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Abstract- Here we propose a novel fluorescence optical 
tomography method. In this method, ultrashort laser pulses 
are used to excite the fluorescent dye concentrated at the 
tumor region, and the temporal fluorescence light signals are 
detected around the boundaries of the target tissue. The 
temporal information of the fluorescence light intensity is 
employed to construct tomographic and 3D images of the 
fluorescent radiation in the tumor region. Two new concepts, 
i.e., solid geometric correlation property and photon 
migration statistic property, are introduced to set up the 
criteria for probing the location and shape of the tumor. 
This method can visualize an abnormal region in turbid 
tissues conveniently, simply, efficiently and effectively. It 
does not require a complicated image reconstruction 
procedure such that it only takes a few minutes in the 
computation of image construction. We demonstrate its 
feasibility in imaging a 4××××4××××4mm3 tumor embedded at the 
center of a 20××××20××××20mm3 rectangular tissue in this paper. 
Keywords - Fluorescence imaging, Optical tomography, 
Image reconstruction, Radiation transfer, Ultrafast laser 
 
Ⅰ. INTRODUCTION 
  In recent years, near-infrared (NIR) optical 
tomography is developing speedily because of its 
appealing features as a non-invasively diagnostic tool in 
biomedical imaging. The combination of fluorescence and 
optical tomography techniques gives us more information 
like the selective absorption property of fluorescent dye, 
amplified signal-to-noise intensity, fluorescence spectrum 
and lifetime. In fluorescence imaging of turbid tissue, first 
we have to solve the photon migration of both excitation 
laser and consequent fluorescence that are coupled to 
obtain the fluorescence signals detected at the 
boundaries1-4. This is called as the forward model. Then 
an iterative method is usually utilized to solve the inverse 
problem2,3 associated with the tomographic image 
reconstruction. The inverse problem is intrinsically ill-
posed and instable, and may easily lead to divergent 
results. The image reconstruction in conventional optical 
tomography and/or fluorescence tomography may take 
dozens of hours to several days in computational time. 
This indeed impedes real time applications of these 
optical techniques.  
  In this paper, we propose a novel method to directly 
construct 3D fluorescence images without use of any 
inverse optimization technique that is time-consuming. 
An ultrafast laser with pulse duration of 1 ps is used to 
excite the fluorescent dye concentrated in the tumor or 
any abnormality region. The time-resolved fluorescence 
signals are measured along the boundary of target tissue. 
Fig. 1 shows the schematic sketch of our simulation 
model. A new set of time-domain parameters in the 

temporal fluorescence signals are employed to construct 
3D images of internal optical properties that characterize 
the image of the tumor. 

 

Ⅱ. THEORY 
  The transport of both the excitation laser radiation 
and emitted fluorescence light is governed by the 
radiation transfer theory. Mathematically we have5  
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                                                                where  l = 1,2,…n 
In which the subscripts i and F denote, respectively, the 
excitation laser and the emitted fluorescence light, Φl’l 
represents the scattering phase function Φ(ŝl’→ŝl), Si

l and 
SF

l are the excitation radiative source and emitted 
fluorescence 
source,  
respectively. A 
quadrature set 
of n discrete 
ordinates with 
appropriate 
angular 
weights wl (l 
=1, 2, …, n) is 
used in the 
DOM SN 
method5. 

We define 
T’i,j,k as the  detected average arriving time of flight 

            Fig. 1 Simulation model for the FOT imaging. 

Fig. 2 Schematic of the AATF and the MFI. 



(AATF) at half maximum 
intensity in the left part of 
the signal profile (See Fig.2) 
at node (i, j, k). Considering 
the fact that T’

i,j,k is governed 
primarily by scattering 
interactions, most of the 
fluorescence photons cannot 
travel straightly to the 
boundary. We have 
hypothesized that the 
propagation times of the 
fluorescence photons are 
governed by a Gaussian 
probability distribution based on 
the characteristic of light transport in highly scattering 
tissues. The true propagation time Ti,j,k is then corrected 
with the probability distribution. 

Using the distance between the tumor center and 
detector calculated from the true propagation time as well 
as the solid geometric correlations, we distribute the 
maximum fluorescence intensities (MFI) from all 
detectors to every voxel of the target tissue with 
appropriate weights. The intensity distribution of the 
image voxels rests with the absorption property of the 
tissue. The contrast of the intensities at different voxels 
reflects the contrast of the absorption coefficients between 
the abnormal and normal tissues. A 3D image of the 
tumor where highly absorbing fluorescent dye is 
deposited is finally constructed. The image construction 
only took about 5 min. in a DELL PC for the present 
simulation model. 
 
Ⅲ. RESULTS AND DISCUSSION  
  The constructed tomographic and 3D images for the 
simulation model in Fig. 1 are shown in Figs. 3 and 4, 
respectively. In Fig. 3, the tumor region embedded at the 
center of the normal tissue is clearly and accurately 
displayed in the X-Y planes. The positions of the six 
selected sliding layers in the Z-direction are 8mm, 
8.9mm, 9.8mm, 10.7mm, 11.6mm, and 12.5mm, 
respectively. The dark mapping represents the tumor 
region. Although there are some small deformations at the 
tumor edge vicinity because of signal noise, the 
constructed tomographic images reflect the original tumor 
image and location very well. The tomographic images in 
the X-Z and Y-Z planes can also be obtained. Actually, 
we formed a 3D image first, and then discretized the 3D 
image into numerous tomographic images in the X, Y, 
and Z directions. 

We can get 3D images of the tumor from different 
spatial directions and measure the size and location easily. 
The visualized 3D image in Fig. 4 is one of them. 
Although the cubic tumor phantom has sharp edges that 
are difficult to image exactly using any non-invasive 
method, the image quality and contrast in Fig. 4 are really 
excellent.  

The correction of propagation time of the 
fluorescence flight is very important in order to obtain a 
quality image. Here we have developed some semi-
empirical coefficients to correct the propagation time. The 
numbers of voxels and filled pixels influence the 
precision of the image as well. Unlike conventional 
optical tomography, our new imaging method does not 
offer a quantitative distribution of optical property in the 
entire tissue region. This new method proposed here only 
provides the image in the abnormal area with these 
appealing features like strong contrast, accurate location, 
and fast 3D image processing.  
 
Ⅳ. CONCLUSION 

We proposed a novel fluorescence optical 
tomography method and demonstrated its feasibility in 
imaging a small cubic tumor embedded inside a normal 
turbid tissue. This innovative method is developed based 
on the rigorous theory of radiation transfer in conjunction 
with ultrafast laser and time-resolved fluorescence 
techniques. The constructed 2D and 3D images are clear 
and accurate. And most importantly, the new image 
processing is very fast and efficient, and does not involve 
any inverse problem. This may enable real time 
application of this new method. 
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Fig. 3. Tomographic images in the Z-direction. Fig. 4. A constructed 3D image of the tumor. 


