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 Abstract 

The application of Monte Carlo simulation in the study of light-tissue interaction within skin tissue holds great 

significance in the realm of skin cancer research. This computational method offers a systematic approach to 

model the intricate interplay of light with various skin layers, enabling a profound understanding of photon 

behavior.  

 

Objective: To analyze the impact of varying incident light parameters on the penetration depth and energy in 

skin tissue. To develop a robust Monte Carlo simulation model for accurately representing the propagation of 

skin tissue, accounting for scattering, absorption and reflection. 

 

Methods: Monte Carlo stimulation stochastic random process in which light transport in tissues and their 

interactions can be studied effectively similar to other conventional applications  

 

Result : The application of Monte Carlo simulation helped us to investigate light-tissue interaction within skin 

tissue has provided valuable insights into the complexities of skin cancer diagnostics and treatment.  The 

knowledge derived from this research has the potential to revolutionize the field of skin cancer management, 

offering non-invasive diagnostic tools and precise therapeutic approaches. 

 

Conclusion: Moving forward, the outcomes of this study are poised to make a substantial impact, paving the 

way for improved patient outcomes, early intervention, and enhanced quality of life for individuals affected by 

skin cancer. Through meticulous modeling of photon behavior, we have advanced our understanding of how 

light can be harnessed for early detection and targeted therapies. 

 

Keywords: Monte Carlo, phantom, optical properties of light, skin tissue 

 

1. Introduction 

Skin cancer is a pressing worldwide health concern, 

with its gradually increasing incidence over the 

years. Understanding the interaction between light 

and skin tissue is of paramount importance in the 

context of both diagnosis and treatment of skin 

cancer. This intricate relationship can be effectively 

explored through the application of the Monte 

Carlo simulation method, a powerful computational 

technique. 

Various forms of skin cancer are manifested, each 

with its distinctive characteristics and behaviours. 

The three main types—basal cell carcinoma (BCC), 

squamous cell carcinoma (SCC), and melanoma—

paint a diverse mosaic of malignancies, ranging 

from slow-growing, localized lesions to aggressive, 

metastatic tumors. 

BCC, often considered the most common type, is 

typically manifested as a flesh-coloured or pearly 

bump, often mistaken for a benign growth. While it 

tends to grow slowly and rarely undergoes 

metastasis, the need for early detection and 

intervention is underscored by its prevalence. SCC, 

on the other hand, emanates from the squamous 

cells in the skin's upper layers. Manifesting as red, 

scaly patches or open sores, SCC exhibits a higher 

propensity for metastasis compared to BCC, 

necessitating vigilant monitoring and treatment. 

Melanoma, the most notorious member of the skin 

cancer trio, arises from the pigment-producing 

melanocytes. Characterized by its potential for 
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rapid spread, melanoma demands immediate 

attention due to its heightened metastatic risk. Early 

detection becomes a lifeline in the face of 

melanoma's aggressive nature. 

 The use of random sampling and probability is 

involved in modelling complex systems. In our case, 

it is employed to simulate how light, in various 

forms, interacts with the layers of human skin. This 

simulation allows us to comprehend the dynamic 

behaviour of photons within the skin tissue, 

providing insights into the scattering, absorption, 

and reflection of light. Monte Carlo simulation 

meticulously calculates each photon's journey 

through the skin tissue. 

The goal of this research is to delve deeply into the 

underlying physics of light-tissue interaction, aiming 

to enhance our understanding of skin cancer 

diagnostics and therapy.  

Light, a vital element in our daily lives, can also be 

harnessed for the betterment of healthcare. In skin 

cancer diagnosis, optical techniques, such as 

spectroscopy and imaging, have gained prominence 

Valuable information about the tissue's health is 

provided by these techniques, relying on the 

interaction of light with skin tissue.  

 

2. Materials and Methods 

A. Monte Carlo Simulation  

Monte Carlo simulation (MCS) is a stochastic 

random process in which light transport in tissues 

and their interactions can be studied effectively 

similar to other conventional applications [18]–[20]. 

The neutral light photons enter the tissue surface 

perpendicularly so that maximum energy can be 

utilized. The light photons used in this study are 1 

million photons in number and the beam shape is 

infinitely narrow. There exhibits a random 

movement and interaction of light photons [21]–

[24]. The optical parameters of interest include 

absorption coefficient µa (cm−1), scattering 

coefficient µs  

(cm−1), refractive index (n), and anisotropy factor 

(g). The light photon enters the tissue medium with 

an initial weight of 1 and it undergoes multiple 

interactions inside the medium and emerges either 

at the top (x-direction) surface or the bottom (z-

direction) surface or the photons are lost due to 

multiple interactions hence absorbed respectively. 

The simulation technique has been efficiently 

applied using the C++ programming language. The 

flowchart of the MCS can be found elsewhere [14]. 

A storage 2D grid element is created so that all the 

detected photons are stored. Initial photon step size 

is set and it is incident on the tissue surface for 

interaction. The variable step size of the light 

photon was estimated using a generated random 

variable. As the photon interacts with tissue 

compositional elements, the path length was found, 

and thereafter it was moved. For all the subsequent 

movements, the detector positions were checked 

for the presence of detected photons. If the 

photons were detected, a counter was set to in 

cerement the photon received by the 

corresponding detector. If the photons were 

internally reflected, then the photon location was 

updated and the simulation process was continued. 

There is a reduction in the photon weight 

proportionally at each step, due to absorption and 

scattering by the tissue. The amount of weight lost 

Q, in absorption was given by δQ = W where W 

represents the total weight of the photon. The 

photon weight and direction after scattering were 

updated. The new position of the photon (x‘, y‘, z‘) 

from the previous position (x, y, z) was indicated. If 

the photon weight falls below a minimum threshold 

( = 0.001), it is subjected to roulette conditions for 

elimination. If the condition is satisfied, an updated 

step is set and the process starts from the 

beginning. The photon is terminated and the 

detector recognizes the number of photons and the 

position of exit. The entire process is repeated for 

several number of light photons. The unique 

advantage of Monte Carlo simulation is its ability to 

model a wide spectrum of scenarios, mirroring the 

diverse ways light is employed in medical 

applications. By carefully crafting the simulation 

parameters, we can investigate the impact of 

different wavelengths, incident angles, and skin 

types on the outcome. It's akin to a director 

experimenting with lighting, camera angles, and 

actors to achieve the perfect shot. Moreover, the 

accuracy and versatility of Monte Carlo simulations 

enable researchers to explore the effects of varying 

skin conditions, including melanoma, squamous cell 

carcinoma, and basal cell carcinoma. Just as a 

director works with different actors to portray 

various characters, this simulation can adapt to the 

characteristics of different skin types, offering a 



 Journal of Harbin Engineering University 

ISSN: 1006-7043 

  

192 
    

Vol 45 No. 5 

May 2024 

comprehensive view of how light interacts with 

each. The knowledge gained from this research is 

invaluable for skin cancer diagnosis and treatment. 

For diagnosis, it helps in developing non-invasive, 

optical diagnostic tools that can differentiate 

between healthy and cancerous tissue. Just as a 

director crafts a compelling narrative, 

understanding light-tissue interaction can lead to a 

powerful story of early detection and improved 

patient outcomes. 

 

 B. Optical hand held Scanner 

The handheld numerical optical scanner is made up 

of        two probes: the Dual Side Detector (DSD) 

probe and the Single Source Detector (SSD) probe. 

Comprised of a single source emitting light through 

the numerical phantom, and 21 detectors arranged 

to collect light from the incident surface; the DSD 

probe is illustrated schematically in Fig. 1a, with red 

representing the source and green representing the 

detectors. While having a total of 21 detectors 

including 10 on each side as well as one at the 

source, all of which are spaced uniformly at an inter-

detector distance of 1 mm centre-to-centre. For 

example, the photon collection radius for each 

detector was set at 0.5 mm. 

Fig. 1b shows an SSD probe with one source 

followed by more than one detector. The first 

detector is separated from the source by a centre-

to-centre distance of 2 mm while subsequent 

detectors are separated by 1 mm from each other. 

In this study, several Source-Detector (SD) 

separations consisting of 2,3,4,5,6,7,8 and 9 mm 

were used. The radius of both the source and 

detector is set at 0.5mm in this case. 

 
Fig 1a : Optical handheld scanner 

 

C. Numerical phantoms 

 Numerical phantoms resembling biological human 

skin tissues were generated in this study. The 

simulation code exhibits versatility in constructing 

numerical phantoms of variable dimensions, 

incorporating inclusions of diverse shapes and sizes 

across multiple layers. These phantoms were 

formulated based on their respective optical 

properties. Table 1 provides details on the optical 

properties of normal (non-cancerous)adipose, 

epidermis, and dermis, as well as abnormal 

(cancerous) tissues. The numerical phantoms 

created were single, double, and multi-layered, with 

and without embedded inclusions of abnormal 

tissues. 

The aforesaid phantoms in the three categories 

were created to conduct experiments using SSD and 

DSD probes. Phantoms without inclusions are 

referred to as normal, whereas those with 

inclusions are referred to as abnormal. 

 

Table 1: Optical Properties 

          

Sl. 

No 

 

Tissues 

 

Wave 

length, 

λ (nm) 

 

Optical properties 

  

µa         

 

µs 

 

G 

 

n 

1. Epidermis 700 1.06 54.66 0.8 1.3 

2. Dermis 700 0.52 53.62 0.71 1.3 

3. Sub 

dermis 

700 0.09 0.01 0.69 1.3 

4. adipose 700 1.11 0.01 0.66 1.4 

5. Blood 700 0.75 80 0.98 1.3 

6. Melanoma 700 6.55 19.1 0.9 1.4 

 

D. Data acquisition 

Experimentally, we obtained data using Dual Side 

Detector (DSD) and Single Source Detector (SSD) 

probes to acquire measurements from both normal 

and abnormal number phantoms. The Monte Carlo 

simulation consisted of 1 million photons of light 

falling on the source position with detectors 

capturing backscattered photons along the x-

direction in the DSD probe on both sides of the 

source. The collected photons were recorded at 

corresponding positions on a 256 × 256 × 256 grid 

that represented the physical dimensions of the 

phantom being used in this case (30 × 30 × 30 mm). 

To put it simply, while scanning along specified 

detector grids, the probe quantified how many 

detected photons occurred simultaneously. 
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The SSD probe was moving linearly over 

coordinates (−x,0,0) to (x,0,0) at 1mm interval. At 

each step of scan, one million incident photons 

were present at source’s position and its back 

scattered ones was detected by all detectors 

simultaneously. Backscattered photons from single 

tissue normal phantoms consisting of ductal 

carcinoma, fibrocystic and glandular tissues were 

collected using the DSD probe at 800 nm. Data were 

then obtained from the first set of phantoms as 

shown in Fig. 3a and b by using the DSD probe with 

sources operating at 600 and 800 nm. The SSD 

probe for its part captured backscattered photons 

from the same phantoms having spherical and disc 

shaped inclusions with a source operating at 800 

nm. Using both DSD and SSD probes, data was 

additionally obtained from a double-layer phantom 

containing a spherical-shaped ductal carcinoma 

inclusion at a depth of 8 mm. Also, using the SSD 

probe backscattered photons were recorded from 

a multi-layer phantom with a disc-shaped ductal 

carcinoma inclusion at a depth of 5.75 mm. Each 

Source-Detector (SD) configuration’s data files 

were stored separately from those obtained by the 

SSD probe. During all these experiments five 

iterations have been carried out and each time 

separate files for backscattered photons collected 

were created. 

 

E. Data processing 

The collected backscattered photons by both DSD 

and SSD probes underwent an averaging process 

across different iterations to mitigate noise. Data 

from normal phantoms across three categories 

were classified as background data, while those 

from abnormal phantoms were categorized as 

foreground data. Subsequently, background data 

were subtracted from foreground data after 

averaging. The resultant data were normalized by 

the total photon count, yielding the percentage of 

normalized backscattered intensity (NBI %), as 

described by Srinivasan et al. (2004). To further 

refine the dataset, a Gaussian filter with a window 

size of 22 × 22 was applied for smoothing. This 

standardized procedure was consistently applied 

across all measurements. Finally, the processed 

data from all measurements were represented 

graphically as signals. 

 

3. Results and Discussions 

 Optical sources like lasers and LEDs find extensive 

utility in medical fields for both diagnostic and 

therapeutic purposes. Particularly in near-infrared 

applications, these sources can penetrate deep into 

tissues, offering valuable insights into underlying 

layers through backscattering and light energy 

transmission. The effectiveness of this penetration 

is contingent upon the optical characteristics of the 

tissues, with light absorption decreasing as 

wavelength increases. This study demonstrated that 

light photons at 600 nm were unable to penetrate 

beyond superficial layers, primarily due to 

absorption and scattering within the tissue, leading 

to a diminished number of received photons. 

Monte Carlo simulation serves as a suitable model 

for the random path of light photons through 

tissues. In this study, two probes were simulated to 

emit and receive light photons from numerical 

phantoms of human breast tissue, based on their 

optical properties. Despite receiving minimal 

signals, these probes successfully identified the 

presence and location of a 2 mm melanoma amidst 

surrounding subcutaneous tissue, as inferred from 

the intensity of the received signals (|PI|). However, 

the Full Width at Half Maximum (FWHM) derived 

from the signals did not correspond to the size of 

the melanoma, likely due to dominant scattering 

within the medium and the melanoma's location. 

With increasing melanoma size, FWHM increased 

proportionately with its depth. 

While the FWHM did not directly correlate with 

melanoma size, the |PI| indirectly indicated size 

differences, with larger sizes exhibiting higher 

amplitude compared to smaller ones at the same 

depth. Despite the low signal amplitudes attributed 

to distance, the simulated probes could detect thin 

layers of embedded malignant tissues of various 

sizes, showcasing their potential for early 

malignancy detection. Furthermore, the study 

suggested that these probes could detect 

embedded tissues within multilayer tissue 

structures, indicating their potential for superficial 

malignancy detection in human skin tissue and 

potential utilization in large-scale screening 

programs. 

Total of 3,00,000 photons were generated in both 

background and foreground respectively. They were 

further averaged and blended to obtain the final 
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image which was further enhanced using gaussian 

filter. 

 
Fig 1b: Background phantoms. 

 

 
Fig 1c: Foreground Phantoms. 

 

e  

Fig 1d: Blended image of FG and BG. 

 

Observing the results obtained from backscattering, 

it is evident that the simulated probe could be used 

to detect and diagnose the presence of melanoma 

even at a depth of 2 mm. The photons with the 

wavelength of 800 nm could penetrate deeper and 

the embedded tissues were seen from the obtained 

signals. The results obtained show that a similar 

handheld optical imager for human tissue imaging 

could be successfully developed to detect 

malignancy in the human skin tissue. 

 
Fig 1e:  Presence of melanoma in the probe view 

 

The Monte Carlo simulation method has proven to 

be an effective tool for modelling the random path 

of light photons through skin tissue. By simulating 

the interaction of light with skin tissue, we can 

better understand the underlying mechanisms and 

optimize the design of optical probes and devices 

for various medical applications. Expected raw 

phantoms are 12.5 and generated phantoms are 

9.37. The error or difference in phantoms is 

estimated up to 33.40%.  

 

4. Conclusion 

In conclusion, the application of Monte Carlo 

simulation to investigate light-tissue interaction 

within skin tissue has provided valuable insights 

into the complexities of skin cancer diagnostics and 

treatment. Through meticulous modelling of 

photon behaviour, we have advanced our 

understanding of how light can be harnessed for 

early detection and targeted therapies. The 

knowledge derived from this research has the 

potential to revolutionize the field of skin cancer 

management, offering non-invasive diagnostic tools 

and precise therapeutic approaches. As we move 

forward, the outcomes of this study are poised to 

make a substantial impact, paving the way for 

improved patient outcomes, early intervention, and 

enhanced quality of life for individuals affected by 

skin cancer. 
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