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In this paper, the study and implementation of a task generation system
that uses the information obtained from the user and already known cases
is presented. One of the main objectives of the system is to introduce a
new approach in robotics that takes into account the physical limitation of
teaching and learning time, and thus the amount of knowledge that a robot
can obtain of a given environment (tasks, objects, user preferences...), as a
critical bottleneck of any robotic system. For this, the study of the Case
Based Reasoning (CBR) problem is presented. Additionally, Base Trajec-
tory Combination (BATC), a novel trajectory combination method based
on a simplified CBR structure, using trajectories instead of high-level
tasks, is proposed and explained. Finally, this system is tested with Move-
it! as the simulation environment, using the humanoid robot TEO from
Universidad Carlos Il de Madrid as the robotic platform. The results of
these experiments are also presented with the corresponding conclusions
and future research lines.

1 Introduction

The goal of this work is the design of a system capable of the automatic
generation of new tasks, using both the information stored from old cases
and from user interaction. This idea started since the first studies in human
memory (Ebbinghaus, 1885), when the scientific community started to see
how the knowledge stored in memory was used as a support for the gen-
eration of new tasks and even as a tool for predicting the future (Ingvar
1985), (Schacter, Addis, and Buckner 2007).
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On the other hand, roboticists have yet to find a solution for most of the
challenges that imply working in a real environment. However, in current
systems, there is a tendency to use the knowledge of a robot as an infinite
resource that contains all the knowledge already adapted to all the different
circumstances that can occur. This leads us to highly knowledge dependent
systems, that can only correctly within the specific domain for which they
were designed. Therefore, one of the purposes of this work is to design a
system able to work with a limited knowledge database. This means, a da-
tabase with scarce knowledge that sometimes is not even related to the
context where the system needs to work. This scenario is pretty similar to
the case of the children during their first steps of learning, where their
knowledge is quite limited. In turn, they use help of a constant interaction,
habitually with their parents, for learning and executing new tasks (Wells,
2009). This is the reason why our objective will be to study and propose a
system able to generate new tasks using the information retrieved from a
limited knowledge database and user interaction.

2 State of the art

One of the base problems to solve is the CBR problem. This means, the
idea of using previous cases to help with the achievement of new tasks.
This idea started with the publication of (Schank and Abelson 1975), and
in a relatively small time, some systems based on this idea started to ap-
pear. An example of this is CHEF (Hammond, 1986), which uses recipes
as cases, or ISAC (Bonzano, Cunningham, and Meckiff 1996), a system to
support air-traffic controllers. The basic overall structure used in CBR sys-
tems was presented in (Kolodner 1992), and can be seen in figure 1.

Database

A

Interaction » Reasoning Planification

Fig. 1. Overall scheme of all the process involved in a CBR system

Since the proposal of this structure, some papers have appeared with the
objective to solve some specific CBR problematics presented in this struc-
ture. This is the case of PARADYME (Kolodner, 2014), a case retrieval
method for the retrieval of old cases. However, the number of this kind of
publications is quite low in comparison with the ones oriented to applica-
tions. The reason is because the problems presented in CBR systems are
complex high level problems of which most are not yet solved. This is es-
pecially notable in the reasoning stage. This stage concerns solving prob-
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lems like the adaptation of high level tasks and the evaluation of the tasks
generated, problems that presents a huge challenge for the implementation
of a CBR system.

In addition to this, there are some similar projects that face similar prob-
lems to the ones presented in this paper. In (Beetz, 2011) a system de-
signed to generate new tasks using the information from pages like wiki-
how.com or ehow.com, and the information stored in a KnowRob' ontolo-
gy database is presented. Another example is (Ramirez-Amaro, 2015), in
this case the system is focused in the design of semantic rules that allow
the conceptual definition of tasks from user demonstration. The goal is to
later use this conceptual definition to allow the robot to perform the task
under different circumstances, and to make the process of learning a new
task easier at the same time, using for this the information from known
cases for the generation of the new ones. In (Morante, 2014) the idea was
to design a task generalization method based on the idea of using the in-
formation about the changes that an action produces in the environment.
This means instead of working with tasks defined as robot movements, to
work with tasks defined as changes in the environment.

3 BATC

The idea of BATC? is to use the trajectories that define the tasks, before
attempting to directly use the tasks themselves. The goal of this is triple.
First, since BATC uses trajectories, it can be later used for the implemen-
tation of a high level CBR system. Second, since BATC uses low level
cases, most of the problems presented in a CBR system become easier to
solve. Finally, the last reason is because the implementation of BATC
would be solving a not solved problem in robotics, which is the combina-
tion of known trajectories for the generation of new ones.

3.1 The idea behind BATC

The idea behind BATC consists in using a mathematical method, since
trajectories are mathematical functions, for the combination of these trajec-
tories, in this case a weighted sum. This way, in BATC a feature vector is
assigned to every trajectory in order to compare them (figure 2).

1 http://www.knowrob.org/
2 https://github.com/roboticslab-uc3m/teo_batc



4 Open Conference on Future Trends in Robotics

X trajectory spline L5 * trajectory splina interpolation

B
=
s

s
e
]

&
&
-

End-effector position
£
=
s

=
-3

5 [E) )

13 Y] = ECle T s w15 i z 0
Time Time

Fig. 2. In BATC the new point is defined using the points in the database (left),
and a weighted sum with the weights assigned using features vectors (right).

3.2 The BATC algorithm

Using the feature vector and the Euclidean distance, the two best trajecto-
ries (the ones closer to the goal trajectory) are selected. Then, the base one
weights are assigned using the Euclidean distance between the base trajec-
tories and the goal one. The new trajectory will be then the spline defined
by the succession of points presented in the equation 1, where Spi(?) and
Sp2(t) are the values of the trajectories splines at the instant ¢, w; and w»
are their respective weights, and the difference between ¢ and ¢+/ is the
time step used to define the new trajectory. This way, changing the
weights, we can adapt the trajectory generated to the needs of the user.

Tr = [Spl(t)*w1 +Sp2(t)* wz,SpI(t +1)* w +Sp2(t +1)* wz...] (1

In the case of orientation, since BATC works with quaternions (nonlinear
units), the SLERP method for the interpolation of quaternions is used in-
stead of the weighted sum. The new orientation can be defined as the suc-
cession of quaternions obtained using equation 2. Where, ¢;(2) and q(?) are
the two quaternions of the base trajectories in the instant ¢. The value wy is
the weight of ¢;(2), obtained the same way as in the case of SPLINES.

NewOri = SLERP(q1 (t) q, (t) w, ) (2)

The CBR structure in figure 1 was used as the base structure for the im-
plementation of BATC: First, the trajectories are stored in a database with
its features vector. Next, there is an interaction step where the user specify
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the features of the goal trajectory. Then, the BATC reasoning system gen-
erates the new trajectory, using the trajectories in the database and the in-
formation from the user. Finally, the new trajectory can be executed.

4 Experiments

For the implementation of the BATC system, Moveit!* and ROS were used
as the simulation software, with TEO the humanoid robot (Martinez, 2012)
from the Universidad Carlos III de Madrid, as the robotic platform. Results
obtained are shown in figure 3. Here, two base trajectories stored in the
robot database (“arm to the front” and “arm up”’) were used for the genera-
tion of the new one, defined with its final position.

Fig. 3. The first row corresponds to the "arm up" trajectory, the second one is
"arm to the front", and the last one is the generated one “arm to the diagonal”

The experiment performed to test BATC consisted in changing the number
of trajectories in the database, and studying how the system behaves with a
set of random goals. The results of these tests can be seen in Table 1. The
error obtained is the sum of the final position error, bounded in /0.0, 1.5/
in Moveit! units, plus the orientation error /0.0, 0.1]. The first conclusion
we can extract, is that adding just one more trajectory "arm to the back"
the mean error, is now decreased by almost the half. One of the reasons of
this is because the new trajectory is the opposite of "arm to the front" in
the "x axis". This implies that we are maximizing this defined space, and

3 http://moveit.ros.org/
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therefore the performance obtained by BATC. On the other hand, in the
third scenario the new trajectory is "arm to the x diagonal", a variation of
"arm to the front". The results this time, are quite similar to the ones ob-
tained in the last experiment. This leads us to the conclusion that the more
different are the base trajectories, the more information the BATC system
has, and the better the performance.

Table 1. Experimental results with BATC.

Experiment  Configuration Configuration Configuration
Number error 2 base tra- error 3 base tra-  error 4 base tra-
jectories jectories jectories

1 0.746 0.279 0.256
2 0.315 0.432 0.774
3 0.508 0.565 0.464
4 0.732 0.489 0.616
5 0.328 0.253 0.172
6 0.473 0.372 0.686
7 0.687 0.263 0.236
8 0.676 0.303 0.521
9 0.194 0.174 0.095
10 0.668 0.447 0.366
Mean error 0.492 0.337 0.351

5 Conclusions and future ideas

The overall idea of this work was to present a new approach in the area of
robotics, using the knowledge as another limitation of the system. To do
this, the study of the resolution of the CBR problem in a limited
knowledge scenario was presented. Several contributions have been made:

e The presentation of the Base Trajectory Combination (BATC) system,
a novel method for the automatic generation of new trajectories using
the information from already known trajectories and user interaction.
This method is designed to be able to work in scenarios where the ro-
bot’s knowledge (set of trajectories in robot memory) is scarce.

e The integration of BATC and TEO in the ROS environment has been
presented, using Moveit! as the trajectory planning software. This in-
tegration opens the possibility of future works that can make use of
this state of the art software and TEO.
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e The BATC implementation and behavior has been tested, using differ-
ent experiments and scenarios, with the main goal to study how this
system behaves when having to cope this different situations.

Furthermore, the ideas presented in this paper and the implementation of
BATC have given us some ideas about future trends in the area of robotics:

e The design of new systems that are able to work using a generic data-
base with limited knowledge.

e The generation of robotic systems that are able to learn new concepts
and tasks using the interaction with the environment, the user, and the
information stored from already known cases.

e New approaches that take into account the physical limitation of teach-
ing and learning time, and thus the amount of knowledge that a robot
can obtain of a given environment, as a crucial bottleneck of any ro-
botic system.
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