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ple, the mean value of I at L= —1 was only calculated for six sub-
jects whose I was the highest at L = —1 for all lag times.

Fig. 10 shows relationships between lag time L and the mean
values of I calculated from four physiological indices: (a) Pmax.
(b) RSA, (c) HRV and (d) LFugy. These mean values run from 0.1
through 0.4. Also, as shown in Fig. 10a, the values of I obtained
from pmax Were higher and standard deviations were lower com-
pared to the results shown in Fig. 8.

In Fig. 10a, I of pmax was relatively high bothatL=-1and 1 and
the standard deviation was small, especially at L = —1. Additionally,
the values of I for HRV and LFygy were lower than that of pmax on
the whole, as shown in Fig. 10c and d. In contrast, for RSA shown
in Fig. 10b, I was relatively high and the standard deviation was
small at L=0.

The statistical significances of the mean values of I among lag
times were tested by one-way ANOVA for pmax, RSA, HRV and LFry.
However, no significant difference was found, except for LFygy. Sig-
nificant differences were found in the values of I for LFygy between
L=-2and -1, and between L= -1 and 1 (p < 0.05, Tukey-Kramer
test).

4. Discussion

As mentioned in the Methods section, data from six subjects
whose subjective scores, SS, were zero through the video were ex-

cluded from the analysis. The equation of AMI, equation (3), im-
plies that I(L) is always zero for any lag time L if all SS are zero.
This means that it is impossible to know the temporal relationship
between the subjective evaluation scores and physiological indices
of the six subjects because their L, are indeterminate.

From Fig. 10, it can be seen that the values of | that were ob-
tained for pmax and RSA were higher than those for the other phys-
iological indices. These results agree with other studies that show
that changes in these indices had a relationship to the develop-
ment of motion sickness [3,5,18,19,17]. The mean value of I ob-
tained for pmax and RSA was about 0.4 at a maximum. This value
is nearly equivalent to the concordance rate of 60% in the computer
simulation result shown in Fig. 7 and indicates that the changes in
the SS patterns and these physiological indices corresponded to
each other two out of three times on average.

Furthermore, the values of I obtained for pmax and RSA were rel-
atively higher at L = #1 and L = 0, respectively, than at the other lag
times. This result indicates that there was not much difference be-
tween the times the subjects experience VIMS symptoms and the
times when their physiological state change. However, this ten-
dency was not significant. This result may be caused by the limited
number of subjects used to calculate the mean value of I for each
lag time, which was approximately five or less, because there were
significant individual differences in Lpax. On the other hand, it is
interesting to investigate the relationship between Lny.x and indi-
vidual characteristics such as gender and age. Accordingly, data
from more subjects is needed to make a statistically significant
analysis for these relationships.

As shown in Fig. 10c, the maximum point of I obtained for HRV
was not as high as those obtained for pmax or RSA. This result im-
plies that indices obtained by the frequency or the correlated anal-
ysis of HRV can reflect the influence of VIMS on nervous activity
more than HRV itself. On the other hand, the value of | obtained
for LFygv was the lowest of all the PS(k), and this result is consid-
ered to be reasonable because it is not clear whether LFyry reflect
the development of VIMS. The difference between LFygy and RSA is
considered to be associated with the difference in the autonomic
nerve activity linked to these indices. Thus, RSA reflects parasym-
pathetic nerve activity while LFygy is related to both sympathetic
and parasympathetic nerve activities [33-35].

There was a minor difference in timing between pmax and RSA
when the connection between SS and these physiological indices
was strengthened. That is, the physiological reaction seen in RSA
appeared at almost the same time the subjectivity evaluation
changed, while the reaction in pmax appeared before or after the
subjectivity evaluation changed, as shown in Figs. 9 and 10a. This
latter result is of particular interest because it indicates that there
were two types of subjects, whose reaction patterns of pmay dif-
fered from each other. In one type, the physiological states changed
prior to the development of VIMS symptoms, while in the other
type, the opposite was true. In the former case, the subjects had
watched a scene which had the potential to induce VIMS and expe-
rienced changes to their physiological states. Then, approximately
1 min later, their emotional states changed. In the latter case, the
possibility exists that the physiological states of the subjects chan-
ged as a result of the discomfort induced by VIMS. In this matter,
the proposed method revealed that there were significant differ-
ences in the temporal relationship between physiological and emo-
tional states among individuals.

In this study, it was necessary to establish a method to investi-
gate not only the distribution of lag times but also the strength of
the relationship between physiological and emotional states of
subjects watching a video in considering their individual differ-
ences. The proposed method is considered to be an effective ap-
proach to accomplish our purpose. However, the values of I were
not so high, which were less than 0.6, and no significant difference
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was found in the mean value of I between lag times for most phys-
iological indices used in this study.

On the other hand, there is still room for improvement not only
in the physiological indices but also in the subjective assessment
method for the calculation of I. For example, by the use of tech-
niques such as neural networks and genetic algorithms [36] with
the AMI as a performance function, it may be possible to create a
new index that can detect the development of VIMS with high
accuracy. The continuous subjective assessment, in which subjects
can report SS whenever they experience VIMS symptoms, may be
useful to improve the proposed method. In the experiment of this
study, the subjects reported SS by moving a joystick every time
they heard a buzzer sound at 1 min intervals. This assessment
method was designed to make certain subjects report their symp-
toms at least once a minute, however, there is a possibility to cause
a delay, which is 1 min at worst, between the time subjects expe-
rience VIMS symptoms and that they change SS. On the other hand,
even if the continuous subjective assessment is used, subjects do
not always report SS just after they experience the symptoms be-
cause they may forget to report, and this becomes a serious prob-
lem for the calculation of AMIL

Information of video scenes related to VIMS cannot be obtained
directly from the values of I nor Lmax. As a first step to detect these
scenes, it is necessary to find a physiological index that well re-
flects VIMS symptoms by calculating AMI as mentioned above.
Then, it will be possible to find out which scenes in a video are

associated with the onset of VIMS by analyzing the physiological
index of subjects watching the video. In addition, if the physiolog-
ical index has a tendency to change prior to feeling VIMS symp-
toms, it may be possible to predict the development of VIMS.

5. Conclusion

In this study, the AMI was employed to investigate the temporal
relationship between subjective evaluation scores and collected
physiological indices. Our analysis of experimental data suggested
that changes in certain physiological indices showed a concor-
dance rate of more than 60% with the change in the severity of
VIMS symptoms. This result indicates that it may be possible to de-
tect video scenes that are likely to induce VIMS by analyzing phys-
iological indices. Furthermore, the physiological states of some test
subjects changed prior to the development of VIMS symptoms,
even though there were significant individual differences in the
temporal relationship. An analysis of the temporal relationship be-
tween the physiological states and the cognitive levels of test sub-
jects suffering from VIMS is expected to shed light on the
pathogenesis of VIMS.

In our future work, analysis using other physiological indices,
such as gastric tachyarrhythmia, which has frequently been re-
ported as having a relationship with motion sickness, will be nec-
essary. And our method using AMI should be compared to the
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other techniques such as Cronbach’s Alpha [37], which is a form of
factor analysis. Furthermore, the number of sampling points used
in this study might be insufficient for a full analysis of the AMI,
so an experiment in which the video watching duration is ex-
tended, or where more subjects watch the same video repeatedly,
should be performed to confirm the validity of the proposed
method.
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Estimation of Baroreflex Function Using Independent Component Analysis of
Photoplethysmography
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The maximum cross-correlation coefficient pmax between blood pressure variability and heart rate variabil-
ity, whose frequency components are limited to the Mayer wave-related band, is a useful index to evaluate the
state of the autonomic nervous function related to baroreflex. However, measurement of continuous blood
pressure with an expensive and bulky measuring device is required to calculate pmax. The present study
has proposed an easier method for obtaining pmax with measurement of finger photoplethysmography (PPG)
only. In the proposed method, independent components are extracted from feature variables specifying the
PPG signal by using the independent component analysis (ICA), and then the most appropriate component
is chosen out of them so that the ppax calculated from the component can approximate its true value. The
results from the experiment with a postural change performed in 18 healthy subjects have suggested that
the proposed method is available for estimating pmax by using the ICA to extract blood pressure information
from the PPG signal.
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High Speed and High Accuracy Detection Algorithm of Life-threatening
Arrhythmias for Implantable Cardioverter-Defibrillator

e e

Makoto ABe,” Telma Keiko Sucal,”™ Makoto Yosrizawa,”™ Noriyasu Homma, ™™
Norihiro Sucrra,” Kazuo SEnvizu,” Moe Goto,” Masashi Inacaxr,”
Masaru Sucivacar! " Kenji Sunacawa’™™

Abstract The implantable cardioverter-defibrillator (ICD) is an effective therapeutic device for rescuing
patients with cardiac diseases from death caused by life-threatening arrhythmias. The authors previously have
proposed a detection algorithm of life-threatening arrhythmia with a multiple regression model. In this research,
we have developed the algorithm so as to accurately classify cardiac rhythms and to reduce in the computational
time with a microcontroller used in the ICD. The experimental results showed that the proposed method kept a
high accuracy to detect cardiac rhythms. In addition, the validation of implementation of the proposed algorithm
in the microcontroller indicated that the result of detection of cardiac rhythms could be attained within
computational time of 60 ms. For the practical application, it is necessary to evaluate the power consumption of
the ICD working with the proposed method.

Keywords : arrhythmia, implantable cardioverter-defibrillator, intracardiac electrocardiogram, multiple regres-
sion model.
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varying the algorithm of calculating indices
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Table 2 Computational time of calculating indices.
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