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Abstract

Easy programming methods following the Program-
ming by Demonstration (PbD) paradigm were devel-
oped within the last years. The main goal of these
systems is to allow the unexperienced human user to
easily integrate motion and perception skills or com-
plex problem solving strategies. Learning form hu-
man demonstration asswme very vast sensory employ-
ment. Due to the fact that missing extracted informa-
tion from demonstration mostly can be compensated
by graphical, speech or gesture interaction, sensorial
input simplifies the programming process. Describing
unconsciously performed actions or motoric coordina-
tions is very complex and in general not possible. This
paper describes how tactile sensors are integrated in a
PbD system which learns form human demonstration.
Therefore a analysis of the used tactile sensor and
its characteristics is performed. Further on the inte-
gration of tactile information in the systems cognitive
functions is pointed out. Finally it can be concluded
that the enhancement of a data glove with tactile sen-
sors improves the analysis of human demonstration.
Moreover, the supplied information increases the sub-
symbolic and symbolic task knowledge which leads to a
more reliable recognition of the user’s actions.

1 Introduction

The development of service and personal robots —
a upcoming area in robotics research— requires spe-
cial programming interfaces. One of the major prob-
lems to be solved in order to successfully apply robots
to service tasks is the problem of providing a proper
programming and cooperation interface for unexperi-
enced users. Therefore, learning systems are needed
capable of extracting knowledge from watching users
demonstration. Heterogeneous sensor inputs like vi-
sion, tactile or position information are required of

such systems. Interactive programming interfaces are
required that allow users to easily instruct a robot
without having to follow a formal programming pro-
cedure.

A PbD system which serves there requirements has
been developed during several years of our institute.
Results of this work can be found in [6, 23, 5]. The
integration of tactile sensors in the PbD system is the
newest enhancement for the system’s improvement.
represent a further step for its upgrading. Our aim
is not to transfer force-based assembly skills to robots
by human demonstration. The motivation behind this
work is to increase the reliability of our system by
extracting more information that can be detected by
vision or a data glove from human demonstration.

1.1 State of the Art

In recent years several robot programming sys-
tems were developed that follow the Programming
by Demonstration (PbD) paradigm [2, 7, 14, 16, 19].
Most of these systems are focused on the task of
reconstructing trajectories and manipulations a user
demonstrates. Their goal is to reconstruct and repli-
cate demonstrations or at least a set of environmental
states with the highest accuracy possible. Other sys-
tems try to abstract from the user demonstration rep-
resenting sub-goals that were important for a success-
ful task solution. In [4] a classification of PbD systems
like shown in figure 1.1 has been discussed. There-
fore in the following only a brief overview is given.
Referring to figure 1.1 on the abstraction level the
learning goal can be divided in learning of low-level
or elementary skills, mostly realized with neuronal
networks [16, 2] and high-level skills or complex task
knowledge[24, 11, 13]. Within robotic applications, ac-
tive, passive and implicit examples can be provided for
the learning process. Active examples indicate those
demonstrations where the user performs the task by
himself, while the system uses sensors like data-gloves,
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Figure 1: Classification features for PbD systems.

cameras and haptic devices for tracking the environ-
ment and/or the user interaction. Obviously, powerful
sensor systems are required to gather as much data as
available [27, 15, 7, 26, 28, 14, 10, 19, 18, 30].

Most of these systems regard effects in the envi-
ronment, trajectories, operations and object positions.
While observing effects in the environment requires
high level cognitive functions observing trajectories of
the user’s hand and fingers is a well understood task.
Finally the representation of the user demonstration
is been mapped on a target system. Therefore actions
are planned based on the environment state and
current goal or the observed trajectories can be
mapped directly to robot trajectories using a fixed
or learned transformation model [14, 12, 20]. The
problem here is that the execution environment must
be similar to the demonstration environment.

In the domain of recording tactile information many
tactile sensors have been developed in the past ten
and more years. Some good surveys of tactile sens-
ing technologies were provided by Nicholls et all [22]
and Howe [9]. Several researchers have used tactile
feedback for determining object shapes or force prim-
itives from users demonstration [1, 3, 17, 29]. Most
of these works are trying to map the extracted force
characteristics directly to robot actions [25, 8, 21].

2 PbD System for Manipulation Tasks

Within this section the cycle of our developed PbD
system is briefly presented. An system overview is
given in figure 2. It is theoretically capable of sup-
porting each phase of the mapping process, but each
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Figure 2: Overview of the mapping process between
human and robot skills.

component still needs improvement.
The PbD system consists of following basic compo-
nents:

1. Observation For PbD, information about grasp-
ing states and objects is needed. Therefore, a
combination of results of the processing of the
finger angles given by a data-glove and of ob-
ject classification done by an image processing
approach has been realized. A VPL data glove
and a Polhemus tracking sensor are used to record
trajectories. The data-glove provides four angle
values for each finger and the wrist, being suf-
ficient to offer a good description of the actual
posture of the human hand. Additionally, an ac-
tive stereo camera head (3 grey-scale cameras, 2
turn and tilt modules) for fine tracking and a fixed
ceiling color camera for rough tracking purposes
are employed.

2. Skill analysis The starting point for skill analy-
sis in manipulation tasks is the trajectory of the
user’s motions and his fingers’ poses. In princi-
ple the presented method works on all trajecto-
ries, regardless whether they were recorded with
a position sensor or whether they were derived
from highly accurate vision or laser based sensor
recordings. Beside the trajectory, a Data-base is
needed, which contains sensor data, a set of ac-
tion types, a set of elementary operations (EOs)
and the world-model. The third major need of






