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Response of SAI AfferentsMay Play a Role in the Perception of Velvet Hand Illusion
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Abstract: Problem statement: We revealed the reason behind a haptic illusidredghe Velvet
Hand lllusion (VHI) by FEM analysis. In VHI, a pens rubs his/her hands together on both sides of
wires strung through a frame and produces the tiensaf rubbing a very smooth and soft surface
like velvet. We focus on VHI to determine the sfieations of an actuator for a tactile display
enhanced by VHIApproach: A simulated fingertip was modeled under the sam@art condition
that an actual finger was believed to undergo wineater VHI. We collected the simulated responses
of a number of SAI afferents, which were resporsifolr detecting the edges, to relate them to the
mechanism of the illusiorResults: Even with a simple model that treats only one figee noticed

a considerable difference between the responsasafmber of SAl receptors compared with that of
a fingertip touching wires without the effect oktbpposing finger. The SAI responses for the VHI
case are less (some receptors’ response is uptolégs) than those for a finger touching the wires,
which corresponds to a decrease of the percepfitimowires.Conclusion/Recommendations. SAl
might play a role in the mechanism of the VHI iltus This study could benefit the development of a
haptic display that utilizes the illusion and makeperson experience the same feeling using the
proposed display.

Key words: FEM analysis, haptic illusion, fingertip, merkeski receptor

INTRODUCTION the real world, the investigation of other apprasch
remains more appealing.

Understanding the reasons behind sensory illusions Considering the characteristics of human tactile
can provide valuable information about humanperception, haptic displays do not necessarily have
perception mechanisms. This information can be used generate a sensory flow that strictly correspondthée
the development of both bio-inspired sensors (e.gactual stimulation that leads to this percept & ‘treal”
tactile sensors) and human-machine interface devicevorld, but “only” a sensory flow that elicits thi@rcept
(e.g., haptic displays). (Brescianiet al., 2008).

Because of its excellent dexterity and its abildy In other words, if a haptic illusion is utilized the

detect such different tactile cues as edges, testand ~ 4€Sign of a haptic display, it does not need toege

hardness, the human tactile system has tempte“&timulation A" that actually causes the “complex

researchers to implement some of its charactesigtic perception”, but only a S|mpI(3_r surpulatlon B th@
the design of tactile sensors (Zhaeg al., 2006 onIy_necessary to trick or |IIude. the person into
Herrera, 2007) " ' sensing the same complex perception that “stinarati

. o . . A” elicits.
Also interest in virtual environments, specifiga Until recently, however, haptic illusions failea get

haptic display technologies is increasing becawsBgb  he attention compared to other sensory illusioasaely
able to touch, feel and manipulate objects in &itlio  yisyg jllusions. Such visual illusions as the welbwn
seeing and hearing them is essential for realitiedull  parber pole illusion, the Ouchi illusion and the INdr
promise of virtual environments (Bresciail., 2008).  |yer illusion have been extensively studied. Regemat
However, to date, since haptic devices can't geaeaa set of psychophysical experiments studied the fbapt
copy of “the actual stimulation” to give perceptioh  versions” of these illusions (Scilingbal., 2008).
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The mechanoreceptors transform the mechanical
stimulation into a series of neural pulses “action
potential” that carries the stimulation to the hraDne
type of these mechanoreceptors is called “Slowly
Adapting type I” (SAl), which is known to encode
curvatures and edges (Lesniak and Gerling, 2009).

Researchers proposed both continuum models
(Srinivasan, 1989; Sripatet al., 2006) and finite
element models (Maenat al., 1998; Gerling and
Thomas, 2005; 2008; Wet al., 2006) to determine the
stress-strain state inside the skin and tried teetzie a
mechanical value (either stress or strain based)
generated inside the fingertip at the locationhaf SAI
afferents with the action potential generated bgnth
that was measured in monkeys (Phillips and Johnson,
) ) ) o 1981) or in man (Johansson and Flanagan, 2009).

For instance, in the visual Muller-Lyer illusioa, In some reports (Dandekaral., 2003; Lesniak and
person perceives images that differ from objectivegerling, 2009: Sripatt al., 2006) good fitness between
reality. The tactile Muller-Lyer is caused by rélie  the rate of spikes fired by an SAI afferent and$tin
figure. When judging the length of two equal convexgnergy Density (SED) at the location of these afiés
lines by touching them, a person typically clairhatt was achieved; this result has become the typidakva
the line with inward-pointing arrows is longer. B&ES  account for SAl response.
the Muller-Lyer illusion in tactile sensation, tkeare Lesniak and Gerling (2009) combined a FEM
several tactile illusions such as the Velvet Hdhgsibn model of the fingertip and a neuron model to stthogy
(VHI) (Mochiyamaet al., 2005) and the fishbone and response of a single SAI receptor and comparedtlit w
comb illusions (Hayward, 2008). the results of psychophysical data obtained bylipsil

Our interest in the velvet hand illusion is mainly and Johnson (1981).
derived from the perception it elicits, touchingyiaen
material (velvet), so studying its mechanism ane th The FEM model: Although recently more complex
reason behind it might enable us to utilize it et models that account for the nonlinear elasticitg &éme
design of a haptic display. VHI is caused by suetira  time-dependent mechanical properties of the sksué
mesh Fig. 1. A person rubs his/her hands together owere proposed (Wet al., 2006) and used to study the
both sides of wires strung through a frame, prauyci fingertip under vibration or large displacementebr
the sensation of rubbing a very smooth and softetel models are sufficient for simulating the fingertipder
like texture. contact in low speed (low frequency) and for small

In this study we predict the responses of a numbedlisplacements around 1 mm (Lesniak and Gerling,
of SAI afferents (Merkel disks) in a fingertip sabjed  2009).
to VHI using FEM analysis. The modeled response can In this study we use a two-dimensional plane istrai
then be used in the design of a haptic displayetieate  linear layered FEM model that represents a crostiose
a stimulation that delivers the same responsg ¢(he. of an average human index fingertip. Our model

Fig. 1: Wire mesh generating velvet hand illusion

same perception) to the person touching it. resembles the one used in Gerling and Thomas (2008)
and Lesniak and Gerling (2009) without simulatihg t
MATERIALSAND METHODS Co||agen fibers.
The fingertip is considered elliptical with a loagis
M odeling procedure; of 17.44 mm and a short axis of 13.6 mm (Maenal .,

Background: When we contact an object with our skin, 1998). In addition to the bone and nalil, it is a&sed to
it deforms according to the shape of that objectdure  consist of three soft tissue layers, starting ftomouter
to the layered structure of our skin, the stressirsstate  one: epidermis, dermis and the subcutaneous tissue.
generated inside the skin is believed to be opénhito Figure 2 shows the thickness used for every lmyer
deliver mechanical stimulation to the mechanorearspt addition to the boundary between the epidermis and
which are strategically located at the boundarfab@se  dermis layers. The boundary between the two lalyass
layers (Maenat al., 1998). sinusoid shapes called the intermediate ridges.

935



J. Computer i, 6 (8): 934-939, 2010

/_\

Intermediate
ridges

Dermis

/E»idermis

(b)
Fig. 2: Geometry of fingertip model (dimensions are
mm)

The elements located at their tips are considired
location where SAI receptors are located and thBsSE
of these elements are considered the responsdweof t
afferents discussed above.

We numbered the center one Rec. 0 (for receptor
number 0), Rec. Li (for receptor on left side lefjeand

Rec. Ri (for receptor on right side letter i), wiér 1~8 ©

with numbering starting from the one next to thatee

receptor going in both directions. Fig. 3: FEM model: (a) Start of VHI case, (b) VHise
The soft tissues layers are assumed to be linearly after compression and (c) start of one finger

elastic with a young modulus of 0.136 MPa for the case

epidermis, 0.08 MPa for the dermis and 0.034 MPRa fo

the subcutaneous tissue. Poisson’s ratio is assamed Here we tackle the SAI response alone by

0.48 for all layers (Maenet al., 1998). Both the bone simulating a simple version of VHI on just two ogpw
and the nail are assumed to be rigid. The modehaws  fingers instead of the whole hand (VHI case) and
approximately 17,300 elements and 46,800 nodes. Thgompare with a finger touching the wires withoug th
simulation was performed by ANSYS Academic existence of a second finger (one-finger case).

Release 12.0.1. . . . . .
VHI case simulation: This simulation starts by

Simulating VHI: The following are the minimum pressing the finger with a rigid plane with a
conditions for VHI to be felt: (1) the use of bdinds, displacement of 0.5 mm to account for the opposing
(2) the presence of at least two wires either f@ral  finger effect (Fig. 3a and b) and then thvires
perpendicular to the fingers and (3) rubbing thadsa (D = 0.8 mm and simulated as rigid bodies), whiakeh
against the wires (Mochiyangaal., 2005). their centers aligned with the fingertip surfaceéntheir

Although the reasons behind this illusion remaincenters aligned with the fingertip surface, move
unclear, we believe that the repeated contact feetwe horizontally at 21 mm sét and deform the already
one finger and the other and then with the wirggers  pressed finger. The friction between the wires trel
Fast Adapting type | (FAI) Afferents and that tlteyge  fingertip surface is assumed to be 0.3. We user8swi
and the dimensions of the wires (small and edgg-lik with a pitch of 5 mm. The boundary condition coaists
also stimulate SAl. The combination of these twothe two nodes near the middle of the nail in bbth X
responses could function as a perception of VHI. and Y directions.
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One-finger case ssimulation: For this case there is no illustrates the SEDs of the receptors on the rijie (a-
compression because we assume no opposing fingdrecs. R1~R4, b-Recs. R5~ R8).
The three wires have their centers at a distandgof

mm vertically from the top point of the surface thé DISCUSSION
fingertip (Fig. 3c) to insure that the differencetween _
the two cases is only due to the compression byigit The response of the SAI afferents is related é th

plane (the opposing finger effect) and not becafise perception of edges and their depths. If a low edge
different compression induced by the wires. Thesioth deforms the skin, the SA' afferent near that.edge
parameters are the same as the VHI case. rgsponds Ie;s compared with the_ response if the isdg
higher, which deforms the skin more deeply. As
mentioned above we use SED at the location of such
afferents to account for this response.

From the results in Fig. 4 and 5 we notice a

As explained above and shown in Fig. 3 the wirexonsiderable decrease of the response of the SAl
contact the fingertip on the left side, deformritldeave  afferents to the contact of the simulated wires tfer
the contact area from the right side, which medas t VHI case compared with the one-finger case, degpée
the receptors on the fingertip’s left side are agtated  small amount of compression (0.5 mm).
first. The SEDs collected from the elements at the In Fig. 4a, for Rec. L7 there is almost no respons
locations of the SAIl receptors are shown in Fignd 5.  for the VHI case at the initial contact, but a fd¢a
On the right of Fig. 4 and 5 the SEDs for the VH$€ is response for the one-finger case. For Recs. L5L&nd
shown and the SEDs for the one-finger case is sltmwn the response from the first wire for the VHI case i
the left. almost half of that for the one-finger case.

Figure 4 illustrates the SEDs of the receptorshen In Fig. 4b, for Recs. L4 and L3 the response ef th
left side of the fingertip in addition to the centeceptor first wire is about 30% less for the VHI case thha
(a-Recs. L5~L8, b-Recs. L1~L4 and Rec. 0) and ¥ig. one-finger case.

RESULTS

One-finger Rec.L5 == Rec.L6 Rec.L7 =—Rec.L8 VHI Rec. L5 Rec. L6 Rec. L7=——Rec.L8
0.0015 0.0015
~ 00010 ~ 0.0010
= =
> 2
0.0005 0.0005
/ y/AN
0.0000 0.0000 .
110 120 130 140 150 160 170 180 1.90 2.00 110 120 130 140 150 160 170 180 190 2.00
Time (sec) Time (sec)
(a) Group 1
One-finger mmm Rec. 0 m==Rec. L1==—=Ree. L2===Rec, L3 == Rec. L4
VHI =—Rec.0 =—Rec.L1 Rec. L2 Rec. L3 Rec. 14
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0.0020 0.0020 1
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(b) Group 2

Fig. 4: SED at location of SAI receptors on lefiesiof fingertip in addition to center receptor (F&) VHI case
(right) and one-finger case (left); (a) Recs. L5~(18 Recs. L1~L4 and Rec. 0

937



J. Computer i, 6 (8): 934-939, 2010
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Fig. 5: SED at the location of SAI receptors orhtigide of fingertip (Fig. 2) for VHI case (righthd one-finger

case (left); (a) Recs. R1~R4, (b) Recs. R5~R8

In Fig. 5a, the responses obtained from Recs. R3
and R4 to the last wire for the VHI case are al&&i%
less than those for the one-finger case. In Figwhien

CONCLUSION

Even with a simple model we illustrated how the

the last wire passes, the responses obtained frees. R response of SAl afferents could play a role in the

R5 and R6 for the VHI case are almost half of tHose
the one-finger case.

perception of VHI. The response of some SAI reaspto
is reduced by up to 50%, which means that the

We believe that the decrease of the responseeof thperception of the wires is reduced compared with th
SAl receptors illustrated above plays a role in thecase of simply touching them. This study could bedu
perception of VHI mainly due to the decrease of theo design a haptic display that uses the VHI meisihan

feeling of the wires touched. The main different¢he
response between the two cases is for both thenfirs
when it starts to touch the fingertip and the lage
when it leaves the fingertip.

In this study we only modeled one finger where thehiS i
actual illusion happens on all the fingers of bb#mnds
and the actual illusion happens when rubbing but we
only modeled passing wires over the fingertip. The
importance of the first and last wires becomesrclea
because in the actual illusion there is alwaysra iat
is starting to touch or going to leave one of fhgdrs.

The change from the touch to no touch state & als
important because we believe that the responséeof t
Fast Adapting type | (namely FAI) receptors thae fi
only when the touch state changes could be related

the perception of VHI.
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