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Abstract 

This method presents a machine learning method that satisfies the defined conditions for healthy 

waterside beach activities. The boundary conditions of the normal and abnormal radiation spaces were 
formulated. The objectives of using a Regression Polynomial with Process Similarity Criteria Fit for 

skin temperature prediction are justified by the analysis of the existing analytical and machine learning 
approaches. An algorithm for skin temperature prediction using the theories of similarity criteria fit 

and hypernumber is presented. A computational approach for identifying radiation abnormalities is 
provided. The proposed machine learning method for skin temperature prediction was compared with 

the minimum least-squares regression and long short-term memory (LSTM) neural network methods. 
The schema for monitoring skin temperature and implementing the prediction algorithm coverage 

includes a Raspberry PI Zero mini-computer and a sensor that satisfies accuracy and integration with 
Raspberry. The practical application of this approach is enabled by a monitoring system featuring a 

Raspberry Pi Zero mini-computer and compatible sensors. This configuration ensures precise data 
collection and smooth integration of the prediction algorithm, offering an affordable and efficient 

solution for real-time skin temperature monitoring. The proposed system was designed to improve 
beachgoer safety by delivering timely alerts and recommendations based on real-time data analysis. 

 
Keywords: Similarity, criteria, regression, hypernumber, temperature 

 
 

INTRODUCTION 

The effects of solar radiation on the skin can be either beneficial or harmful [1]. Intelligent control of 
the irradiance duration protects against skin cancer and provides pain relief. In conclusion, extreme sun 

exposure leads to thermal burns, photocarcinogenesis (initiation of cancer), and photoaging due to tissue 
heating, rather than an isolated effect of infrared radiation (IR). The strong associations between 

sunburn and a variety of skin cancers, including melanoma are provided in the research paper [2]. 
Exposure to beaches and waterside activities has been linked to melanoma in multi-country European 

research studies [3]. 
 

According to Peterson et al. [4], the major factors that cause carcinogenesis are exposure to high 
temperatures and ultraviolet radiation (UVR). IR, as 

per the analysis in this study, is a secondary factor 
that increases the possibility of carcinogenesis. The 

ratio of IR-to-UVR radiation was approximately 
49:7. However, UVR above normal levels is the 

main cause of sunburn, tissue injury, and DNA 
damage [5]. The human skin temperature can be 

increased to 40°C because of intense sunlight [6]. 

Early prediction of skin temperature abnormalities 
with high accuracy and efficiency can prevent the 

negative effects of solar radiation.  

 

According to the conclusions presented in 

previous studies, the harmful effects of solar 
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radiation are caused by a combination of tissue heating and radiation (IR and ultraviolet). These 

beneficial and harmful conditions can translate into both normal Ω𝑛𝑜𝑟𝑚 and abnormal Ω𝑎𝑏𝑛𝑜𝑟𝑚 

physical spaces. The conditions for such spaces are formulated in Equations (1) and (2) as follows: 

Ω𝑛𝑜𝑟𝑚 = {(𝑡𝑠𝑘𝑖𝑛, 𝑞𝑟): 𝑡𝑠𝑘𝑖𝑛 < 𝑡𝑠𝑘𝑖𝑛_𝑚𝑎𝑥  ∩  𝑞𝑟 < 𝑞𝑟.𝑚𝑎𝑥 ∀ (𝑡𝑠𝑘𝑖𝑛, 𝑞𝑟) ∈ Ω𝑛𝑜𝑟𝑚}. (1) 

Ω𝑎𝑏𝑛𝑜𝑟𝑚 = {(𝑡𝑠𝑘𝑖𝑛 , 𝑞𝑟): 𝑡𝑠𝑘𝑖𝑛 ≥ 𝑡𝑠𝑘𝑖𝑛_𝑚𝑎𝑥  ∪  𝑞𝑟 ≥ 𝑞𝑟.𝑚𝑎𝑥  (𝑡𝑠𝑘𝑖𝑛, 𝑞𝑟) ∈ Ω𝑛𝑜𝑟𝑚} (2) 

 

The current study aimed to define a model that prevents excessive sun exposure that corresponds to 

an abnormal space. 

 

An analysis of the applicability of the existing model to reach the target is discussed below. 

 

The development of thermal models for human skin temperature is important. These models include 

the internal heat generated by sun radiation penetration [7], heat exchange expression, and boundary 

conditions at the skin surface [8]. The accuracy of the models can be significantly improved by adaptive 

approaches [9–11] with analytical solutions based on the theory of hypernumbers [12, 13] and by 

solving the operator equations with hypernumbers theory [14]. Analytical thermal models of human 

skin protected by clothing under sunlight radiation have been defined by Lai et al. [15]. The model 

exhibited a low accuracy at extremely low temperatures. The difference between the monitored and 

predicted temperatures was up to 6F. Analytical thermal modeling of skin temperature can be used as 

an alternative or complementary method to machine learning algorithms. 

  

Random forest, decision, vector machine, and K-neighborhood were trained to define the most 

accurate machine learning model for skin temperature prediction [16]. The model trained using the 

Random Forest showed the best accuracy of 90,4%. A deep learning algorithm with the skin sensitivity 

index SSI was proposed to overcome individual differences and variations in skin subtleness [17]. 

 

The disadvantages of the machine learning models used for skin prediction are as follows: 

• High computational complexity [18]. 

• The most efficient machine learning models, such as neural networks (RNN), long short-term 

memory (LSTM) neural networks, and Random Forest models, provide numerical results. Such 

results require a highly complex algorithm to identify radiation abnormalities. 

• The existing regression models have low accuracy in predicting and are not applicable for high-

quality prognostics. 

 

Analytical Method of the Skin Temperature Prediction 

The prediction is provided using Regression Polynomials with Process Similarity Criteria [19] for 

stochastic data defined by hypernumber 𝐻𝑘. Using this method, the solution should satisfy the following 

expression: 

𝐿 = 𝑚𝑖𝑛∑ (𝑣𝑖 − 𝑣̅)
2𝑛

𝑖=0  (3) 

Where, 𝑚 = 2𝑙, 𝑙 𝜖 𝑁 (𝑛𝑎𝑡𝑢𝑟𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟) – is the sample size for calculating the variance at point 𝑖, 
𝑣̅  is the mean variance of the sample, and the 𝑣𝑖 is the variance at state 𝑖 that can be approximately 

calculated using the segmentation approach [20]: 

𝑣𝑖 = 
∑ (𝑇𝑗

𝑚.𝑠𝑘− 𝑇𝑗
𝑡.𝑠𝑘 )

2𝑗=𝑖+
𝑚
2

𝑗=𝑖−
𝑚
2

𝑚−1
 (4) 

where 𝑇𝑗
𝑚.𝑠𝑘 and 𝑇𝑗

𝑡.𝑠𝑘 are monitored, and the theoretical temperature of the skin at moment j is 

𝑇𝑗
𝑡.𝑠𝑘 = 𝑎0 + 𝑎1𝑡𝑗 +⋯+ 𝑎𝑛 𝑡𝑗

𝑛 (5) 

where 𝑎0, 𝑎1, … , 𝑎𝑛  are the coefficients of the polynomials that satisfy the method criteria. 
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The coefficients of the polynomial are defined using the standard approach for determining the min. 

(max.) for the multivariable operator:  

 

{
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

𝜕𝐿

𝜕𝑎1
=

2

𝑚 − 1
∑

(

 
 
∑ (𝑇𝑗

𝑚.𝑠𝑘 − 𝑇𝑗
𝑡.𝑠𝑘  )

2𝑗=𝑖+
𝑚
2

𝑗=𝑖−
𝑚
2

𝑚− 1
− 𝑣̅

)

 
 

𝑛

𝑖=0

∑ (𝑇𝑗
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𝑚
2
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𝑚
2
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𝜕𝐿

𝜕𝑎2
=

2

𝑚 − 1
∑

(

 
 
∑ (𝐻𝑗 − (𝑇𝑗

𝑚.𝑠𝑘 − 𝑇𝑗
𝑡.𝑠𝑘))

2𝑗=𝑖+
𝑚
2

𝑗=𝑖−
𝑚
2

𝑚− 1
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𝜕𝑎𝑛
=

2

𝑚 − 1
∑
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𝑚.𝑠𝑘 − 𝑇𝑗
𝑡.𝑠𝑘)

2𝑗=𝑖+
𝑚
2

𝑗=𝑖−
𝑚
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𝑚− 1
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)

 
 

𝑛

𝑖=0

∑ (𝑇𝑗
𝑚.𝑠𝑘 − 𝑇𝑗

𝑡.𝑠𝑘)𝑡𝑗
𝑛

𝑗=𝑖+
𝑚
2

𝑗=𝑖−
𝑚
2

= 0

 (6) 

 

These equations can be solved using the theory of hypernumbers [12, 13] and derived from this 

theoretical method for solving operator equations [14]. This method has been applied to both thermal 

and stochastic processes [9–11].  

 

The coefficient 𝑎0 is defined from the best fit operator equation. 

𝐿𝑓 = 𝑚𝑖𝑛∑ (𝑇𝑖
𝑚.𝑠𝑘 − (𝑎0 + 𝑎1𝑡𝑖 +⋯+ 𝑎𝑛 𝑡𝑖

𝑛))
2

𝑛
𝑖=0  (7) 

The solution of the (4) is defined with the theory of hypernumber. 

𝐻𝑘
𝑐𝑜𝑛 = 𝑎0 + 𝑎1,𝑘𝑡 + 𝑎2,𝑘𝑡

2 + … 𝑎𝑛,𝑘𝑡
𝑛 

(8) 

Each consecutive hypernumber 𝐻𝑘+1
𝑐𝑜𝑛  is calculated from the previous one with the expression below: 

𝐻𝑘+1
𝑐𝑜𝑛 = 𝐻𝑘

𝑐𝑜𝑛 +  𝛿𝐻𝑘
𝑐𝑜𝑛 

(9) 

Where, 𝛿𝐻𝑘
𝑐𝑜𝑛 is a deviation from the previous constructive number. 

 

The deviation 𝛿𝐻𝑛
𝑐𝑜𝑛 was computed by solving linear equations, and the convergence of the recursive 

algorithm was proven in [14]. 

 

The system of linear equations for 𝛿𝐻𝑘
𝑐𝑜𝑛 sequential calculation is provided below. 
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 −𝛿 (

𝜕𝐿
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𝜕𝑎1,𝑘
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𝜕𝐿

𝜕𝑎𝑛,𝑘
)

 

 

(10) 

Per the defined 𝐻𝑘
𝑐𝑜𝑛, the part of the condition of Equation (1) related to the skin temperature can be 

rewritten as 

𝑎0 + 𝑎1,𝑘𝑡 + 𝑎2,𝑘𝑡
2 + … 𝑎𝑛,𝑘𝑡

𝑛 < 𝑡𝑠𝑘𝑖𝑛 ∀ 𝑡 ∈ [0, 𝑡𝑚𝑜𝑛 + 𝑡𝑝𝑟𝑒𝑑] (11) 

As per research covered [21], a positive correlation exists between the slope of the skin temperature 

changes and radiation intensity. Such correlation is illustrated in Figures 1, and 2 for RF radiation. 

 

 
Figure 1. Changes in skin and core temperatures due to RF exposure at 240 W/m2. The charts were 

constructed using the corresponding one from [21]. 

 

 
Figure 2. Changes in skin and core temperatures due to RF exposure at 350 W/m2. 
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The charts were constructed using the corresponding one from [21]. 

 

Based on the assumption that a similar relationship exists between skin temperature changes and solar 

radiation intensity, the proposed expression is as follows: 

𝜕𝑡𝑠𝑘𝑖𝑛

𝜕𝑡
(𝑡0) = 𝐹(𝑞𝑟) (12) 

Skin Temperature Prediction 

Equations 4-10 were used to predict the skin temperature. The results of the simulation with the 

Process Similarity Criteria Fit and minimum least-squares polynomials are shown in Figure 3. 

 

The mean absolute percentage error (MAPE) error of the Best Criteria Fit was 0.235%, and the MAPE 

error of the minimum least square was 4,42%. 

 

LSTM machine learning prediction was performed for the same training set to compare the RPPSCF 

efficiency. The simulation results are shown in Figure 4. 

 

 
Figure 3. Human skin temperature prognostics using regression polynomial with  

similarity criteria and minimum least square. The data are retrieved from [22]. 

 

 
Figure 4. Human skin temperature prognostics using LSTM neural network. The  

MAPE error of LSTM was 0.0864%. 
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Figure 5. Schematic of skin temperature control. 

 

Schema of the Skin Temperature Automated Control 

Schematics of the skin temperature control and prediction are shown in Figure 5. The skin 

temperature was measured using an mcp9808 sensor. The sensor's accuracy is equals to 0.25°C. The 

DS18b20 sensor used for skin control in [23] has an accuracy of 0.5°C and is not suitable for good 

quality prediction. The alternative sensor tmp117 has an accuracy of 0.1°C. The schema and code for 

translating the data to the temperature were defined using Python for simulation [24, 25]. Raspberry PI 

Zero reads the sensor data. One of the possible results of delivery is sending it to mobile devices. 

 

RESULTS AND DISCUSSION 

The results of the prediction using the proposed model are summarized below. 

• Model accuracy: 99.765%. 

• Performance (time complexity): Execution time = 0.244 s. 

• Applicability: The model is applicable for analyzing the effects of multiple factors on the skin. 

 

The current limitation of the proposed prediction model is related to the fact that the function of 

radiation intensity is not defined. Therefore, the practical implementation of this method is limited to 

skin temperature predictions. However, the theoretical definition allows for an extension of the method 

for analyzing the radiation intensity. 

 

CONCLUSION 

The research covered in This paper presents a novel approach for predicting skin temperature. The 

advantages of this approach are as follows: 

• This method provides an analytical expression for forecasting the skin temperature. It allows for 

the analysis of multiple factors of the impact of the sun's radiation on the human body. 

• The accuracy of the RPPSCF was lower than that of the LSTM. However, the accuracy is high 

when this method is used for skin temperature prediction. 

• The prototype device for temperature prediction comprises miniature low-cost electronic elements. 

• The application of the algorithm can be extended to the analysis of human health parameters that 

require an analytical presentation and low computational complexity. 
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