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Abstract: In response to the problem of lack of haptic
feedback or overly simplistic haptic feedback in the virtual
buttons of automotive user interfaces, three types of real
physical button data (toggle switch, self-locking button,
reset button) were collected, and button features were
extracted. Different vibration feedbacks were achieved in
segments based on finger pressure. Subsequently, a haptic
rendering method that reproduces button compliance was

further proposed, and its improvement in compliance and
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user pleasure compared with compliance illusion methods
was verified based on user subjective feelings. Finally, a
matching experiment was conducted, and the
experimenter matched three types of virtual buttons with
physical button types based on haptic sensation. The
overall accuracy is as high as 94.33%, proving that the
vibration haptic feedback of the proposed virtual button
effectively restores the unique perceptual characteristics
of different physical buttons, and users distinguish the
type and state of the manipulated virtual button without

the need for visual attention.

Keywords: automotive user interface haptics; surface

haptic feedback; virtual button vibration rendering;

compliance illusion

Bifi %5 V324 NI RE ALY & J |, i 1 45 S AR TT ¢
P4 B 0 G i T i 4 5 R R BB 2 T AR
B SR R 22 B 5 5 R g 2% 1T TGk B A A BE
P T AT BB sl ki S 5t . R RE VR AR TR B A
BRAACH ST, 2 B S e AR E T AR R, S e
IS BAE O T T BB S A BT S T HE 55, 1 ik
e ST AT DA E Ik R R 2 3 N DA% 3 AR B A
TR 2 B B A AT B (R B s = . ARAER
ZR BT A SRR AR BT I AN T B — 1 JE A
A, A A EESHRES TENHP R
B R it B2 5 Y R APL L T RE 23 R AR P AR A
AR, 38072 0 D3 (14 23U FIVRES 158, DA T 532 M 72 36 %) 22
S

TR P FUTE AN Sl i 248 O P R TR
IR fihbe S o B XTIl , Beruscha 25 ]
Pitts 55 A58 2 W, A 7 ki F004% S B 1) 15 B4R B0

SEN S

5



5 6 1

Vefless, 45 - JF TR BRI IR 4 AL S R 1 it 57 7 857

Bt /b 1 B 53 AR B T B 1 P i) A 0
TN TAE R o BB 557 AT X4 P B T AU e
L, 30 3 A P T A S 15 S B T B AL A
B 2 R BT SRR A 58 AT 58 9 B TR
S A A HE AU B T %, S i SR RT3 T 3l fk
S AUSEE i o T 20 il 52 P47 T TRk, )
MBI R LR S 2 . AR TR SR T
FR W) 17 RIS HES B T3 5 R R U MU fih 5 A
e T TR Ak 17 ) (9 Bl A BT, SR R AU A
(SR PRI o Kildal'' >R R I 3l o )37 % e , £
FHP A 2 i S AR A I PR 5 o, 1T A E
BTZ R T AP E A Kim 81 2R 20
T RSPRS00 ) (RS N, A USR5 T
LB T Z 0 Bk Sl il e 55 . Sadia 4 RAE R
S B BN 8RR, BT AN Rl LK S g
PRBNMEEFE M, De Prad5 "I T 2R BER M
JN3E REATURAT 1, T e A (R RA ) R AU 1 3% B FRE
TS T ol A R B o 0 S 158 . Wed 551 Liu 51 2
TR AT RE AR L E e, R TEA R IR S 24
TR G Y R UL B B SRR E AL A P S5 A
FLBI4- 50T 5 T8 R AU 4% B S 5t AT BT 5 A5
RS S5, HE DU BH A i i i S IF S 2 R
ST UM S5, A& TR NS H A i 2
MRF T G b, BUA IS8 ORI AN = A
LT D A4 sl ok i e84 S B LS B A T i
BB, i 2 %) 32 5 MR B 25345 25 1, ok e AR
PA FLSCHE TR S D0 $ Bt 22 b b B AR 1) fh
It e AR SCRE T HL S B A ) R
PRI R 2R B RRAE , R 455 P 2 WA 46
7 HE AU B A0 M SE TR e, 4R Hh — PR3 P P 4
T SR AT R AR ) BT STk AE R B S B
FHARRIE A4 [R) I S B BH BN 1 o By, AR A0 fioh
SRS N AR A 5 ) B AR AL AT DR C , DASRAIE fh
L™ A A A 5 B LM A Rk

1 YIBIRAEIERES A IR

1.1 WK &ES

FEAFEER AR S YA AT LA W A5 B A o
ARSI S5t , 4 F R 5 T B B LR,
vl B2 s R AN LR . fibbE S ik 5240
ST 23 SR A8 A S R e A B A% R
BEHL R H R B BORAS AL (PC i) , #5
RS S IR I 2 s . B B (SR

TIC3232T139_011C_F)VE K= isg B A i R , [H
HE SRy 38 B A s s A AR (57 T 1 s
P PR EAG A E R RIS, T 73
BRI PC ot & — R 2 5 CAD , W1t im
FHEBAT R (USB) 8 IS B S o Flfidzs A%
JEAB L H G P s (0 B 1 R M T AL S ki
TR IR, RN R 5 58 L
JE i K 2% ok 3K 2h e L L sl B (LS TDK -~
1919H021V120) , ATy A= T4 Sl .

Bl frRGEEETEE
Fig.1 Schematic diagram of haptic feedback device
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Fig.2 Schematic diagram of haptic feedback test
system
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Fig.3 Physical images of toggle switch, self-locking

button, and reset button
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Fig.4 Illustration of experimental setup for data

collection
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Fig.5 Force-time and acceleration amplitude-time, and power spectrum of acceleration signal for three

physical buttons
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Fig.6 Time and frequency domain comparison of

original acceleration and reconstructed acceleration

signals, and truncation of reconstructed acceleration signals
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Fig.7 Elastic material model with discrete friction

grains
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Fig.8 Comparison of actual acceleration amplitude

and expected acceleration

obtained from d F/dt method
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Fig.10 Initial rating box plot of adjectives
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Fig.11 Comparison radar chart of average rating of

standardized adjectives
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Fig.12 Confusion matrices for the responses
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