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Abstract: Problem statement: We revealed the reason behind a haptic illusion called the Velvet 
Hand Illusion (VHI) by FEM analysis. In VHI, a person rubs his/her hands together on both sides of 
wires strung through a frame and produces the sensation of rubbing a very smooth and soft surface 
like velvet. We focus on VHI to determine the specifications of an actuator for a tactile display 
enhanced by VHI. Approach: A simulated fingertip was modeled under the same contact condition 
that an actual finger was believed to undergo when under VHI. We collected the simulated responses 
of a number of SAI afferents, which were responsible for detecting the edges, to relate them to the 
mechanism of the illusion. Results: Even with a simple model that treats only one finger, we noticed 
a considerable difference between the responses of a number of SAI receptors compared with that of 
a fingertip touching wires without the effect of the opposing finger. The SAI responses for the VHI 
case are less (some receptors’ response is up to 50% less) than those for a finger touching the wires, 
which corresponds to a decrease of the perception of the wires. Conclusion/Recommendations: SAI 
might play a role in the mechanism of the VHI illusion. This study could benefit the development of a 
haptic display that utilizes the illusion and makes a person experience the same feeling using the 
proposed display. 
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INTRODUCTION 

 
 Understanding the reasons behind sensory illusions 
can provide valuable information about human 
perception mechanisms. This information can be used in 
the development of both bio-inspired sensors (e.g., 
tactile sensors) and human-machine interface devices 
(e.g., haptic displays). 
 Because of its excellent dexterity and its ability to 
detect such different tactile cues as edges, textures and 
hardness, the human tactile system has tempted 
researchers to implement some of its characteristics in 
the design of tactile sensors (Zhang et al., 2006; 
Herrera, 2007).  
 Also interest in virtual environments, specifically in 
haptic display technologies is increasing because being 
able to touch, feel and manipulate objects in addition to 
seeing and hearing them is essential for realizing the full 
promise of virtual environments (Bresciani et al., 2008). 
However, to date, since haptic devices can’t generate a 
copy of “the actual stimulation” to give perception of 

the real world, the investigation of other approaches 
remains more appealing.  
 Considering the characteristics of human tactile 
perception, haptic displays do not necessarily have to 
generate a sensory flow that strictly corresponds to the 
actual stimulation that leads to this percept in the “real” 
world, but “only” a sensory flow that elicits this percept  
(Bresciani et al., 2008). 
 In other words, if a haptic illusion is utilized in the 
design of a haptic display, it does not need to generate 
“stimulation A” that actually causes the “complex 
perception”, but only a simpler “stimulation B” that is 
only necessary to trick or “illude” the person into 
sensing the same complex perception that “stimulation 
A” elicits. 
 Until recently, however, haptic illusions failed to get 
the attention compared to other sensory illusions: namely 
visual illusions. Such visual illusions as the well-known 
barber pole illusion, the Ouchi illusion and the Muller-
Lyer illusion have been extensively studied. Recently a 
set of psychophysical experiments studied the “haptic 
versions” of these illusions (Scilingo et al., 2008). 
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Fig. 1: Wire mesh generating velvet hand illusion 
 
 For instance, in the visual Muller-Lyer illusion, a 
person perceives images that differ from objective 
reality. The tactile Muller-Lyer is caused by relief-like 
figure. When judging the length of two equal convex 
lines by touching them, a person typically claims that 
the line with inward-pointing arrows is longer. Besides 
the Muller-Lyer illusion in tactile sensation, there are 
several tactile illusions such as the Velvet Hand Illusion 
(VHI) (Mochiyama et al., 2005) and the fishbone and 
comb illusions (Hayward, 2008). 
 Our interest in the velvet hand illusion is mainly 
derived from the perception it elicits, touching a given 
material (velvet), so studying its mechanism and the 
reason behind it might enable us to utilize it in the 
design of a haptic display. VHI is caused by such a wire 
mesh Fig. 1. A person rubs his/her hands together on 
both sides of wires strung through a frame, producing 
the sensation of rubbing a very smooth and soft velvet-
like texture.  
 In this study we predict the responses of a number 
of SAI afferents (Merkel disks) in a fingertip subjected 
to VHI using FEM analysis. The modeled response can 
then be used in the design of a haptic display to generate 
a stimulation that delivers the same response (i.e., the 
same perception) to the person touching it. 
 

MATERIALS AND METHODS 
 
Modeling procedure: 
Background: When we contact an object with our skin, 
it deforms according to the shape of that object and due 
to the layered structure of our skin, the stress-strain state 
generated inside the skin is believed to be optimized to 
deliver mechanical stimulation to the mechanoreceptors, 
which are strategically located at the boundaries of those 
layers (Maeno et al., 1998).  

 The mechanoreceptors transform the mechanical 
stimulation into a series of neural pulses “action 
potential” that carries the stimulation to the brain. One 
type of these mechanoreceptors is called “Slowly 
Adapting type I” (SAI), which is known to encode 
curvatures and edges (Lesniak and Gerling, 2009). 
 Researchers proposed both continuum models 
(Srinivasan, 1989; Sripati et al., 2006) and finite 
element models (Maeno et al., 1998; Gerling and 
Thomas, 2005; 2008; Wu et al., 2006) to determine the 
stress-strain state inside the skin and tried to correlate a 
mechanical value (either stress or strain based) 
generated inside the fingertip at the location of the SAI 
afferents with the action potential generated by them 
that was measured in monkeys (Phillips and Johnson, 
1981) or in man (Johansson and Flanagan, 2009). 
 In some reports (Dandekar et al., 2003; Lesniak and 
Gerling, 2009; Sripati et al., 2006) good fitness between 
the rate of spikes fired by an SAI afferent and the Strain 
Energy Density (SED) at the location of these afferents 
was achieved; this result has become the typical value to 
account for SAI response. 
 Lesniak and Gerling (2009) combined a FEM 
model of the fingertip and a neuron model to study the 
response of a single SAI receptor and compared it with 
the results of psychophysical data obtained by Phillips 
and Johnson (1981). 
 
The FEM model: Although recently more complex 
models that account for the nonlinear elasticity and the 
time-dependent mechanical properties of the skin tissue 
were proposed (Wu et al., 2006) and used to study the 
fingertip under vibration or large displacement, linear 
models are sufficient for simulating the fingertip under 
contact in low speed (low frequency) and for small 
displacements around 1 mm (Lesniak and Gerling, 
2009). 
 In this study we use a two-dimensional plane strain 
linear layered FEM model that represents a cross section 
of an average human index fingertip. Our model 
resembles the one used in Gerling and Thomas (2008) 
and Lesniak and Gerling (2009) without simulating the 
collagen fibers. 
 The fingertip is considered elliptical with a long axis 
of 17.44 mm and a short axis of 13.6 mm (Maeno et al., 
1998). In addition to the bone and nail, it is assumed to 
consist of three soft tissue layers, starting from the outer 
one: epidermis, dermis and the subcutaneous tissue. 
 Figure 2 shows the thickness used for every layer in 
addition to the boundary between the epidermis and 
dermis layers. The boundary between the two layers has 
sinusoid shapes called the intermediate ridges.  
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Fig. 2: Geometry of fingertip model (dimensions are in 
mm) 

 
 The elements located at their tips are considered the 
location where SAI receptors are located and the SEDs 
of these elements are considered the responses of the 
afferents discussed above. 
 We numbered the center one Rec. 0 (for receptor 
number 0), Rec. Li (for receptor on left side letter i) and 
Rec. Ri (for receptor on right side letter i), where i = 1~8 
with numbering starting from the one next to the center 
receptor going in both directions. 
 The soft tissues layers are assumed to be linearly 
elastic with a young modulus of 0.136 MPa for the 
epidermis, 0.08 MPa for the dermis and 0.034 MPa for 
the subcutaneous tissue. Poisson’s ratio is assumed as 
0.48 for all layers (Maeno et al., 1998). Both the bone 
and the nail are assumed to be rigid. The model contains 
approximately 17,300 elements and 46,800 nodes. The 
simulation was performed by ANSYS Academic 
Release 12.0.1. 

 
Simulating VHI: The following are the minimum 
conditions for VHI to be felt: (1) the use of both hands, 
(2) the presence of at least two wires either parallel or 
perpendicular to the fingers and (3) rubbing the hands 
against the wires (Mochiyama et al., 2005).  
 Although the reasons behind this illusion remain 
unclear, we believe that the repeated contact between 
one finger and the other and then with the wire triggers 
Fast Adapting type I (FAI) Afferents and that the shape 
and the dimensions of the wires (small and edge-like) 
also stimulate SAI. The combination of these two 
responses could function as a perception of VHI. 

 
(a) 

 

 
(b) 

 

 
(c) 
 

Fig. 3: FEM model: (a) Start of VHI case, (b) VHI case 
after compression and (c) start of one finger 
case 

 
 Here we tackle the SAI response alone by 
simulating a simple version of VHI on just two opposing 
fingers instead of the whole hand (VHI case) and 
compare with a finger touching the wires without the 
existence of a second finger (one-finger case). 
 
VHI case simulation: This simulation starts by 
pressing the finger with a rigid plane with a 
displacement of 0.5 mm to account for the opposing 
finger  effect  (Fig.  3a  and  b)  and  then  the  wires 
(D = 0.8 mm and simulated as rigid bodies), which have 
their centers aligned with the fingertip surface have their 
centers aligned with the fingertip surface, move 
horizontally at 21 mm sec−1 and deform the already 
pressed finger. The friction between the wires and the 
fingertip surface is assumed to be 0.3. We use 3 wires 
with a pitch of 5 mm. The boundary condition constrains 
the two nodes near the middle of the nail in both the X 
and Y directions. 
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One-finger case simulation: For this case there is no 
compression because we assume no opposing finger. 
The three wires have their centers at a distance of 0.5 
mm vertically from the top point of the surface of the 
fingertip (Fig. 3c) to insure that the difference between 
the two cases is only due to the compression by the rigid 
plane (the opposing finger effect) and not because of a 
different compression induced by the wires. The other 
parameters are the same as the VHI case.  

 
RESULTS 

 
 As explained above and shown in Fig. 3 the wires 
contact the fingertip on the left side, deform it and leave 
the contact area from the right side, which means that 
the receptors on the fingertip’s left side are stimulated 
first. The SEDs collected from the elements at the 
locations of the SAI receptors are shown in Fig. 4 and 5. 
On the right of Fig. 4 and 5 the SEDs for the VHI case is 
shown and the SEDs for the one-finger case is shown on 
the left.  
 Figure 4 illustrates the SEDs of the receptors on the 
left side of the fingertip in addition to the center receptor 
(a-Recs. L5~L8, b-Recs. L1~L4 and Rec. 0) and Fig. 5 

illustrates the SEDs of the receptors on the right side (a-
Recs. R1~R4, b-Recs. R5~ R8). 
 

DISCUSSION 
 
 The response of the SAI afferents is related to the 
perception of edges and their depths. If a low edge 
deforms the skin, the SAI afferent near that edge 
responds less compared with the response if the edge is 
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 
considerable decrease of the response of the SAI 
afferents to the contact of the simulated wires for the 
VHI case compared with the one-finger case, despite the 
small amount of compression (0.5 mm).  
 In Fig. 4a, for Rec. L7 there is almost no response 
for the VHI case at the initial contact, but a notable 
response for the one-finger case. For Recs. L5 and L6 
the response from the first wire for the VHI case is 
almost half of that for the one-finger case.  
 In Fig. 4b, for Recs. L4 and L3 the response of the 
first wire is about 30% less for the VHI case than the 
one-finger case. 

 

 
(a) Group 1 

 

 
(b) Group 2 

 
Fig. 4: SED at location of SAI receptors on left side of fingertip in addition to center receptor (Fig. 2) VHI case 

(right) and one-finger case (left); (a) Recs. L5~L8, (b) Recs. L1~L4 and Rec. 0 
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(a) Group 1 

 

  
(b) Group 2 

 
Fig. 5: SED at the location of SAI receptors on right side of fingertip (Fig. 2) for VHI case (right) and 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 about 25% 
less than those for the one-finger case. In Fig. 5b, when 
the last wire passes, the responses obtained from Recs. 
R5 and R6 for the VHI case are almost half of those for 
the one-finger case.  
 We believe that the decrease of the response of the 
SAI receptors illustrated above plays a role in the 
perception of VHI mainly due to the decrease of the 
feeling of the wires touched. The main difference of the 
response between the two cases is for both the first wire 
when it starts to touch the fingertip and the last wire 
when it leaves the fingertip. 
 In this study we only modeled one finger where the 
actual illusion happens on all the fingers of both hands 
and the actual illusion happens when rubbing but we 
only modeled passing wires over the fingertip. The 
importance of the first and last wires becomes clear, 
because in the actual illusion there is always a wire that 
is starting to touch or going to leave one of the fingers.  
 The change from the touch to no touch state is also 
important because we believe that the response of the 
Fast Adapting type I (namely FAI) receptors that fire 
only when the touch state changes could be related to 
the perception of VHI. 

CONCLUSION 
 
 Even with a simple model we illustrated how the 
response of SAI afferents could play a role in the 
perception of VHI. The response of some SAI receptors 
is reduced by up to 50%, which means that the 
perception of the wires is reduced compared with the 
case of simply touching them. This study could be used 
to design a haptic display that uses the VHI mechanism.  
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