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Tactile Presentation Method using Underwater Electrical Stimulation
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This paper presents tactile presentation method using underwater electrical stimulation, primary for the purpose
of in-a-bath entertainment. As a first step for underwater electrical stimulation, we investigated localization and effect
of polarity of the stimulation. We found that in contrast to previous studies, anodic stimulation elicited stronger
sensation than cathodic stimulation in underwater electrical stimulation to the forearm. Furthermore, we found that
the direction and rotation can be presented by underwater electrical stimulation.
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Fig 1 Prototype system
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Fig 2 System configuration
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Fig 3 Output waveform (anodic stimulation case)
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Fig 4 Left: Anodic stimulation

Right: Cathodic stimulation
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Fig 5 Overview of experiment

3.3. =REBRHER

BB D $ER 7 ST 5 B olal % & & Table 1
(2, el omI&HE R4 % Table 2 1Rd. £72, B
W, P 2 [Elds g ) o e A R A % Table 3 128
R
FEBFER L0, BB O 7 S EMmRE L N IEA RN
WZ ERbnrolo. RN OES THE vy Ln)
BIENKE D THoT2Z 0D, BRMNE MM X > Tt
ROMBTRBMEN 25 2 LRI, BB oSS 8
7 R FEBR O S IEZ R 47, 9%77 - 1=, $RERRO i 0
EBR G EfRE UT235E OV IEZ R T 81. 3%72 ~ 7=, [Rl#sJ71A)
FRBI O IEAHRIT 68. 3%72 o 7=

WELHE & LT, HREIZK U, [hy b dmanTn

HEEUN LT, THRBAENNZ], TS TR L TV =)
REDBERNRH ST,

Table 1 Confusion matrix between the participants’ answers and

actually displayed directions rate (anodic stimulation)

Answered
A B C D E F G H |nothing
Displayed

A 40.0% | 10.0% | 0.0% | 3.3% | 6.7% | 0.0% | 0.0% | 20.0% | 20.0%
B 6.7% | 70.0% | 16.7% | 0.0% | 0.0% | 0.0% | 0.0% | 0.0% | 6.7%
C 6.7% | 26.7% | 26.7% | 16.7% | 0.0% | 3.3% | 10.0% | 0.0% | 10.0%
D 0.0% | 3.3% | 6.7% | 40.0% | 23.3% [ 0.0% | 0.0% | 0.0% | 26.7%
E 33% | 0.0% | 3.3% [ 13.3% | 53.3% | 13.3% | 6.7% | 0.0% | 6.7%
F 0.0% | 0.0% | 0.0% | 0.0% | 33.3% | 60.0% | 3.3% | 0.0% | 3.3%
G 0.0% | 16.7% | 0.0% | 0.0% | 3.3% [ 20.0% | 50.0% | 10.0% | 0.0%
H 23.3% | 3.3% | 0.0% | 3.3% | 0.0% | 0.0% | 23.3% | 43.3% | 3.3%

Table 2 Confusion matrix between the participants’ answers and

actually displayed directions rate (cathodic stimulation)

Answered

A B c D E F G H |nothing

Displayed

A 20.0% | 6.7% | 3.3% | 0.0% | 0.0% | 3.3% | 0.0% | 0.0% | 66.7%
B 0.0% | 16.7% | 3.3% | 3.3% | 6.7% | 0.0% | 6.7% | 3.3% | 60.0%
C 6.7% | 6.7% | 3.3% | 3.3% [ 0.0% | 6.7% | 0.0% | 0.0% | 73.3%
D 0.0% | 0.0% | 0.0% | 0.0% | 6.7% | 0.0% | 6.7% | 6.7% | 80.0%
E 0.0% | 0.0% | 6.7% | 3.3% | 3.3% | 13.3% | 3.3% | 0.0% | 70.0%
F 0.0% [ 0.0% | 0.0% | 0.0% | 33% |233% | 0.0% | 0.0% | 73.3%
G 0.0% | 0.0% | 3.3% | 3.3% | 3.3% | 0.0% | 3.3% | 3.3% | 83.3%
H 3.3% | 3.3% | 6.7% | 0.0% [ 0.0% | 6.7% | 13.3% | 3.3% | 63.3%




Table 3 Confusion matrix between the participants’ answers and
actually displayed rotate directions rate (anodic and cathodic

stimulation)

Answered
Right | Left |nothing

Displayed

Anodic
Cathodic
Anodic
Cathodic

70.0%
10.0%
16.7%
10.0%

10.0% | 20.0%
6.7% | 83.3%
66.7% | 16.7%
13.3% | 76.7%
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