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. Motivation ’

Imaging spectrophotometry is a promising area of research and development in medical physics, combining cutting-edge imaging technology and
spectrophotometry to advance diagnostics and treatment planning in healthcare. This integration could revolutionize how medical professionals
diagnose, monitor, and treat various diseases, particularly those related to cancer, tissue analysis, neurology, and cardiology.

The key components of imaging spectrophotometry include the spectrophotometer, which measures the amount of light absorbed, reflected or
transmitted by a substance at various wavelengths; the imaging system, which captures spatial information (spectral imaging), creating 2D or 3D
images from the measured spectral data; and data processing, which involves advanced algorithms that analyze spectral data to extract relevant
information about the tissue or material properties.

Imaging spectrophotometry is a medical tool that can be used for early cancer detection, tissue characterization, oxygenation, hemoglobin
mapping, wound healing, and tissue regeneration. It provides detailed understanding of tissue properties, enabling the detection of micro-scale
abnormalities and small variations in tissue characteristics. Real-time data collection during procedures provides immediate feedback for
clinicians, enhancing decision-making and treatment accuracy. Imaging spectrophotometry can complement other imaging technologies like CT
scans, MRI, or ultrasound by providing additional spectral data. However, successful integration requires addressing data complexity,
standardization, integration into existing systems, regulatory approval, and future developments. Spectral data requires advanced processing
algorithms, requiring machine learning models to identify patterns and automate diagnostics. Standardization protocols ensure reliability and
accuracy across different clinical settings. Future developments in imaging spectroscopy could include portable spectroscopy devices, multimodal
imaging, and Al and machine learning.

We developed novel instrumentation meeting the above criteria to be used as a
future tool for medical application of spectrophotometry. Instrument comprises
scientific grade cooled CCD and optical components (e.g. bandpass filters). The
approach saves time by allowing us to measure the spatial reflectance/transmittance
distribution of the samples with all its spectral signatures in a single shot. This also
helps to mitigate numerous instability problems. Systematic mistakes could be
examined and adjusted for. Spatial, spectral, and radiometric component
uncertainties are thoroughly examined and quantified. According to the combined
uncertainty evaluation, it is possible to attain comparatively low levels of

. - - uncertainty, particularly in the visible range (U < 1%, k = 2). It is shown that the
| CummE / P combined uncertainties at a few spectral locations vary by sample and wavelength at

Instrument and Automation
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AT every position in the CCD camera's field-of-view (FOV).
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T TR /i In order to complete these tasks, machine learning (ML) usually uses statistical
0.2 i;;-.\"/"’ R models and data that can identify and learn patterns. ML, such as K-Nearest |
\ N Neighbor [2] (KNN), Linear Discriminant Analysis [3] (LDA), and Support Vector
I' 0'03804004204404604505605'205;405&05#06606i0640660650760720740760780 MaChlne (SVM) teChnlqueS, |S prlmarlly used |n COnjunCtIOn Wlth medlcal

Wavelength (nm) hyperspectral image (MHSI) processing for disease diagnosis and classification, |
detection, and segmentation of pathological images. Nonetheless, the use of deep
learning (DL) techniques in MHSI has been suggested more and more [4] and

researched by scientists.
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Spectral imaging concept (left) and spatially-
resolved 2D spectral reflectance data (spectral
signature) with home-made algorithms and codes
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* ‘ Metrology Role: Toward improving the Target Medical Application ‘ o
Key Benefits of Calibration of Hyperspectral Imaging Systems/spectrophotometers in Medical Applications \

» Accuracy and Precision in Diagnosis

Benefit: Calibration ensures that the spectral imaging system provides accurate measurements of the spectral data from tissues and organs, such
as absorption, reflectance, and fluorescence. By calibrating the system with known standards, the precision of the spectral measurements is “

improved, leading to more reliable diagnostic outcomes.

Application: For example, in cancer diagnostics, spectral imaging is used to differentiate between healthy and cancerous tissues based on their . .
unique spectral signatures. Proper calibration ensures the spectral data used for such differentiation is accurate, reducing false positives or Compact handheld hyperspectral imaging system [5]
n ega t i Ve S . actinic keratosis _ basal cell fa cinoma

» Enhanced Image Quality
Benefit: Calibration ensures that the spectral imaging system produces high-quality images with accurate color and intensity representations.
» Improved Treatment Planning and Monitoring

> Standardization Across Institutions
» Compliance with Regulatory Standards

» Conclusion: Calibration of spectral imaging systems are indispensable for ensuring the accuracy, reliability, and
standardization of medical imaging technologies. They directly impact diagnostic precision, treatment planning,
patient outcomes, and regulatory compliance. Whether it's for routine diagnostics, cutting-edge research, or 5 Oa -
advanced treatments, metrology provides the foundation for improved healthcare delivery and ensures that o e, oM o
spectral imaging systems meet the high standards required in the medical field. Type of skin cancer retrieved from the ISIC dataset [6]
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