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Abstract—The HR+ project investigates perception, decision  Section IV reports on the development of flexible hybrid
and interface issues for human-robot interaction. We report platform (hardware and software system) that allows to place
here on the research activities that have been conducted by the users in a multi-modal face-to-face interaction loop with a
partners of the project and that are relevant to HR+ context. . . . . .
We then present their partial integration in an autonomous talking agent_and to recqrd their activity for statistical apalysu;.
interactive robot called Rackham. Rackham, has been deployed ~ Then, section V describes Rackham, a new tour-guide robot
in a public area for relatively long periods in direct contact that has been used as an integration platform. Rackham, has
with non-professional persons, accumulating valuable data and peen dep|oyed in a pub||c area for |ong periods in direct
information for future enhancements. contact with non-professional persons, accumulating valuable

|. INTRODUCTION data and information for future enhancements.

The development of personal robots is a new center gf ConTEXT-AWARE OBSERVATION OFHUMAN ACTIVITY

convergence and a motivating challenge in robotics research . . .
One key aspect is “added” to the “standard challenge” of PRIMA has developed an architecture in order to integrate

autonomous robots: the essential role of the “human in the & principled manner vision based processes for human
N : activity observation [10]. The PRIMA robust tracker [14],
loop”. This has numerous consequences. Two of them are - : ;
shown in figure 1, will be used as an example to illustrate

rticular interest for us: :
particuiar interest for us process architecture and components. Other forms of percep-

1 the_ robot should be ab_le to op_erate in an environmetnutdl processes have been implemented in the process layer
which has been essentially designed for humans, anc{ll] [13]

2) the robot will have to mte_ract with hu_man. _ ) Tracking is a cyclic process of recursive estimation. A well-
The human-centered theme is currently investigated in Sqfrown framework for such estimation is the Kalman filter. A
eral areas. The spectrum of developments range from Rgmplete description of the Kalman filter is beyond this paper.
manoids to wearable computing and sensing, human augmgyeneral discussion of the use of the Kalman filter for sensor
tation, telepresence, smart rooms or even intelligent objectgysjon is given in [7]. The use of the Kalman filter for tracking

The HR+ project investigates interaction paradigms consigces is described in [8].

ered on an incremental and interactive problem solving processrracking provides a number of fundamentally important

based on: functions for a perception system. Tracking conserves in-
« perception modalities (mainly based on vision) of humai@rmation over time, thus provides object constancy. Object
motion and gesture, constancy assures that a label applied to a blob at time

« decisional abilities taking into account explicit reasoningan be used at time,. Tracking enables the system focus
on the tasks, on the human environment and on the rokgtention, applying the appropriate detection processes only to
capacities to achieve them in a given context. the region of an image where a target is likely to be detected.

« robot abilities to convey information to the humamiso the information about position and speed provided by
through augmented reality and virtual talked heads  tracking can be very important for describing situations.

We report here on the research activities conducted by theTracking is classically composed of four phases: predict,
partners that are relevant to HR+ context and on their part@bserve, detect, and update. The prediction phase updates the
integration in a autonomous interactive robot. previously estimated attributes for a set of entities to a value

In section I, we briefly summarize the development of apredicted for a specified time. The observation phase applies
architecture that is able to integrate in a principled manntre prediction to the current data to update the state of each
vision-based processes for human activity observation. target. The detect phase detects new targets. The update phase

Section 1ll, we present a number of visual functions thahaintains the list of targets to account for new and lost targets.
have been developed to detect faces, track human limbs ando this set of phases, the PRIMA robust tracker adds a
interpret communication gestures. recognition phase, an auto-regulation phase, and a communi-
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Each target and each detection region contains a specifi-
cation for the module to be applied, the region over which
to apply the module, and the step size to apply processing.
Recognition methods are interpreted snippets of code that can

cation phase. In the recognition phase, the tracker interprdf1€rateé events or write data to streams. These methods may
recognition methods that have been downloaded to the procggsdownloaded to a robust trac_ker as part of the conflguratllon
by a configuration tool. These methods are bits of coddOCesS by the process federation tool (PFT) or by a federation
that may be expressed in scheme, CLIPS or C++. They Sipervisor to give a tracker a specific functionality.

interpreted by a RAVI interpreter [15] and may result in the Quality of service metrics such as cycle time, number of
generation of events or the output to a stream. The autdfgets can be maintained by dropping targets based on a
regulation phase determines the quality of service metric, sugority assignment or by reducing resolution for processing of
as total cycle time and adapts the list of targets as well 88Me targets (for example based on size). Requests are serial
the target parameters to maintain a desired quality. Durifgessages that arrive from the federation supervisor or from
the communication phase, the supervisor responds to requédgsPFT.

from other processes, the PFT (Process Federation Tool) or a

federation supervisor. These requests may ask for descriptions

of process state, or capabilities, or may provide specificatién Homeostasis and Autonomic Control

of new recognition methods.

Fig. 1. The Prima Robust Tracker

Homeostasis or “autonomic regulation of internal state” is a
fundamental property for robust operation in an uncontrolled
environment. A process is auto-regulated when processing is

The supervisory component of a process provides fiygonitored and controlled so as to maintain a certain quality of
fundamental functions: command interpretation, executigryice. For example, processing time and precision are two
scheduling, event handling, parameter regulation, and reflexid§yortant state variables for a tracking process. These two
description. The supervisor acts as a programmable interprefgay be traded off against each other. The process supervisor
receiving snippets of code script that determine the COfaintains homeostasis by adapting module parameters using
position and nature of the process execution cycle and #pg auto-critical reports.
manner in which the process reacts to events. The s:upervis;O)g\n auto-descriptive controller can provide a symbolic de-

acts as a scheduler, invoking _executlon of modu!es n s?:ription of its capabilities and state. The description of

synchronous manner. The supervisor handles eventdlspathH‘@ capabilities includes both the basic command set of the

EF)hother Processes, alnd reacts dtc; events from otger pgoceségﬁtroller and a set of services that the controller may provide
€ supervisor regulates module parameters base on ' more abstract supervisor. Such descriptions are useful

execution r_esults. Auto-c_rmcal reports from mOde_’S PEMibr both manual and automatic composition of federations of
the supervisor to dynamically adapt processing. Finally, the <o

supervisor responds to external queries with a description of o . .
the current state and capabilities. Auto-description of processes is provided by the process

supervisor's response to requests over a communication
channel. For example, in the robust tracker, auto-
description  requests  include: GetProcessM ethods

The process supervisor maintains a schedule of modulegigturns the list of currently loaded recognition
be executed. The scheduler can interrupt processing after eg@thods), GetProcessDetectionModules —(returns list
phases to receive and react to events. Typically this schedgfe image processing modules available for detection),
will be composed of phases, with the module calls within eaehet ProcessDetectionRegions (returns current list  of
phases determined by a list of data elements. We illustraigtection regions).
this with the PRIMA robust tracker. The robust tracker uses aAuto-description can also concern the state of the pro-

A. Supervisory Control

B. Process Scheduler

schedule composed of the following six phases: cesses interpretation of the environment. For example,
Module Execution Schedule for the Tracker: the robust tracker can respond tGietProcessEntities
1) GetNextlmage(); (return list of entities recognized by recognition meth-

2) For each current target: Predict target location armdls), GetProcessTargets (returns current list of targets),
update target description; GetProcessQoS (returns the current quality of service).



shape, motion, even —in the foreseeable future— sound can
increase the reliability of trackers dedicated to human limbs.

Using shape cues requires that sufficiently precise shape
models of the tracked limbs are learned beforehand. Tracking
issues can be addressed considering either view-based (2D)
shape models or 3D articulated models. The next section
briefly outlines the aforementioned functions.

A forthcoming challenge consists in the integration of
all these vision-based functions on an autonomous mobile
. robot — with on-board cameras — and in the evaluation of

the robustness of the complete system in dynamic, cluttered
and crowded environments with various lighting conditions.
Further experiments will be inspired from scenarios which
consider the robot as a museum guide.

A. Face detection, recognition and tracking

The face detector is based on a boosted cascade of Haar-
like features to detect frontal faces while rejecting non-
faces patterns (figure 3). The recognition module developed
Fig. 2. An example of the Prima Tracker use at ISR (Coimbra) takes as input the enclosing frontal face-
like regions. The classification is based on eigen images and
Mahanalobis-like distance [16].

D. Communication between processes

Three classes of channels exist for communication betws 1 |
processes: events, streams and requests. Events are |i [—
chronous symbolic messages that are communicated thro
a publish and subscribe mechanism provided by the Fed
tion Supervisor. Streams provided serial high bandwidth di
between two processes. Requests are asynchronous meg
that ask for the current values of some process variables -
Figure 2 illustrates the use of the tracker in the HR+ context. €)) (b)

Fig. 3. (a) Haar-like features overlaying on a training face, (b) example of
face detection

LAAS contribution to vision-based human perception con-
cerns the development of visual functions suitable to:

IIl. VISION-BASED HUMAN-ROBOT INTERACTION

We have developed 2D trackers based on the combination
) . . _ar fusion of visual cues into various particle filtering schemes.
« detect and recognize faces, so as to identify possife 41 \ve introduced mechanisms for data fusion within the
persons in the robot's vicinity. __original Condensation algorithm to develop face/hand trackers
« track human limbs such as hands or faces in vidqg >0fps) fusing skin blobs and shape in a novel way. Faces
streams. o _and hands are here represented by their silhouette contours
« interpret communicative gestures, e.g. t0 symboliz&,qeleq by splines. The intermittent nature of skin regions
referential actions to the robot, as well as pointyhy motion cues makes them candidate for the design of
ing/manipulative gestures, e.g. to exchange objects Wifitection modules, from which efficient initialization strategies
the robot. or importance functions can be defined for the particle filter
For tracking purpose, the particle filtering formalism and-e.g. in the ICondensation framework— with the aim to
alternative schemes have been investigated. Associated resaltsid drift or target loss. Besides, color cues and shape cues
have been compared in terms of performance and applicabilignd to be remarkably persistent (figure 4) and are easy to
to interaction modalities. fuse assuming they are independent. These considerations have
A first reason for focusing on patrticle filter as the trackingeen addressed and discussed in [5].
engine comes from its capability to cope with the non- In a near future, we plan to adapt our tracking modules
Gaussian noise models required to represent cluttered en-order to fuse the above cues with other information —
vironments. A second reason is that this framework allovesich as sound, motion or face regions (section 1llI-A)— and
the information from different measurements sources to b simultaneously track multiple targets.
fused in a principled manner. Although this fact has been1l) Communicative gestures interpretatioRegarding com-
acknowledged before, it has not been fully exploited in thimunicative gestures, a mixed-state Condensation algorithm
context. Combining or fusing a host of cues such as colavas proposed in [4] to recognize hand postures and automatic



Fig. 4. Face tracker fusing color and shape cues : some snapshots fro
tracking sequence

switch between multiple templates in the tracking loop. For a Fig. 6. A 3D hand structure with its Dok

richer interaction, we recently extended this traékaw as to
handle multiple canonical motion models [5].

(b) (©

Fig. 7. Some snhapshots from a tracking sequence: (a) projection of the 3D
model, (b) resp. (c) associated frontal (resp. top) views of the model

Fig. 5. Hand tracker with current posture and image motion (color)
recognition: some snapshots from a tracking sequence .
setup allows users to gauge presence and engage in a mutual

2) 3D gestures interpretation3D model-based approachegttention loop. In addition, it allows the robot to provide eye
are also well suited to pointing gestures interpretation. Vg&zes towards widgets or other information displayed on the
have focused on appearance-based tracking of high DoF Sgseen or towards objects in the real world. The long-term
truncated quadrics (cones and cylinders) representing hun@&@al is to build an embodied conversational agent (ECA)
hand (figure 6) or arm. A strategy is proposed to handfble to maintain realistic face-to-face communication with a
the projection and hidden parts removal efficiently. The noRuUman interlocutor. This conversational agent is embodied by
Gaussian and non-linear character of the 3D model led agg/ideo-realistic talking head. While most researchers focus
to particle filter based techniques. The criterion combin&$ discourse interpretation and generation, the main challenge

a measure based on the contours (from DT image) W|thh§re is to prOVide the interlocutor with ImplICIt and eXpliCit
similarity measure of local color distribution. signs of mutual interest and attention as well as with an

The results presented in [17] show the feasibility of th@wareness of environmental conditions in which interaction

approach when applied to the problem of tracRimghuman takes place.
arm (figure 7). The next step will be to extend our approa%

. . . . . Talking head
to deal with human posture tracking while occlusions will be g ) )
handled using a multi-ocular system. We have cloned the 3D appearance and articulation gestures

of a real human [2], [20]. The eye gaze of the clone can
IV. TOWARDS AN EMBODIED CONVERSATIONAL AGENT  pe controlled independently to look at the user, to look at
ICP contributions are related to the way the robot willvhere the user is looking on the screen (giving signs of mutual
present itself, using a talking head displayed on its LCD paneltention) or to direct the user’s attention to 2D objects on the
and the way it will communicate with human users. Thiscreen (vergence of the eyes is handled and provides a crucial
_ _ cue for inferring spatial cognition). The virtual neck is also
'Videos ~of this last wacker results are available abicylated and can accompany the eye-gaze movements. The
www.laas.frilbrethes/icra05. L . ..
sAudiovisual messages can be either recorded by the original

2|llustrative video sequences are available ) - )
www.laas.fr~pmenezes/t3final. mov. human speaker, or synthesized from text input. In practice the



synthetic signals are here generated off-line to avoid sligagent and to demonstrate that such a TOM will provide the
reaction delays. information system with enhanced user satisfaction, efficient
and robust interaction. The motor abilities is principally ex-
tended towards speech communication i.e. adapting content
and speech style to pragmatic needs (e.g. confidentiality),
speaker (notably age and possible communication handicaps)
and environmental conditions (e.g. noise). If the use of a
virtual talking head instead of a humanoid robot limits physical
actions, it extends the domain of interaction to the virtual
world: the user can also interact with other virtual objects
(e.g. virtual icons) surrounding the virtual talking head (see
the face-to-face system described below).
D. A dedicated face-to-face platform
Fig. 8. The talking head: the neck and the eye movements of the 3D head_l_h . ) .
have independent controls. e user sits in front of a standard-looking flat panel screen,
where a 3D talking head faces him or her, as shown on
_ ) ) ) Figure 2. Hardware and software specificities allow the user to
B. Dimensions of face-to-face interaction interact with the system using eye gaze, a mouse and speech.
Building an ECA that may engage into a face-to-face intefrhe 3D clone can look at the user, talk to him, and react
action/conversation with a human partner is quite challenging. where the user looks. These elements form the basis of a
Not only the ECA has to decode the user’s needs and intentigrsunded virtual face-to-face situation.
through multimodal communication, but also must give direct
and indirect signs that it actually knows about where tl
interaction is taking place, who is its interlocutor and wh
ambient/localized service it may provide to the user(s). St
a rich face-to-face interaction (see Figure 9) requires intens
collaboration between the scene analysis and the specifica

of the task to be performed in order to generate appropri
actions of the ECA.

Information system

Fmbodiment Fig. 10. Face-to-face interaction (speech, gaze and mutual attention) with a
+ 3D clone.
conversational
User agent
E. Experiments

T A first experiment [3] was conducted with a playing card

Physical Physical scenario creating a “too much information at the same time”
coupling coupling situation, where an agent was proposed to help retrieve the
L p Virtual/real environment q—l correct information. We expected that using eye gazes of
«— - the 3D clone as an extra modality might lead to faster
Perception/Scene analysis Action/Scene synthesis performances or lower the cognitive load. Preliminary analysis

showed that users willing to use this level of guidance could
Fig. 9. Embodied conversational agents and ambient interaction. The conpé@rform the task faster or easily: they could trust the clone
of agent actions should be aware of the user, the environmental condition?ﬁd visit fewer cards. We demonstrated that cues of mutual
the interaction and the competence of the information system to provide f] ﬁ . b fit th f in inf . . |
user with relevant and reliable information. This involves a strong couplin@ entloln may benefit the performance _m Information retrieval.
between scene analysis and synthesis. We believe that the study and modeling of the components
of human face-to-face interaction are crucial elements of
) intuitive, robust and reliable communication. We are currently
C. Research aims investigating interactive real-time eye-gaze patterns of human
Our perspective is to develop an embodied “Theory afpeakers in face-to-face communication with a special focus
Mind” (TOM) to link high-level cognitive skills to the low- on the speaking/listening state.These studies and results would
level motor and perceptual abilities of a virtual conversationaf course benefit to personal robots such as Rackham.



V. RACKHAM B. The robot

We have designed and implemented a new tour-guide robotRackham is a B21r robot made by iRobot. We have extended
Besides robustness and efficiency in the robot basic navigatipe standard equipment with one pan-tilt Sony camera EVI-
abilities in a dynamic environment, our focus was to develap70, one digital camera mounted on a Directed Perception
and test a methodology to integrate human-robot interactipan-tilt unit, one ELO touch-screen, a pair of loudspeakers,
abilities in a systematic way. an optical fiber gyroscope and wireless Ethernet.

To test and validate our developments, we have decidedn order to integrate all these components in a robust and
to bring regularly our robot to a museum in Toulouse. Bgleasant way the “Cét de 'Espace” has designed a “head”
regularly, we mean two weeks every three months. The robgh a mast, the whole toped by an helmet which represents
called Rackham, has already been used at the exhibition &mething between a one-eyed modern pirate and an African
hundreds of hours (July 2004, February 2005), accumulatigg statue (see picture 12). The eye is materialized by the EVI-
valuable data and information for future enhancements. Theg0 camera fixed upside-down above the helmet, the second
project is conducted so as to incrementally enhance the roeammera is hidden in the helmet and one loudspeaker is placed
functional and decisional capabilities based on the observatigithin what represents the “mouth” (figure 12).

of the interaction between the public and the robot.
Helmet hiding a
“camera mounted
on a pan-tilt unit

A. Mission Biospace and Rackham typical role

Mission BioSpace is an exhibition developed by the éGle
I'Espace® to illustrate what could be an inhabited spaceshi|
It presents about 14 interactive elements from “Lexigraph” 1

“Teleportation”. Eyebrow for /"

esthetic purpose \"Eye“ materialized

by a pan-tilt camera

"Mouth" hiding

Touchscreen one loudspeaker

Fig. 11. The Tsiolkovski spaceship: A difficult environment context fo
navigation.

When Rackham is left alone with no mission, it looks Hole for laser
forward to find out people to interact with. As soon as range finder
person is detected, thanks to visual face detection, it prese
itself “I'm Rackham and | can guide you in the spaceshig
or alternatively explains how to use its services : “Select yo
destination using the touch-screen”.

If the visitor finally selects a destination Rackham firs
confirms its new mission “OK, | will guide you to...", then
plans and displays its trajectory and invites the visitor to follow
it. Fig. 12. Rackham and its equipment.

While navigating, the robot keeps on giving information
about the progress of the on going travel : a congestion will
require to temporarily stop or even to compute an alternatié® The software architecture

trajectory while a given level uncertainty on the position might The software architecture is an instance of the LAAS
call for a re-localization procedure; sporadic “disappearanCgrehitecture ([1]). It is a hierarchical architecture including
of the guided visitor are also detected and dealt with usiRBsupervisor written with openPR%a Procedural Reasoning

sentences such as "Where are you ?""Here you are again{ysiem) that controls a distributed set of functional modules.
The visitor may by himself stop and change the ongoing
mission whenever he wants using various buttons displayediaas stands for: “LAAS Architecture for Autonomous Systems”.

on the interface. 5The set of tools used to build an instance of this architecture
(GenoM, openPRS, pocolibs, etc) are freely distributed at the following url:
Shttp://www.cite-espace.com http://softs.laas.fr/openrobots.



A module is an independent software component that ¢ _—~__
integrate all the operational functions with various time cor
straints or algorithm complexity (control of sensors and act
ators, servo-controls, monitorings, data processings, trajectm\ J
computations, etc.).

Each module is created using the generator of modt
GenoM and thus presents standard behavior and interfa
(see [12] and footnote 5). For Rackham, we have implement
15 modules. We now present them according to their purpc
in the system (see figure 13).

Fig. 14. The map of the environment built by the Rackham contains 232

]
=
% segments (black) and has been augmented with forbidden zones (green or
openPRS Supetvision 5 dark grey) and target zones (light gray).
=]
raqus.!(sl ‘ repliss. §
LAl . " . .
IRERCE AT Environment maps integrate positions computed at various frequencies and even
ey Zone to propagate “old” position data (because of the time taken to
talking hea topological map 3 H 1 i
i ' ? Motlon generation 3 acquire and process the data). The supervisor can be informed
L X E: in case of localization problems with one of the modules,
PoM Aspect VETP =] . . . . . g . . oy
e s mane o iy g fusion difficulties or significant uncertainties on the position.
T } T ¢ @ Depending on the problem, various strategies are applied.
oY LuckyLos S s Son0 Several areas corresponding to places of interest (“TAR-
| See You morocular loc SonarObstacles " H H “ ”
o o =l i GETS"), forbidden zones, or other special areas (“SPECIAL")
hf fﬁ T DL & ﬁ*m has _been defineql in the environment. Thene_ module
camera | | pan-mit Siek TR 5 continuously monitors the entrance and the exit of the robot
”4“’ *“ == : @ from these zones and informs the supervisor.

! ] 2) Obstacles and people detectio@bstacle detection is
d <= - @ @ a critical function both for security reasons and for interac-
tion purposes. The most efficient sensor is once again the
Fig. 13. The functional level of Rackham and its 15 modules. ~ laser. However our laser can only look forward (over 180
degrees) in an horizontal plan. To partially overcome these
1) Localization: Several modules are involved in the locallimitations, the laser data are integrated in a local map by

hardwarg
level

ization of the robot. the aspect module and filtered using knowledge about the
First therflex  module, which interfaces low level soft-global map, its segments and the virtual obstacles. Every 40
ware provided by the manufacturer. millisecondsaspect exports a local map all around the robot

To localize itself within its environment the robot uses #hich represents the free space and which distinguishes static
SICK laser, controlled by the modukick , that exports at (i-e, that belong to the environment or the virtual obstacles)
the required rate the laser echoes, and segments deduced foeh dynamic obstacles (probably visitors). This local map is
aligned echoes. Another modulsggloc , is able to match permanently displayed on the bottom right of the interface (see
these segments with segments previously recorded in a nfiggire 15).
thanks to a classical SLAM procedure. However the map isUsing this representatiorgspect is able to inform the
effectively updated only during closing time. The resultingupervisor when the robot is surrounded by unpredicted ob-
map is composed of 232 segments (see figure 14). stacles. The red LED’s on the helmet flicker at a frequency

The localization being a very critical ability, a third lo-proportional to the obstruction density by dynamic obstacles.
calization procedure, based on vision, has been designed. [fo reinforce the assumption of presence near the robot,
consists on the identification of the furniture of the spaceshiipe supervisor can use the services of gbeo module that
with one color camera. The camera is controlled by thadetects motion all around the robot using ultrasonic sensors.
module camera that produces images to be processed hynfortunately our ultrasonic sensors produce some audible(!)
the moduleluckyloc  that extracts, identifies and localizeshoise which seems to disturb visitors interacting with the
planar quadrangles. However, liickyloc  is already able robot.
to identify the various pieces of furniture, the localization A much more robust people detector is offered by a module
procedure is not yet totally functional. calledisy (or, “I See You”) which is able to detect a face

Finally, the various uncertain positions exported by thia real time from one color camera image. The detector uses
modulesrflex , segloc andluckyloc  are merged by a cascaded classifier and a head tracker based on a particle
pom, the position manager module. This module is able fdter (see [4]).Isy controls the camera orientation in order



to follow the detected face as long as possible. It informs theThe neck and the eye movements of the 3D head have
supervisor when it catches or looses a face. From the directiodependent controls, that can be driven by the facial tracking
and the size of the face it is able to estimate the 3D positiomodule. That way, the user knows which messages are specif-
of the detected person with a sufficient precision (about 10doally addressed to him, and that the system is still aware of
for the height and 20cm for the range). his or her presence, or has become aware of the user, even in
3) Trajectory and motion:Rackham being a guide, it mustsituations where the screen is not yet facing the user perfecitly:
be able to take visitors to places of interest in the exhiblFhese synthesized movements take place on screen faster than
tion. These places are displayed on the interactive map. Foe physical movements or orientation changes of the robot in
the robot they correspond to a polygortatget zones real world. The orientation are computed thanks to the position
(see§V-C.1) and to the position of the element of interestf the interlocutor face detected bgy and to the location
(which can be itself out of the polygon) that the robot wilbf the robot in the map maintained by the system.
have to comment. To help interaction with both the graphical interface and
The robot motion implies mainly three modules : the real world, the talking head can also synchronize some eye
. rflex  that manages the lower servo-control loop, tran§2Z€s and eye movements with the uttering of some keywords.
mitting the reference speeds at the micro-controller. FOr €xample, when talking about the "map”, the clone face and
« ndd integrates a local avoidance procedure based on $¥f 9azes can direct the user to where on screen the map is
algebraic instance of Nearness Diagrams (see [18]). Tfiisplayed. As the robot _knqws its location and_ orlente_ltlon in
input obstacles are provided the aspect map §se@.2). th_e wqud, he can also indicates a nearby object_of interest,
. vstp is a Very Simple [but very efficient] Trajectory Still using face and eye gaze when the corresponding keyword
Planner based on an algebraic visibility graph optiS P€ing pronounced. _ . _ .
mized with hash tablés A main visibility graph is pre- ~ The robot interface, written with Java, is made of inde-
computed for the static segments of the map. Dynamigéndent components or micro-GUI directly controlled by the

obstacles can be added and removed in real-time upgfpervisor through a dedicated communication channel.
SUpervisor requests. The available micro-guis are (figure 15):

The strategy used to coordinate the implied modules is* @ map of the environment including the current robot
dynamically established by the supervisor. The objective is of POSition and trajectory
course to reach the target zone while avoiding obstacles. The the local “aspect” map displayed as a radar
planned trajectory is an Ariadne’s clew fodd : the vertices of ¢ the image of the “eye” camera with the faces currently
the broken line are sub-goals. Usually the supervisor has to in- detected by isy -
tervene only ifndd does not progress anymore along this path. * the clone or talking head
In such a case, various strategies can be applied: computing of POP-UP warmning messages
a new trajectory taking into account the encountered obstacles? 0P messages o
waiting for a while, starting an interaction with people around, * ocalization window (init).
etc.
The maximum speed that the robot can achieve in this
is about 0.6 meters per second. Schematic map of QB
the spaceship.

4) Interactions: For now the interactions are mainly eStthe sensitive white

dots are possible

lished through the following components: visite destinations.

« the dynamic “obstacles” detectoraspect andsono),
« theisy face detector,

« an animated face with speech synthesis,

« displays and inputs from the touch-screen,

« control of the robot lights. Sensitive liste of

possible visite

While the two firsts allow to detect the presence or destination.
departure of people, the last ones permit the robot to “exg
itself and thus establish exchanges.

The 3D head embedded in the screen interface can talk,
thanks to the audiovisual speech synthesis system: audio was Fig. 15. A view of the interface of the touch-screen.
generated along with the synchronized movements of the face
(for the lips, the jaw, the cheeks...). Meaningful messaggs
have been prepared, corresponding to the various situations
encountered by the robot or to the places that will need to beRackham is used in a context where there is no need for
described during the visit. a high level planner i.e. a system that synthesizes a partially

ordered set of tasks to be performed to reach a given goal.
6VSTP is freely distributed: http://softs.laas.fr/openrobots/. Consequently, the highest level of decision is to select what

Transcriptions of the 3D animated face sentences.

Image from the "eye"
% camera with the face
currently tracked

Virtual radar showing
static (green) and
dynamics (orange)
all over the robot

The 3D animated face appears only when speaking.

Supervision



task to achieve. Indeed, the robot is able to perform a numt
of tasks in a variety of contexts and depending on vario
conditions (availability of visitors, energy level...).

Hence, the role of the robot supervisor involves seve
aspects:

« task selection,
o context-based task refinement,
« adaptive task execution control.

In its current configuration, Rackham, as a tour-guide §
the exhibition, has basically to deal with two different task$gs
the search for interactiorfwhere the robot, left alone in the S
exhibition, tries to attract a visitor in order to interact wit
him), the mission(where the robot, according to the visitor'g
choice, brings him to a selected place).

Our choice was to use relatively low level observation Fig. 16. Head of Rackham emerging from a sea of kids.
and action primitives in order to leave as much flexibility as
possible at the supervision level. Indeed, as we will see in
the sequel, the performance of tasks in the vicinity and/or
interaction with humans is not compatible with a “black-box

in
» From October 5, 2004 to October 15, 2004

strategy. number dis_tance duration | number | average
Another interesting aspect on which we focus is how th day || of In hh:mn of speed
task execution process is influenced by the need for human-__|L MiSSions| meters | (motion) | requests) (km/h)
robot interaction. 1 17 71 0:34 379 0.44
When a task is given, our robot not only needs to executé 63 543 2:39 2100 0.57
it, but it also needs to be able to explain it (by exhibiting 3 46 495 1:27 2210 | 0.61
legible behavior or by displaying relevant information) and 4 9 100 0:11 318 0.63
should allow humans to act on the course of its actions durin@ 76 815 2:15 2377 | 0.63
their execution. 97 802 2:20 2967 0.54
For instance, during theissiontask, Rackham should not ; gg’ ggi gﬁ ;g?é 823
only be moving toward its goal and avoiding obstacles, it alsa : :
has to maintain the interaction with the humans (waiting for> >4 607 2:19 1751 | 0.60
possible inputs like abort or change the mission and displayiné0 58 681 1:57 2019 | 0.58
any relevant information that may be needed). L 170 1611 0:37 o084 0.57

There are a number of speech-based or visualization—baEed H 733 ‘ 1 m\ 32:12 ‘ 24096 ‘ 0.57 ‘

functions that allow to give feedback to the user mainly in

terms of messages. Other information such as trajectory, rop&t0m February 7, 2005 to February 20, 2005

position, etc, are displayed directly by the interface as soon| @y | missions| distance]| duration | requests| speed
1

there are available. 40 395 1:25 2801 0.51

2 49 555 1:32 2719 0.56

3 44 487 1:18 2557 0.62

VI. RESULTS AND FUTURE WORK 4 82 851 332 4338 0.44

Between march 2004 and February 2005, Rackham had 82 881 2:28 4209 0.58

spent ten weeks at the "@itde I'Espace” in five venués 6 70 739 1:49 3609 0.56

During the last two stays, the robot was sufficiently robust7 85 884 2:14 4338 0.50

to be operated by the personnel of theeQie I'Espace without 8 4 815 2:24 3984 0.53

our intervention. 9 55 663 1:31 3154 0.60

. . ) 10 78 912 2:29 4742 0.49

We collected various data for analysis purposes: all t1911 1 872 .08 4214 054

requests to the modules and their reply, the covered distan cJe_2 91 994 2j49 4632 0'53
the visitors interactions, etc. The results presented below arf3 14 161 0j27 733 '

/S

a synthesis of the data collected during the last two sta _
Rackham has executed 1575 missions requested by the visi&ors H 832 ‘ 9209 m ‘ 26:06 ‘ 46030 ‘ 0.54 ‘
of the exhibition and traversed nearly 16.5 km.

“see http://iwww.laas.fr/ sara/laasko.



Although the HR+ project has reached its end, furthrs] J. Minguez, L. Montano. “Nearness Diagram Navigation (ND): Collision
experiments and more detailed analysis of the collected data Avoidance in Troublesome ScenaridBEE Transactions on Robotics
il b ducted in the future. HR+ has also opened f and Automationp 154, 2004.
Wi € conducte . ' p (Pfg] J. Piater and J. Crowley, "Event-based Activity Analysis in Live Video
us several research issues such as the need to elaborate aising a Generic Object Tracker”, Performance Evaluation for Tracking
framework for sharing decisions and actions between the robgt and Surveillance, PETS-2002, Copenhagen, June 2002.

d the h d v f llab . bl 20] L. Reveret. G. Bailly and P. Badin, “MOTHER: a new generation of
and the human and more generally tor collaborative pro talking heads providing a flexible articulatory control for video-realistic

solving. speech animation”. International Conference on Speech and Language
Processing, 755-758, Beijing - China, 2000.
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