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Pseudo-Haptic Feedback :
Can Isometric I nput Devices Simulate For ce Feedback?

AnatoleLécuyet

AerospatialeMatraCCR INRIA Rocquencourt
Paul Richard
LRPR, CRIIF
Abstract

This paper consides whethera passiveisometricinput
device sud as a Spaceball™, usedtogether with visual
feedbag, could provide the operator with a pseudo-haptic
feedbak.

For this aim, two psytophysicakxperimentdhavebeen
conducted.Thefirst experimentconsistecbf a compliance
discrimination,betweertwo virtual springshand-opeated
by meansof the Spaceball™. In this experiment.the stiff-
ness(or compliance)JND turnedoutto be 6%. Thesecond
experimentassessedtiffnessdiscriminationbetweera vir-
tual springandtheequivalenspringin reality. In this case
thestiffnesg(or compliance)JND wasfoundto be 13.4%.

Theseresultsare consistentwith previous outcomeson
manualdiscriminationof compliance Consequentlythis
consistencyevealsthatthepassiveapparatusthatwasused
can,to someextent,simulatehapticinformation.

In addition, a final testindicatedthat the proprioceptive
senseof the subjectswasblurred by visual feedbak. This
gavethemtheillusion of usinga nonisometricdevice

1. Introduction

Isotonic or isometric 3D input devices' are clever de-
vicesfor the purposeof 3D interactionsand 3D manipula-
tions of objects. They are compatiblewith almostall ma-
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1Zhai classifiedthe input devices into two cateyories: ISOMETRIC
devices(they offer resistancendstayput while you exert force on them)
andISOTONIC devices (they offer no significantresistancendare used
to trackusersasthey move aroundthe virtual world) [21].
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jor CAD softwaresavailable on the market. Their user
friendlinesshas shavn their potential usability as a tool
for off-line robot programmingand teleoperationor vir-
tual prototyping. For instance,to teleprogramthe Mars
PathfinderSojournerrobot,the operatorusesa Spaceball™
asan input tool alongwith a virtual reality interface[1].
The Spaceball™ is anisometricinput device with six de-
greesof freedom(dof) whichis now commercializedy the
Spacetecompary [3]. The MagellanSpaceMouse™ [2]
- another6dof isometricdevice - wassuccessfullyusedby
theDLR - the GermanSpaceAgeng - operatorandastro-
nautsto teleoperate spacerobotwithin the context of the
well-known ROTEX experiment11].

Since isometric or isotonic input interfacesare com-
pletelypassie, they have neverbeernregardedasbeingable
to returnforces.How theuseof the propertiesof anisomet-
ric input device, the SpaceteSpaceball™ 2003C model,
togethemwith visualfeedbacko provide forceinformation
to the operatotis the subjectof thefollowing paragraph.

To begin with, thereis to take advantageof themechani-
cal characteristicef theisometricdevice : its internalstiff-
nessandits thrust. Thosecharacteristicarecombinedwith
visualfeedbacko provide akind of pseudo-forcéeedback.
For example,let us assumehat one manipulatesa virtual
cubein a 3D virtual environment(VE). The cubemustbe
insertedinside a narrov duct. As the cubepenetrateshe
duct, its speeds reduced.In otherwords,the Spaceball™
output resolution,which controlsthe cube motion, is de-
creased.Consequentlythe userwill instinctively increase
its pressuren the ball which resultsin the feedingbackof
anincreasingreactionforce by the staticdevice. The cou-
pling betweerthe slowing down of the objectonthe screen
andthe increasingreactionforce coming from the device
givestheusertheillusion of aforcefeedbaclasif afriction
force betweerthe cubeandthe ductwasdirectly appliedto
him.

This “illusion” of force feedbackwasfirst qualitatively
estimatedwith a groupof 18 peopleduring an experiment



calledthe swamp The subjectsweretold to manipulatea
virtual cube displayedon the horizontalplane,andto cross
squareareas(seeFigure 1). When over theseareas,the
speedof the cubewas eitheracceleratedr slowed down.
Thesubjectaveretold to describetheir sensationsvhenthe
cubewascrossingthe areasandto comparethe sensations
they felt when using eitherthe Spaceball™ or a classical
2D mouse.While usingthe Spaceball™, their accountge-

Figure 1. Swamp experiment:
a slowing down area.

cube crossing

vealedthatthesubjectdelt “something”asthecubecrossed
theseareas.Most subjectsexperienceda senseof friction,

gravity or viscositywhenthe cubes movementwasslowed

down. They foundthatforcesweremuchmoreperceptible
with the Spaceball™ thanwith the 2D mouse. The per

ceptionof forceswas a bit lesssharpwhenthe cubewas
acceleratedThis is probablydueto the factthatthe reac-
tive force from the Spaceball™ is more perceptibleduring
compressiomphases.

Thosequalitative indicationsrevealedthe potentialities
of this concept,but they did not measureor identify the
characteristicef suchanillusion. It wasnecessaryo eval-
uatethe feedbackmore quantitatvely. A compliancedis-
crimination task betweena real and a virtual spring was
chosenas a simple evaluationtask. The real springwas
testedfirst in the real environment(RE), then the virtual
springwastestedin the VE. The virtual springwasgraph-
ically displayedon a computerscreenand was dynami-
cally animatedwhen pushingthe Spaceball™ ball. If the
Spaceball™, usedtogethemwith visualfeedbackallowsone
to discriminatea virtual spring stiffnessfrom a real one,
thenthewhole systemmaythusbefit for feedinghapticin-
formationwhich was supposediydifficult to provide with-
outaforcefeedbackinterface.

First,anoverview of previouswork in thefield of 3D in-
put interfacesevaluationand sensonyillusions will be pre-
sented. It will be followed by a descriptionof the exper
imental systemwhich was setup for the evaluationof the
stiffnessof the real and virtual springs. Previous works
concerningcomplianceor stiffnessdiscriminationandJND
(JustNoticeableDifference)will alsobe mentioned. The
two following sectionsdescribetwo psychophysicagxper

iments:the compliancediscriminationbetweerntwo virtual

springs,andthe compliancediscriminationbetweena vir-

tual springand a real one. The first experimentis a VE

evaluation;while the secondexperimentis the mainsubject
of the study Thepaperendswith a generalconclusionand
areferencdo furtherwork.

2 Previouswork

Force/tactileinterfaceshave beendevelopedin recent
years[6] in orderto provide force/touchfeedbacko users.
They receize motor actionsfrom the userand sendhaptic
imagedo him. Thesdnterfacesareusedto simulateawide
rangeof objectdynamicssuchas hardnessand elasticity
Yet, today, they arestill expensve andcomplex.

The perceptiorof real or virtual environmentsis not re-
strictedto the intra-sensoryinterpretationcues. Cuessent
by differentsensesre somehw interpretedtogether For
instancemanipulatingobjectscombinegactile, kinesthetic
sensationgndoftenvision [7]. Giventhesecompleities,
it would seemmore appropriateto investigatethe “plural-
istic” natureof sensoryperceptionyatherthanoneisolated
sense.Aldridge [4] obsenedthatthe visual representation
of avirtual objecthassomeeffect on the integrationof the
touchfeedback.He statedthat further experimentsneeded
to be carriedout in orderto explore the extentof such*vi-
sualdominance”.

Previous work on visual dominanceshaved that multi-
ple cuesoffer a high level of redundang andcanimprove
signal-to-noiseatios. For instancejt hasbeenshavn that
lip-readingmodifiestheauditorycortex, andenhanceaudi-
tory perceptiori14]. Oneinterestingssueis how thesedif-
ferentsource®f informationareall combinedo form what
might be calledholistic perceptions A famousexampleof
visualdominancas the Ventriloquists effect[19]. Diderot
(1749), offered early supportfor the existenceof sensory
dominancg13]. Sereral researcherbave demonstratec
dominancef vision overtaction[7]. LeeandLishmanpro-
vided evidencethat vision playsanintegral role in human
stancecontrol (balance). This “visual proprioceptve con-
trol” is shavn to dominateovernon-visuainformation.Lee
andLishmandescribedhlsothetuningrole thatvisual pro-
prioceptionplaysin learninga new stance(i.e. ankle-foot
proprioception).Thissuggestshatvisionplaysamajorrole
in makingthingsfeel theway they do.

But vision may sometimesmalke things feel different
thanthey are. Katz [7] obsened that different materials
(paper rubber leather etc..) caneasilybe interpreteddif-
ferentlyby blindfoldedsubjects Srinivasan16] foundthat
visioncouldalsomisleadsomeone&luringacompliancedis-
crimination task betweentwo springs. The displacement
of the springswasvisually obsenedon a computerscreen,
while springswere pressednanuallyby meansof a me-



chanicalapparatus.Srinivasanobsened that an inapropri-
ate vision feedbackcantotally invert the stiffnesspercep-
tion andthe result of the discrimination,which ushersin
theillusion concept.

lllusion playsa centralrole in a VE perception.lllusion
is a non veridical perceptiona mistale madeby the brain
andnot by our sensesWell-known opticalillusionssuchas
the Muller-Lyer illusion areextensvely describedn scien-
tific works[10]. Somehapticillusionsmayalsoberevealed
by simpleexperiments.For example,Weberfirst obsened
thatthe temperaturef an objectinfluenceshe hapticper
ceptionof its weight: a cold coin seemsheavier thanthe
samecoinwhenwarmer[15]. Anotherhapticillusion is the
size-weightillusion: alargeradiusball seemsheavier than
a ball of the sameweight, but with a smallerradius. Re-
cently, Ellis andLederman[8] establishedhe size-weight
illusion asa primarily hapticphenomenondespiteits hav-
ing beenmoretraditionallyconsiderednexampleof vision
influencinghapticprocessingTheresortto intra andinter-
sensonyillusionsanddominancecanberelevantwhenused
in VR applications. The following paperconcentrate®n
theuseof thesepotentialities.

3. Experimental set-up

As alreadystated,the aim of the experimentalsystem
describeds to measurehe capacityto feedbackhapticin-
formationby meansof a passie isometricinput device and
vision feedbackwhich is the key issueof the scheme. It
is coupledwith the force appliedon the Spaceball™, and
ary changein the visual feedbackgenerates difference
in force perception. The perceptionof the stiffnessof the
springinvolvesa multi-modalcombinatiorof forceanddis-
placement.Thus,it seemedo be an appropriatemodelto
demonstrat¢hegenerakoncept.

An experimentof compliancediscriminationof springs
wasthenchoserbecausef the simplicity of the modelof
stiffness, relevant previous works on manualdiscrimina-
tion of complianceandthe factthatspringsarea classical
and fundamentalelementin computergraphicsand com-
puter hapticsmodeling. The stiffnessdiscriminationlies
betweena virtual springanda real one. In the VE case,
thespringdisplacemenis visually displayedon a computer
screen.The force informationof the springstiffnessis in-
herentto the reactve force from one’s interactionwith the
Spaceball™ . Thosetwo independensensorycues(virtual
displacemeninotionandreactve force of the Spaceball™)
shouldallow the userto discriminatethe stiffnessof a vir-
tualspringfrom thatof arealone.If thisworksout, thecon-
ceptis aptto provide hapticinformationwhich wasa priori
notto besimulatedwithoutanactualforcefeedbaclkdevice.
Realspringsaretestedn RE conditions.Eachspringlooks
likeatrumpetpiston(seeFigure2). Threerealspringswere

Figure 2. Real spring embedded in a piston

usedwith differentdegreesof stiffness: 249, 363 and 544
N/m. Their stiffnesswas empirically derived by measur
ing spring displacementvhen fixed weightswere applied
on eachof them.Friction effectsinsidethereal pistonwere
nearlycanceledy directly applyinglubricanton thespring
andinsidethe staticpartof the piston.

The visual display of the virtual springis fundamental:
spatial referencemust be the sameone when comparing
the virtual spring motionsand the real ones. The virtual
springis thusvisually displayedon a monoscopiavorksta-
tion screenassimilaraspossibleto therealone(seeFigure
3), andof thesamesizeasthereal spring. Specialattention
wasgivento mary graphicalfeatureqcolor, texturing, etc.)
in orderto recreatehe virtual pistonwith the highestpos-
siblerealism.A Spaceball™ ball wasalsorenderecbn the
left sideof the screerto facilitatethe comprehensioof the
scalefactorbetweerVE andRE.

Thedisplacemendf thevirtual springDy;tyq is deduced
from the force applied by the user Fyser using the well-
known equationl, in which K\q,q is the virtual spring
stiffness. The force appliedby the useron the ball is mon-
itored by internal Spaceball™ sensors. The Spaceball™
(force appliedby user)/(sensorsutput) profile was man-
ually identified with a dynamometer A maximum 10%
uncertaintyin the outputdatawasobsened. A maximum
pushinglimit is indicatedon the virtual display by a red
markonthemoving partof the piston. It correspondso the
sensindimit of the Spaceball™’s force sensorsn the case
of the stiffestvirtual spring. Theredmarkis alsoprintedon
therealspringto keepthe samevisualaspect.

Dyjirtyal = £ user/Kvirtual 1)

In orderto obtainsimilar tactile andgraspingsensationin
therealandvirtual casesthesamemoving partof thepiston
wasfixedontheSpaceball™, by meansf two plasticlinks
(seeFigure4). The graspingof the virtual springis thus



similar to the real one, thanksto the plasticupperlink on
the Spaceball™ onwhich the subjectcanput his forefinger
andhis middlefinger (seeFigure4).

Figure 3. Visual display of a virtual spring

Finally, for the testingof the real spring, subjectsgrasp
thereal pistonasshawn in Figure2, and pushthe moving
partof the pistonwith an active motion of the thumh For
thetestingof the virtual spring,the subjectappliesa force
ontheSpaceball™ by pushingthe moving partof thepiston
fixedon the Spaceball™’s basewith thethumb(seeFigure
4). He/shelooks atthe screersoasto seethe displacement
of thevirtual springresultingfrom his/heractions.

isometric device

Figure 4. “Modified”

4. Previouswor k on compliancediscrimination

In the RE case the compliancediscriminationhasbeen
widely studied. The JustNoticeableDifference(JND) is
thejust detectabléncrement(or decrementpf intensityfor
a specificstimulus. Jonesand Hunter[12] found that the

compliancaliscriminationJNDin forearmsvas23%of the
intensity of the stimulus. Tan studiedthe manualdiscrim-
ination of the compliancewith active motion of the finger
by usingan electromechanicapparatusalledthe ‘linear
grasper’.Shefirst founda JND of 8% in the caseof afixed
squeezinglistance[18]. But after reducingterminalforce
cueshby usingaroving squeezinglistancethe INDreached
upto 22%[18]. Whenthe mechanicalork cueswerealso
eliminatedthroughan equal-vork-force-displacemantpro-
file, theINDwasfoundto vary betweerl5%and99%[17].

In the VE case,Tzafestagound a JND of 44%with the
helpof theLRP dextroushandmastemwhichis anexoskele-
tonglovewith 14activedof[20]. Thevirtual discrimination
was madebetweentwo virtual balls displayedon a com-
puterscreen.The balls werepressedilternatvely with the
thumbandthe forefingerof the mastemlove.

As far asthe authorsof this paperknow, no studieson
compliancediscriminationhave ever beencarriedout using
simultaneousharealspringanda virtual one.

5. Compliance discrimination between two vir-
tual springs

It seemsat first that the experimentalset-up presents
mary uncertaintieslinked to the identification of the
Spaceball™’s force/outputprofile, graphical approxima-
tions, manual evaluation in RE of the stiffness of the
springs, small differencesin graspingsand frictions be-
tweenRE andVE. Thereforethereliability of the VE hasto
be taken into accountffirst. In orderto evaluatethe virtual
model of the spring, a compliancediscriminationexperi-
mentbetweertwo virtual springsis first carriedout.

5.1. Experimental procedure

4 peoplefromtheageof 21to 38, took partin thisexper
iment. Therewere3 menand1 womanwith no known per
ceptiondisorders. All the subjectswereright-handedand
usedtheirdominanthandto performthe graspingtask.

The psychophysianethodusedwas a constantstimuli
methodwith aforcedchoiceand(+,-) paradigm(se€[9] for
a descriptionof the method). During eachtrial the subject
hadto choosebetweertwo virtual springsdisplayedon the
samecomputerscreerandto saywhich oneof thetwo was
thestiffer.

Three valuesof virtual referencestiffnesswere used:
249,363and544N/m. Eachspringwascomparedvith five
possiblestiffer springswhosestiffnessvariedfrom the ref-
erencestiffnessby +0, +5, +10, +15and+20 percent.Each
subjecttestedall the possiblepairs. For eachsubjecteach
pairappeare@5timesin randomorder Thetotalamountof
trials wasthen100a pair andthe total amountof trials was
1500. For eachtrial the referencestiffnesswas randomly



associate@itherwith thetop springor with thebottomone
on the screen. During eachtrial the subjecthad the pos-
sibility to testeachspringasmary timesashe wantedto,
but hewasasledto answerasfastaspossible No response
feedbaclwasgivenaftereachtrial. Whentestinga virtual
spring subjectswere told not to go beyond the red mark
printedon the moving partof the piston.

5.2. Results and discussion

The analysisof the resultsusedto determinethe differ-
ential thresholdcan be found in [9] and [5]. The Weber
fractionis a commonparametetusedto evaluatethe per
formanceof the discrimination. The Weberfractionis the
JND divided by stimulusintensity It is sometimesassim-
ilatedto JND in literature([17], [12]). The averageWeber
fraction found for compliancediscriminationbetweentwo
virtual springswith our systemis of 6% (seeFigure5). The
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Figure 5. Weber fraction for compliance dis-
crimination of virtual springs

red mark dravn on the piston to representhe maximum
squeezindimit is considerech terminalforce cuefor sub-
jects. The conditionsof the experimentaresimilarto Tan's
first experiment—i.e. with a constantsqueezinglistance—
when shefound a JND of 8% [18]. The JND discrimi-
nation betweenvirtual springsseemshen consistentwith
previous works addressingnanualcompliancediscrimina-
tion, althoughthe discriminationhasbeenmadewithin a
VE with uncoupledsensoryinformation. Furthermoreall
subjectfoundthatthe modelof thespringwasvisuallyand
hapticallyrealistic.

The resultof this experimentindicatesthat the config-
uration of this systemcan simulatethe model of a virtual
springrealistically However, a compliancediscrimination
in aVE canbeperformedwith mostof otherinput devices,
withoutforcefeedbackput by usingsoundor visualsubsti-

tutionsasforce cues. It is thereforenecessaryo studythe
conceptwith a taskwhich could not be performed,or soit
seemswithout usinga forcefeedbacldevice.

6. Compliance discrimination between a real
spring and a virtual one

The testthat was chosenis still a compliancediscrim-
ination task, but betweena real spring and a virtual one
in this case. Sinceisotonic input devices do not return
real force information, this task should not be achiezable
with isotonic2D mice, or joystickswithout forcefeedback.
With the adoptedapparatusthe discriminationtaskis still
not achievableif one simply presseghe Spaceball™ with
closedeyes. Obviously thisis dueto thefactthattherewill
be no feedbackof displacemeninformation. Neitheris it
possiblewhen one stopstouchingthe Spaceball™, since
he/shenolongerrecevesforceinformation.

6.1. Experimental procedure

Figure 6. Overview of the experimental set up

27 people,from the ageof 21 to 63, took partin this
experiment. There were 20 men and 7 womenwith no
known perceptiordisordersAmongthem,3 menwereleft-
handed.All the subjectsusedtheir dominanthandto per
form thegraspingask. The psychophysienethodusedwas
alsoamethodof constanstimuli with aforcedchoiceanda
(+,-) paradigm.During eachtrial the subjecffirst hadto test
the stiffnessof a real spring (the referencestimulus),and
then, to testthe stiffnessof a virtual spring (the compari-
sonstimulus). The testingandgraspingof real andvirtual



springswereperformedasdescribedn Section3. After in-
vestigatingthe stiffnessstimuli of both the virtual andreal
springs,the subjecthadto tell whetherthe virtual spring
wasmoreor lessstiff thanthereal springof referencesee
Figure6).

Threereal springswere usedwith stiffnessof 249, 363
and544 N/m. Eachreal springwascomparedwith twelve
possiblevirtual springswhosestiffnessvariedfrom the ref-
erenceRE stiffnessby: -40,-30,-20,-10,0, +10,+20,+30,
+40, +50, +60 or +70 percent. Eachsubjecttestedall the
possiblepairs. For eachsubjecteachpair appearednly
oncein randomorder The total amountof trials wasthen
27apairandthetotalamountof trialswas972. Duringeach
trial, the subjecthadthe possibility to go from one spring
to the otherwithout time limit. No responsdeedbackwas
given after eachtrial Whentestingthe virtual spring sub-
jectswereasked not to go beyondthe red mark printedon
the moving partof the piston. But in the RE casesubjects
hadnorestrictionsconcerninghepushingof the pistonand
their goingbeyondtheredmark.

6.2. Results

The analysisof the resultsfollows the classicalmethod
describedn [9] and[5]. The proportion(or probability) of
“the virtual springis stiffer” answersvhenthevirtual spring
is comparedo therealoneis usedto tracethepsychometric
function concerningthe threevaluesof stiffness(seeFig-
ure7). Assumingthatthesefunctionscorrespondo normal
distributions, the z-scoretransformationof the probability
of “stiffer” answerswill becomea linearfunction (seeFig-
ure 8). On Figure8, the bestfitting straightlinesarefound
throughthe leastsquaremethod. A z-scoreequalto 0.67
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(probability of 75%) is generallyassociatedvith the up-
per DifferentialLimen (DLu) anda z-scoreequalto -0.67
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Figure 8. Z-score transf ormations

(probability of 25%)is generallyassociateavith the lower
DifferentialLimen (DLI). The Pointof Subjectve Equality
(PSE)representthevalueof thecomparedtimulussubjec-
tively percevedasbeingequalto the stimulusof reference.
In mostcasesthe PSEdoesnot correspondxactly to the
physicalvalueof the standardeferencestimulus.PSEsare
given by a z-scoreequalto 0.0 (probability of 50%) and
aredisplayedon Figure9. The Weberfractionis given by
equation2. The Weberfractionfor thethreevaluesof stiff-
nessareshovn on Figure10. TheresultingaverageWeber
fraction)V is equalto 13.4%.

W = (DLu — PSE)/PSE )

20
18
16
14 ¢ Average PSE = 8.77 %
12 ¢
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Spring stiffness in N/m
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Figure 9. PSE variation
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Figure 10. Weber fraction for compliance dis-
crimination between a virtual spring and a
real one

6.3. Discussion

At the end of the experiment,the subjectswere asled
to commentupon their cognitive stratgies when evaluat-
ing thevirtual andthereal springs,andto tell whetherthey
usedthe red marksor not, asthey sometimesusedthem
andsometimedlid not pay ary attentionto them. Thean-
swersmalkeit difficult to know whethetheredmarkwasal-
waysusedasaterminalforce cuefor thevirtual/realspring
comparisoror not. The 13.4% JND shouldthus be com-
paredwith 8% and22% JNDs previously found by Tanin
fixedandroving squeezinglistancesxperimentg18]. The
hereinresult seemsconsistentwith previous studiescon-
cerningmanualdiscriminationof compliance Nevertheless
all previousexperimentsverecarriedoutwithin asingleen-
vironmentwhile in this experimentthe transitionbetween
the RE andthe VE is alsoto betakeninto accountandhas
probablyhada negative influenceon the resultof the per
formance.

The PSErepresentghe subjective displacemenbf the
referencestimulusduring the bilateraltransitionsfrom the
REto the VE. The PSEdifferencefrom thereferencestim-
ulusis alwayspositive andit decreasemonotonicallywith
stiffnessandthuswith maximumdisplacemenof thethumb
(seeFigure9). Consequentlyhe subjectshave atendeny
to underestimatehe virtual spring. The lesssitiff the ref-
erencespringis, the more underestimatethe comparison
virtual springis. Many reasongould accounffor this phe-
nomenon:

— Somepsychologicakffect stemmingrrom thebilateral
transitionsbetweenthe VE andthe RE anda lack of con-
fidencein the virtual spring,or perhapsaswell asa prob-
lem of sensorymemory persistencegeneratinga negative

error uponthe referencestimuli during the transientphase
of adaptatiorto VE.

— Another explanation could be the contradictionbe-
tweentheproprioceptvefeelingof motionof thethumband
the visual feedbackof the displacemenof the spring. The
thumbis nearlystaticwhenpressinghe Spaceball™ while
thespringmovesextensively onthescreengspeciallyin the
caseof thelessstiff spring. This makesfor a phenomenon
of sensondominancethevisualfeedbackeplaceshepro-
prioceptive senseo someextent. Thevisualfeedbacknust
beassimilatedy thebrainto assesthedisplacemenof the
spring and the mechanicawork, which is anotherimpor-
tant factorin complianceevaluation[17]. But the studies
on thetransferfrom RE to VE andon sensorysubstitution
[16] [7] fail to concludewhethewisualfeedbaclcanor can-
notcompensatéor bothmechanicalork anddisplacement
cueswithin the context of this study

7. Conclusion

At the beginning of the experimentdescribedabore,
thereweremary uncertaintieconcerninghe feasibility of
a comparisorbetweena virtual anda real physicalmodel
becausef the difficulty of the bilateraltransitionbetween
RE and VE and problemsrelatedto the verisimilitude of
the virtual springmodel. But with the apparatughatwas
setup, subjectswere ableto discriminatesuccessfullybe-
tweena virtual springandarealonewith a IND of 13.4%.
This JND valueis consistentvith previousworks on man-
ual compliancediscrimination[18] [17] [12]. It showsthe
possibilityto feedbackhapticinformationto the userwith-
out using a force feedbackdevice but simply by combin-
ing a passve isometricinput device with avisualfeedback.
This may remainimpossiblewhenusingan isotonicinput
interface.

The experimentis basedon the coupling of the visual
feedbaclandtheinternalisometricdevice resistancavhich
naturallyreactsto theusers appliedforce. The overall sys-
temreturnsaforcecuecalledpseudo-haptiéeedbak. This
pseudo-haptiteedbackwill probablynotreplaceanactual
hapticone but canbe usefulfor somesimple simulations,
makingfull useof the6 possibledegreesof freedomof iso-
metricinputdevices.

The mostsurprisingresultis the substitutionof the pro-
prioceptive informationat the level of the thumbby the vi-
sualfeedback All subjectswereableto discriminatebe-
tweena real springand a virtual onewithout the proprio-
ceptive informationfrom the thumbsincethe displacement
during the virtual spring evaluationwas very small. Fur-
thermore,at the end of the experiment,the last 10 sub-
jectswere asled to draw a line sggmentcorrespondingo
the maximumdisplacementf their thumbwhen pressing
a virtual spring. The result (seeFigure 11) indicatesan



overestimatiorof the displacementf their thumbsvarying
from 2 to 8 timesthe actualdisplacementwith anaverage
overestimatiorof 5 times,which meanghattheillusion of

their proprioceptve sensas strong-asif they percevedthe
Spaceball™ asanonisometricdevice.

The experimentrelies on the “illusion” conceptwhich
could be usedin mary more VR applications. The visual
dominancewasusedto influencethe perceptiornof the dis-
placemenbf avirtual spring.Indeed peoplefoundthatthe
virtual springmodelwasrealistic. This virtual springcon-
stitutesa multi-modalvirtual objectwhoseperceptve cues
areuncoupledandprovidedby differentsensorymodalities
onthehapticandvisualmodes.

5mm

min average max

Maximum thumb
displacement perceiv

Spaceball maximum
displacement

Figure 11. Thumb displacement perceived

Futurework dealswith the evaluationof pseudo-haptic
use of isometric interfaces. First, further evaluation of
the pseudo-haptideedbackthrough different perceptual
tasksshould be performedsuch as discriminationof the
weight of objects. Secondly a comparisonwith force
feedbackdevicesis alsonecessaryo positionthe potential
of pseudo-haptiéeedbackFinally, applicationsof pseudo-
haptic feedbackon industrial tasksremainto be defined,
particularly when resortingto the 6 degreesof freedom
of the Spaceball™. A performanceexperimentwill be
setup to measuref this illusion can be usedto improve
performancen anindustrialtask.
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