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For many years, collision detection has 
been of major interest in robotics and com-
puter graphics !! "#$%&'()*+),%-./01. Numerous 
approaches have been investigated to detect 
interfering objects in applications such as 
robot task planning, computational biology, 
games, surgery simulation, and cloth simula-
tion. The central physical concept is spatial 
exclusion, i.e. the fact that two physical ob-
jects cannot occupy the same spatial location. 

In the context of virtual computer-
simulated objects, the spatial exclusion prin-
ciple must be implemented through specific 
algorithms. Consequently, collision detection 
algorithms (CDA) are developed to avoid the 
interpenetration of two or more virtual ob-
jects. 

The CDA depend on the type of objects 
and the type of their computer representa-
tion. They have been first developed in the 
context of perfectly rigid objects of which 
the computer models are based on geometry 
for the shape and direct cinematic for the 
motion. Consequently the central processes 
of the CDA are the computation of impact 
points and impact times, from the geometry 
and the cinematic of the objects. From these 
extracted data, movements after collision are 
programmed, through the computation of 
the velocity and acceleration vectors after the 
collision. When the computer representations 
of motion shifted from cinematic representa-
tions to physically based representations, the 
movement after collision is based on the 
computation of force applied to objects at 

the contact point and at the contact instant 
[Lin et al. 1997] [Redon et al. 2002]. 

From the rigid bodies framework, tech-
niques evolved progressively by introducing 
deformable objects as soft objects are fre-
quent in surgery simulation [Teschner et al. 
2005]. 

Many methods for collision detection of 
the contact points are based on bounding 
volume hierarchies. The main idea is to 
partition the set of object primitives recur-
sively until some leaf criterion is met. Some 
other widely used algorithms are based on 
spatial subdivision, stochastic methods, and 
distance field or image-space technique. 
While a large number of methods are devel-
oped for general or semi-general cases, some 
other methods are also designed for fast 
collision detection in special cases with some 
pre-known geometrical limitations. 

The detection of the instant point in cine-
matic based approaches is mainly based on 
sample rate adaptation and time forward. So 
saying, they are not on-line oriented. Con-
versely explicit physically-based approaches 
!! 2-30./,44356,0(7* $#7(44.8+1, are based on the 
on-line computation of the collision forces at 
each time sample. 

In the context of the haptic rendering 
!! 9,%'./* )(87().8+* #:* ;.)'&,4* #6<(/'01, the purpose 
of collision detection is not only to check 
collisions between objects, but more fre-
quently to check collisions between the 
probe(s) of the haptic device and the virtual 
objects to compute the interaction forces. It 
is the elementary basic core of the human-
computer enactive interaction. It consists in 
considering the haptic device as an external 
non-virtual object. In the hard real time 
context imposed by haptic interaction be-
tween human and virtual objects, collision 
detection algorithms become a hard bottle-
neck to overcome, the processes to detect 
contact and time points being highly de-
manding in term of computer load. 

In the typology of exemplary enactive tasks 
as presented in [Luciani et al. 2006], the 
collision detection problem appears as a 
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critical bottleneck. The complexity and com-
puter load of CDA increases drastically, 
when the expected interaction between users 
and physical objects is more and more tan-
gible such as in case of strong enactive 
interaction. It increases also drastically in 
spatially-oriented manipulation tasks such as 
those in CAD (computer aided design) 
mechanical design, in mechanical 
maintainability as necessary in industrial 
applications (mechanics, aeronautics), or in 
surgery, in which the density of number 
objects and the density of variable objects are 
greater than in exploration and navigation 
tasks in large virtual environments. Such 
types of interactive tasks are characterized by: 

- a high density of objects: very small free 
space ; highly confined scenes or dense 
maze. 

- a high variety of objects with various me-
chanical functions, behaviours and shape: 
rigid well shaped components, deformable 
parts, wires, tubes, etc. 

Real time optimization CDA techniques 
are then a main component of virtual reality 
systems and for the future are identified as a 
major bottleneck of enactive interfaces, 
linked to object scene local complexity and to 
the morphological complexity of the probe 
of the haptic device in tactile and in force 
rendering. 
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