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Realtime Measurement of Impedance Locus using Impedance
Spectroscopy: How Many and How Low Frequencies Are Required ?

T. Fukumoto (Matsushita Electric, Japan), G. M. Eem” (Biomed. Konkuk Univ.),
5. Ohba (Tohoku Univ.), N. Hoshimiva (Tohoku Gakuin Univ.)

ABSTRACT

High temporal-rezolution and accurats measurement of skin impedance locus provides useful data for the identification of
the physiclogical/psychological changes and also the identification of acupuncture point. An impedance spestroscopy method
using digitally constructed current waveform consisting of many frequency components (multiples of 1Hz) was reported®,
The time rezolution of the method depends on the lowest frequency uzed in the waveform construction, and therefore, the
meazurement would be faster if the lowest frequency i the higher. However, it wag not clear that how many and how low
frequencies must be uzed for the estimation of the skin impedance parameters from which the impedance locus can be drawn.
This study shows the relationship betwsen the sstimation error of the impedance parameters and the frequency coverags of
the spsctroscopy. The results of this study ars expected to serve as the references of the frequency sslsction in the impedance
spectrozcopy.
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1. Intreduction better accuracy of the impedance wvalues at high
frequencies because it can derive the impedance value for

High ternporal-resolution and accurate measursment a zpecific frequency by adding the certain frequency in the
of skin impedance locus iz eszential for the identification applied current. However, the temporal resolution of the
of the phasic change due to electrodermal activity elicited AC method iz determined by the lowsst frequency uzed in
by stress, acupuncturs, emotional activity, sound, ete. The the applying current. Therefore, to improve the temporal
impedance locus also can be ussed in the localization of resolution, it is desirable not to includs low frequenciss in
low impedance points e.g. acupuncture points. the current.

DC squars wave method' and AC current method®’ If we can calculate the impedance parameters that
have been used for the measurement of skin impedance feature the impedance locuz of Fig. 1, the impedance value
locus. Though the DC square wave method has good at any frequency can be caloulated easily zo that it is
temporal resolution, it has poor accuracy at high needless to measure the impedancs at many frequencies.
frequenciss becauss the high frequency componsnts in the Yamamoto et al,? fully made use of this fact and estimated
DC square iz fundamentally small and can be degraded by the impedance pararneters from the 3 impedance values.
the noise. In the AC current method, sequential application Searl and Kirkup®, on the other hand, used 30 frequencies
of current with several frequencies® or a digitally evenly distributed in the impedance locus in terms of the
constructed current waveform consisting of many phaze angle.
frequency components’ was applied to the elestrodes and The frequency diztribution on the impedance locus iz
the voltage was analyzed to derive the skin impsdancs. significantly depends on the measured objsct and the type

Generally the AC current method has advantage of and state of the electrode, and therefore, it iz difficult to
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determine the nseded frequency component to sstimate the
impedance parameters with acceptable accuracy. The
motivation of thiz study iz “How many and how low
frequencies are required to estimate the impedance
parameters well ¥ Az the first step for the solution of this
question, we investigated the relationship betwsen the
sstimation error of the impedance paramsters and the
frequency coverage through experiment with several RC

network models,

1 General impedance locus and corresponding

impedance paramsters Z,, 7,,, 5

Fig.

2. Methods
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Fig. 2 Experimental setup

The experimental setup for the measurement of the
gkin impedancs ls shown in Fig. 2. Three-elsctrodes
method was used that appliss constant current and the
voltage 1z measured. The current iz constructed from
multiple frequency components with the same intensity
7

"

to guarantee the same 3/N ratio for all the

frequenciez uzed. The applied current and the measured
voltage can be deseribed as equation (1), The skin
impedance including the electrode-skin interface of one
gide iz caloulated from equation (2). One important fact is
the spsctral leakags can be avoided by using the frequency
@, as the multiple of the lowsst frequency and the

n

windowing operation iz not required. Therefore, we
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included only the multiples of the lowsst frequsncy in the

applied current.

y

(1)

Z(jo)=Vije ) I{jo,) (2)

The impedanas locus follows the Cole-Cole™s law® of
squation (3). The impedance paramsters Z,, 7., § .

which are the DC resistance, the time constant of medium
frequency, and the distribution of ¢, were derived
through minirnization of the msasursd impedancs from
experiment and calculated impedance from equation (3)
values using the Levenberg-Marquardt method. The
inefficiency of parameter estimation, 1.¢. the error between
the actual and estimated impedance parameters, was
caloulated by eq (3), where N iz the number of

measurement and was set to 100 times.

L Z,
20) = P 3)

1 XL ».
o @

Finally, to see the effect of frequency coverage on the
parameter estimation error of eq. {4), we designed an
experiment with RC parallel networks as a representation
of the skin-electrods impedancs. The test valuss for the
RC networks are shown at Table 1. The frequencies
included in the construction of current in equation (1)
wers 5, 10, 15, 20, 25,..., 195, 200, 250, 300, ... , S00Hz.
The impedance paramsters and the corresponding error of
eq. (4) wers caloulated for all the instances as we exclude
one impedance value at a tims. The sxclusion startsd from
the impedance of lower frequencies, because the lowest
frequency determines the temperal-resolution. The degree
of exclusion was described by the phase angle of the

currently excluded impedance value,

.
FEI

Table 1. Teat RC values and impedance pammeters
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Fig. 4 Relationship between the parameter sstimation srror — the phase angle of the lowest frequency includsd in the
currentin the circuit 1 {a), circuit 2 (b)), circuit 3 {¢) and circuit 4 {d)
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3. Results

Fig. 3 shows the impedance values measured at the
circuit model 1~4 when all the pre-zpecified frequency
somponents are included in the current waveform. As iz
obvious from the electronics, the circuit models with
smaller RC walues (c~d) had better distribution of
impedance valuss for the applied frequencies.

The relationship between the parameter sstimation error
and the frequency coverage is ghown in Fig. 4. Brror lessg
than 2% iz guaranteed for all the circuit models when the
included highest frequency components covers 80~90 deg
phaze angle of the impedance locus,

This result shows that the impedancs paramsters can be
fairly well estimated only with relatively high frequencies,
in which case the temporal-resolution can be greatly
increased.

This study showsd the possibility of impedance
parameter estimation with few experimental impedance
valuss in relatively low skin-slectrods impedancs model
(R=203~517kK2, C=14~-89nF). A further study with greater

value impedance model iz planned in the future.

4. Conclusion

The relationship between the impedance parameter
the

investigated. It was shown that the impedancs parametsrs

estimation error and frequency coverage is
could be fairly well estimated only with relatively high
frequencies, in which caze the temporal-resolution can be

greatly increaszed.
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