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# # 4470418721 : MAUJOR MECHANICAL ENGINEERING

KEY WORD: VIBROTACTILE / GUIDANCE / BLIND / HUMAN MODEL
PONGSTORN SORNUMPOL: ONE-DOF ARM MOVEMENT GUIDANCE USING
VIBROTACTILE FEEDBACK. THESIS ADVISOR :
SUPAVUT CHANTRANUWATHANA, Ph.D., 102 pp. ISBN 974-17-7078-2

The most serious problem for visually impaired persons is the lack of surrounding
information. Vibrotactile signal applying to skin is an alternative solution which could
supply them with necessary data to overcome this difficulty. However, since sensing
bandwidth of the skin is restrictive in receiving information, it is more practical to use a
small amount of simple data which is also easy to understand for this purpose.

This research illustrated a feedback control method of one-dof arm movement
guidance using a vibrotactile actuator. A mathematical model corresponding to arm
movement in response to vibrotactile signal was created from frequency responses of 10
subjects with normal vision. The vibrotactile actuator is capable of producing up to 50
Hz signal. The subjects were given a learning period by using a closed loop P-controller
to guide the arm from one reference position to another. The responses were estimated
using a transfer function containing a gain, an integrator, and a time delay. However,
the values of the gain and the time-delay for each individual are not consistent and vary
with time. The model was constructed to design a feedback guidance system. It was
found that a PD guidance system combined with a dead zone is appropriate for guiding

arm movements to the desired locations with accuracy in a short period of time.

Department __Mechanical Engineering Student’s signature

Field of study Mechanical Engineering Advisor’s signature
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Phase FFT of u(t)
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Frequency Response of Ten Subjects
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Abstract

This paper presents a movement advisory system for
visually impaired people. The system uses devices that can send
vibration signal to the subjects’ skin by which various movements
of the subject are associated with the signals at various locations
on the body. This study limits to an angular arm movement in
one degree of freedom using vibration actuators located at each

side of the subject’s wrist. A linear dynamic model is presented

for the relation between the vibration frequency and the angular
arm movement.
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Abstract

Vibration signal applying to the skin (vibrotactile) has been
proposed to provide guidance for a traveling blind person or,
when applied in large number, to give a crude visual information.

In an earlier paper by the authors, vibrotactile signal was

proposed for an arm movement guidance system. Feedback
control was applied to 1-DOF (one degree of freedom) arm
movement. Preliminary results from the paper shows that the
vibrotactile guidance system for 1-DOF arm movement is
possible and feedback techniques show promises in improving
accuracy and speed. In this paper, modeling of the 1-DOF arm
movement response to vibratactile guidance signal is presented.
Ten normal-vision people are tested compared to two in the
earlier paper. A vibrotactile actuator capable of producing up to
50 Hz signal was built. The subjects were given a learning period
by using a closed loop P-controller to guide the arm from
positions to positions. It is found that the time required for people
to learn to react consistently to the vibration signal actuations
were applied to obtain the frequency response for each person,
The response can be approximate using a transfer function with a
gain, an integrator, and a time-delay. However, the gain and the
time-delay varies between the subjects. Furthermore, it is also
found that the gain may be reduced with time spent on the test
system. These results are valuable in designing a feedback
guidance system using control techniques, in order to guide the

arm to its destination quickly and accurately.

1. UN
& Ao o ) A v o A
ﬂtymwummﬂmﬂuﬂa@uwuaaﬂumuaﬂﬂa nwsvlmuma%mﬂ

ldiiganasasiuiadansauan aeanudafinmsdufaseuuas gl



m'ﬂﬁ“ﬁaa‘;}ammﬁuﬁﬂumuaﬂc\humaﬁuG]Lmu,m szuufidAg
o A =a ' a o o a
suniande sruudislunisi@unislesaldsyuimidsinse
fygrmsulunisvenswanszanulndvesffiasnanaligly
ITLEUNIRALRANFIRaT N le
PNMINIIMT WL Tz uuRe llmanzdmsumslsau
BuguanAannMIEUNE M I EsaswsamIvhule
o i {d o o o ~
snwuedanf insifsdasmstayavasamwinadauluFinm
N Lﬁaoﬁwﬂi:mw@jLm:ﬁ'mﬁfdmmm%‘u*’ﬁa%lavlﬁﬁaﬂn'j’l
vzannanunn[1]
unanuaziauelusiuzesszuuuuzimsiafenlnalay
ldsygmaw lasaz@nulugiusasnnusunwivo ISy QI mEn"
A & A * A
wazmaedawlnivasuued lasfazfnsnisaiaulwalu 1 asm
8oz uanifanlidygrasulunisdadoys ludruvasszuuifos
=1 v A v a A YA o v ¥ & |
faudazlidadfadAnissunndianudilalding wdnaz
Useintawaaadluamwuiasauniiossuniu (2] sauwlunsls
nuinEduluuFwiuidaaa Joywisasdygimsunaniias
sanInlidayaniudiunidng gauivmeldanudissinezla
A A v A [ Ao oA A
indauniangly uazdninsneauaznausnlala udldeiden
dasltialumaioufineranuduas uazninlsanllszo:
A ° vl Aa o o o ' W v
wiwanaldianmifamiuazaraiudayadalalld 3]

2. nEfuasudsaidman
2.1, 32Ul T MN A WEN AT I3 e

nmfuenu dudszamiiieadasiunsnTatans
fuszifiande widifluuaaiwaida (Pacinian  corpuscles) 1o
mminj‘ﬁnmﬁ?uauﬁauﬁmmﬁ 10-500 Hz LLazj?ﬁn"Laﬁq@ﬁ
A 250 Hz [4jusnmdansiia wazazBziITzRinsaalidaya
PINITFUAIININNTN 3.2 wa.finnafdnfia 50-350 Hz  uae
AN 4.4 . fianwfigeia 500-700 Hz [1]

msdaﬁagmmu%’umaﬁmﬁhawﬁw‘lﬁmm’i%vﬁu Hak1t
AuAnEItuIaInsER warmslEanuissvasnsaRiisnsiud
audLaen uaﬂmnf:u,ﬁamﬂummsn‘lums%’ufaga (sensitivity)
fonveziiinldlasnslfdygnauuuguimiudgeeny (5] uazms
lﬁﬁqeﬂuqm:mwamié'ummsw'&'nLﬁmmmmﬂ%maaﬂszmﬂ
é’uﬁaf‘fiaLﬂumq’lﬁﬂszmw§uﬁaleimuauaﬂﬁ [4]

§1ﬁ§uqﬂnsrﬁﬁ‘lﬂuﬂwswﬂaaaﬁ Idanwilumssuasled

uamﬁtﬂuﬁuwmaamidﬁaga ("L&iﬁmsmuQumwmmmaami

v & oA

< A a A 1Y o 2. 9o A 4 &
JU) ADDR wmmngjaﬂa lwmnaanuQ'Imflw,ﬂaaumswu LLRE

= de a o A P
Y]ﬂ’J’mﬂ@]’]ﬂalﬁLﬂaauﬂ’mm

2.2 iznuﬂanqun1itﬂ§au1wa
minuguduniivasusuliiefeulunfnidesns 144
anuRanaanasiy asazliszuusuuilounay Aa ﬁmﬂ’ﬁ*’ﬁa;&a
ANNLANGAIITERINIGILAUITTIVDILVY LATFILAUIVDILIWN
o vo LA e e a a X
da9ms lapazliygrasuiarsiuuaiudanuienaaiiiads
, oA L oA A Y Py o A A A
LT ummuwmwunga’lumumaaLLﬂmﬂmaamsaﬂmau‘lﬂmau

AMVUANAIIVDIALAUITDILY NN

96

v & = ° < A

mseanuuuszuuilaunauniufazyinluuuun 9ldde
a 4 Y ° a e . 'Y
Bufimsaauuuiiaesnsadiad1aas (Dynamic Model) Waa
ianlslunmseaanuunszuuniugu (Wiaszuuuusi) naiafauwd
' & 'Y o & & L. y oA
LENITABNLUUBUDIINBIANUINI "Crossover Model Principle” 1
' al Aa & a Ca P
vanirzupnialagifinysdagluszoy axfindaidudolaud
anuTwluuiunnIwluAyszanm -20 dBidecade [6] indnudida
N ; “ o 4 . . (. &
fuane LhosnnmIdiudmvasuyeddaduuuiinesnainei
Lﬁaﬁ’lms'suﬁmzuumuquLﬁamLﬂmaﬁdfﬁudﬂﬂIauLLﬁ's i
lalddranutuntmue Aasianuudugrlunsvirwonansls
NuaaaInialignesd isudauguididaduniiaaTveegari
o Ao o & A=A % A
I¥arudaatruvesrawsitudnalaunIendeuauniieainud
(bandwidth) v895zuuTadd107n 9 Azrirlkdranutuianud

o o fo A v < PYRN] o
aatNaaaNsniTualaniey iwszlaon ldudrdianutuas

@ Ad £ 4 « o o < A &
wosasgwaNuANgI L Snasinuanudilana i aysdes
h Py A P v A a
liswsaadewlmimudssniiinnle fudasliszuuainqui

a ' =3
fatalsnanu

@

3. aunsaluazdnaannIIMAaD

lunrTnaaedazusatdu 2 g1unan Aan1Inaasd step
response WALNINARBIGILITNNIABUAUBITIANUD frequency
response LiVamLULdIRaINIABUALEITBIENANEY lanfiBuna
A A < & A A o
fla awizeInIIau uazionvinadeyuiifonlduesuou
H293191NANAT8INNITR MITIFYYImAugIzLdunTa
sy auvuaullfdaiie danszduazgnaasfidunisdaiiadu
luuazdunaniieszyiiensvasnsnyulinuuau Snymzaas
sy mauaziansuidururunasnan Jauvassyyrondn
A & a CA A < Ad
aauzd 1ol woandzavaslminfeswaanuiivesnssu anwii
l5azegluza9 10 - 50 Hz WerinssadyyIanIaullnIzdu
v A o o o P~ & & AN o & o '
dafla lavldaanszduladvend anvinafildaziduduniyunis

A { o o

wyusaIwIuGIzawlianusnyuz sy I MaILgN

Muazfuavedsadniol lofuasd aulwvuia 40 AWG
FuInusou 2000 sau ANuwRa Wi 42 mH Sadunulu 7.25
mm  Saduan 14 mm uazdanudiuniu 100 lavy A
and Wi 24 1186 ansmeaIa1autduurtnan i & w1

4 @ € o et o

gudnand 3 uu. anwen7 10 wu. laslfiaulaainaidwivia

° ' o a a o &,
ml,mud&Jmlaaﬂmmwmjwmwauam 1600 WaRGBIDU

A o v & o o a & Al
JUN 1 @nduaududaloivesdnltlummanss

YUAIBNNINAFDS

1. ﬂﬂsﬁﬂé’aﬁaﬂszﬁuuuﬁaﬁamwﬁ“mluua:ﬁmuanmaa;jmaao



2. ﬁﬂmmnmﬁ'ﬂﬁmaaaiwmgmmuﬁmﬁmﬁ'umié’uﬁmﬁa

o

ﬁaﬂs:@juﬁmlﬂﬁugﬂmawwyumumﬂﬂﬁmﬁfu UazLlaaIg
< o Ad & o o & o a &
TUAIBANNANFITU ANaa0IIzRyBLIBEIDAMTINLRNTY
UATTNAEWIUGIIANUINTIN HNANBILNYUUIUGIBANNT
A

a8

3. fmuayndidieng 9 Nezligmasasmyulddeyy -30°, 07,
30°, 0°, 30°, 0° mwday lasgnasaslinmuinduyula luudaz

yuazldiam 7 dwnfitdsanfoulddyudelyd lavacldnsaugu

¥
o A

suuilounauiBidasin laganuinltauanduwllaruaunisead
f=K(@-6,) 1)

Tagldanudlugae 10 - 50 Hz dwmsumsmasesitlden K =1
Iﬂmﬁa;jwmaawgmwumiﬂﬁquSﬂaﬁaﬁanizﬁm:ﬁmwﬁla@m
Laz9viNNINAneiid ey 6 A5 Lﬁaﬁamﬂmsﬁmuf LAYN1T
LﬂﬁﬂuuﬂawaaL’Jm“?i‘l%’luﬂwﬁ'lgjan’n:a%iﬁ’s (rise time and
settling time)

4. Fnmnesastemimsnausueadennud lagezaseauuag
ﬁzytyﬂmﬁuvgmﬂuﬂﬁugﬂ"lsnﬁ LNYinaRDdUWILIYNYAIN TN
Lﬁa'vnLLuuﬁmaqmmauauawawaogﬂmaqLwia:ﬂu Taaz
nanasfinwg 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9, 1.0 Uaz 1.1 Hz
mmfuﬁwﬁayjaﬁ"lﬁvlﬂmLqumwTuﬁ %aazﬁn"lﬂgimim

LUUAIRINIINDUAWDIT i’]ﬂﬂ'ﬁé’u
ANNTIRY WU

WINANNAVDINTIT® -

O o(s)

G(s)

AUZBIRYYIWIUNN
UM 2 unuMWMINAReIL NN IABLAHAITIAND

5. dufindrunamanyuvasdeiiaifivununmlasaeufinnaiag
UTayaueIAIURIINITAYUNN 0.05 IWNaReaTEEZIAANNT
NANI

6. iNTMINAKDI step response dranudadl 3 3nass iaavagey
mMaauulssvasnisnauanefisuiunsaeUawastanisy

naasINInauawadBnNd (1 4)

Tunsnaaasdad 4 ldidennasssfienud 0.3 — 1.1 Hz
LWﬂ:d'}ﬁﬂﬂuﬁ@”ﬁpjﬂmam:wmmumuw’umﬁumamwﬁ
musarhld uasiinnuigenansssulnyliaansanauauas
lemin %dé’dmmmﬂwamimaaaﬁlﬁmwﬁl,mﬁvmvlaiwhﬁ'u

mmﬁﬁum

97

E‘]Jﬁ 3 ﬂ’]WLLﬁGlGEj‘Y]@ING\‘]’U UHAINIINARDI

4. HANNINARDY
"ﬁagaﬁ"lﬁmnNamsmaadmmauauaaL%amwﬁiﬂu

maauﬁmjﬂﬂammmmﬂnﬁﬁv'agu 10 an o lUdwomnen

wendgauaziWas B T I aIiFes nniwhanien

A o {
wrunnluddsmansauaaslaaagui 4

Frequency Bosponse of Ten Subjects
10 ¥ v

Ampbiade dE

Prase dog

P st yo 1
Frequency (radfaech

i 4 LLNumeuﬁmaa;jwmaaﬁ'wmuazmmﬁmJaaﬂ'wmuuaz
e

gﬂﬁ 4 (U) u,ama"mwmsmmm%amwﬁmaagmaao

Tanua nufansasadeduase é‘dﬁ"l,ﬁl,l,am@hmiuﬁulugﬂ
mm‘lnéﬂﬁmmaaé“mwmsmmmL%ammﬁ'mmgﬂmaaﬁmﬁuma
ifmmmagi‘lummaﬁ 1 amensh 1 afinhddanuduiin
21137 Linear Regression axiifiads Wiy -19.45 dB/decade
Lm:ﬁﬂ'wmmﬁ'mLuummgmmaﬁagmﬁuuﬁ’uLﬁum@ (RMSE)
183y 1.92 dB/decade Lﬁmﬁnn@hmm‘%’umﬁmaa%‘nmmﬁm
In&ifieg -20 dB/decade GaiwMIsTUITIUTTIN IS ILBUALNS
weiFiisannsugnodanuiidwduasefifienanuturini -
20 dB/decade $INNUAN Gain sagunINInsuaslan Kis lasen

Gain 789ENARBILARLARTAILANAINUAIANTN 1 A1 Gain Uil



duandnnulasdanniiganinia 3 hwasdnkesfiga lasd
' a o & P P =i
FALARIYINAL 1.99 wanNBHaNTHN 1 uaasrnawmdaaun
ATy BUAUIEUATINTF1A0TY -20 dB/decade
(RMSE) a8gLvinny 1.87

3N 1 F1eNTUIBILBNNEIA (Slope), dnLdsiLn
MR WVITIYIABUAUIEUATI (RMSE) Uz Adaanain
sewiarinauazBuna (Gain) uaz SIwdBUnNIAIF VS

ToyalfisuAULEuaTINNAIANUTY -20 dB/decade (RMSE) 1a3E

98

AN 2 azAnidmlsedslidasud 0.07 ©i9 0.39

a A a., a e a a A =i

N Fanadowinnu 0.22 Fufl uaslamdmdenuuinasgu
0.12 Il lasfidayaavasudazaudidimdonuuunaigu

yasdayaanannsil 4 (RMSE) lagiady 16.92 degree

a a 4o o a
a15199 2 nandszsdsldnnmadmannalunsaeuauads
{ a 4 o v a
anud (D1), 18U NBIININMINARBIYNEDIAS Y (D2)

wazAndmdoalunINAIwaITaYaNNENNIN 4 (RMSE)

NARBINITLAL
No. | Slope(dBidecade) | RMSE(dB) | GainK | RMSE(dB)
1 -19.47 0.58 112 0.55
2 -16.25 0.67 1.26 0.81
3 17.37 0.82 1.41 0.84
4 -17.04 1.79 1.58 1.67
5 19.71 1.99 1.78 1.78
6 -26.92 2.01 2.00 224
7 -18.62 2.50 2.24 230
8 -21.80 2.51 251 231
9 13.32 2.58 2.82 2.68
10 -24.04 3.73 3.16 3.53
fiady 19.45 1.92 1.99 1.87
STD 3.96 0.69

No. D1(sec) | D2(sec) | RMSE(degree)
1 0.35 0.45 26.32
2 0.12 0.50 7.91
3 0.30 0.30 26.49
4 0.21 0.40 18.55
5 0.08 0.35 14.40
6 0.17 0.45 9.17
7 0.33 0.30 14.35
8 0.39 0.65 23.96
) 0.14 0.50 16.72
10 0.07 0.35 11.35

fiedn | 022 043 16.92

STD 0.12 0.11

Lﬁaﬁmimwgﬂﬁ 4 (874) wueadensududseanmi
-90 a9en wazduwiliuanas lasddszanarinnsifonudasuas
Aunaiuanuiiinannalssds awsansomenmyssildas
ugealaludsnnefl 2 mymdnadszismunsariilalosls
LLuuﬁwaadﬁag‘lugﬂmmEuﬁLﬂsma%wﬁumtnu wazaleza9
(delay time) Fssnansaidpwduianaudiglandsil

G(s) = éers @)

lawdn K dadunuvasinanasudazau uaz I foriaiszds
Awh) VeIENARDILAazAK AITsvoInaRaILdRzAY

I leanINNIIaIh

LG(S):4§+ Le™'® @)

o

Lﬁ'aLLﬂmagmwalﬁa%ilugﬂmaaaamvlﬁmf:
ZG(s)=-90 -360Tf 4)

lawen f fodyprmanandunaiduadugulond sun1si (4) &
syt lglunsmdnayszdaesudazanld laaldis

Linear Regression

AMMNIFILNANLINAIAU A lanudAYdans
auquadiiausasluzlil 5 wanInauauaddayudsds (M
naaasta 3) vasrmanasnfaiandiziatasusasluzln 5 (uw)

0 Aa a P ' &
waznanasNfidnandsdamnuaadlug 5 (§19) wduing
naaasniidnalisiondiganuzegalddningnasasidien
nadsEdann. wennddinuintnadsdfldnnmaeuauas
Wanunliasnuflaan  step response  waziflamouniug

NARAINLIN ﬂ’]ﬁ]ﬁ]zlﬁﬂ’ﬂ’]ﬂﬂ??&lé/%m ﬂl%ﬂ’]i“f]’?ﬂ’ﬁ“ﬂﬂaadfﬂi

ADUEUEITIANND ldinaaasunsrumansaniaainis
A A o V] o E o a AV o =< ' o
waauna il ldaUsdfldanusenislisenndas

AUNANNINARBY step response uadInlraTuw Iiumniiounn

Mlimirrum Dheday time = 0.1 So¢

0 = ? ' ' v T
S \ & \
bl T T i I
'E. II I |
= al rf .l L
= |II \ I
< |
A ]
| S
a0 L L L L L L
a a5 1 1.5 2 215 3 15 4 45
Mammum Dalay Time = 0.4 82 =10
100
= 50 m.':_
.‘E-. | l.||I " . i II AN i} n
= | oA e Il Y W T T ;
o . LAWY 1 !
a I 74 | o L [t
| | \f T
A !
e L L 2 L L L i L
5'\'IIZI 05 1 1.5 2 25 k!l 1E 4 45
Timejsec) . I:l‘

= t = A, ¥ a . @
UM 5 1WSsutnauNanIINaaaINUaayua1989619 9 Tadﬁd‘ﬂﬂaad

QU q

aa P a P '
nmdszisdoanga(un) uszaniga @)



wonanidITInun AlnurIENanInNIINITAaA
MMuTTEzIMATnImases é’ummﬁlugﬂﬁ 6 Iugﬂﬁ' 6 (L)
memmmauauaa@iauquéj”nﬁaslumauféumaaamaa;&’maaa
ﬁwu%ﬁa(mimaaa"ﬂ’a 3) LLqugﬂ‘ﬁl 6 (819) LEAINANIINARDY
L(ﬁmﬁ'ulumauqﬂﬁmmaamimam (MInasaida 6) aztininlu
aauuIngNasadftliaannvhlad wanasaniilaliiaamanas
B29wike ;Emaaammsnﬁmfl,ta:@j‘”ummﬁuﬁaﬂs:ﬁuﬁﬂﬁmmm
aavanasldadn E‘fﬁmﬂ%uufmwzmmnmsa@mu K (luzums
#i 2) Gedoadnsdnmealy

Angle (deg)

Arg'e (deg)

AEY | ]
&0 bl i a L L L 3 L
Time(asc) i 1.3‘
o & da v a A a9
31]7] 6 ﬂ'ﬁLﬂﬂFJMLL?JR\‘]"UQGNaﬂ’]ﬁ“ﬂ@aﬂﬂﬂﬂ(ﬂﬂl‘!uB'NE]G LUBLINAL

& o o =
Na|ed LLﬂ:ﬂ’]‘i‘Y](ﬂaaﬂﬂidq@m’m maagﬂﬂaaaﬂuwm

5. &71l
° a s A o
wuudaasnendiamaaiuainisiadonlnizasuuuini
dodfypmauvasudazyanafinnuadoafiulassNln
dszanawlaidn Bufiinsieas 00y dnu wazandssds ool
annwadoszanm 2 wazaasedsefedszanm 0.22 3w

I@]ﬂﬁmmma:@hnmﬂsﬁaﬁa:ﬁmmLmﬂ@mimhaqﬂﬂaa g}

iy FIUWNIDINUULTZ UL R a NIz A a4
Filsflsnumaniiann

8. na@nsnszne

mamam)‘m;jmaaa‘*qﬂvhuﬁqmdwﬁaa:nmé’uﬁm

land13a19ds

[1] Grigore C. Burdea, Force and touch feedback for virtual reality,
John Wiley & Sons,1 edition, August 1996, pp.14 — 17

[2] Sunita Ram and Jennie Sharf, Wearable Computers, |IEEE
CNF, 1998. Digest of Papers. Second International Symposium
on, 19-20 Oct. 1998, pp. 166 -167

[3] Thomas P. Way and Kenneth E. Barner, Automatic Visual to
Tactile Translation, IEEE Transactions on rehabilitation

[4] Norman S. Nise, Control Systems Engineering, John wiley &

Sons, Inc , 3 edition, 2000

99

[5] James J. Collins, Noise That Keeps a Body on Balance
http://www.nytimes.com/2002/11/14/
technology/circuits/14next.html

[6] Tom Pilutti and A. Galip Ulsoy, Identification of Driver State for
Lane-Keeping Tasks, IEEE Transaction on systems, man, and
cybernetics, vol. 29, no.5, September 1999, pp. 486-502

[7] WIRITT ATONNA LAY gm?]@ﬁ ’a‘i’umﬂlﬁwﬁ, “MINLANM
\nReuiinilsasmdsrzaauan lagldmsdewnsudsms
furziiieusiiaduda’, malsguinimaaiedng
?Jﬂ’mi‘mLﬂ%adﬂﬂLLﬁdﬂi:LV]ﬂvLﬂf_lﬂ%ﬁ 17 15 -17 @!éﬂﬂu 2546
Rniadiwgi

[8] Steven C. Chapra and Raymond P. Canale, “Numerical
Methods for Engineers,” Srd ed. , 1998, pp. 443-445



FONUUINYUINNS )
ANRINTUNIINENRE



Human Robotics
m

ChulalongRorn University

Arm Movement Guidance using Vibrotactile Feedback

Objective

To design a movement guidance system for
visually impaired people by sending vibration
signal to the subjects’ skin by which various
movements of the subject are associated with
the signals at various location on the body.

Arm Movement guided by vibrotactile
actuator sending vibration signal to skin.

— = Frequency Response

g
A vibrotactile actuator capable 8
of producing up to 50.Hz signal g
Sweeping Sine
120 T T T T T
: g Arm angle(dagree) g
100F----f&--. s ___.|J'IPU|:1I?QUEI'B'}(HZ) s gm_’,
i : 4 8 ol
[= 1] N . S ............ .......... : » gw-
{ 4 ai ’\ H ﬁ ioha ‘I An ﬁ .I‘ ﬂ'\ P |‘ e Frequency Hz) ”
g 40..r. \]I Il'r . ]II ‘!I P J| [H;Fl!l 1 RIF T & .i.]. . [..l. .lii‘..s
AR IRy AR AR At Frequency response of arm movement
) IR R AT AT IR T R E
oy .;_;.ll B8 (0818 ""t g gll_ |: . 1 H '[ : ' ) .
s 'l:__la }} l'f ::g:{::}f}:ﬁg iy AN RRTAR Mathematic model is established from
20k dedecop b g bop b pdiade g dd b p 3 b 4 Pk e r ! . .
LA ‘u 1} Il'; {”f | 15 7 i frequency response data using FFT ratio of
S Ao e R BT T .
MR AR R Rl an output to an input. The model can
o5 s 0 is 2 25 = be approximate using a transfer function
time(sec)

_ , , with a gain, an integrator and a time delay.
Sine sweeping experiment

Human bandwidth for random signal is limited to™1 Hz.

The sine sweeping exciting’'experiment.is ‘carried out to G(s) = Ee_“
research the relationship between human response and )
frequency(below 1 Hz).The experiment result show that

human gain tend to decrease at high frequency. The

phase difference also grows increasingly negative at high ® — :
Armangle
-———Inpmnnqla 4

frequency. @

Siep Response

angi{degre)
2 =

Angle (degree)
- o

20} - i i i i i i
0 & 10 16 20 25 a 35 @O as 1]
- 1] ——— Arm angls " TTRgac)
PR e T ®® An appropriate guidance system to the desired
Step response by using closed loop direction or desired path with rapidity and accuracy

P-controller to guided the arm from position to position is PD-controller with deadzone.
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