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Abstract  This article proposed a novel classification on fluorescence imaging for clinical applications, and presented a 
camera-based instrument to verify the functions by an animal mode. The imaging technologies of fluorescence currently 
are developed in biological medicine included broad-field fluorescence imaging, point-probe fluorescence imaging, and 
cross-sectional endoluminal fluorescence imaging respectively. This periodical’s editor introduced broad-field fluorescence 
imaging’s latest developments in technology in this issue, and illustrated a photo retouching system for decreasing the 
fluorescence signal-to-noise ratio in photodynamic therapy (PDT) for skin cancer. The animal test also verified that this 
camera-based instrument still could capture the red fluorescence under a low-dosed light sensitive drug and the scope of 
distribution of melanoma cells in the vein could clearly be observed. 
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1. Introduction 
Optical microscopes have significant importance for ex-

amining biological cells and tissues. They provided the 
ability to observe structures in a non-destructive manner 
and also give sub-micro resolution of spatial analysis. In 
addition, fluorescence is often utilised in order to detect 
biochemical effects in organisms using specialised dyes in 
vivo. For example, endogenous fluorophore molecules exist 
in some biological tissues, such as aromatic amino acids (i.e. 
Tryptophan, Tyrosine and Phenylalanine) and nicotinamide 
adenine dinucleotide (NAD+). These molecules, through 
use of the optical fluorescence microscope to observe char-
acteristics of fluorescence reactions by the molecules, can 
be used to investigate the environment around tissues and 
cells on a micro-nanometre scale, which can reflect the state 
of physiology and pathology[1].  

In Taiwan, the technologies of fluorescence currently 
being developed in biological medicine included sin-
gle-photon excitation and the multi-photon microscopy. In 
single photon excitation fluorescence imaging technology, 
the technology is limited by the components, such as ab-
sorption and scattering effect on the penetration range, CCD 
camera pixel size and open access to software development 
kits (SDKs)[2],[3]. Multi-photon microscope technology  
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can avoid the issue of low penetration through its use of 
long wavelength light to obtain deep penetration distance 
and caused little photo-damage in samples[4]. 

Generally, the fluorescence reaction uses specific ultra-
violet light (200 nm - 405 nm) to irradiate the dyed organ-
isms or objects, excite the tissue or cells and emitted a spe-
cific frequency of light. These rays range from visible light 
to near-infrared (405 nm - 900 nm), though especially 
common are short ultraviolet (265nm) and long ultraviolet 
(365nm) wavelengths used to excite yellow and red fluo-
rescence. In this study, the fluorescence imaging technolo-
gies used in medicine are divided into the following: (1) 
broad-field fluorescence imaging (2) point-probe fluores-
cence imaging, and (3) cross-sectional endoluminal fluo-
rescence imaging. 

(1) Broad-field fluorescence imaging can be used exam-
ine thin structures near an organism’s surface (i.e. the epi-
dermis and mucosal tissue). This type of fluorescence im-
aging has lower background noise, lower photo-damage and 
low photo-bleaching; hence, this method is very suitable for 
live cell imaging[5]. Compared to the confocal scanning 
microscope, broad-field fluorescence imaging cannot obtain 
a three-dimensional cross-sectioned image, but the lower 
signal-to-noise ratio and high frame rate possible allows 
wide-field imaging of thin samples. Broad-field imaging 
can easily be used in conjunction with other optical tech-
nologies to fully characterise a specimen. 

(2) Point-probe fluorescence imaging is often used to 
examine in tissue whether a particular molecular is present 
and at what concentration[6]. This could be related to 
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pathological changes. Molecules used include, nicotinamide 
adenine dinucleotide (NAD), flavin adenine dinucleo-
tide-hydrogen (FAD) and collagen. When stimulated with 
shortwave light, these molecules will release light of a spe-
cific frequency. Through use of a spectroscope to analyse 
the intensity and colour of the fluorescence, and in com-
parison to known standards, it is possible to determine the 
concentration of the molecule[7]. In general, a reduction in 
total fluorescence is considered to be a risk factor for can-
cer. 

(3) A typical research example of cross-sectional endo-
luminal imaging is autofluorescence bronchoscopy. This is 
based on the theory that normal tissue will fluoresce after 
excitation with light but if there are cancer cells present 
then there will be a decrease in the reflectance of fluores-
cence[8]. Using this characteristic, it is possible for a doctor 
to locate very small amounts of lung cancer tissue in the 
trachea. It can be used to reveal the nidus of cancer relapse, 
and also can be used to diagnose the type of lung cancer 
earlier in the disease state. 

2. The Development of Photodynamic 
Therapy for Skin Cancer in Taiwan 

Non-invasive fluorescence imaging of dead cancer cells 
is very important for the assessment of cancer therapies. 
Photodynamic therapy (PDT) is the use of systematic light 
sensitive drugs in combination with light irradiation treat-
ment to eliminate target cells[9]. Although light-sensitive 
drugs have different chemical properties depending on the 
target organ, their mode of action is to generate reactive 
oxygen species, which cause apoptosis and necrosis of the 
target. Because the treatment may result in other cells being 
killed, light-sensitive drugs must be used with careful dose 
control. Currently, in the dermatology clinical, PDT con-
sists of two procedures, these being fluorescence diagnosis 
and phototherapy. In broad-field fluorescence imaging, 
light-sensitive drugs (for example, 5-ALA, Chlorine-6, etc.) 
are applied in the treatment area and then after a certain 
metabolic time they can generate a fluorescence reaction 
under UV irradiation[2],[9]. RGB images can be independ-
ently extracted from the fluorescence imaging band (red 
component, corresponding to a wavelength of 580 nm to 
650 nm), providing the doctor with a diagnosis and treat-
ment reference. Phototherapy usually uses a uniform light 
intensity and fixed lighting dimension of wide band red 
light (600 nm - 750 nm) in the affected area. However, 
tested skin is under continuous radiation and successive 
exposure, this makes it hard to take a clear picture using 
general photograph equipment due to the stimulated fluo-
rescence[3],[10]. The user is only able to pick up the reac-
tion of fluorescence periodic imaging with experience as the 
imaging has a high signal-to-noise ratio[11, 12]. The com-
mercial product fotofinder® dermoscope faced this problem 
in our animal tests. To improve the clarity of fluorescence 

imaging, the Instrument Technology Research Center 
(ITRC) of National Applied Research Laboratories (NARL) 
and Medical Skin Discipline of Kaohsiung Medical Univer-
sity (KMU) are developing a CMOS based portable fluo-
rescence reaction recorder and a low noise photo retouching 
system, hoping this portable system will raise dermatology 
differentiation in PDT. 

3. Image Processing             
(Signal-to-Noise ratio) 

Signal-to-noise ratio reduction was performed using the 
animal model described as follows. B16-F10 melanoma 
cells were injected into the ear of nude mice at an age of 6 - 
7 weeks and the skin was examined using PDT. To obtain 
the fluorescence image, the low-dosed light sensitive drug 
Chlorine-6 (0.16 mg) was injected into the ear vein of nude 
mice and imaged after 30 minutes. In order to decrease sig-
nal-to- noise ratio in this study, the digital camera was set in 
front of a microscopic module (100x) and installed in the 
lens of the microscope module peripheral ring was a 375 
nm LED light source (Figure 1), to provide uniform fluo-
rescent lighting, and allow imaging of the ear tumours and 
peripheral vascular red fluorescence image (Figure 2). The 
advantage of this equipment is that it could zoom in to the 
detection imaging through the micro camera module, and 
the LED ring-shaped light sources could provide enough 
light to keep a high speed shutter and large aperture, avoid-
ing the image being excessively shallow or of insufficiently 
exposure. 

 
Figure 1.  A portable fluorescence imaging system 

This study also developed a photo retouching system 
(Figure 3) to split into R.G.B the coloured fluorescence 
imaging in the camera and also used a shock filter[1] to 
erase noise and to raise the contrast of the fluorescence im-
age and finally to decrease imaging noise through a maxi-
mum grey value spread in the value range 0 to 255. This 
method in total involves seven steps and all steps are illus-
trated in Figure 3: 
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Figure 2.  375 nm LED ring-shaped light sources 

Step 1 - Capture of the coloured images using a CMOS 
camera. 

Step 2 - Using the Borland C++ Builder software to de-
velop a post-processing module with a human machine in-
terface (HMI), which load the captured fluorescence images 
directly from the camera. 

Step 3 - The post-processing module splits the coloured 
fluorescent film into R, G, and B sub-quantities. 

Step 4 - Re-distribution of the red (R) sub-quantity in 
grey-scale (maximum grey value spread in the value range 
0 to 255). Because the human eye has different levels of 
sensitivity to the R, G, B sub-quantities, generally the hu-
man eye, or brain, would determine that pure green is 
brightest, pure red is darker and pure blue is the darkest. 
Also, the relationship between the image pixels and bright-
ness is non-linear, therefore, this study considered the actual 
observation conditions for human visual, and produced the 
formula (1) as the base for grey-scale image conversion. 

Step 5 - The fluorescence imaging area is selected and 
the image size is enlarged or shrunk with equal proportions. 
However, during the image scaling process the pixels are 
extremely easy to distortion or for them to lose sharpness, 
this problem cannot be fixed simply by adjusting the resolu-
tion of the image, there are three common methods to re-
sample: (1) Bilinear interpolation, (2) Nearest neighbour 
interpolation, and (3) Bicubic interpolation[13]. Details are 
as follows: 

(1) Bilinear interpolation. 
Bilinear interpolation can be a method involved in filter-

ing encircled texels, to smooth out almost all jaggies which 
frequently appear around pixels, as well as giving the image 
a smoother visual appeal. Subsequently, after being resam-
pled, images will present a far flatter interface between each 
individual adjoining pixel, consequently grey-scale values 
are neither likely to suffer from deformation nor distortion. 
Bilinear interpolation works by simply using the four most 
adjacent pixel values, which are usually positioned in di-
agonal directions originating from a given pixel, to find the 
proper colour intensity values of the particular pixel. This 
method points to the nearest 2 x 2 area associated with 
known pixel values encircling the unknown pixel's calcu-
lated area. After that it takes a weighted average of these 
four pixels to give the final interpolated value. The weight 

relating to each one of the four pixel values will depend on 
the calculated pixel's distance from the single known point. 

(2) Nearest neighbour interpolation 
Nearest neighbour interpolation initially calculates the 

ratio of enlarging or shrinking, then estimates the point on 
the original image that is closest to the new location, and 
finally moves and pastes that point to a new location[13]. 
The method is useful for image types with sharp image 
content (such as squares) with clear colour contrast, because 
this algorithm keeps the tonal range unchanged to the 
original image following processing. However, the nearest 
neighbour interpolation method produces larger interpola-
tion errors, as the calculating period is less, resulting in a 
less peaked interpolation error histogram, which results in 
some embeddable spaces being sacrificed and mosaic and 
edge sawtooths being obvious when enlarging images. 

(3) Bicubic interpolation 
In math concepts, bicubic interpolation is an extension of 

cubic interpolation, intended for interpolating data points on 
a two dimensional common grid. The interpolated surface 
area will be smoother when compared with equivalent types 
of surface which are acquired from bilinear interpolation or 
even nearest-neighbour interpolation. Bicubic interpolation 
is usually attained by using either Lagrange polynomials, 
cubic splines or simply a cubic convolution algorithm. 
During image processing, bicubic interpolation is frequently 
selected over bilinear interpolation or nearest neighbour 
interpolation for image resampling, even though it generally 
requires a longer calculation period. While bilinear interpo-
lation takes merely four pixels (2x2) into consideration, 
bicubic interpolation takes into account the 12 pixels around 
it (overall for 4x4 pixels) whilst calculating an average. 
Images resampled with bicubic interpolation tend to be 
smoother and also have fewer interpolation artefacts. Even 
though running the program occupies more memory and has 
a longer calculating period, this study adopted Bilinear in-
terpolation for processing of the fluorescence images scaled 
with equal proportion. 

Step 6 - The image’s noise is often increased following 
an enlarging or amplifying step, therefore the shock filter (1) 
is used to reduce noise and to further increase the contrast 
of the fluorescent image. 

Y = 0.299R + 0.587G + 0.114B         (1) 
Step 7 - The final step is sharpening. The process of 

sharpening can transfer vague images into clearer states and 
enhance the chiaroscuro, making the fluorescent images 
look brighter. 

4. Experimental Results 
This study demonstrated that a digital camera of micro 

distance, in conjunction with a micro module (100x), could 
clearly observe the ear vein and distribution of melanoma 
cells in nude mice (Figure 4 and 5). The low-dosed light 
sensitive drug Chlorine-6 (0.16 mg) was injected into the 
ear vein of nude mice and after 30 minutes a uniform 375 
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nm LED light was used for primary stimulation. Chlorine-6 
red fluorescence and the scope of distribution of B16-F10 
melanoma cells in the vein could clearly be observed. Ac-
cording to the vertical depth of mouse ear thickness, it was 
possible to calculate the volume of B16-F10 melanoma 
cells. Through correct use of photo retouching system (Fig-
ure 3), it was possible to decrease the noise of high ISO 
images produced by the digital camera while comparing the 
original image in Figure 6 and the processed image in Fig-
ure 7. However the comparing instrument, the fotofinder® 
dermoscope could not capture the red fluorescence. Proba-
bly the dose of light sensitive drug was too low for this 
commercial instrument. In addition, when maximum grey 
values were spread in the range 0 to 255, the contrast of the 
fluorescence image was increased and the distribution of 
fluorescence in the mouse ear could be recorded (Figure 7). 

 
Figure 3.  Seven steps of a photo retouching system 

 
Figure 4.  The ear vein and distribution of melanoma cells in nude mice 

 
Figure 5.  The ear vein and distribution of melanoma cells in nude mice 
with a micro module (100X) 

 
Figure 6.  Fluorescent reaction after the Chlorine-6 injection for 5 minutes 
(160X

 
Figure 7.  Decrease the noise by a photo retouching system (

) 

160X

5. Conclusions 

) 

Imaging is the most direct method to allow other re-
searchers to understand your experimental results. It is easy 
for a reader or researcher to misunderstand the design goal 
and result of an experiment, though the provision of an im-
aging result is not free from the possibility of distortion 
from outside experimental conditions or internal issues of 
the photography system. Therefore, it is the most important 
challenge to developers of equipment to display an image 
correctly. This periodical’s editorial introduced broad-field 
fluorescence imaging’s latest developments in technology 
in this issue, and here we illustrate a method for decreasing 
the fluorescence signal-to-noise ratio in an animal model. 
We expect, from now on, that we will continually improve 
point-probe fluorescence imaging methods and develop 
cross-sectional endoluminal imaging and applications in 
Taiwan and Asia. 
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