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ABSTRACT 

A compact multi-spectral imaging system is presented as diagnostic tool in dermatology and neurosurgery. Using an 
electronically tunable filter, a sensitive high resolution digital camera, 140 spectral images from 400 nm up to 720 nm 
are acquired in 40 s. Advanced image processing algorithms are used to enable interactive acquisition, viewing, image 
registration and image analysis. Experiments in the department of dermatology and neurosurgery show that multi-
spectral imaging reveals much more detail than conventional medical photography or a surgical microscope, as images 
can be reprocessed to enhance the view on e.g. tumor boundaries. Using a hardware-based interactive registration 
algorithm, multi-spectral images can be aligned to correct for motion occurred during image acquisition or to compare 
acquisitions from different moments in time. The system shows to be a powerful diagnostics tool for medical imaging in 
the visual and near IR range. 
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1. INTRODUCTION 

Skin tumors like basal cell carcinoma are often hardly seen by human eye. An additional problem is that they usually do 
not show a very distinct demarcation. For good resection of the tumor, it is important that invading sprouts of the tumor 
are not missed. The method which is currently used by dermatologists is to remove the tumor with an additional rim of 
surrounding tissue. The removed tumor is then researched by pathologists looking for tumor cells in the surrounding 
tissue to check whether there were no tumor cells left in the patient skin. 

Advanced camera systems can improve the visibility of the tumor by creation of improved contrast between 
malignant and healthy tissue. More detailed information can be extracted from the reflected light by analyzing its 
spectrum in stead of RGB color data. It appears that there are differences in reflective spectrum between normal and 
malignant tissue1, which can be used to discriminate between them.  As these spectra were collected from a point or 
small area on the skin, cameras had to be equipped with filter wheels to see such spectral images. Since the advent of 
electronic tunable filters, it has become much easier to practical to use build a multi-spectral system. Examples of such 
systems have been built to enhance the visibility of cervix cancer2 or brain tumors3. As these systems were targeted 
towards a specific application, we chose to develop a multi-spectral system which was generic and flexible in its use 
and application. It has a compact design which makes it easy to connect it to a surgical microscope or to add a lens 
system to create a multi-spectral dermatoscope. Special generic software was developed to register, analyze and 
visualize multi-spectral images. This paper will highlight its use on enhancing the demarcation of skin tumors. 

2. MATERIALS & METHODS 

2.1 Data acquisition 
 
The compact multi-spectral camera uses a Liquid Crystal Tunable Filter (LCTF) (CRI, Cambridge Research 
International) between lens and camera (Figure 1). The LCTF enables the user to capture a spectral filtered image at any 
given wavelength between 400 and 720 nm. A high power LED (Luxeon 5W White) is fiber optically coupled to a ring 
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shaped polarized illuminator which is mounted on the camera head of the multi-spectral dermatoscope. A light shield is 
used to exclude any other light sources and keep a standard focal distance as well. The liquid crystal tunable filter is 
based on a Lyot filter and therefore has polarizing effect. Its polarizing angle is crossed orientated to the illumination 
polarization so that direct surface reflections are eliminated and the camera only sees scattered light4. The spectral 
filtered images are captured by a compact temperature compensated sensitive high resolution (B/W) 12 bit CCD camera 
(PCO PixelFly QE). 

The multi-spectral camera is mounted on a trolley with a Manfrotto magic arm. This trolley is equipped with a 
powerful PC with a large LCD display and an isolating transformer, so it can be used in a safe manner everywhere in 
the clinic. The multi-spectral camera is placed on the human skin at the location of interest. Its position is then firmly 
fixed using the lock wheel of the Manfrotto magic arm. During acquisition spectral filtered images are captured from 
430 to 720 nm (stepsize 4 nm) in about 40 seconds. The images are stored layer by layer in a 3D data stack where the 
third dimension represents the spectral axis. Because of the high resolution of 1392x1024 pixels, the high dynamic 
range of 12 bits and large amount of spectral filtered planes typical sizes for such datasets are 200 MB. For a fast access 
to these files and to also allow processing on these files, special image processing algorithms were developed which 
were based on a cubic memory layout and memory mapped files4.  

2.2 Registration to correct motion artifacts 
Motion artifacts may occur due to movement of the patient during data acquisition (Figure 2). These errors result in 
spectral misalignments in the dataset: i.e. when taking the value of a pixel along the spectral axis, the spectral values are 
mixture of spectral components of neighboring pixels. To correct these motion artifacts, all spectral images must be 
matched to a reference image using image registration software. As conventional registration algorithms like the 
Segmentation and Registration Toolkit proved to be too slow and resulted in many mismatches which were hard to 
correct, it was decided to build an image registration algorithm from scratch5.  

The concept in the new software package is to let the user have a decisive role in the registration process: The user 
interactively moves and rotates one image over the other until a coarse match has been found. After that, an automatic 
affine registration can be started to refine this match. The affine registration applies rotation, translation, anisotropic 
zooming and slanting transformations until no better result is achieved. As still local deformation can occur during to 
movements of the skin, elastic registration can be started subsequently. During these registration steps, the intermediate 
results are shown continuously so the user is constantly informed about the progress and correctness of the match. At 
each time, the user can stop the registration, correct its parameters (Figure 3) and let it continue from there on. At the 
end, the reconstructed image can be written to disk. 

 

 

Figure 1 a Individual components of multi-spectral dermatoscope, b real picture, c multi-spectral image stack 
of Keratosis actinica. 
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The software package has special features for registering multi-spectral image sets. To correct motion within one 
multi-spectral image, one first has to define a reference spectral slice, which is often the central slice as it corresponds 
best to slices near UV or near IR. Then all other spectral slices are matched to this reference slice resulting in a set of 
match vectors. Sometimes movements between two subsequent spectral slices is so small, that the somewhat time-
consuming registration step can be replaced by interpolating the match vectors from two neighboring spectral slices. At 
the end, when the user has approved all the matches, all spectral slices are re-sampled according to their corresponding 
match vectors, resulting in a matched multi-spectral reference set. 

The software package can also be used to follow changes in the skin over time due to treatment or progression of 
disease. By acquiring a second multi-spectral image at a later movement in time, this multi-spectral image can be 
registered with subvoxel precision to the first multi-spectral image. In this registration process, all spectral slices in the 
second multi-spectral image are matched to the corresponding spectral slices of the first multi-spectral image. This can 
be done with such high accuracy that for example filling of micro-vessels can be followed over time5. 

 

 

Figure 3 Example of interaction where the user can correct elastic control points to get a better starting 
position for the elastic registration algorithm. 

Figure 2 Example of large movements during image acquisition. Left: Spectral image at 493 nm, right at 
544 nm. It appeared that the patient had much difficulty in keeping the cheek against the camera. 
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2.3 Display methods 

Close to true color reconstruction 
Because a multi-spectral image consists of tens of spectral slices, there a several ways to create an image for the user. 
The first usual way would be to create a color image which would appear similar to what the user would see with the 
naked eye. This is achieved by placing spectral slices into the red green and blue image components of a color image. 
For the red image component a wavelength of the red part of the spectrum is chosen eg. 630 nm, for green 550 nm and 
blue 450 nm. The final image looks very similar to what can be seen through a normal dermatoscope (Figure 4a). but 
has higher contrast between different tissue structures due to the more narrow banded image components. 

False color image 
A second option to enhance the view on the skin is to select specific wavelengths for the red, green and blue 

components of the color picture, like reference 6. A special interactive tool was developed to create such ‘false color’ 
images. An example is shown in Figure 4b, where the advantage of ‘false color’ imaging for tumor demarcation 
becomes apparent.  
 

        

Figure 4 Comparison of a ‘correct’ view and false color view of a squamous cell carcinoma. The red, green 
and blue sliders can be moved by the user to select different wavelengths for the red green and blue 
color components of the image. 

Ratio imaging 
Even more contrast in the image can be obtained by enhancing small differences between spectral slices. This can be 
achieved by subtraction or ratio imaging. An image calculator tool was created to enable the user to interactively try 
different ratios to determine which wavelengths give the most enhanced contrast. At specific wavelengths the ratio 
image shows an enhanced demarcation of the tumor (Figure 5). An even more spectacular result can be obtained by 
using a different ratio image for the red, green and blue of a false color image (Figure 6). However, due to the increased 
number of parameters it is harder to get such a result. 

a b 
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Figure 5 Example of ratio imaging. Resulting slice is calculated as the ratio of two spectral slices. 

 

 

Figure 6 Creation of a false color ratio image. Each component of a color picture is obtained by dividing two 
spectral slices. 

Pixel spectrometer and spectral segmentation 
 
With the previous methods not all spectral information of the multi-spectral image is used. Until this point, only six out 
of eighty slices have been used to create an enhanced display of the tumor. More information can be extracted by using 
the full spectral detail present in the multi-spectral image. An intuitive tool for this is the pixel spectrometer (Figure 7) 
where the user can extract the full spectrum for each point in the image in an off-line way, without have to rescan the 
patient. It then can be found out which spectra are representative for tumor tissue and which represent healthy tissue for 
this specific patient. After this spectral examination a spectral segmentation method can be applied. This measures the 
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spectral correlation of all pixels in the image and is then presented in a color code graded image. The spectral 
correlation operation is vector based in order to correct for non equal light distribution of the image. Defining isr  as the 

vector notation of reference spectrum i, and )(xs rr
 as the spectrum at pixel position xr , then the correlation value )(xri

r
 

is given by: 
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Figure 7 Extraction of spectra from center of a mole and surrounding tissue. 

3. RESULTS 

Dermatology 
The different display methods were applied on a multi-spectral image of a superficial basal cell carcinoma (Figure 8). 
To compare the results with normal human eye vision a color image of the exact same location was captured using a 
Nikon D5 camera). We see that multi-spectral imaging has many promising advantages over conventional imaging in 
determining the boundary of a tumor. In clinical practice the false color display would be the simplest method to use as 
no extra user intervention is required.  

Neurosurgery 
By using a special adaptor the multi-spectral camera could be coupled to a surgical microscopy of neurosurgery (Figure 
9). Images were acquired after opening the dura, but before resection of the tumour (Figure 10). It becomes clear that 
the contrast in a normal image (left) can be greatly enlarged by creating a false colour image mixing three specific 
spectral images instead of the red, green and blue component of an RGB image (right). The ingrow of the tumour in the 
surrounding tissue can be appreciated better in the false colour image compared to the normal RGB image. 
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Figure 8 Different display methods applied on a multi-spectral image of superficial basal cell carcinoma 

compared to conventional medical photography: a Conventional medical photograph, b ‘True’ color 
reconstruction, c false color reconstruction, d monochrome ratio image, e color ratio image, f spectral 
segmentation. 

4. CONCLUSIONS 

A new registration algorithm has been presented which proved far more effective in registering multi-spectral images 
than conventional registration software. Almost all matches now succeed due to apt interventions of the user who can 
supervise the registration process in real-time. 

Looking at the different display methods, we see that the false colour method will be of immediate use to the 
dermatologist as the visibility of the tumour has increased considerably. The results of the spectral segmentation look 
very promising, but slightly differ from the false colour image and ratio images. A study of cross-linking the enhanced 
demarcations with the biopsy results from pathologists should be performed to verify our demarcation enhancement 
method. 
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Figure 9 Multi-spectral camera coupled to a surgical microscope. 

      

Figure 10 Advantage of using multi-spectral images in perceiving the boundary of a brain tumor. Left: 
Conventional digital photograph. Right: False color display with different spectral slices for red, 
green and blue.  
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