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ABSTRACT 

Port wine stained patients need multiple laser treatments which each are paused for 3 months per treatment. For clinical 
evaluation and better understanding of the laser settings used during these treatments, a special developed multispectral 
dermatoscope is used to quantify the micro vascularization within the port wine stains. The multispectral dermatoscope 
captures high resolution images of skin tissue with a surface of approximately one square centimeter. For more accurate 
treatment evaluation of the port wine stain, recapturing of the exact same location is desired. For multispectral image-
analyses an elastic match can be performed so that per pixel spectral analyses can be performed.     
 
 
Keywords: Dermatoscope, biomedical imaging, multispectral imaging. 

1. INTRODUCTION 

As photodynamic diagnosis and therapy are becoming more and more effective methods in diagnosis and treatment for 
a broad variety of cancer types, our department clinical physics, specialized in laser treatments and research, had the 
ambition to develop a spectral imaging device which enables us to perform quantative per pixel spectral measurements 
on tissues for: diagnoses, PDT illumination dosimetry, clinical evaluation of laser treatments of skin lesions and 
comparison studies of different wavelengths. 
Diagnosis of skin cancer and evaluation of laser treatments on vascular lesions seemed to be the most feasible research 
projects to start with.  
During the developmental stage, research methods and materials have been tested to overcome practical problems first. 
In this article a closer look into our research methods and the adaptations made are discussed. As a result, multispectral 
images are shown and discussed of vascular lesions after laser treatments and micro vessels from the nose at different 
moments in time.  

 

Figure 1 Picture of the multispectral dermatoscope. 
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2. MATERIALS & METHODS 

The compact multispectral dermatoscope uses a Liquid Crystal Tunable Filter (LCTF) (made by CRI, Cambridge 
Research International) between lens and camera. 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 shaped polarized illuminator which is 
mounted on the camera head of the multispectral 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 filter2 and therefore has polarizing effect. Its polarizing angle is 
crossed to the illumination polarization so that direct surface reflections are eliminated and the camera only sees 
scattered light2. 
The spectral filtered images are captured by a compact temperature compensated sensitive high resolution (b/w) 12 bit 
ccd camera (PCO). 
 

 
Figure 2 Picture of the multispectral dermatoscope. 

2.1 Calibration and optimizations 
Developing an own imaging spectrograph from scratch includes calibration and optimization. The system’s spectral 
response mainly depends on the spectral transmission properties of the LCTF and the quantum efficiency of the camera. 
Figure 3a shows a series of the LCTF transmission curves and reveals that the filter has poor transmission in the range 
between 400 till 450nm.  
Figure 3b shows the quantum efficiency of the CCD camera (ICX 285AL). Within the spectral range of 400 and 720 nm 
the quantum efficiency is above 40% and an impressive 60% between 450 and 550 nm. 
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Figure 3 a) Multiple LCTF transmission curves, b) quantum efficiency of ccd-camera. 

 
For spectral reflection measurements illumination of the full spectral range is necessary. For better dynamic range in 
blue range of the spectrum we chose a Luxeon White 5W power led. Figure 4 shows its emission spectrum. Although it 
has a dip at 486 nm the Luxeon white power led has proven to be a better light source than a tungsten lamp because of 
the peak at 450 nm.     
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Figure 4 Typical spectral emission of a white led. 

2.2  Relative spectral reflection 
The raw captured spectral data consist of spectral emission properties of the used illuminator, spectral transmission 
properties of the used optics, quantum efficiency of the imaging chip and the spectral reflection and fluorescent 
emission of the tissue measured. Thus, raw spectral data includes spectral properties of optics and hardware. In order to 
exclude these spectral properties, a white reference dataset must be used to render the relative spectral reflection out of 
the raw captured data. As white reference dataset a barium sulfate object was imaged with the multi-spectral system. 
Additionally, a dark reference is used, because cameras do not always give zero output in total darkness. 

a b 
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The relative reflection is then given by, 

 
 
The intensity of the light spot is not opaque, and neither are its spectral properties. Therefore the relative spectral 
reflection is rendered per pixel using a multispectral dataset of the white reference object.     

2.3 Per-wavelength integration time  
 
As the multispectral camera has a very poor sensitivity at certain wavelengths, a per-wavelength adjusted integration 
time table was created. The auto integration table was created using the barium sulphate white reference object. A loop 
which sequentially determines the best integration time for all wavelengths was applied. Figure 5 shows the program 
structure diagram. 

Integration times used with 5W Luxeon White LED 

0

500

1000

1500

2000

2500

3000

430 480 530 580 630 680

Wavelength [nm]

In
te

gr
at

io
nt

im
e 

[m
s]

 
Figure 5 Left: Program structure diagram showing the routine to determine per-wavelength integration times. 

Right: Chart showing integration times used 

When the result table is used, the spectral response of the camera seems to be equal for every wavelength. This doesn’t 
mean the camera can be easily used for absolute spectral measurements. Relative spectral reflection rendering is still 
needed to correct for the non equal spatial and spectral properties of the illuminator.     

2.4 Data acquisition sequence  
Although the multispectral camera has a spectral range between 400 and 720 nm, the LED illuminator only gives 
enough light in the spectral range between 440 nm and 720 nm. As the bandwidth of the LCTF is approximately 10 nm, 
a spectral scan with a wavelength stepsize of 1 nm is a bit overdone. In order to speed up the grab sequence and reduce 
data size a stepsize of 3 nm is chosen as a standard.  
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2.5 Software and data management system 
In order to reproduce an image at the exact same location, specialized software has been developed. The software uses 
an integrated database where all patient, treatment and imaging data can be stored or evaluated.  
The database is built up using multiple linked tables which together form a relational indexed database. At the top level, 
basic patient data is stored like patient number, birth date etcetera. The table below holds location information, the user 
can define multiple spots via a drawing (seen left in figure 6). Additionally during the patient’s visit a snapshot of the 
skin location can be made using a webcam or later on via a file browser when any other camera was used. On the 
location table, three other date indexed tables are connected: The multispectral images table, the normal color pictures 
table, and the laser-treatment table.  

      

Figure 6 Screenshots of the software: left the location information window, right the corresponding 
multispectral image.   

When browsing through the database all useful research data is indexed per patient. When adding patient data, the 
software automatically detects if the patient has visited us before and, if so, it directly opens the last visit data. The user 
now has three tools available to reproduce the exact location: the location drawing, the webcam snapshot and the 
multispectral image which was captured at the last visit.  
Additionally, while attempting to place the camera at the exact same location as before, a real-time subtraction 
visualization can be used for fine alignment. 

3. RESULTS 

During the development of hardware, optics, software en the relocating method, the multispectral system was tested 
constantly to overcome practical problems. The treatment of a port wine stain was evaluated at the out patient 
department of dermatology to visualize the decrease of vascularization during the long term laser treatment. 
Additionally the same experiment was performed on a spider naevus on the shoulder of one of our colleges.  
Two multispectral images of micro vessels in the nose were captured with a pause of two weeks between them. After 
recapturing the exact same location an elastic match is performed to determine the feasibility of the application of 
elastic matching.    

3.1 Evaluation of a port wine stain laser treatment 
Port wine stains are vascular skin disorders3. Hyper vascularization of the dermis causes these stains to appear red. As a 
treatment, a pulsed laser can be applied. The treatment laser emits high energetic light pulses of a wavelength 
corresponding with the selective spectral absorption of the micro vessels in the dermis.  
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Our department of dermatology uses a KTP laser (Versapulse, Coherent) which has a wavelength of 532 nm. Other 
popular treatment lasers are Copper Vapor (578 nm) and Pulsed Dye (585 nm).  
As a first attempt to reproduce multispectral images, a laser treatment of a port wine stain is monitored for a period of 6 
months. During this period three laser treatments were performed. Figure 7 shows the comparison at 532 nm, which 
corresponds with the wavelength of the laser used (Versapulse, Coherent), and 586nm, which corresponds with the 
wavelength of a Pulsed Dye Laser4.  
The decrease of contrast and thickness of the micro vessels within the port wine stain are better visible at the 
wavelength of 532 nm, while bleaching is better seen on 586 nm. The first image was captured while the relocating 
software was still under construction. Therefore it was not possible to reproduce the exact same location of the first 
image. The second and third were captured using the special developed relocating method.       

     
 
 

       
Figure 7 Spectral images at different dates of long term laser treatments, the upper row shows images filtered 

with 532nm (KTP treatment laser wavelength).   

 

Figure 8 Ratio image at start of treatment, image at 532 nm divided by image at 586 nm. 

The differences in selective absorption between KTP and Pulsed Dye can be visualized by dividing the 532 nm image to 
the 585 nm image. The result image, seen on figure 8, shows dark vessels and gray skin which indicates that the vessels 
have fewer absorption at 586 nm in contrast to 532 nm. The gray looking skin indicates that it has fewer differences in 
absorption in contrast to the micro vessels. Although these differences in spectral absorption can be quantitatively 
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established, these two lasers can not be compared using this method due to their differences in pulse width and pulse 
energy.  

3.2 Evaluation of a spider naevus laser treatment 
A spider naevus on the shoulder of one of our colleagues was treated using the KTP treatment laser. The effects of the 
treatment were monitored for a period of 38 days. The aim was to visualize the decrease of vascularization within the 
naevus over time. In the middle of the naevus, no decrease of vascularization was observed. The surrounding micro 
vessels, which were also treated because of the large spot size of the laser, did disappear (seen on figure 9 b). A 
surprising result was the response of a small pigmented stain which was located on the right side of the naevus. One day 
after treatment, the pigmented stain appeared a lot darker.  
 
 

 
   
 

          
 
 

          
Figure 9 a High resolution picture showing vascular naevus and pigmented stain. b Treatment over time at 

532 nm. c Treatment over time at 630 nm. 

3.3 Per pixel aligned multispectral image of nose wing micro vessels  
 
A test was performed on the author’s skin to determine how accurate an image could be reproduced. In order to make 
per pixel analyses possible, elastic registration software was used1. This software performs an elastic match on the 
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whole dataset. Figure 10 shows the result of a reproduced image from the right side of the nose. Two multispectral 
images were taken with three weeks between them. By subtracting these two images, the small shift between them 
becomes clearly visible. Figure 3.2b shows a dark image as a subtraction result after elastic matching, which indicates 
that the two images are almost exactly the same1.   
 
 
               
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
               
 

 

 

4. DISCUSSION 

At this point, the technical development of the multispectral dermatoscope system is becoming practical for clinical use. 
The next step would be the development of enhanced visualization. For example a false color image, indicating the level 
of suspiciously of malignant tissue, can give better diagnose before resection or treatment of invasive tumors. 

4.1 Image processing 
In order to interpret multispectral image data, application dependent image processing should be performed. A 
combination of spatial pattern recognition and spectral analyses is desired. In order to perform these analyses to 
compare two or more multispectral datasets of the same location, an elastic match is performed. This type of image 
processing asks a lot CPU power. Therefore the match of a full resolution multispectral dataset can take up to a full day. 
A possible solution for this might be the use 3D graphics cards2. The GPU (Graphics Processing Unit) which are 
originally developed for 3D games have useful capabilities which can be used to perform elastic matches a lot faster.          

4.2 Light shield ring pressure 
There might be an error using the small camera snoot which originally was designed for imaging nose vascularization of 
rosacea patients. Therefore the camera head was made as small as possible so that it could be placed on the sides of the 
nose. When the ring shaped camera head of the multispectral dermatoscope is pressed onto the skin, the micro vessels 
appear larger than normal. Possibly because the ring locks the outflow of blood, which then causes the micro vessels to 
fill up and swell. This side effect usually only appeared on locations where the skin is very thin like neck or upside of 
hands. For these locations a soft add-on cushion should be used. We expect that it will avoid the micro vessels to swell. 
 

- =

First image Second image Subtraction result 

Subtraction result First image Elastic matched second image 

- =

A 

B 

Figure 10 a Reproduced multispectral image captured at almost the exact same location. Subtraction image 
indicates a small shift between the two images. b Reproduced image is processed using elastic 
matching software. The dark subtraction image indicates the two images are almost exactly the same. 
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4.3 Future developments 
Photo dynamic therapy is performed in many different specializations with different in results. Acquiring multispectral 
data during treatment might lead to a better understanding of the efficiency of these treatments. Chemical changes 
during treatment can be quantified as well as biotic reactions of the skin like constriction or dilatation of the micro 
vessels. 
Additional experiments of imaging malignant brain tumours on life human cortex during surgery were performed. The 
first test results proved to be impressive. A false colour visualization was created by putting tree spectral filtered images 
into the red, green and blue colour components of a colour image. The result image showed a better tumour 
demarcation. A 3ccd camera coated with these particular spectral filters could be a useful tool for the surgeon removing 
the tumour. 

5.  CONCLUSION 

Significant changes in vascularization and pigmentation during long term laser treatments can be observed. In order to 
actually quantify these changes an elastic match should be performed.  
The exact reproduction of a location proved to be a big challenge. Although we have had success on volunteers, like the 
nose result1, it is very difficult to do likewise on patients with port wine stains. The micro vessels in the nose were easy 
guides to recognize the camera orientation. On port wine stains this is a lot more difficult because of the denser more 
chaotic micro vascularization.  
We believe that cancer demarcation can be improved using the multispectral dermatoscope. We expect that more 
information can be extracted from multi-spectral images using advanced image analysis algorithms. 
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