DE GRUYTER

Current Directions in Biomedical Engineering 2023;9(1): 311-314

Eric L. Wisotzky*, Jost Triller, Benjamin Kossack, Brigitta Globke, Philipp Arens, Anna

Hilsmann, and Peter Eisert

From Multispectral-Stereo to Intraoperative

Hyperspectral Imaging:

https://doi.org/10.1515/cdbme-2023-1078

Abstract: Spectral imaging allows to analyze optical tissue
properties that are invisible to the naked eye. Different spec-
tral setups have been introduced in the last years to allow in-
traoperative image-guidance. All systems suffer from differ-
ent disadvantages, such as lack of real-time capability, lim-
ited spectral coverage or low resolution. We present a novel
approach using two multispectral snapshot cameras covering
different spectral ranges as a stereo-system. The proposed
method allows for continuous hyperspectral imaging of the
surgical scene, while also enabling 3D scene reconstruction.
The study demonstrates the feasibility of this approach and its
potential applications in real-time monitoring and tissue iden-
tification of surgical interventions. The paper also discusses
the technical challenges and future directions for improving
the imaging system.
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1 Introduction

Hyperspectral imaging is a contact-less, radiation-free and
non-destructive method to analyze optical surface properties
that are invisible to the naked eye [5]. This can be of great ben-
efit in medical intraoperative image analysis. Therefore, hyper-
spectral imaging has experienced a strong interest in clinical
research in recent years [2].

Hyperspectral cameras are used in the spectral range of
A = 400 — 1000 nm to retrieve important information from
the image data, such as physiological parameters, specific tis-
sue characteristics and their changes. To acquire hyperspectral
data cubes with 100 or more spectral bands, different captur-
ing techniques exists, e.g., line-scanning, filter-wheel, or push-
broom based scanning. However, these techniques are based
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on sequential scanning and thus need several seconds to ac-
quire one complete hyperspectral data cube [8], hindering real-
time processing and interactive applications.

In contrast, multispectral mosaic cameras acquire spectral
data within one frame [4]. However, this comes with the draw-
back of much lower spectral resolution and decreased spatial
resolution. Snapshot cameras use mosaic patterns similar to a
standard RGB-Bayer pattern, but with increased pattern size
and different filters on each pixel [9].

This work combines stereoscopic image analysis with
the benefits of mosaic-snapshot cameras by using mosaic-
snapshot sensors with different spectral coverage in a stereo-
setup to increase spectral resolution without loosing additional
spatial resolution. With the aid of stereoscopic image process-
ing, we transfer the spectral information between the differ-
ent cameras, enabling a real-time capable hyperspectral setup
without loosing spatial resolution and additionally providing
depth information about the scene.

2 Method

In order to achieve a wide spectral coverage with good sam-
pling rate, we assume that both cameras of a multispectral-
stereo system have no overlap in their spectral ranges. Other-
wise, the stereoscopic image analysis could be performed on
the overlapping spectral bands. To provide the full spectral in-
formation from A\ = 400 — 1000 nm for each point in the scene,
the captured spectral data of both cameras have to be fused into
one consistent data cube. To achieve that, the following steps
are performed:

1. Demosaicking to increase images size and spatial res-
olution. Classical methods, e.g., bilinear or identity dif-
ference interpolation [6], or network-based methods, e.g.,
3D-CNNs [9] can be used.

2. Band selection in each image to extract two bands show-
ing the best similarity in terms of intensity distribution.
The aim of this step is to extract two bands having the
lowest normalized difference for later matching between
the 2 cameras. To improve the outcome of the next steps,
both selected bands are enhanced in contrast.

3. Feature detection in both images and matching of these
features [14]. Optionally, it is possible to combine step 2
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and 3. The feature detection and matching is then per-
formed for all spectral bands. Then, all found feature pairs
are used for the following steps.

Homography estimation and calculation of the warping
matrix.

Rectification of the camera views based on multi-view
geometry to achieve that matching features are on the
same image row in both views. This reduces the corre-
sponding problem by one dimension.

Disparity calculation results in a sparse disparity map [1].
By looping over the image pair for several times to en-
hance feature matching outcome, a dense disparity map is
achieved.

Transferring spectral information from one camera
view into the other. All spectral data can be fused for pix-
els with existing disparity information.

This results in a hyperspectral data cube holding in addition
depth information in the form of the disparity map. With a
stereo calibration of the camera system, accurate depth infor-
mation can be derived [12].

3 Stereo-Setup and Data

To show the functionality and intraoperative usability of
our multispectral image fusion, we captured intraoperative
stereo data with two different multispectral snapshot cameras'
mounted on arigid trail to realize a stereo setup, see Fig. 1. The
left camera is a 4x4-VIS camera covering the spectral range
from A = 436 nm to A = 650 nm with 16 spectral bands and a
sensor resolution of 1024 x2048 pixels. The right camera is a
5x5-NIR camera covering the spectral range from A = 675 nm
to A = 975 nm with 25 spectral bands on a 1080x 2045 pix-
els sensor. Both cameras hold a F2.8/75 mm optics> and are
described in more detail in Miihle et al. [7].

The distance between both cameras is a = 6 cm. The cam-
eras are rotated around the image plane for about 10 degree.
This allows the same scene content shown on the sensor at a
working distant (WD) of about d = 25 — 35 cm. Both cameras
are frame-wise synchronized and connected to a laptop pro-
viding power and fast data transfer with capturing rates of up
to 60 Hz, depending of the needed acquisition parameter like
exposure settings.

We captured data during different surgeries in the surgi-
cal fields: parotidectomy (ENT surgery), cf. Fig. 2 and kid-
ney transplantation, cf. Fig. 5. Both types of surgery are per-

1 XIMEA GmbH
2 Ricoh
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Fig. 1: The stereo-HSI-setup. Left: the setup mounted on a surgi-
cal retractor system in the operation room. Right: detailed view of
the stereo-cameras mounted on the rigid trail.

formed as open surgeries, in which the surgeon usually wears
magnifying glasses to enlarge the anatomical structures. For
illumination, the present surgical light is used, which always
comprehensively covers the interesting parts of the scene with
high brightness. To correct the present LED-illumination set-
ting, a white reference image is acquired directly before or
after the actual capturing. The image correction is performed
as described in Wisotzky et al. [10]

After the demosaicking step, both images are cropped to
identical sizes of 1020x2000 pixels for better image handling.
Due to performance reasons, we warped the 16 bands of the
4x4-camera and concatenated the 16 spectral points for all
pixels having disparity information at the beginning of the
25 bands of the 5x5-camera to achieve 41 spectral bands per
pixel.

4 Results

The captured image data of seven surgeries in two different
surgical fields have been analyzed. It was possible to recon-
struct a dense disparity map and transfer the spectral data for
all cases.

The final hyperspectral data cube is always smaller than
the multispectral-stereo input images, since the baseline of the
stereo system leads to a small scene shift as well as to oc-
clusions in the two multispectral-snapshot images, see Fig. 5.
The rectified and warped image shows empty image borders
due to the described stereoscopic effects, see Fig. 2, but due
to the dimension reduction, a fast determination of the dispar-
ity information is achievable. The dense disparity map of the
case shown in Fig. 2 is presented in Fig. 3. No information
are present on the left side of the disparity map (white area in
Fig. 3) due to the stereoscopic baseline shift.

Using the calculated disparity map, the captured spectral
data can be taken pixel-wise from the 4 x4-camera and stitched
in front of the 5x5-camera data. Thus, for each pixel having
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Fig. 2: One spectral channel of the right 5x5 camera view after
step six (warping) of our processing algorithm. The disparity cal-
culation is now reduced by one dimension as all corresponding
image features are located on the identical image row on both
camera views. Due to the warping, some areas at the image bor-
ders hold no data (black borders).
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Fig. 3: The disparity map of the case shown in Fig. 2. Red pixels
refer to regions far away from the camera and blue pixels refer

to regions closer to the camera. The white area on the left holds
no information due to the stereoscopic baseline shift. In addition,
due to the baseline shift and missing information, there is also an
incorrect prediction of a region distant from the camera system
(red pixels) that is actually close to the camera system.

a valid disparity correspondence a full spectrum from the cap-
tured scene can be calculated, see Fig. 4.

The measured latencies of the entire algorithm are pre-
sented in Tab. 1. The processing steps are implemented in C++
and partially implemented for GPU usage. The latencies were
measured on a DELL Precision 5570 laptop with NVIDIA
RTX A2000 GPU. While the pipeline is running, incoming
images are ignored.

5 Discussion and Conclusion

In this work, we present an image/spectral fusion method
for stereoscopic multispectral snapshot images. This allows
a continuous capturing (60 fps) and processing of intraoper-
ative images to achieve a hyperspectral data cube as video-
like stream (> 1 fps). The hyperspectral data cube shows high
spatial resolution with about 2000x 1000 pixels and a good
spectral resolution with 41 spectral bands in the interval of
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Fig. 4: Due to the fusion of the spectral information into one cam-
era view, a realistic RGB representation can be calculated (top
view). Further for all regions with disparity information, the spectral
information in the VIS-NIR range can be extracted, cf. colored cir-
cular ROls in the top view and spectral plots in the bottom view.

A = 400 — 1000 nm. This spectral resolution with the present
sampling is sufficient to reconstruct a spectrum in the VIS-
NIR region for robust analyses, which is comparable to spec-
tra extracted from other hyperspectral cameras [7]. Further-
more, our system combines advantages of different HSI and
MSI systems from the literature without showing their disad-
vantages [2—4]. In addition, it allows a real-time reconstruc-
tion of the 3D surface texture of the situs, which thus creates
a significant value increase. This makes it possible to contin-
uously monitor the present anatomical structures for physio-
logical changes and at the same time, if necessary, to measure
their sizes or register them precisely on preoperative image
data. Thus, the surgeon can be comprehensively provided with
objective data. Other comparable systems only allowed to re-
construct few spectral bands and 3D surface and were not real-

Tab. 1: Computational times of individual modules if feature detec-
tion is performed on all 41 spectral bands.

Module Latency [ms]

Demosaicking 250
Band Selection 120
Feature Detection 300
Homography 100
Disparity Map 30
Final Fusion 50
Total Latency 850
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Fig. 5: The final data fusion of data captured during kidney transplantation. Top left: left camera view, demosaicked. Top right: calculated
disparity map. Bottom row: two spectral bands of the fused data from right view into the left view.

time capable [13]. Our system shows the potential of real-time
analysis as the pipeline is only partially implemented for GPU
usage.
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