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Affective Haptics Research and Interaction Design
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Abstract Emotion is one of the properties of the sense of touch. From the view of design, the present study explores
the affective haptics as well as human affective response, device analysis and interaction design. Firstly, the affective
evaluation method - the Valence-Arousal Space - is analyzed in haptic physiology, and the subjective and objective
affective detection methods are illustrated, as well as the connection of human haptic valence and haptic stimulus
by physiology research. Secondly, a series of affective haptic devices are analyzed according to human affective
responses. Lastly, some affective haptics design guidelines and principles are introduced in design perspective with
the help of affective haptics research results.

Key words sense of touch; emotion; affective haptic device; haptic interaction design
ﬁIJT ‘?%ﬂ%’ﬁfa[l fl s A = S R IR
1 s AEBERK m, BERCKFRISZE P R 1 TR LG

ﬁém&ﬁﬂiiETFﬁ PERBE L B IR K

fi BE RN BOARERR AL, I BE T R = A1 IR
Ko MARHET BARIIIE, LREERIEL,
HAL A AN R SR K Iﬁlﬁ it thAT
AR SE s Wk AT R, AV B B

T2 e M B AEEE 70 AEARHD, Bl A DY ik b 52 245 1)
KRIU2]s v O FRY R3] IR AL, (R IX — AR
TN, T — B AN 0 A PR ) 55 i i 1 o0 PR 52
B TR R BOC R IEE . 7EIB T THT, 1980 4F Russell

WA E ) 20184E6 H15H ; S cimiic B H . 4E-H-H R RS i, AU 2[5 5K 8 U HHRIK IR &7 s 15 %
(N0.2016YFB1001402). [E 5 [H #AF} 24 6 # s 00 H (N0.61232013) ¥t Bl). FEFH(BIEIER), B, 198744, ML, Mls/Eafsibe, LEBRGURN
fib e A8 By SR8 H.E-mail: jymars@live.cn. Hong Z. Tan, %, 19654F4:, 84, #d%, FEHFFe48 A3t 28 B, E-mail: hongtan@purdue.edu. 74

W, Y9, 195944, 4, #IR, TEMR
+, ¥R, EEHRAECNE B EAR

SN E AR P R . SCE A 5 k. E-mail: ygxu@tsinghua.edu.cn.

e, B, 195944E,

BUEEFISB @R LARME, UEZSEBRR, REMSMER): 18001261425 E-mail: jymars@live.cn BLEB4Y6"5 H1A*


mailto:jymars@live.cn
mailto:yqxu@tsinghua.edu.cn
mailto:jymars@live.cn

2 it B LA IR

B IR AL 7 (40T Q) T N ) R
WE7T, 1M Picard HIXH) “HEREGHE” HIRHHKS
MWL ARG E 5], BT AP A RE AT
RETE -

ST, Rl i ol )58 L R A AR AR SR 2 D4
INZE R B oAk F AT, 3 & B R
A HIRAT SR BEE A R, EEan 5 A
fiy HEIE, RIEAE LSRR, DURGRS). &
S e pts T HL DA fik v #R AR R T B A
TG T o B B A b, = SRR i
wAE R . B LR, HATAL AR S
APy HGENE, MRl R B,
FEAIE 2 KBl e R BN IR A
B ORI SO T i 58

B R A i S B R BT, AR SCE SE NI
FEEVIN, PRI NI A BRI T 05, DU fi
AT B R LA A KA, AREE 1
JEBBVRFAE, 6 H AR fik o 175 BT ST REAT 20 A, B
TRl e g AT o i B2 45 5 BEA% 38 E T F T R
PE, $G5R M TSRS fJE, R Ll A5 N
TbE AL T, AR AR AT B, B OR
fi it 5 B AR I6 ER AT TR IR

2 AXmsiE S RYBRR RS

21 BRFMAR
NSRBGS0 B 0%, WHE KU, HATER
JEAIE T A P A I RPN 7 20 2 VT A 4
FEVEAT » Hevner 7E 1935 4E3&H 1 67 Fia] ik (117
&, IR 8 RIEA[6]. (HAZXFRTT AR T A
[ 2 ) 155 Rtk = A7 R SRR, DR G A ik i 155 J 43
o, ZHCRAEE TN EFL. 1980 4E Russell #
BRE T MR B M (Circumplex Modal of
Affect)” [4], F NI FTA 18 2O LB —A> “ i B2
FCBREE” ) B B AR R, ] 1

2094F
3 VA
g . (arousal) 75
(distress) (excitement)
HE e
(misery) (pleasure)
HIES ,
(depression) (contentment)
J::
(sleepiness)

Bl 1 ERRIEERY [4)

TEAZIG BB v, BEARBRARZR A 15 BE (Valence),
AR IR P (Arousal), FEAN4E S22 2RV,
H AR Z iR B RO, B koze 25 0 s, TIRER
TR IR . ez, BT O, N EFE
FERT, 1R AL AR N EARDS . B 1 fr
TPAAFR N A ) 4 S Rl %A Tl IARAN£E
R At - RS FEME R, SRR 15 stE
SO L[7]. BRI, N BRI SRR T LISK 9 2] ph S
F55 %) Ry i PR AR R ) 5 P i A R ) P — e

PORIE BB 2 —Fpfaig . EDW HA R 1 2%
M7 AFETISEKZ M 0207 K, AR
FH A o0 BE AN 9 FE R IR AT 1%, A g 1 I A R
o T34k, ST UHRBA, —ubmamdE “AaniE”
“ERPE” 2 Ah, REY R 2 YERE, i “aEd
J&% (Dominance)” [8]. {HSE463R B2 1 5 5 573 A A
YeRE R I— B WAH DG, AN DN DA 25 A 1E 2
I =NERE . PRI, H AT B B A 7T £ 2R
RGP AN B i ey e JE TIPSR AL, AE
FIANFERIEE ST UAER TN, Jf € 25 HiZ
5 CE A 0 - B Y T A AL B, 33 T S S A B
BUE 55 NSRRI R .

2.1 BRAFN AR

BT Bk B PRIRE BOBE A, A fih A SR AT
W, H AN EE NGBS WA S S
TR, 2 QIR B 10 52 - 5 P PP 1 o 38 1 S )
W WA F0 I = i 4 18, R/
JIREARE S RN I A0 FHE 5 30T E P .
R B Ml i 17 S S B e L Bl B B T
FEREE A5 5 (WD) BEEEshE), RE M
JE B 25 A% AT 5 78t 150 B2 AN 5 FE PR AN 4 B2 1
A, MR ST A w5 5 A B B BB & o Wit
WY HIA K% Lang BUZ4EH 17 “ BIRVE AR



24 PE# 405 U8 H 3

7Y (Self-Assessment Manikin, SAM)” [9], J#Eit/NA
AT SRR I T A by -5 40 R it - 3 e P 34 % ot

T, K 2:
E=ERIER
e

K2 AR AEBAL9]

Z A RN BRI E AR B AR
&7 AFIREFERPIRES, 53 IMEPI P AH AR IR 18],
NAENT 4 AHIERES, IWIEREANYERE A 9 Fi
RSB LR . SCIRUESE, BB BRI
ITZ AR AE DX 0 FEA A 2% FE v A IS 1 Lt ()
iy, T HFIE VG Z, BRSSO fih o 17 J%
A UE S AT T A0 o PRGN P 2 47 U s B 1) 3
M. [10, 11]

F 7 AT DAL B i 1 i, HL S Ee AR
KR HL . SRT, 7 SO EE VG BSLIGRT 5, #
T e 5 R TR VA A HERR R 2 B O
FEAE IR, X o TR, 6 E S
fE B BN T —PEE EAN T, 4R ge
Az F MG IXLeH 2 F U7 AT REAER)
i) 7

AR =R & 7 5K, il &y SR A Ah
FEMEL, WA E IR E ISR, 1R
SoL B EEAE . RN EE . REE
PSRN B — e FEEE _EHEN A 15 BARES
T 51 N B ik F (galvanic skin response). » % (heart
rate), T & I ) TG Bl A A A P2 (unmyelinated
afferents) SRl 5245, BEMAED)EFIRE 22 PR
SR N 15 BORAS

TESREEAESE b, IR HAIO G S A RHIETR
W, seSismRm R gE s SR 2 0. A
(I R R 2, RREAS SRR, 2 TRAR.
?EIHZTUKXJLU”J TR R RE . LR MR 4R R

b, ISR RL R, a0 NA BRI KR
T AR BE AR F g, N faitse, [FImS
TCRE B L N2 RS2 25 (C-Tactile) W BT #A[12], T
IEHEWT H C-Tactile 5 A fir i i 150 FE 52 TEAH GV

B0 C-Tactile SEIRARVT [ HEBIHH S
RO R . K 3a Fios, A URR 45 2E B 1%

Y M RIES), R NBRER, S50 -
AR A, F=AE BEIRIE A o
bsm ESV)=:
aggg % 44 44
W 25 o4
@l HKIN
B 04N
01031 3 1030 0103 1 3 10 30
& & (cm/s) #E (cm/s)

Kl 3 C-Tactile #1220 SEH0 K T8 FE M Do 6 R 41T [12]

B % C-Tactile A1 3= WLESZ (R B, JRAZ 28
PEPRETBOI AR 5 1 150 %o T8 52 1Y) e 508 S ] 3. 3¢
Frss BANMTZ 2ARRME, HI5aE “u” &L, Hria
H AR IR, 3R PR I R B A 15 AR 5
RHZSEER 250 . 290 Bk B B2 R R T 0 21 1)
fi A5 SR EEYE A 1~10em/s,  Hfil o & 7780
I, e R R 12] -

IR TN N ALE ) A FE A TN i A
TR AL, SR T TR D ok i B % B AR A o 2
et 7 EE T EIS AR 5

3 MBI F I

AR A B A i 15 RS TR AL, 7EIAT OB A A
FRZMT, —Sefl S AR MBS B4R TT R, ok
PRZE M 5 15 B OCHE,  JEN il a8 BT Eft T
T A o
3.1 IEshER(tactor) RAHRIR K

Weshas, SRsIDIE, & H AN B A i
RGN AR Z &2 —. BT BieFR.
FI, AHEZ A FRESENE TR, IR
BB, FE5 R by, N B2 4%
Al AR AR IR BN (S 5, AT S BB I 5 e
TERAIIER . BERY, FRahEs T LA S
ARG TRSVNH . FRBIE, DRASIIE,
X ARSI, Yoo ZE AWFFT T iX 4 TiRBN %S
5N RS 6 B [13]. 1% 2Bl — v A5 7



4 it B LA IR

207%4F

LNEMIRABRNEEF IS T, HPFEFI, &
XA R ZEH G RRIE T, AT i -5 FE =5 1)
=RV sRBELERE DT, HROEAIRS) I F 5
FERIEAR, &R FLEAE I T BEHE =0
B, AR S 5RO I R AH DG s MR U7 T
PRIE S PIRBN AL LA 5 b 2 AR O, 4
15 AR AE S LG L T RESR R [13]

e, R IRBIARFA TS, -7
B (L SRR ARSI 5D S IR KRR B PR
PRE, BBt FH P AN S o s 4R R T .
FAINHIRENINE X 60Hz iZi i = 2] 200Hz B, i
1ot 5 RS FE AR — e Sy, 2 B ARl ve IR B 491
{00 0 e 2 e ). N TR R MR A i X 200-
300Hz )HR3) AU [14], DRI IRIEAEIX — 6 B,
NPV B ETIE . PRIk, DL g5 n] DB 24 i
WAZ B AR BEBE S S v, n T
H1 200-300Hz Z [A] IREENA, HAF 5 58 LLAIGF
BRI N E, AT .

Z AR A A G IR 2 H AT AT T
= RN ke S ey Ak e s TSI e €
(R —2e “EEn 7, Lok 2 M RSE A 5A
) R ke, 4% BB S IR B0 I AR B0 A K
AR, N2 iX e g S R3S o —
MNELAE T, MR — BOESE . #2301 o
&5 (FXN apparent motion)[15].

XTI, van Erp #4% H) R 3 #4400 282 ) fi it
BahE5(16], I FAEZ MRS 5, ] fh
SR A AR s B ] 4a PR, 4 MR
s R, AMETFEAN. RIDFIHE—AI7H
WIKIRSN, FRPES Ml (E T . @i s, EAH
BURIREENT, SR sE FEN 10em/s I, B 1) 1
Pl fE ek, Wl 4b. bS50 2.2 AR B SR04
VAW &, ATIESE 1~10cm/s 112 3038 5 A fih o B FE
IR RS o

b 7 i
% 65 I
0
%= 60 I I
g{ 55-1 [
3
i R
z (35%F AHRIR)
N OIS i ]3 ITO 3‘0
B (cm/s)

B4 IR LR SO -t i L R R AT [16]
AT FULE VR R S5 5 BT B A A
HECERIRBNE:, 2 A IREh &% (R R 2 HEAT AT DA% 3
FEIMES (RN E . BT HEE). 5§

IEIEET, Wrh IR EE Al 1 R R R RN, H
JUERESZ filvi [ At AT At 22 EL IS B v A i 2%
W S E AR Tk i A8 B KSR o
3.2 fREERRE

i bt . 7N 13 7% (Tactile Display)se —Fh) 2 138
%, BONRE AR S S AE R B4, RSN
AR FEN o AT DRI BN T Se B 5 4% 7 1
YUk, (EIXAMAIE, Bianch #IRIRR TR T 9i4W)
() 2 3B it S 7 2 [ 1 7R B = AR SR AL 2 57 I 21
ot R ER[18], Wil 5-6:

B 5 BTSRRI B i BoR 2R [17]

Bl6  “Z” SR B8]

Bl 5 MRS FAaE ity & — gl
Y, Wit IE I AL AT LA SR R S s Rk
AL SR . B 6 M ilid — Btk
ZUWIAE N T b A S BEiE 5y, DAL ™ AR 2848
CRILET TR« LA EWIAN B kK S KN EE
BOREE . SRS T SRR ST T, R
At eI AT IR, B T 3 e,
FA P RN I BE R . 4518 SRS S IR shiE AT
(R sZIE — 25, BIONFR fk 5i 175 AN ) T 42U 5 1)
il 55 . ARJE, AENIB R E R NEE R,
ot B . FHEPTIL, E (1~10em/s) (1) fiie
&5 AMUEH T R RRIEE s, T H—
5 E A B AR 2 Bt R ARE H -



24 PE# 405 U8 H 5

3.2 HARVRKMIEE R

FESARAZ A, SRR AR B2, AR
M RS2 FEAFRECR, JCHE R0
SIS RORAS . Drewing B H)— W FIRZE T A
G f5E 47 FIASF I 57 B A R SR IR [19] o
KIS, 47 M FCRAEA FIGE T 5L, P A RERE
REA FbdR, e R A, Ak
B, JF LU0 RE -5 R A 1] 25 AR O 5. A SR 45
R A 5 1 LU L REAT VLR 70 #, R DL IR
JR T 25 1 S 1 R AR S e 95 o A M JEE 3 T »
OIS FRIRELRE P 55 5 2 S B S ) AR S, B IR
FSCRELREE , i 458 A 150 P52 S22 BB AL PO BT o 170 4 558 P58 5 T
B RIS 2RI .

HIEAT I, BV RS 2R, i
FErf, A B I A RETE 0 I 1 /K
PEAE A S B BETE R, R 2R A R — R )
MIAZHENE SRR, A REE I AR
JUE R, TEBELF RS H H
4 BT IR EIRTT

85 R 43 10 fich o A7 S AR B 9 D i i AR IR A
Bt ft 7 BB EIR SO, bR Bl bd 5
B TR B — () 5 T R 7 1 H A i B
WEFRISEIE. Eanif e Al IR BN &%+ it o
e B SRR 1 e 0 1 S A T A TR ABILAZ
B skbrs st Pt T & A Ak i S i . A
1 TR AT SR Ak o 155 JEAT T R, NBETH A
TSN A, SR e S B THE 3
JE U
4.1 DUt A R RO ZERY

FHLERRSE AT 5, i (0 A BRARF A5 O 5E T i e
W5 SR BE B, A B AE i ot (R 28 LT
R i v R AR AR BUBCEAE — N A B AL
Mz b, HARTA EAT AT N A fid b ) A
R MR

tanfE BTt Sele . MRThREI AL S, &
LHEH P A R R O, R i e 15 = (15
BEHEAT EE N, ARG BEns i i i D )
FENFE L. AEORUETHRER R ST 1 F P ) g
o WRJE, HATHI ISR R S ]
BT LGN find P8 1 7 A A SR PR T g
Ko BT SRMIRE. T, FiEX
GRS, BEEZILEKRSRENIZEIESE, 2%

g1

C

=l

T AN S A IR P 3R T ik o 58 L 7 T K
4.2 RN ITTR SRR

fioh o F4) % o AN A2 L PR 2 — A ik i 1 1 3
S TURIBR SRR R PRk 2 H
5 5N F R IR, Bia B, P
Uk, 0 R B fh v (4 I DR AR B SR TR ARG T AT
RESRE— B TROK,  SEIRAIRE R P A% AN 22 Tk
o NI—HEE, “RP RS 55 i P RS LI
FWEAZ, 10 TR ASZAR KRR B 2 AL 1 iR
& B, AR K T80, IR
fish 5 52 LA ) B B i
43 BMEH. T MRS EERE

WIHTSCTA, fil e SIE A RN, LA
AR, M50 Wr s Mt (15 A2 EAE J1 KRB
70 2: 1o L, fil 5 58 BAT FEAML A IRAL i ot
e 2 RE ZWIER A . e IS (VR
s, JERE ] WA, SRR TUR I [RI
M F4E. SRR AL A2 21 5 HE A0 5 UL T (0 i
WAE T . EZIMEZ LR, BARZIHERZ L
FRAANHE, EH/OEEE S, KRBT
B 2 b B, Wit RER A RS
RLTE AT oE 1 A 45, REAT BAR 8L, s
ICE TR TR, N E S ST — 1 B R 1
(LXvE

gi b, fuvt 32 B AT KT 7T S s
F e JEIEN ik v A BERS R R I OB, BT
FLLLSE O SEA, A i b 45 5 G AL T )RR
Ko RN 75225 H Al I 10 i 0 17 JE B 6 BT 7T
BR S BER BARSE B SN S bR as REAT ¥,
R SR SE A R IR A

& Z XM

[1] E. B. Goldstein and J. Brockmole, Sensation and perception. Cengage
Learning, 2016.

[2] L. A. Jones and S. J. Lederman, Human hand function. Oxford
University Press, 2006.

[3] G. T. Fechner, "Elements of psychophysics, 1860," Dennis, W,
éditeur: Readings in the history of psychology, pp. 206-213, 1948.

[4] J. A. Russell, "A circumplex model of affect," Journal of personality
and social psychology, vol. 39, no. 6, p. 1161, 1980.

[5] R. W. Picard, "Affective computing," 1995.

[6] K. Hevner, "Experimental studies of the elements of expression in

music," The American Journal of Psychology, vol. 48, no. 2, pp. 246~



i P R

207%4F

[10]

(1]

[12]

[13]

268, 1936.

J. Posner, J. A. Russell, and B. S. Peterson, "The circumplex model of
affect: An integrative approach to affective neuroscience, cognitive
development, and  psychopathology,"  Development  and
psychopathology, vol. 17, no. 3, pp. 715-734, 2005.

H. A. Demaree, D. E. Everhart, E. A. Youngstrom, and D. W. Harrison,
"Brain lateralization of emotional processing: historical roots and a
future incorporating “dominance”," Behavioral and cognitive
neuroscience reviews, vol. 4, no. 1, pp. 3-20, 2005.

M. M. Bradley and P. J. Lang, "Measuring emotion: the self-

assessment manikin and the semantic differential," Journal of

behavior therapy and experimental psychiatry, vol. 25, no. 1, pp. 49-
59, 1994.

P. J. Lang, "International affective picture system (IAPS): Affective
ratings of pictures and instruction manual," Technical report, 2005.
M. M. Bradley and P. J. Lang, "The International Affective Digitized
Sounds (; TADS-2): Affective ratings of sounds and instruction
manual," University of Florida, Gainesville, FL, Tech. Rep. B-3, 2007.
L. S. Loken, J. Wessberg, F. McGlone, and H. Olausson, "Coding of
pleasant touch by unmyelinated afferents in humans," Nature
neuroscience, vol. 12, no. 5, p. 547, 2009.

Y. Yoo, T. Yoo, J. Kong, and S. Choi, "Emotional responses of tactile

icons: Effects of amplitude, frequency, duration, and envelope," in

[14]

[15]

[16]

[17]

[18]

[19]

World Haptics Conference (WHC), 2015 IEEE, 2015, pp. 235-240:
IEEE.

L. R. Summers, Tactile aids for the hearing impaired. Whurr Publishers
London, 1992.

A. Israr and L. Poupyrev, "Tactile brush: drawing on skin with a tactile
grid display," in Proceedings of the SIGCHI Conference on Human
Factors in Computing Systems, 2011, pp. 2019-2028: ACM.

G. Huisman, A. D. Frederiks, J. B. van Erp, and D. K. Heylen,
"Simulating affective touch: Using a vibrotactile array to generate
pleasant stroking sensations," in International Conference on Human
Haptic Sensing and Touch Enabled Computer Applications, 2016, pp.
240-250: Springer.

M. Bianchi and A. Serio, "Design and characterization of a fabric-
based softness display," IEEE transactions on haptics, vol. 8, no. 2,
pp. 152-163, 2015.

M. Bianchi et al., "Design and preliminary affective characterization
of a novel fabric-based tactile display," in Haptics Symposium
(HAPTICS), 2014 IEEE, 2014, pp. 591-596: IEEE.

K. Drewing, C. Weyel, H. Celebi, and D. Kaya, "Feeling and feelings:
Affective and perceptual dimensions of touched materials and their
connection," in World Haptics Conference (WHC), 2017 IEEE, 2017,

pp. 25-30: IEEE.



	基于情感的触觉研究及交互设计
	Affective Haptics Research and Interaction Design

