
Photonics21 
Strategic Research and Innovation Agenda

19 Mayo 2021



New Horizons

 November 2020 – Photonics21 Partnership
releases a new Strategic Research and
Innovation Agenda, that proposes a vision
and path forward, a long-term strategy for the
next seven years 2021-2027.

 The socio-economic challenges that must
be addressed to achieve European ambitions
in key strategic sectors of the European
economy are highlighted. The major research
and innovation Challenges for the
European Photonics community in each
sector are detailed.

New Horizons

https://www.flipsnack.com/Photonics21/photonics-strategic-research-and-innovation-agenda.html
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Key strategic sectors

Key strategic sectors

1. Digital 
Infrastructure

2. 
Manufacturing

3. Health
4. Climate, 
Mobility & 

Energy

5. Safety, 
Security, Space 

& Defence

6. Agriculture & 
Food

7. Core Photonics 
Technology
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1. Digital Infrastructure
Major challenges:

 Zero-touch operation: Photonic networks augmented by AI/machine learning

 Instantaneous response: Low and deterministic latency in the optical network connections

 Access anywhere: Fibre-to-the-Home, FttRadio-Antenna, ‘Fibre-in-the-sky’ optical satellite
comms, LiFi

 Intrinsic security: The resiliency of optical network infrastructure, secure transmission of data,
complemented by quantum communications infrastructure covered by quantum flagship and
other projects (cybersecurity, Sendate)

 Sustainable capacity growth: In a 5G and datacentre centric network, capacity in fibre networks
has to ‘keep-up’ – hyper-scalability, power consumption, network cost, operational efficiency,
green network.

Research and innovation challenges
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1. Digital Infrastructure
Roadmap:

Research and innovation challenges
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2. Manufacturing
Major challenges:

Research and innovation challenges
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2. Manufacturing
Major challenges:

 Laser beam sources: due to the increasing demands on process speed and quality, it will be
essential to increase system performance – and at the same time increase the quality of optical
fibres and elements – in coatings and laser components.

 Beam guidance and beam shaping: for the integration of the new beam sources, powerful
optical fibres and beam guidance will be required, especially for the extended wavelength and
pulse duration ranges that are expected.

 Industry 4.0: the key challenge is that laser systems become perfectly embedded in the digital
process chain.

 From bits to photons: close connection between processes, devices and systems could be
achieved by methods like digital twins.

 Quality control and NDT: the major challenge is to ensure high product yield while
simultaneously maintaining high quality.

 Laser specific materials development: short interaction times and high cooling rates involved in
laser material processing require materials and alloys specially designed for optimum part
performance.

 Skilled people and flexible infrastructure.

Research and innovation challenges
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2. Manufacturing
Roadmap:

Research and innovation challenges
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2. Manufacturing
Roadmap:

Research and innovation challenges
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3. Health
Major challenges:

 Advanced Photonic tools for life science industry as well as endusers (for example, medical
doctors or research):
 Photonic tools for real-time proteomics, genomics, metabolomics;
 Accelerating and enabling photonic tools for the pharmaceutical industry, understanding,

regenerative medicine, personalised medicine, high throughput, high-content screening;
 Photonic tools for understanding the origin of diseases beyond risk factors, finding pathways

for treatment, photonics for health (nutrition, lifestyle, environmental influences, toxicity).

 Affordable photonics-based real-time diagnostics: to stratify and classify disease status
monitor and assess treatment response for the practical implementation of precision medicine;
optogenetics for the treatment of brain or heart diseases; photonics for interventional guidance
(augmented reality); multiscale access to the body (depth of penetration/optical resolution)

 Mobile photonics devices and advanced biosensors for instant point-of-care (-use)
detection/diagnostics and treatment, that measure the patient’s medical condition, transportable
photonic devices for monitoring environmental parameters

Research and innovation challenges

9



3. Health
Roadmap:

Research and innovation challenges
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4. Climate, Mobility & Energy
Major challenges and technological needs:

 Photonics sensing: Improved and robust sensing capabilities at affordable costs are required
(i.e. point-cloud image). A considerable gap to be covered is to get an improved, fully performant
lidar sensor, with the required spatial resolution and range that allow motorway to travel at normal
traffic flow.

 Battery health monitoring: Technology for measuring the battery state of charge, state of
health, and inside temperature should be safe in case of vehicle collisions or other damages to
the battery pack. A beneficial approach appears to be based on fibre optics which are not
electrically conducting.

 Photonic Integration for Sensors: Photonic integration is a key enabler to overcome these and
to create embedded sensing systems suitable for compact, robust and cost-effective multi-
physical sensing

 Affordable and efficient Adaptive Driving Beam (ADB) for mainstream vehicles.

Research and innovation challenges

11



4. Climate, Mobility & Energy
Major challenges and technological needs:

 Communication with Light: low-cost, reliable and small components for light-based
communication (LiFi) communications, together with the implementation of V2V and V2I
communications will enable new capabilities of interaction between various IT devices, machines,
vehicles, other road users, and the infrastructure through high-speed, short-range
communication.

 Immersive Interaction and Occupant Monitoring

 Micro displays

Research and innovation challenges
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4. Climate, Mobility & Energy
Roadmap: Mobility

Research and innovation challenges
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4. Climate, Mobility & Energy
Roadmap: Lightning and
Organic photovoltaic

Research and innovation challenges

14



5. Safety, Security, Space & Defence
Major challenges for photonics-empowered, autonomous and resilient dual-use IoT
microsystems include:

 Systems, not components: integration of the photonic parts into full products.
 Miniaturisation: of utmost importance for its integration into IoT microsystem products.
 Cost-effectiveness: to achieve the lowest fabrication cost of photonic sub-systems, maximum

use of manufacturing techniques related to semiconductor production should be made.
 Platforms, not individual solutions: for utmost cost-efficiency, minimum NRE (Non-Recurring

Engineering, a onetime cost to research, design, develop and test a new product) is mandatory.
 AI-empowerment: only insights and not raw data should be communicated, analysis and

interpretation of the acquired data must occur within the photonic subsystem to reduce external
bandwidth requirements.

 Multi-parameter sensing: Future IoT solutions will lie in the simultaneous acquisition of data, in
the form of massively parallel multi-parameter/multi-analyse sensor systems.

 Maintenance-free: during long periods or even during full life-time of the system.
 Resilience/robustness; Low power; Eco-Friendliness;
 Focus on high-growth/high-value markets

Research and innovation challenges
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5. Safety, Security, Space & Defence
Roadmap:

Research and innovation challenges
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6. Agriculture & Food
Major challenges:

 Image-based systems: innovation drivers in agriculture and food. Demands for robust
photonic imaging systems under outdoor conditions are high. imaging systems strongly support
process automation: the evaluation of the sensor interpretation is crucial for the admission of
autonomy (field robotics).

 Integrated Photonics Technologies for Agrofood: Fibre Optic sensing, sensors for forestry,
hybrid lasers, etc.

 Lasers and lighting devices; tailored light for agrifood applications: LED lightning in
greenhouses, optical sensors, light sources and laser technology.

Research and innovation challenges
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6. Agriculture & Food
Roadmap:

Research and innovation challenges
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7. Core Photonics Technology Platforms
Major challenges:

 Systems, not just components: we must provide effective means for the combination of
technologies to achieve overall systems goals

 Miniaturisation: Many applications require subsystems that are very small so that they can be
integrated into other devices such as sensor elements and smartphones

 Cost-effectiveness: The power of photonic integration to achieve high performance at minimum
cost will continue to provide major opportunities for innovative products

 Platforms, rather than individual solutions: This is the key to achieving maximum return on
investment and reach the largest number of market sectors in the shortest possible time

 Robustness and reliability: Many photonic systems will be embedded in safety-critical systems
where reliability and resilience are mandatory

 Power efficiency, to mitigate the environmental impact of large-scale electronic systems
deployment and allow new applications which are self- or battery-powered

 Eco-friendliness
 Accessibility

Research and innovation challenges
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7. Core Photonics Technology Platforms
Roadmap:

Research and innovation challenges
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Santiago Royo
Secretaría Técnica Fotónica21 

secretaria@fotonica21.org

@fotonica_21 

www.fotonica21.org
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http://www.fotonica21.org/
https://www.cd6.upc.edu/
https://www.cd6.upc.edu/
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