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Objective: Based on the two points threshold of vibration stimulation, this paper
determines the vibration stimulation type and design variables of the Multi-sensing
Vibration Interface. and performs the verification of whether it is compatible with the
actual cognitive direction when directional information is provided to the wrist using
Multi-sensing wearable device designed on the basis of these results.

Background: Most of the dangerous situations around us are accompanied by noise.
However, pedestrians who are unable to use their hearing, such as hearing-impaired
and distracted pedestrians, are unable to recognize latent danger with being exposed
to major accidents. Therefore, there is a need for an intuitive and effective way to
provide the direction of hazardous situations accompanied by noise to those who
cannot use hearing.

Method: This paper consists of two experiments. In the first experiment, through the
two-point threshold experiment of the vibration stimulation, the efficient arrangement
of vibration stimulation of the multi-sensing wearable device and the type of providing
the vibration stimulation were derived. In the second experiment, when direction
information was provided to the user's wrist through the Multi-sensing Vibration
Interface, it was investigated whether there is a difference in direction recognition
according to the user's posture and the vibration providing method. The experimental
apparatus produced a bracelet-type wearable experimental device using Arduino UNO
and 3D printer output, and conducted the experiment. As the dependent variables, the
error rate as a quantitative index and the preference (7-point scale) as a qualitative
index were collected.

Results: In the first experiment, the displacement and time interval between vibration
stimuli functioned as main factors that influence two points threshold. The results
of the second experiment showed a significant difference between the error rate and
preference, depending on the user's Posture and type of vibration stimulation, but
there were no differences in gender, age or group of subjects.

Conclusion: It has been confirmed that users can recognize the direction information



J Ergon Soc Korea

ArSAH ZH, AOfH, OFEE, 28t 20| of

b
1

of risk factors provided through the multi-sensing wearable interface in compatibility
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with the actual direction.
Application: The results of this study are expected to be the basis for determining

the design variables of the multi-sensing vibration interface and developing wearable

devices that direct the direction.
Keywords: Wearable device, Multi-sensing, Vibrotactile feedback, Two points threshold,

Direction recognition
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1. Introduction
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2.1 Method

2.1.1 Participants

£ & A= Two points threshold A0 &oi$t DAHX= A 2420 EXM7t gle T 2082 YO St 9y FREOEE
ME &OXHE 20~300'E XN FHE(H=266, ETHA=360), '40~50CH'E 1 HH(HR=519 EFTHAI=4652 2 2S3C} AH &
OjAH= X 0] 10, 1 HHO| 10HO|AD, MER2E= "HXF7L 109, 'O AF7F 10Ho 2 YL QICt M AoAE2 MY © MY
7I-7+g| o|AI—o| OI'— J_|_| IkIpN |.E ﬁ—_—-]_El_I o|-7| |6|- H= f-lo 711:1[}‘

2.1.2 Apparatus

o ABE s A= M32 flt VSZHe 21 7S HuX WE SE 45S IR 0] ZHY 7|7|0|M F2 A
&&= Jinlong Machinery & Electronic AFQ| 20|A T EFQ Linear Resonant Actuators (LRA, G0832012)2 AMESIRICE & 42| LRA
3D ZRE EH¥ES 0|85t0] THE W HE{Q| Qloj2{= CIHIO|A Dol o Mo £A310 10mm HH22 AHZ|E 2EE
ULE HABIACL & &S ZE2 Arduino UNOZE MZSH T HO] 2|20 HABIAL, 0] 3|2= PCOl AABIY C++ ANE
7|8t 2 FHE 'Arduino 1.8.13' Z2IHE 0|83 TIE2 H|0{3t R CHFigure 1).

4> M o rtr

Figure 1. Experimental apparatus

2.1.3 Experimental design

2 dYoMes s X229 ojF AlHo g2 F= Q002 msty| st S0 siYsts s ZF 749 2 (15mm,
25mm, 35mm, 45mm)3t TS Z& 7F X7 A|XKOs, 0.05s, 0.15) =F2| X2 &8¢l TS A=2 HMISHRALE TLHBHF-E = 0l2E
(Error rate), M3 = (Preference)E FHSIRALE O2f22 MSE T&S X120 F o] A=US QMY = J=X[0f CHso] HItstn
MBI HEE E2|H QX[ste ARE MEQIX| o2 MO|st0o] H|2(Error rate, %)2 AISEHRICE MBEE HaHe R20| &
0| Z2 QlAalztof oy LojLt Aol HeHEX|of Cisto] 2|7HE 78 M2 HIISHRICE

2.1.4 Procedure

2 A2 FH|THA, HIEA =02 FHE|IUCE FH|ITAOME A EIIAE0A A+ SXar "ALo| ity 25 4¥2 o
T OAYRIEC Mg 22 o|4 RF9 BIIE 2ot Bt =Fo| EX7t gEX Tst7| s L™ X3 Two points threshold A
A Pretest) & MAISHRACE O] HIICTHAOM LMHXSS Al B2 TS X130 & 7HY=X[0f Cist HHS @F 2ot st
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JhE QlAEo| Uo| Ot Mo 2 olA0] E|A=X|0f CHSI0] 78 E|AHE ML= HIISIRICE HE =M= oY Mo SHE
5t 2t mAYRIOICE S £F RS 7F 2H8@) < K= 2H ARE)0ll 2 127kK]|e] ZEe R 43| HHE5t0 & 4822
X2 HAl =ME A4 FE2HCounterbalancing)sto] =2HSIRALCE EH Hhg =30j| 2 D2 HAE i 122|0iCt FAAZHS
1024 FO{SIHRALE

2.2 Result

2.2.1 Error rate

olzigol thet 2AHEA(ANOVA) 21, Table 13F 20| R2/5=F 0.0501A AH2|, ARl HE[*AIA} B2EE D& SAXOZ fol0jst
KHO|7F UAZE & == UCE Y, A ZH ol SHB0| TN +=Z0A Rol0let Xt0|§ HO|X| GUAC.

Table 1. ANOVA results for error rate

Source Type Il SS Df MS F p-value

Distance gap 3.113 3 1.038 14.365 0.000"
Time interval 12.775 2 6.388 57.308 0.000"
Distance gap * Time interval 4.925 6 0.821 9.809 0.000"
Age 0.704 1 0.704 2.726 0.118
Sex 0.204 1 0.204 0.790 0.387
**p<0.01

MO =2
4 {08 =0l Zat X5 2H B2 AH2|@5mm O[ShoA A 7k Xt0[7}
olZM S flot Al2EM 23 SAX2=Z FoI0|S XH0|E LtEFCHpvalue = 0.042). &, Lt
ot #2 Ao M AMEO| wiMs| S & £ Uk (Figure 2).

AR 2O ESE HMAIE X50| £ 79| AS0IREE O HAH UM & AU of
ajzd 7t
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Figure 2. Error rate by displacement and time interval between vibration stimuli (left) / Error rate by displacement between
vibration stimuli and age (right)
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2.2.2 Preference

M=o et 24HZ4(ANOVA) 21, Table 22t 20| F2|=F 00501 A2, AIXL, AZ[*AIXH WX BE SAHC=Z |oli|s
Xo[7F ANRSZS & & AU2H, JE, ABO| oSt FoIO|SH X0l EXSHA| UL

Table 2. ANOVA results for preference

Source Type Il SS Df MS F p-value
Distance gap 469.833 3 156.611 370.312 0.000”
Time interval 316.575 2 158.288 173.863 0.000"
Distance gap * Time interval 143.592 6 23932 74112 0.000”
Age 0.267 1 0.267 0.184 0674
Sex 2400 1 1.067 0.737 0403

5 7 US A= 2 A27 BOESE, A5 2 A7 Z012SF FAE A=0] F 742l A=F0|dgs O HAH2=z A o4
g AUSS 2ADIBCE AIXZE 7HS 2 01s0lM 2E 20N £ RS2 A QAT = AA2H, 35mm 0|42 HE|0fME Al
Xt

7t SlH2tE(0s) 21A0] 1 O|ES & & UCk(Figure 3).

6.8 7.0

Preference (point)
H
1
1

1.2 1.4

1 — (—— ]

15mm 25mm 35mm 45mm
[Jos [Jooss [MO.1s

Figure 3. Reference score by displacement and time interval between vibration stimuli
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B = 742l At=0] SAY QAME|7|= AT A= 2H A MEO0] ZWSY| WE0| B A=So 2 QAKX QAL TEtN ek X
AlStes QEHO|A0M AIXLE 2N F ASS AMAIZ|E A2 HESHA| §tt THED X5 2t AHEE B HiXots g4
ol § HEY Aez Bt

=4 Zof T2 35mm 0|¢o] H2|FH 20% O[ste] H2 of2igS 20/0 AP 2t 7ol0jeh X0l YOTICE £, AIXt7h EXY
SH| GiCfEtz A SAl A2 AL 2 MBS H0|7| 20| Al M52 Sl 442 OtL 2 M Z2tE sYE 2
T RAIE = Uk

3. Second Test: Direction Recognition

15 ™ol TE A= o] HEEH(Two points sensitivity) A& S 7|82 2 E&El Multi-sensing wearable device2| 21& Xt 742
1AE5mm <)ot TE A= WA@Y X, HE) A2 ZFSRICE 24 HEME AFERIS] £50| Fote WEo| AN 2K
Ao YOl et TF AFE HSSIAS W AERHEARHZL 30 A= KHMQE TF A5 YAl M2 Wet X d¥s Y
SHALH

3.1 Method

3.1.1 Participants

& Direction Recognition 710l &ojet mAEAt= 14 Mt SUS Mo 220 2H7t ole T 208 S YR Sich & 4
SOl EF ZH2E 7|28 Zhel AH82Z Qe FO|ZA0] £2tat HigkolX|of RS O|X[=X| Yot=7| fl6to] WA 18E &8
LH=Of FObHet slEMCRE ¥t 7|52 HAHAZA HAHAS 7Pde A4 71t 0|0|E2 S 2942 =5 AT Fo2u
HAXE 7P A o2 47| L5t dEHS THSIACE

3.1.2 Apparatus

e ZHIE 1A HolM A8 HofEE IZIHPOI* DYE 7|EoZ gUio| TS ZRES &5 SHE 7IELE 85 of0] MZ O
C

Figure 4. Experimental apparatus
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3.1.3 Experimental design
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hand is facing the body and the Carpal (Dorsal) of the wrist is
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facing forward.
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A posture when a pedestrian walk while talking on the phone

or holding an umbrella. The posture in which the direction
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Figure 5. Bearing mark (left) / Experimental environment (right)

3.2 Result

3.2.1 Error rate

1 [

o2{20] Cieh =42 A(ANOVA) 21, Table 42+ Z0| R2|+F 00501A EE HS &4, AtM| B 2F Folot Xt0|7} e A2
=MEIQACE 20 7t WSEE2 YA KA AH0[S] WSO RoISIRICE. Y, A, OF e flvt A0l EXSA|

98, 18 AT
Table 4. ANOVA results for error rate

Source Type Il SS Df MS F p-value
Vibration type 0.221 1 0.221 422.73 0.000"
Posture 0.747 2 0373 577.185 0.000"
Vibration type * Posture 0.141 2 0.071 162.391 0.000"
Age 0.001 1 0.001 25 0.189
Sex 0.001 1 0.001 1.306 0317
Group 0.000 1 0.000 0.59%4 0484
**p<0.01

Figure 601A] 2= HEQE Z0] REM| 12t XhM| 29| Of2{& Xt0|= 240 X0|5 HRASLE RhA| 39| 2 THE AMEC =2 O2ES
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Figure 6. Error rate by vibration type and posture

3.2.2 Preference

Mz zof ofet 24H2A4(ANOVA) 21}, Table 52F 20| F2o|=F 0.0501A Tlas &4 XtM| M4 25 ZFo SM F=0f Chdh
7ot XHo|7t U= A2 AMERUCL Q0 7t uT HE2 TS YA XA At0|2] WS EE0| ROloIULt. d8, HE OF 2
F7Oet XO|= EXNSHR| AT,
Table 5. ANOVA results for preference
Source Type Il SS Df MS F p-value
Vibration type 3469 1 3469 61.922 0.000"
Posture 38.862 2 19.431 479.646 0.000"
Vibration type * Posture 4752 2 2376 43388 0.000"
Age 0.019 1 0.019 414 0.674
Sex 0.067 1 0.067 1.187 0403
Group 0.017 1 0.017 0.672 0458
**p<0.01

Figure 701M E&= HiQF 20| Z+2 FIE X} Sl LHOj A KEM| 12 APM| 29 MBS AfO|= AACLE XM 39| HL CH2 XML}
Mok Fa7t RACH £, KA 10F XM 20 B9 TS A=0] d A=22 HSEHAS i 20t B A=5e2 HIHAs i Fe o
H

—
B 47t EUOLE R 39 Z TE AT A 4BG0| K2 HT YHE =L
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4. Conclusion
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