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Diffusive Optical Tomography (DOT) is a rapidly developing imaging technology for medical diagnoses and biomedical 
research. The advantages of the optical techniques in diagnostic modalities are significant and include the complete non-
invasiveness, the use of harmless, non-ionising radiation and the prospects for revealing chemical contrast, which can 
represent valuable physiological information. Indeed, the DOT is based on detection of a near InFra-Red Pulse (NIRP) 
called Time Pulse Spread Function (TPSF) on surface of the tissue sending by an optical source and simulation of 
propagation of this pulse source in our object. The combination between measured TPSF and simulated TPSF can be 
reconstructed an optical map of the optical proprieties of the study object. This optical map presents the image in DOT. 
Therefore, in this work we present the simulation of NIRP propagation in biological tissue and the influence of source 
frequency. This simulation is based on element finite method (FEM) programmed in COMSOL Multiphysics Software. 
 
(Received July 16, 2013; Accepted October 2, 2013) 
 
Keywords: Diffusive optical tomography, Near infra-red pulse, Element finite method, Source frequency 
 

 
 

1. Introduction 
 
Soft-field imaging methods, such as Optical 

Tomography (OT) and Electrical Impedance Tomography 
(EIT) have significant potential for medical imaging as 
they are non-invasive, portable and inexpensive [1]. Breast 
cancer detection, brain function study, infant and fetus 
monitoring and arthritis diagnosis are among the numerous 
applications of DOT [2]. The tomography imaging is an 
extension of the spectroscopy and the instrumentation used 
is common to both fields. Indeed, in Near-InFrared 
Spectroscopy (NIRS) of tissue, light attenuation is due to 
the absorption from chromophores of fixed concentration, 
the absorption from chromophores of variable 
concentration, and the light scatters [3]. The (OT) based 
on three technologies depends nature of the source, the 
(DOT) is one of this last when the source present (NIRP). 
The signal detected is called (TPSF), contains the optic 
information of study object which is biological tissue, thus 
the resolution of inverse problem or reconstruction of 
image is based on combination between simulated and 
measured TPSF to reconstruct the optical proprieties of 
study object. The simulation of signal propagation in study 
object and calculation of TPSF based on resolution of the 
diffusion approximation of radiative transfer equation is 
called forward problem. Thus, in homogeneous mediums 
exists analytical solution of more complex geometries, 
such as circles, semi-infinite spheres or mediums were 
developed and detailed in [4].  Although, there is not 
general solution for heterogeneous mediums, which is the 
case of biological tissues, analytical expressions were 
derived for a homogeneous medium containing 
perturbation. Indeed, a model on Finite Element Method 

(FEM) to solve the diffusion equation numerically offers 
advantages in speed and flexibility in comparison with 
other models [5]. In this paper, we based on (FEM) 
programmed in COMSOL Multiphysics Software to solve 
forward problem in heterogeneous mediums of circle cut 
of cylinder form contain three inclusions present tumour in 
tissue. Generally, the reconstruction of optical parameter 
do not use the form complete of TPSF calculated because 
it takes lot of computing time, so there are some 
parameters calculated from TPSF to simplify this time 
such as Maximum intensity, mean value and mean time of 
TPSF. Thus, the optical source has a significant role in 
reconstruction of the optical image [6]; in this work we 
study the influence frequency source in this parameters 
and the stability of propagation of NIRP in our study 
object. 

 
2. Implementation of photon transport model  
    in Comsol Multiphysics software 
 
The propagation of light in biological tissue is 

governed by the diffusion approximation of radiative 
transfer equation: 
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Where: c is the light speed in vacuum, 

a  the absorption 

Coefficient, '
s  the diffusion reduced Coefficient,  trS ,00
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the locale Source of photon and  tr,  the photons 

intensity. 
The forward model in DOT is based on numerical 

solution of diffusion approximation equation (DAE) by the 
finite element method in biological tissue. Using Comsol 
Multiphysics software can solve partial derivative equation 
in given geometry by FEM who is the case of diffusion 
approximation equation. Thus in partial derivative 
equation mode (PDE) of this software the governed 
equation presents the form of equation (2): 
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To build (DAE) we take the variables and coefficients 
of equation (2) with following conditions: 
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This work is based on two dimension cut of cylinder form 
of phantom contain three inclusions with different optic 
proprieties (figure1). We use Dirichlet and Robin 

boundary conditions presented in equations (3) (DBC) and 
equations (4) (RBC) respectively [7]. 
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Where, n is the normal vector and )0( R  the reflection 

parameter. 
The simulation based on three sources of a near InFra-

Red Pulse in temporal and spectral profile presented in 
(figure 2), the spectral profile present two peaks in the 
figure, where the peak on the right is mirror of the ones to 
the left. This mirror effect is due to the sampling of the 
impulse signals, which always create a mirror spectrum 
around the sampling frequency. Thus each source has their 
frequency and wavelength, Source1: (f1=14*109 [Hz], 
λ1=0.0214 [m]), Source2: (f2=5*109 [Hz], λ2=0.06 [m]), 
Source3: (f3=0.5*109 [Hz], λ3=0.6 [m]), but all sources 
have the same intensity. The mesh of our structure is 
presented in figure 3, we use free mesh parameters with: 
(Maximum element size scaling factor= 1, Element growth 
rate= 1.3, Mesh curvature factor= 0.3, Mesh curvature cut-
off= 0.001, resolution of narrow region= 1), in this cases 
we have 3755 elements. 

 
Fig. 1. Two dimensions cut of phantom 

 
 
 

 
 
 
 

 
 
 

X [m] 

y 
[m

] 

(NIRP) Source 

Detectors 

Principal phantom : 
(μa , μ

’
s)= (0.005e+3, 0.04e+3) [m-1] 

 

Inclusion 1 : 
(μa , μ

’
s)= (0.5e+3, 0.04e+3) [m-1] 

 

Inclusion 3 : 
(μa , μ

’
s)= (0.005e+3, 0.4e+3) [m-1] 

 

Inclusion 2 : 
(μa , μ

’
s)= (0.5e+3, 0.4e+3) [m-1] 



Modelling of the near infra-red radiation pulse propagation in biological tissues for medical imaging application                 43 
 

 
 
 

Fig. 2. Temporal and spectral (FFT: Fast Fourier Transform) profile of sources 
 
 

 
 

 
 

Fig. 3. Mesh structure for FEM calculations of 3755 elements. 
 

 

4. Results and discussion 
 
In this section we investigate the influence of the 

sources for a range of parameters, by comparing the results 
for different frequency sources with the same intensity. 
Figure 4 shows maximum intensity (a) and mean value (b) 
of detected TPSF with variation of detection angle for 
three sources simulated from FEM model, the position of 
detector is clearly shown in figure 1. We observe that 
when the source frequency decrease, the maximum 
intensity and mean value of TPSF decrease, this 
phenomena demonstrated physically by the decrease of the 
source energy. Indeed, Figure 4 shows the variation of 
mean time of TPSF detected with variation of detection 
angle for three sources, compares this three curves we 
observed that mean time increase when the frequency 
source decrease, this is justified by increasing of width 
time (WT) of sources (figure 2, temporal profile), for 
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source1 WT1=0.65*10-9 [s], source2 WT2=1.4*10-9 [s], 
source3 WT3= 21*10-9 [s], thus the period impulse time 
influence on mean time of TPSF. 

 
 

 
Fig. 4. Variation of: (a) Maximum intensity, (b) mean 
value of TPSF with variation of detection angle for three  
                                            sources. 

 
 

 
 

 
Fig. 5. Variation of mean time of TPSF with variation of 

detection angle for three sources. 
 
 

To study the impulse propagation we view intensity 
maps of three sources in different simulation time, which 
is clearly shown in Figures 6, 7 and 8. According to this 
result, the source1 with frequency of f1=14*109 [Hz] and 
WT1=0.65*10-9 [s], stabilized after 1.05*10-9 [s] of his 
propagation in phantom, this time present ratio of 1.61 of 
WT1. But the source2 with frequency of f1=5*109 [Hz] and 
WT1=1.4*10-9 [s], started the stability on the 5*10-9 [s] of 
his propagation in phantom, this time present ratio of 3.57 
of WT2. Finally, the source3 with frequency of f1=0.5*109 
[Hz] and WT1=21*10-9 [s], stabilized after the time of 
8*10-8 [s] of the propagation in phantom, this time present 
ratio of 3.8 of WT3. Thus, according to this statistics, when 
the frequency increase, the time of signal stability 
increase, this have relation with detection instrument 
which have a response time less then 50*10-9 [s] [7], so the 
choice of the frequency source have very important role in 
decreasing of signal (TPSF) time response to adapted with 
the technology detection which is always in development.         
 
 

 
 

Fig. 6. Intensity maps of source1 for different simulation 
time: (a) 5.6*10-10 [s], (b) 7*10-10 [s], (c) 8.05*10-10 [s],  
                 (d) 1.05*10-9 [s], (e) 1.755*10-9 [s]. 
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Fig. 7. Intensity maps of source2 for different simulation 
time: (a) 1*10-9 [s], (b) 1.6*10-9 [s], (c) 2*10-9 [s], (d) 

3*10-9 [s], (e) 5*10-9 [s]. 
 

 
Fig. 8.Intensity maps of source3 for different simulation 
time: (a) 7*10-8 [s], (b) 7.4*10-8 [s], (c) 7.6*10-8 [s], (d) 

7.8*10-8 [s], (e) 8*10-8 [s]. 
 

5. Conclusion 
 
The temporal profiles (TPSF) and maps intensity of 

photons diffused in highly scattering media such as a 
biological tissue is computed at a base of Comsol 
Multiphysics software. This program generates m-files, 
intended to be called by an optimization process, written in 
Matlab software, to reconstruct images of the phantoms to 
be investigated with our time-resolved tomography set up. 
During the reconstruction process, the parameters of 
interest, (absorption and reduced scattering coefficients, 
fluorescent probe concentration) will be iteratively 
adjusted to perform constrained nonlinear minimization of 
an objective function of the distance between measured 
and computed temporal profiles. Applications are expected 
to concern the contribution of resonance magnetic imaging 
(RMI) in (DOT). Medical applications in cerebral 
activation are also considered. 
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