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Abstract 

 
In this paper, we focus on adaptive visuo-haptic 

simulation of hair using force feedback haptic devices, 
and propose an easy-to-use interactive hair modelling 
interface. The underlying idea is to explore ways of 
integrating visual hair simulation and haptic into one 
multirate-multilayer-multithread application allowing 
for intuitive interactive hair modeling. The user is 
allowed to interact with the simulated hair on a virtual 
human's head through a haptic interface. By adding 
the sense of touch in the proposed system, we enter the 
domain of multimodal perception and stimulate both 
vision and touch of the user. This will allow the user to 
see a realistic hair simulation performing at 
interactive rates and easily use virtual tools to model 
the hair style. The proposed research tackles many 
significant challenges in the domains of multimodal 
simulation, collision detection, hair simulation and 
haptic rendering.  
Index Terms - Hair simulation, haptic rendering, 
multimodal perception, interactive modeling 
 
1. Introduction 
The area of hair simulation has been quite intriguing 
and challenging since quite sometime. During the last 
few years there have been successfully developments 
of new concepts related to both photo-realistic hair and 
real-time hair simulation. Most of the research has 
involved extensive work on the basic problems related 
to visual hair simulation with remarkable success. 
With the advances in computer graphics the research is 
now intuitively moving towards more innovative 
interaction modalities and the haptic rendering is an 
important concept evolving in this direction.  
Haptic defines what is related to the sense of touch. 
This sense can be roughly divided into two different 
kind of information. On the one hand the kinesthetic 
information, sensation that corresponds to the forces 
felt, the posture and motions of the arms and hands. 
And on the other hand the cutaneous information, 

sensation received by the skin, like temperature or 
roughness. The reproduction of touch provides useful 
sensory information for a large number of applications 
such as medical training, 3D graphics, virtual 
environments and entertainment. 
In context of virtual hair, the ability to touch and in the 
process compute and generate forces in response to 
user's touch, increases the sense of presence and 
provides better flexibility towards interaction with the 
hairstyles.   But in order to exploit the advantages of 
sense of touch, it is essential to explore the issues 
related to this multimodal perception in regards with 
hair simulation. The haptic simulation of hair 
represents a particular challenge because of the strong 
anisotropic dynamic properties of hair and its high 
requirements in terms of computational power. To 
address these issues it is important to build up a system 
that handles both global and local simulations of hair 
with haptic capabilities and then synchronizes it 
fficiently with visualization. e

 

    
Figure 1: Haptic Devices in action: a Phantom 
Desktop (Sensable technologies) and Omega Haptic 
device (Force Dimension). 
  
Our proposed system will thus stimulate both visual 
and haptic sensory perceptions of the user, who will be 
able to see a realistic hair simulation performing at 
interactive rates and easily use virtual tools to model 
the hair style. Starting with discussion of existing hair 
simulation and haptic rendering models in section 2, 
we give a conceptual description of the features of a 



haptic-based model to simulate dynamic behavior of 
hair, in section 3. In section 4 we present our haptic-
based hair interaction framework for modeling and 
simulating hairstyles including possible approaches for 
handling collision and response, while section 5 deals 
with the visual rendering of hair and synchronization 
issues. The paper ends with section 6 giving some 
concluding remarks and prospects of future work. 
 
2. State of the Art 
 
2.1. Animation 
Research on hair simulation and animation has made 
great advances over the last fifteen years. Although the 
research community has proposed different ways of 
modeling and animating hair, there is no known hair 
modeling method that is able to simulate the structure, 
motion, collisions, and other intricacies of hair in a 
physically exact manner [31]. Moreover, the lack of 
measured data specifying the mechanical behavior of 
hair prevents to accurately simulate how changes in the 
hair physical properties will influence its motion and 
structure. 
 
2.1.1 Hair animation models 
Early work on hair animation modeled hair explicitly, 
computing shape and dynamics of each individual hair 
strand. This approach introduced by Anjyo et al. [2], 
although being easy and especially suitable for 
dynamics of long hair, was not appropriate for wavy 
hair and suffered from large computation time. Since 
then, several methods have been proposed for 
simulating hair dynamics with the aim to overcome 
these limitations. Proposed approaches range from 
spring-mass [8], to multiresolution systems [33]. 
Because of the complex nature of hair and the high 
computing resources required to calculate hair motion, 
particular effort was made to find ways of speeding up 
the computation times. As hair naturally tends to form 
groups of strands, wisp models have been often 
adopted, mostly in combination with particle systems, 
with different ways of modeling hair (e.g. as rigid 
multi-body serial chains or real-time hair strips). A 
recent and interesting approach which takes into 
account bending and twisting is the dynamic super-
helices model [3]. Each hair strand is modeled as a 
"Super-Helix": a piecewise helical rod animated with 
Lagrangian mechanics. Hair motion is computed using 
Kirchhoff’s equations for dynamic, inextensible elastic 
rods.  
 
2.1.2 Hair as a continuum 
All of the above mentioned approaches consider hair 
as a finite number of strands. By contrast, hair can also 

be seen as a continuous medium. Hadap et al. [14] 
animated hair using fluid dynamics. Hair volume is 
considered as a continuum. Stiffness, inertial and 
interaction dynamics (including hair-hair, hair-body, 
and hair-air interactions) of individual hair strands are 
modeled with fluid flow dynamics, and are 
kinematically linked to fluid particles in their vicinity. 
This attempt based on explicit strand mechanics, but 
the resulting computation times were incompatible 
with interactive applications. 
 
2.1.3 Real-time hair 
Simulating the interaction with hair both from the 
visual and haptic aspects requires real-time 
performance for both layers. In this context, cluster 
and strip models obtained through simplified 
articulated body mechanics are good candidates. 
Drawbacks of these methods are the problems arising 
during collision detection between hairs, and their 
inability to efficiently represent some mechanical 
properties, such as bending stiffness [30]. Real-time 
methods have been proposed by Bando et al. with a 
Loosely Connected Particles approach [4], as well as 
by Guang et al. with a real-time short hair model [13]. 
These methods, however, suffer from scalability 
problems and hairstyle design constraints. Among the 
major issues, their specific mechanical models are only 
suitable for typically long and soft straight hair.  
These difficulties can be overcome by the free form 
deformation model of Volino and Magnenat-Thalmann 
[30]. In this approach, the hairstyle is defined by the 
volume behavior of hair strands, represented by a 
lattice-based free-form deformation model. The cubic 
lattice defines a true volume around the skull, and any 
location inside this volume can be computed using a 
simple interpolation formula.  
 
2.2 Haptic Rendering 
Haptic interfaces have been around for quite some time 
now. A number of devices have been built, mainly to 
adapt to specific applications. To exploit these 
interfaces efficiently has led to development of various 
effective haptic rendering algorithms. 

The interfaces for hair styling are usually divided 
into 3 or 4 screen parts displaying the model from 
different view points (face, back, right view) along 
with the set of hair parameters [27]. Other publications 
provide interfaces that allow the building of hairstyle 
in applying modifications via several colors. The 
intensity of color is connected to hair parameters such 
as density, length, etc. [16]. A creative hair interface is 
proposed in [21] that integrates a hardware rotor 
system allowing an easy positioning in 3D space. 
Recently, interfaces integrated to Phantom desktop 



have been proposed [15] that provide precision 
positioning input and high fidelity force-feedback 

utputo . 
3. Modeling the Visual and haptic Behavior 
of Hair: A Conceptual Approach 

Stroking own hair with the hand or brushing it with 
a comb are common habits which people repeat several 
times daily. These simple actions, however, involve 
many a complex issue. A closer look at them allows 
identifying at least the following processes taking 
place serially or concurrently: 

a) Movement of arm and hand over a specific 
trajectory 

b) Orientation of hand or comb before or during the 
movement 

c) Perception of the shape and consistency of the 
hair on the whole hand or through the comb 

d) Deformation of the hair during and after the 
stroke 

 
Clearly, this enumeration only mentions a subset of 

the tasks involved when stroking/combing hair and is 
not meant to be exhaustive. However, due to the 
complexity of the human perception of action-reaction 
sequences, simplifications are strictly necessary when 
describing such processes. These simplifications must 
go even further when tackling the challenge of 
reproducing the described action within a haptic-
enabled VR system. Such a system could be very 
interesting not only for applications simulating 
complete virtual hairstyling environments, but also for 
those contexts requiring a fast and easy way of 
modifying in real time the overall look of the hairstyle 
of a virtual human without too many steps. 

The simulation of the visual and haptic aspects of 
interacting with hair introduces several constrains. We 
can easily simplify the interaction and gesture design 
(points a) and b) mentioned above) by letting the user 
of the VR system guide the interaction between the 
hair and a static hand/tool placed in a pre-defined 
orientation. The points c) and d), however, concern the 
haptic and the visual simulation of the hair 
respectively, and are more difficult to deal with. From 
the visual point of view, the animation of the hairstyle 
must occur at interactive rates, and the animation 
model must be suitable for haptic systems, i.e. fast 
enough and allowing for robust synchronization with 
the haptic model.  

The haptic simulation of hair requires combining the 
existing knowledge on the human perception of touch 
with the studies on the physical properties of hair. The 
resulting ideal hair handle model must then be 
supported by a haptic interface able to elicit the 
appropriate haptic stimuli. The following section deals 

with the definition of a hair handle. Starting from the 
perception of mechanical stimuli through the human 
sense of touch, we define which mechanoreceptors are 
more responsive when simulating hair sensing through 
a haptic device. Finally, we identify the main 
mechanical properties of hair and their influence on 
hair handle, as well as the haptic/tactile sensations 
associated with hair during its qualitative manual 
assessment. 

3.1 Defining Hair Handle 
In order to be able to reproduce the sensation of 

stroking hair, we have to understand how the human 
perceptual system works and how to address its 
potentialities in an efficient way. Therefore, a 
fundamental step prior to the development of the 
haptic rendering model consists in the identification 
and quantification of the haptic stimuli which can be 
considered more relevant during hair handle. 

 
3.1.1 Human perception of mechanical stimuli 

The human perception of touch mainly depends on 
the kinesthetic and tactile sensing modalities. 

The kinesthetic sense is mediated by proprioceptive 
sensors which provide information about spatial 
localization and determine human awareness to the 
activities of muscles, tendons, and joints (resulting in 
body position and movement) [24]. Three major 
peripheral receptor classes can be linked to 
proprioception. Receptors are located in skeletal 
muscles (muscle spindles), in tendons (Golgi tendon 
organs ),  as well as in/around  joints ( joint kinesthetic 

 

 
Figure 2 - Skin mechanoreceptors [25] 

 
receptors). Muscle spindles are found in skeletal 
muscles and provide information on muscle length and 
rate of muscular contraction. They consist of intrafusal 
muscles fibers innervated by gamma motor neurons, 
and  are important  in  maintaining  muscle  tone. Golgi 
tendon organs are located at the junction of a tendon 
and a muscle; their function is to sense muscle 
contraction force. Joint kinesthetic receptors are found 



within and around the joint capsule and are responsible 
for sensing joint position and movement [24]. 

The tactile sense depends on sensory nerves and 
receptors which have their highest density on the 
fingertips. The thousands of individual nerve fibers 
below the skin of the human hand are populated by 
four principal classes of mechanoreceptors, which fall 
into two broad groups responding to static and 
dynamic skin deformation respectively. Further 
receptors respond to temperature (thermoreceptors) 
and pain (nociceptors), but the discussion of their 
properties is not in the scope of this paper. A further 
category of receptors is wrapped around the hair bulbs 
and is stimulated when the hair is bent. Figure  depicts 
the tactile mechanoreceptors of the skin, and their main 
properties are summarized in Table 1. 

The first group is responsive to static mechanical 
displacement of skin tissues and concerns slowly 
adapting (SA) receptors and afferent fibers. Its two 
classes innervate Merkel disks (SAI) and Ruffini 
organs (SAII). Merkel disks are selectively sensitive to 
edges, corners, and curvatures [17]. Ruffini organs are 
sensitive to static skin stretch and perceive hand shape 
and finger position through the stretch patterns on the 
skin. 

 
Receptor  Threshold  Class Receptive 

Field Function 

Merkel 
Disks 0.4-1.5 Hz SA1 Small, well 

defined 
Indentation, 

curvature 
Ruffini 
Organs 250-300 Hz SA2 Large, 

distinct 
Static force, 
skin stretch 

Meissner 
Corpuscles 30-50 Hz RA Small, well 

defined 

Velocity, 
edges, slip 
detection 

Pacinian 
Corpuscles 100-500 Hz PC Large, 

indistinct 

Acceleration, 
vibrations 

through tool 

Table 1 - Properties of tactile receptors [10] 

The afferents of the second group are insensitive to 
static skin deformation, but display a high dynamic 
sensitivity instead. These dynamic receptors fall into 
two principal classes. The Meissner corpuscles are 
rapidly adapting (RA) receptors responsible for 
detecting slip between the skin and an object held in 
the hand [20]. The Pacinian Corpuscles (PC) are 
highly sensitive receptors which respond to distant 
events, e.g. vibrations mediated through a tool [6]. 

 
3.1.2 Which receptors respond to virtual hair sensing? 

The human tactile and kinesthetic sensing 
capabilities allow perceiving different kinds of shapes, 
surfaces, edges, etc., either fixed or in motion. 
Different receptor classes are involved in the process 
of haptic exploration. Considering our initial goal of 

reproducing the action of stroking hair with the hand 
through a VR system, we aim to identify which 
receptor types are more relevant when perceiving the 
sensation of stroke (point c). Clearly, we must 
distinguish between two cases: 1) the hair is stroken by 
the hand, i.e. we experience direct contact; 2) the hair 
is stroken through a brush (or any other tool), i.e. the 
contact is indirect. 

Ideally, a haptic interface should be able to render 
direct contact, providing different stimulation patterns 
at different frequencies to the whole surface of the 
user's hand. However, today's technology does not 
allow this level of haptic resolution, but rather 
provides simplified interaction modalities. It is 
therefore important to limit the band of computed 
haptic stimuli to those which can actually be elicited 
by the hardware (and perceived by its user). Focusing 
on what human perception is actually able to sense 
through a currently available haptic device, we can 
remove redundant and unnecessary information from 
the haptic modeling process. For this reason, in this 
section we analyze which receptors can be considered 
particularly relevant for perceiving indirect haptic 
interaction with hair. 

Proprioceptive sensors are decidedly relevant for 
their ability in registering the hand’s position and 
orientation in space. This function, however, does not 
need to be stimulated digitally, as the exploration 
activity and the related motion of the hand will be still 
allowed within the haptic device’s workspace. The 
muscles forces measured by Golgi tendon organs, 
however, won’t play a significant role because of the 
very light nature of hair. 

From the tactile aspect, we face significant 
limitations imposed by the haptic hardware, which 
makes it currently impossible to realize the ideal 
scenario of providing precise tactile stimuli to the full 
hand. Possible haptic interactions with currently 
commercially available hardware are rather mediated 
by a tool. The user holds an end effector in the hand 
(such as a stylus- or ball-shaped grip) which provides 
vibrations and force-feedback. In this case, the user’s 
hand is in continuous contact with the end effector and 
receives a haptic feedback related to the interaction 
with the hair and the collisions with the head. 
Therefore, the tactile sensation is not direct, but 
communicated by the end effector. 

To render the feeling of touching hair through a 
commercial haptic interface we need to compute those 
contact forces which arise during tool-mediated 
interaction. Moreover, we need to address the tactile 
mechanoreceptors responding to such stimulation. 
Considering the receptor classes described in the 
previous section, it is evident that we can exclude a 



priori nociceptors, as we are not interested in 
generating the sensation of pain. Hair follicle receptors 
are relevant when perceiving the deformation of the 
own hair, but not present on the glabrous fingertip 
skin, thus we do not take them into consideration. 
Thermoreceptors are also neglected because the 
regulation of temperature is not supported by available 
hardware. Moreover, because the fingertips are in 
continuous contact with the device’s end effector, we 
do not take into account SAI and SAII afferents 
because they sense the characteristics of the end 
effector itself, and not those of the simulated object. 
RA-afferents are also neglected because the end 
effector providing force-feedback is firmly in the 
user’s hand, and any direct slip-sensation is to be 
avoided. Due to their particular response to indirect, 
tool-mediated contact, Pacinian Corpuscles result to be 
the most relevant mechanoreceptors when sensing 
virtual deformable objects through a tool-mediated 
haptic interface (such as the SensAble Phantom or the 
ForceDimension omega devices).  

The haptic layer of the hair simulation is determined 
by stimuli addressing the pacinian receptors. In order 
to define and quantify the order of these stimuli, a 
thorough knowledge of the mechanical behavior of 
hair is required. 

 
3.1.3 Mechanical properties of hair 

Chemical and physical behavior of human hair has 
been extensively reported in the literature along with 
descriptions of the human hair morphology, 
composition and properties [26]. Hair fiber is mainly 
composed by keratins (65–95%), which are 
responsible for hair’s remarkable mechanical 
properties. These properties are dependent on time, 
temperature and humidity [35].  

There are currently no standard methodologies for 
experiments with human hair. Common methods to 
assess alterations such as hair damages analyze color 
changes, hair shine, protein loss, and changes of 
mechanical properties [15]. However, the best 
methodology to use in these studies, as well as the 
number of replicates necessary to have statistically 
significant results, is still undefined [23]. The 
mechanical behavior of hair is dependent on many 
factors that can be divided into four main domains [5]: 

1. Tensile properties 
2. Bending properties 
3. Torsion properties 
4. Relaxation in each of the different modes 

As we are mainly interested in studying a model 
which is able to render the specific physical and 
mechanical qualities of hair towards handle, i.e. the 
sensations arising when touching hair, we constrain the 

focus of our research on some of the most relevant hair 
parameters for hair handle, which have been primarily 
studied by the cosmetic industry [34]. These are: 

1.) Geometrical properties of hair fibres such as 
cross-sectional geometry, ellipticity, diameter 
and length; 

2.) Bending properties of single fibres forming a 
fibre collective; 

3.) Frictional properties of hair fibres. 
These hair properties can be obtained by using a 
combination of chemical, mechanical and optical 
means.  
Through the accurate analysis of the hair handle we 
can derive an ideal model of the contact forces arising 
during hand-hair or tool-hair interactions. These forces 
are either tangential or orthogonal to the fingertip. The 
exploration strategy used while handling hair plays a 
significant role and determines the level of sensitivity 
in terms of perceived forces. However, these forces are 
very small and an accurate hair handle is possibly not 
adequate to be rendered by commercial haptic devices. 
The aim of the hair “handle” model is to provide the 
relevant haptic information when handling hair, 
modeling the hair’ s geometrical, bending and 
frictional properties. There is some evidence in the 
literature that these properties are significant for a 
qualitative assessment of hair samples [34]: experts 
associated “good handle” with the adjectives 
“smooth”, “soft” and “flexible”, which is the case for 
hair with a low bending stiffness, low diameter, and 
high ellipticity. Negative adjectives determining “bad 
handle” were typically “coarse” and “blunt”, with 
higher bending stiffness and diameter, as well as 
higher friction at the tip region. 
 
3.2 Our Mechanical Model 
The requirements of the visual hair rendering layer 
consist mainly in choosing a hair simulation model 
which is flexible enough to be tuned according to the 
available resources. We chose the free form 
deformation model of Volino and Magnenat-Thalmann 
[30] as it represents an ideal candidate because of its 
versatility. This model offers several advantages, 
allowing fast interpolation of any feature during 
animation and being sufficiently versatile for 
simulating any kind of complex hairstyles. At the same 
time, it provides real-time performance. Collisions 
between the hair and the body are handled by 
approximating the body as a set of metaballs. The 
possibility to decimate the model to obtain the best 
compromise between accuracy and computation speed 
makes it an ideal candidate for use within our visuo-
haptic hair simulation system. Moreover, this model 



provides a good support for the haptic layer which can 
profit from the use of the repulsive force field provided 
by the collision metaballs. In the case the arising forces 
are too high, an attractive force “stabilizes” the hair 
style preventing disordered behaviour. 
 
4. Hair Interaction Framework 
As mentioned in the previous section, humans feel the 
world through two senses: tactile and kinestheic. 
During hair interaction, the tactile aspect is provided 
by other devices and their applications in hair 
simulation are limited. Here we mainly focus on 
effects resulting from body movement and position 
(kinesthetic aspect) rather than a response at cutaneous 
stimuli (the tactile aspect). We focus our research on 
general aspect of a hair interactions mainly performed 
by rotations and motion position of stylus of hair and 
of hair tools. 
Our approach takes into consideration two issues for 
the efficient working of the hair interaction framework. 
Firstly, when using the haptic-based technique of the 
accuracy of force-feedback from the hair surface 
depends on the contact area with the haptic device 
probe. Also the update rate during interaction needs to 
be high.  Secondly, the haptic rendering algorithm for 
hair needs to consider both the collision detection and 
the collision response. The haptic rendering framework 
starts with position and orientation of the probe and 
terminates with the computation of forces and torques. 
 

 
Figure 3:  Pipeline of our haptic rendering framework. 

 
Figure 3 defines the pipeline of our haptic based 
interaction framework for hair. It is divided in 3 
components: human operator, haptic interface, and 
haptic rendering include in computer component. Each 
component is linked to a specific device (hand, haptic 
device, and computer) which share the data between 
them. This data is mainly position and orientation of 
our interaction point (hand, probe, virtual object). 
According to this data each component of the pipeline 
uses different numerical methods (algorithm, Newton’s 
equations, etc…). Of all the 3 components, the haptic 
rendering component happens to be the most 

expensive numerical technique and require certain 
optimizations for fast and efficient simulation of hair. 
 
4.1 Highlighting existing interfaces - features 
and limitations 
The main features of our framework are an easy 
interface for the creation of hairstyle in 3D, and several 
haptic based interactions with hair that facilitate the 
hair dressing process. The interface allowing creation 
of hairstyles is already developed and in is in constant 
use. Usually for 2D application interfaces a new 
hairstyle (from the database) are mixed with the 
subject’s images. 3D interfaces usually come in as 
integrated plugins for 3D modeling software package 
like Maya, 3DSMax, which allow complete hairstyles 
creation. But these software types require a mainly a 
lot of adaptation time for getting used to controlling 
the parameters and other options. Furthermore, even 
with these interactive features, the whole process of 
creating a hairstyle can be time consuming. 
 

  
Figure 4: Phantom-assisted virtual hair dressing 
ramework  f

 
To overcome these issues we have developed an easy-
to-use 3D interface, which uses the force-feedback 
haptic device for interaction. By assisting the user with 
force output during interactions, this will help in 
decreasing the overall time for creating the hairstyles.  
This interactivity between user and computer needs to 
be adapted to hair simulation.  
 
4 .2 Haptic Assisted Hair Interaction framework 
4.2.1 Haptic Interface for hair 
We have developed a system for haptic interaction 
with hair using a Spaceball 5000 of (3Dconnexion) 
and a Phantom Desktop (Sensable technologies).  
 
4.2.2 Defining and integrating various hair tools 
Here we define the interactive hair tools efficiently 
exploiting contact information between hair and stylus 
of a haptic device. A number of haptic-assisted 
interactive hair actions have been integrated in our 



virtual hair dressing interface which include cutting, 
rushing, curling, and grasping. b 

  
Figure 5: Grasp and Comb mode of the hair dressing 
nterface. i

 
In figure 5, we show the grasp mode in action; this 
mode is symbolized by hair brush. A geometric 
technique is used to implement this tool. When using a 
haptic device like phantom for grasping, strand 
representation as line segments is difficult to get force-
feedback as it requires very high accuracy of the 
device. We currently handle it by using a cluster model 
representing a group of hair that can easily be used for 
force feedback output. It is also computationally faster 
to handle a single cluster rather than doing the 
computations for each hair strand. The use of a haptic 
device allows grasping hair strand and selecting them 
before applying the other hair tools (cut, curl) to the 
selected hair. 
In figure 6 we demonstrate an example of the cutting 
mode. When using the cut mode, based on the height 
location of the scissor tool, the hair is cut from that 
position and the falling hair are simulated for realistic 
visualization. For better efficiency the simulation has 
been applied only on the falling hair. We have chosen 
to use simple physical simulation based spring-mass 
model as it is easy to implement, and effectively 
represents the fallen hair. The use of the cluster model 
for representing the group of hair further reduces the 
geometric complexity of the falling hair and makes the 
simulation more efficient.  The final simulation is 
applied on the guide hair of the cluster and the other 
falling hair corresponding to the cluster are obtained 
using and interpolation scheme. For a random and 
natural looking fall of hair we add a noise vector to all 
the hair in the cluster. 
 

    

Figure 6: A sequence in images displaying the cutting of 
air using Haptic device (Phantom). h

 
We have also integrated a hairdryer tool similar to as 
presented in [12], but unlike in that paper the tool is 
handled using a haptic device. When using this tool we 
can control the wetness parameter. Depending on the 
position and the direction of the hair dresser we find 
the area of influence and then decrease the wetness of 
that region. This parameter decreases until zero: dry 
hair. The tool has been demonstrated in the figure 7. 
 

    

   
Figure 7: A sequence of images displaying the working 
the working of our hair dryer tool based on the meatball 
approach (top), along with the effect simulated on a curly 
hairstyle (bottom)   
 
For simulation purpose we have positioned two 
metaballs in the hairdryer tool. These metaballs create 
a repulsive force field on the nodes of the lattice. 
Capturing this simulation effect between hair motion 
and variation of wetness, allows obtaining visually 
convincing results. 
 
4 .3 Handling Collisions and Response 
4.3.1 Collision Detection 
All the virtual hairdressing tools mentioned in the 
previous subsection use object-based techniques for 
handling interactions at the position of the probe. The 
difficulty of these techniques is that they cannot take 
into account the simultaneous contacts. Also it is 
necessary to correctly detect the area of contact 
between the hair strand and the active tool. In our 
model we take into considerations development issues 
related to collision detections between hair and 
character’s body, or head. One of the approach that can 
be applied to haptic-based simulations involves use of 
boundary volume hierarchies (BVH) of sweep sphere 



volume (SSV) [32]. The spatialized normal cone 
hierarchies can also be integrated when the hair is 
considered as a set of rigid bodies as stated in [19]. 
Another technique as presented in [29] use spatial 
partitioning of 3D space, or octree. This technique 
could be adapted for deformable hair. Furthermore, a 
technique using boundary value problem (BVP) [18] 
already exists in haptic application and can be adapted 
for hair. This technique has been initially applied to 
discrete Green’s functions, and can also be applied to a 
global deformation technique such as FFD used in 
[30].  
 
4.3.2 Collision responses 
In [30], the collision response technique use metaballs 
that apply a repulsive force field on the nodes of lattice 
enclosing the hairstyle. We have extended this 
technique to adapt it to simulations involving 
interactions with haptic devices. Image-based 
techniques are also used to detect collision and then 
apply a penalty-based method by computing depth 
penetration. These penalty-based methods with an 
implicit or explicit integration are easy to implement 
and are widely used for haptic rendering application 
[9]. 
Another physical-based model used for haptic 
rendering algorithms is the “virtual coupling” method 
introduced in [7]. Virtual coupling is a method that 
connects a haptic device and virtual tools and allows 
increase in the stability of the system during 
interactions (stable haptic force feedback). The 
drawback of this method is that it decreases the 
realistic performances of the system. To overcome this 
and adaptive virtual coupling [22] technique has been 
introduced in order to apply modifications to 
parameters of the system that increase realistic 
performances while maintaining the stability. This 
method is mainly linked to an intermediary 
representation.  
 
5. Visual Rendering 
Although rendering is not the main highlight of this 
paper but it plays an important role in overall 
appearance of simulated hair. It is important to have an 
efficient model to perform realistic rendering of the 
hair displaying the important optical effects: local 
specular highlights and global self-shadow taking into 
consideration multiple scattering. In addition to this, 
for the Haptic based simulation to run smoothly it is 
essential that we synchronize the haptic simulation 
frame rates with the graphic simulation rates.  
 

5.1 Hair rendering with multiple scattering 
 For local shading we use the scattering-based 
algorithm to simulate controlled realistic specular 
highlights as described in [11]. The approach considers 
a partial physical model for simulating local 
interactions of light with the translucent hair strands. 
For global self-shadow computation, our approach 
considers two terms for that account for both 
absorption and scattering of light within hair similar to 
as discussed in [11]. The absorption term is the amount 
of light coming towards the hair vertex while the 
scattering term considers the attenuation of light that is 
scattered towards the viewer by the hair strand.  
Due to the volumetric nature of the hair multiple 
scattering plays a significant role in the visual 
appearance of the hair. That is why we also implement 
an optimized scheme for simulating this effect. We 
divide the scattering term into two components: a 
single scattered term and a multiple scattering term.   
The single scattered term is dominant term and is 
computed along the viewer direction. The term to 
capture multiple scattering effect is computed using an 
optimized approach that phenomenologically simulates 
the observations. The final term for a single light ray is 
computed by combining both the single scattering 
contribution and the multiple scattering contributions.  
Furthermore, we also perform fast shadow updates in 
animated hair by using an optimized `refining' 
technique. The technique is modelled to be compatible 
with the animation model, so as to exploit the 
geometric modification information and spatial 
coherency in hair data efficiently for calculating 
density variations and updating shadows. From the 
property of the FFD based animation model we are 
assume that hair in the coarser animation lattice always 
stay in that cell and so its only the hair within those 
animation cells that effect the density in the finer 
rendering cells. So when the hair are animated for each 
cell we compute the new set of hair vertices based on 
displacement and refine the original densities.  
 
5.2 Synchronizing Graphics and Haptic 
In order to be performed accurately, multimodal 
simulation addressing vision and touch involves a high 
load on the computer’s processing units. It is therefore 
important to find the best trade-off between the 
simulation’s realism (in terms of visual and physical 
accuracy) and performance (in terms of response 
latency). In addition to this, for the haptic based 
simulation to run smoothly it is essential that we 
synchronize the haptic simulation frame rates with the 
graphic simulation rates. To optimize the resource 
management, the visual and the haptic sensory 



channels are processed in separate threads, since they 
have different requirements in terms of update rates 
and relevant properties to be simulated. However, this 
practice requires a robust and stable coupling between 
the two modalities [1]. The synchronization between 
layers must occur in real time, because delays or 
asynchronous behaviour can strongly affect the 
believability of the user experience.  
 
6. Conclusion and Future Work 

We presented a system providing a visual and haptic 
interface for interacting with hair. Because of the 
specific nature of our goal, the focus of this paper lies 
more on aspects concerning the modeling of the hair 
“handle” and the force-feedback arising during haptic 
interaction with hair. 
The specific characteristics of hair allow to investigate 
new methods for efficient visual and haptic 
synchronization for our specific application scenario. 
This issue will be part of our future work. Moreover, 
further improvements on the haptic layer will focus on 
the implementation of a haptic hair handle layer 
following the conceptual definition given in section 3 
and taking into consideration hair diameter, bending 
and friction. The accurate analysis of the hair handle 
allows to derive an ideal model of the contact forces 
(tangential or orthogonal to the fingertip) arising 
during hand-hair or tool-hair interactions. The 
definition of an accurate model for hair handle allows 
us to define an ideal haptic rendering, which can then 
be simplified according to the hardware’s 
potentialities. Clearly, a possible risk associated to our 
intent is that the forces arising during hair handling 
might be so small to prohibit an accurate rendering of 
the hair handle by commercial haptic devices. There is 
some evidence that in such cases multimodal 
simulation of additional visual and audio cues can 
enhance the haptic sensation. Moreover, as the hair 
exploration strategy plays a significant role and 
determines the level of sensitivity in terms of 
perceived forces, the user’ s interaction will be 
constrained to specific handling scenarios. 
Clearly, the possibility to have the sensation of 
touching hair when interacting with virtual hair is 
strongly dependent on the available haptic rendering 
hardware. However, the research and developments 
stemming from in this work is not limited to the 
application in the hair domain, but we rather consider 
it a contribution to the fundamental research aimed at 
providing an intuitive way of interacting with animated 
3D objects through haptic interfaces. 
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