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Intelligent Nanophotonics: When Machine
Learning Sheds Light
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The intersection of artificial intelligence (Al)
with nanophotonics has received
tremendous interests because of its
potential to solve the most challenging
problems in both areas. In photonics, machine learning has been supporting numerous
innovations as a powerful tool for inverse design and optical signal processing, with
unprecedented speed and versatility. Fueled by metasurfaces and integrated photonics, optical
neural networks provide a new computing paradigm that reshapes how neural networks can be
implemented in hardware, paving the way for the realization of fast, energy efficient machine
learning models. To translate into real-world technology, however, intelligent photonics still faces
severe challenges in its theoretical framework, fabrication, and operation, which must be tackled
to ensure their versatility and reliability while reducing manufacturing cost. Solution to these
problems requires combining expertise from diverse areas, including machine learning,
materials science, and optics engineering.

Overview and trends of intelligent photonics in
emerging technologies.

In this context, a team of researchers from Harbin Institute of Technology, Shenzhen, led by
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health. Several highlights of this review
include:

(1) Large-scale optical networks for fast, energy-efficient computing

Optical computing is a viable solution for the pressing problems of speed and energy efficiency
in existing neural networks caused by their rapid growth in size. However, a framework that can
integrate these optical neural networks in existing computing platforms is still missing but
requires both algorithmic and hardware-level innovations. The authors provide a thorough
analysis of the challenges and opportunities for optical neural networks to become a real-world
technology for energy-efficient centralized computing, promoting sustainability in the Al
industry.

(2) Sensing-computing integration in edge devices

Another key advantage of neural networks based on diffractive and metasurfaces is their direct
access to all degrees of freedom in photon, including phase, polarization, and orbital angular
momentum. This capability makes them extraordinarily efficient for sensing and imaging tasks
while simultaneously performing necessary computing with the signals. The authors will discuss
in detail how this sensing-computing integration can completely transform the design and
operation principles for optoelectronic devices and its impact on applications such as sensing,
machine vision, and telecommunication.

(3) Impacts and implications to technological landscape of Al-technology

From metaverse to internet of things, the authors expect intelligent photonics to become an
essential component in these futuristic technologies with the unique ability to implement
diverse functionalities in a compact design. By envisioning a technological landscape of



intelligent photonics, this review aims to bridge the knowledge gap between academia and
industry to inspire collaborations that truly advance these transformative technologies.

In summary, this review provides a thorough exploration of the recent advancements in
intelligent photonics, underscoring the transformative potential of this interdisciplinary field.

References
DOI
10.1186/s43593-025-00085-x

Original Source URL
https://doi.org/10.1186/s43593-025-00085-x

Funding Information

This research was supported by the National Key Research and Development Program of China
(grant no. 2024YFB2809200, 2021YFA1400802 and 2022YFA1404700); the National Natural
Science Foundation of China (grant no. 62405076, 12404442, 62335005, 12334016, 12025402,
62125501, 12261131500 and 92250302 ); the Guangdong Basic and Applied Basic Research
Foundation (no. 2023A1515110685); the Guangdong Provincial Key Laboratory of Semiconductor
Optoelectronic Materials and Intelligent Photonic Systems(no. 2023B1212010003); the
Guangdong Provincial Quantum Science Strategic Initiative (no. GDZX2306002); the Shenzhen
Science and Technology Program (no. JCYJ20240813113603005, JCYJ20240813104929039);
Shenzhen Fundamental research projects (no. JCYJ20241202123729038,
JCYJ202412021237190250)CYJ20220818102218040, GXWD20220817145518001). Q.S.
acknowledges the support from Fundamental Research Funds for the Central Universities
(2022FRFK01013) and the New Cornerstone Science Foundation through the XPLORER PRIZE.

Lucy Wang
BioDesign Research
email us here

This press release can be viewed online at: https://www.einpresswire.com/article/803679226

EIN Presswire's priority is source transparency. We do not allow opaque clients, and our editors
try to be careful about weeding out false and misleading content. As a user, if you see something
we have missed, please do bring it to our attention. Your help is welcome. EIN Presswire,
Everyone's Internet News Presswire™, tries to define some of the boundaries that are reasonable
in today's world. Please see our Editorial Guidelines for more information.

© 1995-2025 Newsmatics Inc. All Right Reserved.


https://doi.org/10.1186/s43593-025-00085-x
https://doi.org/10.1186/s43593-025-00085-x
http://www.einpresswire.com/contact_author/5163219
https://www.einpresswire.com/article/803679226
https://www.einpresswire.com/editorial-guidelines

