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Study on Two-Dimensional Electrocutaneous Communication

Kazuo Tane*, Susumnu Tacur¥, Kiyoshi Komoriya* and Minoru ABE*

This paper deals with the information tra-
nsmission characteristics of a two-dimensional
electrocutaneous communication method using
magnitude and frequency simultaneously. Fir-
stly, the channel capacity of a two-dimensional
electrocutaneous communication system is dis-
cussed. Secondly, the maximum information
transmission rate is estimated from a category
detection test. Finally, the reaction time, the
time between the presentation of a two-dime-
nsional electrocutaneous stimulus and a detect-
able response to it is measured and the max-
imum information transmission rate per second
is calculated.

The following results are obtained ; (1) The
channel capacity of the two-dimensional elec-
trocutaneous communication system is the
summation of the channel capacities of both
the magnitude dimension’in a minimum fre-
quency level and the frequency dimension in
a minimum magnitude level. Its value ranges
from 5.6 to 6.0 [bit/symbol] for four subjects.
(2) The maximum information transmission
rate -estimated from the category detection
test is 2. 7—3. 2 [bit/symbol] for three subjects.
It is larger than the individual one-dimensional
information transmission rate, but not more
than the sum of the both. Especially, when
the frequency and the magnitude dimensional
stimuli are presented simultaneously, the
information rate transmitted only through the
magnitude dimension has a tendency to decr-
ease due to the interaction between the two
dimensions. {3) The reaction time of the two-
dimensional category detection test is 300—970
[ms] for Nap=2~4, N;y=2~4, where N, and
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N, indicate the numbers of categories of mag-
nitude and frequency, respectively. On  the
basis of the above results, the upper limit of
the presented number of the two-dimensional
categories is a paired N» =3, N,=3, which
can be more advantageous for the simultaneous
presentation of two-dimensional stimuli from
the standpoint of increasing the information
transmisson rate per second than for the
sequential presentation of them. For Nn=2~
3, Ny=2~3 information transmission rate per
second is found to be 4.5[bit/symbol] to 6.4
[bit/symbol].
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Fig. 4 Channel capacity of two dimensional elect-
rocutaneous information transmission sys-
tem is estimated from the number of cross
points of equal magnitude curves and equal
frequency sensation lines. Each dotted line
in the figure indicates the differential limen
from the corresponding equal magnitude
curve, (subjet: K. T.)
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Fig. 6 Information transmission rate as a function
of number of category Ny (Nr: Number
of category of frequency dimension, Nm:
Number of category of magnitude dimen-
sion, subject: Y.T.)
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Fig. 7 Information transmission rate as a function
of number of category Nm (Ny: Number
of category of frequency dimension, Nu:
Number of category of magnitude dimension,
subject: Y. T.)
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Table 3 Mean reaction time for the simultaneous
presentation of two dimensional stimuli and
the sequential presentation of them and as-
sociated #-tests (Ny: Number of category of
frequency dimension, N : Number of category
of magnitude dimension, RT: Mean reaction
time for the simultaneous presentation of two
dimensional stimuli [ms], RTS: Mean reaction
time for the sequential presentation of two
dimensional stimuli {ms])

Ny | Nm | RT |RTS t* Freedom

9 2 317 | 437 -2.14 38
3 487 | 583 | —2.18 38

2 506 | 629| —2.53 38

3 3 643 | 774| —2.56 38
4 770 874 —1.15 38

3 713 ] 886 )| —1.15 38

4 0. 82(0-1009%) 38
4 1079 1 965 | —0.58(0-509 16

2. 52(50-~1009%) 18

* Critical #(38)=1.68, #(18)=1.73and #(16)=1.75,
$<<0. 05, one-tailed
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