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Abstract, [his paper presents o bosm-rolet interaction famesork that sotlines o senel stmgtore ol T home
service rabets thar wre Sxpected oo assiEt humsans oo their home-hased daiby petivities, We deseribe theee intermel i
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mnltimandal, cognitive, aml emotional interaction modoles, Eoch modode akes o different tolein he process ol

Bomean vebal imlernction, The multi-modal mleraetion 15 0 make (e intemaction comeenient e the hunsne the coznitive
mleraction is Tor cooperadve shariog ol sk and the eonstioog] interaction is o mainain o close celatonship, The aeoerl
ezl B the systematical sofbaare integeation and e veltionships ameng thiee medules is desorfhed.
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L INTRODUTTION

e ecological niche of robots is extending from industeial
fields o our living and working places such as homes.
offices, restaurants. ete. As it moves toward humans habitan
the interaction berween human and robol s mevitably
required, and becomes a key issue in robotics and s related
researeh areas including psvehelogy, ardficial imelligence.
ergonomics ete, The transter of rebot’s ecoloaical niche
from industrial field to human’s niches is accompanied no
only with the change ol a robot’s fask. bot also with the
change of interaction pattcrns between human and the rabior,
These changes call for more aclive challenges at leost in
thrae research areas — multi-modal, cozmition, and emotionsl
interaction,

Robotics researchers begin 1o change their views on rohoes
frem as a tool or device operated by o human user looas o
partner ar frigod in the workplace or home, The work on the
issues stech as how 1o acquire socially  sophisticated
relationship, how 1o establish collaborative relationship, and
how to exchange alfective stales has already been starled,
Some experimental trials have been cartied out o answer
thise questions, For esample, Coe and Kismet have been
developed 0 order 1o study and  realize o sensible
Bi-directional social relabionship between human and robot
based on payehological and biolosical studies [ 1 2, 3, 4.
The Cero has been used o investigote the interactive
capabilitics under various cognitive faclors such as user's
procedural koos ledge aboul o sk, user’s expectation et |5,
ol Marious  receptive  and  expressive  communication
channels have been adopled 1o realize nataral imeraction,
and alsa lo investivale the eflectiveness of multimaodalities
in social exchange,

I this paper we intodoce our rescarch endeavor on
human-robor interaction (HRIY al the Korea Advaneed
Institute o Science and  lechnology (KAIST) We have
aunched  TIRE research project as o part of Intelligent
Robotics Development Program  (IRDP). Researchers in
various dcidemic areas such as robotics, computer science,
paxcholosy, copnilive engineering et participate in the
project and cooperate in order 1o develop a home service

robol that i able we cooperate with s human companiong,
anel assisl his work,

[ this paper, we fvst outhne o goneral framework
of sur approach to HRD in Section 1. The general
Brameworlk explains why approaches of HIHD are
different  from  the  approaches  of  actificml
intelligence (Al or humav-computer interaction
(L. The framework also fbcuses 3 mteraction
modules — multmodal, cognitive  and  emotional
mtevaction module. These modules sre deseribed in
detall o section 11, Seetion 1% deacribes how Lo
integrate these three modules into a single systom
and how one of them interacts with anolher, Puture
vescareh divections amd plans arve also presentod

hrief.

1. HRI FRAMEWORK

2.1 Approach HR]

HEI iz somewhatl different from Al which diveetly
o loosiely models human intelligence. HED involves
mideling of the linkage that connects human and
rizbat intellizence, not bemng hmited  to homan
mtellgenes alone The following Hgure axplaims the
relationshap with AT 1 cevms of modeling.
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The conventional Domework of mobatics considers the
interaction with the environment while the robot execules a
preprogramimed task, This way, it is not abde do interpret of
hivy HED cccurs in the contexst of g world domain, Cur
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approach fo HRI tries to establish the common grounds
shared by human and robot. In principle. the mutoal
iteraction implics there &5 a0 perceptual,  cognitive,
emotional, or social ground sharcd by the agents, The
eatablishment ol the common ground is a critical premise
that allows us to interact with robots, Por instance, the
perceplual abilities of robots are on strictly metric {or
gquantitative) level, whereas human perception is based on
the qualitative eategorization. So, the color “red” s
differently represented in two systems — RGBE values in
robot svstems and coarse color representation in human
systems. The implementation of both  guantitative  and
gualitative perceptual ability builds up the commaon grounds
that links human and robol perceptual experience,
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g 2 Rbered groonds by hooman il sofed
In addition, the HCD (Human Computer  Interaction)
tramewaork is also not suiable for modeling the interactive
relationship between human and robet [7] as computer is nol
mutomomous and less interactive, wheteas robot has more
antonomy, cognitive or emotional abilities in order w realize
hi-directional, implicit, and affective relationship with the
human companion. Therefore. i diflerent approach is
HREI Frarmiwink:
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human and rebot might be, what knowledse should b
shared. what knowledze about the other can be moedeled ete.

2.2 Three Interaction Modules

The framework we propose iz based on three
interaction  modulest  mulli-modal,  cognitive
interaction module;,  and  emotional  nteraction

module that are mvalved in different {bul related?
aspects of HRL The division between multimodal
interaction and the ather two modules is bazed on
the level of imformation processing stages. The
multimadal interaction uses vamous communication
channels Lo comprehend  the inlention or  the
emotional states of the human companion, amd also
to deliver robot's own responze, The integralion of
multiple imformation obtained feom different senaovy
modalities and maintenanee of coherenee belween
expressive channels are the core of the medoles,
lven though there is no cleay distinction between
cognition  and  emolion, the distinetion  helween
cornitive and emotional interaction in our approach
les on the ovientation  of  interactivity,  The
mteraction atteibutes in copnitive module are morg
task-oriented, whereas the interaction altribules in
emotional module are more human oriented (For
more details,  see section I Moreover,  the
interaction in cogritive module is for the cooperalive
relation with a user to achieve a goal of 8 taszk,
whereas that in emotional module is for maimtaiming
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Figure 3 HE] Pramework o the Bobot, The thick and dashed Box represents FUR T Drmework i we present i his paper The ramewaork congisis of 3

s titing modules

sndtimodal, sogniiiee and emuliomal antemetien modiles. The distinctien between 3 modulis lies o the level ol nlarmatin

proveess shages amd orrentation ol imeractivite. The nullimodal inseriction maule plays o mele el interfaee o receive multimadal mpets and e genele
ur expriss actions The inersetinn atlribubes in cognilive mleraction musdule i more fiskeeriented, where hose i emmional model agemue

hnman-orrented, Fog more desails see sechion 11
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social relation wilh s human user, Even though
there are on-going debates of whether personality or
goeian] ntelligenee need to he implemented inoa
zervice rohol, these can be certainly beneficial oo
comprehend  the emotional state of the human
companion,  thereby, to  maintaining a  good
relationshap with himher

Figuve 3 illustrates the proposed HRD Bramework.
The sensory data from varions sensory interlaces

are integrated in the multimodal interaction maodule,

The integrated daca ave given o the cognitive
interaction module and emational

Filteen characters per inch standard or an equivalen
proportional spaced tvpe such as “Times NMew Boman™ [ont
i5 prelerred. This sample of the main text uses the 10-paini
“Times New Boman™ font, interaction module w produce
the desired actiom/response, The produced agenda Trom both
miodiles are merged in the integrator, and the merged agenda
are Aransterred o muoltimodal interaction module it the
agenda  are responses o the homan companion,  or
transterred o the action part iF the agenda are actions (o he
performed by the robol. [t should be noted that even though
the structure of HRI has been divided inlo three modules,
these are closely related o each other and dyvnamically
infhuence the processing in other modules, being mutually
reciprocated,

L Mo es ivrne HRD FrasieEwork

J-1. Multi-maodal Interaetion Maduole

Multimodality  does not simply mean the number ol
sensory  mputoutpul channels. 10 orefers the quality ol a
svstem that allows it 1o pereeive, represent, and interact the
world wsing o wariety of modalities in a way 1o enrich
percepiual ineraction between human and robot, In fact,
multimedal — interaction  is s0 natural e homan
communication as found in daily lile activities e, hand
sesture during conversation. Coe ol the praclical reasons
why multimodal  interaction is vequired 15 thal  vocal
interaction alone i3 nol always adequale 1o comprehend
ong's intention. Therelore, the other modalities, usually
vizual information ave used as supplementary o the vocal
mformation. As o general rule of thumb, information lrom a
single modality alone is nol adequate to guess the human
intention, therelore, ahditional imformation from different
medalities are vsed W resolve the ambizuity, On the other
hand, humans use gestures inaddition to verbal expressions
e have their mtentions and emolional states  properly
conveved. The body signs such as sesture and  Facial
expression eonlain rich information to indicate a person’s
emotional state and inlention. For these reasons. a robol
needs to have ability lo process various sensory ' inputs and to
pse gesture and facial expression,

[0 the monumental experiment carried out by Bol [8]. the
command “Put that there™, which processes both speech and
pointing zesture [8] were used. [n his experiment, the human
companion used voice commands together with pointing
gestures o refer to g certain object and place. This
eaperiment showed  that veice can be augmented with
simultaneous pointing gestures, Inaddition, BischolT e al,
used voice: keyboard, or e-mail for their robot *HERMES®

9] The tansmited inputs are combined and ranslated
using matural butguange processing technology, Another robol
Coyale” thal can manipulate multimodal infornation has
been developed by Perzanowski et al, [10]. Users can
conthine specch. gesture, and POA inputs in various ways 1o
interact with this rabot.
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Figure 1 Canfizordion of Madiated aterfbo:

There are several important issues in the multimodal
inderaction that are worth to be noted here, First the inputs
from different modalities are intrinsically different in lerms
of ume scale and their specific mode. How te bind
multimodal inputs in g consistent manner is a critical issue.
For example, the ‘red apple’ indicated by voice and a linger
might involve inoar least 3 perceptual processes such as
object, mesture, and speech recognition, The ourpunts rom
different modalities can be asynchronously generated in each
own output mode, So, at a certain inlegration stage. each
madal coulput iz necessarily to be integrated within a limied
Lime range and o representational Torm: Second. inputs Irom
many modalities do not necessarily require Tor a current task.
Morcover, some of them would be conflict with others: The
system has  to oselect relevant as owell aso consisient
information. For this, our moltimedal interaction module has
a selective altention module in order to reduce the amount of
information from multimodal inputs, and discriminate and
welght an important input at an instant. In addition. one way
te impose selection eriteria on the incoming inputs is o use
top=down  knewledge of the situation, Therefore, only
consistent or usetful information  of current situation s
selected and processed. -Afler seleclion, inputs can be
wetghted pooordimg its degree ol importance. and inlegrated
inla a unitied input sei,

The current technologies Tor face, speech and sesture
recopnition lack stability in dealing with patlerns dug do their
wide range of variation. For example, the specch recounition
rale i5 sensitive to the distance from the speaker, 5o, we
might need redundant means to use in case when the primary
recognition system fails. For this purpose, we use a mediated
interliee. Fignre 4, shows the configuration of our mediated
interlace. The mediated interface is portable, and it has a
vocal interaction channel as well as o GUIL It alse has a
buili-in camera,  which s used 1w recognize  facial
expressions especially when the user s far from the robor,
The mediated interface has more merits in addition 1o above
rationale, Since the mediated inlerlace would be psed on g
user's palim-top, a nwmber of problems of the sensory system
can he avoided, The problems due 1o variable distances and
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having o deal with too many objects are cased in the
process of face recognition. It also helps o reduce the
number of voices potten o the speaker dependent voice
recognition  system, 1 would  therefore,  improve  the
clficiency of the robot as the robot does not need o get close
to the user to inleract.

3-2, Cognitive Maodule

Thiz section presents the description of the
cognitive interaction framework for HED and als
components. HEI 15 essentially  the process of
communication  bebween  human and  rolist,
Therefore, it needs to have knowledge and dialogue
zkilla eomparable to human-human interaction.
[epecially HRI needs models on how the human and
the rohat interact, what the human deess and how
the human behaves, what the rohot does and how
the robot behaves, what the human should know,
and what the rohint shonld know.

Fimure 5.4 concepiust framaewaork Jor cognitive iterashiog

The conceplual illustration of the proposed framework is
shown in Figure 30 1o can be divided inte 5 component
models -~ needs model, task model, mteraction model, user
madel, and mental model, Mental model is the intangible
model that the humans use to deseribe themselves and the
robot with which they interact [11]. The remaining lour
models form the cognitive model of the robot. The logical
relations between the component models in the cognitive
maodel of robot are shown in Figure 6.

[} Meeds Maodel

Meeds model is not related to the goal or the task. but it
provides constraints which should nol be vickted during
performing a task. For example, the robot should nol make
the user bother, and it should perform a sensible behavior
wliely serving i usern

27 Task Model

lask model concerns the declarative and  procedural
knowledse of the task that the robot should perform, [t also
includes the knowledge of how the task could be performed.
A tasl plan can be made from user™s mission, object Trames
of the task. und the partial task seripls which are related 1o
the propertics of the task object (o). For cxample. a

“fetch-and-carry™ task can be expressed as a series of

sub-tasks:  Determineia)  — Maove-tolo) Ciet{o) —
Wlove-to-user=withio) — Deliverfo), That s a partial plan
can be added or deleted depending on the properties of a
requested object, even though the general scheme remains
e same regardless  of objects, In o comparison  with

Bring-lo-user{cup), lor instance, Bring-to-usericola) may
requires additional tasks sueh as Open-door{relrigerator) and
Closc=doorirefrizerator) in the Get{eola) subtask,

e

Fignre s Aschemalic architeonn ol cogniive midel

3 Interaction Mode]

[nteraction model s responsible Tor the human-robol
communication, and it carrics out the dialogue between the
human and the robot, The proposed model uses two dialogue
control  parameters; ambiguity and urgency. Ambiguity
soverns the necessity ol interaction 1o resolve uncertainty
and incompleteness in beliefs which are relaed to the
situation and the properties of a requested oliect, 11 the robaol
is confronted with an ambiguous situation and it cannol
perform the task. it asks the user about the sitation and gels
an advice. Urseney governs the time stamp of the interaction
(when the interaction is initiated o Dds calculated from the
agenda and the current task situation. The robot can avoid
Bothering the user by treating only urgent queries,

4y User Model

The user model is a representation of the know ledge and
preferences of the user [12]. The robot keeps this model and
uses it to provide a personalized interaction o a user. The
knowledze represented in the user model may be acquired
inplicitly during  human-robot interaction, or it may he
explicitly constructed by such  means as  interviews,
uestionnaires, cle.

3-3 Fovtional Interaction Module

The capabilities of comprehension and exprassion ol
emotional states are fundamental (o HRI, the same way as il
i important in human-human relation that are described in
psychological  studies.  Consideration  of  emuotions s
extremely importanl i cognitive process such as decision
making, planning and leaming. Emotions are also importan
in social interactions such as verbal and  non-verbal
commmmications. [ fact, humans express emotions even
with lifeless objects such as a car or a Loy,

Many current researches about emotional robots are based
an investigating human psychology, For instance, Kismel
developed by Breazeal and her colleazues has the ability to
perceive visual and auditory cues including gaze direction,
facial expression. and voeil babbles, and expresses various
emalicnal states such as happiness and sadness [4] 1o
serics of experiments using kismer, it has been shown that
cmolional interaction makes humans 1o interact with robots
casilv, Howewver, is il really necessary that a service rohot,
which one might bélicve that it should behave like *a zood
bov®, has to be emotional? Hints to this gquestion may be
found in 1SR (Intellizent Service Rohoth of KTH that carrvied
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aut feteh-and-carny task inoan office environment, The
results of the evaluation tests using humans indicated that
the emotional infermetion is desivable. Similarly. the Female
receplionist rebol “Valerie” of CMLU has colorful personality
and hiography, and performs an allractive social interaction
with the visitors [13].

The emotional interaction module places cmphasis on
adaptive aspects of the emational interaction. This implics
Hial even thouzh a main character trait of our service robel is
caring and polite, it might show  dilleren emitional
expressions depending on the situation and the vser. For
example, our robol may show 4 cautious and aspressive
response 1o oan unknown persen whao enters into the house
without heing weleomed by the host,

Proposed emotional interaction model is composed ol twa
layers - reaclive and deliberative layer Each layer is i
charse of dilferent types of emotional inleraction. The
reactive laver is responsible for immediate emotional
reaction,  Through this mechanism, a service robol can
express its valence lo eévents and release an emotionally
reactive response o users, This is a very simple process
soverned by external (event) andd internal (motivation or
drive} releasers, An emotional behavior of o rebot takes
sensory inputs and produces corresponding enmotive actions
as an outpul, so thal the emotive action is tightly linked with
a perceptual state. When a robol [aces a situation that makes
it aroused, the robot assesses behavioral eandidates based on
he sitaation a5 well as internal drives. Por example, a
service robat would be sell-motivated o contact and interact
with users as many as possible, When it zot bored, il
hecomes aroused and releases “Contact Human® behaviors.
Alsa, it would maintain an equilibrivim state such as keeping
sufficient electric power, Whal we aim (o achieve using this
reactive mechanism is that a service robat is more likely to
he “helicvable’ as exhibiting sell=motivated behaviors, We
expect that the “close” relationship between human and robot
would be constructed it @ robul becomes more bzl ievilb e,
Consequently, i service robol can be viewed as a Companion
rather than a lump ol machine.

on the other hand, the deliberative  layer suppors
secondary or indirect emation that concerns with tasks an
the social relationship with a user ete, Also. it tightly is
coupled with the cognitive module. That s it provides
criotional states o the coonitive module and receives goals
and srates of a current task Trom the cognitive module. Our
deliberative layer focuses on task-driven activinies rather
than social relationship with o human user The delibarative
emotion is appraised on the basis of events. agents and
objects lound in Orony’s model [14]. The evenl-related
emotion comes under llie category of events appraised by
the appraisal variables such as desirability praisesworihingss,
appealingness, ele, As evaluating status of task execulion, i
user’s emotion and envirenmental condition.. the robot
expresses corresponding emotional states such s happiness,
satistaction. disappoitment reliel ete. In addition. a robot
may propose an allernative task it a requested task cannot be
acceptuble and then produce uneomforiable emotional states.

[n the proposed model, the emotional module consisls ol

two different layers in which cach layer take a different role
in generating  emotional  expression and - action
simultaneously  and independently,  One of  thearclical
challense in emetion modeling is o construct @ eoherent

stracture that accommadates hath lavers. ln our approach, an
additional  mechanism  so-called “prioriy judgment” i
required to deal any conflicts caused by two layers, So. the
reactive emotional responses would be suppressed it is nol
proper to carry out a task. Un the other hand, the reactive
laver may alarm the deliberative layer and inferrupts a
current task in order to deal with emergency, Aller this
priovity Judement. the selection of emotional slates and
expression is transmitted to further processes for controlling
action or body movement,

Iy this way, our emotional module aims 1o establish a close
relationship with  human users. However, iL should  he
necessary that the madels will be evolved by human
svaluation i daily life and real world, The iterative
modification will ke essentially  accompanied  with
expreriments with human subjecls,

IV, RECTPROCAL INTERACTION

This section describes the reciprocal nteraction ol
madules in order o achieve the propozed HRE Tamework,
The proposed modules are interconnected in ways o prowide
e mutual influence between them, The benelits Trom his
reciprocal interaction are expected to obtain the syslent
stability and dynamic behavior modulation. The system
stability would be achieved by resolving pussible conflicls
produced by modules, and  the robot - behavior be
dvnamically modulated by mutually providing their oulputs
Lo the other.
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4-1. Reciprocity  Between Cognitive  and  duolti-modal

Interaction Modnle

The interaction rom multimedal 1o cognitive interaction
module  concerns  the  resolution of  wmbiguity,  The
unccHainties are caused by sensors. manipulators, and
human instructions. Integrated information from multimodal
processes miay nol be o adegquate o comprehend  user's
intention. The ambiguity need o be resolved in order 1o
parry oul an instructed task, The ambiguity can be resolved
Ly questioning the user, or inferring o likeby candidare in o
situation, O the other hand, the interaction from cognitive
w o omulimodal interaction modole can be achieved by
imposing  top-down  knowledge  on the  mulimodal
inferaction module, Thal is, top-down knowledge about the
sitpation or human user can be used o determine what

AN




madal information should be selected at a cerfain interaction
stage, In prineiple, the interuction  between multimaodal
imteraction module and cognitive or emotional inleraction
modules is similar 1o that between bottom-up wnd top-down
inFormatial,

42, Reciprocity  Between  Emotional and  Multi-modal
Interaction Module
The multimedal interaction module is related w o the
cmotional interaction model in two different ways. Ong is 1o
recoenize the human emotional stite and the ether i 1o
express the robot’s emotional state nsing face, vaice lone,
and gesture, The information of human emotional stales can
he extracted from various perceplual  modalities.  The
extracted emotonal input is classified into one ol the
defined emotional states such as anger, happiness, sudness
ole, On the other hand: the nteraction from emotionl
internction module to mulimeodal nteraction madule can by
considered as emotional expression al a behavior level, A
corresponding emotional behavior i expressed with various
action modalities as changing lacial componcils, voice fone
or making a pesture,

43, Reciprocity Between  Emetional  and  Cognitive

Interaction Modules

This is the most challenging task and the core ol the
proposed framework of HRI to make it moere plagsible and
natueal, 1 is sidely known that emotional factors inlluence
decision making at w cognitive processing stage. For
pxample. an infant’s cries easily  draw histher parent
attention and they oy believe that hefshe is hungry or
sleepy, Again, cognitive factors influence cinotional action
in a simikar wiy.

Incour HRI framework, emotional mfluences 1o couTitive
process are considered n lenms of 1) decision making — to
decide whether a robot requests an inferaction with a human
user ar not: 4 proper ime poinl to request an interaction with
human ele, 23 behavior contral — o inhibit (reinforeed the
hehavior thal produces negative (positivel emotions ol a
wsery 31 coloring actions — o color monatonic actions with
yarious emotions: 43 selfamotivated aglions — Lo generale an
action thal atteacts human allention or iniliate an interaction
with a human. Besides, emotiona] factors can be used for
intention recognition and generation of adaptive behaviors 1o
LSS,

Similarly, cognitive Faetors can influence emotional factors.

A proper emational response can be decided by cognitive
factors such o< situation awareness, That s a situation
context provides eriteria of whether possible emotional
CRPCOSSIoNS or wclions are proper or nob Far example,
apecting  responses can be changed depending  on the
situalion — host oF gUEST Man or Women, ¥oung person or
elderly person, day-time, evening, or night. ete. So. the robot
would show more polite and gentle greeting responses (o un
elderly person than hose fo @ Young persan,

Yo CONCEUSION

A new [ramewaork for human-robot interaction has been
presented. which encompasses the features of natural and
laman-centered HRL The multi-modal interaetion has been
incorporated into the new framewerk o make the interaction

comfortable o the human user. The cognitive interction is
vsed 1o make the interaction more cooperative, The new
lramework is helpful o build and maintain a human-robol
relationship:

We expect to use the proposed HRI framawork in order w
develop a more general framework for lman-cenlered
robiotics.
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