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D6.2: Roadmap for translating latest hour characterisation 
technologies into ready to market systems that can 
assist carbon-based nanocomposite research 

 

Abstract: In Deliverable 6.1 we have introduced the potential design of a multimodal system envisioned 

to incorporate near-field and far-field optical investigation techniques, alongside scanning probe 

microscopies. The added value of this system with respect to the context of carbon-based 

nanocomposite research, refers to the availability of high complementarity in terms of contrast 

mechanisms, accessible properties of carbonaceous nanomaterials, available investigations scales, and 

in many other regards. While the proposed design was meant to inspire groups working in high-

resolution imaging to devote efforts towards the development of next-generation characterization 

systems and frameworks, that can enable a better understanding of still pending open questions in 

carbon-based nanocomposites research, the team of the Center for Microscopy-Microanalysis and 

Information Processing at the National University of Science and Technology Politehnica Bucharest has 

recently developed a multimodal system that builds on the same philosophy, relying on correlative far-

field and near-field nanoscopy. In this Deliverable we briefly present this development, and then taking 

as reference its specifics, we outline a roadmap for translating latest hour characterisation technologies, 

such as this multimodal system, into ready to market systems that can assist carbon-based 

nanocomposite research 

Credits:  

Text: Dr. Stefan G. Stanciu1  

Figures: Dr. Stefan G. Stanciu1, Dr. Catalin Stoichita2 

Conceptualization: All 

1Center for Microscopy-Microanalysis and Information Processing, National University of Science and 

Technology Politehnica Bucharest, Romania 
2Signet SARL, France 
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1. Case study: the INTELINANO prototype system for correlative far-field, near-field, and 

scanning probe microscopy/nanoscopy developed at the National University of 

Science and Technology Politehnica Bucharest 

  

The teams of the Center for Microscopy-Microanalysis and Information Processing at the National 

University of Science and Technology Politehnica Bucharest, and the Cellular Membrane Dynamics 

Group, at Oslo University Hospital, led by Dr. Stefan G. Stanciu, and Prof. Harald A. Stenmark, 

respectively, have implemented between 2021-2024 the RO-NO-2019-0601 research project entitled 

“Understanding Membrane Dynamics and their Implications for Cancer with Correlative Optical 

Nanoscopy and Artificial Intelligence (MEDYCONAI), in the Norway Grants 2014-2021 funding Program. 

The main motivation behind this project implemented by teams of engineers and life scientists, stand 

in the fact that many tumor cell lines exhibit abnormal karyotypes with numerous structural and 

numerical chromosome aberrations, a condition known as aneuploidy1. While the exact cause of 

aneuploidy is still unclear, growing evidence suggests that unscheduled polyploid cells-cells with more 

than two sets of homologous chromosomes-may serve as intermediaries leading to aneuploidy. These 

polyploid cells can arise through various mechanisms, such as cell fusion, mitotic slippage, failed 

cytokinesis, or the formation of micronuclei due to defective nuclear envelope assembly2. These 

processes are closely linked to other cellular functions involved in cell cycle regulation, such as 

endocytosis and autophagy. However, many aspects of these mechanisms and processes remain poorly 

understood, as key components and properties are not easily accessible through conventional imaging 

techniques. Many other fundamental questions in cell biology, besides those presented above, remain 

unanswered due to the lack of suitable optical characterization methods or efficient strategies for 

integrating current techniques. Moreover, the interaction of therapeutic and diagnostic nanomaterials 

with eukaryotic and prokaryotic cells, is yet to be fully understood, due to the requirement of different 

characterization systems to probe biosamples and advanced materials, that build on different 

architectures and rely on quite distinct contrast mechanisms. Addressing these challenges requires 

innovative imaging and data analysis approaches. 

To address the cell biology challenges outlined above, the MEDYCONAI project endeavoured to 

integrate advanced optical, photonic, and mechatronic technologies with sophisticated machine 

learning methods to develop an innovative multimodal imaging system called INTELINANO. This 

tabletop prototype nanoscope was designed for easy operation, offering flexibility for imaging both the 

structure and chemistry of cells and functional nanomaterials in 2D and 3D. It combines a range of 

complementary imaging techniques that operate in both the far-field and near-field, providing 

unprecedented capabilities for label-based and label-free characterization of cells and functional 

(bio)nanomaterials at micro- and nanoscale resolutions. This technological fusion opens up new 

possibilities for advancing the understanding of cells at the nanoscopic level, but most importantly, also 

their interaction with functional nanomaterials, which represent the backbone of many segments of 

nanomedicine. Importantly, the INTELINANO prototype shares architectural overlap with the 

multimodal system design that we discussed in Deliverbale 6.13 as a potential enabling tool, for carbon 

nanocomposites research, and thus we address it in this case study, in order to highlight key aspects 

such as usefulness, sustainability, and contribution to alleviating social disparities.  
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Figure 1. The INTELINANO prototype system. Schematic diagram (A) and 3D model (B) of the INTELINANO 
multimodal system developed at Politehnica Bucharest, for correlative far-field/near-field/tip-enhanced 
microscopy/nanoscopy. By placing the sample on the stage of an inverted microscope, it can be probed from the 
top by a multimodal module for near-field/tip-enhanced microscopy, and from the bottom by a multimodal module 
for far-field nanoscopy, integrated on an inverted optical microscope C) Photo of the multimodal module for near-
field/tip-enhanced nanoscopy, integrated on top of an inverted optical microscope D) Photo of the far-field module, 
coupled to an inverted optical microscope via its lateral port E) Design concept of the imaging module for 
multimodal module for near-field/tip-enhanced microscopy. F) Design concept of the imaging module for 
multimodal far-field optical microscopies based on laser scanning; (HP: half-wave plate, BE: beam expander, BS: 
beam splitter, NF: notch filter, L: lens, DM: dichroic mirror, F: filter, D: detector). Contrast mechanisms and 
workmodes compatible with the current configuration of the INTELINANO protype: fluorescence intensity and 
lifetime (conventional confocal laser scanning4, pump & probe5, image scanning6, 7, and tip-enhanced fluorescence8 
microscopy), Raman (tip enhanced Raman spectroscopy9, conventional10,  image scanning11, and pump & probe 
Coherent Anti-Stokes Raman Scattering Microscopy, conventional Raman Spectroscopy), Second Harmonic 
Generation (conventional12, image scanning13, pump & probe & tip-enhanced second harmonic generation 
microscopy14), dielectric and absorption contrast (scattering-type scanning near-field optical microscopy15, 
conventional and pump & probe saturated transient absorption16), topographic & mechanical contrast (atomic 
force microscopy17). 

 

When talking about the INTELINANO prototype system, a question naturally arises: For whom 

is this multimodal system useful? The multimodal INTELINANO prototype nanoscope, offering complex 

advantages for imaging the structure and chemistry of biological samples and advanced materials, 

developed in MEDYCONAI, represents a valuable resource for both life and materials scientists. It allows 

cells biologists to probe important cell processes via diverse contrast mechanisms complementary to 

fluorescence, the main workhorse in cell biology, overcoming intrinsic limitations related to 

fluorescence labeling18. It allows materials scientists to probe and resolve important nanomaterial-cell 

interactions, such as internalization routes, therapeutic mode of action, unwanted effects, etc.19-22 The 

open-architecture of the INTELINANO prototype is also a highly useful result for optical & photonic 

engineers, given that it allows easy scaling up with additional workmodes, relying on a highly flexible 

architecture, and being comprised of optical and opto-mechatronic components that can be easily 

repurposed, to test new ideas and implement potential novel workmodes. Such a system represents 

also a valuable resources for scientists working at the interface of life and materials sciences, enabling 

the development of new nanoscale imaging protocols, that add value in the field of theranostic  

nanomaterials, and to enable a new body of knowledge related to nanomaterials – cells interactions. 

Such developments are instrumental to stakeholders in nanomedicine, among others.  
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Another important question to consider, is how does such a complex system contribute to 

research sustainability? In this context, it needs to be emphasized that the sustainability of the 

developed correlative prototype nanoscope, INTELINANO can be evaluated across several dimensions. 

In terms of resource efficiency, it is important to emphasize on multi-functionality, modularity and 

upgradability. By embedding a variety of complementary imaging techniques in a single device not only 

provides unprecedented possibilities for nanoscale imaging, but also reduces the need for multiple 

instruments, saving on material resources and space. INTELINANO was designed with modular 

components that can be easily upgraded or replaced, extending thus the device's lifecycle. It boasts a 

highly flexible architecture, that ensures that the system can be updated with the latest technologies 

and methods without requiring a full overhaul. The ability of the nanoscope to adapt to emerging 

scientific needs and technological advancements ensures its continued relevance and utility, making it 

a long-term investment for the developing team. Sustainability can also be perceived considering 

societal implications. In terms of scientific advancement, by providing advanced imaging capabilities, 

the nanoscope can accelerate scientific discoveries and innovations, particularly in fields like materials 

science, biology, and nanotechnology. In terms of educational value, the nanoscope will serve as a 

valuable educational tool, helping to train the next generation of scientists and engineers.  

An additional aspect to consider is the potential to contribute to alleviating social and economic 

disparities. The novel INTELINANO correlative nanoscope developed in MEDYCONAI, and the 

implemented work on cancer cell imaging and understanding, has the potential to significantly reduce 

social and economic disparities by improving nanomedicine research, enhancing research capabilities 

in under-resourced regions, providing socioeconomic benefits through local economic development 

and improved public health, and contributing to educational advancements. These multifaceted impacts 

can lead to a more equitable and prosperous society. Furthermore, the collaboration between the team 

of the Center for Microscopy – Microanalysis and Information Processing at Politehnica Bucharest in 

Romania, and the Department of Molecular Cell Biology at the Oslo University Hospital in Norway 

significantly strengthened bilateral cooperation by fostering interdisciplinary collaboration, enhancing 

research capabilities, strengthening institutional relationships, advancing shared goals, and building 

trust and long-term relationships. This partnership not only advanced scientific knowledge but also laid 

a strong foundation for future collaborative endeavors. The Romanian team's expertise in optical and 

photonics engineering combined with the Norwegian team's cell biology knowledge created a powerful 

interdisciplinary synergy. This enabled the development of novel imaging methods and protocols that 

neither team could have achieved alone. By pooling resources and sharing advanced equipment, both 

teams enhanced their research capabilities. The correlative nanoscope developed through this 

collaboration provides both teams with a state-of-the-art tool that will be highly relevant to conduct 

high-impact joint research for long time ahead. Team members from both countries had the opportunity 

to learn new techniques and methodologies from each other, expanding their skill sets and knowledge 

bases. The success of this initial collaboration likely paves the way for future joint projects.  

 

2. Roadmap for translating latest hour characterisation technologies into ready to market 

systems that can assist carbon-based nanocomposite research. Reference: the INTELINANO 

prototype system 

Taking as reference the INTELINANO multimodal system developed at Politehnica Bucharest, presented 

under the previous paragraphs, and its significant architectural overlap with the multimodal system 

proposed under Deliverable 6.13, we discuss next a potential roadmap for translating a latest hour 

characterization technology (in this specific case a prototype system for multimodal nanoscopy) into a 

market-ready product for carbon-based nanocomposite research, from very early development stages 
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(TRL3) to a market-ready product (TRL9). This roadmap involves several key phases. The first stage 

stands in validating and optimizing a very early version of the prototype by comparing its performance 

against existing systems, addressing any technical gaps, and refining both hardware and software for 

improved usability. A next phase is to develop a more advanced version of the prototype and conduct 

extensive testing in real-world research environments, incorporating feedback to enhance functionality 

and ensure reliability. Once refined, focus will have to be placed on pre-commercialization by 

establishing manufacturability, securing certifications, and engaging early adopters for market 

validation. Finally, preparation for full-scale commercialization will be required, comprising of targeted 

marketing, partnerships, and global distribution, with ongoing customer support and continuous 

improvements based on user feedback. In the next we elaborate on these steps, focusing on TRL 3 to 

TRL 9 scale up.  

1. Feasibility and Validation (TRL 3-5) 

1.1. Performance Validation & Benchmarking 

• Objective: Testing and validation of an early version of the prototype against existing 

technologies used in carbon-based nanocomposite research. 

• Activities: 

o Compare key features such as optical resolution (lateral, axial, spectral), chemical 

specificity, spectroscopic capabilities, signal to noise ratio, and scanning probe 

accuracy with industry standards. 

o Collaborate with key academic institutions, private research labs or SMEs working 

on carbon-based nanocomposites to run real-world experiments. 

o Collect feedback and performance data. 

• Output: A validated prototype with strong empirical evidence demonstrating performance 

benefits over existing systems. 

1.2. Technology Refinement and Optimization 

• Objective: Enhance the system’s design to address performance gaps and improve 

robustness. 

• Activities: 

o Optimize multimodal integration of far-field, near-field, and scanning probe 

microscopy (SPM) techniques to improve usability. 

o Increase the speed, precision and registration accuracy of correlative measurements 

employing far-field, near-field and SPM techniques.   

o Refine software algorithms for improved data acquisition, processing, interpretation, 

and analysis, ensuring they are aligned with carbon nanocomposite research needs. 

• Output: Optimized prototype system with improved accuracy, performance and ease-of-use. 

 

2. Prototype Development & Testing (TRL 5-6) 

2.1. Development of an Advanced Prototype 
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• Objective: Develop an advanced prototype that integrates hardware and software 

optimizations for better user experience and reliability. 

• Activities: 

o Implement advanced data integration algorithms to manage and process multimodal 

data (optical, spectroscopic, scanning probe) collected on carbon-based nanomaterials 

seamlessly. 

o Test in varied environments relevant for carbo nanocomposite research such as 

academic labs and industrial settings. 

o Begin addressing issues of robustness, misuse proof, miniaturization and cost 

efficiency for potential mass production. 

• Output: Advanced prototype that is more reliable and closer to final product specifications. 

2.2. Field Testing and Iterative Improvement 

• Objective: Deploy prototypes to key labs and industrial partners working with carbon-based 

nanocomposites for extended testing and evaluation. 

• Activities: 

o Establish partnerships with research institutions and industries that specialize in 

carbon nanocomposite research. 

o Gather data on system reliability, ease of use, and overall performance in real-world 

applications focusing on advanced studies of carbon nanocomposites. 

o Iterate the design based on feedback, focusing on user-friendliness, data analysis, and 

integration with existing lab workflows. 

• Output: Iteratively improved system, tailored for usability in nanocomposite research 

environments. 

 

3. Industrialization and Pre-commercialization (TRL 6-8) 

3.1. Pre-commercial Prototype & Certification 

• Objective: Develop a pre-commercial prototype, focusing on manufacturability and ensuring 

compliance with relevant standards and certifications. 

• Activities: 

o Work with manufacturers to ensure design for manufacturing (DFM) principles are 

integrated into the system. 

o Secure certifications required for nanotechnology research instruments (e.g., CE 

marking, ISO standards). 

o Conduct environmental and stress testing to ensure the system can withstand 

different operating conditions. 

• Output: A pre-commercial system ready for limited production and certification. 
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3.2. Market Testing & Early Adopter Engagement 

• Objective: Introduce the system to select early adopters at the forefront of carbon 

nanocomposite research for feedback and market validation. 

• Activities: 

o Identify early adopters in research labs and industries highly specialized in carbon-

based nanocomposites, materials science, and advanced nanotechnology. 

o Deploy systems in pilot studies to showcase capabilities and build case studies. 

o Engage with early adopters for feedback on system performance, and initiate key 

marketing efforts through conferences, academic publications, and demonstrations. 

• Output: Market-ready system with feedback-driven enhancements. 

 

4. Full Commercialization and Market Launch (TRL 8-9) 

4.1. Final Product Development & Launch Preparation 

• Objective: Develop the final commercial version of the multimodal system embedding far-

field, near-field and scanning probe techniques, tuned to the specifics of carbon 

nanocomposites research, for a wide-scale market launch. 

• Activities: 

o Finalize the system design based on field tests and manufacturing feedback. 

o Establish a production line for scalable manufacturing. 

o Develop user manuals, training programs, and online resources for end-users. 

• Output: Ready-to-launch product with robust supply chain, manufacturing, and user-support 

infrastructure. 

4.2. Marketing, Sales, and Distribution 

• Objective: Launch the multimodal system embedding far-field, near-field and scanning probe 

techniques, tuned to the specifics of carbon nanocomposites research system into the market 

and scale sales. 

• Activities: 

o Implement targeted marketing campaigns focusing on carbon nanocomposite 

research labs, materials science industries, and nanotechnology hubs. 

o Establish partnerships with distributors, resellers, and research equipment suppliers 

globally. 

o Attend trade shows, conferences, and exhibitions related to nanotechnology and 

materials science. 

• Output: Established market presence, growing customer base, and continuous sales pipeline. 

4.3. Post-launch Support & Ongoing Development 

• Objective: Provide post-launch customer support and continuously develop the system. 
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• Activities: 

o Set up customer service and technical support teams for user assistance and 

troubleshooting. 

o Collect user feedback for future product iterations and updates. 

o Initiate R&D efforts for next-generation systems with new features and improvements 

(e.g., improved resolution and signal-to-noise ratio, AI-powered analysis, AI-powered 

virtual nanoscopy, etc. ). 

• Output: Well-supported product with continuous improvements based on market feedback. 

 

5. Strategic Partnerships and Ecosystem Development 

5.1. Collaboration with Nanotechnology and Materials Science Communities 

• Objective: Forge strategic collaborations to drive adoption and integration of the system in 

the broader research ecosystem. 

• Activities: 

o Collaborate with major research institutions and companies specializing in 

nanomaterials and nanocomposites, but also with key bodies in the field such as the 

European Materials Characterization Council (EMCC) 

o Engage in joint R&D projects to expand the system’s applications beyond carbon-

based nanocomposites (e.g., metal oxides, polymers, etc.). 

o Establish partnerships with academic publishers and journals for co-published 

research showcasing the system’s capabilities. 

• Output: Broader market reach and new applications for the multimodal system in diverse 

scientific areas. 

 

6. Scale-Up and Global Expansion 

6.1. International Market Expansion 

• Objective: Scale up production and distribution globally. 

• Activities: 

o Identify international market needs and regulatory requirements. 

o Adapt the system for different regional markets and establish local support and 

distribution networks. 

o Leverage international conferences and trade shows for product demonstrations. 

• Output: Global market penetration and widespread adoption of the system. 
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3. Conclusions 

In Deliverable 6.13, we introduced a potential design for a multimodal system aimed at integrating both 

near-field and far-field optical investigation techniques, along with scanning probe microscopies. We 

have discussed in D.6.1 the benefits that such a system can provide for the field of carbon-based 

nanocomposite research, that derive from the in-tandem availability of highly complementary contrast 

mechanisms, enabling access to various properties of carbonaceous nanomaterials, and supporting 

investigations across multiple scales. While this modular design sought to inspire worldwide industry 

stakeholders and research groups working on imaging to advance next-generation characterization 

systems capable of addressing unresolved challenges in carbon-based nanocomposites, the team at the 

Center for Microscopy-Microanalysis and Information Processing at the National University of Science 

and Technology Politehnica Bucharest has recently developed a multimodal system that embodies this 

vision, representing a versatile all-in-one tool for correlative far-field and near-field nanoscopy. In this 

Deliverable, we provided a brief overview of this system, discussing in a case study context key aspects 

such as its architecture, usefulness, contributions to sustainability and to addressing social disparities. 

In the second part, we outline a roadmap for translating cutting-edge characterization technologies, 

such as this multimodal system, into market-ready tools that can further support carbon-based 

nanocomposite research. In brief, this roadmap involves prototype validation and optimization, 

development of manufacturable versions, engaging early adopters, and building a strong commercial 

launch plans. Strategic collaborations with research institutions and industry, along with a focus on 

market needs in carbon-based nanocomposite research, are also outlined as key steps for ensuring 

success. Post-launch, continuous improvement and global expansion are also outlined as crucial aspects 

to consider, to ensure the system’s long-term viability and adoption in carbon nanocomposite research, 

and in nanotechnology in general. We hope that this report will inspire forthcoming efforts that will 

concretize in novel advanced multimodal and multipurpose characterization tools, capable to resolve in 

high-detail complex properties of carbon nanocomposites and key aspects of their interaction with 

biological matter.  
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