

https://doi.org/10.1038/s41597-025-04993-y
http://orcid.org/0000-0003-4715-6814
http://orcid.org/0000-0003-2668-2903
mailto:a.martinp@upm.es
mailto:alfonsolagares@pdi.ucm.es
mailto:eduardo.juarez@upm.es
http://crossmark.crossref.org/dialog/?doi=10.1038/s41597-025-04993-y&domain=pdf



https://doi.org/10.1038/s41597-025-04993-y



https://doi.org/10.1038/s41597-025-04993-y



https://doi.org/10.1038/s41597-025-04993-y



https://doi.org/10.1038/s41597-025-04993-y



https://doi.org/10.1038/s41597-025-04993-y



https://doi.org/10.1038/s41597-025-04993-y



https://doi.org/10.1038/s41597-025-04993-y



https://doi.org/10.1038/s41597-025-04993-y



https://doi.org/10.1038/s41597-025-04993-y



https://doi.org/10.1038/s41597-025-04993-y



https://doi.org/10.1038/s41597-025-04993-y



https://doi.org/10.1038/s41597-025-04993-y
https://slimbrain.citsem.upm.es/files/RawFiles/
https://slimbrain.citsem.upm.es/files/CalibrationFiles/
https://slimbrain.citsem.upm.es/files/CalibrationFiles/DepthCameraCalibrationFiles/
https://slimbrain.citsem.upm.es/files/CalibrationFiles/DepthCameraCalibrationFiles/cam_params_Intel_L515_Ximea_Snapshot.json
https://slimbrain.citsem.upm.es/files/CalibrationFiles/DepthCameraCalibrationFiles/cam_params_Azure_Kinect_Ximea_Snapshot.json
https://slimbrain.citsem.upm.es/files/CalibrationFiles/DepthCameraCalibrationFiles/cam_params_Intel_L515_Ximea_Snapshot.json
https://slimbrain.citsem.upm.es/files/CalibrationFiles/DepthCameraCalibrationFiles/cam_params_Azure_Kinect_Ximea_Snapshot.json



https://doi.org/10.1038/s41597-025-04993-y
https://slimbrain.citsem.upm.es/files/preProcessedImages/
https://slimbrain.citsem.upm.es/files/preProcessedImages/Ximea_Snapshot/
https://slimbrain.citsem.upm.es/files/preProcessedImages/Headwall_Linescan/
https://slimbrain.citsem.upm.es/files/GroundTruthMaps/
https://slimbrain.citsem.upm.es/files/GroundTruthMaps/Ximea_Snapshot/
https://slimbrain.citsem.upm.es/files/GroundTruthMaps/Headwall_Linescan/
https://slimbrain.citsem.upm.es/files/PaperExperiments/Ximea_Snapshot_GT_Patient_IDs.txt
https://slimbrain.citsem.upm.es/files/PaperExperiments/Headwall_Linescan_GT_Patient_IDs.txt
https://slimbrain.citsem.upm.es/files/Datasets/
https://slimbrain.citsem.upm.es/files/Datasets/Ximea_Snapshot/
https://slimbrain.citsem.upm.es/files/Datasets/Headwall_Linescan/



https://doi.org/10.1038/s41597-025-04993-y

Camera File name Key Description

dat Labeled hyperspectral pixels with the normalized re ectance information.
ata

Dimensions are: Myym pixets > Npangs

. Provided label for each pixel in data.
Ximea snapshot IDXCy_dataset.mat label

Dimensions are: Myym pixels < 1

Single digit label for each pixel in data.
label4Classes

Dimensions are: Myym pixets % 1

Labeled hyperspectral pixels with the normalized re ectance

data information.
Dimensions are: Myym_pixets > Npangs
Headwall linescan | IDxCy_VNIR_dataset.mat label Provided label for each pixel in data.

Dimensions are: Myym pixets % 1

Single digit label for each pixel in data.
label4Classes

Dimensions are: Mym pixels X 1

Table 6. Labeled pixels for every patient stored in.mat les. e table only describes the labelled patients for
the hyperspectral data obtained with the Headwall and Ximea hyperspectral cameras. Each patient is identi ed
with an integer x number. For the same patient multiple captures can be done, with y indicating the capture
number.

As shown in Fig. 3, the spectral signature of the uorescent light in the operating room presents very pro-
nounced peaks in the visible spectra.  erefore, a reference material with a very well-de ned spectral response
was used to analyse the spectra measured with the mentioned sensors and determine the in uence of the u-
orescent light. e zenith polymer wavelength standard used as a reference consists of a polymer with nearly
ideal Lambertian di usere ectance (SphereOptics GmbH, Herrsching am Ammersee, BY, Germany). First, the
spectral response of the polymer reference is provided by the manufacturer and is illustrated by the red line in
Fig. 10. Second, the spectral response measured with the spectrometer is illustrated by the blue line from 350-
925 nm. e Pearson correlation coe cient of the obtained spectral signature with respect to the red reference
is 91.72%, when 2055 measured bands captured with the spectrometer are used. If bands from 350-400 nm are
removed (as shown in Fig. 10, the information acquired is essentially noise, as there is no energy illuminating
this part of the spectra), the Pearson correlation is 96.91% when 1913 bands are used. Additionally, these meas-
urements were obtained by using a bre optic pointing orthogonal to the illuminated polymer reference at a
distance of approximately 5 cm. ird, the mean spectral response of the polymer obtained with the Headwall
linescan camera is illustrated by the green line, starting at 400 nm and ending at 1000 nm. e Pearson correla-
tion coe cient with the red line reference is 95.87% when the 369 e ective acquired bands are used. Finally, the
mean spectral response of the polymer captured with the Ximea snapshot camera is presented from 660—950
nm range with the orange line. e correlation obtained with respect to red line reference is 68.19% when the 25
spectral bands captured are utilized. Even though the correlation is lower than that obtained with the spectrom-
eter or the other HS camera, the orange line clearly illustrates how the spectral response is quite similar from
the 660-875 nm. We recomputed the Pearson correlation correlation with 17 bands from 660-866 nm, and the
obtained result is indicated a correlation of 95.55%, demonstrating that not enough energy is captured with the
latest 8 bands. As seen from 866—950 nm in the orange line in Fig. 10, the mean spectral response of the Ximea
snapshot camera decreases progressively and does not behave similarly to the polymer reference in the red range
as it does in the 660—866 nm range. Note that the spectrometer, HS linescan and HS snapshot spectral signatures
were obtained under illumination with lamps B and D from Fig. 3.

For ease of reading, an in-depth analysis of the in vivo human brain spectral signatures obtained with both
cameras is provided in Figs. S1 and S2, which are available in the Supplementary Materials. Furthermore, the
in uence of ambient light (lamp D) on the spectral signatures obtained is analysed in Figs. S3-S5.

“010TAZ0000E I AP OAIEAAGET I8  To validate the GT maps generated with the help of the neurosurgeons, an
analysis of the SAM thresholds for every reference pixel was performed. s analysis is illustrated in Figs. 11 and
12, which shows a raincloud plot*, a very useful illustration that addresses the issue of data obscuration when
presenting error bars or box plots.
ese charts combine di erent data visualizations to display raw data (with single data points), probability
density (with half violin plots), and essential summary statistics, including median, rst and third quartiles,
outliers, and relevant con dence intervals (with boxplots), in a visually appealing and adaptable way with min-
imal redundancy. Every data point is a single SAM threshold set by neurosurgeons when a reference pixel is
selected during the GT labelling, as illustrated in Fig. 8, a er performing steps 1 and 2. Note that the data point
distribution width is irrelevant but has been added because it helps to see the data points better than in a line. All
GTs store the SAM thresholds de ned for every reference pixel, regardless of the label selected. Figure 11 shows
the thresholds obtained from the 145 GT maps with IDs available, which can be found inside the zipped folder
“PaperExperiments” on the e-cienciaDatos repository, as well as in the Ximea_Snapshot_GT_Patient_IDs.txt
le. ereddots inside the boxplots indicate the mean value of each distribution, which are connected between
tissues to visualize the mean tendency across them. Note that the ganglioma, necrosis, non de ned blood and
blood clot labels have been removed, and a single reference pixel has been used for each class. In addition, lung
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