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Abstract—Fluorescent reflectance imaging (FRI) is a diag-
nostic method with the high specificity which is based on spa-
tial distribution of fluorescence intensity at the surface of a 
biological tissue. The contribution of scattering effects to the 
fluorescence intensity prevents the detection of deep seated 
tumors. The aim of this paper is to develop an image 
processing algorithm for reducing the scattering effects in FRI 
images. For this purpose, an experimental setup was imple-
mented using a cooled CCD camera and a near infrared (NIR) 
laser. We used the set up to obtain FRI images of fluorescent 
point source inside a tissue like phantom. The acquired images 
were deblurred by the proposed algorithm which includes a 
Wiener filter in Wavelet domain. The deblurring method was 
evaluated qualitatively by full width at half maximum intensity 
(FWHM) and signal to noise ratio (SNR). In comparison with 
the conventional blind deconvolution method, the FWHM and 
CNR were reduced 5 pixels and 2 db. In conclusion the pro-
posed algorithm can be used in wide range of optical imaging 
modalities for detecting subtle and deep lesions. 

Keywords— Fluorescent molecular imaging, bandpass filter, 
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I. INTRODUCTION  

Fluorescence reflectance imaging (FRI) is widely 
used in the areas of clinical research, for instance, 
dermatological imaging and intraoperative imag-
ing as well as small animal imaging [1]. A con-
ventional FRI system records the spatial distribu-
tion of the scattered fluorescent light at the 
surface of a sample. The scattering effect limits 
light penetration into the tissues, thereby prevent-
ing visualization of the deep seated tumor. A me-
thod for reducing FRI image degradation due to 
scattered radiation was developed by Shimduzu 
et.al based on deriving of depth dependent PSF 
[2]. The PSF was obtained through two dimen-

sional deconvolution of the final image of a scat-
tering medium with the image in clear water. The 
deconvolution method was then evaluated using 
Monte Carlo algorithm for optical imaging system 
[3]. The studies showed that the deconvolution 
method increases the image noise. In addition the 
algorithm is based on the initial guess at PSF. 

Therefore, the goal of this article is to develop 
an algorithm for reducing the effects of light scat-
tering in FRI images using a Wiener filter in 
Wavelet domain. The algorithm was experimen-
tally evaluated by preparing FRI system using a 
cooled CCD, achromatic lenses, a long pass filter 
and a diode laser (at 635 nm). We used the imag-
ing system to obtain images of fluorescence point 
source embedded in a tissue like phantom. The 
acquired images were then filtered by the pro-
posed algorithm and evaluated by calculating 
SNR and FWHM. The results showed the signifi-
cant improvement of the image quality in compar-
ison with the conventional deconvolution blind 
algorithm. Therefore the proposed algorithm can 
be used for wide variety of optical imaging mod-
alities.  

II. MATERIALS AND METHODS 

The experimental set up was implemented as 
shown in Figure (1). The optical setup comprises 
a cooled CCD camera (Andor lucaEM EMCCD 
camera, England), an objective lens (Edmund 
optics, USA), a diode laser (peak emission at 
635nm, Diomed, England) and a long pass filter 
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(Edmund optics, USA). The setup was used for 
obtaining FRI images of a tissue like phantom 
which includes a fluorescent sphere source of 
1mm radius made of quantum dots (Invitrogen, 
USA). The phantom was constructed from Aga-
rose (BioGene Ltd., Cambridgeshire, UK), Indian 
ink (Pelikan 4001 black) and intralipid (Fresenius 
Kabi Pharmaceutical Co., Sweden) using method 
described by Cubeddu et.al [4]. 

Fig 1-The experimental set up for obtaining FRI images 

The images were filtered by a bandpass filter 
which includes a high pass filter and a low pass 
filter. The low passed image was produced by 
convolving the original image with a Wiener filter 
in Wavelet domain [5]. However, the high passed 
image was obtained by convolving the original 
image with a boxcar function [6]. The resulted 
image was subtracted from the low passed image 
to obtain a final image. The final image was made 
to undergo a sequence of morphological opening 
and closing  

We compared quantitatively the filtering algo-
rithm with the deconvolution method [2]. The 
deconvolution method was based on the idea that 
the obtained image is produced by the convolu-
tion of the unblurred image of the point source 
with the PSF of an optical imaging system. There-
fore the unblurred image can be obtained by de-
convolution of the imaging system PSF. The de-
tails of the deconvolution method is shown in 

Figure 2. The PSF includes a PSF of scattering 
radiation and CCD camera lens PSF (PSFlens). The 
PSFlens was acquired by obtaining the point source 
image without scattering medium in the focus of 
the lens.  

. 
 
 

Fig 2- Details of deconvolution algorithm. The convolu-
tion method denoted by the asterisk symbol. 

 
On the other hand, the scattering PSF (PSFscat) 

was defined as the distribution of the scattering 
radiation at the surface of the phantom. The 
PSFscat was derived from the analytic solution of 
diffusion equation [2]: 
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respectively, radiating power, reduced scattering 
coefficient, absorption coefficient, radial distance 
from z axis and depth of the point source. The 
PSF of CCD camera lens The PSFs were finally 
deconvolved with the obtained image using the 
blind deconvolution algorithm. The unblurred 
images showed two dimensional Gaussian distri-
bution. A two dimensional Gaussian curve was 
fitted to images using a leas square algorithm. The 
FWHM of each curve was then compared with 
the Gaussian distribution of the obtained image. 
The reduction of FWHMs can be shown the re-
duction of scattering effect at the edges of the 
point source. In addition a signal-to-noise ratio 
(SNR) was determined by choosing Region of 

Obtained image PSFscat*PSFlens Deconvolution 

Final image 
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Interests (ROI) in the center and the background 
of the final image by the following relation: 
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III. RESULTS 

The fluorescent point source inside the phan-
tom was excited by laser beam at 635 nm. The 
distribution of the fluorescent radiation at the sur-
face of the phantom was collected by the cooled 
CCD camera (Figure 3a). The obtained image was 
filtered by the bandpass filter which includes 
Wiener filter in Wavelet domain. The Figure 3b 
shows the filtered image of the source with Gaus-
sian distribution which has FWHM of 49 pixels 
and SNR of 10 db.  

     

50 100 150 200 250 300 350

50

100

150

200

 
Fig 3-a) the original image without the scattering layer. 

b) The image a filtered by the bandpass filter. 

 
The performance of the filtering method was 

evaluated by comparison with the deconvolution 
algorithm. The deconvolution method was applied 
to the original image in order to obtain the de-
blurred image (Figure 4). 
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Fig 4-a) The original image without scattering layer. b) 

The deblurred image SNR was acquired 8 db. 
 
 
The FWHM of deconvolved image was of 56 

pixels (Figure 5). 
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Fig 5-The normalized intensity profiles of the image of 
point source after deconvolution (dashed line) and after 
filtering (gray line). 
 

IV. DISCUSSION 

The reduction of scattering of FIR imaging is im-
portant for detecting deep seated lesions. For this 
purpose, we introduced the algorithm which in-
cludes the band pass filter and morphological al-
gorithm. The FWHM of intensity distribution and 
SNR of images were obtained 49 pixels and 10 db 
respectively. The data showed signification reduc-
tion of scatter effect on FRI images, because the 
band pass filter includes the boxcar function and 
the Wiener filter in Wavelet domain. The Wiener 
filter reduces noise due to digitization during im-
age acquisition with a CCD camera. On the other 
hand, the boxcar eliminates scatter distribution 
and uneven image background due to no uniform 
sensitivity of CCD camera pixels. Finally, the 
values on the border of the resulted image were 
then convolved with 0s. 
However the deconvolution method is known to 
increase the noise in an original image and based 
on initial guess at the PSF. The PSF was derived 
for fluorescent source at depth of d using analytic 
solution of the diffusion approximation. The eq-
uation can be only used for a point source which 
is in the large distance from CCD camera. There-

fore it is not applicable to fluorescent source with 
large radius near to detector such as biological 
lesions.  

V. CONCLUSIONS 

We showed that the quality of blurred FRI im-
ages can be significantly improved by the pro-
posed bandpass filter in comparison with conven-
tional deconvolution methods which are based on 
optical imaging system PSF. Therefore the pro-
posed method can widely be used in optical imag-
ing modalities. In conclusion, the Wiener filter in 
Wavelet domain is very useful image processing 
algorithm for reducing scattering effect on optical 
images. 
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