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Heat stress prediction model for outdoor policeman based on machine learning
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Abstract; To address the issue of predicting heat stress risks for police officers engaged in outdoor
operations under high-temperature conditions, a test dataset for monitoring core temperature of police
officers under different environmental working conditions, levels of physical exertion and clothing scenarios
was constructed. First, features such as height, weight, age, gender, body fat percentage, physical
activity ratio (PAR), clothing insulation ( CI), environmental temperature and relative humidity were
extracted. Then, machine learning methods, including K-nearest neighbors (KNN) , random forest ( RF)
and gradient boosting decision trees (GBDT) , were used to establish predictive models of core temperature
and heat stress risk for outdoor police officers. These models were subsequently validated. The results

indicate that for the predictive model of core temperature for outdoor police officers working in high-
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temperature environments, the goodness-of-fit measure R* exceeds 0. 9 for KNN, RF and GBDT. In terms

of error, the KNN model has the smallest prediction error, with a root mean square error (RMSE) of

0.053 °C. For the heat stress prediction model for police officers engaged in outdoor operations under

high-temperature conditions, the predictive performance of RF, GBDT and KNN models is significantly

better than that of other models.
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A RGARTEINTY (Joint System Thermoregulation, JOS—3) ; BH{A T 8l L% ( Physical Activity Ratio, PAR) ; 3R ( Decision Trees, DT) ;
TR R TSR ( Gradient Boosting Decision Trees, GBDT) ; BiHLZR K ( Random Forest, RF) ;K T4 ( K-Nearest Neighbors, KNN) ;
4 [A] ) ( Ridge Regression, RR) ;3Zi8# TAE4FME ( Receiver Operating Characteristic, ROC) ; £k T AYTIFL( Area Under Curve, AUC) ;
) 751% 2 (Mean Square Error, MSE) ; 3446 5§ 1% 22 ( Mean Absolute Error, MAE)
E1 SENRETRIMELESR A\ R HTNEE

Fig.1 Framework of heat stress prediction model for outdoor police officers in high temperature environment
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Table 1 Experimental conditions

AR | WEEE/C | AXHREE/% | fErREE | R
1 34 60 R =k
2 36 60 BB R
3 38 60 B R
4 40 60 i pr R
5 34 60 g R
6 36 60 HEE =R
7 38 60 o R
8 40 60 Hp g R
9 34 60 GiYES R
10 36 60 HE R
11 38 60 i R
12 40 60 G R
13 38 60 B AR
14 34 60 g f# iR
15 36 60 g B
16 38 60 W R
17 40 60 W i iR
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Table 3 Evaluation results of performance for core

temperature prediction model

LT MSE RMSE MAE R?
KNN 0. 003 0. 053 0.010 0. 986
RR 0.134 0. 402 0. 304 0.573
SVM 0. 081 0.238 0. 152 0. 847
DT 0.025 0. 145 0. 034 0.918
GBDT 0.023 0. 143 0. 088 0.925
RF 0.013 0. 105 0. 042 0.954

4 KNN #EI3 & B 8 T a0l B E T T Ak
FINER
Table 4 Evaluation results of KNN model on core

temperature prediction performance of each time node

AR MSE RMSE MAE R?
A1 | 0.003 | 0.058 | 0.010 | 0.999
2 | 0.004 | 0.065 | 0.013 | 0.995
A3 | 0.000 | 0.014 | 0.003 | 1.000
&4 | 0.002 0.039 0.008 | 0.997
A5 | 0.002 | 0.045 | 0.009 | 0.996

| A6 | 0.009 | 0.093 | 0.013 | 0.977
Bl T T 0,003 | 0.055 | 0.011 | 0.981
M —

A8 | 0.003 | 0.054 | 0.010 | 0.978

A9 | 0.002 0. 048 0.009 | 0.978

A 10 | 0.002 | 0.045 | 0.009 | 0.979

FAE 11| 0.003 0. 053 0.009 | 0.975

YA 12 | 0.004 | 0.063 | 0.013 | 0.975

A 13| 0.003 | 0.056 | 0.012 | 0.982
Fx5 PHNBXEEEAE AUC &

Table 5 AUC values for heat stress risk model

A AUC
KNN 0.97
SVM 0.90
DT 0.93
GBDT 0.99
RF 1.00
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Fig.2 Comparison of predicted and actual
values of core temperature of each time
node by KNN model
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Table 6 Importance scores of eigenvalues for core temperature prediction model and heat stress risk prediction model
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PR AU T A0

RF GBDT RF GBDT

FHIE B FRIE EEES FRIE EEER FEIE EEER Y
WEEIRAE 0.29 IR 0.3 IR 0.27 B RE 0.31
PAR 0.23 PAR 0.22 PAR 0.24 PAR 0.27
AR BE 0.18 A% 0.19 CI 0.11 VNIE 0.12
RIS 0.13 FHX I 0.17 ENiE 0.1 ZNpigY 0. 098
[NEES 0. 074 (SRS 0. 058 ENDigY 0. 097 cl 0. 083
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Table 8 Evaluation results of the performance for

heat stress risk hybrid prediction model

AP ] PR 2% 2 HE R K, 100 5 R e A% e T = 2
TR T AL R AR L Al T JOS-3 BidE i 2k 15 KNN 0.70 0.67
AR (J-2) , A A TR0 B SVM 0. 66 0.73
R7 RLRERSTNERMEEITINER DT 0.61 0.61
Table 7 Evaluation results of performance for core GBDT 0.68 0.48
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