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Abstract: Hyperspectral imaging is an emerging technology
that has gained significant attention in the medical field due
to its ability to provide precise and accurate imaging of bio-
logical tissues. The current methods of hyperspectral imaging,
such as filter-wheel, snapshot, line-scanning, and push-broom
cameras have limitations such as low spatial and spectral res-
olution, slow acquisition time. New developments on the field
of light field cameras show the potential to overcome these
limitations. In this paper, we use a novel hyperspectral light-
field camera and try to combine the capability of hyperspec-
tral and 3D analysis. For this purpose we calibrate our system
and test it during two ENT-surgeries to show its potential for
improving surgical outcomes. The micro-lenses of the cam-
era map 66 spectral sub-images onto the sensor allowing to
reconstruct the spectral behavior of the captured scene in the
spectral range of 350-1000nm. In addition, we use the sen-
sor data to apply a 3D camera calibration pipeline to allow
3D surface reconstruction. We captured 26 calibration images
and achieved calibration results in accordance to stated com-
pany data. The best calibration showed a re-projection error
of 0.55 px. Further, we tested the camera during a parotidec-
tomy and a neck-dissection. The extracted reflectance spectra
of the selected venal and arterial regions correspond perfectly
to the spectrum of oxygenated and deoxygenated hemoglobin.
For the first time, up to our knowledge, a hyperspectral light-
field camera has been used during a surgery. We were able
to continuously capture images and analyze the reconstructed
spectra of specific tissue types. Further, we are able to use the
sensor data of the micro-lens projections to calibrate the multi-
lens camera system for later intraoperative measurement tasks.
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1 Introduction

Hyperspectral imaging is an emerging technology that has
gained significant attention in the medical field due to its abil-
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ity to provide precise and accurate imaging of biological tis-
sues [2, 6]. In surgical applications, hyperspectral imaging can
aid in the identification and differentiation of tissues, leading
to improved surgical outcomes [2, 17]. The current used meth-
ods of hyperspectral imaging, such as filter-wheel, snapshot,
line-scanning, and push-broom cameras [3, 5, 8], have limita-
tions such as low spatial and spectral resolution, slow acquisi-
tion time, and/or inability to capture light fields [11].

New developments on the field of light field cameras show
the potential to overcome these limitations. A light field cam-
era captures information by using an array of micro-lenses
placed in front of the sensor, which allows the camera to cap-
ture multiple views of the same scene simultaneously. This
information can then be used to create images with different
focus points, as well as to generate 3D images and videos with
the ability to change the point of view after the image has been
captured.

In the context of hyperspectral imaging, capturing the
light field in addition to the spectral information can provide
additional information about the optical properties of the tissue
being imaged, which can be useful in surgical applications.

In this paper, we use a novel hyperspectral light-field cam-
era and try to combine the capability of hyperspectral and 3D
analysis. For this purpose we calibrate our system and test it
time during two surgeries to show its potential for improving
surgical outcomes.

2 Materials and Methods

2.1 Setup

In this work, we use a spectral snapshot light-field camera',
see Fig. 1. The technical specifications of the system are sum-
marized in Tab. 1. The system is connected to a laptop2 via
Ethernet and the data are captured with 1 fps. For calibra-
tion a working distance (WD) of about d.,;;;, ~ 26cm is
used. Intraoperative imaging is performed with WD of about
dor =~ 35cm.

1 Cubert GmbH, Ulm, Germany
2 DELL Precision 5570
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Fig. 1: The hyperspectral light-field camera used in this work.
Behind each micro-lens a different spectral filter (A = 350 —
1000nm) is located.

Tab. 1: The technical specifications of the used light-field camera
system.

Parameter Value
Sensor CMOS
Sensor ADC 12 bits
Sensor resolution 5120 x 3840 px
Output resolution 410 x 410 px
Sensor size 32.8 X 24.6 mm
Pixel size 6.4 X 6.4 um
Spectral range 350 — 1002 nm
No. of spectral bands 164
Field of view (FOV) 35deg
No. of micro-lenses 66
Filter transmission > 90%
Band width (FWHM avg.) 10 nm
Spectral resolution 4 nm

Camera dimension
Camera weight

60 x 60 x 57 mm
3509

2.2 3D-Calibration

The micro-lenses of the camera map 66 spectral sub-images
onto the sensor. To perform a camera calibration for exact
3D scene reconstruction, at least two central sub-images, e.g.,
730nm and 740nm, have to be used. Then, for 3D reconstruc-
tion only the sub-images used in calibration are valid. The
more sub-images are included in the calibration, the more in-
formation can be used for scene reconstruction.

For the calibration purpose, a checkerboard is used due to
the widely acceptance in camera calibration [1, 9, 10, 13]. The
checkerboard consists of two dots in the center to determine
the individual quadrants of the board for a better model ini-
tialization. It is captured from different view angles and WDs.
Fig. 2 shows the calibration setup. To achieve acceptable re-
sults, we upsampled the sub-images from 470 x 470 pixels by
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factor 4 to a size of 1880 x 1880 pixels. The overall calibration
process is described in detail in [10, 13, 15] and consists of

five steps

1. Feature detection

2. Sub-image pre-calibration

3. Single sub-image calibration

4. Stereo calibration over individual sub-image pairs
5. Validate calibration.

Fig. 2: The used calibration setup. The checkerboard consists of
two dots in the center to determine the individual quadrants of the
board. It is captured from different angles and rotations.

The 2D feature detection is performed for all captured
checkerboard images on all upsampled sub-images [18]. The
detected 2D features are mapped to the reference 3D model
features to derive the approximate sub-image pose. Each fea-
ture correspondence gets a unique ID for a detailed 2D-3D
evaluation. Then for each sub-image, the intrinsic camera pa-
rameter are calculated by gradient descent to determine focal
length and lens distortion. Here we assume, that each sub-
image has the same focus length. Next, based on the intrinsic
camera parameters, the relative sub-image pose between the
two analyzed sub-images is computed. This procedure up to
this point does not use all captured calibration images. Some
are used for the final validation step to verify the system on
‘unseen’ images.

The validation criteria are (1) the distance survey of 3D
reconstructed features and (2) the planarity of the 3D recon-
structed calibration target. A successful calibrated system en-
ables to perform image-based measurements if reliable sub-
pixel correspondence in the two sub-images are found. The
system has been tested at two Ear-Nose-Throat surgeries.
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Fig. 3: An example of difference images between the projected ground truth checkerboard data and two sub-images (‘'L and ‘R’) for two

different captured calibration images (0002 and 0018).

3 Results

We captured 26 images, where the same checkerboard is visi-
ble from different angles and rotations. We performed the de-
scribed calibration process ten times. In comparison to the op-
tically measured lens-to-lens distance (center-to-center) of d =
3mm, we achieved d = 2.8—3.3mm during the performed cali-
brations. Further, a reasonable focal length could be achieved.
We calculated « in the range of o = 2260 — 2296px, which
results in a focal length of f = 14.46 — 14.69.

The best calibration run showed a 3D planarity of 1.09
mm, cf. Fig. 3, and a stereo re-projection error of 0.55 px after
the validation step, cf. Fig. 4.

Fig. 4: An example of the re-projected corner points of the
checkerboard. The detected corner points (blue) fit almost per-
fectly with the re-projected corner points.

Figure 5 shows a camera view of spectral band A =
750nm of our intraopertaive capturing during a neck dissec-
tion at the Charité — Universititsmedizin Berlin. The extracted
reflectance and absorption spectra of the selected venal and
arterial regions correspond perfectly to the spectrum of oxy-
genated and deoxygenated hemoglobin in literature [4].

4 Discussion and Conclusion

For the first time, up to our knowledge, a hyperspectral light-
field camera has been used during a surgery. We were able
to continuously capture images and analyze the reconstructed
spectra of specific tissue types. Further, we are able to use the
sensor data of the micro-lens projections to calibrate the multi-
lens camera system for later intraoperative measurement tasks.

All calibration results are in accordance of Michels et
al. [7]. This leads us to believe that such a novel hyperspectral
light field camera has high application potential in intraopera-
tive decision making. Therefore, we plan to compare this sys-
tem with other multispectral as well as hyperspectral systems
[12, 14, 16].
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Fig. 5: Left: The camera view for one surgical test during a neck dissection. One vein (blue) and the arteria (red) are marked in the cen-
ter of the image. Right: The reconstructed spectral absorption curves of the marked tissues in the range of A = 500 — 640nm. Both
spectra correspond very well to the well known spectra of oxygenated and deoxygenated hemoglobin [4].
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