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Quantification of fatigue degree from pulse wave
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Abstract—Fatigue causes mistakes, accidents and di&: Method of Analysis
order. However, it is very dlicult to know our own fatigue
degree. If we can know it accurately, we can avoid serioud1. Lyapunov spectral analysis
accidents triggered by fatigue. In this study, we try quan-

tification of fatigue from fingertip plethysmogram by non- , . .
linear and statistical time series analysis. As a result, wi aken's theorem. We use the dimension of the space and

find the indexes, such as the Lyapunov exponent, the 191 time-delay as 4 and 50[ms], respectively [6]. In the
cal variation and the cdicient of variation of pulse-peak S\Ate SPace, we can calculate the Lyapunov exponent(LE)
intervals, for quantifying fatigue. using Sato-Sano-Sawada’s method [7][8].

We embed the pulse wave into a state space using

2.2. Statistics analysis for peak intervals of pulse wave

We detect peaks shown as closed circles in Fig.1 from
the pulse wave. From the time of the peaks, we calculate
peak intervals. We use the following statistical indexes for

Recently, intensifying international competition makeshe peak intervals.
companies to seek furthetfieiency and rationalization.

There are many companies operating on 24-hour sched- m
ules and undergoing major restructuring. And the intro-  ~qicient of variation(CV)= =
duction of computers makes people handle immense vol-
umes of information. In such circumstances, many work-
ers have fatigue problems without self-awareness and that
would cause serious accidents.

1. Introduction

, H O (Ti-T)°
Codficient of skewness(Sky Z —1
Fati . . . = (T -T)?

atigue is a physiologic phenomenon between arousal
and rest. Our ability is decreased in quality and quantity -
by fatigue. We feel fatigue, when we work hard. However, Local variation(LV)= | 1 Z 3(Ti = Tisa)
there is a big dference between real fatigue and feeling n-1 = Ti + Tina
fatigue. Because feeling fatigue is greatijeated by mo-
tivation and sense of accomplishment. If we can know our T; = i-th peak interval
own fatigue degree accurately, we can avoid hazards. ThereT = Average of peak intervals
are methods for measuring fatigue using a brain wave andN = Total number of peak intervals
integral electromyogram [1]-[4]. However, these methods CV is a measure of the interval variation, SK is a mea-
are not adequate to estimate our fatigue degree in a dadyre of an asymmetry in the interval distribution and LV is
life. Because they demand complex measurement equigmeasure of a local variation of the peak sequences [9].
ment and a long time to measure. If we can estimate fa-
tigue from a pulse wave, we can downsize the measure-
ment device and shorten a measurement time. Moreové, Results
it is considered that pulse waves contain several pieces of .
biological information [5]. 3.1. Experiment

In this study, we try to quantify the fatigue degree from We obtain pulse waves from 26 male students for 25 sec-
the pulse wave by nonlinear and statistical time series anands before and after a two-hour desk work(mainly their
ysis. As a result, we find the indexes, such as the Lyapun@rogramming). We use the equipment(CHAOS21) shown
exponent, the local variation and the @@@ent of variation in Fig.2 made by CCI Corporation and the sampling fre-
of pulse-peak intervals, for quantifying the fatigue degreequency is 200[Hz].
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Figure 1: Waveform of pulse wave. Figure 4: Result of statistical analysis (CV).
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Figure 5: Result of statistical analysis (SK).

Figure 2: Measurement equipment.
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Figure 3: Result of Lyapunov ana]ysis_ Figure 6: Result of statistical analysis (LV)
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Figure 10: Automobile seat on vibrator.
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Figure 11: Time series of pulse wave for one hour.
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Figure 7: Cross correlation of LE and CV.
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Figure 8: Cross correlation of LE and LV.
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Figure 9: Cross correlation of CV and LV.
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Figure 12: Time series of CV from Fig.11.
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