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ABSTRACT

Digital Twin Technology refers to a dynamic, digital copy of a physical asset. This technology is ushering in a new age of personalized medicines with important
inference for dermatology. In healthcare, Digital Twins work by learning real time data from a person’s body and helping them for personalied treatment. In this
research, we primarily focus on the application of Digital Twin Technology to human skin, particularly in understanding the effects of topical medications(like
creams, ointments) on different skin types and the effects of environmental variables on the same. The proposed model of human skin has been made using advanced
machine learning algorithms and Computer Aided Designs(CAD) to simulate absorption of various inner skin layers. Our results indicate that our model can be
useful for the pharmaceauticals and the product manufacturers to initiate their primary testing of skincare products on our model..
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Introduction

With the COVID-19 pandemic process, the importance of human health and health services hasincreased. In addition to this, it has come to the fore to
ensure that working lives are sustainaible from a distant and digitally[3]. In reaction, industries global accelerated the adoption of virtual technology to
make certain the continuity of business and service operations remotely. The healthcare region, being at the leading edge of pandemic challenges, noticed
an increasing demand for virtual solutions to manage patient care, studies, and operational performance. one of the technologies rising as a essential
enabler in this variation is digital twin technology. Governments and agencies have additionally intensified their efforts in virtual transformation initiatives
throughout diverse sectors, with a specific emphasis on healthcare. Studies are carried out for both the health sector and the digitalization field. In the
"Hype Cycle for Healthcare Providers, 2020" report of Gartner, one of the leading research organizations in the world, it is stated that the subject of
"Digital Twins in Healthcare" is on the rise and the interest in technology is gradually increasing [3]. The concept of the virtual twin became first proposed
in 2002 as a digital duplicate of a bodily item, mainly benefiting business approaches. to start with implemented to production and engineering, the digital
dual allowed industries to create virtual fashions of machinery or structures to display, are expecting, and optimize their overall performance. however,
its scope has on account that improved notably beyond industrial applications. Other than a unique identifier, the digital twin uses sensors and actuators,
which enables it to continuously collect data and renders it an accurate replica of the real twin at any given time, as well as conveys feedback to the real
twin[4].All tables should be numbered with Arabic numerals. Every table should have a caption. Headings should be placed above tables, left justified.
Only horizontal lines should be used within a table, to distinguish the column headings from the body of the table, and immediately above and below the
table. Tables must be embedded into the text and not supplied separately. Below is an example which the authors may find useful.

Background and Basics

Virtual dual generation entails the advent of a virtual model of a physical gadget, where actual-time records is accrued through sensors and mirrored in a
digital surroundings. This manner bridges the bodily and virtual worlds, imparting insights into modern operations, ancient trends, and future predictions.
in the beginning rooted in engineering, this technology is gaining momentum in healthcare because of its potential to revolutionize affected person care.
The capability to simulate biological structures, including organs and tissues, allows clinicians to perform correct diagnostics, plan surgical procedures,
and personalize remedies based totally on an man or woman’s specific organic make-up. In dermatology, digital pores and skin twins provide exciting
possibilities.

furthermore, those virtual models simulate the pores and skin’s physiological and organic residences the use of superior algorithms, enabling specified
analysis of ways pores and skin responds to diverse stimuli, consisting of medicinal drugs, environmental situations, and cosmetic merchandise. virtual
pores and skin twins additionally offer an alternative to animal checking out, that's more and more restricted within the EU, and provide a fee-powerful,
moral answer for transdermal drug delivery and beauty testing. through allowing unique modeling of skin’s interplay with topical remedies, digital twins
may want to drastically decorate drug formulation and skin care products' effectiveness. in spite of the promise of virtual Twins in dermatology, a
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enormous gap in studies remains, highlighting the want for extra specialized algorithms and interdisciplinary collaboration to completely understand the
potential of personalised, information-pushed skin care.

Mathematical Model

Inputs from the Doctor:

1.Let T represent the body temperature (in °C or °F).

2.Let D represent the ointment density (in g/cm3).

Output from Dataset:

1.Let Dmax be the maximum depth the ointment penetrates in the skin layers (in mm).
2.Let B be a binary variable representing whether the ointment mixes with the blood:
3.B =1 => If ointment mixes with the blood.

4.B =0 => If ointment does not mix with the blood.

Linear Regression and Support Vector Regression Models:

These models will be used to predict Dmax and B based on the inputs T and D. The model can be defined as follows:
For Linear Regression:

dmax=alT + 02D + a0+€l @)

Where al, 02, and a0 are regression coefficients, and €1 represents the error term.
Similarly, for the blood-mixing prediction B:

B=B1T+p2D+p0+e2B 2

Here, B1, B2, and B0 are coefficients, and €2 is the error term.

For Support Vector Regression (SVR):

SVR will also be trained on T and D aims to minimize a margin-based loss function. The mathematical formulation of the SVR model will use the same
inputs, but instead of linear combinations, it will use kernels to map the input data into higher-dimensional spaces.

Comparison with Dataset:

Finally, the predicted parameters Dmax and B from the machine learning models (linear regression and SVR) will be compared with the simulated results
Dsim and Bsim to evaluate the accuracy of the medication’s effects on the skin. The goal is to minimize the error between these values :

Error in depth= | dsim—dmax | (3)
Error in mixing= | Bsim—B | 4)

Table 1. Literature Review

Research Paper Year Mentioned Work
NPJ Digital Medicine January 2024 1. Digital Twin of skin will exist for all types of skin like oily, dry, etc.
By: 2. There must be a seamless integration between patients at lowest level

. - and doctors at highest level.
Hossein Akbarialiabad

Amirmohammad Pasdar

Stellarix February 2023 1. It is not legal to test human skin products, medicines on animals.

By: 2. EU regulations and Bureau of Indian Standards are against using

o animal or animal derived skin.
Dédée F. Murrell
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TCS Digital Skin Twin 2015-2016 1.Developed A model for outermost layer of skin “Strateum Corneum”.

Platform . .
2. Integration of VR with the model was a huge success

By:

Rakesh Gupta

The Digital Twin Revolution 1.Digital Twin technology will accelerate more using sensors and loT
in Healthcare devices.
May 2021
By: 2. Digital Twin technology can also be used in management of hospital
systems.
Tolga Erol
Dilara Dogan

System Overview Diagram and Methodology
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Fig. 1 — System Overview Diagram.

Let’s explore the system overview of your Digital Twin project, which focuses on simulating how topical medications interact with human skin layers.
The objective of this system is to develop a virtual model that allows doctors and researchers to analyze the behavior of ointments on skin layers, taking
into account parameters like body temperature and ointment density. This data is processed through various machine learning models and simulations to
predict the medication’s effectiveness and its penetration through different layers of skin.

Data Flow and Characteristics:

1. Input Parameters: Temperature and Density

Data Input: The system begins with the doctor entering two primary inputs: the patient’s body temperature and the density of the applied ointment. These
inputs are essential because variations in these parameters will significantly affect how an ointment behaves when applied to the skin.

2. ML Model (Linear Regression and Support Vector Regression)

Training Phase: The system uses a machine learning model that combines Linear Regression (LR) and Support Vector Regression (SVR). These
algorithms are trained on historical datasets that contain information about how skin reacts to various temperatures and ointment densities.

Link to Dataset: The dataset used to train these models contains patient-specific data about how their skin reacts to medications and environmental
variables. The data allows the system to provide personalized results.

3. Dataset for Patient Skin Reaction and Analysis
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Dataset Role: The system leverages an extensive dataset that includes information about patient skin reactions under different conditions. This dataset is
used in two phases: (a) for training the ML models, and (b) for comparing and analyzing the simulation results.

4. System Simulation

Simulating Skin Layers: Once the input parameters are processed by the ML models, the system runs a simulation to visualize the ointment’s journey
through the three layers of skin (epidermis, dermis, and hypodermis). This simulation allows researchers and doctors to visually understand how the
ointment moves through each skin layer.

5. Ointment Reaction and Depth Calculation (CNN and BWO)

Advanced ML Models: The second phase of the system applies more complex machine learning models like Convolutional Neural Networks (CNN) and
Black Widow Optimization (BWO) to extract deeper insights from the simulation.

6. Comparison with Dataset Using ML Models (LR, SVR)

Comparison Phase: After the simulation, the extracted parameters (like depth and reaction) are compared with the patient skin dataset. Using Linear
Regression (LR) and Support Vector Regression (SVR) models, the system compares these simulation results with historical data to evaluate the
effectiveness of the medication.

7. Final Report Generation

Report Output: Based on the comparison between the simulation and the dataset, the system generates a detailed report that includes insights into how
the ointment is likely to behave under the given conditions. The report provides a data-driven analysis of the medication’s penetration depth and potential
interactions with the bloodstream.

Result and Discussion

Please enter the
following details:

1. Temperature:

2. Density:

1.028
3. Age:
4. Skin type:

Continue

Fig. 2 - (a) Digital Twin Application (Input Page)

We have created an application of our model that depicts the simulation of ointment inside the human skin. This model is created in unity software using
different functionalities of Unity modules. The platform offers an user friendly interface for inputting the patient details such as body temperature,
ointment density, age and skin type. Once you enter these details and click on the continue button the data is fetched by the api and output is shown on
the next page along with simulation that depicts the ointment going till that predicted depth inside the skin.
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Input Page

Fig. 2 - (b) Digital Twin Application (Simulation and output page)

Our system creates a personalized 3D model based on the inputs. It accurately simulates epidermis, dermis, and hypodermis layers to visualize topical
medication absorption using computational techniques. Then on the wall at the right hand side of the model the system generates a detailed report showing
predicted depth, time to reach, bloodstream mixing and skin reaction.

Predicted Depth: The system is going to predict the depth using a parameter called lifetime that tells the lifetime of the ointment inside the human skin
in other words it just tells upto what time it will last inside the skin. SO based on the input parameters like temperature and ointment density the regression
models are going to predict the depth and based on that depth as input to the Unity system it will calculate the lifetime of the ointment inside the skin.
Exactly till the lifetime the ointment will last inside the skin.

Time to Reach: The life time itself is the time to reach factor that we are showing on the output window. It signifies the time required by the ointment
to fully penetrate inside the skin.

Bloodstream Mixing: Now based on the parameters like depth, time, skin-type and age the system is going to predict whether the ointment is going to
mix with the blood or not. Now here in our project the prediction is simple that is by applying linear regression on the dataset but in real world when our
model will be implemented we believe the psycological and biological parameters of the patients will be the considered. And by assessing these parameters
the model will tell transdermal absorption reaching systemic circulation.This will allow personalized prediction of bloodstream mixing.

Skin Reaction: Here the system integrates the bloodstream mixing and patient specific inputs to predict skin reactions like mild irritation or redness or
no reaction. Clinically, this prediction could be supported by patient history of skin sensitivity, allergy tests, and analysis of ingredient reactivity, enabling
a personalized forecast of topical side effects without the need for pre-application trials.

Purpose of the Project: “Virtual Skin: The Rise of Digital Twins in Dermatology” project aims to create a realistic, personalized simulation of human
skin for dermatological research and treatment planning. It integrates various machine learning models to predict topical drug absorption under various
conditions. The model reduces dependency on animals and other factors for skincare testing. By using patient-specific data, it helps assess medication
effectiveness more accurately as it will vary from patient to patient. The system also provides visualizations and detailed reports for data-driven decision-
making. Overall, it enhances the precision, efficiency, and personalization of skincare solutions.

Conclusion

Digital skin twin technology holds immense promise in revolutionizing dermatology and skin care by simulating the interaction between topical treatments
and the skin's various layers. This survey paper has been analyzed based on the use of different Machine Learning Algorithms like CNN, BWO that are
used to extract simulation data and then predict the overall body report. By utilizing real-time data, such as body temperature and ointment density, digital
twins provide a non-invasive, cost-effective, and cruelty-free solution for personalized skincare treatment. While the development of accurate skin models
poses challenges due to the complexity of skin conditions, digital twins can offer valuable insights into ointment absorption, penetration depth, and their
effects on different skin layers based on available environmental conditions.The increasing interest in digital twin technology across industries, driven by
initiatives like the Digital Twin Consortium, highlights the growing importance of this technology in healthcare. Through interdisciplinary collaborations
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between academia, industry, and healthcare professionals, digital skin twins can create the way for more personalized, effective, and predictive treatments,
ultimately improving patient satisfaction and outcomes.

Future Scope

The field of dermatology is quite vast and evolving with new innovations coming at quite fast rate. The work that we are doing in this research will surely
open new innovations for other researchers too. Based on more patient specific data the future researches will be more and more patient oriented. The
use of real time data can also be incorporated in making dermatological treatments totally innovative and new. 10T sensors are also incorporated to make
quick and real time respone. In coming future the model will also be able to show the reaction of ointment with cells of every skin layers. As testing of
pharmaceutical products on animals is illegal , ethical skin testing using digital twin will be widely used in near future.
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