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Fig. 1

Block diagram of multi-channel electrocutaneous
stimulator used.
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and voltage waveform (b) across the
skin. k

T, KAETIE, —Oo0FENLIHMDO LA
&L ANE DREE R DT DA Y AL T\
5o EROPB/IEANCITI AT A —2 DR 28

DOHEERR L CEDELHFZRDLDTH %, &
BOFMTTNT ABIEDR X o TiTo TWb, T
bbb, 2HORE AR 23 VA ARMEILIURL,
THRIRTHEENLHTRRTR (1) whyEH
EEREVHEL, cOEYd-T A B CHLTAM
PR THHREREOHRLFMT 5,

R=1+= [UM+QDMQ> + (Po+4q) logg———

“Patas P-l-q

1 1 1

— pg loga——qq logg——pp logz—— 1~—]

ta ngpa 4a gqa Ps og:zpz7 gs ogqu
(1)

Pl L, ADELRTEEALELDHEERY pe, B &
Bz BTERY 4o B BELNLLE B £&54 5 R
% e, A LEZBWERY @ L1LT, ALBIEES
DIFF TEHELVWEEXLID LT 5,

ok, WHREID 22 Fb 29 FORERBT3IA
ThHDH, FLFEFOA vE—X VAT 1I~2kQEE
THY, 1947 OERPIIKE B ier -

Too LTI, EBRFIROFEMCOWTHRNS,

3-1 RE1 NILRBEELSIILZABEOERERL
SRR, SNVABORLB 2EOREERRL,
TOERVHFNIRDZEILLY, <L RIE, SR
SBRABOBERECRIETEEYHANS, ZIEK

A

ﬁ@dAgﬁ H m ﬂ ﬂ

PI

ST

s@MB£ﬁ H ﬂi ﬂ ﬂ

I, =4.7mA[120)
ST=2s

PI =100,50,20,10 ms
T =100 pus

T =150,200,250,300,400,600,800,900,1600 MS
e A 8 ® X X X [0} .

WIE £ B 4 #

; Fig. 3 Experimental conditions.
RTXSWCEEFBALLTSAAE (Ty) 100 us,
LA (Ly) 4. 7TmA ¢, AAREE P 1 —5%E,
BiaRi 2s 0L AFHHEEDY, $5—D2DF5
BLLT, PI BALRA—T, ~axig (Tp) L in
A% (Ip) VA LEEBAAATIREHEZES, Thb
DIEBERHOL SAFARFRBIEED 1 7+ 2L 2R
LCRESY, FRACETRT S, ERbBRAI &
AEROZDOOTG LD, Picis\ Tk, CRT
FeBELOEBIREREN T I0EFERL DD,
ABEEETERERL THERECESYREL T
5. oL, BREIRHENG ETME LR
WELTTH 2 ENTE S, FHERELLE 24
FIARRIYVEDOERATITAHZ LI X - THFER
BB, AERTIE, A, B ESRHEBATRES
BFHERRESTTF VA Al 50 @EERL, #HEREE
FRIERTBEER X4 T 54 2 AL TEIEBA
BTB, COBERENDLR (1) - THEREERY
HEL, ThEZo0E80E0BRET S, SV A
BRSSPI L LTk, 100, 50, 20, 10ms o 4 FEEHIZ >
WTEHERBZEEL, FRBOEDRDORDOWT, F
EBEROANAE Ip #5236 10 BEEL T, §FA
L DI FIERZ T - oo

3:2 =8k 2 BRI
MR L REL, RMEBERECT SR
FE RS OT R b L ANE & v A AR DR
ERECRIETPERRNS, JEL ABEEH W
31 LRBEOFIRTT Y. L, TDBFIIEERF
BELTANAGODERY LS (D% b &L H¥HY
HEzlew)e —H, HERFESB L LTULA LRDL A

— 14— FEAn 52 £ 9 A




BRREBESKFIUMOBERECNT 2 VAR LV ABOHR

(317)

LA B OEBSRBY, TOALAFRARIIT
Emé%fﬁ?sé B AR L TED R
%Lo%ﬁmjkﬁofmﬁfé:%#ﬁb EfT
AdE L CEEBMEEERS 0bit 1Ko d Si kD TR X
Rt 2 (BT 5 o AFEBRITR LTI, ~3L AR 50,
100, 150, 200, 250, 300, 350, 500, 800, 1000 us
DEDOREDHEFA LI

I BEREER

4.1 RB{ECDOWT

FAR (a)~(d) BHERO—HIT, HEESB
DAL AERER 120 M 4TmA EhBX510E 5
Thd. RFOHFMN, ThEhEIHTRLLES
BD Tp®FHLT 5, fh, TOHMTHRE-K
SARE L FDEETCEET A A NVAFEEE
ZER &, HEEBALOFFERNLE R L LES
EEETHY, ZODETOENEET I, BRICI,
1bit OIFRAEE SN, £ bRV, 0bit
DFRIMEEIND,

fek 2, 150 us DAL ABOFEFEBELT, &
HEEFALHEE LLERVZONT, T0BA LA

=N
)
T
E
B3
%

(=]
-3

0.3

information rate [bits)

A

O
pulse height ,: %mA
(a) PI=100ms
1.0+

0.7y

0.3

information rate [bits]

pulse height ,:Xl—% mA]

(b) PI=50ms
E4E

2385 110 Lh B 7e ¥ 5 5 B 02 B b i K& &
Lhh, ZD0DENELEEAFEZRD (AHAHALBOD
SOVAEH 120 DB, DFED AL BDAAAENEL
WREIZ G, BfE R OERTEFIIhD, TDOHE
ik, AEBEIRANATEDLRERITTHHTT,
L ATE 50 pus DEFELECHFHULIZETHD), —
Fi, AAAEN 70 UTFEs &, £8BOHMH
SN ICEULR, ZOBEL T 00EED
ENREEEAFNEND, T UL THALVAE L 5 EPH
B TENE L BT\ b, DX 5l
i, SARBHEL B RDORTAA AR IGPT
o TRD, ~ L ADBIR UARECIL X b 7a
TERERBN D, L, HEDASAAREIR
LD (Fok zif 1600 us) WL TISEEREE L
BT ENTENRL LT3 (0bit Wb\ ), &
fo PI WEL A ONTEEB‘RLNEZ WL LD,
BEx#RZOIDELTH, ThiT- L AIBOZERL
WEEDR LT o T BT ENRBRDLNRB,

ED LS RS ODEEDEDRE Db DT RE
R AEBEBDOANAEDER, 3 ADFERECD
WTELDLREEAEIRTHS, HF1RTBT,

5 L
I %

Q

'g O 7 )\X X
o

=

B o

3 L

E

S 0.3f

E 3

O | L 1 il |

i
90 120
. 4.7
pulse height [XmmA]
(¢) PI=20ms
1.0+

0.7r

information rate [bits)
T

0.3F
0 - ] i 1 ! I 1 L 1
50 70 90 120
. 4.7
pulse height [XmmA]

(d) PI=10ms

SR E AN ABOE E % EBR

Fig. 4 The difference between two pulse trains A and B with the same pulse interval [(a) 100 ms (b) 50 ms
(c) 20ms (d) 10 ms] and with the different pulse widths as a function of pulse height of stimulus B.
The marks indicate results for the pulse widths as in Fig. 3. The ordinate represents the information

rate, the information about the difference (bit) transmitted per stimulus.

50 judgements.

215 % % 5 2 (Sept. 1977)

Each mark is obtained from

— 15 —



(318)

ERET LG

FIR 3ANOHREOBERDOE LD
Table T Summary of the pulse height which gives
the minimum information transmission rate
for three subjects.
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width[ us] )
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interval[ms] T~
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TE |95 83 71 65 55 42 33
50 JK (95 80 78 70 55 50 40 35
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10 JK (90 85 72 65 60 50 45 40
HH (95 80 70
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Effects of Pulse Height and Pulse Width

on the Magnitude Sensation of Electrocutaneous Stimulus*
Susumu Tacur**, Kazuo Tane**, Minoru Ape**

The subjective magnitude of sensation for electrocutaneous stimuli is experimentally studied.

In experiment I, two pulse trains, which have the same pulse interval and stimulus duration
but have the different pulse heights (/4 & Ip) and pulse widths (T4 & Tp), have been applied to
the skin just above the triceps of a subject via wet electrodes. And tests were made using AB
method how various stimulus pairs give the different magnitude sensation or how they give the
same magnitude sensation under the various conditions of Iy and Ty for several values of pulse
interval as a parameter, while I, and 7T, were fixed to 4.7 mA and 100 us respectively, as a
reference.

In experiment II, the threshold current of minimum sensation for various pulse width has
been examined also by using AB method.

The most important findings :

1) For the pulse trains of 100 ms and 50 ms pulse interval, stimulus A with pulse height I,
and pulse width 74 and stimulus B with Iz and Ty give the same magnitude sensation if they
meet the following condition :

I 2T =15Ty (eveﬁ if Ta#=Tg)

threshold current<I,, Ig&threshold of pain

0< T, Te<1000 us

2) For the stimuli of pulse interval of 20 ms and 10 ms, the same tendencies have been found,
but the difference is slightly detected even if they meet the condition of 1).

3) The threshold of minimum sensation is obtained when the current I reaches the value
which holds the condition I2T =constant for various Ts, if T <1 000 us.

These facts suggest that the electrocutaneous magnitude sensation is strongly affected by the
energy of one pulse if the pulse width is less than 1 ms, more cprrectly, by the integrated value

of instantaneous power (ZI2?) for about 1 ms.

* Received on Oct. 25th 1976, Revised on Mar. 25th 1977
*#*  Mechanical Engineering Laboratory, Tokyo
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