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1 Purpose of the document

This document describes the first skeletons forlding-term companion agents for various
showcases in the LIREC project. The generic arctute is proposed in D9.1. One of the key
issues we addressed in D9.1 is how to make thebidrijes (competencies) developed during
the project work reusable and configurable acrdadgoms. In the phase one of the project
we have developed various competences across rpiatf@and between partners. This
document describes a) the detailed design of ttegrated generic software architecture,
which will be shared across partners and showdaseaplement the various scenarios, b)
the implementation of an initial set of competencasd c) the initial prototype
implementations of the various showcases.
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2 Background

Iterative prototyping is the methodology selectgdhe project to support incorporating the
results of experiments and initial Companion pnygies back into the design process. The
innovative and experiment-driven nature of the aede being carried out precludes the
development of a complete upfront specificatione Bhjectives of Phase 1 of the project for
WP9 were:

To run small-scale limited duration experimentsufing on companion components
and specific facets

To produce an integration architecture within whiobmponents can be brought
together

To produce a skeleton integration

This document reports on all three objectives.

Section 5 covers the ActDresses experiments arttbse® experiments associated with the
development of Skeleton Companions. Sections 3 4amtiscuss the development of the
generic architecture, starting from the high-legeheric architecture put forward in D9.1,
and iterating it into a more detailed specificatidnser to the implementation level. The
work on the architecture has been grounded bottisoussion of the requirements of the
project and also in the practical experience oflementing the first skeleton Companions,
discussed below in section 6.

It is worth reiterating that the generic architeetof WP9 has been developed with a specific
set of innovative and demanding constraints in mind

1. It must be suitable for multiple types of platforgraphically-based Companions and
hand-held Companions as well as mobile robot Compan

2. It must support migration of the relevant elemerita Companion between platforms

3. It must meet the requirements of the project sheegawhere the ability to sustain
long-term autonomous activity is one of the moshdeding.

In order to focus on these innovative aspects, as wlecided to base work on already
validated approaches in robotics, notably the usa three-level architecture. In D9.1 a
number of architectures applying this approach wergewed, and an overall functional
structure was developed. This structure has beémefurefined in this document.
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3 Architecture

As described and discussed in D9.1, a widely-usesktlevel structure has been adopted for
the generic architecture. Level 1 represents tleeiBp sensors and actuators of a particular
platform. Level 2 abstracts these into logical semsand actuators. Level 3 deals with
platform independent capabilities such as cognitagpraisal, planning, and symbolic

memory structures.

In a multi-level architecture, in which levels workth different representations on different
time-scales, communication and mapping betweenldeige a vital issue. This section
describes the communication interface architeduréhese levels.

In order to leverage existing research among thm@s, it was decided to use the affective
agent architecture FAtIMA as the basis for the fagaind’ component in level 3. This will
be further developed in WP5 as will its memory comgnt in WP4. The internal structure of
the agent mind is therefore not part of WP9 work, Imking it to level 2 systems working
with non-symbolic representations certainly isohder to do this, it was also decided to use
the ION agent framework developed alongside FAtIMA.

Given the project's commitment to reuse of opensewgoftware and to avoiding re-doing

work that already exists, the project also decittethcorporate YARP (Yet Another Robot

Platform) into level 2 at least on robot platformds. discussed below, WP9 work has been
put into a system SAMGAR that adds facilities toRRA

In this section, we first describe the component$as identified in levels1-3. In section 3.2,
SAIBA, a research community attempt to standardissfaces to embodied conversational
agents, is then considered. Section 3.3 examinesstitucture and content of messages
between Levels 3 and 2 in more detail and sectidriddks at messaging between levels 2
and 1. This includes discussion of the use of BMd SAMGAR.

3.1 Three level architecture

This section describes the communication interf@ohitecture for 3 levels in conjunction
with integration architecture proposed in D9.1erdb figure 3.1

3.1.1 Level 3 Components

(3.1) FAtIMA: Maintains high-level memory; carries out cognitapraisal; manages goals;
affective states; generates plans (action sequeneesiitors plan outcomes. The actions
carried out by Fatima are at a higher level, foaregle “move to table” which is passed to
Competencies Manager in ION (3.2)

(3.2) ION (Java): The new java version of ION developed will be usednediate between
level 2 and leve3, contains 3 sub-systems.

(3.2.1) Commands translator and interpreter: Acts as an interface performing 2 main
tasks:
1. Receives commands from FAtIMA e.g. “move to tabldiis sequence of actions is
fed into competency manager (3.2.2)
2. Receives feedback from competency manager abowess/ailure of particular
command and also interprets messages passed fregi2ltrough Message receiver
(3.2.4) and reports it to FAtIMA.
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Note that communication between ION (3.2) and FAt(9.1) will be implemented via
sockets.

Socket
messages

Level 3 e.g. "maove to table"

(FALiMA,
ION]

Level 2

[SAMGAR/
ION,
Competenc

Hardware-level

[Piatiorm degendent]
Level 1 égé’aﬁrg &
(HAN AR

Figure 3.1 3-level architecture

(3.2.2) Competency ManagerThe competencies manager will receive high-lewatioas
from the Agent Mind (3.2.1). These high-level ansowill be interpreted and transformed
into competencies where each action may transfooth bnto a set of concurrent
competencies and into a sequence of competen@egxBmple, given the high level action
“move to table” a possible result of the competesenanager is “find table location”, “move
to table location”. The competencies manager aifwms the mind of the success or failure
of actions. The formulation of a command involvespping it onto the competencies
required to execute a particular action and crgaiXML file invoking them.

Examplel: To map a command like “move to table” to Level2<xL

<Navigation>
<Go-to place>Table</Go-to place>
<emote>Happy</emote>
</Navigation>
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Example2: Expressive commands can also be passed explisitigcuired

<Behaviour>
<Behave>What Behaviour </Behave>
<emote>Happy</emote>
</Behaviour>

Note: Level3 will be aware at an abstract leveawéilable competencies in a Companion, by
qguerying level2 through the XML messaging interfdeer example Level3 will be aware
whether the companion is navigable but not exdubly the task is carried out. Thus, robot
navigation will be carried out by Level2 differgnfrom a virtual character on a handheld
system without Level3 planning capabilities haumgnow this.

(3.3.3) Message sender:Sends the message in XML format to Level 2 Compmiésn
execution/monitoring (2.1)

(3.3.4) Message receiver:Receives messages in XML format from Level 2 Corpets
execution/monitoring (2.1) and passes it to Commarahslator and interpreter (3.2.1). The
message structure will be similar to said in Exastpl

3.1.2 Level 2

(2.1) Competencies execution/monitoring: Will be responsible for execution and
monitoring the competencies and also interact with Level2 affective system. This
component will receive sequences of competenc@ms the Competencies Manager (3.2).
Based on the competencies requested it will sétent the available implementations the
most suitable. Then it executes the selected canpeets, while monitoring their execution
for any errors. Using the same example as in puavicases the competencies
execution/monitoring would select the competentiesate object” and “move to location”.
The competence “locate object” would determineltivation of the table and the “move to
location” competence would use the location deteeahito move there.

SAMGAR (discussed later in section 3.4.2) a framswitbat integrates a number of devices
through YARP, will provide mechanisms for compeieacexecution and monitoring on
robot platforms but not necessarily on non-roboatfptms. In the case of purely
graphical/virtual character platforms the compeiEncexecution/monitoring system and
some competencies will be implemented in ION as ihia much neater way of interfacing
with a graphics engine.

(2.1.1) Message encryption/decryption: This module will be responsible for
encrypting/decrypting messages in XML format todemt/received to/from Level3 (3.2.4)
For example in the receive case, the XML messagsegbwill be first decrypted to call for
required competencies with required parameter galue

(2.1.2) Local emotional/affective systemiVill represent the embodied affective state of the
companions. This will interact with Level2 memorfieh can hold the current state of level2
affect for example frustration due to repeatecethittempts to complete a given task.
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Note: This affective state is not the same as #éwelB affective states generated by the OCC
model in FAtIMA and a mechanism for dealing witk thteraction between them will be
designed

(2.2) Blackboard/Memory: This unit can be perceived as a Level2 memory hkvinolds
memory about the current state of the system asal imdportant static information like the
location of people, objects etc. It is discussenhore detail in D4.2.

This unit will be implemented as a singleton claggere a common knowledge base, the
"blackboard"”, can be iteratively updated by competss allowing competencies to share
data between each other. For example an imageredpby the camera can be placed on the
blackboard which can be used by face detect, cotmagking, object recognition etc.
competences.

Considering Examplel, where a XML with embedded mamd “move to table” is passed,
this can be decrypted to generate a sequence qietencties with required parameters using
information on blackboard:

XML message (3.2.3) Competencies Sequence (2.1}1) lack Board (2.2)
<Navigation> Movement.go(current, Table) | Location:Current: 150, 200
<Go-to place>Table</Go-to place> Visual.Screen(HappyFace) Location:Table: 200, 300
<emote>Happy</emote> Obstacle: False
</Navigation>

While the sequence is being executed, the competendll update the blackboard in case of
any dynamic events like obstacle is in the way @estacle: True on blackboard), then the
navigation competency can re-plan.

The Blackboard and Local emotional/affective systeam also be used for competencies
implemented inside SAMGAR and ION to share inforiovagt this will be useful for mixed
scenarios which use both SAMGAR and ION.

(2.3) CompetenciesThe competencies are a representation of thebdaies of the system.

In a system a capability may be provided in moentbne way, i.e. a competency may have
several implementations. Following the given exanphe “move to location” competence
could be implemented in a way that would spend nerergy, but move faster, or in a
different way which moves slower but is more eneztjicient.

3.1.3 Levell

(1.1) Levell: Will contain programs to interface with resouraes the particular platform.
This level represents the interfaces of a devica group of devices that can be seen as a body
for the agent.

NOTE: Communication between Levell (1.1) and LewdlZoe facilitated via SAMGAR for
robots and by ION for graphics system.
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3.2 SAIBA

The SAIBA project kittp://www.mindmakers.org/projects/SAIBAs a common effort of a
working group of ECA (embodied conversational apemsearchers with the aim of
standardizing multimodal communication in ECA apations. SAIBA stands for Situation,
Agent, Intention, Behaviour and Animation. Simitarthe previously mentioned Three Level
architecture that is common in robotics applicatioime SAIBA framework also “specifies
multimodal generation at a macro-scale, consistihgprocessing stages on three different
levels: (1) planning of a communicative intent, anning of a multimodal realization of
this intent, and (3) realization of the planned d&eburs”. We are writing about SAIBA,
because those 3 stages conceptually map directtheto3 levels in robotics with intent
planning matching level 3, behaviour planning metgHevel 2 and behaviour realization
matching level 1. The following diagram gives areew of SAIBA.

Bahavior Ptanning
inant Planning = FML =il {z} BML w=jie| Behavior Realization
S S
-= === Feedback - e Feediack ©

Since the Lirec architecture will combine robotiwgh virtual agents, it makes sense to
integrate certain aspects of SAIBA into our arattitee. The main achievement of the
SAIBA project so far has been the definition angsdmination of the 2 markup languages
BML (Behaviour Markup Language) and FML (Functiorafdup Language). FML can be
used to describe communicative intent and woul@reloyed to communicate between an
intent planner (level 3) and a behaviour plannewgl 2) while BML describes concrete
behaviour and as such is situated as a communicdévice between behaviour planner
(level 2) and behaviour realizer (level 1). For repde an FML file might contain the
information that the virtual agent wants to greet user. After a behaviour planner has
processed this information it might generate a BiN#_that contains the specifics of greeting
(which gesture to use, what facial expression wsume, timing, etc.). In the following
sections we will refer back to FML and BML.

3.3 Communication interface between Levels 3 and 2

From the overview in the previous section one cam that the communication interface
between level 3 and 2 is realised through the sgndif xml messages encoding the
competencies that have been scheduled by the CengyeManager. In this section we are
going to briefly describe the content of these XMEessages.

3.3.1 Message Contents

The level 3 competency manager is aware of theeouigmbodiment and currently available
competencies. When it receives an action sentecigion from the agent mind, it will use
this information to select a pre-defined sequerfceompetencies that realize this action in
the current embodiment. The xml message sent tel |Bvdescribes this sequence of
competencies. It allows specifying the concurreotgompetencies (e.g. speak and wave at
the same time) as well as sequencing (first lotla¢e user, then move to the user). For
example in response to an action “Greet John” fegréxecution by a FAtIMA agent with the
current embodiment of a robot, the xml messagedcoanitain the following information:
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- First locate John

- Second Move Towards John

- Third Say “Hello” to John and in parallel Wave ahd (assuming the robot is
expressive).

Level 2 will now be responsible for executing andmoring this batch of competencies.
Another option of level 3 to level 2 communicatitat the xml format will be able to specify
is the activation and deactivation of certain cotepeies. This corresponds to those
competencies that implement a background behavatiner than some behaviour with a
clearly defined success condition. One exampleuchsa competence could be Obstacle
Avoidance. As shown in section 3.1, the emotionailescan be embedded into competency
execution messages from level 3 to level 2 or separately.

3.3.2 Messages From Level 2 to Level 3
Messages from level 2 to level 3 can fulfil onese¥eral purposes:

- Informing about the success of actions. FAtIMA ree¢al receive those in order to
send the next action in a plan for execution.

- Informing about the failure of actions. FAtIMA neetb receive those in order to
replan its actions.

- Informing about competency successes and faile:gs i the above example located
John or could not locate John). This is differeminf the above 2 points because
actions can be comprised of several competencidswdnile an action success or
failure would be reported to FAtIMA, competency sesses or failures only indicate
partial success or failure of the respective action

- Sending perceptions (i.e. actions of users, otgents or changes to the environment)

- Communicating the level 2 local state. E.g. if tbot’s battery is running out it
might indicate its low energy level to level 3

3.3.3 Relation to FML

FML is a markup language for describing the commational intent and thus could
potentially act as a communication language faargd subset of the messages passed from
level 3 to level 2 (anything to do with communicaf). However, in its current form FML
exists mainly as an idea and is too underspecifiedirectly applying it. This however gives
us the opportunity to actively take part in desmgniFML by reporting our efforts in
designing a level 3 to level 2 communication protdo the relevant research community.

3.4 Communication interface between levels 2 and 1

Since level 1 is platform specific, it will be hatal standardise the communication between
level 1 and level 2. The information passed to apfical character is for example
fundamentally different from the information pasdeda mobile robot. For this reason we
discuss 2 different level 2 to level 1 communicattoechanisms below, BML (for graphical
characters) and SAGMAR (for robots).
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3.41 BML

In contrast to FML, BML is considerably further ddoped and has been applied in several
projects. The language can be used to describeegsipe behaviour, which is exactly the
kind of information we want to pass from level 2léwel 1 in case of graphical character
companion embodiments. But BML could also be usednivoking certain competencies of
expressive robots. Although longer action sequewessbe described in BML (one could
theoretically encode a whole lecture includingtal speech and nonverbal behaviour into
one BML file), in our case the BML communicationlivusually involve sending small units
of expressive behaviour, to make the system maetive and interactive. BML allows the
specification of the following types of behaviowiead, Torso, Face, Gaze, Body, Legs,
Gesture, Speech, Lips and Wait.

It is important to point out that BML is mainly usé one direction (level 2 to level 1) but
also specifies feedback mechanisms that can betoseatify level 2 of events or exceptions
on level 1. Another reason for using BML is that tiraphical character Greta, which will be
used as a companion embodiment in several of tbevcdses, has already built-in BML
support.

3.4.2 SAMGAR

SAMGAR (Software Architecture for Modularity and @icity in Advanced Robotics) can
be considered a system/architecture or tool tanaloconcept embedded within code to be
decoupled from others. It encapsulates a concejpt avipractical and conceptual generic
methodology, keeping consistency within a systemen€apsulated modules. Essential
components in WP9 (i.e. Competencies, Virtual Senand Virtual Actuators) are addressed
within SAMGAR. A communication architecture is dgsed to allow modules to work
efficiently in a system to reduce unnecessary comaation between modules. It also
minimises the dependency of each module with aifspeestance of another module, for
example if a robot needs localisation the speaifitance of whether this localisation occurs
by GPS or pedometer is unimportant and decouplethigirespect, and the system will
function as long as one localisation module is fimmal within the system.

A widely used communication architecture is presenfARP (Yet Another Robot Platform)
which seems very relevant to the needs within WR®.enable the use of this existing
plattorm SAMGAR is built upon it, SAMGAR allows delopers to access the full
functionality of YARP and also to be able to alieto use specific features required of
SAMGAR. A key role of SAMGAR in this respect is Bmtomate some communication
processes — since there are different technicahear working together within the project
with different approaches to programming module lmmications this issue must be
addressed as a primary concern. SAMGAR addresses sbthese issues, such as different
operating systems and different hardware platfor@8MGAR not only allows modules to
be created on any platform but also allows modr#sgling on multiple platforms to work
together as a system.

A second focus of SAMGAR is the encapsulation ofdmies, allowing them to work
together in a system. A key concept within thisndividuality and contral each module
must be different from every other module, to aveicscommunication between modules
and to facilitate the maintenance of many modulgsabdeveloper. To allow this, each
module created with SAMGAR is given a name andralhsactions with this module bear
this name. This is done by creating a GTM (Gen&emplate Module) which handles all
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encapsulation automatically and only needs theldpee to include SAMGAR and create a
GTM with a name.

SAMAGR also includes mechanisms for controllingoesr These could be human (logical)
at design-time — for example a developer beliexangodule accepts data in a certain way
when it does not. An example of this could be ageation module: Does this module accept
x and y? Are x and y relative to current or glopakition? Are the units centimetres or
meters? Any of which could cause the system to\meheratically.

At run-time, modules might crash or freeze - foample, if a module such as navigation
receives data which is inappropriate (e.g. destinatoordinate is out of the reaching range),
it could mean that the module sending this dattauidty. To address this SAMGAR will
allow this module to notify other modules that thés a possible error and inform higher
level control about this problem.

Due to the need for default commands within all oled, this same technique could be used
to allow multitasking within a system. A moduleidgeused for a task could be paused in its
current state while another module is used for eempoessing task, which when finished can
start the paused module.

More information about SAMGAR can be found in Anriein the paper “Reducing the cost
of robotics software: SAMGAR, a generic modular atd software communication
architecture” which is being published as part@AR 2009.
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4 Competencies

One of the challenges of developing a generic techire over many platform types is that
the functional capabilities of the Companion mighé very different in different
embodiments. The approach being taken is that Bfeference Architecture in which a
functional framework and specification of modulapabilities called Competencies allows
specific instances to be built on the specificfplams.

In our 3 level system architecture, described abov@ection 3, Level 2 is defined as set of
Competencies and a mechanism for organising tleéivadion and deactivation, and routing
their inputs and outputs both to level 1 and I&/ahd needed.

Level 2 is in charge of abstracting physical semsord actuators to logical ones, running
sensor and actuator-relat€&€bmpetenciesmaintaininglow-level memory passing model
update information to level 3, and accepting goadaied constraints on Competencies from
level 3.

Level 2 is platform specific and will have to beimgplemented on each platform though it is
hoped to make as many as possible of the Competegeneric and thus configurable.

Table 4.1 summaries the current implementationoofigetences. In the table, “N/A” means

the competences are not required by any scenaiwb;irhplemented” means the competences
are required but have not been implemented by aewpasio; “implemented” means the

competences the competences have been implementeat lbeast one scenario, and

“improving” means the competences have been impiéedebut need to be improved. The

competence implementation in each scenario andnpkmentation plan of next skeleton

will be described in Section 6.

No. Competence Code
Robots Mobile Graphic
Mobile robots Immobile Phone Character
robots
1. Face detection improving N/A improving
2. Face recognition Implemented N/A Not implemented
3. Facial expression Not implemented _ N/A Not implemented _
recognition (small set of facial expression) (small set of facial expression)
4, Text-to-speech improving Not implemented Implemented
5. Obstacle avoidance Implemented N/A N/A
6. Localization Not implemented (in door) Not implemented N/A
7. Emotion recognition Not implemented Not implemented Not implemented
8. Path planning/movement| 'mproving N/A NIA
9. Body tracking Not implemented N/A Not implemented
10 | Gesture execution improving N/A implemented
11. Gesture recognition Not implemented N/A Not implemented (Sample Gestures)
12. | Gaze/head movement Implemented Not implemented Not
13. | Generate facial expressigrmplemented Not implemented Implemented
14. | Competence execution | Notimplemented Not implemented Not implemented
monitoring
15. | Lip synchronization Implemented Not implemented Not implemented
16. Move limb Not implemented N/A Not implemented
17. | Grasp/Place object Not implemented N/A N/A
18. | Locate object Not implemented N/A Not implemented
19. | Locate person improving N/A Not implemented
20. | Object recognition Not implemented N/A Not implemented
21. Follow person Implemented N/A N/A
22. | Speech recognition Not implemented Not implemented Not implemented
(keywords recognition) (keywords recognition)
23. | User recognition (by Not implemented (Mobile phone) Not implemented Not Implemented

(Mobile phone)

(RFID, fingerprint)
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mobile phone, RFID)

24. | User proximic distance | 'mplemented N/A N/A
sensing/control

25. | Expressive behaviour Implemented N/A implemented

26. | Detect moves in the Implemented Implemented N/A
board-game

27. Detect user biometric N/A Not implemented N/A
information

28. Battery Status Not implemented Not implemented N/A

29. Migration Implemented Implemented Implemented

30. | User Communication Not implemented Not implemented Not implemented

Table 4.1 Competences and Platforms

To avoid duplication of similar competencies by feliént partners and to share
implementation between partners, a single SVN sy$ebeing used for resource sharing.
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5 Experiments around the ActDresses design concept

The project has as part of its programme examitiisgmpact of embodiment on Companion
functionality and interaction. As discussed aboweducing a Companion for a specific
embodiment has so far been investigated from tkheldper perspective. However the user-
centred approach taken by the project makes ithhidesirable to involve the end-user in
embodiment issues.

With the design concept of actDresses, SICS aréoemrg the potentials of using physical
clothing, accessorizing and labelling as an apgroax end-user configuration of the
functionality of robotic systems. Here we preseoins background motivations for the
approach, a definition of the concept, as well asaramary of conducted and planned design
experiments on the theme.

5.1 Background motivations

A general motivation for this interaction strategythat people already do personalise their
digital devices by various physical means. Laptapes personalised by placing stickers on
them, people buy or make their own customized ¢asebthey attach mascots and charms to
their mobile phone handsets. The physical appearahcobots is also achieving increased
attention, e.g.in studies of different head shgdpeSalvo et al. 2002), costumes (Robins et al.
2004), and accessories (Sung et al. 2009). Retdgldrations can be found in the domain of
mechanical and interactive toys, where it has lexigted dolls or other objects that can be
made to react in different ways by attaching déféraccessories to them. Here a similar
approach is used for programming constructs, o#eaions of physical items that can be
arranged in many ways.

Another general motivation concerns how people garegshemselves to others through
fashion and altered surface appearances. Clothesomlg serve the purpose of being
convenient for certain activities, they also seaverange of communicative functions,
indicating e.g. appropriate behaviour, group beillogs; and expected interactions (Goffman
1959; Davis 1994). This can be illustrated e.g.thg roles and functions of theatrical
costumes. Similarly, one could assume that theappee of a robotic artefact could be used
as an intuitive resource to indicate what modes icurrently in, and what behaviours and
interactions that could be expected in a certauason of use.

Moreover, in the field of home appliances and rabgroducts, aspects of adjusting the
behaviour and programming the devices have beardftaibecome an obstacle for end users
(Beckwith et al. 2006; Sung et al. 2007). As a biglevel goal for our studies is for systems
to be used in everyday setting and among ordinaople, finding new ways of controlling
and predicting the behaviour of robotic technoleggn important challenge in the project.

5.2 Overview of the concept

Inspired by the method of visual programming basedontextual signgFernaeus et al.
2006), the design concept involves two main queditelated to visibility. The first property
is that the programming items should be shown @iimediate physical contexitf the
objects that they control. This helps showing whotiject is controlled by an item, and can
give a direct visual impression of the resultingdaour. This is not the case in most settings
of programming robotic and tangible systems, whieee'code’ is sometimes hidden, often at
a completely separate hardware device. This alslveades the general desire for visible
forms of program representations, which can bectlirenspected and modified.

As a second property, actDresses are meant tosesgrand producperceivable actionn

the computerised system, in ways that end usersrafate to and understand. These could
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take the forms of texts, pictures, or three-dimemai objects, drawing for instance on the
material or cultural meanings of their manifestasio The design space also ranges
conceptually from visual representations of fulrgmna costumes to more detailed lower-
level hardware instructions.

That objects are visible is thus important, butoalgings along a number of design
challenges. The role of appearance is one obvispscss of this, as the items simultaneously
may work as controls as well as well as a formedatation. Of importance is also existing
cultural meanings of different signs, as well asarete issues of readability. For instance,
when attaching several signs or labels to the salject, a consequence may be that they
obscure the object, so that it is difficult to ¢lgesee the object underneath. The items could
themselves also in some cases overlap and obsceranother.

Making programs by putting together existing pieocésode into new arrangements relates
to several common practices of software developmerd., the use of class libraries,
interface widgets, and open source methodologispedéially for end-users and for novice
programmers, such higher-level modes of progranstcoction have been found particularly
useful. The concept of actDresses is similarly Basea form of ‘high level’ programming,
in which detailed algorithmic detail is hidden frothe user. As with any form of
programming based on these principles, a challengew different signs may be combined,
not only visually, but also in terms of how diffateprogram actions may practically and
meaningfully work together. In terms of implemerdat this also concerns aspects of
program order and concurrency, and whether cedigins should be given higher priority
than others at the moment of execution.

Another challenge concerns the correlation betwaeysical persistence of programming
code and reusability of programming resources,hgsipal objects naturally cannot e.g. be
copied, scaled, deleted or ‘undone’. A direct magmetween what will happen to an object
and an item attached to it means that the pogskilio scale up the system with larger
amounts of objects and behaviours is restrictedisThurning ‘programming code’ into
physical form is not just another way of represamticonventional computational
instructions, but may require further exploratidmsth theoretically and through practical
experiments. More details on the concept as sushbeafound in (Fernaeus and Jacobsson
2009).

5.3 Design Experiments

By building and testing different sets of actDresssellections for different kinds of hardware
platforms, specific design challenges are targdteth computationally and in terms of
visible and physical manifestation.

As a first functioning prototype we used a well wmoeducational robotic platform called e-
Puck together with custom made hats (see Figude Bhis early demonstrator highlights the
very basic principles, by instead of using the ilibknob on the robot to shift between
behaviour pattern, using physical hats that fityanlcertain positions of the knob to trigger
the behaviours. In this way it is easier for aneosbsr to make a mapping between
appearance and action, which is very subtle and twnotice when using only the knob.
Moreover, even though using a small switch to pubteot to different modes may be more

Figure 5.1.Three different hats triggering differert movement patterns when attached to the e-puck. &
pointy cone makes the robot turn in curious ways,te police hat makes the robot patrol in strict lins,
and the fuzzy hat makes the robot spin around in iregular patterns.
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efficient from a technical point of view, it woulthap poorly with existing use patterns of
these kinds of products.

Two student groups at SICS are during spring 20g8oeing the concept further using
different technologies and robotic platforms. Thstfgroup is studying compositional effects
for robot movement controlled by RFID technologyddhe second group is implementing a
level for physical manipulation with the e- puckqhimms using |Buttons

Figure 5.4. Comic-book I|ke S|gns changlngthe bekaur of a vacuum cIeaner robot.

The next step in our research process is to impiemared test a series of working actDresses
collections similar to those presented in the exd8on scenarios in Figure 1-3, and to ground
further design insights based on how these arentake real use. SICS is also planning of
conducting a collaborative project on the actDregseeme together with the research group
at CMUL, on the topic of vision technologies and gerception and interaction with these.
The implementation as well as testing of theseagpypes will hopefully generate further
insights into the values and challenges of this enofl interaction as parts of the three
showcase scenarios, as well as for future comnieygséems.
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6 Showcases
6.1 HWU Showcase

6.1.1 Introduction of the Showcase

The spirit of the building showcase includes thseenarios, the team buddy, the personal
guide, and in the wild, where three embodimenthefagents are displayed. The agent mind
can autonomously migrate between the embodiments.

6.1.1.1Scenario 1: team buddy

Key Idea

In this scenario the agent appears as a mobild ealtimg as friendly helper for a work team
by maintaining a collective memory. This scenasidailored for adults. It involves one user
at the same time but requires successful repeatethction with a group of maximum six

people and the ability to move from one introdugoggson it does know to a new person it
does not know. This scenario is tailored for adwitsking in the lab 2.22

Physical setup
The “TeamBuddyacts as a workplace buddy within a lab 2.22, Wwhe&cshown in Figure 6.1,
inhabited by a small group of people. The physsealip of this scenario includes:
Embodiment — A mobile robot
Camera, Laser scanner, Stargazer localization segrgaper, PTU for camera
Extra Laptop on top of robot for vision processing

222

Research Lab

75.95

Figure 6.1 Room 2.2 — The Team Buddwork environment

Functionalities
The functionalities of the team buddy include:
- It keeps track of who is there, remembers for peopho are not there where they

have gone and why;
Acquire and remember personal information of indlinals and individual
preferences;
Provide assistance to team members in organisiingtess in daily activities, deliver
reminders about Events, reminders, meetings
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Attend phone calls, Fetch and carry Phone/printateral to user

Maintain memory about user activity patterns: Effirt, Lunch breaks, coffee
breaks etc.

Tell about people not present and important lamesve

Establish a relationship between the users anddhmgpanion

Address an unknown person, tour the lab, act dabarepresentative

Provide psychological support/enrichment to tearmirers

6.1.1.2Scenario 2: the Personal Guide
Key idea
The personal guide is a portable version of thetaliready described running on a mobile
platform. It can locate itself within a block ofetiearl Montbatten building, which is shown
in Figure 6.2, and direct the user to any meetingtber activity they need to attend in that
block. Along the route it will give relevant infoation or tell stories related to the locations
being passed or to the interaction history withitttevidual user. One user is involved in this
scenario.

Physical setup
The physical setup of the personal guide includes:

- Mobile Handheld Systems: for the mobile handhelsteays we compared Symbian
N95 and Android. The development environment igfjekpensive and it is not easy
to the beginning learner. It is a question that thawg could Symbian last. Android is
developed very user friendly. It is Linux basedtsgs and is open source. It supports
Java very well. So we are going to use Androidoiar development system.

b T~

Figure 6.2 The Earl Montbatten building

2D Graphic Character: we are going to use 2D Gogtaow.

Localisation Sensors e.g. Bluetooth (need poweplgiipBeacons, RFID, 2D bar
code are required to localise itself on the map.

Speech output is considered in the scenario.

We are going to have text input and some physioldgiensing.

User identification includes facial recognition thirrough users’ mobile phones or
smart card e.g. RFID.

As the mobile phones have limited resources, wegameg to have a Client-Server
structure, the wireless connection to the servaecessary.
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Functionalities
The personal guide should direct the user to aingeeéenue.
It will give relevant information e.g. informatioambout the meeting and the people
attending the meeting or tell stories related ® Ithtations being passed or from the
interaction history with the individual user.
It can self-localise on the map, and re-localisenvlost.
It can reconnect to the server when the connedianailable again.
It can migrate to/from the laptop if the user resjad.

6.1.1.3Scenario 3: in the wild

Key ldea
The agent appears on a large graphical display atiithed camera and can interact with a
user within its field of view using a text-basederfiace from users’ own mobile phones or
laptops. The content of chat should combine lon&brmation for students e.g. courses,
schedules, university news, and some interest-bag&unation e.g. music, sports, and so on.
Physical setup
This activity takes place in the Earl Montbattenlding ‘crush area’, a large social space
where students often sit between lectures. Théhatesa is shown in Figure 6.3. The physical
setup of this scenario includes:
- Large Screen display

Embodiment — Graphic Character e.g. 3D Greta far no

Internet Connect to university website to updat@shand information

Speech output (non Speech input)

Get input from user by SMS

Figure 6.3The crush area
Functionalities
The functionalities of this graphical charactedume:
Chat to user about local information e.g. coursehtiedules, university news, and
some interest-based information.
Can eye tracking of user.
Can remember people it has talked to.
Have some Facial recognition.
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6.1.1.4Migration of the Mind

The mind of the Character can migrate between ¢hetr mobile phone, and the graphic
screen. At the same time, only one copy of the nsrattive e.g. If the mind migrates from
the robot to the mobile phone the robot might gslézp or show a message that it is on the
mobile phone right now.

6.1.2 The first skeleton companions

This section introduces the first skeleton of tbepanion, which includes the physical
setup, the functionalities, and the developmernistobeach scenario.

6.1.2.1Team buddy

A prototype mechanical superstructure for the rditast been built to extend the height of the
Robot to ease interaction relative to user heighe first skeleton of the Team Buddy robot
companion has been developed with some basic cempes viz. Face Detection, Follow

person, User proximic distance sensing/control, tadbs avoidance, Text to Speech,
Movement.

Team buddy currently can perform a task of findangperson (using face detection) in a
defined area avoiding obstacles and moving to sqoeto greet him/her (Text to speech).
The communication between the Levell and Level2emabled using YARP socket
communication.

FAtIMA & ION
Level 3 (not integrated yet)

E Face Detection, Obstacle Text to speech Movement i
Level 2: Follow Person, avoidance (CereProc) !

User Proximic distance!
sensina/contrt

_______________________________________________

<User/Environment>

6.1.2.2Personal guide

We have built a prototype of the personal guid¢henGreta embodied conversational agent
(http://www.tsi.enst.fr/~pelachau/Gregt&igure 6.4 shows the components that are integra
into the companion and are to be integrated irtkacimpanion in the next step. In this
prototype the user can talk to Greta by texts,thediser can initiate the migration of the
short-term memory of the agent which is the FAtildgent status so far. In the next step we
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are going to implement the Lip synchronization & to speech competences, so that the
Greta can talk to the user.

FAtIMA agent

Level 3 (WP 4 demo)

Com y Mana

Level 2 Agent Lip Text to Localization

Migration synchronization Speech

S~

Greta

Level 1

Usetr

Figure 6.4 Prototype of the personal guide (HWU)

Hardware setup:
For the personal guide we chose Android G1 molfiteng as our platform for the following
reasons:

It is Linux based system and is open source.

It has very friendly and free IDE.

Android is developed very user friendly.

It supports Java very well.
Development tools:
On the mobile phone side, we use Eclipse with AlldiDE to develop Java software for
Android G1 phone. On the laptop side, we use Eelifjus develop Java software for the
Laptop.
Functionalities and implementations:
Migration: In our first skeleton, we have implememtthe migration of the short-term
memory of FAtIMA agents. It is used in HWU scenarturrently. Please see section 3.5 for
the detail of the migration.

The planning of the next skeleton for the persguiade is described in Section 6.1.3.

6.1.2.3 In the wild
We have built a prototype of the graphical charactenpanion based on the Greta embodied
conversational agenhitp://www.tsi.enst.fr/~pelachau/Grégtd he following diagram shows
the components that are so far integrated int@dingpanion:
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FAtIMA agent
Level
evel 3 (WP 4 demo)
Competency Management (ION) l
Level 2 Face Tracking Behaviour ] Speaking
Competence Planner Competence
-
s}
Level 1 Open CV Face Greta [—> CS(r)eigeroc
Detectiol - /

\» User J

Figure 6.5 Prototype of the graphical character -n the wild

The Greta software receives instructions in BMLniat, describing the behaviour it is
supposed to display. The user watches the Gretaatiea on a big screen (Phillips WowVx
Auto-Stereo), which is equipped with a camera fotwa the area in front of the screen. A
Face Detection Program built with OpenCV deteotsuber’s face position for the purpose of
Greta turning towards the user. Additionally tottemid demonstrate Greta’s Speaking
Competence we have linked the software up to theMAagent of the WP4 demo. Greta
will speak the utterances that the agent in thmmalspeaks to the user. The user however at
this stage still interacts with the FAtIMA prograhrough a point and click interface and not
through the Greta character. We have also repl&eth’s standard voice with a free voice
from the company Cereproenfvw.cereproc.com), which offers a more natural sound and a
Scottish accent, which should help in interactinthwieriot-Watt University students in the
future. All competencies are currently linked thgbuan old version of the ION framework
(C#). A more thorough implementation linking to tpeneral Lirec architecture and using the
new Java version of ION is one of the next planas#ls (see also 5.1.3.) for this companion.

6.1.3 Next skeleton
This section discusses the plan of the next conopasieleton for the HWU scenarios. The
competencies which have been implemented in th&t Bkeleton and which will be
implemented in the next skeleton in the HWU scersadre described in Table 0.1 in the
Appendix.

6.1.3.1Team buddy

The following tasks are planned for implementabonTeam buddy in the next skeleton
- Building on new mechanical structure, we plan tosider the studies made by SICS
actdresses and robot appearance studies (UH)
The design of auto-charging station
Localization using stargazer sensor
Grasp/Place object to facilitate fetch and cargnseio
Keyword Speech recognition (WRUT, INESC)
User recognition using Bluetooth/RFID
Path planning/movement to enable the Team buddgvaate in the lab 2.22
Expressive behaviour (WP3), facial expression rattimmn(WP3)
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Integrate Level 3 FAtiIMA & ION on the robot system

6.1.3.2Personal guide

For the next version of the companion skeletohen“personal guide” scenario the following
improvements over the current version are planned:
- Implement ION on the mobile phone,

Implement FAtIMA on the mobile phone,

Put a 2D Greta on the mobile phone,

Implement the competence of text to speech on thi@lenphone,

User reorganization via mobile phone.

Localization in the building.

6.1.3.3 In the wild

For the next version of the companion skeletorhim ‘in the wild” scenario the following
improvements over the current version are planned:
Replace improvised prototype architecture by use tlod standardised Lirec
architecture as described in section 3 of thisvdedible
Add more competencies relating to expressive beliavi
Level 3 component (FAtIMA) content will be changedmatch the HW “Spirit of the
building” scenario
User interaction through personal mobile devicelated to the “Spirit of The
Building Scenario” will be added

6.2 UH Showcase

6.2.1 Introduction of the Showcase

6.2.1.1Robot house

Key ldea

The agent used is capable of inhabiting two embedts) the primary pioneer form which is
a wheeled robot and the secondary a graphical agpetlh embodiments have limited
accessibility within the house, the robot is capaiilhelping the user on the ground level and
the graphical agent is displayed on a PC scre#imeitvedroom. The demo illustrates how the
“usefulness” of the agent is maximised by usingtipld embodiments and migration, while
still keeping a singular identity for the user ecbme accustomed to.

Physical setup

The demo is based within the robot house, which tgpical domicile for a small family,
within the house three main mechanisms are ned¢decrimary is the robot, the secondary
is a mid-range personal computer with accessomestiae third mechanism is a wireless
router. To achieve the maximum functionality foretnobot embodiment supplemental
processing power is required consisting of two @oldaal laps, one of which is connected to a
vccd camera and the personal computer used foa@&etf midrange specification and only
has standard accessories (keyboard, mouse, netaonection etc).
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6.2.1.2Social mediator

Key ldea

The agent used is a singular item but to achieNéunctionality is used in pairs to allow two
users with great physical distance between thele table to interact on a physical level
through the use of two “toy” robots. This will incle a game which to be played successfully
must be played through the use of physical movemeobntact with the “toy” robot and
teamwork/competition to maximise usefulness, culyehis is a game in which two users
play a game in involving virtual characters withimaze.

Physical setup
The demo consists of two personal computers of umegiower which have two Aibo robots
connected to them wirelessly, with a webcam on eachputer.

6.2.2 The first skeleton companions

6.2.2.1Robot House

The robot embodiment is able to wait for the usawvigate the house, recognise a
human presence, follow the user, has expressivavimiral communication, speech output
and the ability to migrate to and from other embuelits. The virtual embodiment has the
ability to accept non verbal commands and use Veryalies with more sophisticated
expressive behavioural communication along withratign.

The competencies used to achieve this are navigaimg waypoints and pedometer,
face detection for detecting human presence, a vimiracompetency for expressive
behavioural communication, the swift library fdrettext to speech competency and a
migration module for migration, within the virtuabent embodiment its main competencies
are input from keyboard, speech output, gesturdsragration.

The robot fully complies with the WP9 architectumad uses the programming
language C++ on both windows and Linadiagram of which shown belpwwhereas the
Virtual agent uses C# and works on windows onlye Prersonality and memory for the
virtual agent resides within an XML file which igahsferred upon migration which allows
the copy of ION on each embodiment to know wheratsesponding embodiment is active.

ION /Layer 3 Systems Management
Protocol Area
Greet
Type 1 Migration
Module
Competency layer / Layer 2

Follow Direct Behavioural Detect
Colour Movement Expression Person Lo

Virtual Sensors and Actuators / Layer 1

H

Sonar Array Camera

Figure 6.6 Diagram of robot architecture implementation (modes active for greeting behaviour
highlighted)
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6.2.2.2Social mediator

The social mediator currently has a proof of cohgéegplementation which allows two
users to play a game in involving virtual charaster a maze. This consists of two robots
having internal states in which the user can chdhgrigh interaction. These internal states
are important to the success of the user in navigéhe maze. The robot behaviour has been
written using URBI language which allows connecsiatirectly to the local computer for
data exchange. The link between the robots anddhgputer is being handled by a DLL file
programmed in C++ and URBI and can be used dirdaylyC++ and Java and by any
programming language through a communication libafye interface is written in Visual
studio and the demo is able to use many forms ef tecording such as webcam recording
combined with data logs and screen captures, tg &xplore how a user reacts in such a
scenario which is a majour part of the softwaretmution in this demo, Along with
algorithms to perceive and express interactiorepastto be deduced from this data.

6.2.3 Next skeleton

6.2.3.1Robot house

The work on the next iteration of the companion wmihinly be focused on improving
the competencies and functionalities already cdettenake a more well defined and robust
system, mainly concentrating on reliability andiaéncy of the current competencies. This
also includes using new techniques within existogipetencies to not only to make them
more robust but to be able to alter or extend exjsfunctionality. This however does not
discount the use of new competencies such as $atiain and object avoidance which will
greatly increase the general level of sophisticatite robot can achieve within the area of
what tasks the robot can achieve and its leveintdraction with a user or users. A core
competency of migration will also be expanded dyeatallow migration over great physical
distances.

The new level of sophistication has projected adrfiee more computational power which
will consist of additional hardware, most formally the shape of new laptops and an
overhaul of the wireless network, which needs tonfyeroved to allow full functionality for
the robot including increased speed and reliabilitye new hardware used will also include a
new camera and miscellaneous items to fall inte Viith other partner’s hardware to be able
to achieve a high level of consistency within tineject.

6.2.3.2Social mediator

The social mediator proof of concept implementatgoto be finished and competencies such
as data collection to be given sufficient testimyolving live testers and questioners. If the

proof of concept shows no major flaws in the impdeation, the software will be upgraded

to comply with the WP9 architecture and will allowemory capabilities to be added.

The social mediator proof of concept implementatto be finished and competencies such
as data collection to be given sufficient testimgolving live testers and questioners. If the

proof of concept shows no major flaws in the impdetation, the software will be upgraded

to comply with the WP9 architecture and will allowemory capabilities to be added.
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The competencies which have been implemented irfitsie skeleton and which will be
implemented in the next skeleton in the UH scesaace described imable 0.2 in the
Appendix.

6.3 INESC-ID Showcase

6.3.1 Introduction of the Showcase

My Friend showcase includes scenarios in which t¢benpanion’s behaviour is fully
autonomous, and endowed with social mechanisms tfgegry of mind, affect recognition
and expression) that will allow the companion t@acteand respond to the user in an
intelligent and social appropriate manner. By déngasimple tasks or games that the users
and the companion can perform or play togetherwikevaluate if social and affective
relationships can be established and maintainedtowe.

In this section we present the four different sc@saof this showcase: “MyFriend: a Game
Companion”, “Our Friend: a Multi-Player Game Comioari, “Welcome to the Jungle” and
“Little Mozart”. The first three scenarios are bgideveloped by INESC-ID and the later by
CNOTINFOR.

6.3.1.1My Friend: a Game Companion

Key Idea

In this scenario the agent acts as a game compéorigoung students that plays educational
games such as chess. The scenario is tailoredotbr dhildren and teenager students and
involves one user at the same time. During the gdmeeuser may interpret the companion’s
social cues (facial expressions, body gesturds..hetter understand what happens in the
game and eventually improve his/her chess skillsagnitive abilities. The companion may
also portray situations (using its autobiograph&mory) in a narrative form with situations
of the previous interactions with the user.

Physical setup

My Friend will interact with students through a Ireabot, such as the Philips’ iCat, or
through a virtual agent displayed on the screem ltdindheld device. The companion must be
able to migrate between the two platforms, in a t&y the user recognizes the agent as the
same entity (see Figure 6.7).

Figure 6.7 Prototype of the “My Friend, Game Compaion” scenario, in its two versions: the first one
comprises the iCat robot and an electronic chessbah In the other version the iCat and the chessboar
are displayed in the screen of a handheld device.
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Functionalities
To be perceived as a companion, the agent's belmawwll comprise the following
capabilities:
- Affect Sensitivity, by understanding some of thensmental/affective states;
Memory of past interactions together;
Personalization of the interaction, for exampledolapting the level of difficulty of
the exercises;
Migration from a robotic embodiment to a handheddide, to give the user a sense of
ownership.

6.3.1.20ur Friend: a Multi-Player Game Companion

Key Idea

The companion plays a board game with two humayepda and creates different types of
social relationships with each one of them. Wepdaening to use a board game such as Risk
(http://en.wikipedia.org/wiki/Risk_gamein which the establishment of alliances between
players is as important as the strategic decisidih® game will be played in a digital
interactive table. Each user can choose to coapertter with the other human or the robot.
In future games, the robot will remember the attesrand rivalries that it established with
specific users in previous games. Although this c@mpetitive scenario, it tries to mimic the
social interactions that often occur between huplayers in board games.

Physical setup
The setup includes a social robot, such as Philpat, and a digital interactive table, as
depicted in Figure 6.8.

Figure 6.8.Physical setup of the “Our Friend” scenario. The iC at social robot and two human
players around a digital table.

Functionalities
The functionalities in Our Friend scenario include:
The companion playing and interacting with the otp&yers, by using speech

typology commonly used in board games;

The companion’s moves in the game are decided basdabth its social relations
with the other players and on its current soci& (spired by social roles defined
by [Eriksson et al., 2005));

Modeling the social relations between the compaaioth the players, by recognizing
each user and keeping memory of past interactiand, applying Theory of Mind
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(i.e., trying to recognize/predict the most we acdrthe user’s Beliefs Desires and
most importantly its intentions).

6.3.1.3Welcome to the Jungle

Key ldea

The main idea behind this scenario is to developrapanion that needs to be taken care of,
as pet companions do. This is an augmented resdiépario involving robots and other
companions inside a virtual world. The robot tha plan to use is Pleo dinosaur, and a
similar character for its representation in theéuat world. Pleo needs help from the user to
satisfy its affective and physiological needs. Tiker can check the state of Pleo’s needs in a
handheld device. The affiliation/affect needs aagsfed in the physical world (with Pleo
robot) by touching, hugging, etc., whereas phygjgial needs (e.g. food, water...) can be
satisfied in the virtual world, either using thendked or an interactive wall, where the user
helps Pleo to overcome a small set of challengesnaitl games to find food or water.

Figure 6.9. Pleo Robot

Physical setup
For the full implementation of this scenario, tbddwing hardware is required:
- Pleo Robot (Figure 6.9);
Handheld device (Figure 6.10);
Multi-projection display wall (Figure 6.11) instal at Instituto Superior Técnico’s
Media Room.

FOFr AN
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Figure 6.10. Prototype of the display of Pleo’s nés in a handheld device.

Functionalities

In this scenario, the main functionalities to b@lemented are the following:
Monitoring Pleo’s needs, establishing decays afishidg the activities that influence
such needs.
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Modelling the state of the relationship betweeroRled the user;

Implementation of small games to fulfil Pleo’s negd

Recognise some user’s gestures and body movemdptsthe interaction with the
interactive wall;

Establish a meaning to the robot’s touch sensansthe Pleo robot — for example to
regonize when the user is hugging Pleo.

Migration of the agent’s mind between the threéedént environments.

Figure 6.11. Multi-projection wall at Instituto Superior Técnico (INESC-ID).

6.3.1.4Little Mozart

Little Mozart (Figure 6.12) is a variation of MyEnd scenario. Our goal is to create a virtual
e-learning friendly agent capable of establishingamngful interactions with children on
how to compose and improve their knowledge of mieledmposition and basics of musical
language. In order to make our agent believableesgdging we resorted to facial and body
3D modelling techniqgues as a strategy for exprgssamotion through multimodal
communication.

Figure 6.12. Little Mozart Prototype
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6.3.2 The first skeleton companions

This section introduces the first skeleton of tlkenpanions developed for two scenarios of
My Friend Showcase: the Game Companion and Litttedt. The other scenarios are not
implemented yet. We are considering a set of coroieninteractive tables for the
implementation of Our Friend scenario, but assemgbtiur own interactive table is also an
option, given the high costs of commercial tabM&lcome to the Jungle scenario was
tailored to include Pleo robot. We are evaluating tontinuity of this scenario, as Ugobe
(Pleo’s manufacturer) recently filed for bankruptcy

6.3.2.1My Friend: a Game Companion

We have built two prototypes for the game companemmresponding to the two proposed
settings: the physical one, using Philips’ iCataband an electronic chessboard from DGT
Projects littp://digitalgametechnology.com/sife/and the virtual setting, developed in
Android G1 mobile phone. The prototype of the i@#iot and the electronic chessboard is
being used for initial experiments conducted in pueject (reported on D3.1, D3.2 and
D5.1). The following diagram shows the componeritdshe architecture that are fully or
partially implemented so far in the game companion.

___________________________________________________________________________

Level 3’| Memory Appraisal Coping, Reasoning :
| [/Affective State and Planning !

____________________________________________

Face Chessboard Facial Text to speech
Identification Interface Expression (RealSpeak)

Level?

<User/EnvironmeD

Figure 6.13 Architecture of the Game Companion. Memory, Copig/Reasoning/Planning and Fac
Identification are implemented but are not completeyet. The remaining componats are implementec
for the physical setup, whereas in the mobile devéconly the mechanisms related to the chess game
implemented.

The iCat is able to identify users by using the gaaentification Competence. If it is
interacting with a new user, the Face Identificatie used to train the new face. After
recognizing the user, the game starts. The useplegna complete game or a chess exercise
from a predefined position. After each user's mavehe electronic chessboard, the iCat
displays a facial expression that reflects its entrraffective state, based on the mismatch
between its anticipated and actual positions ingame. In the remaining time, its “face”
reflects the mood (a more subtle affective statd th also influenced by the state of the
game) and performs idle behaviours such as lootargjdes or blinking. These actions are
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supported by the Facial Expression CompetencenBuhe game, the iCat refers to events
stored in the Memory, such as the results of previgames they played together, or the
number of days/minutes since their last interactior example, if John played with the iCat
two days ago and won that game, the iCat can ssaigguhe Text-to-Speech Competence):
“Hi John, it has been two days since our last gdméhe last time you won, | need to focus
more this time”. For more details on the implem#ataof the agent’s mind please consult
D5.2. Note that, the number of events that is betoged in the memory so far is limited, and
more work is required in this component.

The mobile version of the companion is being immated in Android G1. We are currently
working on the user interface and all the dynamicthe chess game. Since the chess engine
used in the physical setup is implemented in C,amtently Android only supports Java, we
adapted an existing Android application that cosgitia chess engine and a graphical chess
interface.

We developed ION components to wrap the chess eragd the interface, so that the chess
interface that communicates with the agent’s msithe same. By doing so, Level 3 is the
same no matter what hardware is available in thesildevels of the architecture. We are

currently working on a 2D version of the iCat toused in the handheld device (the current
working prototype only contains static picture lo¢ robot). To animate the iCat’s body parts,
we are planning to use an open source platfornead&@lynfig fittp://synfig.org).

6.3.2.2Little Mozart

We have implemented a beta version of Level 3 basedlame which contains an appraisal
and behaviour selection. This model was customiadd Little Mozart scenario and 3 level
architecture recommendations. The Game Engine a&eswser composition in a melodic
music composition conteXthe Learning Component helps the agent to Learmadatngf events. In
this component the agent realizes the impact okeWénts in order to better select behaviours. This
component also creates a User Model that defireeaskr and his action tendencies resorting tastati
analysis. The selected behaviours are then displyeugh verbal and facial expressi@ecording

to agent's emotions and user's perception.

Figure 6.14. Little Mozart’s First Skeleton
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The competences implemented are: FLAME (Fuzzy Ldgpdel Of Emotions). In FLAME's
implementation is included a basic 2 level memaryser model, event appraisal, verbal and
facial behaviour selection; the expression of faaral verbal behaviour are attained through
TTS and Mozart face. The 3d Little Mozart Moduleswanproved with implementation of 6
new facial expressions (see Figure 6.15).

Figure 6.15. Little Mozart’s Facial Expressions

Technical details:
1. Level 3:
2. implemented in Cpp and Qt Framework. Qt/Cpp alfowti-platform but was
until now only tested on Windows XP.
3. Level 2:
1. The demo interface is also written in Cpp/Qt.
2. Development of 6 facial expressions based on theé$-Aiodel in 3d Studio Max.

6.3.3 Next skeleton
In this section we discuss the plan of the nextgamon skeletons for both the Game
Companion and Little Mozart scenarios. The compaésnwhich have been implemented in
the first skeleton and which will be implementedhe next skeleton in the INESC-ID
scenarios are described in Table 0.3 in the Appendi

6.3.3.1My Friend: a Game Companion
For the next version of the game companion, thiedahg improvements over the current
version are planned:
- Use information of the user’s state to influenae ¢bmpanion’s behaviour;
Increase the number of events to store in the mgnaod refer to them during the
game, when appropriate;
Personalization of the interaction (e.g. in terrhgame difficulty);
Finish the implementation of the handheld devicerface;
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Implement migration between the two different embuahts.
Note that, since we are following an iterative ptgpe design, other functionalities may have
to be implemented after a new evaluation.

6.3.3.2Little Mozart

For the next skeleton we aim to implement (or irdég) the competences listed Brror!
Reference source not found.We also plan to integrate actual developmene stath Little
Mozart original software, improving actual implenetion using school test results and
improving memory and appraisal according to pagmesearch.
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7 Implementation plan and conclusions

7.1 Implementation plan

7.1.1 Level 3

Regarding level 3 we have already implemented 10éWVd) for the Google Android phone.
In the next phase we are going to adapt the FAtidfent mind to run on the Google
Android platform too. We are also currently worion implementing an example on the
Robot, which can provide an idea about the worlahd-AtiMA and flow of the system
across 3 levels of the architecture. We will uralest the task of development of each
component on level 3 as suggested in figure 3.8} architecture), the most important
component is development of competency managerhwhilt play a crucial role in making
the overall architecture generic for different fdans (Robots, Handhelds, Graphical
systems)

7.1.2 Level 2

It is not the purpose of this project to focusrésearch effort on the development of all the
Competencies a Companion might require. Wherevssiple, existing work in the research
community will be reused, with the development @frapper system allowing Competencies
from elsewhere to be included. Nevertheless, soprapgétencies have been developed and
integrated by partners within the context of WRm@8 6 e.g. face recognition, body tracking,
text-to-speech, user proximic distance sensingfobmnigration, and so on. In the next step
we would like to develop and integrate more compats e.g. localization, speech
recognition, user recognition, path planning, ar@ an. The development of other
components on level 2 will be undertaken like Blawdrd and Local Emotional/Affective
system.

7.2 Conclusions

In this deliverable we described the first skelefon the long-term companion agent in
various showcases in the LIREC project. The archite is a generic one for various
platforms to be used for LIREC showcases. The ambrdor the architecture is that of a
Reference Architecture in which a functional franoekv and specification of modular
capabilities called Competencies allows specifistances to be built on the specific
platforms. Several competencies have been devel@med shared by partners. Many
competencies are intended to work with memory moedath will be developed by WP4
partners and the other functionalities of WP5. Mooenpetencies will be developed and
integrated into the companions in the next step.
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Annex 1 — Competency Implementation and Plan

Table 0.1;rable 0.2 and Table 0.3 summaries the competences whiah l@en implemented
in the first skeleton and which will be implemeniadhe next skeleton of each showcase. In
the tables, “N/A” means the competences are nafired; “not implemented” means the
competences are required but have not been imptegieimplemented” means the
competences the competences have been implememiglérhenting” means the
competences are to be implemented in the nexttsketd companion.

No Competence HWU Mobile robots HWU Mobile Phone HWU Graphic Character
1. Face detection Implemented N/A Implemented
2. Face recognition Not implemented N/A Not implemented
3. | Facial expression recognition /A N/A N/A
4. | Text-to-speech Implemented Implementing Implemented
5. Obstacle avoidance Implemented NIA NA
6. Localization Implementing i door) Implementing N/A
7. | Emotion recognition Not implemented Not implemented Not implemented
8. | Path planning/movement Implementing N/A N/A
9. Body tracking Not implemented N/A Not implemented
10 | Gesture execution Not implemented N/A Implemented
11. Gesture recognition Not implemented N/A Not implemented (Sample Gestures)
12. | Gaze/head movement Not implemented N/A Not implemented
13. | Generate facial expression | NA Not implemented Implemented
14. | Competence execution Not implemented Not implemented Not implemented
monitoring
15. | Lip synchronization N/A Not implemented Not implemented
16. Move limb Not implemented N/A Not implemented
17. | Grasp/Place object Implementing N/A N/A
18. Locate object Not implemented N/A N/A
19. | Locate person Not implemented N/A Not implemented
20. | Object recognition Not implemented N/A Not implemented
21. | Follow person Implemented N/A N/A
22. | Speech recognition Implementing Not implemented Not implemented
(keywords recognition) (keywords recognition)
23. User recognition (by mobile | implementing mobile phone) Implementing(mobile phong Implementing(mobile phong
phone, RFID)
24. | User proximic distance Implemented N/A N/A
sensing/control
25. | Expressive behaviour Not implemented N/A Not implemented
26. | Detect moves in the board- | VA N/A N/A
game
27. | Detect user biometric N/A Not implemented N/A
information
28. | Battery Status Not implemented Not implemented N/A
29. | Migration Implemented Implemented Implemented
30. | User communication Implementing (via SMS)
Table 0.1 Competences list in the first and next gketon of companions in HWU scenarios
No. Competence UH Mobile robots UH Mobile Phone UH Graphic Character
1. Face detection Implemented|mplementing N/A Not implemented
2. Face recognition Not implemented N/A Not implemented
3. Facial expression recognition Nt implemented N/A Not implemented
4. Text-to-speech Implemented|mplementing Not implemented Implemented
5. Obstacle avoidance Implementing N/A N/A
6. Localization Implementing Not implemented N/A
7. Emotion recognition Not implemented Not implemented Not implemeinte
8. Path planning/movement Implementedjmplementing N/A N/A
9. Body tracking Not implemented N/A N/A
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10 Gesture execution Implemented|mplementing N/A Implemented

11. | Gesture recognition Not implemented N/A Not implemented

12. | Gaze/head movement Not implemented N/A N/A

13. | Generate facial expression | Notimplemented Not implemented Not implemeinte

14 Competence execution Implementing (needs better Not implemented Not implemented

: monitoring clarification)

15. | Lip synchronization Not implemented Not implemented Not implemente

16. Move limb Not implemented N/A Not implemented

17. | Grasp/Place object Not implemented N/A N/A

18. | Locate object Not implemented N/A Not implemented

19. Locate person Implemented|mplementing N/A Not implemented

20. | Object recognition Not implemented N/A Not implemented
(predefined physical objects)

21. Follow person Implemented|mplementing N/A N/A

22. | Speech recognition Not implemented Not implemented Not implemented
(keywords recognition)

23. | User recognition (by mobile | Notimplemented Not implemented

Not implemented

phone, RF|D) (Mobile phone)

24. | User proximic distance Not implemented N/A N/A
sensing/control

25. | Expressive behaviour Implemented|mplementing N/A Implemented

26. | Detect moves in the board- | VA N/A N/A
game

27. | Detect user biometric N/A N/A N/A
information

28. | Battery Status Implementing Not implemented N/A

29 Migration Implemented|mplementing Not implemented Implemented

Table 0.2 Competences list in the first and next glketon of companions in UH scenarios

No. Competence ) _ .
INESC Robot (iCat) INESC Mobile Graphic Character Handheld
Phone (Little Mozart) (Little Mozart )
1. Face detection Implemented N/A Implementing Implementing
2. Face recognition Implemented N/A Implementing Not Implemented
3 Facial expression Implementing N/A Implementing Not Implemented
’ i (small set of facial expression (small set of facial
recognition expression)
4. Text-to-speech Implemented Implementing Implementing Implementing
5. Obstacle avoidance N/A N/A N/A N/A
6. Localization N/A N/A N/A N/A
7. Emotion recognition Implementing Implementing Implementing Not Implemented
8. Path planning/movement | N/A N/A NI/A NA
i Implementing N/A N/A N/A
9. BOdy tracklng (small set of user’s body
postures)
10 Gesture execution N/A N/A Implementing Implementing
11. Gesture recognition N/A NIA Implementing Not Implemented
12. Gaze/head movement Implemented Implementing Implementing Not Implemented
13. Generate facial expression | 'mplemented Implementing Implemented Implementing
14. Competence execution N/A N/A N/A N/A
monitoring
15. Lip synchronization Implemented Implementing Implementing Implementing
16. Move limb N/A N/A N/A N/A
17. Grasp/Place object N/A N/A NIA N/A
18. Locate object N/A N/A NIA N/A
19. Locate person Implementing N/A N/A N/A
20. Object recognition N/A N/A N/A NIA
21. Follow person N/A N/A N/A NIA
22 Speech recognition Not implemented N/A Implementing Not Implemented
) (keywords recognition) (keywords recognition)
23. User recognition (by mobile| NA N/A N/A
Not Implemented
phone, RF|D) (RFID, fingerprint)
24, User proximic distance N/A N/A N/A NA
sensing/control
25. EXpI'ESSiVE behaviour Implemented Implementing Implementing Implementing
26. Detect moves in the board-| 'mplemented Implemented N/A A
game (Heartbeat rate)
N/A N/A N/A N/A

27.

Detect user biometric
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information
28. Battery Status N/A Not implemented N/A N/A
29 Migration Implementing Implementing Implementing Implementing

Table 0.3 Competences list in the first and next gketon of companions in INESC-ID and CNOTINFOR
scenarios
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Annex 2 — SAMGAR paper delivered at ICAR 2009
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