contract between parties (e.g., project framework)
	· 

	
	Other / Describe
	· 

	Industrial
	No contract (direct access)
	· 

	
	Direct contract between parties (e.g., research agreement)
	· 

	
	Indirect contract between parties (e.g., project framework)
	· 

	
	Other / Describe: Project / NDA-based access for pilots
	· 


Define additional prerequisites agreements that an individual user needs to meet before accessing the TestBed and working on it.
	Type of prerequisites
	Description of prerequisites
	Check all that apply

	Agreements
	Confidentiality agreement for proprietary algorithms
	· 

	
	Data sharing agreement for datasets generated
	· 

	
	IP agreements
	· 

	
	Other / Describe: Informed consent for human-subject measurements; ethical approval for studies
	· 

	Insurance
	Users must have appropriate liability coverage through their home institution
	· 

	
	Other / Describe: On-site safety induction / visitor policy at factory or lab
	· 


[bookmark: _Toc216434962]
Training and Safety
Also define the training and safety preconditions that fits for accessing and working with the TestBed. 
	Mandatory technical training (comma-separated)
	ROS1 Fundamentals, MoveIT, Python, Data handling & privacy briefing for EEG data

	Recommended technical training (comma-separated)
	FIWARE/Orion Context Broker basics; Machine learning basics (CNNs); EEG/BCI fundamentals; Industrial ergonomics / human factors

	Mandatory safety requirements (comma-separated)
	Risk assessment briefing; Emergency stop & safe zones; PPE as required (e.g., safety glasses); Compliance with collaborative robot safety guidelines (ISO 10218, ISO/TS 15066)
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Technical description
Provide details on the technical components of the TestBed.
· Hardware – list all physical equipment available in this TestBed (e.g., robots, machines, sensors, actuators, computing and network equipment, measurement devices, safety systems).
· Software needed to run the TestBed – list all software components required to run and develop on this TestBed (e.g., OS, drivers, middleware, frameworks, libraries and tools).
· Standards that apply – list all standards and regulations that are relevant for the safe and compliant operation of this TestBed (e.g., ISO, IEC, EN, IEEE, national standards). 
Refer to the technical specs of this equipment and the relevant standards that should be followed.
	Hardware
(provide list of hardware components with their brief descriptions)
	Franka Emika Panda collaborative robot | 7 degrees of freedom | Reach: 800 mm | Payload: 4 kg | Repeatability: 0,01 mm)

	
	HTC Vive Focus Vision headset: Auto-IPD 57–72 mm (stereo camera baseline not publicly specified) | 2× 16MP stereo full-colour passthrough cameras (RGB resolution/FPS not specified) | Depth sensor present (depth FOV not specified) | Range / depth accuracy not specified in HTC’s published specs

	
	PC Workstation: CPU 8 cores / 16 threads | CPU Clock 4.2 GHz base | 32 GB DDR5 RAM | CUDA-compatible GPU 12 GB VRAM

	
	Leap motion sensor: Stereo IR (2× 640×240 IR cameras) @ 120 fps | ≈150°×120° tracking FOV | ~25–600 mm effective tracking range (can extend to ~60–80 cm depending on conditions / “arm’s length” use) | Stereo baseline not publicly specified

	Software needed to run the TestBed
	ROS1

	
	Ubuntu 22

	
	Python 3 stack: NumPy | OpenCV | PyTorch | 

	
	Unity 

	Standards that apply
	ISO/TS 15066:2016 Robots and robotic devices – Collaborative robots

	
	ISO 12100:2010 Risk assessment and risk reduction



[bookmark: _Toc216434964] 
Existing Software Assets (i.e. in GitHub)
Software already built using this TestBed (demos, PoCs, deployment code, services, scripts, APIs, etc.). This will help the TestBed user and any other interested party gain background knowledge required to use the TestBed efficiently.
	Link:
	Short description:

	https://github.com/etfrobotics/Franka_API_ETF
	API for controlling the Franka-Emika Panda Robot

	https://ramp.eu/#/component/6491a34c-221e-4c0a-84f1-a71ab09294d9 
	ADIN generates user interfaces depending on the user's profile and adaptability features information.

	https://ramp.eu/#/component/2bc9443a-fa9d-4ab9-a822-65681754b8c7
	Component use MBrainTrain EEG headset for estimating worker's workload.

	https://ramp.eu/#/component/f642a89a-08b4-458d-be98-33f0fa613a92 
	Hand gesture recognition system using Leap Motion sensor.
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TestBed documentation
Documentation in the form of technical documentation, teaching materials, publications, datasets. Similar to the above, optionally, refer if there are available technical specifications, teaching materials, publications, datasets available on Zenodo or in institutional repositories, related to the data used/generated by the TestBed.
	Type
	Short description:
	Name and source (link):

	Dataset
	Hand-gesture image dataset (4 gesture classes, 5,000 images each) created for training/validating the M2O2P-L classifier 
	N/A (available on request for research collaboration)

	Scientific article
	A Neuroergonomic Workstation for a Human-Centered, Collaborative Robot-Supported Manual Assembly Process
	https://ieeexplore.ieee.org/abstract/document/10767726

	Technical documentation
	MAiRA robot datasheet
	https://robodk.com/robot/Neura/MAiRA-Pro-M



[bookmark: _Toc216434966] Application cases
Describe typical use cases and example experiments that make use of your TestBed. Show how the TestBed has been (or can be) applied in Proof-of-Concept or DeepTech Deployment actions to support the secondment activities, preferably with visuals or case summaries from past or current projects. Also, optionally, you may describe, beyond the aforementioned actions, how your TestBed contributes to educational, research and innovation activities in your organization, i.e. if it is used in teaching and/or student projects, support SMEs, startups and/or spin-offs etc. You may describe previous application cases. Add as many inputs (rows) as needed.
	Application case:
	Short description:

	Application case 1: Cobot-supported manual assembly (component delivery)
	Franka Panda delivers the correct parts in sequence to reduce searching and handling errors; the worker confirms step completion via gesture. Experiments: compare cycle time, picking errors, and reach distance with/without cobot delivery; evaluate ergonomic load reduction when parts are presented in optimal pose/location.

	Application case 2: EEG-based workload monitoring and decision support
	BrainWatch computes TAR/TBR/EI in real time to estimate mental workload and support workload-aware breaks or task (re)allocation. Experiments: induce low/high cognitive load conditions (e.g., time pressure, interruptions), then quantify workload indices vs. performance (errors, completion time) and evaluate adaptive interventions (micro-breaks, task simplification).

	Application case 3: Gesture-based human–machine interaction
	Leap Motion + VGG16 classifier enables hands-free, nonintrusive commands for progressing/rolling back instruction steps. Experiments: measure recognition accuracy/latency under shop-floor conditions (gloves, occlusions, varying illumination); compare gesture control to buttons/voice for speed and user preference.

	Application case 4: Adaptive instruction authoring and visualization
	ADIN shows step-by-step guidance (parts/tools/safety notes) and supports fast creation/editing of new task sequences without SQL expertise. Experiments: evaluate authoring time and instruction quality across expert vs. novice process engineers; assess learning curves and reduction of instruction inconsistencies across variants.

	Application case 5: XR-assisted guidance and training via VR headsets
	The TestBed extends instruction delivery into XR by presenting step-by-step guidance, alerts, and confirmations through a VR/XR headset (e.g., Meta Quest-class device), enabling hands-free, immersive visualization of assembly sequences and safety cues. Experiments: compare conventional screen-based instructions vs. XR presentation on time-to-competency, error rate, and perceived workload; test seamless transitions between “training mode” (immersive walkthrough) and “production mode” (quick overlays/confirmations).


Include information on the TRL range of possible TestBed applications as well as the related standards and safety certifications.
	Possible TRL application range
	TRL4
	· 

	
	TRL5
	· 

	
	TRL6
	· 

	
	TRL7
	· 

	
	TRL8
	· 
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Funding source
Include all relevant funding sources, links to past projects, related to the creation of the TestBed and related materials. Add as many inputs (rows) as needed.
	Funding source acknowledgements

	Development and validation supported by EU Horizon 2020 project SHOP4CF (Smart Human Oriented Platform for Connected Factories), Grant Agreement No. 873087.

	Pilot deployment and industrial validation performed in collaboration with Galeb Electronics (Šabac, Serbia). Additional institutional support provided by University of Belgrade – School of Electrical Engineering.
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Ethical and societal aspects
Describe how your TestBed’s value is connected to broader societal challenges. For example, describe concrete societal benefits to non-technical audiences by explaining how your TestBed contributes to accident prevention at work, ergonomics, or human–robot task allocation. Also, describe any ethical or legal issues such as data collection or AI-related aspects referring to the respective regulation such as DPIA alignment, GDPR measures, AI Act, user consent measures etc. Add as many inputs (rows) as needed.
	Ethical and societal aspect:
	Short description:

	Improved worker well-being and safety
	Reduces mental demand and assembly errors by combining adaptive guidance, ergonomic cobot assistance, and real-time workload monitoring; supports golden-zone workstation design and predictable robot motion.

	Responsible monitoring and privacy of neurodata
	EEG is sensitive personal data: requires informed consent, purpose limitation, secure storage, and access control. Studies should follow GDPR principles and local ethics approval (Declaration of Helsinki alignment).

	Inclusive onboarding and skills development
	Adaptive instructions and intuitive gesture interaction lower the barrier for newcomers/unskilled workers, shortening onboarding time while maintaining product quality.
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Conclusion
Include a short conclusion for the document, providing a summary of the described testbeds
The Neuroergonomic Cobot-Assisted Manual Assembly Workstation demonstrates a practical Industry 5.0 testbed that combines portable EEG-based workload monitoring, gesture-based interaction, adaptive instruction delivery, XR-based visualization (via VR headsets for seamless, hands-free presentation of guidance), and a collaborative robot for just-in-time component delivery. Its FIWARE-based modular integration supports rapid adaptation to new assembly variants and provides a pathway from factory pilots to broader deployments focused on productivity and worker well-being, while XR enables immersive training and in-situ assistance that can shorten onboarding time and reduce errors without interrupting the workflow.
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[bookmark: _Toc160462063][bookmark: _Toc160462176][bookmark: _Toc160461324][bookmark: _Toc216434973]Abbreviations and terminology[footnoteRef:1] [1:  abbreviations are letter combinations which summarise/abbreviate a longer set of words; terminology is not limited to abbreviations, but goes beyond and captures words/terms which are specific to the project and the project context] 


	Abbreviations

	
	

	
	

	
	

	
	

	
	



	Terminology
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Optionally include any information as you see relevant, with a reference in the main body of the documents. This could include other documents or sections such as detailed specifications, maintenance schedules, or risk management plans for complex infrastructures.
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