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PRESS RELEASE

Hyperspectral imaging
HyperNIR: New Real-time Method for Environmental Monitoring

Duisburg, March 21, 2025 — Detecting microplastics and identifying plant pests at an early
stage — this and much more can now be done thanks to a new method based on near-infrared
light measurements. It is inexpensive and works in real time.

Researchers from Bochum, Duisburg, Karlsruhe and Munster have developed a new method for
environmental monitoring. It is based on near-infrared (NIR) light and enables users to obtain
detailed spectral information from various materials and biological samples. The team headed by
Jan Stegemann and Professor Sebastian Kruss from the Fraunhofer Institute for Microelectronic
Circuits and Systems IMS and Ruhr University Bochum, Germany, showed that the HyperNIR
technology can be used for non-contact identification of different types of plastic, for example,
which is useful for recycling processes and the detection of microplastics. The researchers have
published a paper on the technology in the journal “Advanced Science”, online on March 4,
2025.

Near-infrared light, which is invisible to humans, contains valuable information about the
chemical composition of a sample. Previous methods displayed it either as a grayscale image or
as a spectrum, i.e. as an intensity distribution for different wavelengths. The new method is
based on hyperspectral imaging, i.e. the combination of spectral and spatial information. Using
inexpensive and commercially available components, the researchers are able to transform any
standard camera into a HyperNIR camera in order to convert spectral information into images.
They use controllable polarization optics for this purpose. External markers, such as dyes, can
also be captured, but are not required.

Process works in real time
The system takes three images of each sample, which provide detailed spectral information.

While conventional methods require time-consuming scanning of a sample, the HyperNIR
camera is significantly faster. “The ability to analyze different materials and their properties in
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real time can considerably increase the efficiency of processes in environmental monitoring,”
predicts Sebastian Kruss.

The researchers showed, for example, that the hyperNIR technology enabled them to track in
real time how a bell pepper plant absorbs water — without contact and without using dyes.
“Such hyperspectral imaging can potentially be transferred to other molecules,” says Jan
Stegemann. “It could be used to monitor the nutrient content in a plant or to detect pest
infestations and plant stress at an early stage.”

Applications also feasible in biomedicine

The HyperNIR method can also be combined with fluorescence microscopy to differentiate
between various fluorescent molecules that are used as markers. This means that the system is
potentially of interest for biomedical research. The team headed by Jan Stegemann and
Sebastian Kruss hopes to explore this area of application in more detail in the future.

“Integrating the process into drones could also help to solve pressing environmental issues in
the field of agriculture by opening up a new dimension in data collection and analysis,” as
Sebastian Kruss outlines a potential next stage in the development of the technology.

Funding

The research was funded by the Fraunhofer Attract Program (038-610097), the German
Research Foundation as part of the RESOLV Cluster of Excellence (EXC 2033-390677874) and
the Volkswagen Foundation.
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Speed Hyperspectral Imaging for Near Infrared Fluorescence and Environmental Monitoring,
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Fraunhofer IMS

Shaping a safe and sustainable future with intelligent sensor systems: Fraunhofer IMS works on
innovative microelectronic solutions with over 200 talented scientific staff and students in
numerous state-of-the-art research laboratories.

As a reliable research and development partner for industry, the institute aims to develop
customized sensor technology for your specific requirements in the fields of biomedical sensors,
optical systems, open-source semiconductors, embedded Al, technology services and even
quantum technology. The teams in the four business units - Health, Industry, Mobility and Space
and Security - are committed to implementing outstanding and versatile microelectronics in all
their projects. These solutions are characterized by high integration capability, enormous energy
efficiency and reliable functionality even under harsh conditions.

The Fraunhofer IMS is a cooperating institute in the Research Fab Microelectronics Germany
(FMD). In the FMD, 15 research institutes work together under one virtual roof.

www.ims.fraunhofer.de
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Pictures and captions
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Figure 1: The HyperNIR process can be used to show how a pepper plant absorbs water. On the
right, three images of a single leaf can be seen, along with the associated HyperNIR images
visualizing the water absorption; the redder the color, the more water is present at this point on
the leaf.

© 2025 The Authors. Advanced Science published by Wiley-VCH GmbH (CC BY 4.0). Adapted.
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Figure 2: Using the newly developed HyperNIR technigue, the researchers were able to observe
how a pepper plant absorbs water through its leaves. With the camera mounted in the middle
above the plant, they were able to observe the processes inside the plant in the near-infrared
light. © Jan Stegemann
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