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Abstract

The work presented in this paper is based on neurophysiology findings suggesting that efficient decision-making depends
heavily on the emotions underlying mechanism. In particular, in this paper is described an agent architecture inspired
on Antonio Danésio’s research which proposes that alternative courses of action in a decision-making problem are
emotionally (somatic) marked as good or bad. These emotional marks not only guide the decision process, but also
prunes the options leaving only the positive ones to be considered for further scrutiny. Some preliminary results of the
research on an emotion-based agent architecture supported on tlsiB'arsomatic marker hypothesis are presented.

In order to evaluate it, two implementations were developed and are described here. The first experiment was carried out
in a simulated maze, requiring flexible behaviour and autonomy. The second one, although simulated, intended to test
the architecture into an environment closer to the robotic one, being a preliminary implementation of the architecture on
agents running in the RoboCup soccer simulator. The corresponding results of these experiments are discussed.

1 Introduction

Adequate decision making under difficult circumstances
(in unpredictable, dynamic and aggressive environments)
raises some interesting problems from the point of view
of the implementation of artificial agents. At the first

sight, in such situations, the agent should (ideally) be ca-
pable of performing deductive reasoning rooted on well

aims at finding outvhat the stimulus igby a mechanism

of pattern matching), and another operceptualintend-

ing to determinavhat the agent should ddy extracting
relevant features of the incoming stimulus). As this lat-
ter process is much more rapid (in terms of computation)
than the former, the agent can react even before having
a complete cognitive assessment of the whole situation.
Following the suggestions of Damasio, a somatic marker

established premises, reaching conclusions using a sound mechanism should associate the results of both process-

mechanism of inference, and acting accordingly. How-
ever, in situations demanding urgent action such an in-
ference mechanism would deliver “right answers at the
wrong moment”. The research of Amtio Danasio
(Damasio, 1994) has shown that even in simple decision
making processes, the mechanism of emotions is vital for
reaching adequate results.

In particular, Anbnio Dandésio’s research proposes
that alternative courses of action in a decision-making
problem are emotionally (somatic) marked as good or bad.
These emotional marks not only guide the decision pro-
cess, but also prunes the options leaving only the positive
ones to be considered for further scrutiny. In this paper an
agent architecture (DARE inspired on this research is

ing sub-systems in order to increase the efficiency of the
recognition process in similar future situations. On the
other hand, the ability of anticipating the results of ac-
tions is also a key issue as the agent should “imagine”
the foreseeable results of an action (in terms of a somatic
mark) in order to make adequate decisions.

To illustrate the advantages of this approach in de-
cision making, an implemented system shows a simple
agent in a maze performing behaviours that result in sur-
vival while seeking the maze exit. Another example of an
experiment made with the architecture is also described,
requiring a more complex behaviour in a more dynamic
simulated environment, the RoboCup soccer simulator
(Kitanoet al,, 1997). The goal of this last implementation

described. The basic idea underneath this architecture is was not to test possible multi-agent or social properties

the hypothesis that stimuli processing is madeultane-
oslyunder two different perspectives:cagnitive which

1DARE stands for (inverse orderEtnotion-basedRobotic Agent
Development”.  This work has been supported by the project
PRAXIS/C/EEI/12184/1998 entitled “DARE: Study of Methodologies
for the Development of Emotion-based Robotic Agents” funded by the
FCT - Portuguese Foundation for Science and Technology under the
PRAXIS program.

of the architecture, but rather to test how the architecture
functions at an individual level in a more complex world
and how it can be implemented so that produces different
behaviours in different agents.



2 Emotion-based agent architecture

The proposed architecture for an emotion-based agent in-
cludes three levels: stimulus processing and representa-
tion, stimulus evaluation, and action selection and execu-

tion. Figure 1 represents the architecture with the main

relationships among blocks represented by solid arrows
(dashed arrows symbolize information accessing opera-
tions).

Stimulus

|

Stirnulus Processing

Perception

Internal Image
Construction

Relevant Features

rPerceptual Image (\p)J—Cogmlive Image (\c)—‘
Parceptual == Memary bzl
Evaluation

. 5 DV—I
Feature's meanings | Dv_l—

Body State Evaluation

Builtin Tendency
Builtin Features Homeostatic Vestor
Hy

Cognitive
Evaluation

[l

l

Action Selection

Figure 1:The proposed architecture.

The environment provides stimuli to the agentand as a

consequence of the stimulus processing, the agent decides

which action should be executed. During this stimulus-
processing-action iterative process, decisions depend not
only on the current incoming stimulus and internal state
of the agent (body state) but also on the results got from
previous decisions.

After the reception of a stimulus, a suitable internal
representation is created and the stimulus is simultane-
ously analysed by two different processorgeaceptual
and acognitive The former one generates a perceptual
image (,) which is a vector containing the amount val-
ues of the relevant features extracted from the stimulus.
For instance, for a prey the relevant features of the preda-
tor image might be the colour, speed, sound intensity,
and smell, characteristics that are particular to the corre-
sponding predator class. The definition of what are rele-

vant features and their corresponding values of desirabil- .,

ity is assumed to be built-in in the agent. This percep-
tual, feature-based image, as it is composed of basic and
easily extracted features, allows the agent to efficiently
and immediately respond to urgent situations. The cogni-
tive processor generates a cognitive imafjg Wwhich is

a more complex representation of the stimulus. This pro-
cessing aims at performing a pattern matching of the in-
coming stimulus w.r.t. cognitive images already stored in

memory. As this processor performs a more heavy com-
putation processing, the cognitive image is not suitable
for urgent decision-making.

With the two images extracted from the stimulus, the
process proceeds through a parallel evaluation of both im-
ages (, andl.). The evaluation of the perceptual image
consists of assessing each relevant feature included in the
I,,. From this evaluation results what is called the percep-
tual Desirability Vector (DV). This vector is computed in
order to establish a first and basic assessment of the over-
all stimulus desirability. In the perceptual evaluation, the
DV is the result of a mapping between the built-in desir-
ability of each feature and the amount of the feature found
in the stimulus. The cognitive evaluation differs from the
perceptual in the sense that it uses past experience, stored
in memory. The basic idea is to retrieve from memory a
DV already associated with cognitive images similar to
the present stimulus. Since a cognitive image is a stimu-
lus representation including all extractable features of it,
two stimuli can be compared using an adequate pattern
matching method.

When the evaluation of thg, does not reveal urgency
the cognitive evaluation is performed. It consists of us-
ing thel, as a memory index to search for past obtained
cognitive images similar to the preseht It is here hy-
pothesized that it is likely to have the currdptsimilar to
others with the same dominant featurés) ( If the agent
has been already exposed to a similar stimulus in the past,
then it will recall its associatedV’, being this the re-
sult of the cognitive evaluation. This means that the agent
associates with the current stimulus the same desirabil-
ity that is associated with the stimulus in memory (which
can be different from the perceptudlV’). If the agent
has never been exposed to a similar stimulus, no similar
I. will be found in memory, and therefore NV will
be retrieved. In this case, tHel” coming from the per-
ceptual evaluation is the one to be used for the rest of the
processing.

Let I;; be the current stimulus perceptual imagdg,
the current cognitive imagd)V,’ the currentDV' result
of the perceptual evaluation, aigt, 1;"*, andDV™ those
stored in memory, finalhyDV ¢ is the result of both eval-
uations of the stimulus,,¢ency iS @ vector of thresholds
that defines what values are considered urgent in each
component of theDV, andeg;miar- IS @ threshold that
defines the similarity between cognitive images.

DVy I 3i: DV > €iypgeney OF
. 31 € MEMO : |A(IS, I™)| < £simitar
- (MEMO = ¢ or failed search)
DV™ otherwise.

In this architecture is introduced the notion of body
which corresponds to an internal state of the ages,
the agent’s body is modelled by a set of pre-defined vari-
ables and the body state consists in their values at a par-
ticular moment. The internal state may change due to the



agent's actions or by direct influence of the environment.

After finishing the evaluation process, the agent will

The innate tendency establishes the set of body states con-select an adequate action to be executed. The action with

sidered ideal for the agent, through the definition of the
equilibrium values of the body variables — the Homeo-
static Vector (HV). In other words, this comprises a rep-

resentation of the agent’s needs. The body state evalua-

tion consists of an anticipation of the effects of alterna-
tive courses of action: “will this action help to re-balance
a particular unbalanced body variable, or will it get even
more unbalanced?”. This action effect anticipation may
induce a change on the current stimulD¥’, reflecting
the desirability of the anticipated effects according to the
agents’s needs.

Let Action = {a,aq, ..., a;}, be the built-in set of

the best anticipated contribution for the agent’s overall
body welfare will be selected as the one to be executed
next.

Let C be a set containing indexes of components of
the body state, i.eC = p({1,2, ..., p}), which will rep-
resent those that are unbalanced. At a given time it con-
tains the indexes that satisfy|A(BS;, HV;)| > eneed,
whereg,,..q, iS a threshold defining the unbalance in the
ith body component .

Let W = [wq,wy,...,wp] be the weights given to
eachDV component (related to the body component) at
a given time, so thaty; > w;, Vi € C AVj > C and

elementary actions that the agent can execute. Consider ), wy = 1.

BS*© the current body statg3.5/, is the anticipated body
state for actioru € Action, by retrieving from memory

the body state changd\BS’") caused by the execution
of @ with similar stimulus,BS! = BS¢+ ABS!". When

no past experience exists the anticipation is based on the

relevant features of the stimulus,f which give a rough
estimate DV} of the possible change in the body.
GivenBS!, letp be the number of components of the
body state,DV and HV, 8 = pi1, B2, ..., Bp the possi-
ble increments to each component of thé”, anda =
aq, o, ..., o be the possible decrements to each compo-
nent of theDV (corresponding to the ones in the body
state). So,

DVE+6; If A(BS],,HV;) < A(BS;, HV;),
(DVf)y =S DVF —a; If A(BS],,HV;) > A(BS;, HV;),
DVe If A(BS,,,HV;) ~ A(BS;, HV;).

Where(DVy)!, is theith component of theDV re-
sulting from the anticipation af, DV is theith compo-
nent of the currenDV, BS’i, is theith component of
the anticipated body state for actieapnand HV; is theith
component of the homeostatic vector.

This anticipation results in changes in thé” so that:

e if the anticipated action leads to a more balanced
body state théV associated with the stimulus and
action is increased{V’ > DV),

o ifitleads to a worse unbalance than the current one,
then theDV decreasesi)V’ < DV),

o finally, if no relevant changes happen to the body
state, theDV”’ is equal to theD V.

As the agent’s decisions depend on a particular body

state — the one existing when the agent is deciding, it
will not respond always in the same manner to a similar

stimulus. On the other hand, the existence of a body rep-

Let
p
DV, =) (DV{), - ws,
whereDYV, is the finalDV associated with actiom, so
A = argmax DV,, Va € Action,
a

whereA is the action to execute.

After the selected action being executed, the changes

in the environment will generate a new stimulus to be pro-
cessed.

3 The Maze implementation
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Figure 2:The interface of the maze implementation.

In order to evaluate the proposed architecture, an agent
in a maze trying to survive and find the exit was imple-
mented (Magset al, 1999). The maze is represented by
a grid (Figure 2), where the agent proceeds by discrete
steps and, when it reaches a new position, it perceives
new images, representing walls, ways to other positions,

resentation forces the agent to behave with pro-activeness ; tqod (examples are shown in figure 3). The agent can

— because its internal state drives its actions — and au-

tonomy — because it does not rely on an external entity
to satisfying its needs.

perform the elementary actions of moving towards North,
South, East or West, and eating.



3.1

The agent’s body internal state consists of two variables,
light and energy, whose ideal values are defined by the
homeostatic vector (HV). The difference between a body
state and the HV implicitly defines the agent’s needs. The
energy need arises because every action executed by the
agent leads to a reduction of energy in its body state. To
compensate this loss of energy, the agent must seek for
food and feed itself. On the other hand, inside the maze
there is light only near the exit and even there it does not
completely satisfy the agent needs. The need of light will
make it find the exit, since only outside of the maze there
is enough light to satisfy the agent.

Implementation
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Figure 3: The visual stimuli in a particular position and some
of its associated,, and DV resulting from perceptual evalua-
tion. The South stimulus shows a wall (all black pixels). The
West stimulus signals a way (circle of grey pixels with black
background). The North stimulus represents food smell (yel-
low pixels in the way). The East stimulus represents some light
(white pixels in the way) and it$, and theDV are shown .
Finally, the floor stimulus (the middle image) represents food
(yellow pixels with green background) and ifs and DV are
shown.

The stimuli perceived by the agent in the maze are
bitmaps (figure 3). In this implemented system the rele-
vant features to be extracted in the perceptual processing
are colours of pixels in the bitmap. The agent gives (built-
in) relevance to some of the colours, while others are not
considered relevant. The perceptual imaf¢ i a vector
containing the amount of each relevant colour present in
the percept. In the present case, the cognitive imége (
of a stimulus is the bitmap itself.

Each relevant feature represented in fheeads to
a built-in assessment. For example, yellow and white
colours, representing respectively food and light, are con-
sidered to be good, black colour means darkness so is
considered very negative. The desirability vector (DV)
has two components, one measuring the desirability of
the stimuli towards the need of light and the other to the
need of energy.

The cognitive evaluation was implemented as a search
for cognitive images in memory that are similar to the
of the current stimulus. The basic memory structure is a

frame containing the,, I. and DV resulting from pre-
vious processed stimulus. The currdptis compared
to those already in memory. When a match is found,
i.e., an I, with the same number of pixels of each rele-
vant colour, the . associated with it is compared with the
current one. Two cognitive images are similar if the dif-
ference between the two bitmaps is under a pre-defined
threshold. When they are found to be similar, Ih&" of
thel. in memory will be theDV of the present stimulus.
This process establishes a basic learning mechanism,
since theDV stored in memory may be different from the
perceptual one. In fact when the execution of a chosen ac-
tion results in a very different (worst or better) body state
than the anticipated one, thel” in memory is modified
accordingly. For instance, the cognitive evaluation allows
the agent to make the discrimination between good food
and rotten food (figure 4). Both images have positive per-
ceptual evaluations (yellow colour), but they have differ-
ent shapes. After eating the rotten food and experiencing
the decrease of energy in the body state, IHé asso-
ciated with the cognitive image is re-marked in memory.
Therefore, in the future, if the agent finds rotten food, the
negativeDV will be retrieved and, despite the perceptual
evaluation, the agent will avoid to eat the rotten food.

h)

3l

Figure 4: The visual stimuli of good food (a) and rotten food
(b). Both consist in yellow pixels with green background result-
ing in a good perceptual evaluation. After experiencing the bad
effect of rotten food (b), its shape is recognized and results in a
bad cognitive evaluation.

The implementation of the body state evaluation is
basically made by comparing the current body values of
light and energy to the ideal body state (HV). The antic-
ipation of the effects of possible actions is made in order
to find out if an action will approach the body state to the
HV or if it will make it more unbalanced. In the process
of anticipation, given the current stimulus and the set of
possible actions, for each pair stimulus/action a deW
(DV’) is determined by increasing or decreasing fhg
according to the body state anticipation. The anticipation
is made either by recalling the change in the body state
in previous similar experiences or by perceptually antici-
pating the possible action effect. In the former case, the
memory is used to retrieve the change in the body state
occurred when the current anticipated action was chosen
with a similar stimulus (similad.). This change is ap-
plied to the current body state and the result is evaluated.
On the other hand, in the latter case, if no match is found
in memory then the perceptual image is used, changing



the body state according to its contents and the associated

DV. Since there is a relationship between the features of
the I, (colours), the components of ttiel” and the com-
ponents of the body state (light and energy), this rather

rough anticipation can sometimes be useful and extremely '

fast.

When current stimuli, corresponding to the current
position of the agent in the maze, are evaluated the deci-
sion is made by choosing the action with maximdariy.
Since eachDV has two components (light and energy),
the selection of the best action is made by giving different
weights to theDV components. The weights are deter-
mined by the current body state: the more unbalanced
component corresponds to the most weighted component
of the DV. This way the selection of the best action is
guided by the current agent needs. When the comparison
results in several equally good actions the choice is ran-
dom among them. After the decision making, the selected
action is executed, and the effect is new stimuli coming
from the environment.

In this implemented system it is possible for the agent

d)

]

Figure 5:An Example of the agent behaviour inside the maze.
The letters represent the following: “S” — food smell; “F” —food

in the floor; “RF” — rotten food in the floor; “L" — light; “E” —

exit of the maze. The white places are those where the agent had
already been and arrows represent the direction of the path.

to make and execute plans. When a need arises, the agent

searches in memory for stimuli that lead to its satisfac-
tion. If a sequence of actions found in memory ends in a
(relevant) stimulus with higl®V” in the component corre-

decisions. The stimuli representing walls are perceptu-
ally very negative (black pixels) so the directions where
they come from are immediately eliminated from deci-

sponding to the current need, a meta-sequence containing gjon without cognitive evaluation.

that sequence and those that followed it (in temporal or-
der) is used to form a plan. The execution of the plan re-
sults on the return of the agent to the desired location. The
plan is simplified in order to avoid the lost of energy, spe-
cially in what refers to redundant sub-sequences (dead-
ends) that might compose the plan. These are eliminated
from the plan, since they are not important to achieve the
goal. Moreover, the plan is executed only if there is en-
ergy to do so. The execution of a plan is made by slightly
increasing theDV's of the planned direction/action. Nev-
ertheless, the agent is continuously evaluating the stim-
ulus along with the execution of the plan. Therefore, if
the environment changes drastically, due to this continu-
ous evaluation, the agent can either find some direction
with a betterDV than the planned one, or it can react ac-
cordingly when the stimulus in the planned direction has
changed, being no longer desirable. This kind of plan-
ning can be seen as a layer above the architecture, which
does not rely only in the image evaluation but also on the
higher level memory contents and organization.

3.2 Results

Several tests were made with the implemented system, re-
vealing an acceptable overall behaviour. Figure 5 shows
parts of the path followed in one of these tests.

The agent starts at the most top left location on the
maze, with a balanced level of energy and a very unbal-
anced level of light. The need of light arises and to satisfy
it the agent must seek the exit. Initially, the memory is
empty, so only the perceptual processing is used to make

Along the way (figure b)), the agent continues to
avoid walls and the memory starts to be filled up with the
acquired stimulus information, allowing cognitive evalu-
ation. In figure &), the agent finds smell and food for
the first time but passes through them without eating due
to a level of energy still acceptable. Continuing to move
in the maze, in figure#g, the agent finds another place
with smell (equal to the first one) and this time (after the
execution of several actions) the energy level has been re-
duced under the threshold that defines the “hungry” body
state. Following the smell, the agent finds rotten food,
but since there is no similar stimulus in memory, there is
also no cognitive evaluation. Therefore, as the perceptual
evaluation results positive because of the yellow pixels,
the agent eats the rotten food. The result of eating rotten
food is a decrease of energy instead of an increase when
the food is good. This unexpected change in the body
state results in the change of thd/ associated with the
image of rotten food in memory to a negatig/.

Afterwards the agent is even more hungry, and since
it has found food earlier in other place, it uses the mem-
ory to make a plan to return to it. The plan execution
(figure 5)) results in finding good food and the agent
chooses to eat it due to its positiZd/. The body energy
increases and the next need to satisfy is light again. The
agent wanders in the maze searching for light and reaches
the location in figure 8). In this part of the maze there
is some light because it is near the exit, but not enough
to satisfy the body need. The first choice is to follow the
light but in the meanwhile the agent enters in the “hungry”
state again. The agent can not execute any plan because



those found in memory are too long and it has no energy
to execute them. So it goes on until it finds a cross-road
with smell and light stimulus in different directions. The
agent chooses to move towards the smell direéfiand
finds rotten food for the second time (figure)s The
cognitive evaluation of the rotten food stimulus results on
a negativeDV retrieved from memory. Therefore it does
not eat the rotten food and follows another smell towards
North, leading to find good food and eat it.

After the need of energy being satisfied only the light
need remains. Since light was found in the past, a plan is
made to return to it. After the plan execution, the agent
continues to follow light until it reaches the exit, and the
simulation is over.

In a nut shell, the implemented agent is able to find the
maze exit (therefore fulfill its need for light), to search for
food when needed, eat when its level of energy is below a
threshold, to recall positions in the maze where the agent

The decision-making process relies on the anticipa-
tion of possible actions (kick, dash, turn, and so on) and
parameters associated with them (direction and/or power),
selecting the ones that result in more desirable situations,
i.e. in anticipated images with the bebt/.

As an example, consider the forward near the opposite
goal, when it anticipates the several directions to kick, the
goal direction has the maximum®@V, since the ball in
the opposite goal is built-in associated with a highy .

Due to the complexity and dynamic properties of the en-
vironment this anticipation had to be very fast and simple
but not always accurate. This preliminary implementation
considered mainly the perceptual level of the architecture
using the elementary actions provided by the server. The
cognitive processing relies on the representation of the
seen objects in absolute coordinates, instead of relative
ones, and the matching process uses all the objects in the
1. of the current stimulus and searches in memory, in-

have seen food and establish a plan to go back to those dexed by thd,,, for similar situations.

positions, and to identify and learn to avoid rotten food.
The obtained behaviours emphasize the importance of the
anticipation of action effects in the process of decision
making.

4 The RoboCup soccerimplementa-
tion

In the RoboCup (Kitanet al, 1997) soccer implemen-
tation, the architecture was used in order to implement
agents that can play soccer at an individual level, instead
of exploring the social or multi-agent aspects of this en-
vironment. Each agent has the same underlying architec-
ture, but the built-in components are different from each
other, determining the differences between the roles that
players assume in a team.

Therefore, the perceptual mapping between the rel-
evant features of stimuli and their assessment differ ac-
cording to the role of the player. This means that each
agent reacts in different ways to stimuli, since the per-
ceptualDV's will result in different preferred actions. In
this implementation, the stimuli considered were the vi-
sual ones (received from the server) and consist of a set
of spacial features (relative distance, direction, and so on)
of the objects (ball, players, lines, flags, goals) seen by
the agent in the field. The perceptual representation is
composed by the built-in relevant features, which are the
distance and direction of the seen objects, and its evalua-
tion maps the values of those features into built-in desir-
ability values. For instance, a goal-keeper will associate a
small distance to the ball with a very negati&d/, since
it means the ball is close to its own goal, and a forward
will associate the ball in the opposite goal with a very
positive DV'.

2When the two needs are unsatisfied, the energy has higher priority,
in the form of a higher weight to the enerdgyV’ component.

The results obtained in this simple implementation
showed that the perceptual processing is useful for ob-
taining behaviours with low complexity in an efficient
way. On the other hand, the degree of change in the en-
vironment made the cognitive processing, as proposed in
the architecture, difficult to apply since the situations al-
most never matched due to the low abstraction level. New
matching processes and more abstract cognitive represen-
tations are being studied in order to implement the cogni-
tive level in this kind of environments. Also the planning
and multi-agent concepts will be introduced in this imple-
mentation in order to improve the results, either by joining
other theories with the emotion-based architecture or by
expanding it so that it would include those concepts.

5 Related work

The discussion concerning the relevance of emotions for
artificial intelligence is not new. In fact, Al researchers as
Aaron Sloman (Sloman & Croucher, 1981) and Marvin
Minsky (Minsky, 1988) have pointed out that a deeper
study of the possible contribution of emotion to intelli-
gence was needed. Recent publications of psychology
(Goleman, 1996) and neuroscience research results
(Damasio, 1994; LeDoux, 1996) suggest a relationship
between emotion and rational behaviour, which has mo-
tivated an Al research increase in this area. The intro-
duction of emotions as an attempt to improve intelligent
systems has been made through different ways. Some re-
searchers use emotions (or its underlying mechanisms) as
a part of architectures with the ultimate goal of develop-
ing autonomous agents that can cope with complex dy-
namic environments. In this set is included thedggjuez
work (Velasquez, 1998a; 1998b), who developed a pet-
robot based on Damasio’s ideas. Also based on&a’s
theory, an architecture for emotion-based agents has been
proposed by Ventura, Pinto-Ferreira and ©dgb (Ven-



tura & Pinto-Ferreira, 1998a; 1998b; Ventura, @atb, processes, will be addressed.
& Pinto-Ferreira, 1998a; 1998b; Ventura & Pinto-Ferreira,

1999). Another architecture (Tabasco) was proposed by

Staller and Petta (Staller & Petta, 1998), which is based References

on psychological theories of emotions.

Other researchers focused their work on the adaptag
tion aspects of emotions, using it in reinforcement learn-
ing (Gadanho & Hallam, 1998). There are researchers
who defend that emotion is a side effect of an intelligent

system (Sloman & Croucher, 1981), others defend the 0Pz gnamero, D. 1997. Modeling motivations and emotions
posite,i.e., emotion is the basis of emergent intelligent - 5 asis for intelligent behaviour. In Johnson, W. L.,

behaviour (Camero, 1997). The social role of emotion ed.,Proc. of the First Int. Conf. on Autonomous Agents
has also been explored by several researchers using it t0 143_155 ACM Press.

improve societies of intelligent agents [@@anero & de
Velde, 1999; Staller & Petta, 1998). Another path of re-Damasio, A. 1994Descartes’ Error: Emotion, Reason and
search is the one that explores the capabilities of emotion the Human Brain Picador.

as a mean of communication in human-machine interac- _ ) ) ] ]
tion (Picard, 1997), resulting in the utilization of emo- Frijda, N. 1986 .The EmotionsCambridge University Press.

tions on the implementation of believable agents to inter554anho. S. and Hallam. J. 1998. Emotion-triggered learn-
active fiction and virtual reality (the EM architecture in ~ " for autonomous robots. In @amero. D. ed Emo-

the OZ project (Reilly & Bates, 1992)), synthetic charac-  {jgna| and Intelligent: the Tangled Knot of Cognition.

ters (Moffat, 1997; Martinho & Paiva, 1999) and peda- 1998 AAA| Fall Symposium Technical Report FS-98-03,
gogical agents. This research path has been based mainly spp; 31-36.

on the OCC theory of emotions (Ortony, Clore, & Collins,
1988) and (or) on Frijda’s work (Frijda, 1986) in this area, Goleman, D. 1996Emotional IntelligenceBloomsbury.

being both result from psychological research on emo- . ) .
tions. Kitano, H.; Kuniyoshi, Y.; Noda, I.; Asada, M.; Matsubara,

H.; and Osawa, E. 1997. Robocup: A challenge problem
for Al. Al Magazinel8(1):73-85.

ahamero, D., and de Velde, W. V. 1999. Socially emo-
tional: using emotions to ground social interaction. In
Dautenhahn, K., edjuman Cognition and Social Agent
TechnologyJohn Benjamins Publishing Company.

6 Conclusions and Future Work LeDoux, J. 1996 The Emotional Brain Simon and Schus-

The proposed architecture allowed the implementation of ter.

autonomous agents, (i) where the goal definition result§artinho, C., and Paiva, A. 1999. Pathematic agents. In
from the agent’s behaviour and needs,, it is not im- Proc. of Autonomous Agents’98CM Press.
posed or pre-defined; (ii) where the agent is capable of

quickly reacting to environment changes due to the perMagas, M.; Couto, P.; Ventura, R.; Caslio, L.; and Pinto-
ceptual level processing; (i) where the agent reveals adap- Ferreira, C. 1999. Sociedade de agentes e itetig
tation capabilities due to the cognitive level processing; sen$ria-motriz. Technical Report 704-99, Systems and
and finally (iv) where the agent is capable of anticipat-  Robotics Institute.

ing the outcomes of its actions, allowing a more informed
process of decision making.

_ The results of the firstimplementation showed the baqftat R. 1997. Personality parameters and programs. In
sic learning capability introduced by changing tbé’s Creating personality for synthetic actorSpringer.
in memory, its utilization by the cognitive evaluation for

object identification purposes and also the action planningrtony, A.; Clore, G. L.; and Collins, A. 1988.he Cogni-
for need satisfaction usingV information. The obtained tive Struture of EmotionsgCambridge University Press.
behaviours also emphasize the importance of the anticipa- , . ,

tion of action effects in the process of decision making. Ficard, R. 1997Affective ComputingMIT Press.

This architecture is now being tested in more complexRei“y W. S., and Bates, J. 1992. Building emotional

and dynamic environments, namely using real robots in- agents. Technical Report CMU-CS-92-143, Carnegie
teracting with semi-structured environments. Moreover,  pialion University, School of Computer Scien(’:e.

the maze world is being extended in order to accommo-

date different needs, objects and environment reactionsSloman, A., and Croucher, M. 1981. Why robots will have
In a more distant horizon, the study of the social role  emotions. IrProc. 7th Int. Joint Conference on Al97—

of emotions in a multi-agent system (the RoboCup envi-  202.

ronment), the study of non-verbal reasoning mechanisms

(e.g., pictorial reasoning) and its relation with the emotion

Minsky, M. 1988.The society of mindTouchstone.



Staller, A., and Petta, P. 1998. Towards a tractable appraisal-
based architecture. In @amero, D.; Numaoka, C.;
and Petta, P., edsWorkshop: Grounding Emotions in
Adaptive Systems Int. Conf. of Simulation of Adaptive
Behaviour, from Animals to Animats, SAB'35-61.

Velasquez, J. 1998a. Modeling emotion-based decision-
making. In Céamero, D., ed.Emotional and Intelli-
gent: the Tangled Knot of Cognition. 1998 AAAI Fall
Symposium Technical Report FS-98-8RAIl. 164—
169.

Velasquez, J. 1998b. When robots wheep: Emotional mem-
ories and decision-making. Proc. of AAAI-98 70-75.
AAAI.

Ventura, R., and Pinto-Ferreira, C. 1998a. Emotion-based
agents. IrProc. of AAAI-981204. AAAI.

Ventura, R., and Pinto-Ferreira, C. 1998b. Meaning engines
- revisiting chinese room. In @Gamero, D.; Numaoka,
C.; and Petta, P., eddNorkshop: Grounding Emotions
in Adaptive Systems Int. Conf. of Simulation of Adaptive
Behaviour, from Animals to Animats, SAB/3-70.

Ventura, R., and Pinto-Ferreira, C. 1999. Emotion
based agents: Three approaches to implementation. In
Velasquez, J., edWorkshop on Emotion-based Agents
Architectures, EBAA'99121-129.

Ventura, R.; Cugtdio, L.; and Pinto-Ferreira, C. 1998a.
Artificial emotions - goodbye mr. spock! Proc. of the
2nd Int. Conf. on Cognitive Scienc#38-941.

Ventura, R.; Cugtdio, L.; and Pinto-Ferreira, C. 1998b.
Emotions - the missing link? In @amero, D., ed.,
Emotional and Intelligent: the Tangled Knot of Cogni-
tion. 1998 AAAI Fall Symposium Technical Report FS-
98-03.AAAl. 170-175.



