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ABSTRACT

Recently, identification of the extremely stressed condition of children is an essential skill
for real-time recognition of a dangerous situation because incidents of children have been
dramatically increased. In this paper, therefore, we present a model based on machine
learning techniques for stress status identification of a child by using bio-signals such as
voice and heart rate that are major factors for presenting a child’s emotion. In addition,
a smart band for collecting such bio—signals and a mobile application for monitoring child’s
stress status are also suggested. Specifically, the proposed method utilizes stress patterns
of children that are obtained in advance for the purpose of training stress status identification
model. Then, the model is used to predict the current stress status for a child and is designed
based on conventional machine learning algorithms. The experiment results conducted by
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using a real-world dataset showed that the possibility of automated detection of a child’s
stress status with a satisfactory level of accuracy. Furthermore, the research results are
expected to be used for preventing child’'s dangerous situations.
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(Table 1) Summary of Related Studies

Objects(Topics) Signals Used | Analysis Methodologies References
Activity-aware mental stress detection| HR, GSR, DT, SVM, Sun et al[31]
(sitting, standing and walking) Accelemeter Bayes network ’

L o Voice, GSR DT, SVM, Kurniawan([14]
Stress elicitation by examination K-Means,
HR Latent dirichlet allocation| Melillo et al.[21]
Multi-level assessment model HR, EEG, ]S)Ylvitz?ti&l Jung and Yoon
for monitoring elder’s health condition ECG pectatic [11]
maximization
. Latent dirichlet
Personal health system for detecting stress GSR allocation, SVM Setz et al.[29]
. .. . . Ruvolo and
Automatic cry detection in early childhood Voice Gentle-boost Movellan[29]
Automatic classification of infant crying for Voice Genetic selection of Rosales—Pérez
early disease detection a fuzzy model et al[27]
Autgmatlc detectlor} of the explrator'y and Voice Hidden markov model Abou-Abbas
inspiratory phases in newborn cry signals et al[1]
Automatic identification of stress causes of GSR Adaptive windowing Bakker et al.[4]
employees
Detecting real-world driving stress HE, EMG Continuous correlations H(?aley and
Respiration Picard[10]
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(Figure 1) Definition of Stress Status
According to the Combination
of Voice and Heart Rate
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(Table 2) Representative Sound Features

No Features No Features No

Features

Power Spectrum 10 Spectral Flux 19

Fraction of Low-Energy Frames

Magnitude Spectrum 11 |Partial-Based Spectral Flux| 20

Linear Predictive Coding

Beat Histogram

1
2
3 |Magnitude Spectrum Peaks| 12 Method of Moments 21
4 Spectral Variability 13 | Area Method of Moments | 22

Strongest Beat

Mel Frequency Cepstral

5 Spectral Centroid 14 Coefficient(MPCC) 23 Beat Sum
Partial-Based Spectral Area Method of Moments i
6 Centroid 15 of MPCCs 24 Strength of Strongest Beat
7 Partial-Based Spectral 16 Zeto Crossings % Strongest Frequ.ency via Zero
Smoothness Crossings
) ) Strongest Frequency via
8 Compactness 17 Root Mean Square 26 Spectral Centroid
9 Spectral Roll-off Point 18 Relative Difference o Strongest Frequency via FFT

Function

Maximum
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(Table 4) Numbers of Correct and Incorrect Classification Instances

Dataset EH Dataset ITH
Naive Bayes D‘,agzleon SVM Naive Bayes De;;zz)n SVM
TP(True Positive) 91 4 3 91 89 93
TN(True Negative) 220 358 299 227 350 350
FP(False Positive) 152 14 73 145 22 22
FN(False Negative) 33 120 121 33 3H 31
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(Table 5) Performances of Classifiers According to Dataset Used

Datasets Sensitivity Specificity Accuracy Balanced Accuracy
Classifier: EH IH EH IH EH IH EH IH
NB 73.39 73.39 59.14 61.02 62.7 64.11 66.27 67.21
DT 3.23 7177 96.24 94.09 72.98 8851 49.74 82.93
SVM 242 80.38 I6) 94.09 60.89 89.31 414 84.55
Average 26.35 75.18 76.79 83.07 65.52 80.64 52.47 7823
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