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Abstract

Purpose: In this study,a "hapticdevice' that, wher a finger (or thumb)is slid onits touchpadreplicate the
sliding movemer in the directionslid by thefinger pulp ata setdistanc: andvelocity, with mechanice force
feedbackwas attachedo the steerin¢ wheel ofa driving simulato (DS) anc used toexperimentall derivethe
characteristic of theinertic anddeten sensationperceiver by the driver.

Test Subjects and Method: Tenhealthy university studentsage: in therange 18-22years and eaclpossessing
standardmotol vehicle driver’s license participater as subjects A DS environmer was configurec with the
hapticdevice mountedon a steeringvheel Haptic stimuli unde 25 conditions comprisin¢ combination of five
stages ofliding distance and fivestage of sliding velocities were presente to the subjects. Aachsubjec
simulateddriving on acompletel straigh DS road he/sheperformet operation with his/he right thumk onthe
pad, andstandar stimuli andcomparativ stimuli were respetively presentet The magnitud: estimatiol methoc
was used taneasure thpsychologice quantityindicating theexten of theinertic anddeten sensatior perceive:
at thethumk pulp foreact padmanipulatiol exercist above.

Conclusions. All test subjecs perceiver inertiaanc detentsensatior from the hapticdevice However velocity
changes amaximun trave distance of 0.8 mm and undewere notperceivable Unde! all othel conditions
independer increase®f the maximun travel distanct andvelocity, respectively cause significan increasesn
the psychologice sensatior of inertic and detentAs regardshe relationship betweenmaximumtrave distanc
andvelocity and thepsychologice sensatior of inertia anddetent a "powel exponent was obt@ec that car
serve asundament: date for (future] designs.
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Introduction sliding motionalon¢ a touchsensor isisec to perforr
contro-relatedmanipulations

Therapic developmer in recentyear: of intelligent Tactile "sliding" inputs have becom: commor

transport system (ITS) has resultet in increase
concern ovel driver distraction partially owing to
more interaction betweel the driver andinformatior
devices installec inside the vehicle The EU-US
bilateral ITS Technica Task Force provided this
definition for driver distractior in 2010: "Driver
distractionis the diversior of attentior from activities
critical to safe driving to a competin( activity." As a
countermeasur multimoda userinterface (Ul) that
utilize informatior from all five sense areconsidere
to be moreeffective inremedyingthis situationthan
distractionreductior approache thal are limitedto a
single sasory channel.

An example of sucl a countermeasu is the
graphicaluse interface(GUI) depictet in Figurel, in
which theuse rotates("rolls”) a drurr-like objec to
select adesiret menuitem. This isar effectiveway to
presentone of multiple selectionoptions within a
limited display area.Thest kinds of GUIs havebeen
developed in recent year: and are now widely
employedin in-vehicle mountedinformatior device
display forms. In the figure, a vertica (up-down)

acceptewon 22 June 2016

concomitar with the proliferatior of smartphone
notebool computers etc. In designsthar combine
input-output Uls of this type, feedbackio the pulp
(ball, cushion)of the manipulating finger or fingers
canenhancehe sensatiorthar one ismanipulating a
natura object. In the caseof Figure 1, there isa
sensatio of inertic whenone "moves" ("slides” the
rotating drum and when aselectionitem entersthe
focus (the redoutlinec portior of the GUI), thereis
feedbac to thefingel pulpto give sensatios ofinertie
and detent, akind of "clicking in" sensatio suchas
thal receivedwher a turnec rotary switct falls anc
locks into a(preparec gapor indentation This kindof
force feedback enhancesthe sensetha one has
actually manipulate the GUI, and this in turn is
though to resuliin reducedlistraction

commag !

command 3

command 4

Figure 1. Example of rotating drumtype menu GUI
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In virtual reality (VR)researchthe "sense otouch'
is dividedinto "tactile” anc "haptic" aspectgdMakino,
2010). Tactile sensatior are due to mechanice
receptorcells distributec within subcutaneot tissue
and aralividec into pressure heat,anc painsensatior
(Takasaki2012) Onthe other handhapticsensatior
are due taeceptor in muscle andjoints thatdetect
deep within the body force and resistanc

resultingfrom bodymovement:

Most ofthe researclinvolving tactile manifestation
in humanmachincinterface (HMI) for motorvehicle-
equippednformatior device: involves driving (driver)
supportutilizing motor vibrations. One exampleis a
"tactile belt" worn by adriver thatcontain: eight (8)
vibration motor: that,wher the beltis worn, arese at
different part¢ of the driver's trunk. Right and left
"turn-by-turn" informatior is presente to the driver
using vibrations called "vibrotactile' signals (Asif,
2010). However althougt turn direction is
communicate via the vibrating molors, no detailec
feedback similar to thal presente in the GUI
manipulation above igeceiveu.

The persone compute (PC)environmer is anothe
domain ofresearc onfeedbac presentatio via GUI
manipulations The researc conducte by Tanaki
(1997), in which a finger-tracing movement was
realized bytransmissior via a link arm, of joystick
movements to a moust, is one such exampl.
However, this, too, involvec the presentatio of
textureinformatior using vibrationsonly, withoul the
possibility of hapticfeedback

To resolve the issuesdentified above, efforts have
been maddo createthe illusion of haptic sensatior
("pseudohaptic' sensation: via presentatio of
vibration stimuli usinga type of multimoda effecr in
which vision and touct interactions are combines
(Tsuchiya, 2010 Konyo, 2012). However in this
case pecaus theillusion of pseuddiaptic senstior is
from visualinformation,anyinterferenc of thevisua
information can resultin loss of the illusion. This
makes applicatior difficult in a vehicledriving
environmen in which the driver cannot alway:
concentraténis/hervision on theequipper informatior
devicemonitor Thus,expressio of the sensatios of
inertia and detent usin¢ tactile device: is currently
technologicall difficult.

The "PHANTOM" device: by 3D Systems(3D
Systems2016 are wellknowr asmean. of presentin
virtual haptic sensation With thest devices,motol
torque istransmitter ("translated" to an armhavinc a
linkage mechanisn thereb' presentin a reactive
force to afinger in contac with the other endof the
arm. Thismethod however requiresa relativelylarge
and comple> apparatu: making mountin¢ within a
vehicle’s interior difficult. Glovetype devices as
exemplified by "CyberGrasp (CyberGroe Systems

2016, are alsc available. CyberGras employs a
methoc whereb reactive force is presente during
eact finger benc in accordanc with the quantity of
wrappet wire connecte to eact finger. However the
use has towea mechanicalgloves withthis method
andits highly invasive nature makes itimpractica for
driving.

This paper propose a thin haptic device with
operation (manipulations on a rotating drumiype
ment GUI suchas thatdescribe above Whenfinger
movement are made witha finger pulp in up-dowr
(y-axis, direction: on a touchpa installec on a
vehicle's steering wheel, the pad slides, anc
mechanicz force feedbackprovidec to the finger pulp
causs sensatios of inertiaand detenin the driver,
First, we investigate whethe this methoc actually
causss suchinertic anddeten sensationsThen, using
thisdevice insimulate( driving tests, weexamine: the
exten of the inertic and deten sensatior felt by
drivers with change in physica vibratior paramete
values Thefindings canserve asfundamente datafor
the proposeddevice asregard designingthe (desired
exten of inertic and detentsensationsApprova for
thisresearctwas granted bythe EthicalReview Boarc
of Kanazaw Institute of Technolog' for researc with
hurran subjects(Approval No. 2013013) and the
researc was performer with strict conformanc to
ethics guidelines

Haptic Feedback Device

A slide-typetouchpar (Figure 2), create: for testing
purpose, was used for haptic informatior
presentatior The unit isoperate by sliding thethumk
forwards or backward in the y-axis directior on ar
electrostati-type touchpadse at theright spoke ofthe
steering wheel. The touchpa' reactsto the thumk
movemers, anc respondsvia motor contro at the y
axis by replicatin¢ the motion forwardsor backward
alonc the yaxis This configuratior enables a
sensatio of inertic at the thumb pulpand motior
feedback The strengtl of the hapticfeedbac change
with  maxmum movement (travel) distanct anc
movemer speec Here,"maximun movemer (travel
distance is themovemer distanc, within the x-y

Figure 2. The haptic device (Haptic use interface
2016
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planecoordinat: systemand withthe midpoint of the
touchpad agoint of origin, from theorigin (point) on
the y-axisto the pointwhere a"return’ is made.

Pressure
X axi Sensor

| Hanic
Touch Pad

Figure 3.Configuratior of the haptiaevice
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Figure 4.Block diagramshowingthe component and
communicatio in thehaptic device

Microcomputer
(Mechanism
Control)

The device comprise an ordinary DC motol
connectedto a feedscrewv shafttha reproduce by
means of dell movement producer on thetouchpai
placed inthe axial directior on thefeec screwshaf,
which move: forwardsanc backwards The directior
of thumbmavement onthe devicesurfact is detecte
by theelectrostati touchpac while the pressingforce
is detectedwith a pressur sensor;motor outpu is
controlled according to GUI software states. The
numbers ofmotor revolution: aredetecte with a hall
element(which usesmagnet to detec motorrotatior)
and areeflectec in outpu voltagechange thatenable
forwards anc backward movement along the
touchpadto be madeat voluntary velocities and
distances Kigures 3 anc 4). Operatiol states are
shown wih moving image: (Haptic User Interface
YouTube).

When the unit is installec on asteering whee and
operatedwith a thumb,the touchpar movesforwards
and backward in the sam directior as thesliding
thumb. At such times,the touchpar slides afew
millimeters in the directior of thumt movement
immediatel) thereafter,the touchpar slides back by
the samamount This evoke: the sensatios of inertie
and detent.

The respectiv squar. waves of the transien
movement characteristic of the prototype device
measuredusing motor rotatior (revolution time and
the hall element were determine via actua
measuremen using adigital oscilloscop (DL1540C
YokogawaMeters andinstruments Figures 5anc 6
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show example of the transient movemer
characteristic: The vertical axis showsthe distanci
from the originpoint on they-axis (“travel distance"
alonc which the pad moves After the vertical axis
value increasesto its peak it then declines this
expresse the reciprocatine up-down movemer of the
pad Figure 5show: the characteristic with velocity
(movemer speed of 62 mm/s when the maximun
trave distances changed aintervalsfrom 0.4 mmto
7.0mm. Figureb shows, agar examplecharacteristic
when at a maximun trave distanceof 2.2 mm,
velocities are change at intervals from 49 mm/sto
10C m/s. It shoulc be notec that becaus there isa
large scatteringin movemer (travel) data dueto
device (mechanial) inertie and thumk pressin
pressur in the vicinity of travel movemer
completion suct data are noplotted.

% Maximum
travel distance

Maximum
travel distance
50 (mm)

Y, Travel distance (mm)

50 100 150 200 250
Time (ms)

Figure 5. Trave distanct and movemer

characteristic

Travel distance (mm

Figure 6. Velocity andmovemer characteristic

Experimental evaluation

1 Test subjects

The testsubject were 10 university students(8
males 2 females) each ofwhomrr was physically anc
mentally healthy and possesse a standar motol
vehicle driver'slicense Their averageage was 20 +2
year:, and allwere right-handec
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2 Test apparatus

The testapparatu usec are showrin Figure 7.The
driving simulato (DS) usec wasLCT v.1.2,Daimlel-
Benz.

An actualvehicle steering wheel (diamete 260 mm),
mounted on a steeringwheel-type game controllel
(R440Force Saitek), was used. A vibrator was
installed onthe handleanc wasmade to vibrateal 60
Hz with theidea ofsimulatin¢ roadinducec vibration
The vibratior frequenc' was determine via a
preliminary investigatioo in  which  simple
measuremen were made of vibratior at 60km/hr on
an actualpavec road. Spee: contro was performe
with acceleratc andbrake pedals(R440Force Saitek
while viewing a speednete displayet on thescreel
of a 17inch liquid-crysta monitor (RDT1710V
Mitsubishi) (See Figure)

Figure 8Monitor of driving simulato

The haptic devicewas placed orthe right spoke¢ of
the steeringvheel.

3 Test conditions

Tests were performec under supposed! dynamic
("active") conditions. Specifically with active
manipulation by thedriver such assUI menuscrolls
tactile feedbac was tohave beenpresente in tanden
with the updown sliding of menuitems Howeve, to
prevent GUI designelement from affecting haptic

receptior it was determine that no screel
informatior would bepresente in theseests

The test variable: were pad maximun trave
(movement distanc andvelocity (movemer speed
variec at thefive (5) condition: listedbelow

Maximurr trave distancgdmm): 0.4, 0.8,1.8. 3.5, 7.0
Velocity (mm/sec) 49, 54,62, 78, 100

Combination of theseresulte(in 25conditions

4 Test procedures

The test performanc site was the Cognitive
Behaviora Scienct Measuremen Labkoratory ai
Kanagaw University of Technology which has ar
environmer controllec at 24 °C, 60% humidity, 89C
IX environmente illumination, and 30dB or less
(sounc pressureevel, SPL)backgroun noise level.

First, in a preliminary investigatior to confirm
whetter theintende( sensatios of inertic and deten
were actuallyevoke(, subject wereasker to perforrr
multiple manipulation of the haptic device
accompanie by simulatedoperationsound. on the
GUI, and torepor verbally on the details of their
perception: In this case,the pad wasse at 1.8mm
maximurnr trave distance and 62 mm/s velocity.
Further nodriving task wagperformec only thesingle
task

Next, the actua tests were performec In the
driving task, the subjectswere askedto drive at6C
km/h while trackin¢ suchthai a markeraffixed to the
DS screenoverlappe the cente line of a completel
straigh road.Practic driving wasperforme« until the
subject hadsufficiently mastere thedriving task.To
ensur: that thesubjectsdid not hearhaptic device
operatiol sounds road noise of 60 dB (SPL) was
presente througt headphone

After the practice driving, the dualtask comprising
the driving task and thetactile task was performec
and the magnitud: estimatiolr method (Noro, 1990
was used tomeasur sensatio quantitie: (intensities
hereafter callec "psychologice quantity”) While
performing thedriving task,the subjectsvere askedo
actively perfornm (cause)returr movement along the
y-axis of the slide touchpa at a signa from the
experimente. Then combination of the standar
stimuli and compariso stimuli were automaticall
presentec in randon order The "standar stimuli”
were set at 1.8nm maximun travel distance and &
mm/s velocity. The "psychologice quantity' of the
sensatio of inertie and deten with the standar
stimuli was se at "100," with the psychologice
quantity for the comparisonstimuli verbally reporte(
by tes subjects Considerini the needor familiarity
with the teststrial performance undereact conditior
were conductedhree (3) times
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Experimental results

The resultt of the preliminary investigatiol
confirmedthar all subject perceivednertic anddeten
sensationsThereaftel wher the subject experience
the tactilesensatior only, without presentatio of the
GUI or operatiol sounds it was confirmec that they
perceivedhe samesensatior of inertic anddetent

Observatio of the date from the three (3)trial
performance indicatedthat as aresul of familiarity,
the third trial showed stability, with the leastdata
scattering. Therefore analysi: for the presentstudy
was madaising datafrom the thirdtrial.

For eachmaximumtrave distance velocity vis-a
vis psychologice quantity was plottec on a grapt
(Figure 9).Fron theresults it wasobserve that for
maximum trave distance of 0.4 mm and 0.8 mm,
respectively even withvelocity increase: therewere
virtually na changesin psychologice quantity. We
surmisethar this occurret either becaus maximun
travel distance of 0.8 mm andless are unde the
thresholdof sensationor that theyare smallvalue: in
the sensatio thresholdvicinity, andtherefor virtually
imperceptible Thus, date for the maximum trave
distancef 0.4 mmanc 0.8 mmwere not usedn the
analyseghat followed. Becaus none of thecurve: in
Figure 9intersect, we hypothesize that thereare no
crossover(interactive effectc due tomaximumtrave
distancesnd/o velocities To confirm this hypothesi,
using padmaximun trave distanc: and velocity as
factors, weperformed a3 x 5 condition: analysi: of
variance(ANOVA) with a twofactor within-subject
design. Inthis ANOVA anc subeffect: tests, jsSSTAR
2012releas 2.0.7j(Tanake 2013)was used.

250
200
%‘ Maximum
travel distance
g_ 150 (mm)
: 0.4
100 =08
k) 18
50 3.5
 — - B —=7.0
o o -
50 60 70 80 90 100
Velodity (mm/s)
Figure 9. Relationshij betweel velocity and

psychologice quantity for each maximun trave
distancevalue

As canbe seen inTable 1, theresult: indicatec no
interactive effects (i.e., interactions’ and significan
differenceswere confirmec for the main effects of
velocity factol andtrave distancefactor
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Table 1. ANOVA results

A(S5) = veloity

B(3) = travel distance
S.v SS dr MS F
Subj 13016 9 1446.2222
A 204376 4 51094 130.79+*
Subjx A 1404 36 390.6667
B 103449.3333 2 51724.6667 110.52++
Subj*B 8424 18 468
AxB 2004 8 250.5 1.53 ns
SubjxAxB 11756 12 163.2778
Total 357089.3333 149

Next, a multiple compariso test usin¢ the Holm
methoc was performec as the subeffects test. As
showr below, the result: confirmec significan
differences, at p< 0.05significanct level. betweerall
levels of psychologice quantity R(v, d), the extentto
which sensatior of inertie and deten were
experience—where v is velocity, andd is maximun
trave distance.

Maximumr velocity (mm/s) (MSe =390.67 p <
0.05), R(49,d) < R(54,d) < R(62,d) < R(78,d) <
R(100 d)
d=1.8, 3.5, 7.0nm

Trave distanc: (MSe =468.00 p < 0.05)

R(v, 1.8) <R(v, 3.5) <R(v, 7.0
v=49,54, 62,78 100mm/se:

Next, for date under othel conditions a powel
functior was founc for eacl of maximun trave
distancr andvelocity (Figures 10 and 11).

250 R=127.06 X D"0.26

R=93.76 X D"0.36

R=83.56 X DA0.31

’g ~— R=43.30 X D"0.52
3 150 o
d o — R=30.49 X D0.64
} ——
Velocity (mm/s)

2 100 — = Y
Z ot / ——a49
z >

/ ——54

Travel distance (mm)

Figure 10. Exten of inertic and deten sensatior
perceive: for trave distances
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Figure 11.Extent of inertic and deten sensatior
perceivedor velocities

Using the velocity al 49 mm/s,Formule (1) was
obtained:

R=30.49>d % 1)

The powerof this d is the "powel exponent."The
power exponent for the other respectiv velocity
conditionswere asfollows:

54 mm/s 0.52,62 mm/s:0.31
78 mm/s 0.36,10C mm/s:0.2¢

In additior, for maximun travel distance 2.2 mm
was used tobtainFormule (2):

R=0.13»" 2)
The ppwel exponents for the othel
maximumtrave distance were adollows:

respectiv

3.5mm: 1.24, 7.0mm: 0.93
Discussions

The resultt of the preliminary investigatiol
confirmedthe existencewithin subject of inertie and
detent sensatior regardles of GUI presenc or
absence.This confirms that atouchpa as a thin
presentatio device manipulate by touch sliding in
the y-axisdirectior can by meansof communicatio
of vectorinformatior via mechanicatorcefeedbac to
the thumb (finger) pulp, engenderwithin a driver
sensationsof haptic inertic and detent which are
difficult to obtair with othelmethods The samés true
in the caseof solely tactile informatior that is not
presentedia a GUI.

Basedon the testesults it appear that athreshol
existswithin the 0.8 mmo 1.8 mmrange¢ of maximurn
travel distance Thus, unde the condition: of the
testing performec in this study, maximun trave
distanceof 1.8 mmanc above wergequired inordel
to perceivevelocity change:

Fromr the ANOVA results it was ascertaine tha
the maximum travel distanci and velocity have
independer effect: on theexten of the percepion of
inertic and deten sensationsThe largerthe valueof
eacl of thesevariable: (i.e., maximumtrave distanc
andvelocity), the larger theextent ofsaic perceptiol
become:

Next, from the magnitud: estimatiol results, as
perceptue characteristic fosteret by thesensatiorof
inertic were detecte as a result of changesin
maximun trave distance and velocity, a powel
exponer was obtained With this powerexponentas
reference whenusing thepropose methoc in design
for the sensatior of inertia and deteni quantitativ
estimatiol (inference canbe made as tdéhe extentof
the psychologice quantity obtairable relative to the
maximurr traveldistanceanc velocity used

It must benotec howeve that themajority of the
test subjects inthis studywere young men and the
effects of aginganc sexdifference werenot clarified.
In addition in furthei testingof interactive effectswith
the GUI, the status of concrete functions of
manipulation for (hypothesizec actua usag
situations and tests thattake into accoun driving
condition: suchas lanechanges arenecessal.

We alsobelieve that acombinatiol comprising the
methot propose in this study and avibratior device
would enable expressio of even highe levels of
tactile and hatic sensationswith the developmer of
a relatec interface a distirct possibility. We planto
continue with investigation of this nature in the
future
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