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ABSTRACT 
 

The haptic-based sensing technology (HST) has the potential to be a powerful tool in Human-Computer 
Interaction (HCI). When developing a new product, the trend is to compress product development cycles 
and reduce costs. Virtual modeling, sometimes referred as digital prototyping, is widely used in industry for 
simulating the visual appearance and functionalities. Unfortunately, conventional virtual modeling 
techniques are hard to simulate the physical properties of a real product in user-to-product interactions. 
Force feedback, also called sensible feeling, is best envisaged as an evolution of virtual modeling. Thus, a 
novel haptic rendering technology that enables users to perceive tactile feedback from virtual 3-dimensional 
models is studied. We mainly carried out some innovative studies on the real-time force feedback in HCI by 
using sensing device based on the virtual model creation system (VMCS). With this in-depth research 
work, a virtual mechanics simulation model of the feedback force is proposed to solve the real-time force 
feedback simulation problem of haptic-based virtual model creation method. Finally, VMCS with real-time 
force feedback interactive technology is completed by using sensing technologies of haptic sensor devices. 
All these research works provide theories for the further application of virtual model creation method and 
HST in related industries. 
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1. INTRODUCTION  
 

HCI is usually associated with the design of 
computer-based products and systems with focus on 
usability issues. What makes HCI a bit special in 
respect of designing computational things is the fact 
that programming defines acts of use in a sense. 
Human science covers a wide range of fields and 
many kinds of sensors are used in the area. The 
application field for the sensor will also expand in 
future [1-3]. Computational technology gives us a 
very rich material to express interaction design 
form. Consequently, the need to design and deploy 
new HCI for the computer aided industrial design 
(CAID) system is evident, especially in support of 
conceptual design. In addition, the use of CAID in 
conceptual design should allow designers to 
concentrate on the creative design aspects rather 
than applying themselves to the interaction 
constraints [4-7]. Modeling methods based on strict 
physical disciplines need much time to deform 

objects, which are not suitable for interactive 
applications [8].  

In this paper, we present the research work on 
HST such as 3D haptic interaction. In addition, 
HST is integrated and implemented with CAID 
application, exploring the efficacies of HST during 
the stage of the virtual model creation process. 
Some key techniques are also introduced to 
construct a simple and convenient system, including 
haptic properties satisfaction, force feedback 
interaction adjustment, and so on. 

2.  RELATED WORKS 
 
2.1 Haptic device and mathematic model 

Haptic device allows user to experience a 
sensation of touch and force feedback when they 
interact with virtual models created in virtual 
environment [9-11]. From a macro point of view, 
haptic device can be divided into two categories: 
one is force feedback device, and the other is tactile 
device. The second type seems to be more effective 
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since they resemble real physical tools that users are 
used to. Some professional companies, such as 
SensAble Technologies Inc., Force Dimension, 
Quanser and Haption, all have a series of mature 
commercial haptic products. For example, the 
PHANToM series devices have been the first 
commercial haptic products and are still the most 
popular devices. They are point-based devices 
having from 3 to 6 degrees of freedom (DOF) and 
using stylus or thimble as haptic interface [12]. 

Many Chinese universities and research institutes 
have done a lot of work in the development of 
haptic device. Southeast University develops a 
haptic feedback hand controller with 6-DOF. 
Tsinghua University develops a 3-DOF force 
feedback device. Robotics Institute of Beijing 
University of Aeronautics and Astronautics 
develops a 1-DOF force feedback interaction 
device. The Chinese Academy of Sciences Institute 
of Automation, Harbin Institute of Technology and 
other institutions also carries on some relevant 
researches on haptics. In comparison, these 
investigations are still in their infancy and needs 
greatly improvement in many performances. 

As to the mathematic models (haptics 
algorithms), the terminology and fundamentals of 
haptics simulation were both detailed described 
[13]. A rather high force feedback updating rate, at 
the order of magnitudes of 1KHz, is necessary to 
achieve a convincing haptics feedback [14]. Hence, 
any attempts to emulate physical movement with 
updating rate less than 1KHz will result in haptics 
vibrations, leading to the uncomfortable perception 
of friction and general roughness depending on the 
frequency range. It is noteworthy that, this is far 
greater than the necessary threshold requirement for 
real-time visual display (up to 60 Hz) [15]. The 
technique of Qt-based virtual clay model system is 
an algorithm based on material removal rate force 
feedback rendering [16]. 

Virtual modeling with haptic rendering technique 
is concerned with the virtual shape modeling via 
haptic channel. Haptic modeling systems allow 
users to touch, feel, manipulate and model objects 
in a 3D environment that is similar to natural 
settings. Most of the applications are based on 
volume representation [17]. Some applications have 
been developed with the aim of providing haptic 
interaction with volume dataset, without actually 
providing realistic force feedback [18,19]. 

2.2 B-spline surface modeling  
B-spline or NURBS surface models are widely 

used in current CAID applications [20]. Many kinds 

of techniques are developed to improve the 
modeling and editing process. Sederberg et al. 
demonstrated a deformation method called free-
form deformation (FFD) for global editing [21]. 
Coquillart extended this method for more general 
deformations [22]. Celniker applied finite element 
method to generate continuous deformable shapes 
[23]. Welch presented a variational surface 
modeling technique, allowing the user to define a 
set of constraints and then finding the solution by 
minimizing the surface area [24]. 

3. APPROACH OVERVIEW 
 
3.1 Haptic rendering:  

Force feedback is formulated based on the 
material removal at a given instance. The force can 
be considered to be proportional to the material 
removal rate (MRR). A dexel removal rate (DRR) 
algorithm is proposed to analyze the haptic 
sculpting force–torque feedbacks [25]. The haptic 
force response is calculated based on the DRR that 
is proportional to the dexel volume removal. 

When the sculpting tool contacts and does not 
penetrate the virtual model surface, users can feel 
the information of the material properties without 
starting sculpting. In order to simulate this tactility 
touch feelings, a force can be defined with a range 
of distance. When the distance between the 
sculpting tool and the virtual model within the 
effective distance, it can be considered that the 
sculpting tool contacts the virtual model’s surface. 
A constant force like the tool touches  virtual model 
is distributed to the user via PHANToM stylus as 
following: 

f const=                             (1) 
As for a uniform or a unique material object 

model, there is not any difference between MRR 
and DRR. A component force magnitude f  can be 
defined as proportional to the removed Dexel 
volume and given by the following formula 

( ) '( )  area areaf k xDx kDx x k x= ∆ = ∆ = ∆  (2) 

Where x∆  is the height of the Dexel segment, 

areaDx  is the cross-section of the Dexel elements, 
k  is the predefined cross-section dependent force 
coefficient, and 'k  is the cross-section independent 
force coefficient. 

Generally, the materials are always different and 
Eq. 2 is invalid. The force calculated on one kind of 
removed material is accumulated and fed back to a 
user through haptic interface. Assuming that there 
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are totally n  kinds of materials removed in the 
current instance, the accumulated force feedback is 
calculated with 

'

0 0
( 0,1, 2, ...)

n n

sum i i
i i

f f k x n
= =

= = ∆ =∑ ∑   (3

) 
W. Zhu and Y.S. Lee point out that the tool may 

collide with some environmental models other than 
the model being sculpted in a comprehensive virtual 
environment [26]. So, this introduces another 
problem, which is how to prevent user from 
penetrating other environmental models. Then the 
total force can be calculated as 

total collisionf f f= +                 (4) 
The calculated force shown with Eq. 4 is 

distributed to the haptic arms and fed back to the 
user. 

3.2 Haptic modeling:  
We present an effective framework for 3D virtual 

model creation environment with haptic interaction. 
It consists of two 6-DOF devices, Spaceball 5000 
and PHANToM Desktop for controlling movement 
between the modeling tools and the virtual model in 
the virtual environment. The architecture of this 
approach is shown in Fig. 1, which consists of the 
following main components.  

● Interaction tasks are assigned for two-handed 
6-DOF manipulation with Force Feedback. Based 
on the analysis of main characteristics of virtual 
reality environment, we propose a series of 
classifications for two-handed interaction in virtual 
model creation, which have the extensive 
adaptability and usability for bimanual interaction 
tasks. 

●  Combinations of these interaction devices. 
According to the task distributions for dominant 
and non-dominant hand, we dispose the conflictions 
between the interactive devices in our system. 

● graphical user interface （GUI） and scene 
graph are developed with Qt framework and Open 
Inventor toolkit. 

● Our system can be used to perform a variety 
of tasks in virtual environments, such as moving, 
touching, and manipulating rigid or deformable 
bodies. 

 
Fig. 1. Hierarchic Of Virtual Model Creation System 

4. IMPLEMENTATION 
 
4.1 Development platform 

As mentioned above, VMCS is constructed with 
compacted voxel data structure and can be widely 
used for the product design, such as motorcar, toy, 
airplane, and so on. At the same time, development 
group also focuses a lot of attention with numerous 
troublesome on bugs getting fixed. We adopt MS 
VC++ 2005 as our integrated development 
environment (IDE), Open Inventor as the graphical 
kernel library, Qt framework as the user interface 
toolkit, and the OpenHaptics library as the haptic 
feedback function library. 

4.2 Qt framework and open inventor toolkit 
Qt framework is used to develop GUI of VMCS. 

Qt’s cross-platform capabilities support ensures that 
Qt applications reach the widest possible market. 
Open Inventor toolkit is an object-oriented 3D 
toolkit and used for graphic rendering of different 
virtual scenes, offering a comprehensive solution to 
interactive graphics programming problems. The 
haptics effects, such as spring, damping and so on, 
are designed with the combination of widely used 
standard modules, OpenHaptics library. The 
realization of haptic interaction is adopted with 
PHANToM Desktop device. 

4.3 Force feedback calculation 
As to render the virtual force feedback, we 

calculate it with the following equation, 

( ) /feedback cutF h V tλ= × ×           (5) 

Where, feedbackF  is the result of force feedback 

(N); h  is the material coefficient, and [0, 1]h∈ ; 
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λ  is the system factors of haptic device; cutV  is 
the material volume cut by virtual modeling tool; 
and t  is the modeling operation time. With Eq.5, 
haptic feedback can be calculated during the 
modeling process and transmit to user with 
PHANToM Desktop. 

4.4 Application validate 
Fig. 2 gives the VMCS which support the 6 

degrees of freedom haptic feedback in the Windows 
XP working environment. Operators (right 
handedness) was used his left hand to manipulated 
control ball of 3-D Spaceball mouse, controlled 
rotate modeling and transform view of the scene in 
the VMCS; right hand grasped the iron bar of haptic 
feedback PHANToM Desktop for modeling. This 
method can realized modeling tool random move 
and rotate as the real model creation process. 

 

(A) Spaceball 5000, 3Dconnexion Inc.;(B) Sensable 
Phantom Desktop, Sensable Technologies Inc.  

Fig. 2. VMCS Working Environments 

With the incremental cutting, pasting or 
compensating functionality for rapid transitions 
between different modeling states, VMCS perfectly 
increases the modeling efficiency and flexibility. 
Also, some advanced features of the primitive and 
wire cutting tools, such as the removal of single 
layers from a virtual model, enhance the modeling 
procedure to a level of precision hardly achievable 
at this level of detail in real modeling. Models 
constructed with voxels can be exported as either 
triangular or tetrahedral meshes in .sxf2, .wrl 
(VRML) or .iv (Open Inventor) file format. The 
resulting work environment can be utilized beyond 
the targeted application of virtual model, for 
example, for the visualization and analysis of 
medical data. 

 

 

5. CONCLUSIONS 
 

The existing haptic-based sensing technology 
method has not introduced the controlling modeling 
process with haptic feedback. This paper describes 
a novel haptic human-computer interaction sensing 
method via two equipments: Spaceball 5000 and 
PHANToM Desktop. With the combinations of 
these two equipments and interactive assignment 
with right hand and left, we construct a haptic 
modeling system (VMCS), with 6-DOF controlling 
and force feedback functions. This system builds a 
virtual model creation environment and realizes the 
simulation of model creation process in reality. 
VMCS extends the current existing knowledge of 
CAID, effectively support the design process at 
initial stages. Therefore, VMCS can also support 
the domain of product design by informing users 
about the differences between real and virtual 
design. 

The further development of the system is focused 
on increasing the usability and improving the 
realism of sensations. To increase the usability is to 
combine haptic rendering and haptic algorithm 
model modification to speed up the modeling 
process. As to the increasing of the realism of the 
implemented haptic rendering system, a 
combination of real and virtual worlds could be 
used. This would embed new and interacting 
technologies to the latent needs of diverse users. 
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