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Information Transmission Characteristics of Two-Dimensional

Electrocutaneous Phantom Sensation

Kazuo Tanie*, Susumu Tacur*, Kiyoshi Komoriva*, Minoru ABE¥,
Kiichiro AsaBa** and Yoshiyuki Tomira**

This paper deals with the information trans-
mission characteristics by two-dimensional
electrocutaneous. phantom sensation. Three
sets of electrodes were triangularly located on
the skin just above the biceps branchii and
stimuli were given to each electrode simulta-
neously, The effects of relative magnitudes
on the mental locations of two-dimensional
phantom images and their just noticeable
differences were first measured. Then the
channel capacity and the maximum information
transmission rates were studied in this electro-
cutaneous communication system by phantom
sensation.

The following results were obtained. (a)
The mental location of the two-dimensional
phantom sensation is proportional to log [E2/
(E0+EL)], in which E0, El and E2 are the
presented energy to the electrodes, respectively.
(b) The just noticeable difference of the mental
location has a tendency to become larger as
the location approaches to the center of the
triangle formed by the electrodes. The channel
capacity is estimated to be about 4 (bits/symbol)
from the just noticeable difference of the
mental location. (¢) The maximum information
transmission rate is calculated to be 2.8 [bits/
symbol) from the results of category discri-
mination tests. This value is larger than the
corresponding value evaluated in other infor-
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mational dimensions such as the frequency and
the magnitude dimensions. Therefore this
shows the fact that stimuli presented by the
phantom sensation can be discriminated more
easily in the absolute terms than those by
other single dimensional information trans-
mission methods. And also this is almost the
same as that by vibro-tactile two-dimensional
phantom sensation.
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Fig. 1 Two-dimensional phantom display
(a) Phantom image by three sets of electrodes
(b) Extension of phantom display area by ad-

ditional sets of electrodes
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Fig. 2 Experimental setup
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Fig. 4 Coordinates systems used to express
the location of phantom image
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Fig. 5 Two sets of electrodes and one-dimensional
scale attached on the biceps branchii to
compare the scale method with the constant
and AB method
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Fig. 6 Comparison of the relation between the
mental location of the phantom image and
the stimulus energy ratio measures using
"the constant method with that measured
using the scale method (Subject; K.T.)
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Fig. 7 Comparison of the just noticeable difference
of the mental location measured by using
the AB method with that measured by the
scale method
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Fig. 8 The movement of the mental location as a function of the stimulus energy ratio E2/EQ

(Subject: K. A))

(a) The relation between the X-coordinate of mental location and the stimulus energy ratio E2/E0
(b) The relation between the Y-coordinate of mental location and the stimulus energy ratio E2/E0
In those figures, the coordinates of ch 0, ch 1 and ch 2 electrodes correspond to

(21,0), (0,21) and (0, 0) respectively
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Fig. 9 The standards deviation of the mental loca-
tion as a function of the mental location.
Dots show the results calculated from ex-
perimental equations (Subject: K. T.)

E2
X=Filog ==+’
1log " m1

= (9)
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ma' =kzlog (1+¢)+ma
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NFE—HE—ERRBEL-ZO0F » 2 VOHIET &
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WIsh T ENRBIN5.
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TORMITRY D 3 RFMEORTF v TBO2EREELT S
WHELTERING. COEHEMS 34 PS 0EE
BE PRuw B—BHIIEIEATEL N S.

s
PRmax:k)gZ{ SS 2. 0)
fetEL, S: PSEMFET 2 EE, flx, ) PSK
DOEAMNE (z,v) OBEEELTEbE NI HHED
R EXO flz, v) BERMTRD 5 ¢ LITXFRET
B350, TTTRRBONEELESICT S IHICHE
Tt &L, BB 2,y BHEICE LIS
FEL, ®Rck b ehziFilss. 78bb z,¥
B OBEERZEE Tz, y), Tz, y) &T 5L,

Sz, 9)=48%0 (x, y)Ty(z, ¥) (1n
272U, BREIETHRERNIERTHE. CoR%E
AONE)RE2FOLHICEL CEBTEX 3.

dxd
PRmax:].OgZ{ S S mgm}
(bit/symbol) (12)

RHEEEREOCHHOBITIIER PR TERERZ &
BLEREDLS—SHRETHRBTEE D EREL,
ZOREDOHBRD /T * — 25 F/N2REICL DR
#L7. Fig. 9 Mo RBER CoRmaMRic &k DEtE
AN E PS o TR BIC S 2 BHERZ £0R
LT3, ERRUCLZEEERF — 2 Sid B X
C—HLTHB Enbhs, CHLTHREENL
Ty Ty WL (12) RO BEGHEREERSIC LD
o7z,

Tablel ICEEABOFMERELZRT. LD E
EAER 4 (bitfsymbol) BETH 5T Lot s.
DOET, COBEAEREOBREEEL CEREE
RTHBEOENELBTECEAELS. BREE
BERBEL, ENS~ORBMOFEIC LY [0, 1]
LS BHAERT 3 BOBERE PR e IR
FUOMET B EBTES.

PR'max=logz (Sfx7r?) (bit/symbol} (13)
72120, SRBEBLESZTIEHBOER, r RBEE
BROEESR 12 Th 5B, T, BEFEETS
B, HEBOBRE LICEEORLNLE 3T 5D
L, LROEERD I & RIBEER— 7 (em)

} (bit/symbol) (10)

Table 1 The channel capacity of the electro-
cutaneous communication system
using the two-dimensional phantom
sensation (Ns: number of the discri-
minable mental locations, PRmax:
channel capacity)

Subjects Ns PRpnax bit/symbol

K.T. 19 4.2
KA 15 3.9
Y. T. 17 4.1
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5. 34 PS@EALEREZRO
£77 T U —HEER
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Snich Ty —HETEREZS &L, kAL vEE
BWELEL, £hi PS 2850 RROE
HinEEEofMEEEE 3 5.

H(z; y)=H(x)—Hy(x) [(bit/symbol) (15)
tﬁbwmw=—§ﬂmﬂmpwﬁ

PR'max=logz{

HK@=—§§P@%yﬁme®dw)

T, i GATIATT ) —, yi BEEOHF =) —,
L7 BAFI)-FS, plx) BRANSFT)— =
DHERR T B RESR, p(xifys) W v BEEMOEHD S &
T z PR BEANTEEERT.

fl#oH7=)—L L TR, Fig. 10 KRT LS
BEAEBRAY. TNoOEHAIC PS FEEMEEE
i3, MEORMSELSZEIT 7. 2RIk
I TEBEEIC L0 T RAMBEDE/LICHT S PS
BOSMEEELAEL, COBEELLK, &7
o) —OREEOBER, FITHELLRZ L3 E
BAOHER T V¥ — DRFIZHRETL DDEEL .

BB A BRI S e AR

o
=y
b
(921
afn

chl
Fig. 10
The arrangement of the
categories of
two-dimensional phantom 2 ®
images presented

ch0

T BRBORREEEL 28, &4 727 ) —0RRER
H20EEL, BRTITES K (2~5 HBE) &
BLBALRET >, ERERIELIFAEEI LR
NTBY, HEBEAFTELEHELTI LD ->TH
3. HRERIRERTIEZTHE (22 F~327).
5.2 EERERELEZR

Table2 ICEREEERT. C0ED1E LMD
5, 2HPSTR3 A7) —ERICIL 100 (%) D
EENAEBONG C Ehsbhns. $i, TOLUTOWM
ERINTHDBETEL, 2033573 Y) —%iRRT 3
2HEPS A 2~3 HEAL T, ERAIFV - %
B~6 LB ETHIZIE 100 (%) O EEENELN
5. LT kiE, 347 —HIRD 24 PS 2R
BO XS BEBETEAIBTIERITNE, #hoitk
> TERRSIN AP BEMIICERNTE5 2 E2R
LTH D, HEERLHEYSABIC—28IN95C &
Wk, By 3EDEML S ZHEAT =TI —
MBENTEZCLEEZRBTEDEEELLNE. —
¥, 3/EOUEFIKEML 6 HoflEyF I Y —ic

Table 2 Information transmission rate of the
electrocutaneous communication sys-
tem using the two-dimensional phan-
tom images sensation

Phastom | Number of 11t Infur mation {eansmission rate (bt 'symbol)

informatisn
images | cateory L z)r,:,],\,)“‘Sul»jw(l, T isubject KAl Subjecty T
o chi 3 o
. 3 1.6 ILG; 1.6 | 1.6
®chyr ‘ :
et N < Lo . ‘ .
-,11 3 1.6 116 1.6 | 1.6
i ] { —
< 4 1.9 1 1.9 1.9 © 1.9
4 ! i
e , ]
< 5 2.3 1 23 ! 21 2.1
,I/0
<4 6 2.6 2.3 2.4 2.3
el
<% 7 2.7 2.5 2.6 2.6
e
2
-l 8 3.0 | 2.7 2.8 2.6
i
<< 9 3.1 1 2.6 | 2.7 | 2.8
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U, PRICGEZFERABETIEL L {BMT
& HAMBEOKIEIR2HETS 5. iz 3 AIERL,
WoRAF T ) =803 9 L1703 SEBEHREI T 5
B Hd 0, HRTHEN B HRE R(=max {H(z; )}
% 2.7~2.8 (bit/symbol) BBETHS. ZOEDH T
I —RERTR, ANIHT Y —HRERITTDE
& 3~4, EMEBKTEOEA 4~5 BETRERRE
ML, BREEESRBERELEN LT, 2.1 (bit/
symbol) R L5 3, PS FRTOBBEORK
fERochsichk~niERNEnC EBbh 5. ¢
AT PS o A5 o) —OIBED U 2d S 2R
35DTHY, T-RAKC PS BaMBEORELEA
RRETERIN TN B C L QP RE e EET 3 5
DESBREING. LVIDE, BRo—ELHHs
NI B Z D2 RIET B0 HW B REEME, #l
BOREE L S~V OHERL & L D b HIEERET, Bk
BRI & & X b R s R L s T
Bz Emn, PS HBUBORHE LTRRINT
W, O & D I EROBREEMFIEC X b MR E
EFHELHINT 3 EELONEIEOTHB. EbIT
DT ER, RERTES NEREEEREDRE
BERITHT 2 LR (R/P Ruux) MEFERF IS L 0. 64,
0.71, 068 72D, JEHAREMNBICLWVE SN BBE
ot (0.4~0.5) X~k s {, FEMERTT0.6
~0.7) BELFASOEERLTHBLENIS BES
Bz EmMTES. ‘
T3 48 PS paatrfiliio # 5 o) —#E,
Mann S & O BEREAIEICHL ThElESNT
W5, FRICENE, IEIF 100(%) FRETcxs3h5
Y —EUL 7, SR BRRKEERREIN 2.8 (bit/
symbol) ©& b, BIFEEMUOES A%SOELE
FTAELEMNRINTND., TOETPSERBICBNT
bR TEE, BEMRBNIRD G & B
OHEREEREEET 2 C E0bh 3.

6. & ¥ U
HTEBosniflift s svas.

(1) 3 ABOEACESSI: 3 HOBEOKD

IOoEMA B ALF—% EO,E1 L, H30D
BRICIMA AR A vF—2 E2 L LTeD E2 %
HAENd 5 &, PS Bl x ¥ — EO, E1
ORPETHRE ZEAAED S EHBNIC E2 2INZ 58
BAA~EBHT 5. 20O EORMER log{E2/
(EO+ED} icHAIL TRE T 3. oA
30~80 (erg) METRIEML # VF— U NN DEEL
PRSRAAN

(2) 3/ PS fpofERFIEE, PS feils
5 3HOBEBEOFEICBOTERICEED, B
FAIIBICAT QTN E B, Eo o DMEIZECAL
EEME DI A R, 30~80 (erg) QMR Tl =%
FeL @ BEA S TRV, TOMBRIEES
535 PSOBERBLFEMT S & 3.9~4.2 (bit/
symbol) FEEE & 725

(3) ZH7= ) —HFERICIDFES N3 5

PS BEREEFHREIRNY 2.8 (bit/symbol) TH 5.

COBOEEEERRIZ, BE FRUEERTER
NWBEFREIDSLVEOBHEMBEETEL L ED
i, BERRCHT 3 ERBEOHRSTOEER
T. Lo kb, 34 PS fud sk T aE
HETRRINATBRGETH 5 C &8RRI 5.
%7z, 345 PS 2EUEREERORAEEERER
BRI 2 & BRSO EE R

BRI, B RE T 7072  RIRERSE INEE—Ep
B, ERAMECHL SRO BRI TR
WHAER ARELHRE, AW BRE B
BENY A7 2MEC#HELET 5.
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