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Development of the Method for Estimating Cardiac Vagal Activity in Real-Time during
Body Motion and Generation of the Interactive CG

Kiyoshi Kotani*, Non-member, Fumiaki Iida**, Non-member, Tomohiro Akagawa™**, Non-member,
Takeshi Saitoh™**, Non-member, Yasuhiko Jimbo*, Member, Yoichiro Kawaguchi***, Non-member,

Kiyoshi Takamasu®***, Member

Autonomic nervous system is important to maintain homeostasis, and respiratory sinus arrhythmia (RSA)
is known as a selective index of cardiac vagal activity. In this paper, we evaluated errors in the amplitude
of RSA under the condition of body motion (keyboard typing and mental arithmetic with touching panel)
and proposed a method for reducing them. It was found that elastic chest band is suitable under the quiet
condition, while thermistor is suitable under the condition of body motion. It was also found that Berger’s
interpolation method was the best for detecting instantaneous heartbeat intervals in real-time signal pro-
cessing. Furthermore, we proposed a error reduction algorithm by mixing the data of thermistor and elastic
chest band , and applied it for interactive CG (Computer Graphics) system that reflected the amplitude of

RSA estimated in real-time.
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Fig.1. Signal processing argorithm for the real-

time extraction of the amplitude of RSA.
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Fig.2. Waveforms of the (a) air-flow meter, (b)
respiration belt, and (c) thermistor in the normal
respiration. Solid lines indicate the start points of
inspiration and dotted lines indicate the end points
of inspiration.
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Fig.3. (a) Block diagram of the IPFM model.

(b)Berger’s method for interpolation of the RRI.
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Fig.4. Errors in the detection of start points and
end points of inspiration. (a)—(c) are the results of
Exp.(a)—(c), respectively. * indicates P < 0.05 and
** indicates P < 0.01.
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Table 1. Correlation coefficients of experiment (a).
¥ indicates statistically significant difference from
the interpolation of IHR method (P < 0.01). * in-
dicates statistically significant difference from ther-
mistor (P < 0.01)

DcCsI? Berger IHR
Thermistor 0.952 + 0.019 0.906 + 0.048 0.807 £ 0.170

Belt™ 0.970 + 0.030 0.955 + 0.013 0.921 £ 0.033
Table 2. Correlation coefficients of experiment
(b). * indicates statistically significant difference

from the interpolation of IHR method (P < 0.01).

DcCsI? Berger?! IHR
Thermistor 0.940 + 0.070 0.932 + 0.056 0.851 = 0.083
Belt 0.986 4 0.012 0.948 4 0.021 0.866 + 0.360

Table 3. Correlation coefficients of experiment (c).
¥ indicates statistically significant difference from
the interpolation of THR method (P < 0.01).

DCSI? Bergert IHR
Thermistor 0.985 4+ 0.007 0.960 + 0.197 0.898 £ 0.050
Belt 0.984 + 0.011 0.954 + 0.022 0.887 £ 0.047
(a) (b)
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Fig.5. Two types of waveforms of the thermistor
and its second derivative around the start point
of inspiration. Vertical solid line indicates the
detected start point of inspiration by thermistor,
while dashed-dotted line indicates that by air-flow
meter.
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Fig.6. Proposed method for real-time RSA ex-
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Fig.8. Time table of the experiment for the real-
time RSA extraction with interactive CG
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Fig.9. Waveforms of the (a)respiration belt, and
(b)thermistor under the condition of body motion.
Solid lines indicate the start points of inspiration
and dotted lines indicate the end points of inspira-
tion.
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