
FP6-IST-002020

COGNIRON
The Cognitive Robot Companion

Integrated Project

Information Society Technologies Priority

D7.2005

Refined Specification of Key Experiments and
Implementation Status

Due date of deliverable: 31/12/2005
Actual submission date: 25/01/2006

Start date of project: January 1st, 2004 Duration: 48 months

Contributing partners:
IPA, LAAS, UniKarl, UvA, EPFL, UH, UniBi

Revision: final
Dissemination Level: PU



COGNIRON
FP6-IST-002020

Deliverable D7.2005
25/01/2006

Revision final

Executive Summary

This joint deliverable reports on the progress made in Research Area 7System Level Integration and
Evaluation(RA7) during phase 2 (Jan-Dec 2005) of Cogniron.

• Scientific and technical advances in each of the three Key Experiments that were defined in [2]
are presented in sections 2, 3, and 4. This progress is based on more detailed specifications than
before, they are introduced in section 1.3.5 (p.10) and presented in appendix E (p.84).

• Given the increased amount of integration, fostering technology transfer between project part-
ners has grown in importance. We answered this challenge by creating a collaborative exchange
platform, presented in section 5 (p.31).

Role of the Joint Deliverable D7.2 in Cogniron

According to the project’s description of work [1], activity in RA7 addresses the specification, demon-
stration and validation of Cogniron’s research issues in terms of Key Experiments. A Key Experiment
focuses on one or more fundamental abilities of a cognitive robot system. The various demonstra-
tions will serve as integration platforms for Research and Technology Development (RTD) performed
throughout the project and willreflect the increments of the achieved resultstowards a cognitive
robot companion.
This context places RA7 activities at multiple crossroads. First and foremost, it aims at producing
both scientificsystem-level integration as well as providingdemonstrator platformswith concrete
implementations on real robots in realistic settings. Cogniron is an Integrated Project, thus a consider-
able part of the associated scientific and technological transfers take place on a European level. This
widens the scope of RA7 leadership, which has to strike a balance between technical and non-technical
aspects, as presented in section 1.1 (p.6).
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1 General Issues in RA7System Level Integration and Evaluation

This section gives an overview of the more detailed sections and appendices of the deliverable and
presents some general issues that were addressed in RA7 during phase 2 of Cogniron. The scope
of RA7 is presented in section 1.1 and its implications for work on integration and evaluation are
presented in 1.2. Section 1.3 on integration progress starts with summaries of advancement in each
KE (see 1.3.1, 1.3.2, and 1.3.3), followed by an introduction to software integration aspects in 1.3.4
and an account of refined specifications in 1.3.5. Conclusions and an outlook are found in section 1.4,
followed by the more detailed parts of this deliverable.

1.1 Scope of RA7

As stated at the very beginning of this document under “Role of the Joint Deliverable D7.2 in Cogn-
iron”, the goal of demonstrating scientific results on real machines places RA7 at multiple crossroads.
Science, engineering, and leadership challenges intertwine, as sketched in figure 1.
It can be seen that two kinds of innovation are important in RA7. Scientific activity takes place in
the Research Areas (RA), guided by the exemplary questions of “what new conceptual approaches do
we need to achieve the goal of cognitive robot companions?” (top-down) and “how does our growing
knowledge fit into the big picture?” (bottom-up). This is coupled with engineering inside each RA
in order to implement and test novel ideas. In RA7, these engineering activities leave the scope of
the individual lab, a deliberate decision on the part of the Cogniron Consortium as remarked during
the 2005 project review [9]:“[. . . ] the functions1 have been chosen [. . . ] in relation to partner
interaction rather than for mainly functional or architectural reasons.”

1.2 Addressing Integration and Evaluation

The voluntary raise in scope explained in the previous section affects many of the processes required
for successful engineering. In contrast to the relatively confined interaction between science and
engineering inside a given lab, in RA7 they become significantly influenced by aspect of scientific
agenda and technology management across the borders of research labs. The effects of this situation
are notably the existence of two levels of integration and several types of evaluation.
Integration takes place

1. on a conceptual level in order to demonstrate that the results of the Research Areas in principle
form a cognitive system, and

2. on an technical level where the implementation of the Key Experiments allows their use as

(a) instruments of science or
(b) prototypes of potential applications.

Evaluation is less obvious in this context, as it can take place

1. in a general research context and its established methods such as peer-reviewed publications;
2. in the context of Cogniron as an Integrated Project, which requires conceptual as well as con-

crete measures of success;
3. on the level of performance metrics for robot such as the ones addressed in [30]; and
4. on the level of implementation, where specifications and techniques have to match across all

partners involved in a giveninstanceof a Key Experiment.

1i.e. the Cogniron Functions that serve conceptual integration of the Key Experiments
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how to achieve
cognitive robot
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Figure 1: The scope of RA7 in Cogniron: The left side represents a view of scientific aspects, tech-
nical issues are depicted on the right. Each side has top-down as well as bottom-up mecha-
nisms for achieving innovation. It can be seen that RA7, represented by the darker area in
the lower half, straddles both sides, with two “boxes” that are on its border. The “research
areas, system-level integration” box on the lower left is the source of technological trans-
fer by providing innovative functionality to the engineering side that implements the Key
Experiments, raising the issue of leadership for such transfers across the Cogniron Consor-
tium. The “shallow question” on the upper right provides the vision that is required to guide
implementation, which requires scientific leadership – again, across the Consortium. The
point of this diagram is to summarize a situation that has lead RA7 to lie at the crossroads
of several challenges.
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The existence of these types of evaluation confronts RA7 with issues that are partly out of its scope.
The peer-review evaluation of item 1 is in the domain of the other Research Activities, as long as
they don’t require concrete data from a Key Experiment as a whole. At the other extreme (item 4),
implementation evaluation boils down to ticking off check-lists of precisely defined scenarios and
technical tests that lie fully within the engineering aspects of RA7.
The end of phase 2 represents the half-time of Cogniron, and evaluation issues that concern the two
intermediate levels have reached turning points. In the overall context of Cogniron (item 2), the
conceptual architecture resulting from RA6Intentionality and Initiativeis now available for evaluation
within the scope of RA7. During the second half of Cogniron there will be interesting feedback about
the architecture between RA6 and RA7, which was not possible in the first half: RA7 needed an
architecture to implement components relying on said architecture for their specification. Robot-level
performance measurement (item 3) as a scientific question (see workshops such as [43]) is starting to
provide the kind of tools that will become useful for this interaction between RA6 and RA7. Even
though measuring the performance of robots is not a resolved issue, the formalism and approaches
developed within that field can translate between items 2 and 4.

1.3 Progress in RA7 During Phase 2

The first three subsections present each KE in sequence by recalling its objectives and scenarios
(with modifications where applicable). Then the section on software integration introduces aspects
of technology transfer, concentrating on bottom-up methods. The final subsection illustrates progress
with the top-down approach by introducing the specification refinements undertaken during phase 2.
All these subsections are summaries with cross-references to the more detailed information contained
in this deliverable.
The methodology that underlies integration progress is two-fold. The scientific vision that lead to the
definition of the Key Experiments is being used in a top-down manner to incrementally refine levels
of specification, from experiments to functions to interfaces and data structures. At the same time, it
is neither practical to reinvent existing implementations, nor is it helpful to depend on unforeseeable
research results in the specification of components, so a bottom-up tactic is added. This starts by
taking stock of existing subsystems that will be required in a cognitive robot companion. Then, a
framework for exchange has been provided, and is under continuous development (again relying on
interfaces and data structures). This framework goes beyond technical aspects because it includes
elements for fostering interchange via collaboration tools.

1.3.1 Key Experiment 1Robot Home Tour

Objectives: KE1 stresses informational human-robot interaction to learn the geometry and topology
of the environments and its artifacts, as well as the geometry, the identity, and the location of objects
and their spatio-temporal relations.

Scenario: A human introduces to a newly purchased robot all the objects and places in a private
home, insofar as relevant for later interaction.

Progress: The key experiment has integrated several Cogniron Functions (CF) and Service Func-
tions2 (SF) as described in the work plan. The individual achievements for each function can be found

2Sometimes referred to as Supporting Functions or Supporting Services.
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in section 2. Progress was made for: CF-PTAPerson Tracking and Detection of Attention, CF-DLG
Multi Modal Dialogue, CF-RORResolving Multi-Modal Object References, CF-LOC Dialogue or
Perception Based Localization, as well as the supporting functionLaser-Based Navigation.

Details: Section 2 (p.12).

1.3.2 Key Experiment 2The Curious Robot

Objectives: KE2 stresses the perceptional skills of the robot to acquire knowledge about the loca-
tions and properties of objects and their spatio-temporal relations.

Scenario: KE2 employs two scenarios. In the first instance, a robot notices that it can assist a human
in a given situation, whereupon the robot decides to act without being explicitly asked for its help.
The second KE2 scenario presents a robot exploring new objects in its environment, subsequently
interacting with a human to name the objects to complete its newly acquired knowledge.

Progress: In order to allow simultaneous work and proceed toward partial integration without wait-
ing for the target mobile manipulator to be fully functional, it was chosen to build separate sub-
experiments on three different platforms:

• Experiment KE2-1: Object modeling and handling by a mobile manipulator

• Experiment KE2-2: Toward human-friendly navigation

• Experiment KE2-3: Curiosity and learning

The efforts have been essentially devoted to the development and integration of the basic ingredients
on which KE2 experiment will be constructed. A methodology for integration has been defined and
several tools have developed and/or deployed to allow the incremental development and integration of
the different robot functions. Partial integration has also been performed. The first Cogniron services
have been encoded and implemented on the platforms. Substantial ingredients are now available that
will allow to build and demonstrate several abilities involved in KE2.

Details: Section 3 (p.17).

1.3.3 Key Experiment 3Learning Skills and Tasks

Objectives: KE3 stresses the learning and reasoning capabilities for the robot to acquire knowledge
about goals and tasks employing the example of laying out the table.

Scenario: KE3 also consists of two scenarios. In the first, the robot learns to discriminate between
relevant and irrelevant behavior for manipulating objects, by observing repeated demonstrations which
differ in the order of manipulations as well as object positions and displacements. The second KE3
scenario stresses life-long and context-based aspects through incrementally learning to serve a guest
by repeated annotated demonstrations. The latter thus concernstasks, whereas the former concentrates
onskills.
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Progress: The functionalities of this key experiment that were to be implemented are defined in
the work plan of RA7 for the second phase of the project. The following Cogniron functions were
implemented in this phase: CF-LIFLearning Important Featuresand CF-RGLearning to Reproduce
Gesturesat EPFL in cooperation with UH (see deliverable RA4); as well as CF-LCTLearning Com-
plex Task Descriptions, CF-GRGesture Recognition, and CF-ORObject Recognition and Modeling
in collaboration between UniKarl and IPA. The functionalities were implemented on three platforms:
a humanoid platform at EPFL for imitation learning, and for task learning on a mobile robot with
manipulator at IPA and a sensor setting for motion tracking at UniKarl.

Details: Section 4 (p.23).

1.3.4 Software Integration

In section 5 we present how the notion of Cogniron Functions (CF) has led to the definition of Cogn-
iron Service Functions (SF) and data structures. These services led to structuring technology transfers
using a module market on a common exchange platform on the Cogniron Wiki. A Wiki is a web-based
collaboration tool where documents can easily be edited and shared by a group of people, with a great
potential for reducing administrative overhead if a certain amount of discipline can be expected from
the contributors.
The notion of services provides a technical framework for enabling bottom-up software integration to
meet the top-down process of conceptual integration and CF specification. Services are grouped by
module on the Wiki, a snapshot of this ongoing work is given in appendix D.

1.3.5 Refined Specifications

Refined Environment and Script Specifications To have a clear definition of the scenarios in
which the key experiments are conducted, conditions for all key experiments were collected and com-
piled. The following features, describing the environments of the experiments, were defined: Physical
conditions (light and sound); rooms (e.g. living room, hall); locations (e.g. desk area); furniture (e.g.
table, chairs); objects (instances, properties, and positions); and humans (activities and dialogue).
A common template was used for each key experiment to ease extracting of common properties.
Detailed scripts were written for the key experiments, describing the tasks, functionality and overall
control loops. This clarifies many of the open issues that subsisted after the first set of deliverables [2,
3, 4, 5]. The resulting updates of the RA7 workplan for phase 2 is summarized in appendix E (KE1:
table 7 (p.85), KE2: table 8 (p.89), KE3: table 10 (p.91)).

Refined Software Component Specifications Starting from the specification document [2], a project
wide questionnaire was designed to further detail the Cogniron functions in terms of: Input and out-
put (data formats, sources and destination such as sensors or actuators or other components); internal
modes; required computational resources (e.g. processing power, storage capacity); type of function
(interaction, perception, learning, motion generation, or autonomous decision making); as well as
testing methods.
The questionnaire results are summarized in appendix C. Note that ongoing work in making the
bottom-up software integration meet the top-down specifications can potentially influence some of
the details presented in the above. The current state of service definitions, grouped by module, are
presented in appendix D for comparison.
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1.4 Conclusion and Outlook

Integration As shown in the detailed sections of this deliverable, integration is progressing mostly
according to plan. Temporary deviations due to considerations of concurrent engineering (several
robots for a given KE) and incremental development (use of mock-up components) are considered
normal courses of action in this context. They are not expected to threaten the completion of RA7 ob-
jectives. Recall that the Key Experiments have been designed to allow evaluation of partial instances
of the conceptual architecture which results from RA6 (see its deliverable [8]). Thus, conceptual in-
tegration and evaluation of the whole Cogniron architecture lie outside the scope of RA7 as presented
in sections 1.1 and 1.2.

Testing on a Functional Level Defining performance rates for all Cogniron Functions is well under
way, the state of advancement is documented in appendix C. This allows testing on the engineering
level “below” the one of the Key Experiments. As far as reasonable, such testing is aimed at using
existing test data bases such as COIL [42] for object recognition. We will continue to keep track of and
refine these test criteria in a coherent manner as part of RA7 activities in the next phase. However,
we are aware that this is not sufficient in all cases because Cogniron Functions tend to emphasize
open-endedness.

Outlook on Evaluation and Testing On the Key Experiment level, the detailed scripts allow eval-
uation to proceed by “checking off” robot performance in terms of specific behaviours. The scripts
were defined in an incremental manner and the Cogniron Functions were derived from them. Along
with the environmental specifications this is quite more rigorous than methods commonly used for
demonstrating autonomous robots. At the same time it is clear that this approach can neither evaluate
the open-endedness mentioned above, nor the requirements that pertain to upcoming results of RA3
Social Behavior and Embodied Interaction. It appears likely, from an engineering perspective, that
some concept such as “human-like” can not be expressed in numbers, and RA3 rather focuses on the
human perception of the robot than evaluating against some unknown intelligence measure. Thus, in
conjunction with RA3 and the architectural feedback from RA6 mentioned in section 1.2, the perspec-
tive of RA7’s evaluation activities will undergo a shift from engineering to science during the second
half of Cogniron.
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2 Key Experiment 1Robot Home Tour

2.1 Role of KE1 in Cogniron

The role of KE1 was precisely defined in thePeriodic Activity Reportof 2004 [10]. Recall that the
main objectives are to demonstrate:

• The outcomes of RA1 demonstrating a multi-modal dialogue;

• partial results of RA2 related to human tracking, deictic gestures and object references;

• partial results of RA3 with respect to the socially acceptable interaction;

• partial results of RA5 targeting the learning and representation of locations;

• as well as partial results of RA6 relating to intention attribution.

And the main scientific issues tackled by KE1 are:

• Dialogue-oriented cross-modal information processing and representation;

• interactive learning of objects and locations;

• adaptation of robot behavior to different types of users.

The CFs that are relevant to KE1 are integrated as modules inside a flexible infrastructure presented
in [15]. Figure 2 gives an overview based on the implementation architecture. The detailed setup
and script can be found in appendix E, in particular table 6 (p.84) shows the relationship between
KE1 and CFs, RAs, and Cogniron partners. The link to developments in RA6 is additionally depicted
in figure 3, which shows how KE1 components match the cognitive architecture presented in the
deliverable of RA6.

2.2 Status of KE1 at T0+24 (December 2005)

During the last 24 months, it was possible to realize the Cogniron and supporting functions as follows,
integrating them into the robot Biron for improved interaction capabilities [16]. Recall that KE1 is
implemented onBiron (depicted in figure 4) at UniBi.

2.2.1 CF-PTAPerson Tracking and Detection of Attention

The existing CF-PTA was extended to a more robust detection of potential communication partners
and to enhanced interaction capabilities. This was done by extending the frontal face detection to
cope with different gazing directions determining whether a person is directly looking at the robot
or to another direction. If a person is fixating the robot the robot will greet the person to get his
attention. Furthermore the CF-PTA was extended to enable interaction with multiple persons, even
when no wide range sensor like the laser range finder is available (see RA2). A first version of a
person memory stores not only the last known position when a person gets out of the robot’s view,
but also person specific data after the communication partner has been identified. This also enables
storing individual preferences like different social spaces. Based on the results from UH standard
distances for following and interaction have been implemented.
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2.2.2 CF-DLGMulti Modal Dialogue

The reimplementation of the dialogue as described more detailed in RA1 can operate with a higher
language complexity supporting verbally specified cues for object references or location handling. The
dialogue is able to help the user in interacting with the robot. For example, the robot tells a person that
it can not look at an object and follow a person at the same time. The robot can also explain how it can
be made to first follow and then look at an object. As user studies show a verbally more active robot is
preferred to a less talkative one, so additionally the robot excuses itself for repeatedly misunderstood
phrases or tells the user that it likes the interaction.

2.2.3 CF-RORResolving Multi Modal Object References

The CF-ROR is using the SF ”2D Gesture recognition”, ”Simple object recognition” extended by
color based object learning and ”Scene Model”. The robot now detects deictic gestures with its sec-
ond camera mounted on a height of 95cm, and will align its main pan tilt camera to the position a
person points at. Given a name and an attribute, e.g., a color by the CF-DLG the robot will combine
this information with the object image from the pan tilt camera image using the ”Simple object recog-
nition”. Due to limitations of processing power this is at the moment running on a desktop computer
directly connected to the video cameras of the robot. A video of this demonstration is available3.

2.2.4 CF-LOCDialogue or Perception Based Localization

After developing general interfaces in cooperation with UvA and LAAS a Skeleton module delivered
by UvA is integrated, simulating CF-LOC and its SF Navigation. Porting of the real LOC and Navi-
gation will follow soon using the advantages taken out of the extensive phase of testing and interface
discussion. Because of the general interface structure a simulated LOC using a real Navigation (as
described in the following section) was integrated and demonstrated on the robot. A video of this
demonstration is available4.

2.2.5 SFLaser-Based Navigation

This section presents a path planning and obstacle avoidance approach for mobile robots ported to
Biron. The approach was originally developed at EPFL for the Robotics@EXPO.02 mass exhibi-
tion [35]. This work has been published as part of a thesis [33]. The system has proven its value
during a 5 month operation of elevenRoboxtour guide robots in a real-world application, a very
crowded exhibition. Three techniques (DWA [31], elastic band [34], NF1[32]) have been integrated
into a system for tour-guiding that performs smooth motion efficiently.
TheDWAgenerates actuator commands such that the robot does not collide with obstacles, the com-
mands do not violate the dynamic capabilities of the actuators, and the robot follows the planned path.
Theelastic bandis responsible for path representation and adapting the plan to the robot’s movement
and changes in the environment. Creating an initial plan from the robot’s current position to the goal
is the task of theNF1, a simple grid-based planner.
The main sensor input for the motion planner is laser scanner data. The robot stops immediately if
a laser reading indicates that an object is inside the robot’s outline, otherwise the sensed obstacles

3The video is on the CD submitted with the deliverables 2005 (section RA7) and can also be
downloaded from http://www.cogniron.org/wiki/CognironDeliverables2005 (attachment
D7.2.2 RORDivX mp3.avi ).

4Also on the CD, downloadable fromhttp://www.laas.fr/ ∼rolo/media.html
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influence the evasive actions. A set of convex polygons models the robot shape. All calculations
are based on the latest sensor data. Higher level modules on Biron will provide topologically correct
sub-goals (see CF-NAV / CF-LOC).

2.3 Conclusion and Outlook

As described in more detail in the workplan of KE1 for the next phase the focus will be on the
exchange of preliminary or simulated CF and SF by more intelligent CF developed within the project,
making the overall system more robust and adding new interaction capabilities using memories.
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3 Key Experiment 2The Curious Robot

3.1 Role of KE2 in Cogniron

The objective of KE2 relates to robot curiosity triggered by a drive for learning more about the envi-
ronment. It also includes issues related to the capacity for a robot to take initiatives in the presence
and in interaction with humans. The underlying scientific issues are the following:

• Object learning and recognition (RA5);

• Interpretation of human activities and posture (RA2);

• Close interaction with humans (RA3);

• Intention attribution (robot intention should be legible for humans) (RA6);

• Situation understanding, decision making, collaborative problem solving (RA6);

• Cognitive architectures (RA6).

Two separate scripts are developed, one emphasizing robot curiosity, and the other robot initiative
and intentionality. The first script describes how a robot builds a model of a newly discovered object
through sensing and manipulation. The second script describes how a robot interprets a situation that
requires its intervention for fetching an object and handing it to a person.
During phase 2, the main focus in KE2 was on setting up the necessary material for demonstrating
the scenarios, and integrating parts of the software developed in the various RAs mentioned above.
In order to ease simultaneous work and proceed toward partial integration without waiting for the
target mobile manipulator to be fully functional, a concurrent integration approach was chosen to
build partial experiments on three different platforms:

• concerningRobot Initiative and Intentionality :

– KE2-1: Object Modeling and Handling by a Mobile Manipulator

– KE2-2: Toward Human-Friendly Navigation

• concerningRobot Curiosity:

– KE2-3: Curiosity and Learning

Each experiment corresponds a partial integration of the targeted functions involved in the global KE2
scenario. The three platforms share the underlying software architecture and tools5.
No integrated demonstration was planned for this year. However, a number of the target CFs have
been partially implemented. We report here below on their current state and as well as on a set of
associated supporting services.
Figure 5 illustrates the role of the different CFs with respect to the generic architecture elaborated
in Cogniron. Partial instances of this architecture will be realized in order to build and run partial
experiments (cf. Annex A).

5http://softs.laas.fr/openrobots/
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3.2 Status of KE2 at T0+24 (December 2005)

3.2.1 CF-MHPManipulation in Human Presence

Jido, the mobile platform chosen for implementing KE2-2, is now operational with its supporting
services (perception, arm and hand control, locomotion, localization and navigation). Modeling and
localization of objects is not yet entirely operational. The grasp planner is capable of generating
trackable trajectories and we are working on exteroceptive sensor feedback. A video6 showing a
trajectory computed by the grasp planner and executed by Jido is available.
A soft motion trajectory planner was implemented to control the arm with a flexible control law for vi-
sual and force control. The grasp planner uses geometric properties (center of mass and inertial direc-
tions) to guide a random generator of grasp positions that are filtered and evaluated to choose one that
is free of collision and mechanically acceptable. This planner was extended for non-convex objects
and to plan collaborative tasks like handing over an object. Videos7 showing illustrative simulation
results are available. This is a first step towards implementing human-robot interactive manipulation
scenarios for RA3.

3.2.2 CF-ORObject Recognition

The object recognition function has been implemented at LAAS within KE2.3. In order to perform
object learning and recognition, a multi-layered neural network is trained on-line in an unsupervised
way from stereo camera data. The resulting representation of the object is view-based: a collection of
neural detectors learns to recognize the different views of the object. In addition, temporal coherence

6Video is on the CD submitted with the deliverables 2005 (section RA7).
7Videos are on the CD submitted with the deliverables 2005 (section RA7).
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between consecutive views is used to autonomously create and pool together sets of detectors. Finally,
a high-level neural detector is able to recognize a particular object from various points of view.

3.2.3 CF-NHP Navigation in Human Presenceand CF-SOC Socially Acceptable Interaction
with Regard to Space

User studies done at UH in the context of CF-SOC have driven the specification of CF-NHP. These
studies show, for instance, that humans have preferences about approach directions of a robot. This
is one of the properties that were taken into account during the design of the navigation planner. The
resulting trajectories reflect these preferences of the human user. Videos8 showing simulation results
are available.
CF-NHP is implemented at LAAS on the robot Rackham. The navigation planner is now capable
of leading the robot on human-friendly trajectories. Two supporting services, a human localization
service and a motion execution service, are used to handle the input and output data of the planner.
Although the implementation results are not mature enough to report, simulations and processing time
measurements of the navigation planner are encouraging. The detailed implementation process and
the inner working of the planner are explained in appendix B and Deliverable 3 [6].

3.2.4 CF-TBPTracking of Human Body Parts for Observation

Functions dedicated to human detection and tracking using visual primitives have been implemented
at LAAS for CF-TBP. For short, medium and long range 2D tracking of humans and body parts, a par-
ticle filtering framework has been developed. It has enabled the principled design and implementation
of 2D visual trackers relying on color and/or shape and/or motion cues as well as on diverse particle
filtering schemes. The particle likelihoods defined from the visual cues fusion/combination, together
with the importance functions specified from visual detectors, were thoroughly evaluated on images
grabbed in a robotics context. Criteria such as discriminative power, precision, and time consumption
have been studied. Concerning the estimation engine, the standard particle filtering formalism as well
as alternative schemes were evaluated in order to check which ones best fulfill the requirements of
the three following human-robot interaction modalities: head tracking, human tracking, and monitor-
ing. For each of these, a separate visual tracking strategy was selected. All the modalities have been
implemented in a module called ICU. Ongoing work addresses appearance-based 3D human posture
estimation. Two kinds of videos9 are available, one showing an example of integration and the others
demonstrating various particle filtering strategies.

3.2.5 CF-GRGesture Recognition

Some results on 2D communicative gestures interpretation have been achieved at LAAS. The ap-
proach has been devoted to the classification of hand configurations and fronto-parallel motions in the
video stream.Mixed-State Condensationhas been proposed to detect the most likely hand posture
and canonical motion model. This ensures an automatic switch between multiple template motions in
the tracking loop. The aim is to get a compact representation of a gesture through a sequence of hand
configurations and motions. The symbolic gestures tracking and recognition system was enhanced
through the definition of a new likelihood function, fusing shape and color cues, which significantly
raises the recognition rate of static configurations. An enhancedJump Markov Particle Filteris being

8Videos are on the CD submitted with the deliverables 2005 (section RA7).
9Videos are on the CD submitted with the deliverables 2005 (section RA7).
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implemented, which is expected to lead to better performances for dynamic gestures segmentation.
The hand configuration recognition system will be implemented on Rackham in KE2 to allow gesture-
based interaction.

3.2.6 CF-RETReasoning About Tasks and its Own Abilities

A supervision framework has been developed at LAAS for CF-RET. We have implemented an agent-
based supervision system based on joint intention theory. It deals with tasks in terms of (i) individual
tasks (only the robot is involved), (ii) joint tasks (the robot and another agent are involved), and (iii)
activities that corresponds to atomic low level functionalities. Each task is defined by a plan and
associated monitors. A plan corresponds to a succession of sub-tasks and/or activities. Monitors
detect whether a task is unachieved, achieved, impossible, irrelevant, or stopped. Consequently, the
system can be controlled at different levels at the same time. The system is able to react by applying
level-specific solutions and, when necessary, propagating events upwards or downwards. Videos10 are
available.
In the current implementation, the supervisor is written in Open-PRS11. Task plans are hand-coded
in a pre-defined task library and only the robot is able to propose a task. However, the supervisor is
designed in view of future extensions involving on-line task planning. Details are given in appendix B
and in Deliverable 6 [8].

3.2.7 Supporting Services

The following supporting services have been implemented at LAAS:

• Jido Arm Control with:

– qarm : interface with Mitsubishi PA10-6C arm

– xarm : Cartesian control based on an on-line soft motion trajectory planner

– collide : collision checker

• Jido Hand Control with:

– fingers : interface fingers sensors (Force Sensor Resistors and strain gages for contact
forces and finger position)

– force : interfaces a six-axis force sensor

– graspCntrl : gripper control (not yet entirely implemented)

• Base Localization with:

– sick : interface with the SICK laser sensor

– segloc : laser-based localization

– pom: probabilistic pose fusion (fromsegloc , the odometry and the gyro)

• Jido Motion and Navigation with:

– JLOCO: basic motor control and odometry

10Videos are on the CD submitted with the deliverables 2005 (section RA7).
11http://softs.laas.fr/openrobots/tools/openprs.php
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– SFL: “Sunflower” mobile robot library from EPFL. It provides path planning and obstacle
avoidance.

• Rackham Obstacle Avoidance and Navigation with:

– aspect : laser data integration to overcome the laser limitations (180 degrees)

– NDD: Nearness Diagram Navigation ([40])

• Human Positioning withhumPos: produce an input on a person’s position in the environment
using laser information

3.2.8 Status of KE2 ScriptRobot Initiative and Intentionality

The definitive platform on which KE2 will be implemented is Jido (see figure 13). However, consider-
ing that this platform has been purchased in February 2005 and required a certain amount of hardware
and software development before effective use, we decided to continue working on Rackham (see
figure 20) in parallel with Jido development. Note that all software is development within the same
underlying architecture and toolset, which is largely platform independent.

KE2-1: Object Modeling and Handling by a Mobile Manipulator (Jido) KE2-1 has been de-
signed to implement generic object modeling and manipulation abilities that are planned to be used in
KE2.
Work done in 2005 :

• Equipment of a new mobile manipulator

• Installation of software integration tools

• Definition of a set of Cogniron services (and their interaction) related to object modeling and
manipulation

• Adaptation of a set of supporting services (localization and motion)

• Development and Integration of new supporting software

• Development of a grasp planner

• Development of a new control law for manipulation

• Development of a stereo-based object modeling service

All essential ingredients are now available to build and demonstrate an autonomous and generic ability
to model and handle objects.

KE2-2: Toward Human-Friendly Navigation (Rackham) KE2-2 has been designed to investigate
and illustrate mobile robot navigation in the presence of humans and to approach persons in order to
interact with them or to hand over objects. The robot must be able to detect humans in its vicinity
and to interpret their trajectories, in order to avoid or interact with them. One contribution focuses on
the development of people detection and tracking modalities from the video stream of the on-board
color camera, each modality being suited to a specific H/R interaction distance. The other contribution
focuses on the illustration of a Human Aware Motion Planner.
Work done in 2005:
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• Definition of a set of Cogniron services (and their interaction) related to motion in the vicinity
of humans

• Development and integration of a “Human Aware Motion Planner” (CF-NHP)

• Development and integration of a first version of robot supervisor specially dedicated to human-
robot interactive task achievement (CF-RET)

• Development and integration of a set of vision-based human detection and tracking services
(CF-TBP)

• Development and integration of several supporting services

The overall experiment has not yet been demonstrated. However, all essential ingredients are now
implemented.

3.2.9 Status of KE2 ScriptRobot Curiosity

Experiment 3: Curiosity and Learning
Work done in 2005:

• Development of the neuron activity monitoring and network creation software: Assemblee.

• Validation of the object learning and recognition algorithms (IJCAI-05).

• Development of dedicated neural networks for positions and actions representations.

• Preliminary work on sensory-motor association.

Results on learning composed actions are encouraging and we now investigate the learning of se-
quenced actions. During phase 3, we will focus on the action selection and production level.

3.3 Conclusion and Outlook

Phase 2 has been essentially devoted to the development and integration of the basic ingredients on
which KE2 will be constructed. A methodology for integration has been defined and several tools
have been developed and/or deployed to allow the incremental development and integration of the
various robot functions. Partial integration has also been performed. The first Cogniron services have
been encoded and implemented on the platforms. Substantial ingredients are now available that will
allow to build and demonstrate several abilities involved in KE2.
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4 Key Experiment 3Learning Skills and Tasks

The Key Experiment “Learning Skills and Tasks” stresses the learning and reasoning capabilities for
the robot to acquire knowledge about goals and tasks employing the example of laying out the table
and serving a guest. At the current stage it is planned to demonstrate and assess the following skills
which are implemented on a robot platform:

• Learning goals from observations (RA4, RA5, RA6)

• Reproduction of the goal for arbitrary starting conditions (RA4, RA6)

Learning activities from human demonstrations can be done at several, at least two, different levels of
granularity of the learned and reproduced entities, each with different complexities. For this reason,
it was decided to duplicate and demonstrate the learning cognitive function within two scripts, im-
plemented on two different platforms. The first script is concerned with Learning Skills: Arranging
and interacting with objects, while the second script is concerned with Learning Tasks: Serving a
guest. The scripts and their relation to the Cogniron function are described in full detail in deliverable
D.7.1.1 [2].
The remainder of this part is organized as follows: Section 4.1 gives an overview on the relationships
of Key Experiment 3 with other Cogniron sub-projects. The current status of the implementation
of each Cogniron Function involved and the two scripts of Key Experiment 3 is summarized in sec-
tion 4.2. Finally, an outlook on the work to be done is given in section 4.3.

4.1 Role of KE3 in Cogniron

The Key Experiment 3 plays an integrative role within the whole project, that pools the results gathered
in research activities RA2, RA4 and RA6. Its general aim is to stress the issue of the integration of
learning algorithms, methods and components resulting from RA4 with several other components, e.g.
perception (RA2) and object recognition (RA5). The methods and algorithms developed in the RAs
are implemented in several Cogniron Functions that provide software modules that are demonstrated
and evaluated in the context of the two KE3 scripts “Learning Skills: Arranging and interacting with
objects” and “Learning Tasks: Serving a guest”.
The Key Experiment 3 activity deals essentially with the design and hardware implementation of
the KE3. The core of the scientific approach underlying the development of each of the Cogniron
Functions, necessary for the implementation of the present KE are reported in the deliverables of the
related RAs. The connection between the demonstrated Cogniron Functions and the other compo-
nents of the Cogniron Architecture are shown in figure 6. Note that CF-LCT and CF-OR appear two
times in the diagram, as they are apparent in the scripts in different modes: a learning mode and a
reasoning/recognition mode respectively. This is implemented in two different modules of each of
those Cogniron function.

4.2 Status of KE3 at T0+24 (December 2005)

This section describes the current status of the work conducted within KE3. It is organized along the
Cogniron Functions involved in the two KE3 scripts, namely CF-LIF, CF-RG, CF-LCT, CF-TBP, CF-
ACT, CF-GR and CF-OR. The overall integration of these Cogniron Functions into the two systems
used within KE3, the HOAP platform at EPFL and the IPAbot at IPA, is described in the two additional
subsections 4.2.8 and 4.2.9.
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Figure 6: Software architecture for the demonstrator platforms of KE3.

4.2.1 CF-LIF Learning Important Features of a Task

For the robotic companion to be able to effectively learn from the observation of humans performing
a given task, it must be capable of extracting what is relevant and discarding what is irrelevant in a
given demonstration. This is the purpose of CF-LIF.
The implementation of CF-LIF is driven by the scientific result from the work conducted at EPFL
and UH within WP4.1 and WP4.2. It is reported in Part 1 and 2 resp. of the RA4 joint deliverable
D4.4 [7].
The work conducted at UH within WP4.2 towards a characterization of the space of effect, state
and action metrics drives the development of algorithms for automatic extraction of features of a
task [23, 24].
The work performed at EPFL contributes to CF-LIF by developing an architecture for automatic
extraction of the important features of a task [21, 22]. The features that are statistically invariant
across the various demonstrations are deemed as the relevant features that constitute the task. This is
driven by the assumption that features occurring more often in demonstrations of the same task are
more likely to be of higher relevance to the successful accomplishment of the task.
In phase 2, a probabilistic method was developed, based on the encoding of gestures using Princi-
pal/Independent Component Analysis (PCA/ICA) and Hidden Markov Models (HMM). It was used
for extracting the relative importance of reproducing either the gesture or the specific hand path in a
given task. This, then, determines a metric of imitation performance that can be used by CF-RG to
determine the quality of an attempt to reproduce a task on the robot companion.

4.2.2 CF-RGLearning to Reproduce Gestures

The robotic companion in Cogniron should be able to replicate a demonstrated task by its user (imi-
tate), although its shape, embodiment, abilities and affordances will differ from those of a human (i.e.
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the robot needs to address the correspondence problem).
CF-GR builds on results obtained within WP4.2 at UH and EPFL which can be found in part 2 of the
RA4 joint deliverable [7].
One contribution to CF-RG is the development of the JABBERWOCKY system done at UH [23].
JABBERWOCKY is a system that uses captured motion data of a human demonstrating a task to
produce action commands that if executed by an imitating agent result in achieving corresponding
effects. JABBERWOCKY is able to generalize across dissimilar initial object configurations given
the task subgoal granularity and appropriate effect metrics, generating action commands targeted for
multiple imitator platforms, both simulated in software and in hardware. Additionally, it presents a
novel generic approach to the correspondence problem, using body-mapping for cases of state and/or
action matching formalized via correspondence induced metrics [24].
Also, the work conducted at EPFL provides methods for optimizing locally the path to be reproduced
according to the task’s metric (learned in CF-LIF), taking into account the features of the task, as well
as the body of the robot and external constraints.
A video that illustrates the ”what-to-imitate” and ”how-to-imitate” issues in a task consisting of mov-
ing a chess piece on a chessboard is available12. The constraints are extracted statistically by demon-
strating the same task five times with different initial configurations. The task is then reproduced by
the robot with configurations that have not been observed during the demonstrations.

4.2.3 CF-LCT Learning Complex Tasks

Learning and Reasoning are two of the most important capabilities of a Cognitive Robot Companion.
CF-LCT tackles both of these abilities in a unifying view, stressing the close interconnection between
both of them. It equips the robot with the capability to (1) acquire new task knowledge by the obser-
vation of a single task demonstration performed by a human and the recognition of vocal or deictic
comments given by the user and to (2) complete this task knowledge in an incremental manner when
more demonstrations or comments become available.
The implementation of CF-LCT is driven by the scientific results of work performed by UniKarl in
WP4.3. This work is reported in part 3 of the RA4 joint deliverable D.4.4 [7].
The first part of CF-LCT initially manages the acquisition of raw data from dedicated sensors, namely
a magnetic field position and orientation sensor and a data-glove for each of the user’s hands. In
several processing steps this data is denoised, segmented into elementary operations and restructured
into the hierarchical task representation found in WP4.3. This Module has been implemented and
tested in the second phase on the UniKarl hardware and the IPAbot platform. It offers an interface
that provides the task knowledge gathered during the learning process to a robot companion system
in XML format.
After the initial task acquisition step learning is not done. During the whole life time of a robot
companion additional reasoning is applied to gain insights from the holistic consideration of the com-
plete task knowledge a robot. The goal is to find similarities of new task demonstrations with already
demonstrated and acquired tasks [25]. Once these are found, several reasoning methods will be ap-
plied in order to exploit the different similarities and gain new insights. After that the resulting new
or adapted task knowledge will be incorporated back into the task knowledge database to be available
for execution or further improvement.
A first reasoning module was implemented and tested during the second phase. This contained the
reconstruction of task precedence graphs from several demonstrations of the same task offering the

12The video is on the CD submitted with the deliverables 2005 (section RA7)
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possibility to reorder actions at execution time [26]. This relies on the work done in WP4.3 during
phase 2 and is fully implemented and extensively tested as yet.

4.2.4 CF-TBPTracking of Body Parts

In order to learn skills and tasks from the observation of human users the robot needs to perceive the
human and especially the actions he performs. This functionality is provided by CF-TBP.
The Cogniron Function Tracking of Body Parts (CF-TBP) is under development in RA2. It focuses
on tracking of one human in close distance to the robot, determining the body pose of torso and
extremities (including legs) in 3D over time [27]. This information is required and useful for different
purposes, like activity classification, haptic interaction or observation of human actions. The latter is
an important feature of KE3: For both scripts, comprehensive observation capabilities are required.
Within the second phase, several additions and improvements have been made for CF-TBP. The de-
veloped fusion methodology and framework for tracking are implemented and run in real-time; an
improved joint model has been integrated for the 3D geometric articulated human body model; and
different tracking modalities have been successfully combined to gain higher robustness in tracking.
All required interfaces for integration of CF-TBP have been defined, and integration of the first version
of the TBP tracking system on the KE3 robot is currently in progress.

4.2.5 CF-ACTRecognition of Human Activities

Learning from human users involves to a large degree the recognition of the current intention of the
user. This in turn relies on the successful determination of the particular sequence of actions the
human performs. This data is obtained from the CF-ACT.
CF-ACT (recognition of human activities) is also developed by RA2 and aims at classification and
recognition of human activities of persons who are interacting with the robot [28]. Which activities
need to be recognized is currently a topic of research between RA2 and RA3. At the moment, a test
set of activities for system evaluation has been trained and can successfully be recognized. These
activities include walk, wave, handshake, bow and other activities humans perform during interaction.
CF-ACT has so far been partially integrated in the tracking and fusion framework, which in turn is
currently being integrated in the KE3 robot. At the moment, the activity recognition can be used at 1/3
Hz without significantly affecting the tracking functionality, but efforts for gaining higher real-time
capabilities still need to be carried out.

4.2.6 CF-GRGesture Recognition

For commanding a robot companion gestures are an important input modality. Therefore the classifi-
cation of gestures is an important preliminary for the selection of objects and places.
The CF-GR (gesture recognition) has large overlap with CF-ACT. The current set of activities which
can be recognized within CF-ACT also contains e.g. ”pointing” and ”waving”, which are gestures
both targeted at an interaction partner. Nevertheless, special efforts have been made to tackle the im-
portant area of gesture recognition: For communicative gesture interpretation, work has been devoted
at classifying hand configurations depending on the number of open fingers and of fronto-parallel mo-
tions from 3D image sequences. Studies have been carried out together with all KE leaders to identify
important gestures and discriminating features. The results have been (and will be) used to improve
the gesture recognition algorithms.
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(a) Teaching of the robot through kinesthetics (mov-
ing the robot’s arm through the task) Fig. 11. Experimental results for the Chess Task and Sugar Task, when

performed under different situations (different chess piece position and
different head pan/tilt). The trajectory of the hand was tracked by the vision
system, and superimposed to the image.

when reconstructing the motions for different locations of the
target (end-position of the White Queen or Robot’s mouth).
The colored regions represent the target locations for which
the system finds a solution (i.e. locations in space that are
within the robot’s workspace). Fig. 9, 10 and 11 show the
path followed by the robot’s hand for different locations of
the target in the workspace. In each case, the system finds a
correct solution, that does not hit the obstacles (in the Chess
Task) and reaches correctly the desired locations for the White
Queen, the piece of sugar or the mouth. However, the farther
the target is from its original position, the higher the cost
function and the less straight the path. This is expected and
entirely acceptable, since achieving the high-level goals of the
task (avoiding the obstacles and reaching for the targets) takes
precedence over any other classical control constraint, such as
running in a straight trajectory.

V. DISCUSSION AND CONCLUSION

This paper presented a method to: 1) extract the important
features, i.e. the spatio-temporal correlations across the multi-
variate dataset of the task, 2) to determine a generic metric to
evaluate the robot’s imitation performance, and, finally, 3) to
optimize the robot’s reproduction of the task when placed in
a new context according to the task metric. The method was
validated in two experiments where a robot was taught simple
manipulation tasks.

We showed that, in each case, the robot managed to adapt its
motions correctly, so as to reproduce the important qualitative
features of each task, namely grabbing and pushing the chess
piece to the correct location, grabbing the piece of sugar and
bringing it to its mouth. However, none of these high-level
goals were explicitly represented in the robot’s control system,
but, were nevertheless correctly extracted by our probabilistic
system.

The system we presented for solving the what-to-imitate
and how-to-imitate issues is generic, in the sense that it
makes no assumption on the robot’s configuration (number of
degrees of freedom and length of segments). As first stressed
out by Nehaniv and colleagues [25], there is a multitude of
correspondence problems, when trying to transfer skills across
various agents and situations. One may consider:

• different embodiments: the demonstrator does not share
the same morphology and characteristics as the imitator.

• different situations: the environment and constraints dur-
ing the demonstration and the reproduction are different

In the experiments presented in this paper, the robot was
being taught through kinesthetics. By showing kinesthetically
how to perform a task, the user “embodies” the robot’s body.
Thus, this way, we simplified the correspondence problem
and overlooked the problem of having different embodiments.
However, by testing the system in different situations than
those taught, we tackled the second aspect of the correspon-
dence problem.

Note that, in the experiments reported here, we assumed
implicitly that the kinematics of joint angle trajectories and
hand path is sufficient to describe the skill, and that dynamics
is of less importance. This may not be true and taking into
account the forces applied on the object may certainly be very
important in certain task. However, it is very likely that these
are not learned through imitation, but, through more generic
motor learning processes.
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(b) Experimental results of reproduction of the
demonstration

Figure 7: Setting and demonstrator platform of Key Experiment 3, script 1.

4.2.7 CF-ORObject Recognition

The Cogniron Function object recognition has been implemented at IPA with the aid of people from
UniKarl. UniKarl contributed the superquadric models used for 3D object modeling. At IPA a first
detection and pose estimation algorithm based on superquadric models was implemented on the IPA
platform [29]. Also an appearance-based algorithm that was developed as part of RA5 (object mod-
eling) was implemented. This algorithm is used to give a first estimate of the position of the object in
the color image. The range image delivered from a time-of-flight sensor

4.2.8 Status of KE3 Script1: Arranging and interacting with objects

The script stresses the robot’s ability to learn from implicit (imitation learning) and explicit (verbal
interaction) teaching. The robot learns new skills to manipulate objects and, by so doing, it learns a
new task, that of laying out the table. The scenario is depicted in figure 7 is as follows:
The robot watches a human demonstrator laying out a cover on a table, i.e. placing plate, cup, fork,
knife, and napkin. The demonstration is repeated several times. Each demonstration is slightly dif-
ferent from the others. While watching the demonstrations, the robot learns the invariants of the task
(relative position and orientation of the objects with respect to one another) and new skills such as
object-actions relations (how to grip the cup by its handle). Once the demonstrations are finished, the
robot reproduces the task.
In the current phase, EPFL and UH implemented methods that 1) extract the important features, i.e.
the spatio-temporal correlations across all demonstrations of the task, 2) determine a generic metric
to evaluate the robot’s imitation performance, and, 3) optimize the robot’s reproduction of the task
when placed in a new context according to the task metric into the CF-LIF and CF-RG. Successful
experiments are reported in part one of the RA4 joint deliverable [7].
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4.2.9 Status of KE3 Script 2: Learning to serve a guest

The current state of integration in KE3 Script 2 is shown in a video13. Key scenes of the video can
be seen in figure 8. The video explicitly shows the integration of the Cogniron functions CF-OR and
CF-LCT.
Initially a new object (the yellow chips14 box) is presented to the robot from multiple views. It captures
the object by its range sensor and color camera. The key points of the object are taught to the robot
and further range segmented with methods provided by CF-OR. The superquadric model constructed
during the object learning process is used to recognize the object in a living room scenario. The ability
of the robot to execute grasps on the learned object is also demonstrated.
The next section of the video shows the task learning abilities integrated from WP4.3 into CF-LCT.
A first demonstration of the task of serving a guest is given to the system in the task training center
at UniKarl. The system acquires the task demonstration through the dedicated sensors and learns the
goal spatial relations between the objects in the scene as well as the actions to accomplish this task.
From this single demonstration the system is not able to faultlessly execute the task in a scene with
relevant changes in the initial setting (note the different object positions of the chips box and the Fanta
bottle) because of the collision tainted approach trajectory for a certain object. Once the user gave a
second demonstration of the same task, the robot gains the knowledge on the possibility to reorder the
subtasks. In the final scene this knowledge gets exploited in order to ensure a successful and faultless
task execution. Note that this result is not achieved relying on sub-symbolic path planning methods
but on symbolic reasoning on the possible sequence of actions and planning capabilities that select
the optimal option.

4.3 Conclusion and Outlook

Building on the results from the first project phase, the implementation, testing and evaluation of the
two KE’s scripts and its associated Cogniron functions made substantial progress towards the overall
demonstration during phase two that can be summarized as follows:

• The extraction of important features of task demonstrations was implemented within CF-LIF
on the EPFL platform.

• The reproduction/imitation of recorded gestures was implemented within CF-RG on the EPFL
platform.

• Learning and reasoning methods on the overall task knowledge of a robot companion have been
implemented within CF-LCT both on the UniKarl training center and the IPAbot.

• Appearance and range image based object modeling was implemented within CR-OR on the
IPAbot.

• The inclusion of results from CF-TBP, CF-ACT and CF-GR was started on the IPAbot.

• The progress was shown in the demonstration scenarios of the two scripts “Learning Skills:
Arranging and interacting with objects” and “Learning Tasks: Serving a guest”.

13The video is available on the CD submitted with the deliverables 2005 and can also be downloaded from
http://wwwiaim.ira.uka.de/users/pardowitz/ke3-fin3ivx.avi

14or “crisps”, depending on the reader’s preferences
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(a) Key points of the object to be learned (b) Detection of the object in range image

(c) Demonstration of the task to be learned (d) Successful execution of the task

Figure 8: Key scenes of the Key Experiment 3, script 2 video.
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The rest of this section states the work to be done in KE3 during the last two phases. Again, it is
organized along the Cogniron Functions involved within KE3. As the main mission of the CFs is
to implement the scientific approaches and results gathered in the related RAs, please refer to the
according Deliverables and Workplans of RA2, RA4 and RA5 for more detailed information.
CF-LIF will implement the results stemming from the planned considerations of explicit means of
training a robot in form of head nods and pointing gestures to help refine and speed up the current
purely statistical form of learning in the robot.
CF-RG will include the insights regarding social interaction with respect to the correspondence prob-
lem (how to imitate). It will especially implement the methods for the inclusion of self-imitation,
scaffolding and sensory-motor experiences into the center of the learning process.
Future work of CF-LCT comprises the inclusion of the results gained in WP4.3 in the last two phases,
namely the implementation of reasoning methods for alternative execution possibilities of a task and
the extraction of repetitive patterns in a task.
CF-TBP will work on the improvement of existing detection, identification and tracking methods.
Advanced initialization methods and plausibility checks will be integrated in the tracking algorithms.
The implementation and testing on the robotic platforms will be impelled.
CF-ACT and CF-GR will incorporate final developments on dynamic gestures segmentation and im-
provements of the classification method, such as HMM, Bayesian Networks and Support Vector Ma-
chines (SVMs) on the robot platforms. Additionally, rule-based systems will be introduced to augment
the performance of the classification as well as extrinsic features capturing the context of an activity.
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5 Software Integration

5.1 Role of Software Integration in Cogniron

Software integration is in the domain of technology transfer between the partners in the Cogniron
project. In the parlance of figure 1, it is concerned with the bottom-up link from Research Areas and
conceptual integration to the engineering that will produce the running experiments on real robots in
realistic settings. This obviously can only be reached in conjunction with the top-down specification
methodology already in place since the start of Cogniron. However, an effective exchange platform
built around the growing corpus of available implementations will significantly aid in achieving the
objectives of the Key Experiments, simply by allowing actual pieces of software to be exchanged in
an incremental process that gives feedback on the specifications.

5.2 From Cogniron Functions to Software: Services and Data Structures

According to the technical appendices [1] and the 2005 review in Warsaw [9], there is neither a strict
one-to-one mapping between Research Areas (RAs) and Cogniron Functions (CFs), nor is there a
very strict responsibility bijection between partners and CFs. Citing the Warsaw review:“[. . . ] the
functions have been chosen [. . . ] in relation to partner interaction rather than for mainly functional
or architectural reasons”(pg. 18).
We argue that for the sake of software exchange, CFs are not an appropriate concept. The notion of
atomicserviceshas been introduced instead, during the General Assembly (GA) in Amsterdam [11].
Afterward, it has been recognized that more structure is needed for exchanges to take place (GA
Karlsruhe [12]), which is presented in section 5.3.
According to Sara Fleury’s presentation [13] in Amsterdam and on theService pages of the Wiki [14],
the Cogniron Functions are intended to serve as research objects and do not cover all functionalities
required for experimentation. They provide a high-level view for “conceptual” integration. Software
integration, on the other hand, requires common interfaces and a way to address technical aspects such
as multi-tasking, inter-process communication, task synchronization, and hardware access. Details of
such aspects are usually handled by an integration framework and vary among Cogniron partners. The
notion of service has been introduced to provide a technical abstraction that should be available in any
such framework. A service is made of:

• A set of “pure” algorithmic functions independent of communication framework, operating
system, or hardware.

• An API of at least 4 procedures:

init Initialize internal data structures, allocate and check required resources.
main Periodic or one-shot principal activity, the “heart” of the service.
end Clean up and release resources after the main activity has finished.
interrupt A way to cleanly halt the main activity before it has finished.

Each procedure is defined in a functional manner with three parameters:

input Semantics, type, and structure of required input information.
output Semantics, type, and structure of produced output information (the “result”

or “return value” of the procedure, but applicable also to permanent activi-
ties).

report The status which indicates if the parameters are valid and/or how the proce-
dure has ended (e.g. “OK” or “INTERRUPTED”).
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These items constitute the minimum information necessary for exchanging services between partners.
More information can be included as needed or available. A catalog of services is being established on
the Wiki and presented in the next section. The aim is to allow partners to express needs and provide
existing functionality using the service formalism.
Data that will be shared is described on theDataStructures page of the Wiki. In particular, this
includes parameters for the API. In the long run, XML schemes should be used for these descriptions.
However, for the time being any structured format is accepted in order to quickly establish a working
base. It has been agreed that the international system of units [41] should be used by default for all
applicable parameters, exceptions must be clearly mentioned in the descriptions.

5.3 Enabling Software Exchange: Module Market

The services provide atomic blocks of software functionality and aim at establishing technical inter-
faces for exchange. In order to facilitate practical software integration it was deemed necessary to
define a coarser grained approach: Some services are made to work in conjunction with each other
and it does not make sense to distribute them separately; also the requirement to publish precisely de-
fined data structures at the current state of development is not always beneficial, especially if situated
at interfaces between two services that can be considered inseparable.
This section presents theModuleMarket page of the Wiki. The purpose of that page is to provide a
platform for software exchange by creating a browsable catalog of ”functionality” that project partners
can use to locate existing software and share requirements. The idea is to usemodules, libraries, and
toolsas the granularity at which things get exchanged. These concepts are illustrated in figure 9.
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Service1

internal in/out

Service3
module output

m
od

ul
e 

in
pu

t

Module1

configuration

Tool

Module3

Module2

Figure 9: Modules are the units of software that get exchanged on the module market. Services are
atomic operations or tasks within a module. Libraries are collections of functionality with-
out a specific associated activity, and tools are things that fit neither of these categories.
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5.3.1 Modules

A module is a collection of services with an associated overall (main) functionality (activity). It is
not necessary that all modules reside at the same level of abstraction. For example, a GPS module
might contain services for configuring and periodically reading a global positioning device; and a
module for imitation learning might contain services for extracting features, training a HMM, and
periodically interpreting a data stream. A module ”belongs” to one Cogniron partner in order to keep
software management lightweight inside each module.
A service is an atomic operation inside of a module. Services can be periodic or one-shot, they
have strictly defined inputs, outputs, and status reports, as well as initialization, finalization, and run
procedures. Inside of their module, the service’s in- and outputs are connected in a manner that could
be dependent on context (e.g. these pathways would be set by some supervisor). Inputs that come
from outside the module, and outputs that have no target within the module, can be considered the
containing module’s ins and outs.

5.3.2 Tools and Libraries

Things like software frameworks or utility applications are referred to as tools. A library is a ”tradi-
tional” collection of related functionality. Tools and libraries typically come as a C or C++ package
or maybe a collection of related Matlab scripts. The difference between modules and tools/libraries is
that the latter don’t have an associated main functionality. In other words, a user-space driver would
be used as module (for instance by defining file-based in- and output), a collection of image process-
ing functions would be packaged into a library, and a script for translating C structures into XML
schemes would be a tool. For practical reasons, a tool/library ”belongs” to a single partner, except
bridges between technologies coming from different partners. For example, a piece of software that
feeds XCF data into an OpenRobots module would belong to UniBi and LAAS.

5.3.3 Other Elements

Apart from a catalogs of available modules, tools, and libraries, theModuleMarket page contains:

Relationship Matrix: To shed light on how partners, Cogniron Functions, Research Areas and so
forth are related to each other, in order to clarify roles and responsibilities. This is work in
progress, as each partner has different ideas about some of these aspects and interpretations
evolve with time; preliminary results are shown in table 1.

Software Release HOWTO: A quick guide to packaging software in order to facilitate the exchange
of modules, tools, or libraries. It discusses the question of choosing between binary or source
distribution, how to make the package available, and reminds authors to provide at least rudi-
mentary documentation.

Glossary: To explain the terms used on the page.

5.4 Conclusion and Outlook

Several pieces of robotic software technology have to be shared among partners in order to make the
key experiments work. We have presented our efforts at structuring and giving content to the exchange
platform on the Wiki [14]. The case study in appendix A (p.38) serves as a motivating example and
practical guide for future interactions between partners.
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• TheServices andDataStructures pages serve to share concrete specifications.

• TheModuleMarket page helps to find and suggest exchangeable chunks of software.

• TheKeyExperiments andToolsExchange pages are for more general collaboration in-
formation.

• TheSoftwareIntegration page serves as pointer to the involved projects and keeps track
of actual implementations.

In the upcoming second half of the Cogniron project, our software integration efforts will be devoted
to consolidating the growing corpus of shareable software and the associated interfaces and data struc-
tures. The Wiki is making good progress towards fostering exchanges that can potentially outlast the
remaining duration of the project.

Table 1:Preliminary relationship matrix, assembled from the technical appendices [1], the KE
specs [2], the KE questionnaire (see appendix C) of the General Assembly in Amsterdam, as
well as existing services, modules, libraries, and tools.

CF Partners RA KE
CF-DLG UniBi RA1 KE1
CF-ROR UniBi RA2+5 KE1
CF-PTA UniBi RA2 KE1
CF-GR UniKarl RA2 KE1+3
CF-IA UH RA3 KE1+2
CF-LOC UvA RA5 KE1
CF-NAV UvA (LAAS, EPFL) RA5 KE1
CF-SOC UH RA3+6 KE1+2
CF-OR IPA, LAAS, EPFL, UniKarl RA5 KE1+2+3
CF-RET LAAS (EPFL, UH, UniKarl) RA6 KE2
CF-NHP LAAS RA5+6 KE2
CF-MHP LAAS RA5+6 KE2
CF-TBP UniKarl (LAAS) RA2 KE3
CF-ACT UniKarl RA2 KE1+2+3
CF-LCT UniKarl (EPFL, UH) RA4 KE3
CF-RG EPFL, UH RA4 KE3
CF-LIF EPFL, UH RA4 KE3
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[39] P. Torma, and C. Szepesvári Sequential Importance Sampling For Visual Tracking Reconsidered.
In AIS 2003 – AI and Statistics, 2003.

[40] J. Minguez, L. Montano. Nearness Diagram Navigation (ND): Collision Avoidance in Trouble-
some Scenarios. InIEEE Transactions on Robotics and Automation, p 154,2004.

[41] The NIST Reference on Constants, Units, and Uncertainty.
http://physics.nist.gov/cuu/Units/

[42] Columbia Object Image Library.
http://www1.cs.columbia.edu/CAVE/research/softlib/coil-100.html

[43] PerMIS’04Performance Metrics for Intelligent Systems Workshop
http://www.isd.mel.nist.gov/PerMIS 2004/

Page 37



COGNIRON
FP6-IST-002020

Deliverable D7.2005
25/01/2006

Revision final

A Account of Technology Transfer Between UniBi and LAAS

This appendix is an account of the initial technology transfer between Uni Bielefeld and LAAS, which
took place in November 2005 (three days on-site in Bielefeld, after coordination and preparation via
email and telephone).

A.1 KE1 Software Integration Context

Several partners contribute software to KE1 “Robot Home Tour”. UniBi is the KE leader and provides
the hardware as well as the majority of software. At the current state of development, software from
LAAS and EPFL has also been integrated, and contributions from UvA are expected to follow. No
common framework has been chosen for these integrations, thus several components come into play
for KE1 software integration. They are presented in table 2.
At the time of initial technology transfer between LAAS and UniBi, Biron’s state of development
had reached a point where it was necessary to integrate localization and navigation (path planning
and obstacle avoidance). The fact that neither CF-LOC nor CF-NAV had reached sufficient maturity
created a issue for testing the data structures defined for that purpose in the KE1 architecture. It was
thus chosen to use existing and/or “mock” implementations in order to

1. Validate the KE1 architecture.

2. Exchange tools for integration between UniBi and LAAS.

3. Gather experience on the challenges of technology transfer.

Table 2:Software tools and libraries involved in KE1 at the time of writing
Tool Partners Remarks
XCF developed at

UniBi
XCF is an XML-based communication framework used
on the mobile robot Biron on which KE1 is being devel-
oped in C++ under Linux. Communication is stream ori-
ented (polymorphic object serialization).

Player/Stage used at UniBi
and UvA

Player/Stage is an open-source network abstraction for
mobile robots which has gained some popularity. Com-
munication is stream oriented (simple data), bindings ex-
ist for a large range of languages.

OpenRobots developed at
LAAS

OpenRobots is a collection of portable mobile robot li-
braries and control modules. It is based on a collection of
C libraries and a code generator used on all robots there,
it also runs under Linux. It provides multitasking abstrac-
tion, communication is based on shared-memory.

Sunflower developed at
EPFL

Sunflower is a C++ mobile robot library providing C bind-
ings to a subset of its functionality. Originally aimed at
providing an abstract framework, it now mainly contains
obstacle avoidance and a simple path planner. Communi-
cation is based on function call semantics.
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A.2 Objectives of Technology Transfer

This section explainswhat got exchanged, andwhy we concentrated on these aspects. Generally
speaking, it was necessary to create incentives for both involved partners to invest work.

Install OpenRobots on Biron : UniBi gains potential for using LAAS modules, as these are devel-
oped within OpenRobots and can then be ported to other robots with very little effort. LAAS
gains more users for their OpenRobots, as well as feedback about possible installation and
documentation problems.

Communication between XCF and OpenRobots: Both gain insights into the other’s technology,
allowing to better assess the costs and benefits of implementing a generic bridge between the
two frameworks.

Navigation and “fake” localization for Biron : UniBi gains functionality for KE1 development, in
the sense of concept checking as well as real-world testing: Path planning and obstacle avoid-
ance, data flow between dialog and robot control. LAAS gains know-how for integrating CF-
DLG on their robots in the future.

A.3 Preparation and On-Site Work

The overview diagram in figure 10 shows which parts of the KE1 architecture were directly concerned
by this first step. The idea is to replace LOC by a very simple module that maps location names to
coordinates using a-priori information from a file, which can then be used by NAV to internally direct
obstacle avoidance using Cartesian coordinates relative to the robot frame. The call graph in figure 11
clarifies the information and control flow. The three subsystems (NAV, LOC, ObstacleAvoid) run
as OpenRobots processes on a dedicated computer and communicate with the rest of the system via
TCP/IP, as shown in the development setup diagram (figure 12).
In order to bridge the technological gap between XCF (runtime polymorphism, object- and stream-
oriented, XML standards) and OpenRobots (most things fixed at compile time for efficient shared-
memory access), it was decided to use the least common denominator technology: Pure C interfaces
implemented in small standalone wrapper libraries.

A.4 Results

Two notable problems arose before Biron finally navigated autonomously after receiving a vocal com-
mand such as “Biron, go to the kitchen”. This demo can be viewed on video15.

Unforeseen crosstalk: There seemed to be a multi-threading problem when running both Open-
Robots and XCF on a host. This problem crept up rather late one evening in conjunction with
other issues, and it was decided to decrease the number of potential problem sources by writing
a standalone application that wraps libsunflower instead of using the OpenRobots module. Thus
it was guaranteed that the XCF client was executing in a single thread.

This measure solved the issue, but later analysis leads us to believe that the source of the prob-
lem is not due to multitasking, as had seemed to be the case during debugging. This remains an
open question.

15Either on the CD submitted with this deliverable, or onhttp://www.laas.fr/ ∼rolo/media.html .

Page 39



COGNIRON
FP6-IST-002020

Deliverable D7.2005
25/01/2006

Revision final

Intermediate
Layer

Representation
Layer

Reactive
Layer

Deliberative
Layer

Controller
Layer

Exec Supervisor

Scene−DB
KB−Manager

PTA

DLG

ROR

Hardware (Robot Basis, Camera, Microphones, etc.)

Emergency Stop
...

Hardware
Control

Robot

Server
Data

NAV − Navigation
DLG − Dialog
LOC − Localization

PTA − Person Tracking & Attention
ROR − Resolving Object ReferencesBinary data

XML (XCF)

Sce
ne

Que
ry

Sce
ne

Ans
wer

SceneAnswer

In/Out
Speech

Stat
us

Data
Use

rC
md

Get/Set
LocName

LocData

Behavior−based Control

ObjectRefData

Im
ageData

Im
ag

eD
at

a
So

un
dD

at
a

La
se

rD
at

a

SceneQuery

LocName

Re
lP

os
itio

n

Re
lP

os
itio

n
Co

nf
ig

PT
A

PersonData Co
nf

ig
RO

R

O
bjectRefData

GoTo(Label)

Im
ag

eD
at

a

Co
nf

ig
HW

C

O
do

m
et

ry
Da

ta
La

se
rD

at
a

NavStatus

NAV

LOC

Obstacle Avoid

Re
lP

os
iti

on

KB−Manager
Loc−DB

LocData

LocData

Version 0.0 − 26.10.05KE1 − Technology Transfer step 1 UniBi & LAAS
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Figure 11: Typical information flow for integrating path planning and obstacle avoidance into the
existing KE1 system. ESV denotes the execution supervisor that routes the “GoTo” com-
mand from dialog to NAV, which queries the mock LOC about the position that corre-
sponds to the given label. Then, NAV informs ESV that the robot is moving and uses
DWA (path planning and obstacle avoidance) to control motion commands from laser data
and pose information. NAV informs ESV when the goal is reached. Not depicted in this
diagram are: (1) the periodic messages from NAV to ESV that serve as a watchdog, and (2)
the link from DWA to motor control, which was implemented on-site using XCF streams.
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Figure 12: Physical development setup for on-site work. It was decided to use wireless communi-
cation even for the obstacle-avoidance control loop in order to keep potential crosstalk
between subsystems as small as possible.
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Wireless Networking : During development on the cabled network, XCF communication worked
fine, but switching to a wireless setup disrupted communication. This was probably due to an
unforeseen interaction between a newly installed wireless bridge and the wireless router. Again
for saving developer time, it was decided to transfer the NAV subsystem to the dialog laptop
which was known to have functional networking.

This decision made it possible to demonstrate a functioning integration, however the already
scarce computing resources of the laptop were depleted and substantially lowered the perfor-
mance of the obstacle avoidance.

A.5 Conclusion

Three pragmatic rules can be formulated from the first software exchange between UniBi and LAAS,
to be applied to the wrapper libraries that act as glue between technologies:

• Do not use polymorphic APIs, they are not easily expressed in procedural programming lan-
guages.

• Adhere to coding discipline by using “best practices” (constants, error codes), avoid advanced
language features such as exceptions.

• Use the least common denominator technology and keep interfaces as simple as possible:

– standard C prototypes (you can stillimplementin C++)

– use C builtin data and array types
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B Detailed Integration Account for KE2

B.1 Objectives and Organization

The objective of KE2 relates to a curiosity behaviour triggered by a robot drive for learning more
about the environment, but it also includes issues related to the capacity for a robot to take initiatives.
The underlying scientific issues addressed in the Research Areas are the following:

• Object learning and recognition (RA5);

• Interpretation of human activities and posture (RA2);

• Close interaction with humans (RA3);

• Intention attribution (robot intention expression to be legible to the humans) (RA6);

• Situation understanding, decision making, collaborative problem solving (RA6);

• cognitive architectures (RA6).

Two separate scripts are developed, one emphasizing robot curiosity, and the other robot initiative and
intentionality.
The first script describes how a robot builds a model of a newly discovered object through sensing and
manipulation. The second script describes how a robot interprets a situation (involving a human) that
requires its intervention for fetching an object and handing it to the human.
For the last period, the main focus was on setting up the necessary material for demonstrating the sce-
narios on the one hand, and integrating parts of the software developed in the various RA’s involved.
In order to allow simultaneous work and proceed toward partial integration without waiting for the
target mobile manipulator to be fully functional, we have chosen to build partial experiments on three
different platforms:

• Experiment KE2-1: Object modeling and handling by a mobile manipulator

• Experiment KE2-2: Toward human-friendly Navigation

• Experiment KE2-3: Curiosity and learning

Each experiment corresponds a partial integration of the targeted functions involved in the global KE2
scenario. Besides, the three platforms share the same underlying software architecture and tools16.

B.2 Experiment KE2-1: Object Modeling and Handling by a Mobile Manipulator

B.2.1 Objectives and Context

Experiment KE2-1 has been designed to implement generic object modeling and manipulation abili-
ties that are planned to bed used in the framework of KE2.
The target robot is a Neobotix platform equipped with a PA10 6-DOF arm (Fig 13). It has been
purchased in February 2005 and has been equipped with a home made gripper, two stereo camera
systems and a 6 DOF force sensor (see section B.2.2).

16Released under a BSD open source license onhttp://softs.laas.fr/openrobots/
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The scenario for the experiment (see section B.2.3) has been refined and instantiated into a set of
Cogniron Services that are intended to implement the Cogniron Functions to model the object from
stereo vision (see section 1) and to plan its handling (see section 2).
All the Cogniron and Supporting services required to achieve this scenario have been detailed and
organized within a software architecture presented in paragraph section B.2.4.
As soon as the hardware platform was ready we started the integration of the various services (see
section 3). In December 2005 all of them have been at least tested individually on the real platform
(see section 3). The next phase will be debug the overall integration and to demonstrate the whole
scenario.

B.2.2 Robot Platform

Jido is a MP-L655 platform from Neobotix, equipped with a Mitsubishi PA-10 arm (with 6 degrees
of freedom). Several sensors are available on the platform: sonars, two Sick laser range finders, two
stereo camera banks (one mounted on the arm and the other on a pan-tilt unit on the base platform) and
several contact sensors on the gripper. Two on-board computers (Intel Pentium 4 processors, at 3GHz,
with 512 megabytes of RAM each), using the Linux operating system, are used to run all software
presented in section B.2.4.

Figure 13: Jido from February to December 2005

The original two parallel jaw gripper was equipped with two fingers providing three contact points.
Jaw opening potentiometer, contact force sensor resistors and strain gage to measure applied forces
have been installed and connected to a micro-controller.

B.2.3 Scenario

As already mentioned, this scenario is intended to provide a set of robust and generic object manipu-
lation abilities to be used in the global KE2 demonstration on a mobile manipulator.
The robot (a mobile manipulator) detects an object on a table. It must first model it moving to various
viewpoints the stereo system mounted on the arm. The computed 3D model of the object is memorized
by the robot. From this model the robot is able to identify it later on, to locate it and possibly to grasp it.
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It thus plans a path to catch the object with its gripper without colliding the table or others obstacles
around. The object is grasped. It can then be given to a person or placed elsewhere. In this first
experiment, the object is assumed to isolated on the table. The robot will also be able to segment the
table plane.

B.2.4 Software Architecture
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Figure 14: Current software architecture with all the services involved

The whole scenario described in section B.2.3 requires 23 services organized in four main functions
as described in figure 14:

1. base motion (blue)

2. object modeling (red)

3. gripper approach (green)

4. grasping (orange)

The arrows represent the data flow between the services. The execution of the services is coordinated
by a Tcl script not represented in the figure (later on the supervisor that will be first implemented on
Rackham will be integrated on Jido).
The execution sequence is the following:

1. First the robot reaches the table using thebase motionfunction: with a sick laser (sick ) it
localizes itself (segloc ) and builds a local map (aspect ) in which a path is computed (VSTP)
to reach a final configuration near the table without hurting obstacles. Finally, it executes this
plan thanks toSFL local avoidance andjloco speed servo-controller. This function is still
in dotted line because for now it has been tested only on the Bielefeld platform. However the
implementation on Jido, which was not first priority for this demonstration, is nearly completed.
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2. Once near the table it executes theobject modeling loop: from a given position it acquires
stereo-images (camera ), computes a 3D image of points (scorrel ), initializes or updates
the 3D model of the table and of the object (objOutOfPlan andobjModel ), chooses a new
view point (objViewPos ) and moves its arm toward this new position (GeodesicMotion ,
tarm , xarm andqarm ). This step is re-iterated until a sufficient object model is obtained.

3. From the 3D object model the robot is able to identify it and to localize it (objLoc ) relatively
to its gripper. Thegripper approach loop can be executed: the system is able to compute
a grasping position of the object (graspPos ) and a trajectory to reach this position without
collision (graspTraj ). This step can also be re-iterated until the object is well positioned
between the fingers.

4. The final function consists ingrasping the object using the various sensors on the fingers
(fingers ) and the 6D force sensor.

Two of these functions, ”object modeling” and ”gripper approach” (in bold in the figure) are related to
Cogniron Functions and described in section 1 and section 2. The other ones are Supporting Services
and are presented in section 3.

B.2.5 Implemented Services

The three following sub-sections present the main services that have been developed and implemented
on the robot for the demonstration.
The first oneMobj allows to model objects on a table from stereo-vision in order to be able to manip-
ulate them.
The second oneGraspPlan allows to plan a collision-free path to take and manipulate the object.
The last sub-section will describe shortly the main support services: the services that are mandatory
to accomplish the task but that are not tackled by Cogniron Functions.

1. Service “Object Modeling”

This service implements the function required to build the geometrical model of an object. This
3D model will be used by other services, to find optimal grasping positions depending on the
object and the gripper shapes, and then to grasp and manipulate the object.

At this preliminary step of the KE2 experiment, we focus only on the construction of a 3D model
for an isolated, rigid and static object, put on a horizontal plane (typically, a table or the ground).
The model is built from sensory data acquired only by the stereo-vision sensor mounted on the
Jido arm. By now, the sensor is moved around the object using the arm, considering that the
mobile robot is docked along the table.

Purposes:

The modeling function is an incremental process. A calibration procedure must be performed
off line before any experiment in order to estimate intrinsic parameters of the stereo sensor and
the hand-eye transformT stereo

eff (situation of the sensor frame w.r.t. the effector frame).

Several algorithms are integrated to build the object model:

• 3D data acquisition from images acquired by the stereo sensor. A dense stereo-vision
method provides a 3D image, related to the left intensity image. For every matched pixel
in this left image, a 3D point is provided by triangulation, given the parameters of the
stereo sensor.
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• extraction of the object points from the 3D image, using contextual information. Here it
is supposed that the object is on a horizontal plane. A simple planar segmentation (from
a clustering approach or a 3D Hough transform) allows to extract and to remove points
located on the the supporting plane. More dedicated methods using intensity or color
attributes could be also executed for the same objective.

• estimation of the sensor position, calledT stereo
ref with respect to a static local reference

frame, called hereafterRref , typically the docking position of Jido close to the table. The
T stereo

ref transform is computed using the hand-eye transformT stereo
eff , the current effector

positionT eff
arm computed from encoder data using the geometrical model of the arm, the

arm position on JidoT arm
jido given by mechanical measurements, and finally if required,

by the Jido current position with respect to the reference frameT jido
ref , computed from

odometry and from a localization module.

• registration of all sensory data. Using the estimated sensor positions, all stereo data can
be fused in the same cloud of 3D points, expressed inRref , using a classical ICP algo-
rithm (for Iterative Closest Point). Several operations (decimation, 3D edge extraction. . . )
allows to limit the ICP complexity.

• construction of a triangular mesh from a cloud of 3D points. By now, it is based on the
Marching Cubesalgorithm.

Relationships with RA and CF:

This service is a partial instance of the CF-OR (Object Recognition and Modeling) Cogniron
function: object recognition and localization procedures are not integrated by now. Stereo-
vision allows to obtain directly the fusion between intensity, color and 3D sensory data; so
appearance-based patterns (typically interest points or SIFT patches) will be easily located on
the geometrical model of the object, so that object recognition and localization will be based on
such patterns in the next step.

This service is related to the work package WP5.2 devoted to the perception on objects in RA5.
In KE2 we aim at integrating and comparing two different approaches:

• UniKarl and IPA are working together on a combined representation, acquired using a
Swiss Ranger sensor coupled with a color camera; UniKarl deals with the construction of
a 3D geometrical model, using color to segment the object from the background, while
IPA is concerned by object recognition from appearance-based representations from SVM
classifiers.

• LAAS will improve the incremental modeling method described above, and will integrate
a Bayesian approach to cope with active recognition of an object.

Integration:

The system has been integrated on the robot Jido using a Videre stereo sensor (cameras 1/3′′,
9cm baseline equipped with 4.8mm lenses) mounted close to the end effector of the robot’s
arm. Like it is shown figure 13, another stereo sensor (cameras 1/2′′, 20cm baseline equipped
with 3.6mm lenses), are mounted on a mast behind the arm: it will be more devoted to visual
navigation (landmark detection and recognition, visual SLAM...).

The stereo sensors are calibrated using a planar calibration tile (LAAS method, similar to op-
erators available in OpenCV or Matlab). The hand-eye calibration is solved using a method
inspired from the Dornaika/Horaud one.
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First results are presented on Fig 17, for polyhedral objects (a simple box, with enough textures
to allow stereo matchings) or for more complex ones (eraser, camera stand, tube...). The built
triangular meshes will be transmitted to the ”Grasp Planning” service.

Figure 15: Several objects to be modeled and grasped: a box, a tube, an eraser

Figure 16: (Modeling of the tube: (left) disparity image, (middle) matched pixels, (right) cloud of
points after the fusion of 8 3D images

Next step:

many extensions are foreseen for this service:

• on line calibration of the hand-eye transform using a EKF-based approach, dealing also
with the object localization from interest points;

• improvements of the modeling functions, evaluating different strategies for the ICP pro-
cedure (incremental or global...) and different algorithms to build the triangular mesh
(Marching Cubes, Ball Pivoting...).

• evaluation of an existing Next Best View method, in order to minimize the number of
views required to build a complete object model.

• integration of data acquired from the two stereo sensors, and using several docking posi-
tions of Jido around the table.

• integration in the same object representation, of appearance-based patterns suitable to
recognize and localize the object from any viewpoint.

• other object/sensor configurations (for example, the object is moved by an operator or by
the arm, in front of a stereo sensor).
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Figure 17: (right) ICP result on 5 successive 3D images of the box; (left) the corresponding triangular
mesh

2. Service “Grasp Planning”

Purpose:

Based on triangular mesh model of object, robot and environment, the objective is to compute
a plan to grasp an object and perform simple tasks like pick and place or hand over. The two
cases of hand over task (with a human or with a second robot) was studied. The grasp planner
is based on inertial properties and object decomposition.

Relationships with RA and CF:

This grasp planner is part of the general motion and task planning abilities that a robot compan-
ion should possess. Consequently it is linked to RA6 and RA6 and to the CF called CF-MHP
(Manipulation in Human Presence).

Integration:

The system was integrated on the Jido robot as an OpenRobots module. An important program-
ming effort has been dedicated to embed a number of software libraries (Move3D tools).

References

Results were presented in Barcelona IEEE-ICRA 2005 [17] and at the International Symposium
on Robotics ISR 2005 [18] held in Tokyo where the paper obtained the best paper award of the
symposium.

Results:

The work was mainly done in simulation both on virtual models and real models publicly down-
loadable from the Web.

Figures 18 and 19 show illustrative results. The influence of obstacles on the grasp position is
illustrated for a bottle. The grasping of the mug by the handle demonstrates the efficiency of
the convex decomposition approach. Supplementary videos17 are also available.

The hand over task is illustrated for a bottle and a glass. Table 3 presents computing time
for grasp planner obtained using a 500 MHz Solaris SunBlade. The first three rows are for
Mitsubishi arm and a convex object decomposition. The last two rows(†) are for a hand over
task involving a second robot with a Gt6a arm, the object decomposition strategy differs from

17Videos are on the CD submitted with the deliverables 2005 (section RA7).
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Figure 18: Two different solutions for grasps a bottle; right: grasp of a mug by the handle

convex decomposition in the cutting phase. Three cuts on the object through the inertial axes
are made in the latter case.

Figure 19: Hand over of a bottle and a glass

Note that the planner is able to take into account a double-grasp when computing it own grasp
configuration.

Next step:

Firstly we have to test the system on real manipulations.

For the planner, we are going to extend it to manage more complex grippers and to operate in
more complex environment. A canonical task would be to clear a table where many objects have
been placed. Other manipulation techniques will be studied like pushing objects. For example,
pushing an object before grasping it.

3. Supporting Services

Arm Control with qarm, xarm and collide:

Qarm is a OpenRobots module developed to interface micro-controllers of the Mitsubishi PA10-
6C arm at the joint level. Qarm is associated with the collide module to detect collision between
parts of the arm and the mobile platform.
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Table 3:Grasp planner computing time (seconds)

Object Cut Time Grasp Time Total Time Facets

Bottle 0.12 36.7 36.82 80

Mug 0.71 34 34.71 499

Glass 13.58 135.56 149.14 2750

Bottle† 6.11 42.86 48.97 80

Glass† 21.54 301.2 322.74 2750

Xarm integrates an on-line soft motion trajectory planner to facilitate definition of sensory-
motor loop in Cartesian space using qarm module. This work was presented at the 15th Interna-
tional Symposium on Measurement and Control in Robotics, 08-10 November 2005, Brussels,
BELGIUM [20]. A video18 showing a trajectory computed by the grasp planner and executed
by Jido is available.

Hand Control with fingers, force and graspCntrl:

Fingers and force module respectively interface fingers sensors (Force Sensor Resistors and
strain gages for contact forces, finger position) and a six-axis force sensor. The graspCntrl
module that must control gripper is not yet entirely implemented. Its two main functions are to
control grasping and passing an object to a person.

Base Localization withsick, segloc and pom:

We are currently integrating the same modules as for Rackham (see section 3).

Motion and Navigation with JLOCOand SFL:

The JLOCO service provides basic motor control and odometry for the Neobotix platform. It
communicates with the motors and the gyro of Jido through the CAN bus, using a CAN driver
developed at LAAS.

The SFL service wraps the “Sunflower” mobile robot library from EPFL. It provides path plan-
ning and obstacle avoidance that has been developed for the Expo02 event in Switzerland. It is
also used on Biron for KE1.

B.2.6 Results and Conclusions

Work done in 2005:

• Equipment and a new mobile manipulator

• Installation of software integration tools.

• Definition of a set of Cogniron services (and their interaction) related to object modeling and
manipulation

• Adaptation of a set of supporting services (localization and motion)

18Video is on the CD submitted with the deliverables 2005 (section RA7).
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• Development and Integration of new supporting software

• Development of a grasp planner

• Development of a new control law for manipulation

• Development of a stereo-based object modeling service

All essential ingredients are now available to build and demonstrate an autonomous and generic ability
to model and handle objects.

B.3 Experiment KE2-2: Towards Human Friendly Navigation

B.3.1 Objectives and Context

Experiment KE2-2 has been designed to investigate and illustrate a mobile robot abilities to navigate
in the presence of humans and to approach persons in order to interact or to hand objects.
The robot must be able to detect humans presence in its vicinity and to interpret their trajectories, in
order to secure their displacements —by avoiding them or to getting out of their way— or to interact
with them.
One contribution focuses on the development of people detection and tracking modalities from the
video stream of the on-board color camera, each modality being suited to a specific H/R interaction
distance. The other contribution focuses on the illustration of a Human Aware Motion Planner.

B.3.2 Robot Platform

Rackham is a B21r robot (iRobot). It is a 4-feet (52 cm) wide and 20-inches (118 cm) tall cylinder
topped with a mast supporting a kind of helmet. It integrates 2 PCs (one mono-CPU and one bi-CPUs
running P3 at 850 MHz). We have extended the standard equipment with a pan-tilt Sony camera EVI-
D70 attached under the helmet, a digital camera mounted on a Directed Perception pan-tilt unit, an
ELO touch screen, a pair of loudspeakers, an optical fiber gyroscope and wireless Ethernet.

B.3.3 Scenario

A environment model is assumed to have been acquired previously. Such a model allows the robot to
localize itself and to synthesize paths that avoid fixed static obstacles (walls, furniture).

Rackham is motionless, and looks at the room entrance. It fires its long-rangemonitoring modality,
so as to detect and track any person entering the area.

A person comes in. Her aim may be to go and sit down on a chair located behind a table. When the
person gets closer to the robot, the latter switches to the mid-rangehuman tracking modality, which
is more suited to the associated relative H/R distance. During this second phase, the robot estimates
the relative position of the targeted human, and rotates in order to keep him within sight. No active
vision strategy is involved at the moment.

Based on appropriate heuristics, still running themid-range human tracking modality, the robot de-
tects that the human sits down.

Thanks to itsNavigation in Human Presence functionality, the robot plans a trajectory from its current
location to a zone —a priori defined in the environment map— in front of the chair. The execution
of this human-safe and human-comfortable trajectory is then performed in a reactive manner, so as to
avoid any passer-by sharing the environment.
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Figure 20: Rackham

The person presence and willingness to interact is then checked, by detecting whether he is gazing at
the robot. If visual contact can be established, the robot comes nearer to the human. At any moment,
the robot should be able to detect presence and commitment of the person and react accordingly.
If the human shows no interest or has gone, the robot goes away.

B.3.4 Software Architecture

B.3.5 Implemented Services

The three following subsections present the main services that have been developed and implemented
on the robot for the demonstration.
The first one covers two services:ICU (for I see You) enables the detection and tracking of people
through a pan-tilt camera andHumPoslocates more precisely people using a laser sensor.
The second oneNHP(Navigation in Human Presence) allows to navigate in human presence: this
path planner integrates ”social rules” to produce robot paths that are ”acceptable” by the humans in
its vicinity.
The last sub-section will shortly describe the main supporting services: the services that are mandatory
to perform the task but that are not addressed directly by the Cogniron Functions:Localization ,
Navigation , ...

1. Human Detection and Tracking Services

Purposes:These services are related to human detection and tracking using visual primitives.
Our visual tracking strategy consists in fusing visual cues into particle filtering schemes. This
fusion can be performed in the definition of the particles likelihoods. In addition, outputs from
detection primitives can be involved in the importance functions of the particle filters.

So, the following detection services have been developed and integrated on the robot:
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Figure 21: Software architecture with all the services involved

• a face detector computes the number of detected faces together with their positions and
scales in a B/W or RGB image, using Haar-like features;

• a face detector dedicated to tracking computes a Gaussian mixture related to detected
faces in an B/W or RGB image;

• amotion detector dedicated to tracking computes a Gaussian mixture related to the motion
activity in a B/W or RGB image;

• a skin-color blobs detector dedicated to tracking computes a Gaussian mixture related to
the detected color blobs in an RGB image.

Three visual tracking modalities were defined for H/R interaction, namely,

• a head tracking modality for interaction at short-range H/R distance (Figure 22 (a));

• a human tracking modality for interaction at medium-range H/R distance (Figure 22 (b));

• a monitoring modality for long-range H/R interaction (Figure 22 (c)).

All these modalities were integrated on the robot. Two kinds of videos19 are available, one
showing an example of integration and the others demonstrating various particle filtering strate-
gies.

Relationships with RA and CF:

This work is part of RA2Detection and Understanding of Human Activity. The implemented
2D visual trackers were developed in the WP2.1Detection and Perception of body parts based
on sensor features, and are involved in the Cogniron function CF-TBP (Tracking of Body Parts.)
The details are included into the RA2 deliverable.

19Videos are on the CD submitted with the deliverables 2005 (section RA7).
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(a) (b) (c)

Figure 22: Modalities provided by theICU module

Integration:

The ICU module has been implemented in C/C++. It provides some requests to control the
embedded camera, and to manipulate the three previously described modalities. It can handle
internally the switch between these modalities, based on theface detector results (frequency
and size of the detections.)ICU can also approximate the location of a person at short or mid-
range distance to the robot. All the tracking outputs from the various modalities are available to
the other modules and more specifically for the supervisor.

Results:

A preliminary evaluation enabled to select the most meaningful visual cues associations in
terms of discriminative power, robustness to artifact’s (clutter or illumination changes) and time
consumption, be these cues involved in the particles likelihoods or in the filters’ importance
functions. As a result, dedicated visual cues were selected for each modality, see below.

Several particle filtering strategies were evaluated in order to check which ones best fulfill the
requirements of the considered H/R interaction modalities. The evaluated strategies are CON-
DENSATION, ICONDENSATION, the Auxiliary Particle Filter and the Rao-Blackwellized
Subspace History-Sampling Sampling Importance Resampling (RBSSHSSIR) algorithm20. For
the sake of comparisons, importance functions rely on dynamics or measurements alone, or
combine both. Further, each modality has been evaluated on a database of sequences ac-
quired from the robot in a wide range of typical conditions: cluttered environments, appearance
changes or sporadic disappearance of the targeted person, jumps in her dynamics. . . For each
sequence, the mean estimation error with respect to “ground truth”, together with the mean
failure ratio (% of target loss), were computed from several filter runs. Some associated figure
plots, as well as some tracking scenarios, can be found on the LAAS website21.

Eventually, thehead tracking modality combines motion and shape cues into a CONDENSA-
TION algorithm, thehuman tracking modality merges shape and color information into a Rao-
Blackwellized Subspace History-Sampling Sampling Importance Resampling (RBSSHSSIR)
algorithm, while themonitoring modality relies on color and motion distributions into an RB-
SSHSSIR algorithm.

Next step:

20The CONDENSATION and ICONDENSATION algorithms were formerly developed by Blake and Isard in 1996 and
1998 [36, 37] respectively, the Auxiliary Particle Filter was defined by Pitt and Shephard in 1998 [38], and the RBSSHSSIR
algorithm was developed by Torma and Szepesvári in 2003 [39].

21http://www.laas.fr/ ∼lbrethes/KE2 2k5
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Future theoretical developments in WP2.2Human body model: integration and fusionwill con-
cern 3D human posture estimation based on an appearance approach. These will be integrated
in the last phase of the project.

In addition, some marginal considerations concerning gesture recognition (Cogniron function
CF-GRGesture Recognition), under development in WP2.3Context-based interpretation and
classification of activities, will be integrated in a future scenario in order to interact with the
robot through communicative gestures.

2. Navigation in Human Presence Service

Purposes:

This service contains an implementation of the Human Aware Motion Planner (HAMP) de-
veloped in the framework of RA3 (WP3.3). This planner computes “acceptable” and human-
friendly paths by reasoning on humans state, their vision field and their accessibility. Three
different criteria have been extracted from user studies for these human-robot interaction and
serve as the core of HAMP. Each of these three criteria is represented by a 2D grid attached to
each human containing various costs depending highly on humans’ states in the environment.

• Safety Criterion: The robot must avoid to collide with the human in the environment,
and if possible it must prefer to not to pass too close to him. This criterion is represented
by a human centered bell shaped grid.

• Visibility Criterion : The robot, if possible, must prefer to stay in the humans field of
view. This criterion allows to take into account the humans vision field and allows us to
produce more “acceptable” robot motions. The visibility grid is constructed according to
costs reflecting the effort required by the human to get the robot in his field of view.

• Hidden Zones Criterion: The robot, if possible, must avoid to burst near the human to
avoid to cause fear and surprise. This is done by putting costs to the zones hidden by
the obstacles. The costs in the hidden zone grid are inversely proportional to the distance
between the human and the robot.

Not only the shape of each grids differs one from another but also each human in the environ-
ment can have different parameters, so different shapes, for the same type of grid. These grids
are combined to form a final grid in which we find a minimum-cost trajectory for the robot
by using A* search algorithm. The synthesized path is not only collision free and feasible but
also human friendly with satisfying all three criteria. One must note that only the final grid, on
which we conduct A* search, is constructed explicitly. The cost of a cell in the other grids is
calculated in case of a request from A*. This approach allows us to fasten the planning process
and limit memory space usage.

In the next sections we will focus on the implementation aspects, but the detailed inner working
of the system can be found in the deliverable D.3.6.

Relationships with RA and CF:

See Deliverable D.3.6 - Models and algorithms for motion in presence and in the vicinity of
humans.

Integration:
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Although all the aspects of Human Aware Motion Planner are not implemented, most of the
major functionalities are currently working on the robot. As can be seen in the service’s archi-
tecture schema (figure 23), Move3D and grids build the core of the motion planning module.
This module works with a static internal 3D map along with each humans model, his grid con-
struction parameters and the robot model. The humans’ positions are updated by the humPos
service and the robot’s current position is updated by Pom service. The motion planner module
then calculates a path and sends it to the path execution service.

As the planner does not take into account the dynamic obstacles and does not update his map,
we compensated this gap by using a complementary service, namely NDD, that executes and
modifies dynamically the path produced by NHP. But a very next step in implementation will
be to allow the planner update his environment and take into account the dynamic obstacles.

The implementation of this service is done in C, like Move3D and grids algorithms and in the
form of a “module” in LAAS architecture.

Figure 23: NHP Service implementation architecture

Results:

The results of current system are no mature enough to cite in this deliverable, but the simulation
results of the experiment environment are encouraging and planning process times are short
enough to plan/replan online (Deliverable D.3.6). In the figure 24, we can see two different
situations with four humans in it. The planner produces a path that take into account the safety
and the comfort of each individuals in the environment. Videos22 showing simulation results
are available.

Next step:

Next steps of the implementation will mainly focus on the dynamic changes in the environment
and re-planning as a result of these changes, along with the algorithmic improvements. The
feedbacks of the service to the supervisor need also to be improved and enriched. According
to the algorithmic improvements, the robot’s speed will be handled by the NHP and a switch

22Videos are on the CD submitted with the deliverables 2005 (section RA7).
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Figure 24: Two scenarios containing four humans in the environment. The path found by the planner
is computed by taking into account each humans vision field as well as their safety and the
zones hidden by the obstacles.

mechanism will be implemented between NHP service and a pro active planner (see Deliverable
D.3.6) that explicitly into account the dynamics of the environment.

3. Supporting Services

Localization with sick, segloc and pom:

To localize itself within its environment and detect obstacles, the robot uses a SICK laser, (sick
module). From the laser echoes together with segments deduced from aligned echoes the mod-
ulesegloc build the map and localized the robot within this map thanks to a classical SLAM
procedure.

The pom module allows to merge the robot positions (fromsegloc , the odometry and the
gyroscope), taking into account their uncertainties, and to export one and only one reference
position to the other system components.

Obstacle Avoidance withaspect and NDD:

Rackham’s laser can only look forward (over 180 degrees) in an horizontal plan. To partially
overcome these limitations, the laser data are integrated in a local map updated at 40ms by the
aspect module and filtered using knowledge about the global map.

The modulendd integrates a local avoidance procedure, within this local map, based on an
algebraic instance of Nearness Diagrams [40].

Human Positioning with humPos:

As the robot’s field of view is narrow and the range of human detection by ICU Service is
limited, this service is specifically created to produce an input on humans’ positions in the
environment for the NHP Service by using laser information. The human detection by humPos
is made in three stages:

• Leg detection inaspect : Segments, that do not exist in the environment, obtained from
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aspect service are used for the recognition of possible legs. All segments that pass through
this filter are tagged as possible humans with an associated confidence value.

• Filtering by usingsick : Groups of points obtained directly from laser have a number of
properties and shapes if the points indeed belong to a leg. This stage of the process applies
this filter directly to the previous stage’s possible humans’ raw laser data. At the output of
this stage, the shapes tagged to be humans have a higher probability to be so.

• Visual Detection: If the potential humans are also detected by the vision based service
ICU, their associated confidence level humans increases dramatically.

Another property that has effects on humPos is the motion of humans in the environment. If a
shape is not moving for a predefined time, it is thrown away and tagged to be not human even
though it had a high probability. On the contrary a shape that moves in the laser map, has a
higher probability to be a human.

Detected humans along with their positions, orientations and their probability are transmitted
to the NHP Service. This service is implemented in C as a module of the LAAS architecture.

B.3.6 Supervision for Human-Robot Interaction

Purposes:A supervision system based on joint intention theory that will allow to take into account the
human-robot interaction at the planning and execution level.
For this, each human entering in the field of the robot is taken into account as an agent with whom
the robot can collaborate or at least interact. To be homogeneous, the robot itself is also considered
as an agent. Each agent is characterized by its abilities (tasks types that it can perform), its potential
commitment to a task at hand and once involved, observers help to follow each agent involvement and
state towards the task. This information is then used by the robot to achieve its task and to adapt it to
human action, reaction or lack of reaction.
Two other considerations have been taken into account:

• multi-modality: in HRI, it’s often the case that a given information comes through various ways
(e.g. a human can give the same order by gesture, by speech, by the help of a touchscreen or by
a combination of these modalities).

• re-usability: new functionalities are available along the project, we argue that our supervision
system is built in a modular way to be able to integrate incrementally new robot abilities.

Relationships with RA and CF:
This is linked to CF-RETReasoning about Tasks. See also Deliverable 6.4.b: Models and Algorithms
for Cognitive Robots Supervision and Deliverable D6.4.c Human-Robot Collaborative Problem Solv-
ing.
Integration:
We have developed and implemented an agent-based supervision system that deals with tasks in terms
of individual tasks (only the robot is involved), joint tasks (the robot and another agent are involved)
and activities that corresponds to low level functionalities that are not further decomposed.
Each task is defined by a plan and dedicated monitors. A plan corresponds to a succession of sub-
tasks and/or activities. Monitors serve to state whether a task is unachieved, achieved, impossible,
irrelevant or stopped.
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Consequently, the system that can be controlled at different levels at the same time. If something is
detected at a given level, the system is able to take it into account at that level by applying adapted
solutions and propagating, when necessary, events towards the higher or the lower levels.
In the current implementation, the supervisor is written in Open-PRS. The task plans are hand-coded
(a set of pre-defined task library) and only the robot is able to propose a task. However, the supervisor
is built, taking into account future extensions involving on-line task planning.
Concerning joint tasks, their associated plans include several steps that allow to respect the joint
intention scheme:

• PRETASK: concerning the establishment of the joint task between a person and the robot,

• INTASK: concerning the progress of the defined task,

• POSTTASK: concerning the end of the task. Joint intention theory requires that all agents must
be informed of the end of the task,

• CHECKTASK: concerning the monitoring of the agents commitment to the task.

Each of these *TASK can be defined as an individual task, a joint task or an activity.

Guide
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Figure 25: A simplified view of the joint task: Guide

Results:
This supervision scheme has been tested on Rackham during its last stays at the Space City Museum
in Toulouse. The root plan of the robot was:Initialization, Looking for a visitorandGuide visitor.
Initialization was only done once, after the robot switched between the last two tasks.
Figure 25, gives an overview of the joint taskGuide visitor.
During four days, Rackham ran in average one hour per day (the only time limitation was the presence
of a Space City animator). 1/4 of the time the robot areLooking for visitorand 3/4 of the time,
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RackhamGuide visitor. A commented video23 of this demonstration is available.
Moreover, we have used the same system to integrate Human-Detection and Tracking Services that
have been developed for Cogniron. In that case, the plan was:Initialization, Wait For People, Want to
interact ?, Do Service.
Wait For PeopleandWant to interact ?are two complementary tasks.Wait For Peopledetects by
the help of the Motion Monitoring if someone enters in the field of the robot. If it happens,Want to
interact ? checks if the person is interested by the robot i.e. approaches the robot (Body Tracking,
Face Tracking and finally Face Detection) and/or touches the touch-screen etc. If nothing happens for
a while in this second task, the robot returns toWait For People. Otherwise,Do Serviceis launched.
Do Serviceis a version ofGuide Visitorsthat uses all the services provided by Human-Detection
and Tracking Services whereasDo Guide just uses Face Detection. A commented video24 of this
demonstration is available.
Comparing to the previous system, it is easier to add new capabilities to the robot and to program new
tasks involving interaction. In addition, monitoring is facilitated by the help of layered levels that are
all reactive.
Next step:
In the near future, the system will be improved with the integration of an on-line planning ability that
explicitly considers Human-Robot Interaction and Collaborative Problem Solving. That will allow
us to give not only short-term but also long-term view/plan to the robot. Concerning the supervisor
itself, we envisage to extend it in order be able to take into account more than two agents (the robot +
a human) by task and to manage several tasks simultaneously at the robot level.

B.3.7 Results and Conclusions

Work done in 2005:

• Definition of a set of Cogniron services (and their interaction) related to motion in the vicinity
of humans

• Development and integration of a “Human Aware Motion Planner”

• Development and integration of a first version of robot supervisor specially dedicated to human-
robot interactive task achievement

• Development and integration of a set of vision-based human detection and tracking services

• Development and integration of several supporting services

The overall experiment has not yet been demonstrated. However, all essential ingredients are now
implemented.

B.4 Experiment KE2-3: Curiosity and Learning

B.4.1 Objectives and Context

In this experiment we want to investigate knowledge acquisition in terms of sensori-motor represen-
tations and with littlea priori knowledge or representational choices to preserve genericity and open

23The video is on the CD submitted with the deliverables 2005 (section RA7).
24A video is on the CD submitted with the deliverables 2005 (section RA7).
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endedness. The purpose of the experimented approach is to enable to build representations associating
perception with action through an unsupervised learning process during which the robot interacts with
its environment. The curiosity behavior which drives the robot to explore newly perceived objects is
related to increasing a value function. The underlying architecture we are experimenting here is a neu-
ral one as explained below. This architecture enable to implement in a unique manner the perceptual
and motor representations, which are linked together. It also provides for distributed and hierarchi-
cal representations, starting from simple image processing, which we believe are a good basis for
achieving open-endedness without being constrained by specific primitives. The Cogniron Functions
implemented in this experiment isOR (Object recognition), embedded in the learning process.
One important question that arises then is the possibility of integrating such an architecture with
the symbolic-oriented ones. This issue will have to be investigated further in the next period. One
approach would be to introduce a neuronal-symbolic interface that translates the neuronal represen-
tations into predefined data structures by means of a supervised categorization process in which the
human tutor names the categories.

B.4.2 Robot Platform

Figure 26: Athos is a two-wheeled robot equipped with a pan and tilt stereo head.

Athos is a SuperScout 2 robot built by Nomadic Technologies. It is a 35 cm wide and tall cylinder
equipped with two Sony DFW-VL500 digital cameras mounted on a Directed Perception pan-tilt unit.
Its has also 24 sonar range sensors which are not used during our experiments. The robot motion
controller and the Pan-Tilt unit are both connected to a Apple Powerbook G4 867MHz for video
acquisition, pan-tilt and motion control via USB ports.

B.4.3 Scenario

In this simple set-up, the robot observes the floor and upon detecting a new object, it moves the stereo
head, and then its full body to learn the object. The representations associate the views with the
actions which are not initially known. A multi-level knowledge is acquired from camera acquisitions
and proprioceptive sensor data coming from pan-tilt unit and motor controller. The curiosity behavior
is generated during the exploration of these perceptive data.
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B.4.4 Software Architecture

Neuron local learning algorithms

Neural map connectivity and competition

High-level knowledge learning and association
(object recognition, object position, action)

Reinforcement learning and decision making

"Macro" algorithms
high-level knowledge

low distribution

"Micro" algorithms
low-level knowledge

high distribution

Figure 27: Global architecture for knowledge and skill acquisition composed by a set of algorithms
hierarchically structured.

In this section we will describe a global neural architecture for knowledge and skill acquisition. As
illustrated in Figure 27, this architecture can be viewed as a set of algorithms hierarchically struc-
tured. At a bottom level, the algorithms simulating neuron activations are local and highly distributed
(several thousands neurons, million connections), and compute very low-level knowledge as pixel
contrasts (see section 1). In a second level, neural maps which are sets of hundreds neurons are con-
nected in a hierarchical way and are in competition for higher level knowledge extraction as pattern
recognition (see section 2). In a third level, three distinct sets of neural maps encoding object repre-
sentations, object positions and robot’s actions are associated to generate predictive models of actions
(see section 3). Finally, a global reinforcement learning algorithm provides a mechanism for choos-
ing the most relevant action in order to increase a global system score we call the global effect (see
section 4).

1. Neurons and Local Algorithms

Fundamentals:

+

+

+

+

. . .

i1

i2

in

f

w1

w2

wn

. . .

NeuronWeightsInputs

. . .

output = f(
n∑

k=1

ikwk)

Figure 28: Simple neuron with its sets of inputsik and weightswk.

A simple neuron is shown in Figure 28. It computes the sum of each product of(ik, wk) pair.
Inputs and weights are considered between -1 and 1. An increasing monotonic functionf , called
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transfer function is then applied and the result, also considered between -1 and 1 is available.
A threshold can be also applied that permits a binary behavior for strict decision making. The
function of a neuron can be viewed as the partition of a n-dimensional space where n is the
number of inputs. The weights define a n-1 dimensional hyperplane through the origin, and
depending on the values of the inputs, the point is below or above the plane.

Integrate and Fire Model:

When considering neuron activations across time the previous simple neuron model can be
refined. Next equations describe our own implementation for a discrete time model and have
been simplified for better understanding. Previous formula shown in Figure 28 now become:

output(t) = f(t)(P (t)) (1)

whereP (t) is called the potential at timet and is given by:

P (t) = αP P (t− 1) + (1− αP )
n∑

k=1

ik(t)wk(t) (2)

αP is a potential leak and offers a way to represent the memory trace of previous activations. At
each time step, the updating of potentialP (t) is called the integration phase. Then the neuron
”fires” when its potential crosses a given thresholdT (t). In our model both thresholdT (t)
and transfer functionf(t) are tuned based on statistical observation of neuron activations. This
mechanism won’t be explained here.

Hebbian learning rule:

We use in our model a Hebbian-like learning rule in which neurons tend to learn patterns re-
sponsible for their activation. In other words, a learning process occurs when one neuron fires.
Moreover, we compute a stochastic standard deviationσk for each weightwk which is com-
puted and used as coefficient in the learning calculation as follows:

µk(t) = (1− αW )µk(t− 1) + αW | γk(t− 1) | (3)

σk(t)2 = (1− αW )σk(t− 1) + αW [µk(t)− ik(t)]2 (4)

wk(t) = (1− αW )wk(t− 1) + αW [1− 2σk(t)]ik(t) (5)

Whereµk is a stochastic mean andαW is the learning rate. Hence we ensure that weights
corresponding to noisy inputs (with high standard deviation) will tend to 0 and then won’t take
part in the neuron’s activations.

2. Maps, connectivity and competition

Maps:As illustrated in Figure 29, a map is a collection of neurons sharing the same weights.
Each neuron is composed as a three stage calculation pipeline and receives signals incoming
from neurons situated on previous layer for integration and lateral signals from maps situated
on the same layer for competition. Learning weights are organized in kernels, and there are as
many weight kernels as afferent maps (see Figure 31). All the neurons of a map are sharing the
same set of weights, thus they can detect and learn a pattern which is at different positions in the
input maps. As shown in Figure 29, the coordinates of a neuron in a given map and its receptive
field in the afferent map are the same. Therefore the position of an active neuron corresponds
to the position of the detected pattern, which provides for a shift-invariance property.
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Figure 29: A map is a collection of neurons sharing the same weights. A neuron is composed as a
three layer pipeline.
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Figure 30: Three neurons connected with lateral connections used for the competition process be-
tween maps.

a)

Layer1 Layer2 Layer3

x

y

b)

Layer1 Layer2 Layer3

x

y
blocking signals

x

y

x

y

x

y

x

y

x

y

x

y

Figure 31: a) Hierarchical maps connectivity for pattern extraction. b) Blocking signals during maps
competition.
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Connectivity:We adopted the layered hierarchical architecture shown in Figure 31 for several
reasons, first we need this architecture for categorization. As our neurons proceed to linear
separation in their input set, complex features cannot be extracted with a single layer. Another
reason is reusability. A huge number of extracted features are encountered in different shapes.
Oriented segments, arcs of circles or color blobs are building blocks of more complex images.
As extracted information is shared in the network, we prevent our system from computation
redundancy.

Competition:For competition, every neuron is connected to other neurons situated at the same
coordinates in different maps of the same layer. Figure 30 focuses on the competition process
involving these neurons. The ’Max’ stage, as its name indicates, computes the maximum in-
coming output value and sends it to its own learning stage. The learning process is then able to
compare the local neuron activation to distant activations. By allowing learning only to the best
fitted neuron, we ensure that no map could learn one pattern if another is already specialized
to detect it. We illustrate this inter-maps competition in Figure 31.b with the green discs which
represent the blocking signal.

3. High-level knowledge acquisition

The third algorithmic level (red in Figure 27) is based on the neural maps capability of ex-
tracting autonomously two dimensional hierarchical representations in their input space. We
will here present the three classes of maps we use to learn object appearance, object position
and robot’s actions. White arrows in Figure 33 illustrate the autonomous map creation pro-
cess which permits to increase the size of the neural network when new knowledge needs to be
learnt.

Camera Acquisitions

Propriocetive Wheel Data

Propriocetive PTU Data
 + Depth from Stereodisparity

Figure 32: Three classes of sensor data.

View-based object representations:We use stereo camera acquisitions to learn object appear-
ance. As shown in Figure 33, each object is represented as a collection of view-dependent
detectors. These detectors are trained maps connected to orientation detectors in a way illus-
trated in Figure 31.b. Two kind of autonomous map creations exist here: ”A” for new view
detectors and ”B” for new object detectors.
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Propriocetive PTU Data
 + Depth from Stereodisparity Propriocetive Wheel DataCamera Acquisitions

Objects

View #1

Object #1

View #2 View #3

View #1

Object #2

View #2 View #3

A

A

B

Positions

Position #1 Position #2 Position #3 C

Actions

Action #1 Action #2 Action #3

Composed Actions

Action #1 Action #2 Action #3

Sequenced Actions

D

E

Autonomous Knowledge Increasement

Figure 33: From sensor data to high-level representations. Object representations, object positions
and robot’s actions are learnt separately in three distinct classes.

Head-centered object positions:While detecting an object, a tracking module is activated to
center the object in front of the two cameras. Then, some dedicated maps receive as input three
proprioceptive maps whose respective activation patterns reflect pan position, tilt position and
stereo-vision disparity. After a short learning period, each map is activating for one specific
position of object. Map creation ”C” is necessary to increase the number of known positions.

Composed and sequenced actions:In a similar way, a third class of maps is trained to recognize
and produce patterns of action. As no knowledge about actions is a priori known, the robot
initially needs to produce random actions leading to random commands in velocity to its wheels.
These commands are recorded and used as proprioceptive data and inputs for specialized maps.
Thus, each map learns one action composed of a couple of velocity values. Knowledge which
relates to composed actions is increased by ”D”. As several composed actions are learnt, a
second class of maps learn to recognize and produce sequences of actions. Composed actions
are then used as input in special maps organized in timelines. Finally, sequenced actions are
learnt as temporal patterns of composed actions and created by ”E”.

Associations and predictive models:

View #X

Action #Y
View #Z

Position #X

Action #Y
Position #Z

View Transitions Position Transitions

Figure 34: Two kinds of associative scheme are defined to predict actions consequences on percep-
tions.

Using the three knowledge classes exposed before, we propose the associative scheme illus-
trated in Figure 34. The first association aims to create a relationship between the represen-
tations of object’s views mentioned before and can be considered as the construction of an
aspect graph. As the robot moves, it is able to both represent its actions and the views of the
object (respectively orange and green color in Figure 33). Then an association can be learnt
involving the representation of the action the robot just achieved, the representation of the view
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recognized before the action started and the representation of next view activated by the action.
This kind of association involving robot’s actions and object’s views constitutes a sensori-motor
representation of the object and can be used as a predictive model of actions.

The second association shown in Figure 34 and called Position Association is built in a same
way with actions and position representations. We propose to separate object’s appearance and
object position in order to reuse this second type of transition for any object and then avoid
combinatorial explosion of the number of representation.

4. Reinforcement learning and decision making with theglobal effectmechanism

Producing the Global Effect Learning Local Effects

εl
k(t) = αεε

l
k(t− 1) + (1− αε)(εg(t− 1)− εg(t− 2))

Global
Effect
εg

High-level 
Knowledge

εl
k

Global
Effect
εg

High-level 
Knowledge

εl
k

a) b)

εg(t) = αEεg(t− 1) + (1− αE)
1
N

∑
εl

k(t− 1)

Figure 35: a) Each high-level neuron activated at timet contributes to the global effect update. b)
During the learning phase the active neurons learn the global effect variation.

We define the system’s purpose as the satisfaction of a given criteria. The ability of learning
new goals implies that new related criteria have to be defined by the system itself. We need the
system to find its own criteria. Moreover, satisfying a criteria cannot be done without evaluating
the new context after an action is done. So we need to rate perceptive contexts during system
experience in the environment (scoring). As shown in Figure 35.a, each representation compo-
nent (or neuron), is able to emit an effectεl

k when it has been activated. Therefore, values are
attached to the neurons of each representation. They become the components of a function the
system wants to maximize: the global effectεg. The goal of the system during its operation is
to activate the representation that maximizeεg. By extension, these representations are called
the goals. They correspond to situations in the real world that the system wants to reach. This
global valueεg can be positive or negative, depending on the representations. Initially the sys-
tem has only a small set of representation goals with hard coded effects associated with it, some
with a positive effect (the basic goals it wants to reach), and some with negative effect (the con-
texts the system has to avoid). These representations give the first structure of system behavior.
The other representations are neutral. New goals, or representations to avoid, are obtained by
reinforcement rules and inherit of all the representation components that appear simultaneously
with the global effectεg (see Figure 35.b). Activating one of these new components becomes a
potential goal, or a representation to avoid for the global system.

The system’s global effect also aims to select relevant representations that need to be learn. We
don’t need to learn every possible object positions or robot actions if they don’t provide a way
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to increase the global system criteria. Finally, as associations shown in Figure 34 also take part
in the effect learning process, the system is able to select at each step the one that produces the
maximum increase in global effect.

B.4.5 Implementation

Low-level algorithms simulating neuron activations have been implemented in a simulator
called NeuSter which can be used as a line command tool. This software enables real-time
computation of neuron activation, image acquisitions from stereo cameras, motor control and
in-line neural maps creation. Moreover, neural networks are simulated and distributed on mul-
tiple POSIX machines connected in a local network to increase performance. Another software
called Assemblee has been developed to monitor neuron activations, create and save network
in a user-friendly visual interface, tune parameters and manage clusters of machines. Higher
level algorithms have been tested using these tools and are presented here. Although the object,
position and action representations are here systematically learnt to demonstrate unsupervised
learning capabilities of our algorithms, they need to be driven by the global effect mechanism
as explained in section 4.

5. View-based Representation of Objects

Input Image

Contrasts
Contrast ON

Contrast OFF

Orientations
Orientation #1

Orientation #2

Orientation #3

Orientation #4

Orientation #5

Orientation #6

Orientation #7

Orientation #8

Object #1
Tracker

View #1

View #2

View #3

View #4

View #5

View #6

View #7

} Long-term Memory

Short-term Memory

Figure 36: The input image is decomposed through contrasts and orientation detectors. Then, long-
term memory maps learn to recognize one specific object orientation while a short-term
memory map called tracker follows the position of the object.
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Input 
Image

Tracker
View #1
View #2
View #3
View #4
View #5
View #6
View #7

Figure 37: Activity diagram showing views detection and object tracking during rotation.

Purpose:As presented in 3, we want to extract high-level representations of object appearance.
Each object is represented as a collection of views with neural-maps connected to a set of maps
extracting local orientation in the input image.

Results:Figures 36 and 37 illustrate our results. We used inputs from COIL database where
images of objects from various orientations were acquired. The trained neural network was
able to recognize an object from various view points. We propose used two kinds of maps
with different learning rates for both tracking (short-term memory) and recognition (long-term
memory). These results have been published at the 19th International Joint Conference on
Artificial Intelligence [19] (IJCAI-05) and contribute to WP5.2Models of Objects.

6. Head-centered Representation of Object Positions

Inputs
Pan

Tilt

Depth

Positions
Position #1

Position #2

Position #3

Position #4

Position #5

present past

pos max

pos min

depth max

depth min

pos max

pos min

present past

Figure 38: A neural network can be trained to learn position patterns in maps structured in timelines.

Purpose:This algorithmic module concerns the autonomous learning of objects position. The
inputs of this neural network are acquired from pan position, tilt position and stereo-disparity
when an object is detected and centered in front of the two cameras.

Results:Thanks to our competition process between neural maps (see section 3), the network
shown in Figure 38 is able to learn position patterns while observing proprioceptive input data.
We here used maps behaving as timelines to create the inputs.

7. Composed and Sequenced Actions
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Inputs

Left Wheel

Right Wheel

Composed Actions
Action #1

Action #2

Action #3

Action #4

Action #5

Action #6

Action #7

present past

Vmax

-Vmax

Vmax

-Vmax

present past

Figure 39: Results of composed action learning.

Purpose:Action representations are the third class of high-level knowledge (see section 3).
This knowledge must be acquire from proprioceptive data as it is not provided to the system
initially. In a second phase, the decision system will have to use these representation to produce
underlying actions in order to increase the global effect.

Results:Figure 39 shows results of composed actions learning where the inputs are proprio-
ceptive data coming from randomized command sent to wheels. We show that our low-level
learning mechanism and connection scheme are able to categorize composed actions.

Next steps:As we can categorize composed actions in timelines, we now plan to add another
layer to the network shown in Figure 39 and learn sequences of actions.

8. Sensori-Motor Associations

Purpose:For decision making, the system needs to associate perceptive contexts and actions.
When the global effect increases, new associative neural maps must be created to memorize the
action to achieve in given context.

Results:The work was mainly done with position transition and proved the possibility of ex-
tracting relevant associations by using low learning rates and maps structured in timelines. With
low learning rates and thanks to our statistical learning rules we were able to filter correct asso-
ciation. Nevertheless this work is not achieved and need to be combined with the reinforcement
learning mechanism to be validated.

Next steps:We still need to validate the associative mechanism with view transitions and se-
quenced actions a soon as they will be available.

9. Reinforcement Learning and Decision Making

Purpose:The reinforcement learning mechanism is situated at the top level of our architecture
and provides a way to select actions leading to contexts that increase the global system crite-
ria. This algorithmic module is composed by the local effects learning phase and global effect
production and by the action selection phase.

Results:The local effects learning phase and global effect production have been tested and are
working properly. We successfully associated positive effects to one specific object detection
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and were able to reactivate this positive effect when the robot detected the object again. Never-
theless we were not able to demonstrate the action selection mechanism as we first need finalize
transitions learning.

Next steps:Demonstrate the action selection mechanism.

B.4.6 Results and Conclusion

Work done in 2005:

• Development of the neuron activity monitoring and network creation software: Assemblee.

• Validation of the object learning and recognition algorithms (IJCAI-05).

• Development of dedicated neural networks for positions and actions representations.

• Preliminary work on sensory-motor association.

Results on learning composed actions are encouraging and we now investigate the learning of se-
quenced actions. During year 2006, we will focus on the action selection and production level.

B.5 Conclusions

As already mentioned, 2005 has been essentially devoted to the development and integration of the
basic ingredients on which KE2 experiment will be constructed.
A methodology for integration has been defined and several tools have developed and/pr deployed to
allow the incremental development and integration of the different robot functions.
Partial integration has also been performed. The first Cogniron services have been encoded and im-
plemented on the platforms.
Substantial ingredients are now available that will allow to build and demonstrate several abilities
involved in KE2.
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C Table of Cogniron Functions

Having identified the Cogniron functions we refined them in terms of Cogniron services. However,
also we aimed at a first classification of the functions (see section C.1), first testing methods and many
technological integration issues. The classification yields that actually most of the Cogniron functions
are “perceptional” functions and many of them are related to learning. This has deep implications
for the upcoming Cogniron architecture. We are currently discussing how the various perception and
learning abilities can be “neatly” incorporated into existing three-layer architectures. As a side effect
of this study we also found that the robot companions needs about 30 GHz processing power if all
functions would be active at a time.
Section C.2 gives an overview of current (end of phase 2) CF implementation and testing status. The
abbreviations in the “Category” column are:

I: Interaction

P: Perception

L: Learning

MG: Motion Generation

AD: Autonomous Decision making
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C.1 Summary of Questionnaire Results

Su
m

m
ar

y 
C

og
ni

ro
n 

F
un

ct
io

ns
 Q

ue
st

io
nn

ai
re

: 
P

ar
t 1

 

  
 

Pa
ge

 2
 o

f 
7 

 

 

1 
Su

m
m

ar
y 

C
og

ni
ro

n 
F

un
ct

io
ns

 Q
ue

st
io

nn
ai

re
: 

P
ar

t 
1 

In
pu

t 
O

ut
p

ut
 

C
at

eg
or

y 
C

F
 

K
E

 
P

ar
tn

er
(s

) 
S

ta
te

 o
f 

d
ev

el
op

m
en

t 
S

en
so

rs
(s

) 
A

ct
ua

to
r(

s)
 

C
on

te
nt

s 
So

ur
ce

 
C

on
te

nt
s 

D
es

ti
na

ti
on

 

M
od

es
 

I 
P 

L
 

M G
 

A D
 

D
L

G
 

1 
U

B
I 

Fi
rs

t a
pp

ro
ac

h 

ru
nn

in
g,

 n
ew

 v
er

si
on

 

in
 d

ev
el

op
m

en
t 

C
am

er
a 

(o
n 

pa
n/

til
t u

ni
t)

 

St
er

eo
 m

ic
ro

ph
on

es
 

L
as

er
 r

an
ge

 f
in

de
r 

St
er

eo
 c

am
er

a 

M
ob

ile
 

pl
at

fo
rm

 

Sp
ea

ke
rs

 

Pa
n/

til
t 

R
ec

og
ni

ze
d 

w
or

ds
 

Sp
ee

ch
 

re
co

gn
iti

on
 

U
se

r 

in
st

ru
ct

io
n 

E
xe

cu
tio

n 

su
pe

rv
is

or
 

 
X

 
X

 
 

 
 

R
O

R
 

1 
U

B
I 

In
 d

ev
el

op
m

en
t 

(b
as

ic
 m

od
ul

e 

ru
nn

in
g,

 n
o 

in
te

rf
ac

es
 

w
or

ki
ng

 y
et

) 

C
am

er
a 

(o
n 

pa
n/

til
t u

ni
t)

 

St
er

eo
 m

ic
ro

ph
on

es
 

L
as

er
 r

an
ge

 f
in

de
r 

St
er

eo
 c

am
er

a 

M
ob

ile
 

pl
at

fo
rm

 

Sp
ea

ke
rs

 

Pa
n/

til
t 

O
bj

ec
ts

  

G
es

tu
re

s 

T
as

k 

O
R

 

G
R

 

D
L

G
 

R
es

ol
ve

d 

re
fe

re
nc

e 

D
L

G
 

K
no

w
n 

O
bj

ec
t 

U
nk

no
w

n 
ob

je
ct

 

 
X

 
X

 
 

 

PT
A

 
1 

U
B

I 
R

un
ni

ng
 (

ne
w

 

m
od

al
iti

es
 c

an
 b

e 

ad
de

d 
ea

si
ly

) 

C
am

er
a 

(o
n 

pa
n/

til
t u

ni
t)

 

St
er

eo
 m

ic
ro

ph
on

es
 

L
as

er
 r

an
ge

 f
in

de
r 

St
er

eo
 c

am
er

a 

M
ob

ile
 

pl
at

fo
rm

 

Sp
ea

ke
rs

 

Pa
n/

til
t 

O
pe

ra
tio

n 
m

od
e 

D
L

G
 

In
fo

rm
at

io
n 

in
te

ra
ct

io
n 

pa
rt

ne
r 

(X
M

L
) 

Pl
at

fo
rm

 

(m
ot

io
n 

co
m

m
an

ds
) 

Sl
ee

pi
ng

 

A
w

ak
e 

A
le

rt
 

L
is

te
ni

ng
 

In
te

ra
ct

in
g 

Fo
llo

w
in

g 

 
X

 
 

 
 

G
R

 
3,

 2
 

U
K

A
 

U
nd

er
 d

ev
el

op
m

en
t 

St
er

eo
 C

am
er

a,
 T

O
F 

de
pt

h 
se

ns
or

 

Pe
n-

 ti
lt 

un
it 

fo
r 

3D
 S

en
so

rs
 

Se
qu

en
ce

 o
f 

ge
om

et
ri

ca
l 

hu
m

an
 

co
nf

ig
ur

at
io

ns
 

T
B

P 
T

yp
e 

(l
ab

el
) 

of
 g

es
tu

re
 

an
d 

nu
m

er
ic

al
 

pa
ra

m
et

er
s 

D
L

G
 o

r 

ot
he

r 
 H

R
I 

co
m

po
ne

nt
s 

O
nl

y 
on

e 
 

X
 

 
 

 

IA
 

1,
2,

3 
U

H
 

da
ta

 o
n 

re
la

tio
ns

hi
ps

 

be
tw

ee
n 

su
bj

ec
ts

 

pe
rs

on
al

ity
 a

nd
 th

ei
r 

pe
rc

ep
tio

ns
 o

f 
ro

bo
ts

, 

da
ta

 o
n 

th
e 

ro
le

 o
f 

a 

ro
bo

t c
om

pa
ni

on
 in

 

th
e 

ho
m

e 

U
H

 is
 n

ot
 p

ro
vi

di
ng

 

so
ft

w
ar

e 
m

od
ul

es
, s

o 
th

is
 

do
es

 n
ot

 a
pp

ly
. 

N
/A

 
N

/A
 

N
/A

 
Pa

ra
m

et
er

s 

an
d 

de
si

gn
 

gu
id

e 
lin

es
 

A
ll 

C
Fs

 

w
hi

ch
 

ad
dr

es
s 

in
te

ra
ct

io
n.

  

 
X

 
 

X
 

 
 

1 
K

T
H

 
A

n 
in

iti
al

 v
er

si
on

 is
 

un
de

r 
te

st
in

g 

So
na

r 

L
as

er
  r

an
ge

 f
in

de
r 

C
ol

or
 c

am
er

a 

M
ob

ile
 

pl
at

fo
rm

 

D
ir

ec
t f

ro
m

 

se
ns

or
s 

gr
ap

h/
pl

an
 m

ap
 in

 

K
T

H
 f

or
m

at
 

 
T

op
ol

og
ic

al
 

m
ap

 (
gr

ap
h)

 

+ 
2D

 p
la

ne
s 

in
 K

T
H

 

fo
rm

at
 

N
A

V
 

O
nl

y 
on

e 
 

X
 

X
 

 
 

L
O

C
 

1 
U

A
 

R
un

ni
ng

 o
ff

-l
in

e 
O

m
ni

-d
ir

ec
tio

na
l C

am
er

a 
M

ob
ile

 

pl
at

fo
rm

 

L
ab

el
s 

of
 

lo
ca

tio
ns

 

D
L

G
 

E
st

im
at

ed
 

la
be

l 

D
L

G
, N

A
V

 
O

nl
y 

on
e 

 
X

 
X

 
X

 
X

 
 

Page 74



COGNIRON
FP6-IST-002020

Deliverable D7.2005
25/01/2006

Revision final

Su
m

m
ar

y 
C

og
ni

ro
n 

F
un

ct
io

ns
 Q

ue
st

io
nn

ai
re

: 
P

ar
t 1

 

  
 

P
ag

e 
3 

of
 7

 
 

 1 
U

A
 

U
nd

er
 d

ev
el

op
m

en
t 

O
m

ni
-d

ir
ec

ti
on

al
 C

am
er

a 

O
do

m
et

ry
 

M
ob

il
e 

pl
at

fo
rm

 

L
ab

el
s 

of
 

lo
ca

ti
on

s 

D
L

G
 

M
ot

io
n 

co
m

m
an

ds
 

P
la

tf
or

m
 

(m
ot

io
ns

 

co
m

m
an

ds
) 

L
ea

rn
in

g 
an

d 
op

er
at

io
n 

X
 

X
 

X
 

X
 

 
N

A
V

 

1 
E

P
F

L
 

 
 

 
 

 
 

 
 

X
 

X
 

X
 

X
 

 

S
O

C
 

1,
2,

3 
U

H
 

da
ta

 o
n 

so
ci

al
 

ap
pr

oa
ch

 d
is

ta
nc

es
, 

ap
pr

oa
ch

 d
ir

ec
ti

on
s 

an
d 

su
bj

ec
t’

s 
co

m
fo

rt
 

le
ve

ls
 

U
H

 is
 n

ot
 p

ro
vi

di
ng

 

so
ft

w
ar

e 
m

od
ul

es
, s

o 
th

is
 

do
es

 n
ot

 a
pp

ly
. 

N
/A

 
N

/A
 

N
/A

 
P

ar
am

et
er

s 

an
d 

de
si

gn
 

gu
id

e 
li

ne
s 

A
ll

 C
F

s 

w
hi

ch
 

ad
dr

es
s 

in
te

ra
ct

io
n.

 

 
X

 
 

X
 

 
 

O
R

 
2 

L
A

A
S

 
 

 
 

 
 

 
 

 
 

X
 

X
 

 
 

3 
IP

A
 

U
nd

er
 d

ev
el

op
m

en
t 

T
of

 d
ep

th
 s

en
so

r 
, c

ol
or

 

ca
m

er
a 

A
rm

 a
nd

 

gr
ip

pe
r 

Im
ag

es
 f

ro
m

 th
e 

se
ns

or
s 

S
en

so
rs

, 

m
ai

n 

co
nt

ro
l 

L
ab

el
, 

po
si

ti
on

 a
nd

 

po
se

 o
f 

a 

ri
gi

d 
ob

je
ct

 

L
C

T
 

L
ea

rn
in

g 
an

d 
op

er
at

io
n 

 
X

 
X

 
 

 
 

1 
E

P
F

L
 

 
 

 
 

 
 

 
 

 
X

 
X

 
 

 

 
3 

U
K

A
 

 
 

 
 

 
 

 
 

 
 

 
 

 

R
E

T
 

2 
L

A
A

S
 

 
 

 
 

 
 

 
 

 
 

X
 

 
X

 

M
H

P
 

2 
L

A
A

S
 

? 
N

o 
di

re
ct

 s
en

so
r 

co
nn

ec
ti

on
 

M
ob

il
e 

pl
at

fo
rm

 

M
an

ip
ul

at
or

 

G
es

tu
re

s 

O
bj

ec
ts

 w
it

h 

po
si

ti
on

 

S
eq

ue
nc

e 
of

 

hu
m

an
 p

os
it

io
n 

A
ct

iv
it

ie
s 

G
R

 

O
R

 

 P
T

A
 

 A
C

T
 

M
ot

io
n 

co
m

m
an

ds
 

P
la

tf
or

m
 

M
an

ip
ul

at
or

 

? 
X

 
 

 
X

 
 

N
H

P
 

2 
L

A
A

S
 

? 
N

o 
di

re
ct

 s
en

so
r 

co
nn

ec
ti

on
 

M
ob

il
e 

pl
at

fo
rm

 

G
es

tu
re

s 

O
bj

ec
ts

 

S
eq

ue
nc

e 
of

 

hu
m

an
 p

os
it

io
n 

A
ct

iv
it

ie
s 

G
R

 

O
R

 

P
T

A
 

 A
C

T
 

M
ot

io
n 

co
m

m
an

ds
 

P
la

tf
or

m
 

? 
 

 
 

X
 

 

T
B

P
 

3 
U

K
A

 
F

is
t i

m
pl

em
en

ta
ti

on
s 

3D
 –

 S
en

so
rs

 (
st

er
eo

 o
r 

T
im

e 
of

 f
li

gh
t)

  

op
ti

on
al

  

+
 c

ol
or

 c
am

er
as

   

+
 la

se
r 

ra
ng

e 
fi

nd
er

  

P
an

- 
ti

lt
 u

ni
t 

fo
r 

3D
 S

en
so

rs
 

L
is

t o
f 

3d
 p

oi
nt

s 

so
m

e 
w

it
h 

as
si

gn
m

en
ts

 o
f 

bo
dy

 p
ar

ts
 

S
en

so
rs

 
H

um
an

 

po
si

ti
on

 

H
um

an
 

C
on

fi
g-

ur
at

io
n 

G
R

, A
C

T
, 

D
L

G
  o

r 

ot
he

r 
H

R
I 

co
m

po
ne

nt
s 

 
 

X
 

 
 

 

A
C

T
 

3 
U

K
A

 
U

nd
er

 c
on

st
ru

ct
io

n 
 

 
S

eq
ue

nc
e 

of
 

hu
m

an
 

co
nf

ig
ur

at
io

ns
 

pl
us

 o
bj

ec
t 

T
B

P
 

L
ab

el
ed

 

ac
ti

vi
ty

 a
nd

 

nu
m

er
ic

al
  

pa
ra

m
et

er
s 

D
L

G
, 

ex
ec

ut
io

n 

co
m

po
ne

nt
s 

 
 

X
 

 
 

 

Page 75



COGNIRON
FP6-IST-002020

Deliverable D7.2005
25/01/2006

Revision final

Su
m

m
ar

y 
C

og
ni

ro
n 

Fu
nc

tio
ns

 Q
ue

st
io

nn
ai

re
: P

ar
t 1

 

  
 

Pa
ge

 4
 o

f 7
 

 

 

tra
je

ct
or

ie
s 

LC
T 

3 
U

K
A

 
U

nd
er

 c
on

st
ru

ct
io

n 
D

at
a 

gl
ov

es
, m

ot
io

n 

ca
pt

ur
in

g 
se

ns
or

s  

no
ne

 
G

ra
sp

in
g 

ty
pe

 a
nd

 

tra
je

ct
or

y 

TB
P 

X
M

L 
ta

sk
 

de
sc

rip
tio

n 

St
or

ag
e 

fo
r 

ta
sk

 

kn
ow

le
dg

e 

 
 

 
X

 
X

 
 

EP
FL

 
Pr

ot
ot

yp
ic

al
 fi

rs
t 

im
pl

em
en

ta
tio

n 

St
er

eo
 c

am
er

a 

M
ot

io
n 

ca
pt

ur
e 

se
ns

or
s 

H
um

an
oi

d 

to
rs

o 

U
ni

m
an

ua
l a

nd
 

bi
-m

an
ua

l 

Tr
aj

ec
to

rie
s 

LI
F 

G
oo

dn
es

s o
f 

m
ot

io
n 

R
G

 
Le

ar
ni

ng
 m

od
e 

Te
st

in
g 

m
od

el
 

X
 

X
 

X
 

 
 

R
G

 
3 

U
H

 
Si

m
ul

at
io

n 
re

ad
y 

 
M

ob
ile

 

pl
at

fo
rm

 

M
an

ip
ul

at
or

 

G
es

tu
re

s 

O
bj

ec
ts

 w
ith

 

po
si

tio
n 

Se
qu

en
ce

 o
f 

hu
m

an
 p

os
iti

on
 

A
ct

iv
iti

es
 

G
R

 

O
R

 

 PT
A

 

 A
C

T 

M
ul

ti-

ta
rg

et
ab

le
 

su
bg

oa
ls

 

se
qu

en
ce

 

(“
pl

an
”)

 fo
r 

im
ita

tio
n 

 
 

 
X

 
X

 
X

 
 

EP
FL

 
Pr

ot
ot

yp
ic

al
 fi

rs
t 

im
pl

em
en

ta
tio

n 

St
er

eo
 c

am
er

a 

M
ot

io
n 

ca
pt

ur
e 

se
ns

or
s 

H
um

an
oi

d 

to
rs

o 

2D
 a

nd
 3

D
 b

i-

m
an

ua
l 

tra
je

ct
or

ie
s 

R
G

 
Pe

rf
or

m
an

ce
 

m
ea

su
re

 

LI
F 

Le
ar

ni
ng

 m
od

e 

Te
st

in
g 

m
od

e 

X
 

X
 

X
 

 
X

 
LI

F 
3 

U
H

 
Si

m
ul

at
io

n 
re

ad
y 

 
M

ob
ile

 

pl
at

fo
rm

 

M
an

ip
ul

at
or

 

G
es

tu
re

s 

O
bj

ec
ts

 w
ith

 

po
si

tio
n 

Se
qu

en
ce

 o
f 

hu
m

an
 p

os
iti

on
 

A
ct

iv
iti

es
 

G
R

 

O
R

 

 PT
A

 

 A
C

T 

M
ul

ti-

ta
rg

et
ab

le
 

su
bg

oa
ls

 

se
qu

en
ce

 

(“
pl

an
”)

 fo
r 

im
ita

tio
n 

 
 

 
X

 
X

 
X

 
 

I =
 In

te
ra

ct
io

n 
 

P 
= 

Pe
rc

ep
tio

n 

L 
= 

Le
ar

ni
ng

 

M
G

 =
 M

ot
io

n 
G

en
er

at
io

n 

A
D

 =
 A

ut
on

om
ou

s D
ec

is
io

n 
m

ak
in

g 

Page 76



COGNIRON
FP6-IST-002020

Deliverable D7.2005
25/01/2006

Revision final

Su
m

m
ar

y 
C

og
ni

ro
n 

F
un

ct
io

ns
: 

P
ar

t 2
 

  
 

Pa
ge

 5
 o

f 7
 

 

 

2 
Su

m
m

ar
y 

C
og

ni
ro

n 
F

un
ct

io
ns

: 
P

ar
t 

2 
C

P
U

 r
el

at
ed

 

C
P

U
 

C
F

/S
F

 
K

E
 

P
ar

tn
er

(s
) 

T
yp

e 
U

sa
ge

 

R
A

M
 

(H
D

) 

P
or

ts
 

R
ea

l-
ti

m
e 

is
su

es
 

C
om

m
un

i

ca
ti

on
 

O
S 

L
an

g

ua
ge

 

T
es

t 
M

et
ho

d 

D
L

G
 

 
U

B
I 

P3
, 5

00
M

H
z 

10
0%

 
25

6M
b 

2 
R

S2
32

 
N

o 
re

al
 -t

im
e 

X
C

F 

(X
M

L
 

fo
rm

at
) 

L
in

ux
 

C
++

 
Fo

r s
om

e 
in

di
vi

du
al

 c
og

ni
ro

n 
fu

nc
tio

ns
, t

es
t p

ro
to

co
ls

 m
ay

 b
e 

su
ita

bl
e 

in
 th

e 
in

iti
al

 d
eb

ug
gi

ng
 p

ha
se

.  

R
O

R
 

 
U

B
I 

P3
, 8

50
M

H
z 

10
0%

 
25

6M
b 

2 
R

S2
32

 
N

o 
re

al
 -t

im
e 

X
C

F 

(X
M

L
 

fo
rm

at
) 

L
in

ux
 

C
++

 
Fo

r s
om

e 
in

di
vi

du
al

 c
og

ni
ro

n 
fu

nc
tio

ns
, t

es
t p

ro
to

co
ls

 m
ay

 b
e 

su
ita

bl
e 

in
 th

e 
in

iti
al

 d
eb

ug
gi

ng
 p

ha
se

. 

PT
A

 
 

U
B

I 
PM

, 1
.7

G
H

z 
10

0%
 

51
2M

b 
U

SB
2.

0 
A

bo
ut

 1
0 

H
z 

X
C

F 

(X
M

L
 

fo
rm

at
) 

L
in

ux
 

C
++

 
Fo

r s
om

e 
in

di
vi

du
al

 c
og

ni
ro

n 
fu

nc
tio

ns
, t

es
t p

ro
to

co
ls

 m
ay

 b
e 

su
ita

bl
e 

in
 th

e 
in

iti
al

 d
eb

ug
gi

ng
 p

ha
se

. 

G
R

 
 

U
K

A
 

P4
, 2

.6
G

H
z 

10
0%

 
1G

B
 

 
10

H
z 

C
O

R
B

A
 

L
in

ux
 

C
++

 
A

s 
th

is
 f

un
ct

io
n 

di
re

ct
ly

 re
lie

s 
on

 C
F-

T
B

P 
an

d 
do

es
 n

ot
 re

qu
ir

e 

m
uc

h 
co

m
pu

ta
tio

na
l p

ow
er

 fo
r i

ts
el

f 
(c

om
pa

re
d 

to
 T

B
P)

, t
he

 

re
qu

ir
em

en
ts

 a
re

 m
or

e 
or

 le
ss

 id
en

tic
al

 to
 C

F-
T

B
P.

 

IA
 

1,
2,

3 

U
H

 
N

/A
 

N
/A

 
N

/A
 

N
/A

 
10

H
z 

N
/A

 
N

/A
 

N
/A

 
O

ne
 te

st
 ru

n 
w

ith
 p

er
so

n 
A

, a
no

th
er

 o
ne

 w
ith

 p
er

so
n 

B
, p

er
so

na
lit

y 

pr
of

ile
s 

of
 b

ot
h 

su
bj

ec
ts

 a
re

 k
no

w
n.

 A
 d

if
fe

re
nc

e 
in

 te
rm

s 
of

 th
e 

ro
bo

t’
s 

be
ha

vi
ou

rs
 to

w
ar

ds
 th

e 
su

bj
ec

ts
 c

ou
ld

 b
e 

de
m

on
st

ra
te

d 
e.

g.
 

re
ga

rd
in

g 
so

ci
al

 d
is

ta
nc

es
, h

ow
 th

e 
ro

bo
t a

ttr
ac

t’
s 

th
e 

su
bj

ec
t’

s 

at
te

nt
io

n 
(w

hi
ch

 c
ue

s 
us

ed
) e

tc
. E

xa
m

pl
e 

2:
 D

ur
in

g 
th

e 
ru

n 
th

e 

pe
rs

on
 g

ro
w

s 
un

co
m

fo
rt

ab
le

 w
ith

 th
e 

ro
bo

t, 
th

e 
ro

bo
t r

ea
liz

es
 th

at
 

an
d 

ch
an

ge
s 

be
ha

vi
ou

r a
cc

or
di

ng
ly

 (w
e 

ha
ve

 d
ev

el
op

ed
 a

 c
om

fo
rt

 

m
ea

su
ri

ng
 d

ev
ic

e 
bu

t o
th

er
 p

ar
tn

er
s 

by
 b

e 
ab

le
 to

 c
on

tr
ib

ut
e 

ot
he

r 

re
co

gn
iti

on
 m

et
ho

ds
 o

f d
is

co
m

fo
rt

 –
 v

er
y 

ha
rd

 th
ou

gh
). 

T
hi

s 
ca

n 
be

 

co
m

pa
re

d 
w

ith
 a

 ru
n 

w
he

re
 th

e 
ro

bo
t i

s 
no

t a
bl

e 
to

 d
et

ec
t s

ub
je

ct
’s

 

co
m

fo
rt

 le
ve

l a
nd

 th
us

 d
oe

s 
no

t c
ha

ng
e 

its
 b

eh
av

io
ur

 

1 
K

T
H

 
2G

H
z 

50
%

 
10

0M
b 

U
SB

 
10

H
z 

 p
eo

pl
e 

tr
ac

ki
ng

, 5
H

z 

m
ap

pi
ng

 

So
ck

et
s 

L
in

ux
 

C
++

 
T

he
 s

up
er

vi
so

r n
am

es
 lo

ca
tio

ns
 in

 th
e 

le
ar

ni
ng

 m
od

e.
 T

he
 ro

bo
t c

an
 

be
 te

st
ed

 b
y 

as
ki

ng
 it

 fo
r p

la
ce

s.
 

L
O

C
 

1 
U

A
 

P4
 

10
0%

  
5G

B
 

E
th

er
ne

t 
So

ft
 re

al
-t

im
e 

1H
z,

 1
s 

la
te

nc
y 

X
C

F 
L

in
ux

 
C

++
 

W
e 

w
ill

 m
ak

e 
a 

nu
m

be
r o

f i
m

ag
e 

da
ta

se
ts

 w
ith

 la
be

lle
d 

gr
ou

nd
-

tr
ut

h 
lo

ca
tio

ns
 (r

oo
m

, k
itc

he
n,

…
). 

T
he

 lo
ca

liz
at

io
n-

pr
oc

es
s 

ca
n 

be
 

sp
lit

 in
 tw

o 
su

b-
ta

sk
s:

 th
e 

m
ak

in
g 

of
 a

 h
ig

he
r o

rd
er

 to
po

lo
gi

ca
l m

ap
 

of
 th

e 
en

vi
ro

nm
en

t a
nd

 th
e 

lo
ca

liz
at

io
n 

of
 th

e 
ro

bo
t i

n 
th

is
 m

ap
. 

B
ot

h 
th

es
e 

ta
sk

s 
ca

n 
be

 e
va

lu
at

ed
 s

ep
ar

at
el

y 
by

 c
om

pa
ri

ng
 th

e 

re
su

lts
 w

ith
 th

e 
gr

ou
nd

-t
ru

th
. 

 

Page 77



COGNIRON
FP6-IST-002020

Deliverable D7.2005
25/01/2006

Revision final

Su
m

m
ar

y 
C

og
ni

ro
n 

F
un

ct
io

ns
: 

P
ar

t 2
 

  
 

P
ag

e 
6 

of
 7

 
 

 

1 
E

P
F

L
 

P
4,

 P
ow

er
P

C
 

25
%

 (
re

al
 -

ti
m

e)
, 1

5%
 

(n
on

-r
ea

l t
im

e)
 

1G
B

 
U

S
B

 

F
ir

eW
ir

e 

P
ow

er
P

C
: 

R
S

42
2 

 

10
H

z 
ob

st
ac

le
 

av
oi

da
nc

e,
 

1K
H

z 
m

ot
or

 

co
nt

ro
l 

S
ha

re
d 

m
em

or
y,

 

S
oc

ke
ts

, 

T
C

P
/I

P
 

 
 

 

1 
U

A
 

P
4 

10
0%

  
5G

B
 

E
th

er
ne

t 
S

of
t r

ea
l-

ti
m

e 

1H
z,

 1
s 

la
te

nc
y 

X
C

F
 

L
in

ux
 

C
+

+
 

T
he

 r
ob

ot
 s

ho
ul

d 
be

 a
bl

e 
to

 g
o 

to
 a

 g
iv

en
 lo

ca
ti

on
 (

fo
r 

ex
am

pl
e 

“g
o 

to
 k

it
ch

en
…

”)
. T

he
 r

ob
us

tn
es

s 
to

 o
cc

lu
si

on
s 

(f
or

 e
xa

m
pl

e 
w

he
n 

th
er

e 
ar

e 
pe

op
le

 a
ro

un
d 

th
e 

ro
bo

t)
 o

f 
th

e 
C

F
-N

A
V

 s
ho

ul
d 

be
 te

st
ed

. 

T
he

 C
F

-N
A

V
 a

nd
 C

F
-L

O
C

 s
ho

ul
d 

be
 in

te
gr

at
ed

 a
nd

 te
st

ed
 in

 a
 

nu
m

be
r 

of
 te

st
 s

ce
na

ri
os

. 

N
A

V
 

1 
E

P
F

L
 

 
 

 
 

 
 

 
 

 

S
O

C
 

1,
2,

3 

U
H

 
N

/A
 

N
/A

 
N

/A
 

N
/A

 
10

H
z 

N
/A

 
N

/A
 

N
/A

 
U

se
r 

st
ud

ie
s;

 s
ee

 C
F

-I
A

 

IP
A

 
P

4,
 2

.0
 G

H
z 

10
0%

 
1G

B
 

U
S

B
, 

F
ir

eW
ir

e 

5H
z 

N
on

e 
ye

t 
W

in
do

w
s 

C
+

+
 

A
nn

ot
at

ed
 d

at
a 

ba
se

s 
ca

n 
be

 u
se

d 
fo

r 
te

st
in

g.
 O

ne
 s

uc
h 

da
ta

 b
as

e 
is

 

th
e 

C
O

IL
 d

at
a 

ba
se

, w
hi

ch
 c

an
 b

e 
fo

un
d 

in
 th

e 
w

eb
. A

dd
it

io
na

l 

da
ta

ba
se

s 
ne

ed
 to

 b
e 

es
ta

bl
is

he
d 

fo
r 

 te
st

 o
f 

th
e 

po
se

 e
st

im
at

io
n 

an
d 

w
hi

ch
 c

on
ta

in
 d

ep
th

 a
nd

 c
ol

or
 im

ag
es

.  
S

uc
h 

da
ta

 b
as

es
 a

re
 n

ot
 

av
ai

la
bl

e 
ye

t. 

L
A

A
S

 
 

 
 

 
 

 
 

 
 

E
P

F
L

 
 

 
 

 
 

 
 

 
 

O
R

 
1,

3 

U
K

A
 

 
 

 
 

 
 

 
 

 

R
E

T
 

2 
L

A
A

S
 

 
 

 
 

 
 

 
 

 

M
H

P
 

2 
L

A
A

S
 

 
 

 
 

 
 

 
 

 

N
H

P
 

2 
L

A
A

S
 

 
 

 
 

 
 

 
 

 

T
B

P
 

3,
2 

U
K

A
 

P
4,

 2
.6

G
H

z 
10

0%
 

1G
B

 
F

ir
eW

ir
e 

S
er

ia
l 

U
S

B
 

10
H

z 
C

O
R

B
A

 
L

in
ux

 
C

+
+

 
C

P
U

 u
sa

ge
 d

ep
en

ds
 a

ls
o 

on
 th

e 
us

ed
 tr

ac
ki

ng
 m

et
ho

ds
 w

hi
ch

 s
er

ve
 

as
 a

dd
it

io
na

l i
np

ut
 to

 th
e 

3d
 m

od
el

 b
as

ed
 tr

ac
ki

ng
. S

o 
C

P
U

 u
sa

ge
 

ca
n 

be
 s

ca
le

d 
w

it
h 

th
e 

re
qu

ir
ed

 p
er

fo
rm

an
ce

 a
nd

 a
cc

ur
ac

y.
 

A
ny

w
ay

, 3
d 

m
od

el
 f

it
ti

ng
 b

ri
ng

s 
hi

gh
 c

om
pu

ta
ti

on
al

 c
os

ts
. 

A
C

T
 

3,
2 

U
K

A
 

P
4,

 2
.6

G
H

z 
10

0%
 

1G
B

 
S

am
e 

as
 

T
B

P
 

10
H

z 
C

O
R

B
A

 
L

in
ux

 
C

+
+

 
A

s 
th

is
 f

un
ct

io
n 

di
re

ct
ly

 r
el

ie
s 

on
 C

F
-T

B
P

 a
nd

 d
oe

s 
no

t r
eq

ui
re

 

m
uc

h 
co

m
pu

ta
ti

on
al

 p
ow

er
 f

or
 it

se
lf

 (
co

m
pa

re
d 

to
 T

B
P

),
 th

e 

re
qu

ir
em

en
ts

 a
re

 m
or

e 
or

 le
ss

 id
en

ti
ca

l t
o 

C
F

-T
B

P
. 

L
C

T
 

3 
U

K
A

 
P

4,
 2

.6
G

H
z 

10
0%

 
1G

B
 

F
ir

ew
ir

e 

3x
R

S
23

2 

16
H

z 
C

O
R

B
A

 
L

in
ux

 
C

+
+

 
S

cr
ip

t 2
 in

 K
E

3 
 

E
P

F
L

 
P

4 
90

%
 

1G
b 

U
S

B
2.

0 

R
S

23
2 

N
o 

re
al

 -
ti

m
e 

S
oc

ke
ts

 

be
tw

ee
n 

vi
si

on
 a

nd
 

co
nt

ro
l P

C
 

 
 

S
ee

 s
cr

ip
t 1

 K
E

3 
R

G
 

3 

U
H

 
P

4 
~9

0%
 

 
U

S
B

2.
0 

P
la

ns
 f

or
 

S
oc

ke
ts

 o
r 

L
in

ux
 

 
D

em
on

st
ra

ti
on

 in
 in

te
ra

ct
io

n 
w

it
h 

hu
m

an
s,

 e
.g

. L
ea

rn
in

g 
to

 s
et

 a
 

Page 78



COGNIRON
FP6-IST-002020

Deliverable D7.2005
25/01/2006

Revision final

Su
m

m
ar

y 
C

og
ni

ro
n 

F
un

ct
io

ns
: 

P
ar

t 2
 

  
 

Pa
ge

 7
 o

f 7
 

 

 

m
at

ch
in

g 

su
bg

oa
ls

 n
ot

 in
 

re
al

-t
im

e 

re
qu

ir
ed

 

sh
ar

ed
 

m
em

or
y 

St
ill

 

fl
ex

ib
le

 

ta
bl

e 
pl

ac
e 

se
tti

ng
 a

nd
 it

er
at

in
g 

in
 d

if
fe

re
nt

 o
ri

en
ta

tio
ns

 a
nd

 in
iti

al
 

co
nd

iti
on

s.
 U

si
ng

 h
um

an
 d

em
on

st
ra

tio
ns

 in
cl

ud
in

g 
cu

es
 fr

om
 

hu
m

an
 to

 a
cq

ui
re

 m
an

ip
ul

at
io

n 
ta

sk
s 

(s
uc

h 
as

 a
rr

an
ge

m
en

ts
 o

f 

ob
je

ct
s 

or
 m

ov
em

en
t o

f b
od

y 
to

 m
at

ch
 v

ar
io

us
 h

um
an

-g
iv

en
 

de
m

on
st

ra
tio

ns
 w

ith
 q

ua
lit

at
iv

el
y 

ve
ry

 d
if

fe
re

nt
 s

uc
ce

ss
 c

ri
te

ri
a)

. 

E
PF

L
 

P4
 

90
%

 
1G

b 
U

SB
2.

0 

R
S2

32
 

N
o 

re
al

 -t
im

e 
So

ck
et

s 

be
tw

ee
n 

vi
si

on
 a

nd
 

co
nt

ro
l P

C
 

 
 

 
L

IF
 

3 

U
H

 
P4

 
~9

0%
 

 
U

SB
2.

0 
Pl

an
s 

fo
r 

m
at

ch
in

g 

su
bg

oa
ls

 n
ot

 in
 

re
al

-t
im

e 

re
qu

ir
ed

 

So
ck

et
s 

or
 

sh
ar

ed
 

m
em

or
y 

St
ill

 

fl
ex

ib
le

 

L
in

ux
 

 
D

em
on

st
ra

tio
n 

in
 in

te
ra

ct
io

n 
w

ith
 h

um
an

s,
 e

.g
. L

ea
rn

in
g 

to
 s

et
 a

 

ta
bl

e 
pl

ac
e 

se
tti

ng
 a

nd
 it

er
at

in
g 

in
 d

if
fe

re
nt

 o
ri

en
ta

tio
ns

 a
nd

 in
iti

al
 

co
nd

iti
on

s.
 U

si
ng

 h
um

an
 d

em
on

st
ra

tio
ns

 in
cl

ud
in

g 
cu

es
 fr

om
 

hu
m

an
 to

 a
cq

ui
re

 m
an

ip
ul

at
io

n 
ta

sk
s 

(s
uc

h 
as

 a
rr

an
ge

m
en

ts
 o

f 

ob
je

ct
s 

or
 m

ov
em

en
t o

f b
od

y 
to

 m
at

ch
 v

ar
io

us
 h

um
an

-g
iv

en
 

de
m

on
st

ra
tio

ns
 w

ith
 q

ua
lit

at
iv

el
y 

ve
ry

 d
if

fe
re

nt
 s

uc
ce

ss
 c

ri
te

ri
a)

. 

   

Page 79



COGNIRON
FP6-IST-002020

Deliverable D7.2005
25/01/2006

Revision final

C.2 CF Implementation and Testing Status Overview
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D Table of Software Modules

D.1 Glossary

Module: Name and quick description of the module

Services: List of the services included in the module

Tool/Library: Name and quick description of the tool or the library

Provider: Maintainer and affiliation.Where does the software come from? Who can be contacted for
more information?

Environment: Required/supported OS, application, and/or framework.Can this software be inte-
grated into my existing system?For example, is it a module for OpenRobots? Is it a collection
of Matlab scripts? Does it rely on Player/Stage25?

Bindings: Format of the API.In what form (language) is the software implemented? In what form
can it be used?For example, a library written C++ might have additional C, Python, and Java
bindings. An all-binary application could use custom file formats for ”bindings”.

Distribution: Downloadable packages, or links to external distribution pages.Where do I get it?
How can I install it?

License: Conditions of use and distribution.Can I legally use this software? Does it support my
plans of commercializing or sharing the results?

D.2 Software Available Through the Wiki

Tables 4 and 5 show the list of modules (groupings of services) and tools that were available on the
Wiki in early 2006.

25http://playerstage.sourceforge.net/
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Table 4:List of shared software modules from theModuleMarket page of the Wiki [14], as of early
2006. The meaning of the terms is explained in the glossary of this appendix.
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Table 5:List of shared tools and libraries from theModuleMarket page of the Wiki [14], as of
early 2006. The meaning of the terms is explained in the glossary of this appendix.
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E Key Experiment Specification Details

This appendix contains the updates to the workplan of RA7 for phase 2 that resulted from the refine-
ment process of the KE specifications.

E.1 KE1 Details

The following script was used for developing KE1 during phase 2. Table 6 lists what each step of the
script implies in terms of robotic abilities, CFs, partner interactions, and environmental conditions.
The latter are listed in table 7.

1. The robot (R) looks for human communication partner. It finds a person, directs its attention to
it and, if necessary, tries to get the person’s attention.

2. The person ”registers” itself to R. R recognizes the person and subsequently keeps its focus on
this partner. R uses person-dependent social spaces during the following interaction.

3. The person tells R the name of the current new location (kitchen).

4. The person asks R to follow him/her and R complies.

5. R follows the person until the person gives a new instruction.

6. The person points to various objects and tells R their names.

7. The person tells R the name of the current location (living room).

8. The person asks R to go back to the kitchen and R complies.

9. R goes to the kitchen.

10. As R arrives in the kitchen another partner can start a new interaction.

Table 6: Implications of the KE1 script

Step
of
Script

Abilities (robot) Hardware
(sensors)

Supporting
Functions
(SF)

Cogniron
Func-
tions
(CF)

Environment
Conditions
(table 7)

Partner

1. Human (body part)
detection/tracking
and attention control

laser sensor
color cam
stereo micros

PTA 1./2./5. UniBi

Getting attention of
person

Parameters
for PTA

Modalities
for attrac-
ting atten-
tion derived
from user
studies

UH

continued on next page. . .
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Table 6: . . .continuedImplications of the KE1 script

Step
of
Script

Abilities (robot) Hardware
(sensors)

Supporting
Functions
(SF)

Cogniron
Func-
tions
(CF)

Environment
Conditions
(table 7)

Partner

2. [See 1.] + Identify
person and apply
person-dependent
social spaces

color cam
stereo micros

Person Identi-
fication

Parameters
for PTA

Personality
types from
user studies

UH

Carry out dialog with
user. . .

speech micro-
phone

Speech recog-
nition

DLG 2./6. UniBi

. . . using person-
alized dialogue
strategies

Parameters
for DLG

Styles of
user inter-
action from
user studies

KTH

3. [See 2.] + Learn lo-
cation

omni cam LOC 3.(b) UvA

4. [See 2.]
5. [See 1.] + Follow

person
PTA 5.(a) UniBi

6. [See 2.] + Learn ob-
ject

stereo cam Gesture and
object recogni-
tion

ROR 4./5.(b) UniBi

7. [See 3.]
8. [See 2.] + Retrieve

location
Scene model 6. UniBi

9. Navigation to loca-
tion

odometry Navigation LOC 1./3.(a) UvA

10. [See 1.]

Table 7: Environment specification for KE1

Environment
Item

Feature Conditions/Performance

PHYSICAL
CONDITIONS

LIGHT (apply to all) 1. lighting of only one type (either
daylight or artificial light)

SOUND (apply all) 2. one person speaking, low back-
ground noise (office like, below 50
dB)

continued on next page. . .
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Table 7: . . .continuedEnvironment specification for KE1

Environment
Item

Feature Conditions/Performance

ROOMS
• hallway (lab-like environment with

additional furniture/wallpaper/. . . )

• kitchen (simple structure, slightly
more complex than lab environments)

• living room (more complex, more ob-
jects and different kind of furniture)

See 1./2.
3. (a) ”easy” to navigate (sufficient
distance between objects, all
obstacles can be detected by
robot’s sensor, object - free space
ratio), static or low velocity (0.5
m/s) dynamic objects
(b) rooms are reliably (95 %)
discriminable by robot’s sensors

LOCATIONS
• hallway

• living room

• kitchenette

• dinette (dinner table area)

• working area (desk with laptop, shelf
with books)

• lounge

See 3.

FURNITURE
• table

• chair / sofa

• sideboard, shelf

• micro-wave oven

• TV-set

• door

• window

• light switch (on wall)

See 3.

continued on next page. . .
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Table 7: . . .continuedEnvironment specification for KE1

Environment
Item

Feature Conditions/Performance

OBJECTS INSTANCES
• book (standing in a shelf or laying on

the table)

• plate

• coffee mug

• cellular phone

• laptop

• pen

• remote control

• coke can

• beer bottle

• banana

• orange

• plant (changes appearance over time!)

4. (a) rigid objects, book closed,
empty cup

PROPERTIES
• color

• relations (here with examples, see rel-
evant positions below): in (e.g., the
shelf), on (e.g., the table), at (e.g., the
door), in front of (e.g., the window),
next to (the laptop) (left of, right of)

4. (b) 10 colors.

POSITIONS
• shelf (in/on/in front of)

• sideboard (in/on )

• dinner table (on,)

• office desk (on)

• floor (on)

• door (at/in front of/next to)

• window (at/in front of)

• worktop/kitchenette desk (on)

4. (c) no occlusion, minimal dis-
tance 0.2 m

continued on next page. . .
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Table 7: . . .continuedEnvironment specification for KE1

Environment
Item

Feature Conditions/Performance

HUMANS ACTIVITIES
• current looking direction (rough head

orientation)

• deictic gestures (fast movement, non-
linear movement)

• two people chatting

5. (a) speed of movement
<0.25m/s
(b) distance of 0,60m-1,20m
between robot and human
(c) number of humans≤4
(d) certain properties of the
interaction partners are known
(face, name, . . . )

DIALOGUE:
• Handling simple instructions

• Handling simple descriptions

• object reference

• object feature description

• person reference

• Handling queries for information re-
trieval (who, where, what)

• Initiation of repairs

• Handling socialization aspects (greet-
ing, parting, apology, thanks)

• Initiation of reports about robot’s cur-
rent state (especially in case of techni-
cal problems)

• Self-explanation about name and ca-
pabilities

6. language of restricted complex-
ity, i.e., simple sentence structures
with free word order (limited vo-
cabulary≈ 1000 words)

E.2 KE2 Details

The following script was used for developing KE2 during phase 2. Environmental conditions are
listed in table 8.

1. The robot is observing an empty table top.

2. A human puts an unknown object on the table (box, cup).

3. The robot observes the object and moves its visual apparatus for that.

4. The robot computes grasping positions.

5. The robot holds the object for further exploration.

6. The robot prompts the human for naming the object.
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7. The human gives a name and the robot repeats it.

Table 8: Environment specification for KE2

Environment
Item

Feature Conditions/Performance

PHYSICAL
CONDITIONS

LIGHT (apply to all) normal indoor lighting

SOUND (apply all) 2. one person speaking, low back-
ground noise (office like)

ROOMS Office room
LOCATIONS pre-specified working region: table-top.
FURNITURE table/desk
OBJECTS INSTANCES

• box

• soda can

• coffee cup

• free shapes

rigid and manipulable objects, bot-
tle closed, empty cup.

PROPERTIES
• Isolated objects

POSITIONS
• Object on table top

HUMANS ACTIVITIES
• Putting object on table

• Manipulating object

(a) speed of movement<0.25m/s
(b) One human

E.3 KE3 Details

The following scripts (teaching and reproduction) were used for developing KE3 during phase 2.
Table 9 lists what each step of the script implies in terms of robotic abilities, CFs, partner interactions,
and environmental conditions. The latter are listed in table 10.

Teaching

1. The teacher attracts the attention of the robot by a specific speech command.

2. The robot moves to the direction of the teacher to enable itself for receiving commands.

3. The teacher gives the robot a command by a selected gesture or by speech that he/she wants to
teach the robot a new pick&place task.

4. The teacher takes an object from the shelf and shows it to the robot.
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5. The robot detects the object (for classification) and the hand (for tracking).

6. The teacher moves the object onto the desired location on the table.

7. The robot tracks the human’s arm until it is disconnected to the object and stores its position.

8. The teacher takes the next object and steps 4) to 7) are repeated until a small set-up is finished.

9. The teacher expresses the end of the task through a selected gesture or speech command.

10. The robot stores the set-up information.

Reproduction

11. The teacher attracts the attention of the robot by a specific speech command.

12. The robot moves to the direction of the teacher to enable itself for receiving commands.

13. The teacher gives the robot a command by a selected gesture or by speech that the robot has to
set-up the configuration learned in steps 1) to 10).

14. The robot reproduces the setting by chaining (a) pick and (b) place operations.

Table 9: Implications of the KE3 script

Step
of
Script

Abilities (robot) Hardware
(sensors)

Supporting
Functions
(SF)

Cogniron
Func-
tions
(CF)

Environment
Conditions
(table 10)

Partner

1. Speech recogni-
tion of selected
commands

Microphones Speech recog-
nition (exter-
nal)

2./7. UniBi

Gesture recogni-
tion of selected
commands

TOF sensor
color cam

GR 1./7. IPA

Human (body part)
detection and track-
ing

TOF sensor
color cam

TBP 1./6. UniBi

2. Platform movement Laser scanner
mobile
platform

Indoor naviga-
tion

6. (b) IPA

4. Hand detection TOF sensor
color cam

TBP 6. (a) UniKarl

Object detec-
tion/classification

TOF sensor
color cam

OR 1./5. IPA

continued on next page. . .
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Table 9: . . .continuedImplications of the KE3 script

Step
of
Script

Abilities (robot) Hardware
(sensors)

Supporting
Functions
(SF)

Cogniron
Func-
tions
(CF)

Environment
Conditions
(table 10)

Partner

7. Arm/hand tracking TOF sensor
color cam

TBP 1./6 (a) UniKarl

9.
11.
13.

See 1.

12. See 2.
14.
(a)

Object pose estima-
tion

TOF sensor
color cam

OR 5. IPA

Collision free object
grasping

TOF sensor
color cam
arm

Grasp plan-
ning & execu-
tion

1./5. IPA

14.
(b)

Collision free object
placement

TOF sensor
color cam
arm
ft sensor

Place planning
& execution

1. + free
target area
available

IPA

Table 10: Environment specification for KE3

Environment
Item

Feature Conditions/Performance

PHYSICAL
CONDITIONS

LIGHT (apply to all) 1. normal indoor lightening, static

SOUND (apply all) 2. one person speaking, low back-
ground noise (office like,<50dB)

ROOMS living room like lab setting see 1./2.
LOCATIONS

• dinette (dinner table area)

• pre-specified working regions: side-
board, shelf.

3. Normal heights (<1.5 m)

FURNITURE
• table

• chair / sofa

• sideboard, shelf

See 3.

continued on next page. . .
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Table 10: . . .continuedEnvironment specification for KE3

Environment
Item

Feature Conditions/Performance

OBJECTS INSTANCES
• book (standing in a shelf or laying on

the table)

• plate

• box of biscuits

• bottle of water

• glass

• coffee mug

4. rigid objects, book closed, bottle
closed, colored glass, empty cup.

PROPERTIES
• color

• weight

• grasping points

• functional roles

5. all colors, partial occlusions
<15%

POSITIONS
• shelf (in/on/in front of)

• sideboard (in/on )

• dinner table (on, relative to)

5. pre-specified with variances
<0.3m

HUMANS ACTIVITIES
• deictic gestures (fast movement, non-

linear movement)

• object manipulation (carrying some-
thing, answering phone, . . . )

6. (a) speed of movement
<0.25m/s
(b) number of humans≤2

DIALOGUE
• selected commands to activate the im-

plemented functionalities by speech
recognition

• selected commands by gesture recog-
nition

7. selected set of keywords and ges-
tures (<15)
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