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Sensitivity of Human Hairy Skin with Vibrotactile Stimulation through Body Hair

Masahiro Furukawa ', Naohisa Nagaya™', Yuki Hashimoto"', Takuji Tokiwa ",
Maki Sugimoto°, Hiroyuki Kajimoto™' and Masahiko Inami">

Abstract -— This paper reports the detection threshold of human hairy skin with the use of a
direct vibrotactile stimulus to the hair on human hairy skin. We designed an experimental
method to quantify the psychological effect and developed a stimulation instrument to directly
stimulate the hair. This vibrotactile stimulation was provided from the tip of tweezers which
traveled horizontally or vertically against the human skin. The stimulation point was the
approximate middle region of the hair on the middle finger and forearm. A psychological
experiment was conducted based on the hypothesis that a frequency characteristic exists on
hairy skin with direct stimulus to the hair. As a result, a significant difference depends on
frequency was obtained with ANOVA. It was described that the vibrotactile stimulus was
conducted to Pacinian by the body hair on the middle finger which has so small section area.
This is conflicting finding concerning the size of the contactor which can conduct the stimulus
into the lower layer of skin. However, this threshold curve and also the introspection reports of
participants support this novel finding.
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Fig.1 Schematic of Device
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Fig.2 Experimental Setup(Left) / Tip of Tweezers (Right)
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NTHB(K 2 FA). dHRNZIZ 0 f#HE 0.2pum ZFFOHE
B Z A7 Keyence LC-2440 BX KN G AR
Keyence LC-2400 %V 7z, Hiligas B DZALiL 50kHz
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Fig.3 Definition of Stimulating Strength and Rising Time
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Fig.4 Stimulation Wave for 1 Trial
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Fig.5 Detection Thresholds of 4 Participants
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[ZOWTIRB, EFEOFEBR T, ARITEHZICE R
CNBSE 21T TR B 35— 5T, (RERERIC
NBLR G 21T o TR E SV, TE> TSI &
WRMEIISLTLL —BESEDIENTEXRNST20, N
B ST T DRI S 2 B e BB T REZR B A O
HERBRELLTEEHDHEE 1 OEITH-T-.

1 HEOLCARBRENTIh-RIBES
Table 1 Stimulus Condition of Characteristics Impression

RBlEE  EEBRE  EREM AR IRE

[mm] [Hz]  [um]
B/ A 0.3 40 3
0.3 100 180
03 20 23
10 320 75
HLO#E) B 0.3 100 15
0.3 160 11
03 250 15
10 100 18
1.0 160 11

53 Mt mER

51TRUTE 4 & 5y Ot I BRELC DV C, Rk
REGUEICHRE R FRELEERELZ RO, £
DOFERZE 6 177, Rllhi 3R w8k, Hedhix
BB ORISR E & 1 um FEHED dB R io Lk H B
EOVEHEE T vy Uz, R AT T — N —TR
ENTWA.,

B3 EHTRELHBEHENET —212525
BRI T D7D, B2 EMLU. ARER
IR —#BRE DS R EBREHEZRIT TR E N H
ThHD. AWV TERER, WET —2DfE%

Power of Stimulation (dB re 1um peak)

FALEEBRETHY, NBWREBHREICIDER
FHERT. 22T, #HRE Lo TIRET — 5215
Do T B I S 320, 600Hz 2R, SME%E
EDFENRERETHI-OIC 2 BEROS BN 2T
7. 2 BREE, BRFRIEMAF0.3mm, 1.0mm) X i
BB I B SR (25-250H2) T 5. ZD43 BT D R
AR 2 ACRT. FEEEREOEDHRIIAEETHY
(F(5,15)=6.86, p<0.01), KEZ I LI-HBAIIRE O
THRRILMELEDEABERBFETDHIEERLT
W5, Thbb, (KEBEE2A LR AHE B 3 o & K
BUKTEE DN HDHZENMHEN OB, — T, HFEEX
O ERITA B TR o 72(F(1,3)=1.05).
FIWOT OB RSB THBERENHDNE K
HBHDIZ, LSD iEF VAR B MM oL E v
1Tol. AR EDHERI N M B(p<0.05)i2 >\ T
6 WNIT;RLT=.

* p<.05

1.0mm

20
r ® 0.3mm

10—

1 1 i 1 1 1 11 |

10 100
Frequency [Hz]

E6 iREMRHRIEE BDOFHERERE)

Fig.6 Mean and Dispersion of Detection Thresholds

R2 SHOHR BEAE x EBRESEH < FBEKRHD
Table2 ANOVA table (Subjects x Holding height x Stimulus frequency)

Factor SS df MS (SS/df) F
__________ﬂ_i%{}% S) 456.354 3 152.118
RS & A 172904 1 17294  105ns
SxA 49.499 3 16.500
"""" REEES B) 0 239069 5 47814 686*r
i SxB 104.570 15 6.971
"""""" A< 638 s 1216  o067ns
SxAxB 28.464 15 1.898
nsp>.10; **p<.0l
SS; sum of square, df; degree of freedom, MS; mean square
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B BEZ R BRI — ARV D FIET
HDHMH "IRFT X TIETIE, RIS 2055 E
BRI LD FIRE/2DH[18]. —FH T, PESTET
TRITEOEBSBER DI EDZ LTI 720G TE

BCRHBIEE S RISBE T DL TRELRD[16].

LU O F RIS (RIS GR E 2 R fTRE T 5
TEDBLEEM LS.
ULOUARR CHEIEL - ERSEM T T, RELEE
L2 KB LRI OBRE SR TH- 2728, PEST
B ERTLZENRETH . D70, BHBIE
iX PEST JEICHECBEH LA, SATRIOBE A8 &1
HBIBAGRIT 2L, ZOBLENOITEEZ PEST HEIZ1ED
HO TRV Fiz 1 FHOFEHE - LBl i%% 10 [A{0IR
FIET, REROB/BMEN LA o7, Zo#0iR
Uik BB A TS mTREME S H D7, R E I
AR ISNEE A OAMBEINZLEIE T DL
ITFOBORLIZZEH PEST HEDF ¥ AL ~ULF Y &
720, T2 5 50%LL L THHENZD. ELICHEERE N
ORRHBIME T T 20 IE 32 L CIURE M 2R LT
ZEND, BELRBEIRERITZ 2B 2005,

6.2 FEDENFE

% 53 FiCEBLITEITTOM RIS, AEBRT
AWK R L B I BIE A~ EE B 2 ol i
Nl 8 3.1 #HiCHERML@Y, KB oL
BIIEREOBFHEDEEL KEXIZITHIEN TSN
7203, PRICK TARRERH-T. ZORRELTE X
HNDHDN, KEIZRRLIZIRSIDOHFEIETHS.

RN EEERETICHHR B THREREEL T
A, A ELL ARIUBEN AT Z &
BB TN, Z0728, KR TII—TEEH%
HERFLI- R T CTEREITo. AR THWEZES
1.0gf LVOERME TICBWTEE T80T, &
DEMETOERER, BRMEOKREERmZFES I
MM AR S E AT LI KRS EmE T R B2 R
T2 EEILNS.

723, AR ELBREOZBN LS LhHEE X
D, PIERTEML 0.5~1.5gf KT T
TRMEOFELWEITMEERS ) >T. 2.0gf UL ED
EAEMET T, BRI RIS BRI E 24

UCoAREtE sl iz EfShiRh o7z, 22T,

AR TIEERIT —EDORNFM TR ZEMLT-.

U EDZEnn, KEOBREL LB THREZA
x DFFED + I R EBEERE AL DB 2
5N5.

63 EMFLLTOHRE

FATHF R THOW OV T- 05 b L /NS Wil
F58.0x10° cm® DRI T[] THE7-#E xR HH Bl & ik
L, G EIOFERTHIHFTE BRI B L Ot
BRHBEEZE . 2081, REOROSWmED/NE
ENFEERD1IHEEZLNS.

TITHBREFOEREL ~ A7 A—¥ Mitutoyo
M210-25 THIEL-. ZORER, EEITHK 22~50um,
WrimifE 3.8 X 10°~2.0 X 10%cm® TH-7=. Vallbo D
W Wi iE FE 8.0x10%cm? D BEfkF-[10][17], LI
Miyaoka HO Wi FE 4.9 X107 cm® OHEEfk1[9]
WXL, REOWERIIED TSN e,

WEROMRA T, TR ETIT/IIWFIEFEZ AW
72356, A - d BRI R SR AL B T 55
BROFFENRMENRNIENMOLI TS, Zhid
PR A LTRSS, B RE TR~
BIETDANIHREL TLEI D, KEERBOZERY
FREFIRNZDTHD. LvLE 5 EOFKRIZZDm
REFIETHRRARL TN, ZOBIZHOWTKRET
LB ET 5.

6.4 REREITHFET Z/\FIMEADIRENMEHE

Bolanowski O#ERN5IT, A BT L THimEN
8.0X107 cm® D/NESWFIE % VTR ZIT-7-5
£, 250Hz THROBEDSBD 5L F =/MED R
BEBEL TS, KREBROBRLE, 0L 5
MO BEOELSABESN. OFY, KEEZNLE
WV AT =/ IME~BIZELIZEB 2 ONDD N
WTHD.

FE &P C OS2 AR OBLE WO BLE DI,
AT, MRS LB CRF =/IMRIT R E
EEICALE 5720, RE2 W m A2 RO T/ NSV
WL TERIGE, AR OB HE IS A 2 3
LpWnEEn &,

LMLEE 5.2 Sicik_7=@b, #EEKE 160,
250Hz 5o T CHa% [E £ 5B MEEIL TLAHE0DHIN
BREZEERENOB WD, FHERTIE, 50
RENIELRWIERKRD FIEIZLVHERIN TS,
OFEY, ERBEEREEU GG BE M I L2 0 R
Z, REEZEFFEPICIRRLEES, L TEICES)
BFRUDZENIhoTz. — T, oI ENKEWD
T DIHLEEIR LA A ROIREIL L TRISE SN DIE
EOBVRIHGERE L, BEE L TN T
WAZ BRI, LnLASD, BERE 2B EE)
FOREITIE O Tl <EE R THHEEBMR L.

A EDFENS, (KBEIT LI AT A 5 RS 3R
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ERICALE 5/ 3F =/ IMEZFIPRL TODZ LRI
7. BRI, PEICHEZ RSO NBHM SN
FHEPLTET~OHBMERIZLIbDEE 2B,
INAL-S Y % 2 SVt al=Vi IV Ntel &/ Nab g WilY ;' Ja stV g el
HLDEEZLND.

6.5 ERZBERSIUMBEROLE

FRITBNT, ZLOPBRE S 40~250Hz OFEIE T
FRERREZHE L. s EBaSZFEREBEIICESR
FE LB IR SR 2 A LS bb X s h
%[12]. ¥£7= Miyaoka Hi, 4-150Hz I3E@ZFIC
FEMTOENTNDIEERRL TWD[9]. £~ T,
100Hz LA FOJEEEERIE, BaSAERNEILNE
L7zdHE X THYTHS.

—J5C, AR EGER 25~40Hz TIXgBRA 1SER %
WME Lz, ZoZenn, [FIEREEERICH L TUREL
TR, BAZABR TR BIESEOf AR C
HDHEEZLND. BNEISTED AN v/ ML B2
BHETHHEREEERRNEEZ SN TRY, R
IXZDANT VIMEDREE THDHLSID[19].

6.6 C ##H XU field unit SRERE

BBITIZIE C BHESR field unit NFEFET 5. 0.1mN
EVOTNR TR LIA D D O R Kk &R LT
&, SAI(Merkel), C #2#E, field unit ONEIZEIRE TH
HEMEZITVAB[L0][11]. DA, 25~40Hz &
WO JE I B s Ik O B BRME A2 IR E L 7= D1, field
unit T, EBR THLAREESEWEE LS.
F7=, field unit ZRBIIEE 78mm® (B 52, &K
115mm?%) THH—F5T, SAL ZHEIFITFES 11mm® (&
/N 2.7, BeK 21mm?) E/NEVV[10]. 2078, BRRAD
DOZRBFLEBLUINLERBRRICHSToh &R, KE
BREEIRIC BT DA O K& 5E A LS E - ke
HRHHEE ZLND.

T8 5.2 S CIHIBERREEAE U LM e T A5
FEDNFEL I 2R, EBREE LU I3
ST ERTERLIZZES, BT IREZ (LA
AUEFEZ# . 22T CRHEITED D VIATR
R ET HERMRE L THRE T DL MRS
TVB[20]. ZOEBEFRITIRMH 2 A LS A2 AR
EEHITHEB I L > COZ DO BRI ETHZ
EWG o TND., fEo TARER CTHEINIBE K
ROAERIE, 20 C BHEDIGZEIZLDLDTHLZEMN
RIS,

7T EEDH
AR TIRAEBEN LCRIBIC LV A RI DK
DWTERMNCER THZLERART. FZT—EE
NN UM T IR W TR B IR AR L,
JA B BAR AR SV L BB FiEE OV CEE

L7~

FORER, BB TKEH BN HRTE 2 B o
IR BB S XL, 160, 250Hz 1245 F Tt
BENE BB L2 RSN, — T, 58
T ORRILE SR CTHOEEE A 0.3, 1.0mm &
VOV, BIEICA B BE RIZTERNIEN D)
-7,

7 BB 160, 250Hz S04 T CHBEICEER
B LT=Z b, REEEHONRF =/MEDOTEE AR
WX, NBIRELE-ZNEEBMNTHLDTHoT.
%72 100Hz LA F OB HBEL, KEREZERTHD
FOUZAE, MREBICIORESNAWREMEEZ IR~
SHITHIRENRIBIC IR R AR I N2 ki >n
Tk ~7=,

L%0E, BN HEMRAT O D IR BB L OERA T
DIST1GEET MEL, AREOER BT 52 LTk
WETRD TVERW., —F T, RBE2I LI g
OEBHBROISHL BRELZV.

BRI SCREH A B E #Bh & (B RIar e B ig
ih# 21-6294) BLOERIBRE K FZKZBED T v NEE
FAETOY 2 I MERICEDBRICE > TiIThh -, &
LCHBEEETS.
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