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A study of Electro-Tactile pointing device interactive with visual
feedback.
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National Chiao Tung University

Abstract

Haptic Feedback is the synthesis of the Kinesthetic and Tactile
feedback. Most techonologies to apply tactile feedback required a large
amount of actuators drive to achieve the sense of touch and with complex
control and lot of mechanical parts necessary. Electro-Tactile, by the
mature technology of electronics, it-can be easily achived by few
electronic components toapply. localize electric current to the skin
surface and excite the ‘nerve conduction to produce sense of tactile
without moving mechanical components .

The main issue is the sensation excited by electric current can be big
differences between various people. Thus, researchers are continuesly to
investigate the ideal stimulus® current”model for more reality tactile
feedback and widely suitable for most people. But with the advantages of
electro tactile device with most compact device, no moving parts, can be
easily controlled still make it the trend to develop in tactile feedback
applications.

In this study, we integrated the electrotactile with pointing device by
low cost hardware structure under limited resources. With the user
interface design, and calculate the color difference from former cursor
position to current. Then with a simple algorithm mapping to output the
electric current to finger tips for an interactive boundary tactile feedback
application.

Key words: Tactile feed back, Electrotactile, Tactile Display
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FR X »,gjq;;ﬁgx;ffrz— HI7R s B M- TR KF R
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i} ZEFER T > & T8 = 88 5 TA (punctate fibers) » 3% fj
TR BORIPR] > P23 Hngr Rl o ¥ - 5 nj%%{i'
(diffuse fibers) » & & XA AR F o U X R RS B i@ oo Ft A et
A s 452 P < g £y ﬁﬁ%‘jzé 1 SA %' (SAl) - RA &
*TA|(RAI) ~ SA #H4LAI(SA D2 RA #473I(PC) - 2 ¢ » RA B 1T
AE*K AxBLaly whe FIAF: Melssner Corpuscles ; # i »
A KPR E_SA B X B FEta Wk ¢ @ s Merkel Disks ; £
> — K BIE_SA #HICAI X B> :s*f;j = #5%F o A G Ruffini Endmgs M
B R L RAFICARE > 5~ <~ aEd e @ A5 Pacinian
Corpuscles -

pas|

)B\" T

Rl

-

Johannsonn #7 Vallbo(1979):& - ﬂv} BB & e PR A Sk %
IR FEEMALS IR P AR G Ak e s T o ok TR
G- b s BAEH - AR EJJSA e S F A ¢ R o @ 2 SA A
EnE BV R F BB RRR > B X3 A 2 2M o dok B B
SAAM g BILEF LG - RERAIREE LY AR R
Tl RAZIMN SR €I FAK L 7 AT OfIRE o AP kgt i g £ &
W§£$ﬁiﬂ%ﬁﬁﬁgkft:



T FHE 5124 (R.F. /) (R )
2=
Firg g X

M i i Merkel Disks(SAI) Ruffini Endings(SA I1)

B FORAR S 0.3-3Hz 15-400Hz
8 R R A§ gk
R LA B %Y Meissner Pacinian Corpuscles(PC)
W EF RAEF  |Corpuscles(RAI) >500Hz
8 R 3-40Hz Peig B#
byt

21 AKPEREXE

TR B Sird it B oy - A SEVREOT
(dorsal root) » #¢ s firds ¥ 2 B D] X R w02 L2 (ventral root) 5 1
e p S g A e g B hR B (T o 71\—3?; A3 E ik A REE B A
BE B b B A gaua s b o AR, F B ,{J‘Xéap:na—’#ﬁ?-{d
¥ %L 3 1| 7557 (brainstem) » 4 ] medial Iemnlscus » ¢ ik A it BE(medulla) e
FA LA R o L é parietal lobe ¥ ‘&2 somatosensaory cortex > #i &
medial lemniscal pathway(-#- dorsal column) »~& d 1t fide < ~ 5 B
(myelinated) ~ & ¥ :# & V mAB A S eIl oy
3 4 (proprioception) » ;& — #E 4L 5 spinothalamic pathway » E_§ # #+ &
BERFGAL g, X7 4L ; paleosplnothalamlc(paleo-vr;g7 = a)eE
neospinothalamic (neo-E_#7eng, &)@ iF /5 » e /i dd e ~ &
B B EEFRARACARA) FOATPRICA & A o] e R
BERDASAFEE F o £ DEATED FRIIHM- 425 thalamus 2
# % % ¥(Limbic system) - £ + ¥ 3 somatosensory pi B oo R A B
G ’rmﬂ?z oot Bt R mfr\za EARNIE e RS R E

& _thalamic nuclei @ &) e3¢ & > € 384 T[4~ % somatosensaory ¥ (14 {5
4 A Sl) & f R BF— IR F] 2 % somatosensaory ¥ (14 16 f§ L S2) > # i
S2 et L AR mE kp Sleap P oA SIF LS ERE -
#p ¢ 4% area 3b &7 arealéa:m kp LK AR BALYUL B &0 5 - 52 3
area2 £2 area3a> A% kp A KIFABICAUL B L > @ 2 v Pk
E ML DR

PEFHALA Tov 2 BRBPFPT R PR ET L o 8 iPgR
JE+ thalamus $5t £ BF2_ff & &£ % ié’ﬁ on-center-off-surround =4 i 34>
g AR R AL@ e LGN w2 & i (Mountcastle & Powell,1959) ¢ 4o % %
B “K(somatosensory cortex) # w4 5_“1?’74’3‘ Al 7 ¥ 3 center-surround %
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At > B3 H7 P 2 f RAE ehir it > Bag AR L f'ﬁr'i?ﬁ
A e SPF it &G - %ﬂ?@w“ﬁ*#%ﬂwﬁ

F S (f}l]—fir'ﬂ S F A LT )RR (Hyvarmm&Poranen ’
mF%%F For o ARG S R L e

Craig(1985 JF S BRI A E R LA A o BT UT
I Bep L R - :L% 11mm X 27mm 7 H.45 H ¢ 37 6x18 2+ d
*“?ﬁrnéiﬁﬁ LRE MR- ELhaqpdd fyfe Pt b (A

%
TRL,ED A T AR FE T AR B FA T]/;P"F\:%EK
ERRBHEL Y pFEE LR - BEFR G IR F AL
RFFRARVEA R AR AR S F B 4,‘\#‘1 -
FATfT R o WA ATAL L L4 g FRB TR S -

N e es B athanoteceptors

Superficial
layers

Merkel disk receptors

Deep
layers

Ruffini endings Pacinian corpuscles

B4 *ESR L FRBHBESL ELF (Johanson and Vallbo 1983)
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d _+ B] 2-4 [34] Mechanoreceptors

FHRARL BF o P T RS I AR R AR
RRIGERRE  § RIS iRl AR ¢
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Iflgcts > ¢ i
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Somatic sensory cortex
(postcentral gyrusi

Dorsal anterior
insular cortex

Ventral posterior lateral
and medial nuclei

Spinomesencephalic tract

Medial lemniscus

Spinothalamic tract

Principal
trigeminal
nucleus

Medial lemniscus

Pain and Temperature Pathway

(Dorsal Column Medial Leminiscal
Pathway)
Medulla
Dorsal root
ganglion cells
Spinal cord

i) 6

12

(Al al System)

| __——Gracile nucleus
S f—Cuneate nucleus

Spinal trigeminal
nucleus (N.V.) and tract

Sensory decussation

Gracile fascicle

Cuneate fascicle

B 2B @ vE e 4] (Kandel et al. 2000)
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- fAAfeREEAFRERR

I Bpre T § & -t S kg %
Eaehs & ivimd 28] > Fa ek F]v AR B
T%”B”ml%ﬁm T VR A A SR AR K

3 3 . 2 ’E‘

31 AL el

7 113 (Tactile Stimulation) = 3¢ § = 5] % 48
(a) 4K %7
(b) A#
(c) = flg
(d) AR =ni B ($20)
(e) Bix (Mg | chid 3 i)
(f) wr%E™

AL b L FIG ROGEI R F AR BT S L
4 0ff i 3 8 B (Tactile Acutator ) I H-H B F S 42 eh
fid g > BT - FEA SRR B pRenspd AR 2R A

g g“vﬂfﬁﬁm%ﬁﬁﬁ’%ﬁiﬁfﬁﬂ%*ﬁzﬂ,@{
1 EREs ki s 4 gL mfﬁvé AR R IR R A g B s (T
REFIPE w3 ¢ LTI P o R Bl B X T

| di e
3.2.1Vibrating motors & # 5§ if

(TP p 1@ L i * H - 5 (7)) mg;@;%;@ﬁ;f_,“@}iﬁ—,%
B (2o wg) o %w%sk@¢JMJ“&fﬁf?@i?ﬂ%Jo A
B¥ &% hi e i 8 i (DCmotors with eccentric rotating mass) >
+ B8 2 (Voicecoils) RE=BENRBL P HH > %5 2§ shhBjirgd
FEeQE o SE N HED R R B o BRI G o
PARP R P RET A g R R FREE S T KR WA o
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. movable
coil

'--q..‘
3
permanent [~
——t ~—
magnet “~ stationary
I iron core

B9 HELE

3.2.2 Linear motors # |+ 5 &
MEBEE B H - b en B B PR RHA R L6
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Bl 10 45 E el b

Bl 11 S i hoabs e b o

Bl 12 Virtouch = @ j* S F 30 & (3227 @ L% %)

3.2.3 Solenoids
RSB (RFM) 7 IS gor kSR 4505 0 4 AR b Bl
Lﬁﬁq)@? ¢ 0 1996 £ Akamatsu& MacKenzie ¥ & T &k A 2
B E Lo @ 2004 £, Lee et al. ™ solenoid i¥ % ff4f i 4%
ENTEUE .
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pressure sensor

solenoid
tip shaft

\

B 13 Multi.Modal mouse % Haptic Pen (# * solenoid)

3.2.4Pi1ezoelectric actuators

BLome-Bd HAS S EBA T TS -5 TR LRI U R
HAE g0 EXGI o A ¥ 5 KRR L Ktk (fpde) 300k
o EPPEASFERE o tmhs B aFEF R 0.2-1.0mn 5
BTk e Re E D] 0. 01Hzem BG 3b> Behghd avirg 2 220
PR T AR B R EBA T & AE RS ERR S &
23 B (REApF BT AR ) AR g B ] 2 SR
TRAOTRF -

= L
/ ;<IN Y

|
/
P
/
4
/
y,
i
¢
/

T
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ghk

T Bl %_Laterotactile = & ¥ - Z R T SRH R IT s -
J&* ’%@éfﬁﬁ"ﬁf%% I AR g5 2] b"‘ﬁg"fkiL;ﬂJ%Em/?%
FI¥ Sqppd DB B S RIMTHEe TR FofHr > ¥ -2
Mﬁﬁ%@%ﬁﬁﬁﬁ*%ﬁﬁwﬁfﬁﬁﬁ°

3.2.5 Penumatics actuators

FORERE T 4k B N g MRS 0 BAF o N F R of g
i%’&%i%Hﬂ1*’f Fir B EAES 9 & 20-300Hz, £ K2
PRI DR o T RIA RS Sy R o R AR f
ﬂﬁgﬁm%m1Aiﬁn*ﬁﬁ&mﬁ§@é P
Py MRS AR R

e
‘ / $ 1
/| I —{S-primitve £ > 2 RV
! | .

\" 7 LR-MMI!NQ M ’ ﬂ 1 I ”L

v’ /, =

[ o '5:5 " Al
( (o) up

\ fk

\\
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Bl16 =4 3K E R

Preumatic actuator

T )
Teletact Il (Stone, 1992)

DataGlove with pneumatics

(Satoetal., 1991)
 R17 FRuEER R

3.2.6 Shape Memory Alloys

AR EETFEROE D
A2 F e THEE MITTouchlab g}

T EE R -

AL RAE TR *%E* ®7)¢
5152 SMA 5 SR
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Wearable Tactile Displays (MIT Touchlab)

Tactile Display based on
Shape Memory Alloy

Tactile Display based on
ElastomerActuators

B 18 MIT %l ¥z SMA Tactile feedback device & %)

3.2. TElectrotactile Stimulation

“Wgﬁdwﬁmlwiﬂﬁﬁ“ﬁmﬂf S 0 A F R ken
ffiﬁ‘g”@*@m FEFAIRR 2% AR BRELITRR
Ag*ﬁ%]’?’mz\'ml}‘ s B F B A > F PG B R
”%i’“ﬁf*%ﬁ’wﬁﬁ SEE WS N TS SN
TR L S RPE o AR AR ¥ AR KR .
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B 19 JHU Kaczmarek # 7 % B4 2 TX7 (1998) £ 24%24 (2004)
electrotactile display

3.2.8 Dielectric polymer

RAE G s ARRY d RRE A G TR~ o AT HA S
BAZRM (RF) asfFRr o AdkieehT RGO A& 1000V 2ng >
FERic] R i ke D R BT R E BALORE S & e F
E{ e TR a ZEMER b d ARSI BTIE c SATHT
FETE o LM G ADHTREAGHE L 0 A d I FH s

SIS S FED SR

20 4 RAF & P (e 3
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3.2.9 Ultrasonic transducer

deg HLHE i F B (e R B A S R4 KT
Pk o 4o Bl 5 - xﬁq*ingﬁsﬁ'ﬁggm}ﬁi]-ﬁ@? 70324 BB
TR A B Hu v AjEdE 20 Q\A\jf’ﬁf“ >R T 0 BEAR
HAd e Bapg ol s o SRR ARRE R R R -

B 21~ Ultrasonie transducer

3.2.10 Electrorheological fluids

TR R H N T R F L e A ff
Lepag £ 5 MR CRFERL I Dda et o Jgd
TR I T R AR SR o T ) SR R T IR

oo AR PR (B R A B EHREEET Y R B A6 o
LTS X
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Earthed Electrode

‘~"‘\O Q .

AR (s it IR
EREN I IR NS BEF M A EARE > A P i
T BRI B A el A o ii AR kA A A ¥ R L

sk B A & 21+ B (Johns'Hopkins University ) #7473 2. 400Pin = Tactile
display % ek 27 &7 & if% e B Bodt ) B AR fe a8 K ALAr T & an
FOAFE X BE B B & 4o i gy i 3 (Portable)sg £ cff s X B > BEAR 5%
B Eenig ¥ L bnbreng )RR E £ 2 BRR M Enbren T 1B R X oh

P kb Ra gl smd Ben N ap s KA R B R o

33 IR KE 2 VR

i

P om b3 m # Electrotactile( & %g)%t%'_ B*NNF % 2% 4§

za %amWM¥ﬁ¢m Re SR e bl LT o A
viE P8 B s g (ABTronic) &% & % i &

EW—435P)

T # & % (National

23



Tactile Feedback Actuator Technologies &S EEESE = ELErE

Technology Description Advantages Disadvantages
Piezoelectric |Changing electric fields causes expansion|- High spatial - Restricted to resonant
crystals and contraction of crystals resolution frequency
Pneumatic  |Takes many forms. As air-jets, provides |- Low mass on hand - |- Limited bandwidth

an array of air nozzles that can be gated |Poor spatial and

to a display pattern. As air-rings (cuffs), |temporal resolution
like miniature blood pressure cuffs. As

bladders (bellows), often the size of a

finger pad and held against the finger by

a glove or band. As an array of tiny

pressurized bladders, many to a single

finger pad.

Shape SMA wires and springs contract when |- Good power-to-mass |- Low efficiency during

Memory heated and expand again as they cool ratio contraction

Alloy under stress - Heat dissipation

problems limit relaxation
rate of wires

Solenoid Magnetic coil applies force to ferrous - High steady-state - Relatively heavy
plunger forces - Nonlinear, can require

- Better bandwidth extra effort to control
than other materials

(except for

piezoelectric crystals

and

voice coils)

Voice coil  |Voice coil vibrates to transmit low - High temporal - Poor spatial resolution
amplitude, high frequency vibrations to [resolution - Limited scalability
the skin. - Relatively small,

does not obstruct
normal movement
ranges of the fingers

Heat pump  [Solid state device that moves thermal - No fluids required |- Poor spatial and
energy to heat or cool the skin temporal resolution

- Bulky
- Limited bandwidth
Electrode Solid state device that stimulates - Low power - risk of heat burns

coetaneous mechanorecepto rs

consumption

- Varies stimulus
adjustment and quick
off ideal.

- risk of shock

13 L HCRSRE S S
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KAa®NIF(EmS > pod 3+ 1 &&F* 5 Mechanical Force
Feedback % % #25 ¥ #n> @ Vibration Tactile 4p B 2_ 25 ¥ B2 Immersion =
PA B L E LoPp WD G+ X @ #Electrotactile £ % ¥ Y I/F £33 2 %
i (smarttouch) » H Ap R et ik 4o

%,
PR o Channel
i KEFE i B E Y
it i
e
Electro-Mechanical |2 |With Moving | a 10°
Reactive
Force Feedback 4+ |Mechanical parts (o 3t
(Ex.: WingMan (EFBRE) 1% e
RumblePad) i)
Vibro-Tactile 2 |With Moving Non- ¥ 10°
Force Feedback ¥ |Mechanical parts  |[Reactive | ( &
(Ex.: iFeel Mouse) (EEdRIiE) Electro-Magn
etic Vibrator )
Electro-Tactile # |Solid State Non- ¥ 10°
Force Feedback ¥ Reactive | ( Electro-Cut
i aneous = 3t
BRE)

A BR e P A

3 Fd 21 BT+ 79 F % % (RLE/MIT) Thomas E. von.
Wiegand ##: %2 9% 27 £ #7—~ & (John Hopkins University) Allison
Okamura ##:55 4 R fd2. §5 > 5V % 4 5 L4 4 (Pneumatic) 2.4 &
( Vibrotactile) 3.7 =+ (Electrotactile) 4.% i (Static) % » =+ 3§ - I BF > Thomas
E. von. Wiegand ## § & H 2001 # “Augmented Stimulation for Bodyworm
Haptics” proposal [35]7 2 4&4p ' & F NP B #Be#-6 £A k- fifR s 7
YEE e oo
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T~ LR EEAE

SR A 5T 1 (TENS, Transcutaneous Electrical Nerve
Stimulator/Stimulation ) &3 p » ¥ wiR p o R 8 pF o FEF DRI
EER 2 B &K o - B O|Ect AP SRS 0 AP R m T AR
2 1 RAE T T ﬁia?J » WD F oA a R o mIT A E Kd WY E
F g B > @ EMS (Electronic Muscle Stimulation ) st il = 34
wahp;ww%mg AR IE R IR R R VTRE S

@ Electrical Tactile Display 3 & R 8 4 b i Hopbreif B - B4 sfhs
AGE AT gL B R R 1 > BRI RN T B kB
PSR A T R 5
P2 e KR KX Bawm g @ > 2 £ R The University of
Wisconsin 7 Tactile Communication & Neurorehabilitation Lab
http://tcnl.med.wisc.edu/home.php-++%-p 4 Tachi Lab http://tachilab.org/
EHEW TR S R LA A e S AR M 2 AT
2Rk P omp o g i s Wou fF| £-4 RA, SAl PC,SAII &
ig% et s e B X OB R B engi g o

4.1 A EE5ET 1K

FREART RIIANR ;F:/;‘Ih”fh‘i ;;I@éﬂu“i )i 4 f]ﬁ,\ g{f_ (Ka“moto
etal, 1999,2003) & % 7 & "% T ik em;;;fﬁwgag_mu g;@ = Jgrm}gmg.ﬂ
Tlgensdic A % ﬁ?ﬁfiﬂ]@{ﬁ*ﬁ‘”&fﬁ BHELE L F G5BT LS HE

§ﬂ4&7ﬁﬁ§%ﬂ’Tﬁﬂﬂw%P2ﬁ%%:

4.1.1 Ak #1&

R EeEfia L £ B2 P?'mﬁ'gl‘”)i —g‘#ﬁfﬁﬂgiﬁ'miﬂ ERER ”4731‘5
Bk s L g KRB HET MR R L7 2B % ’—ﬁ»f"m-‘%
Tyt 5 L B & ¥ i (Kajimoto et al. 1999) o #2
L H L) Hzriiﬁ ek o H o5 Ap EHE m;ﬁﬁ*#%)iﬁﬂz)gli

’Er b
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http://tcnl.med.wisc.edu/home.php
http://tachilab.org/

E{ﬁ‘ﬂwﬁﬁf%ﬁﬁﬁfﬁwﬁlﬁﬁ’Eﬁﬁﬁﬁﬁ&ﬁ@w%
] o FRTER IR WA LB ARB RS
7 i\rﬂq\ i F'&{;é;s BReDIFA;T 5 3 BN SR T A
AR ORI R T g £ { 5 L33 (Szeto 1982; Tregear 1966) - &
Z'}t%z;é ﬁ' 4r /[ﬂ—l 6> WU MT IR FER /5 PFenfE L o b 4ol i F B o
R g e FE 12 fE K 50~200kQ @ "% F] 10kQ = +( Tregear 1966) - i# &
A f R R S BlE i M enBETR R T iE S R IR R e o

4.1.2 &1&

R AR P EEA T o I B FRFPFLR TG kA
(S ?ﬁ@%&?ﬁ;ﬁaé’ﬁg&ﬁ?ﬁﬁ;ua F v iEd > Hw gy l'gqt fm
séﬁnfgz ’ ?ﬁ‘;fé R AEF P EFR S FP TR PR R
&% dve & BALH R T g TR TE DB o

o %‘l / % l“é‘lmﬁ%‘rlfé TIEALE SR Rl s AT B T i
B (Kaczmarek 1991) o bR < f 4. H - FE LY F > T iRRT
ol (o) Imm? ) é@*(**‘mmm2>%%§ﬁ4wm&mf«
PAR o f X X hTRd R F S P R AM & X 45 0 BRA PR
BAR S A 5 AERE o FU % 5 A 10mm? < %%‘T?&”’ BRG Bfeq i s
SH T ok 257 rogr dU = L s s(half cell reaction) e fi > < 384
WO AT e F A3Re mﬁ;.l)\ U F"é R e o KA T
( Brummer et al. 1975;Szeto 1982,; Kaczmarek et al. 1991 )

4.1.3 Tlgcn A

RGN RIE N raib o = S0) RIS ML E
Pk 1L Z o) DR R Blheflpol S B LRk ORL) o AR ks
ﬁﬂ m%*&wﬁp 0 TRV LR Y b T 0§ Fla

HRCRRER ORISR TR T g BTHEA 6 g TR A
*—iw '*’Mfr%?i RREEER -

4.1.4 &+

F 5 AL i d LA DR
2 i R ik KRR A g % e
P84 5 9772 F o (Kajimoto 2003). ¢ ¢t B i H o

2 L Y A
Ll 'F]’_*ad’_

2 HB AR
&t A eng

Eﬂl— e
ETTRS
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SAL L ¢ ?,/fm%*])"i PR R R R R T § R o R R
=PI 0 R R o

PRBBUERITEALERE FILf TngE #E"i’l‘ﬁ‘ EARTET
A G h R A F 4] el &f}i\;%f ARt AR R R
Tomaldeg e SR XPF > Favs @ AT g (T4 SERE L
Hgehivds o (Kajimoto 1999.)

STl %#Bmé’:«ffgﬁ’*’*ﬁ#ﬁmw UiELE e R R RS AR
Ol e RapM gL Br EFE» T ﬁ%%ﬁﬁﬁ’?@ WOREAR TN
i'cr’v’ﬂjs »z > Van Den Honert %2 Mortimer (1979) & &%= 3 » 3ol Ew T

2 fdek B P PFLA F ipehR 0 2 )I*g“‘ffi%_ E‘ﬁ,/” K
Bf«‘f&% By E R R o g R gia | grefe gk @ fom H ko z-‘i:% % o

iwKaczmarek (1992) # 7 % ° > F SR T 7 b T Sdcends fi 0
Wit n LR LAy > wEpFRd 0~500ps 0 A BET LG AR
g - gk e ;__\Ev’fimfﬁf'& %’Fﬂ}]\ IR OT TR E o &8 Van
Den Honert 2 Mortimer <2 3 i lipy > fe 3 % e fi 2 BB 9 3L
B o

Y- BE R A RN PRI e B T MR R R R DR g o
®* g #ﬂ B Pl e R aflpT o AT RITREE TR T
PR AR A TR RS ERL NN LA e AT T
AT T gr o RS s R ol (Kaczmarek 1991)

4.1.5 #E F

it hE R w;;w:*« LAz 2~100HZ 2z B 8B if cro isdh ool 5
AV R R FIEHBERAI XX Benx R4 F - @ SAIl g
A B 4 5 3 _1%7“10 100HZ ehge BIp o 2t H 3R 5 el ol 5
4O - HenF sk §A2E 60HZ Pl B i @
SR el B4 52 7] 1000HZ 0P ig § Poehgd 40 A G O (9 10HzZ)
o il i TR AR o

R B TR LR ORF) I F F A T
B g R e ilE ) 200~800Hz B HF g R M A BN DB R g Bk
BALF > BB EEA T UREEBRE LT Zagut hisks
AL RF DR K vy B R R R o
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4.1.6 "RrE R

)

R G R g PRk e et B R R (S0ps ~150ps ) FOU A 4 gk E
B &7 i g{ggav &l ( Szeto 1985; Solomonow et al. 1977; Kaczmarek and
Haase 2003, Kaczmarek 1992, Kaczmarek 2000; Kajimoto et al. 2002 ) .
Kajimoto & 2002 # e 3 7 57 % *% 5 AR AP & %Eﬁg R RR
‘“’? L AN g VAR LB 2 A fHF‘%/)Ek‘ DB Qﬁ%’*} grﬁ-gmﬁ_,/n g
B A RO, £8RF o
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4.1.7 Burst Rate ;“ R
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5.5.1 # W& 4] US 6930590 Modular electrotactile system and method
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5.5.2 # WE 1 US 7190352 Method and apparatus of electrotactile

panel with pointing system
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