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Abstract: - The objective of this paper is to present a grasping registration technique by using Virtual Reality
technologies. In this context, an individual interacts with a virtual world by means of several devices which are
integrated into a common architecture. A 6 DOF tracking system gives the position of the user in the scene and a
VR glove provides the flexion angles of the fingers of a virtual hand. Through a Head Mounted Display the user
achieves a total immersive visualization of the scene. This technique is being developed in order to provide a
large dataset to be processed by grasp learning algorithms in robotic environments. In this document, we show
the design and implementation stages of this technique as well as the tests executed in both simple and complex
scenes. The results obtained let us assure the applicability of our system for learning-based grasp solution in
more complex and general scenarios.
Key-Words: - Virtual Data Registration, Virtual Grasping, 3D Pose and tracking, Manipulation Learning, Virtual
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In arm-extension techniques, a virtual hand is
controlled by the user and its position is defined by a
tracking system. To select and grasp the object, the
user just has to touch it with the virtual hand [3]. The
virtual hand can use one-to-one mapping between
real and virtual hands or the Go-Go technique using a
non-linear mapping function that translates the real
distance into the virtual one [4]. The movement of the
virtual hand in the scene is not established by the
position of the user. It is a rubber-arm which gets the
hand closer to the object.
Two variations of both techniques can be found: with
or without visual feedback. With visual feedback, the
object changes its color when it collides with the
hand. To select the object, in both ray-casting and
arm-extension techniques, the user has to point it and
to press a button on the keyboard.
Finally, Interactive Worlds in Miniature techniques
(WIM) [5] allow the user to manipulate objects, by
interacting with the reconstructed virtual world.
Despite this method being quite useful in virtual
manipulation, it does not provide accurate
measurements.
As for experiments performed in the field of object
manipulation in virtual worlds, we can emphasize
works
regarding
gesture-controlled
musical
instruments [6] and virtual chess sets [7]. In both
cases, the authors use a data glove to control hand
gestures and tracker systems to determine the pose of
the user. In [6], the experiments are developed in a
Cave obtaining visual feedback. Four instruments are

1 Introduction
Frequently Virtual Reality technologies allow us to
study new solutions to problems that would be very
difficult, if not impossible, to be reproduced in
reality. Indeed, thanks to the development of these
techniques we are capable of proving hypothesis in
the manipulation area without destroying objects or
fragile component inside the scene.
In this work, we consider an object manipulation
problem in virtual scenarios where the objects are
grasped and carried from one position to another. In
the virtual interaction field, several techniques have
been recently published. Most of the current
techniques in virtual grasping applications are
classified in two groups: ray-casting and armextension techniques [1].
In ray-casting techniques a virtual pointer selects an
object in the scene. The virtual pointer is
implemented through an invisible beam that is
generated from the user’s hand [1] [2]. When the
beam intersects the object, this is attached and the
user can manipulate it through their wrist movements.
Moreover the distance from the virtual hand to the
object is calculated. Consequently, the movement of
the object in the virtual world is restricted to the ray’s
axis direction where distance to the user’s hand can
vary. On the other hand, since this is not a usual
human grasp process, rotation movements are
limited. Thus the rotation is only accomplished in the
ray’s axis and variations in object pose are
implemented through keyboard commands.
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controlled: a xylophone, a FM Synthesizer, a
membrane and an air guitar. The glove position is
calculated by processing the image of the scene
whereas interactions with instruments are inferred by
means of gesture recognition algorithms. Regarding
the chess set [7], it arises in order to test ray-casting
and virtual-hand techniques. In this case, the
manipulation of the objects is carried out using a data
glove and a device which registers the movements of
the user. They do not take into account the game rules
and the goal is just to move the pieces around the
chessboard.
In our work, we merge several technologies which
allow us to achieve high quality immersion in a 30m2
scene where the user`s pose is known and the
manipulation of objects is controlled. Early works
similar to ours can be found in [6]. In that work,
several experiments are developed in a Cave
framework where the scenario size is 9 m2.
The paper is organized as follows. Section 2 presents
hardware technologies used in our work and the
communication architecture. In section 3, we show
the grasping method. Section 4 shows the obtained
experimental results, once several objects have been
grasped, in both simple and complex scenes. And
finally, in section 5 we present our conclusions and
talk about future works.

By means of a set of emitters and receivers, the
tracking system establishes the pose of the user in the
scene and sends data to the computer. On the other
hand, the data glove sends fingers position. This input
data is used to generate the movements in the virtual
world, which is shown through a HMD.
As mentioned, the data glove provides the
reproduction of the user’s hand movements in the
virtual world. The user can execute two different
kinds of hand movements: wrist turns (Pitch and
Roll) and finger flexions. Pitch turn is executed by x1
around OZ axis, x3 is the segment corresponding to
the fingers and x2 is the segment that includes
metacarpal and carpal bones. These movements are
shown in Figure 2. On the other hand, Roll turn is
executed by the forearm around OX axis (Figure 3)

Fig.2. Pitch turn and finger flexions

2 Architecture and devices
Human-VR system interaction is the main objective
in any virtual reality environment. A set of hardware
components provide the input to the system and, once
the data has been processed, the system generates a
set of events. These events allow the user to know the
scene configuration so that the user can act in the
virtual world properly.
In our project, data is introduced into the system
using a data glove and a tracker system whereas the
system information and visualization is received
through a Head Mounted Display device. In Figure 1,
architecture of our system is shown.

Fig.3. Roll turn

Data gloves or Virtual Reality gloves aim to transfer
the user’s hand pose to the computing system. It is a
useful tool to recognize the basic gestures of a hand.

Fig.1. Outline showing the communication architecture
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This device is made up of several fiber-glasses inside
the fingers, where a light beam flows. The intensity
of this beam yields the executed movement.
We calculate the position of each finger through
trigonometric relations. To do this, we must bear in
mind several interrelated reference systems (see
Figure 4). A rigorous mechanical analysis about the
flexion of the phalanges should be carried out, but
this would imply a more and unnecessary effort in
our case. We propose registering the position of every
finger by means of virtual sensors. This technique
will be explained in detail in the next section.

Fig.5. User wearing a 5DT Glove, a IS-900 VETracker
sensor and a HMD device.

Fig.4. Reference systems used to calculate the fingers
position.

As mentioned, the position of the user is supplied by
a tracking system. This device is a 6 DOF movement
tracker (X, Y, Z, Yaw, Pitch and Roll), which
operates with a hybrid inertial-ultrasonic technology.
The input of inertial components (accelerometers and
gyroscopes) determines the pose of the tracker
station. Through Kalman advanced filters, drift
corrections are executed thanks to the link of the
output of inertial sensors and the measurements made
by the ultrasonic components.
In Figure 6 we show a diagram of the tracking
system. A set of bars, which are stuck to the ceiling,
emits a signal. This signal is received by the device
which the user wears. This communication allows us
to calculate the pose of the user in the real scene.
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Fig.6. VETracker communication diagram.

3 Virtual sensors and data processing
There are two main objectives in this work: the
registration of grasping points and the study of the
object trajectories when they are carried from one
place to another in the scene. The virtual hand has
been designed so that a set of virtual sensors is put on
the surface of each finger. These sensors have been
implemented using small spheres which are placed on
the fingers’ phalanges. On the other hand, a set of
sensors are spread along the surface of the object as
well (see Figures 7 and 8). The introduction of these
virtual sensors makes grasping tasks easier since the
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user can see many possible grasp points where to
locate his fingers. We take advantage of these sensors
to establish a grasp event by means of the distance
between fingers’ and object’s sensors.

Once grasp happens, feedback events are produced. A
luminous signal appears in the scene and the number
of the hand sensor which is in contact with the object
surface is shown on the screen. Additionally, an
audible signal is emitted if grasping has finally been
correctly produced (Figure 9). Formally the grasping
process is as follows.
Let Fi, i=1,2,…5 be the position of a sensor i, for a
finger, regarding the origin (1 for thumb, 5 for little
finger) and Sj, j=1,2,…n, be the position of a sensor j
stuck on the object, n being the number of sensors in
the object. A grasp occurs whether:
∃k , h

d ( F1 ,S k ) < ε , d ( Fi , S h ) i = 2,...5 (1)

where d(Fi,Sj) is the distance between the i-th hand’s
sensor and the j-th object’s sensor

Fig.7. Virtual hand used in our work.

d ( Fi , S j ) =

(Fix − S jx )2 + (Fiy − S jy )2 + (Fiz − S jz )2 (2)

Fig.8. Virtual object with virtual sensors.

The grasp condition consists of measuring distances
between two sensors. If the distance between, at least
two hand’s sensors and two object’s sensors is lower
than the threshold ε, we consider this object grasped
provided one of the fingers involved in the grasp
action is finger 1. Figure 9 illustrates a grasping
process.
Fig.10. Grasping diagram.

The scene where the virtual hand is moving is a 3D
model of the lab where the experimental setup is set
out. Therefore, it is a virtual model of the scenario
where the own user is moving.
As far as the objects which are in the scene are
concerned, they correspond to synthesized 3D models
which have been sensed by a 3D laser scanner.
Therefore, we achieve a complete real virtualization
of every component of the experimental scene.
Furthermore, since the 3D model of each object is
known, we can establish a homogeneous distribution
of the sensors around the surface of the object.

Fig.9. Detail of grasping process. A green rectangle, with a
code inside it, indicates which sensor is interacting with
the thumb.
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car and a polyhedron. Our system acquires values of
position for every finger when the grasp happens and
the trajectory of the object is registered as well.
Tables 1, 2 and 3 show the fingers coordinates in
meters, for different users, when the grasp takes
place.
User

2

3

Finally, the dataset registered are as follows:
• Grip coordinates. They correspond to the
position of finger’s sensors when a contact
happens, Fi, i=1,…5. At least, two of these
values must be less than ε from two object’s
sensors Sj.
• Path coordinates. Fi, i=1,…5 values during the
movement of the object in the scene. These
values correspond to the trajectories of each
finger.
• Object coordinates. They concern the
trajectories of center of mass of the object, from
initial to end points.

4

5

User

2

3

4 Experimental Results
4

5

User
1

2

3

4.1 Tests in Simple Scenes

4

In a simple scene, a single object is placed on the
scene. The object is isolated and the user does not
find any obstacle to reach it. We have chosen three
objects of our model database: a pentagonal prism, a
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Little

Thumb Index

Middle Ring

Little

-0.303 -0.216 -0.257 -0.240 -0.248
-2.897 -2.881 -2.913 -2.923 -2.940
1.014
0.997
0.975
0.948
1.010
-0.283 -0.267 -0.262 -0.251 -0.248
-2.867 -2.943 -2.884 -2.895 -2.940
1.137
1.100
1.075
1.045
1.010
-0.234 -0.181 -0.243 -0.112 -0.130
-2.951 -2.871 -2.912 -2.892 -2.898
1.142
1.077
1.066
1.024
0.994
-0.241 -0.234 -0.242 -0.325 -0.341
-2.909 -2.995 -2.972 -3.063 -3.047
1.105
1.057
1.033
1.044
1.016
-0.297 -0.251 -0.277 -0.276 -0.233
-2.933 -2.850 -2.888 -2.862 -2.826
1.109
1.098
1.069
1.039
0.999
Table 2. Grasp point coordinates of the Car.

1

The tracking, immersion and virtual hand system has
been installed in the Virtual Reality Lab at CastillaLa Mancha University. This system consists of a 5DT
Data Glove 5, an Intersense IS-900 VETracker and a
Head Mounted Display Trivisio ARVision3D.
Different experiments have been carried out to reach
reliable decision patterns. So far, five users have
collaborated in the experiments. Each user is free to
decide the grasping method, the number of grasping
points, the order of manipulation (in the complex
scene cases) and the path of the object. Nevertheless,
according to the kind of experiment, different
restrictions have been imposed. In the following
subsections we present several tests with simple and
complex scenes.

Middle Ring

-0.074 -0.061 -0.081
0.010
0.004
-2.914 -2.839 -2.866 -2.802 -2.818
1.154
1.111
1.082
1.050
1.019
-0.095 -0.039 -0.068
0.007 -0.068
-2.950 -2.862 -2.869 -2.839 -2.886
1.158
1.139
1.110
1.078
1.046
-0.075 -0.051 -0.057 -0.108 -0.098
-2.878 -2.952 -3.002 -3.011 -2.993
1.174
1.135
1.099
1.050
1.022
-0.090 -0.004 -0.063
0.041
0.042
-2.877 -2.794 -2.848 -2.783 -2.799
1.163
1.162
1.111
1.095
1.064
-0.063
0.011 -0.025 -0.021
0.007
-2.884 -2.815 -2.895 -2.855 -2.798
1.160
1.099
1.145
1.044
0.996
Table 1. Grasp point coordinates of the Prism.

1

Fig.11. 3D model of the Virtual Reality Lab.

Thumb Index

Thumb Index

Middle Ring

Little

-0.121 -0.022 -0.095
0.006
0.012
-2.847 -2.884 -2.922 -2.922 -2.949
1.008
0.984
0.996
1.015
1.052
-0.012 -0.080 -0.048 -0.064 -0.105
-2.914 -2.928 -2.894 -2.875 -2.852
0.993
0.954
0.980
0.987
0.982
-0.045 -0.109 -0.080 -0.098 -0.153
-2.992 -2.958 -2.918 -2.892 -2.882
0.978
0.958
0.976
0.980
0.981
-0.035 -0.144 -0.095 -0.175 -0.195
-2.937 -2.937 -2.874 -2.886 -2.858
1.036
1.026
1.032
1.017
1.044
0.000
-0.111 -0.059 -0.124 -0.167
-2.971 -3.004 -2.957 -2.951 -2.954
0.988
0.962
0.996
0.991
1.029
Table 3. Grasp point coordinates of the Polyhedron.
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The next figures show the position of each finger at
the moment of grasping for every user. As we can see
different grasping strategies arise due to the fact that
some objects have got axial symmetry.

Fig.13. Pose of each object in the scene and fingers’
sensors represented as small spheres on the surface of the
object.

In the virtual path registration process the end point is
fixed in advance. Figure 14 illustrates the virtual
scene showing initial and final positions whereas
Figure 15 presents the paths followed by the users for
each object. In order to compare the different paths,
projection of the trajectories in the plane z=0 is
shown on the right side.

Fig.12. Grasp point positions (a) Prism. (b) Car. (c)
Polyhedron.
Fig.14. Trajectory executed by the users.

Figure 13 shows a grasp example where the finger’s
sensors are pointed out on the surface of the object.
Red, green, blue, yellow and pink spheres correspond
to finger 1, 2, 3, 4 and 5.
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b)
Fig.16. Initial scene with virtual sensors on the objects (a)
and trajectory followed by users in the first scene (b).
User

1

2

3

4

Prism
Polyhedron Polyhedron Prism
Prism
Car
Order Polyhedron Prism
Car
Car
Car
Polyhedron

5
Prism
Car
Polyhedron

Table 4. Manipulation order in test 1.

In the second scene, a restriction regarding the final
position is set. Figure 17 illustrates the virtual scene
showing the initial and final location of the objects.
The results of this test are reported in table 5. In this
case, we can appreciate that the imposed requirement
has an evident influence on the order in which the
objects are taken. Note that, apart from the second
user, the rest take objects in the same order as they
are going to be placed in the final scene. This is in the
order: Prism, Car and Polyhedron.

Fig.15. Trajectories followed by each user.

4.2 Complex scenes tests
We call a complex scene a scene with more than one
object. Thus, in this experiment, several objects are
virtually placed in a table and then, the user chooses
the manipulation order and the manipulation strategy.
The main objective in this type of experiment is to
register the order of grasping as well as to obtain
grasp points and trajectories followed by every user.
Three different scenes are proposed.
In the first scene, objects are disposed separately so
that there is no contact between them and there are no
restrictions. Figure 16 shows an example of an initial
setup and the strategy followed by user 2. In Table 4
we present the results of the grasping order for the
five users. We can see the level of disagreement
about the manipulation of the users. Only we can
notice that they choose the largest objects (Prism and
Polyhedron) as the first object to be grasped.

Fig.17. Initial (left) and final (right) configuration of the
scene in the second test.
User

1

2

3

4

5

Polyhedron Prism
Polyhedron Polyhedron Polyhedron
Polyhedron Car
Car
Car
Order Car
Prism
Prism
Car
Prism
Prism

Table 5. Manipulation order in test 2.

Finally, in the third test, we have experimented with
scenes where the objects are in contact. Therefore, in
this case, a more restrictive limitation appears since
the users should not destabilize the scene when a
piece is grasped. Note that, in the initial setup, the
pose of an object might limit the grasp action over
another object of the scene. A clear example of this
circumstance can be seen in Figure 18. There, the car
is on the prism and consequently, it should be moved
before any other object. Moreover the Polyhedron

a)
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seems to be unstable and leans on the prism. Table 6
corroborates that all users agreed and chose a correct
manipulation order.

algorithms and manipulation decisions in complex
scenes.
As a complement to this application, working on
scenes with more objects or complex configurations
would be an interesting challenge in the future. A
more sophisticated data glove would involve
improving the accuracy of user movements.
Furthermore, having more information about finger
positions, we would achieve easier programming and
better immersion in the scene. Finally, a future
extension of the work presented in this paper is linked
to the addition of gravitational effects and collision
between objects in the virtual scene.

Fig.18. Initial scene in test 3.
User

1

2

3

4
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5

Car
Car
Car
Car
Car
Prism
Prism
Prism
Prism
Order Prism
Polyhedron Polyhedron Polyhedron Polyhedron Polyhedron

Table 6. Manipulation order in test 3.

4.3 Discussion over results
As far as grasping points are concerned, there are
important factors to be pointed out. The position of
the object in the scene determines the pose of the user
and their way of carrying out the grasping action.
Taking into account the reported tests, we conclude
that, in simple scenes, users usually grasp the objects
from their highest parts. In complex scenes without
restrictions, the users tend to choose the safest object
of the scene which is the nearest one from the border
of the table.
Regarding the fingers implicated in grasping process,
thumb (finger 1) always appears in the grip and index
(finger 2) and middle (finger 3) fingers are used in
the majority of the cases.
Finally, with respect to the paths, we can say that
every user tries to minimize the path between initial
and final positions.

5 Conclusions and future works
In this paper we present a procedure to register
contact positions in human grasps through virtual
immersion technologies. We obtain the path
coordinates for object movements between two
virtual tables by using a tracking system in an indoor
scenario. We have run a set of experiments which
includes data registration, in complex or simple
scenes. In scenes with some kind of restrictions we
are able to extract human behavior patterns. Thus,
this system of data acquisition allows us to build a
different knowledge basis to develop grasp learning
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