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ABSTRACT   

Monte Carlo (MC) stimulation is one of the prominent simulation technique and is rapidly becoming the model of choice 
to study light-tissue interaction. Monte Carlo simulation for light transport in multi-layered tissue (MCML) is adapted 
and modelled with different geometry by integrating embedded objects of various shapes (i.e., sphere, cylinder, cuboid 
and ellipsoid) into the multi-layered structure. These geometries would be useful in providing a realistic tissue structure 
such as modelling for lymph nodes, tumors, blood vessels, head and other simulation medium. MC simulations were 
performed on various geometric medium. Simulation of MCML with embedded object (MCML-EO) was improvised for 
propagation of the photon in the defined medium with Raman scattering. The location of Raman photon generation is 
recorded.  Simulations were experimented on a modelled breast tissue with tumor (spherical and ellipsoidal) and blood 
vessels (cylindrical). Results were presented in both A-line and B-line scans for embedded objects to determine spatial 
location where Raman photons were generated. Studies were done for different Raman probabilities.   

Keywords: Monte Carlo simulation, Raman imaging, embedded objects. 
 

1. INTRODUCTION  
Recently, optical imaging techniques which employ non-ionizing radiations have proven to be a valuable tool [1]. 
Optical imaging modalities such as photoacoustic (PA) imaging, fluorescence imaging, optical coherence tomography 
(OCT) and Raman imaging are widely used for non-ionizing imaging [1-5]. However, most of these optical imaging 
modalities are challenged with sufficient penetration depth. In each of these optical imaging modalities the light 
propagation in the biological medium or tissue varies distinctively [6]. Interaction between light and its respective 
biological medium or tissue provides information based on optical properties of the medium such as absorption 
coefficient, scattering coefficient and refractive index mismatch [1, 7]. The aforementioned information was crucial in 
optical imaging and benefits various optical imaging modalities. For example, in photoacoustic (PA) imaging, it is 
represented by varying absorbance in the medium. Optical coherence tomography (OCT), is an representation of the 
difference in elastic scattering coefficient of the medium.[8, 9]. And, Raman imaging exploits the inelastic scattering of 
photons [10, 11].  
 
Numerical simulations were designed for light propagation in tissue for various imaging techniques [12-14]. Scattering 
of photons is theoretically determined by Rayleigh theory or Mie theory [15-17]. However, the limitation of these 
formulations was the inability of these to deal with mediums of significant absorption and scattering properties. In order 
to obtain an accurate image, it is often desired to have a good estimate of the photon distribution inside the tissue. Hence, 
a Monte Carlo (MC) simulation model was sought to investigate the photon propagation in tissue. Modeling using MC 
methods has long been considered the gold standard for predicting photon propagation in biological media [18]. 
Numerous MC codes have been developed to simulate diffuse reflectance and fluorescence from layered biological 
tissues, but little work has been done in this area with respect to Raman scattering.   
 
MC modeling, was introduced by Wilson et al., is a popular statistical computational algorithms method that depends on 
repetitive random sampling for studying light propagation in tissue [19]. Ultimately, the focus of MC modeling of light 
transport in multi layered tissue (MCML) users was to increase its efficiency [20]. With MCML written in standard C, it 
was used, continuously improvised and advanced. It has been modified to predict optical properties and study optical 
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