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Abstract

This paper describes work-in-progress on an emo-
tional architecture for pseudo-embodied agents to
create life-like creatures conceived as common animals
situated in a virtual environment. This emotional
architecture is inspired by work done in neurology,
psychology, ethology and robotics.  Emotions are
communicated through wvirtual olfaction amongst
conspecifics, so that, experiencing fear, the virtual
animals form a flock to protect themselves from
perceived danger. This architecture is implemented
through a cooperative Neuro-Fuzzy System to detect
and elicit emotional responses. Creatures using this
architecture are being developed to promote Mayan
Cultural Heritage through o virtual environment where
a user (visitor) may interact with agents (creatures)
that suggest the "illusion of life” via life-like emotions
and behaviours. During a walkthrough around the
temples of Palenque, a visitor will be able to interact
with autonomous creatures developed with the archi-
tecture described in this paper.
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1 Introduction

In this paper we describe work in progress towards
adding life to an archeological synthetic environment
from one of the most beautiful cities of the antique
Mayan civilisation, which is immersed in a wild and
virgin ecosystem. This environment is conceived as
part of a museum hall, and will provide a visitor with
the sensation of presence within the Mayan temples

and during encounters with wildlife.

A museum can present these immersive virtual
environments supported by external elements that
can simulate the ecosystem of the real environment,
adding features such as real ambient sounds, lighting,
wind and even scaled stage elements around the vis-
itors’ chamber. However these are external features,
and no simulation may acquire deep realism without
an element essential to such an environment: Life.

For this reason we have designed and are imple-
menting agents with a pseudo-physiological architec-
ture based on perception and transmission of emotions
between agents. This emotional interchange is viewed
as an asymmetric system, in which the agent’s emo-
tional response results not only from the transmitted
emotion of other agents, but also from a combination
of this transmitted emotion with its own current inter-
nal state. Transmission and reception are conceived of
as essentially involuntary.

2 Emotional background

This section will start by defining emotions as part
of the agent action-selection mechanism, and will go
on to address how the agents communicate emotions
through a virtual environment using virtual scent.

2.1 Emotions, drives and moods

We all know by experience that too much emo-
tion can impair decision-making, but recent studies
in neuro-science [Damasio1996] [LeDoux1998] found
that too little emotion was a cause of flawed decision-
making; as evidenced by Damasio’s studies of pa-
tients with damage to the prefrontal cortex and the
amygdala. Further, [LeDoux1998] has shown that the
amygdala plays a role in emotion. The work presented



in this paper uses Izard’s Four Systems for Emotion
Activation model, seeing that “from a evolutionary-
developmental perspective, the systems may be viewed
as a loosely organized hierarchical arrangement, with
neural systems, the simplest and most rapid, at the
base and cognitive systems, the most complex and ver-
satile, at the top” [Izard1993]. The four types of emo-
tion elicitors are: Neural, Sensorimotor, Motivational
and Cognitive.

In the proposed architecture we have modelled the
first three types of emotion elicitors -a non-cogntive
approach to model emotions in agents; the fourth is
left for future work.

Until recently the field of Artificial Intelligence (AI)
had largely ignored the use of emotion and intu-
ition to guide reasoning and decision-making. Min-
sky [Minsky1985] was one of the first to emphasize
the importance of emotion for Artificial Intelligence.
Other models of emotion have been proposed; Pi-
card focuses on recognising emotions [Picard1997];
Veldsquez [Veldsquez1997] synthesised emotions and
some of their influences on behaviour and learning,
using a similar approach to the one proposed in this
work, that is a model based on Izard’s Four Types of
Emotion Elicitors [Izard1993].

Based on the description given above we decided
to define emotions as reflective autonomic responses,
that is primary emotions [Damasiol996], triggered by
particular stimuli.

2.2 Communicating emotion

Because agents exist in a VE and not in the real
world, in principle the transmission of emotion be-
tween agents could just be carried out by ’cheating’,
that is by allowing agents to read each other’s inter-
nal state directly. We choose not to do this however,
since we see advantages in re-usability and in match-
ing real-world behaviour (that is in real sheep for ex-
ample) by trying to model emotional interaction in a
slightly more principled way. In the real-world how-
ever, emotional transmission may well be multi-modal,
with certain modes such as the perception of motion
being particularly difficult to model. Thus we have
limited ourselves for now to a single mode, and the
one we have chosen is pheromones, to be perceived by
a virtual olfaction sensor.

The nose has been linked with emotional responses
and intelligence. Recent experiments [Grammer1993]
have shown that mammals, including humans, emit
pheromones through apocrine glands as an emotional
response, and as means to communicate that state
to conspecifics, who can adapt their behaviour ac-
cordingly; research has found that odours produce

a range of emotion responses in animals, including
humans [Izard1993], which is adaptatively advanta-
geous because olfaction is part of the old smell-brain
which can generate fast emotional-responses, that is
without the need of cognitive processes. In this re-
spect [Kitchell et al.1995] points out: “The use of
pheromones to alert conspecifics or members of a so-
cial group to the presence of an intruder or a potential
attacker is common in many animal species. For ex-
ample, in the presence of an intruder, several species
of social hymenoptera secrete pheromones which cause
defensive behaviour among conspecifics. This alarm
pheromone is thought to have two effects: (1) it alerts
conspecifics to the threat of danger, and (2) it acts as
a chemical repellent to the intruder.

Animals have a particular keen sense of smell;
[Mery1970] writes: “One of the odours released by
perspiration -either human or animals- is butyric acid,
one gram of which contains seven thousand million bil-
lion molecules, an ungraspable number!. Imagine that
this acid is spread at precise moment throughout all
the rooms in a ten-story building. A man would only
smell it if he were to take a breath of air at the win-
dow, and then only at that precise moment. But if
the same gram of odour were spread over a city like
Hamburg, a dog could perceive it from anywhere up
to an altitude of 300 feet!”.

Every living entity, be it nutritious, poisonous, sex-
ual partner, predator or prey, has a distinctive molec-
ular signature that can be carried in the wind.” Neary
[Neary2001]points out that sheep, particularly range
sheep, will usually move more readily into the wind
than with the wind, allowing them to utilise their sense
of smell.

In real animals chemoreceptors (exteroceptors and
interocetors) are used to identify chemical substances
and detect their concentration. Smell exists even
among very primitive forms of life. In our architecture,
we intend to model the exteroceptors which detect the
presence of chemicals in the external environment.

2.3 Emotions to influence behaviour

In this work, to illustrate the use of emotion
and drives to influence behaviours, sheep had been
selected as the exemplar creature; to feel secure
[Reinhardt and Reinhardt2002] claims that “ A sheep
needs to be with other sheep in order to be in a state
of well-being and normative physiology. Sheep will
always try to maintain uninterrupted visual contact
with at least one other sheep, and they will flock to-
gether at any sign of danger” suggesting a specific
sensor for other nearby sheep can be used to elicit
a distress emotion in case of the absence of other con-
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Figure 1: Neurologically inspired architecture diagram
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specifics.

The next section presents the design of a neurolog-
ically inspired Emotion Architecture to communicate
emotions between conspecifics in a Virtual Environ-
ment.

The Amygdala is at the centre of the architecture,
shown in figure 1, receiving stimuli impulses from the
virtual nose controller, the Virtual Thalamus. The
Virtual Cortex, located nearby, manages all the infor-
mation obtained from the exterior sensors: whilst in
the biological case the olfactory, visual, auditory and
somatosensory cortex are distinguishable cortical sys-
tems managing different sensors, we have simplified
them into a single system for this work. The virtual
nose is one of these sensors and provides a stimulus sig-
nal to the Cortex. Moreover, the Cortex also provides
a vector of internal states to the Amygdala. The vir-
tual Amygdala model, forming the substance of this
paper’s discussion, is built based on the signals re-
ceived from the virtual counterparts of the Thalamus
and the Cortex, and is expressed as a knowledge base
of fuzzy rules. While fuzzy rules give representational
transparency, a fast implementation is required in or-
der to run alongside the comoutationally-demanding
rendering system of a virtual environment, and for this
reason the fuzzy model is being transferred to a neural
network discussed in the next section.

3 Emotions to give the Illusion of Life

The overall architecture is shown in Figure 1, in
which through sensors, emotions can be elicited which
influence the behaviour of the virtual creatures. An
ethologically inspired action-selection [Tyrell1993]is in
the process of being incorporated.
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Figure 2: Block diagram of Virtual Amygdala System

3.1 Amygdala Emotions Framework

The main purpose of the Amygdala is to generate
the right emotional vector to guide the behaviour of
each animal in the virtual context. This emotional
vector is then passed into the virtual Basal Ganglia
element as an Arousal coefficient.

Figure 2 shows the Amygdala receiving five in-
puts: a two-input vector from the virtual Cortex com-
posed by the internal emotions Well-Being (Wex) and
Hunger (Hex). Another input is a direct signal ob-
tained from the environment; it is called Flight Zone
(Z;). This signal refers to the excitation caused by
another animal or strange agent crossing into the an-
imal’s safety space. The remaining two inputs come
from a by-pass vector formed by the external emo-
tional signals Fear (F;) and Joy (J;). These values
are passed from the Virtual Nose Controller, the Tha-
lamus. The input vector can be expressed as:

Ua = {[Wczchz]azi; [E;Jz] ]}T (1)
Internal Ezternal

On the other hand, the Amygdala’s output is an
3-element vector formed by Anger (A,), Fear (F,),
and Joy (Jo). This vector represents the emotional
state generated as response to the internal and exter-
nal emotion states one time step before. The output
vector has the form:

YA = [AO7 F07 JO ]T (2)

The range of each emotional field is normalized be-
tween 0 and 1, where a lower value means worse emo-
tional conditions. For instance, a value close to 0 in
the Hunger internal emotion means starvation while
one of 0.9 stands for no food-requirement. In the Co-
operative Neuro-fuzzy system, a fuzzy element gives
support for a Neural network structure which finally
implements the emotional system.

3.2 Neuro-fuzzy Model of the Amygdala

The idea of designing the Amygdala system based
on a neuro-fuzzy scheme departs from the nature of



the problem itself. The Amygdala shall determine
the natural, animal-like behavior exhibited by the
agent who takes smelled signals from the environ-
ment. The proposed solution experiments with the
use of a fuzzy system because it can model uncer-
tain data through fuzzy set relationships and if-then
rules. However the Amygdala must exhibit general-
ization and fast response. Therefore a neural network
can be reliably used to implement the final system.
First a Mamdami-like Fuzzy Inference System (FIS)
[Ross1997, Jang et al.1997], generates learning vectors
which are used to train, in a second step, a feed-
forward neural network under a supervised scheme.
The final design step comes when the neural struc-
ture, completely trained, is directly used in the virtual
environment as the Amygdala.

Figure 2 presents a block representation of the
Fuzzy Virtual Amygdala system, with five different
processing stages. In the core of the system, two dif-
ferent fuzzy inferencing systems are designed.

The first fuzzy system is called the Internal FIS.
It receives the internal emotion vector as defined in Eq.
1. The input variables Well-Being (Wx) and Hunger
(Hcx) are similarly modelled using just two triangular
fuzzy sets for LOW and HIGH, inside an input uni-
verse 0 < W,, < 1and 0 < H., <1. Figure 3 shows
a representation of the membership functions for both
input variables.
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Figure 3: Input and Output Fuzzy sets

The second fuzzy inference system is dealing with
the smelled external emotions taken from the vir-
tual nose sensor one time-step ahead. This Fuzzy-
knowledge processor is called the External Factor
FIS. Once again, the Fear and Joy fuzzy member-
ship functions are modelled with triangular shapes for
LOW and HIGH, inside an input universe 0 < F; <
1and 0 < J; < 1. See also Fig. 3

Moreover, the last input Flight Zone (Z;) is also
modelled in fuzzy terms with two Fuzzy memberships
LOW and HIGH in an 0 < Z; <1 input universe.

Each fuzzy inferencing set has as output three mem-
bership functions (LOW, MEDIUM, HIGH), with
an output universe of —1 <Y, < 1. See again figure 3.

The internal and external fuzzy blocks should be
completed with a suitable rule base. Table 1 and 2

show the rule base used for each fuzzy inference sys-
tem.

Well-Being
Hunger | LOW | HIGH
LOW L M
HIGH M H

Table 1: Rule base for the Well-being and Hunger,
Internal FIS

Fear
Joy LOW | HIGH
LOW L M
HIGH M H

Table 2: Rule base for the Fear and Joy, External FIS

For both fuzzy systems, the rule base is Mamdami-
like style, with rules similar to:

If W, is LOW and H,., is HIGH, then Out; is L.

Then the output of each fuzzy inference system can
be expressed as[Ross1997]:

ppr (y) = maxg[minfuan (4), pax (5)]]
3)

k= ]., 2, o Mpyle

where k represents each rule from the rule-base, while
pax (i) and pye(j) are the membership values from
each input variable. The output pgp(y) is then pro-
jected over the output fuzzy sets to obtain a non-fuzzy
output value.

Reviewing again the whole Amygdala system in
Figure 2, note that the outputs of the internal and ex-
ternal fuzzy inference systems are combined with the
fuzzy value from the Flight Zone. This array gener-
ates each component of the overall output vector Y.
The composition of each FIS is depicted in Table 3.

| Out | Inl | In2 | Range |
A, |IV | Z; | —1<Yy, <0
F, | Z; |EV | -1<Yp, <0
Jo |IV|EV | 0<Y,;, <1

Table 3: FIS for building each Output Vector Compo-
nent

where A,, F, and J, are components of the output
vector, IV and EV are Internal and External vec-
tor respectively and Z; is the fuzzy value from Flight
Zone.



The fuzzy output sets are again triangular functions
LOW, MEDIUM and HIGH similar to those spec-
ified in table 1 and 2. For each of these output fuzzy
system, there is a specific rule-base structure. Tables
4, 5 and 6 show each of them.

IV

Z |L|M|H
LOW [H [M [ M
HIGH [M | L | L

Table 4: Rule base for Anger Output FIS

EV
Z |L|M|H
LOW [H[H M
HIGH [M| L [ L

Table 5: Rule base for Fear Output FIS

IV

EV|L|M|H
L [L][L[M
M [M|M]|H
H |[M|H|H

Table 6: Rule base for Joy Output FIS

To generate enough rich information, the fuzzy sys-
tem is simulated using uniformly distributed input
data to cover the whole input space. After some ad-
justments, each input vector is associated with its
correspondent output to form an input-output map
through which one Neural Network can be trained off-
line.

The neural network is a Perceptron-like feed-
forward structure with hyperbolic tangent transfer
functions at each neuron’s output. This function has
an output range of [—1,1]. Once the neural network
has been trained, its output §(¢) may be expressed as:

nh Ny
§(t) = F | > Wi;fi (Z wjipr + wj,O) + Wio
=1 1=1
(4)

Finally, the whole emotion system is contained
in a 5-input, 4-output feed-forward neural network,
trained by supervised learning.

Figure 4: Agents in the virtual environment

Status wuo on the ro ect

To simulate the “emotional” virtual sheep
in a virtual environment we are using a mod-
ified version of the architecture described in
[Delgado and Aylett2000]; this architecture
is work-in-progress and future enhancements
will include concepts from classical animation
[Thomas and Johston1984] and a structure to define
motor skills attached to degrees of freedom, similar
to [Blumbergl996]. The creature body is stored in a
file containing data on the limbs and their relation to
the parent joint. Virtual sensors have been developed
to elicit emotions and influence behaviour on virtual
sheep, this include a distance sensor to identify
the user’s position. Sensor abstraction has been
implemented, so that the developer has a common
interface in the architecture to an expandible library
of sensors; the virtual nose sensor has been developed
and added to the library and preliminary results will
be shown in the workshop.

The Palenque archeological site has already been
modelled from accurate locational data. Palenque is
one of the most beautiful archeological sites in Mex-
ico of the Maya culture. The model includes vege-
tation billboards of native specimens to recreate the
sense of a real walkthrough around Palenque’s tem-
ples - tree shadows are used to recreate an impression
of the sunny weather of these virgin forests. Various
animal agents have been added to this environment
(sheep, spider, toucan) with autonomous wandering
behaviour, and will be upgraded to incorporate the
developing emotional system described in this paper.



Conclusions

This document has presented autonomous agents
that may simulate life evoking natural behaviour as
animals have in physical reality.

We have described how natural perception and
transmission of emotions, is being developed through
simulating body chemical reactions and natural odors.

We have established that the sensation of being im-
mersed in a different environment from which a user
is actually placed, needs interaction with artificial life.
The Pre-Hispanic City and National Park of Palenque
is a Mexican heritage site protected since the 11th Ses-
sion of the Committee of the UNESCO Wold Heritage
Convention. This archeological project was conceived
as a means of promotion of the Mayan cultural legacy
through virtual recreation and for the conservation of
the values for which that site was listed in the World’s
Heritage inventory.
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