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Measurement of Degree of Fatigue by Large-scale database-based Online Modeling

*!

Yuriko HACHIY;

*, Hiroyuki Izumr™, Masatoshi OcAwA", Sho KAWANARI *, Koji MoRI™

and Harutoshi OcAl*

* Graduate School of Information, Production and Systems, Waseda University, Japan.
** Occupational Health Training Center, University of Occupational and Environmental Health, Japan.
*** Department of Ergonomics, University of Occupational and Environmental Health, Japan.

Abstract: In order to prevent the absence from work and death from overwork that accompanies mental fatigue, it is important to quantify and
prevent mental fatigue. As the material causes of fatigue are unknown, the mechanism of fatigue is poorly understood, and there are ramifications
of the hiological systems in organisms, a mathematical model of the phenomenon of fatigue has not been formulated. For that reason, “degree of
fatigue” is currently measured by subjective, self-reported symptoms of fatigue. However, as feelings of fatigue depend on the individuals
judgment, they cannot be understood by a third party. An objective index of fatigue that can be understood by a third party is required. In this study,
we used “Large-scale database-based Online Modeling (LOM)”, one of the local modeling methods based on databases, to reproduce the
characteristics of fatigue based on information derived from observation of biomedical signs. The subjects in our study were 10 male university
students. They performed a mental arithmetic task for 30 minutes, after which they were given a 30-minute rest period. VWe measured several
hiomedical signs and their feelings of fatigue. In addition to the anticipated results we propose a method for determining the reliability of estimating
“degree of fatigue” by distance of neighboring data. As a result, we suggest that it is possible to estimate “‘degree of fatigue™ from biomedical signs

using the LOM method.

Keyword: Large-scale database-based Online Modeling, Just-In-Time modeling, dynamic modeling, fatigue, biomedical signs.
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Fig.1. Outline of measurement for workload of mental arithmetic

operation
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Fig.2. Experimental
arithmetic operation
+: feelings of fatigue score (10-point rating scale),

procedure of fatigue during mental

x: surface skin temperature (forehead and tip of nose),
pulse rate, skin blood flow and respiratory rate.
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1: Actual feelings of fatigue score line was found by
linear interpolation from 3 point during Computer
operation. II: Actual feelings of fatigue score line was
found by linear interpolation from 3 point during
Computer operation after calculation of moving average.
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Fig. 9. Actual and estimated feelings of fatigue score for fourth
experiment in case of subject E by Multiple Regression
Analysis.
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Table 1. Selected variables for physiological measures by stepwise
method for fatigue score interpolated by linear in every

experiment
No. Content Delay F value
1 respiratory rate before 600 second 1243
2 skin blood flow before 360 second 265
3 pulse rate before 10 second 182
4 temperature (forehead) before 600 second 179
5 pulse rate before 510 second 136
6 temperature (forehead) present 108
7 temperature (tip of nose) present 74
8 temperature (forehead) before 10 second 65
9 respiratory rate present 63
10 respiratory rate before 10 second 63
11 respiratory rate before 460 second 56
12 skin blood flow before 40 second 33
13 pulse rate before 270 second 33
14 temperature (tip of nose) before 10 second 29
15 respiratory rate before 250 second 13
16 temperature (tip of nose) before 250 second 10
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Fig. 11. Scatter diagram of actual and estimated feelings of fatigue
by LOM. A: subject A, B: subject B, C: subject C, D:
subject D, E: subject E, F: subject F, G: subject G, H:
subject H, I: subject I, J: subject J
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12. Actual and estimated feelings of fatigue score by
LOM.E: fourth experiment in case of subject E,
D: first experiment in case of subject D,

Fig.

F: third experiment in case of subject F.
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Fig. 13. Actual and estimated feelings of fatigue score for third
experiment in case of subject D by LOM.
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Fig. 14. Differences between actual and estimated feelings of
fatigue score and similarity for third experiment in case
of subject D by LOM. a: 30 points of a horizontal axis,
b: 130 points of a horizontal axis.
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