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Objective: The goal of this research is to study the driver's acceptable level of vibration
intensity and duration as haptic feedback during conditional automated driving.

Background: Gradually, the driving of a vehicle is being automated, which frees the
driver from driving. As various activities become possible as non-driving related
activities (NDRASs) in the vehicle, driver's attention level gets lowered and accordingly,
visual, auditory, and tactile-based feedback must be properly provided. Unlike visual
and auditory information, which can interfere with driver's concentration and confuse
situational awareness due to information from many systems, tactile feedback is
presented as an important feedback method in a way that can improve the efficiency
of information delivery about safety. However, although there are various situations
in which the driver is informed of the change of control right in the NDRT (Non-
Driving Related Task) situation, there is still a lack of research about the intensity and
duration as haptic feedback.

Method: By establishing an experimental environment similar to that of a vehicle,
the vibration actuators were placed on the seat in a 2 < 2 arrangement on the seat
pan and seat back. The vibration was implemented using Arduino equipment and
PWM control. The experiment was conducted by combining the independent variables,
the intensity of vibration (1~5V), and the level of stimulation time(1.5s, 2.5s, 3.5s,
4.5s). Dependent variables, Error rate and Preference were selected, and Preference
for the seat vibration stimulus position (1. Seat back & pan, 2. Seat back, 3. Seat pan)
was investigated. Preferences were all collected on a 7-point likert scale.

Results: Through ANOVA analysis, there were significant differences in the intensity
of vibration, stimulation time, and the interaction between the two variables, and
there was no significant difference in gender or age. Subjects were able to identify
vibrations from 3V, and in the case of stimulation time of 3.5s was the most preferred
at 3V and 4V, which recognize most vibrations, and 1.5s and 4.5s had lower preferences.
At 5V, 2.5s was the most preferred, and from 3.5s the preference decreased sharply.
In the case of the vibration stimulation position of the seat, the seat back had the
highest preference, and in the case of the seat pan, the preference was very lower
than that of the seat back and seat back & pan.

Conclusion: In this study, the minimum level for recognizing the vibration stimulation
of the haptic feedback in the vehicle seat and the optimal stimulation time according
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to the vibration intensity was investigated through experiments, and the range that
could accommodate the haptic feedback was derived.

Application: Based on the results of the vibration stimulation level and stimulation
time level for the haptic feedback of the vehicle seat in this study, it can be used as
a reference index when designing the haptic feedback of the vehicle in the future.

Keywords: Haptic feedback in the vehicle seat, Vibrator locations of the vehicle seat,
Vibration recognition

1. Introduction
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2. Method

2.1 Participants
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2.2 Apparatus

2 HE2 A AEQ| Haptic feedback M3 2 28l (Figure 1)1t 22 2HZ0IM TS 2E HiX[= M A4(Chang et al, 2011; Ji et
al, 2011; Wan and Wu, 2018) &2 &15t0] At FARSE A|EO|A Seat backill Seat panOil 2+ 4742| TlE ZEE 2 x 22 H{X|
St RACHFigure 2). X5 £ HS3H7| 2/8h DC 12V, 6600 +10% RPM AFQ| Eccentric motorE A3 S04, Eccentric motore=
b &% thedE 7EX| 2 O] HAF MEL 22 48 MEWM £4H =2 M3dts O AHEELCL & Z&E Arduino
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Figure 1. Experiment environment

Vibration
2x2)

Figure 2. Vibrator locations of the seat

2.3 Characteristics & control of vibration

TS 7342 PWM (Pulse Width Modulation) M O{0f Sdff L= E M0 2 Eccentric motorOf Al Z150| Y= BAl0]
£4 s Foe?2t FOX|H 2lE TIZ0| Fotetof w2t Fot=of thot B =7} S7F8CHMorley and Rowe, 1990). 2t G171()i et
1

al, 2011)0] T2 HYV) YT TS B2/ T Molo] M3 Bre HYHy) YT TS| WEEG) Af0l2l M BAE 5
Ye 4 lon), BE| MY Y0 M2t Fobet TB0| SA0 F7ES HOIFUCL B AHS YN AT MY ATXA 482
BIEIO 2 HYNoS Soi TS M7IS HOfSIHom, WA Chedt 2t TS BE Hots PWM X0 $AS S8 Pulsed] Width
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Figure 3. Pulse width modulation, PWM

Figure 4. Relationship between voltage of motor
(V) and vibration frequency (Hz)
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3. Results
3.1 Error rate

ol 2{&(Error rate)fl CiEH EAHEA(ANOVA) Z1 Table 11t 20| M A(Volt), A= AlZhTime), HL(Volty*AI= A|ZHTime) BSEHE
ZE SAHCZ Rol0lgt Xo|7t AACH, Lt Y 2F AMO|= ROASHA LIEFLIR| QAT

=

Table 1. ANOVA results of error rate

Source Type Il SS DF MS F p-value
Volt 857576.000 4 214394.000 2601.433 .000™
Time 14983.333 3 4994.444 60.602 .000"
Volt * Time 24946.667 12 2078.889 25.225 .000"
Sex 120.014 1 733.938 0.075 0.784
Age 5871.500 8 450.590 0.458 0.886
Tukey HSD Volt 5V, 4V < 3V < 2V < 1V
Time 4.5s, 355 < 2.5s5 < 1.5

*p<0.05, **p<0.01

U HMA(volt) =0 Hkt iOHKI . A= AlZhTime) 0| FAF ZojRlof| wat 2 xt=2| QA @F 7 ZAstn F@Ho= 0
Algh o= QURACE MY VoIl Z< 3VEH 0280 43 Zaste A4S 21, 4v O|F2EHE 0280 LMK A%

= AMtTime)2l 8% 1~ 3v01|A1L 15s7F 7t of|2{80| =A LIEISEOO, 355, 4550141 Of2{20| ZAakls AYS 2Lt MY
(Volty*X= A|ZhTime) 7+ Ol2{82 EUS T 3V, 4552 0420 YYEX| U332 =g £ ACHFigure 5). ALZEAM 202 M
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Figure 5. Error rate for voltage and stimulation time
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Z(olt)2 B 5V, 4vE LT UHT22 YYETM 20| 7k RA LIER2H, VoA V2 245 X =2 o2les &
AUCL AH= AlZHTime)2l B2 455, 355 St HHToz AYEBA 0220 7HY WA UEHRSH, X5 AlZto] BHE+8E &2

olzigs E%ch
3.2 Preference

45 & (Preference)0fl CHEH &AHEA(ANOVA) 23, Table 29+ 20| T (Volt), A= AlZH(Time), T Vol AT AlZt(Time) D22+
D2 EANoR Q0|03 KHo|7h UACH, HHI Y 7k Xjo|= KOSt LIEFLIX| 4t

=

Table 2. ANOVA results of preference

Source Type Il SS DF MS F p-value
Volt 1017.000 4 254.250 1075.863 .000"
Time 154.793 3 51.598 218337 .000"
Volt * Time 426973 12 35.581 150.562 .000"
Sex 0.037 1 0.037 0.013 0911
Age 4143 8 0518 0.175 0.99%4
Tukey HSD V.olt 1V <2V <3V <4V <5V
Time 45s < 155 < 2.5s, 3.55

*p<0.05, **p<0.01

2 H(volt) +=F0| FXt =ZOFX[L, A5 AlZHTime) &0 Xt Zo{Fo| et FEH oz FF X=50| ZBXOo=Z QIA L HA
M7t 2O0HKE A2 &g & AUXIY, TS M7|of THE A= AlZHf CHSH S0[™S 2HQIoHRICE T (Vo2 B¢ 3VEH M
S 45 B715te A2 € & UM, A= AlZt(Time)el B 1~2VoME A= AlZHol| 2 M2 = AHO|7h GIRMX| T, M=
E 7t 20Kl 7242l 3vet 4VE 355, 255 ©2 =2 E2 M2 LS HRYUCH, 1552 4550A A= AlZt0] TES QABH=0 U
T AL E= ZOIM U3k F57t oKl FYS B, 5ve| BR 255 155 ©22 52 MEE EQl B 355 4559
Mo =7t S45HH HolgS &g + AU &, S M7I= sVEH A= AlZo] Zo{Fo| et Mo =7F Hopx|= Ag & + o

ChFigue 6). AF2E4 20t H(Vole| < 1Ol sve 2F SEHQ FYHoz JYEen, Yol 57158 At Uo7t
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Figure 6. Preference for voltage and stimulation time
ol%® & ChetelZtsstal x|



31 Dec, 2021; 40(6): Detection of Haptic Feedback from the Vehicle Seat during Automated Driving 449

HACE XS Azt Time)el 2 7H 2 A= AZhass)at 7+ B2 A= AlZH15s)2 SR UHe R LIERe,
Xl

= Heol SN2 DdHAt TS XSS 8 + Us FEM A AL IE {20|E Xt0[7F UK THfsty| et A
TSIRACE dEs Sl AIEQ TF M7 et XS AlZts o ez HMEe W LAt FAHz 24 7tstt 1S
O M7l == R M2E7t 52 S A5 AE =55t DXl AlE TS X=50f e M= {IX|§ 2SRl Ts2l 47|
(Fehot A= AlZh Zte] Rofoh Xto|7h Q=X elsty| flot FEH XEZE Of|2{E (Eror rate)dt YEH X EZE U= & (Preference)
£ S YOorEteH, ¥ 2t MEXA MI = TS M7Iet At= AlZHo| Chet Fol0fet Xj0|S MLt

Olz{g ZME Sl TIs A= Al ML Vol)HA 1V (9Hz), 2V (18HZ)2] A2 TISS MY GjiLf7| oSS =2 oLt 3V (28Hn)FEf T
EEo LA 2E A=E2 ASHHA 02120 245t dAdts 42 BN, 4V (7TH)RHE o 220| LM (X §URUACE
Ol Aa%to] XE X222 E 3V (28Hy) $FEUA 12{8jof st A2 M E 4 QICh X2 AlZtTime)oll A& 1~3V7THK| 1550
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Y
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OlZZ2 Llle A= SiMEIL

Mz ZutoMe 3vEE s A0l tfet dae FHIt 4817 S7tee ol = JUASH, 3V (28Hz), 4V (37HZ)0lA 3.5,
255, @2 Mz E7b &7 LIEtLtE HHH, 155, 4555 M2 I FAH LENGHOH, 5V 46Hz)RE & 255, 155 ©22 &2 42
T B HO0[0h7t 352 FA Mo e Hpdt @A UELe 82 &0 = ARCE 0|8 &3l X=9| 47t RE+E =
2 =S Mg QM 2 RF AlZtE M=stn, X=0 227t Ot maEt MAF A2 KT AlZtE MEde AR df
ME = Ael, F, T A7(of met Mzdts Ri= AlZHe] XHo|7F US S olsHRALt

MNE TS A= 2K M=k dutzs s X=0 tfst A|E (X 2+ |2|0|st XHO|7F AALD{(F = 216587, p < .001), Seat back,
o of
=

2 == RALCk(Figure 7).
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5. Conclusion

£ QT K1 AIEO| Haptic feedbackdl TS ZAIE TMol7| YOR KIS MY +FI KT AIZt +EE HBoH0] ALBAT} 5
AMo2 TS AINO| THs3 MY S X1F AIZIO| s Rol0j% ATE =EGHYON, AlE WS A3 M SINE ol
+ Ut

2 Y Z0E sty Tse ZEE 3V 28Hn)RH AN QM| AIESIH, X3 A2 E TS9Ol 02{80| 24¢| ®
Of 3V (28H2)Q} 4V (37HZ)M|A] 35s, 2.55 =22 M, 155, 4552 K2 MSEE EACE 5V 46HZ)0| A= 255, 1.55
Fon, 1 oMoz XFE F42 MBI @b A2 &Lt AE TS K39 M= X2 & Seat backs 7HE
2

olec

—_

2 9TE SO SEE ABR| S Aol e HA Y Y| W WS £FT KT Azl 2
Z

Haptic feedback &4 A| =30| £l XtE2 E8E £ Jon, 2 Ao sHA2E & | ®|A Al
& M7IEY) W =T Al 2 APE ol HASHAXIP, Haptic feedback MBS shAl= O A7 ZtE HIZCE X5 AlA}
£ =5t Mol TE A= xgfs = We =% 277 2o
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