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Abstract 
This thesis describes that it is possible to drive synthetic emotions of an interface agent with 
an electronic nose system developed at AASS. The e-Nose can be used for quality control, 
and the detected distortion from a known smell sensation prototype is interpreted to a 3D-
representation of emotional states, which in turn points to a set of pre-defined muscle 
contractions. This extension of a rule based motivation system, which we call Facial 
Expression Driver, is incorporated to a model for sensor fusion with active perception, to 
provide a general design for a more complex system with additional senses. To be consistent 
with the biologically inspired sensor fusion model a muscle based animated facial model was 
chosen as a test bed for the expression of current emotion. The social agent’s facial 
expressions demonstrate its tolerance to the detected distortion in order to manipulate the 
user to restore the system to functional balance. Only a few of the known projects use 
chemically based sensing to drive a face in real-time, whether they are virtual characters or 
animatronics. This work may inspire a future android implementation of a head with electro 
active polymers as synthetic facial muscles. 
 

Sammanfattning 
Det här examensarbetet visar att det är möjligt att driva animerade ansiktsuttryck med det 
elektroniska näs-systemet utvecklat vid AASS. Näsan kan användas för kvalitetskontroll, och 
den detekterade avvikelsen från en känd luktprototyp översätts till en 3D-representation av 
känslomässiga tillstånd, som i sin tur pekar på en mängd fördefinierade muskelsamman-
dragningar. Denna utökning av ett regelbaserat motivationssystem, som vi kallar Facial 
Expression Driver, ingår i en modell för sensor fusion med aktiv perception som design-
underlag för ett mer komplext system med övriga sinnen. För att vara konsekvent med den 
biologiskt inspirerade fusionsmodellen så testas den mot en muskelbaserad ansiktsanimation 
för uttryck av aktuellt känslomässigt tillstånd. Den sociala agentens ansiktsuttryck visar dess 
tolerans mot avvikelsen i syfte att manipulera användaren att återställa systemets funktionella 
balans. Endast ett fåtal av de kända projekten använder de kemiskt baserade sinnena för att 
driva ansiktsuttryck i realtid, oavsett om de är virtuella eller baserade på animatronik. Det här 
arbetet kan vara en inspiration till en framtida implementering av ett androidhuvud med 
elektroaktiva polymerer som syntetiska ansiktsmuskler. 
 
 
 
 
 
 
Keywords: Social Intelligent Agents, User Interface, Electronic Nose, Olfactory Sensation, 
Active Perception, Synthetic Emotions, Affective Computing, Facial Expression Driver 
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1 Introduction 
At the Centre for Applied Autonomous Sensor Systems (AASS, Orebro University Sweden), 
researchers are developing intelligent robots that mimic the human senses and perception 
with electronic sensor systems. In the laboratory for Biologically Inspired Systems (BIS), the 
development of electronic nose (e-Nose) and of electronic tongue systems is an active 
research area and work in progress. This involves also an artificial sensory head (e-Head) 
incorporating five primary human senses. The tongue and nose systems can be used in 
quality control and work by the principle of comparing the internal- or perceptual image of the 
environment to some known “recipe” or prototype that the system have been trained to 
detect. Critical compound parameters of liquid or gas mixtures like relative concentration or 
“freshness” can be measured. Agriculture departments, for example, are interested in this 
type of research for food inspections and water quality control. 
 
In this work, we are not only interested in the principal components of for example drinking 
water – but we would also like to know if it is drinkable or not; we want the answer instantly, 
and we do not want to spend time on complex lab reports. Another question that might rise 
besides the quality is the problem of subjective taste, which is related to associations, 
cognition, and “emotional” experiences. The motivation for a social e-Nose interface agent 
is to display how it smells or taste rather than just what smells. The e-Nose is therefore tested 
with a Facial Expression Driver (FED) against an animated facial model. A virtual agent, or 
an artificial electronic head that is able to act as a professional food tester must cope with the 
massive multidimensional inputs given in real-time, and like a child it must first be taught 
what to smell and taste, before it can make any conclusions. Influenced by its parents (i.e. 
designers and engineers), the robot or “the food inspector” is expected to feed back a more 
human-to-human like description of the experienced perception to end users who normally 
do not have any previous knowledge in advanced chemistry or robotics. This is one primary 
goal of the research direction within the BIS-laboratory. 
 
Although heavily influenced by local culture, visual feedback is most important in all social 
communication between humans. Since the impression of such a feedback also is influenced 
by personal experiences it is important that a social agent is visually believable (not the same 
as photo realistic). This means that the output of facial expressions and gestures also must 
reflect different degrees of dualities, fuzziness, and the amount of quality and probability 
derived from the input analysis (i.e. the different sensory and perception systems).  To give 
the illusion of an intelligent system it is common to feedback the consequences of activated 
behaviours to the system. The system can then evaluate whether the given task was achieved 
or not, learn from mistakes, and take new actions or strategies to succeed. In computer 
games the virtual world and scenarios can be adapted as much as the character itself. 
However, if a virtual interface character interacts with the real world by means of an e-Nose, 
its facial expressions can not manipulate anything but a second intelligent being. This is a 
major concern when evaluating the FED of a less intelligent system using only olfaction or 
the smell sense.  
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1.1 Related work 
The study of facial expression is an old art, that took its modern form back in the seventies 
when a more systematic and scientific analysis were initiated by Paul Ekman and et.al. [13] 
which resulted in the Facial Action Coding System (FACS). The information that a face 
carries is of great importance for many different disciplines, not only to psychologists. For 
example, different medical disciplines for reconstruction and development of artificial 
prosthesis, forensic arts, special- or digital effects for the movie industry, and artificial 
intelligent facial recognition for robot- or virtual gaming agents. FACS is general and 
fundamental, and not specifically targeted to facial animation. The system has, however, 
strongly influenced several systems of parameter controls for animation in different 
abstraction levels. Abstract Muscle Action (AMA), Minimal Perceptible Actions (MPA), and 
Facial Animation Parameter (FAP) which is included in the MPEG-4 standard [24, 18, 14]. 
These systems breaks down the facial expression into the primitive parts called Action Units 
which are derived as the effect of specific muscle contractions. A given combination of these 
units will produce a complex facial expression. 
 
H. Chernoff [11] transformed multidimensional statistical properties to static facial features, 
motivated by people’s inborn ability to quickly decode and understand faces. Such faces may 
be good for understanding patterns between different data sets, but the face itself have no 
correspondence to the semantics of the data. Many different applications of so called 
animated assistants or social agents have been presented in graphical user interfaces, as for 
example by Persona Peedy and Rea Pretty Face [7 p.191, 10], and in web pages, email, 
pocket computers and mobile phones [39, 40], and as substitute for image transmission in 
different telepresence or telecommunication systems [38, 6].  
 
Virtual birds (Boids), animals, fishes, or other characters have been simulated with more 
primitive flocking and predator behaviours like attack, defence, hide, eat and so forth. These 
reflex behaviours are based on survival and basic needs as hunger [34]. With active learning 
[33] shows how these characters by themselves can learn from experience and interaction 
what the best “survival” strategy may be. This is based on goals, motivational drives, and 
even emotional and physical conditions. 
 
The robot project Kismet [8] has shown the illusion of autonomous and most natural 
behaviours of an artificial infant driven by simple needs for social interaction. The 
characteristics of both virtual and mechanical social agents have long been dominated by 
vision and audition only. If such agents can fill people’s everyday need, in certain 
applications, they will benefit from complementary sensing by electronic tongues and noses 
as well [17, 37]. The interest for biologically inspired muscle models [19, 29] may be 
motivated by the strong relation to the research on electronic heads within the field of 
animatronics. These so called humanoids or androids are for example used in movie 
productions or in theme parks and are an important contribution to the robotic user 
interface research. The automation and intelligence varies, and it is common that 
experienced puppeteers manually steer the head with wires. Nasa Jet Propulsion Laboratory 
(JPL) [44] has presented a realistic looking head which underlying facial structure is based on 
a synthetic muscle model made of Electro Active Polymers (EAP) [4]. 
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At Waseda University [27, 28], the Takanishi Laboratory have presented a head with human 
like features with their robot series WE-3Rxx. It makes use of four senses to express its 
emotional state and opinion. The aesthetic design might be far from what you would expect 
from a special-effects movie, but what is of interest is that this is one of very few projects 
that take advantage of the chemical olfactory sense. The facial skin has an advanced tactile 
sense used for social touching. WE-3RV has a personality with emotional behaviours, and 
facial expressions supported by blushing or the shift in the skins colour tone. This way of 
synthesising emotional intelligence is a relative new and hot research area burgeoning from 
the field of affective computing [31]. 

1.2 The Objective 
The objective of this work is to explore the possibilities to drive animated facial expressions 
with the output produced by an e-Nose system being developed at AASS. The focus is on 
the mapping of the odour perception to expressions and gestures via opinions and emotions 
– not to model either a face or nose. A second objective is to provide a framework for 
incorporating additional senses, and for further studies in affective or emotional computing. 

1.3 The Contribution 
A straight forward coding format is suggested directly based on the high-level output of the 
e-Nose classifier system. A Facial Expression Driver (FED), which may consist of several 
different detectors designed to interpret this decoded message, outputs a pointer to the 
particular expression to be selected for display by a behavior system. The FED is 
incorporated with a three-dimensional Affect-Space mapping function to fuse the perceptual 
information provided by each detector into current emotion. The black box in Figure 1 
represents the challenge of this work. 
 

 
Figure 1 – The Facial Expression Driver. 

1.4 Outline 
Section 2 briefly outlines the most important considerations about four of our five primary 
senses located in a human head, and introduces the reader to the e-Nose system developed 
at AASS. Note how the chemical based sensory models for taste and smell differs from the 
physical based senses vision and audition. Section 3 provides an overview of what one may 
expect from a human metaphor of an “intelligent” life like character. Design issues and 
information fusion for a more complex system with active perception are discussed. 
 
Section 4 explores the motivation system in which we include an affect model as a mapping 
function of emotion pointers to muscle contractions and facial expressions. Section 5 
motivates a specific choice of an animated facial model used as a test bed with motoric skills 
and the ability to display or express the current emotion. Section 6 and 7 close up, leads the 
reader through a structured overview of the software and implemented demo, and conclude 
with future work. 
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2 The e-Head and its Perceptions 
This section briefly outlines the most important considerations of the four dominant sensor 
systems in the head, and their ability to detect our environment [15]. We are especially 
interested in the chemical based senses which are the focus of this research. It is important 
to notice the correlation, limitation and difference between respective property domains. 
Finally a presentation of the e-Nose system developed at AASS is given. Our tactile or touch 
sense of our facial skin is also an important emotion elictor and closely related to taste. It is 
however left out because the purpose is just to compare the chemical senses to our most 
dominant ones by which we can produce an environmental image with. 
 
The research on mobile intelligent robot systems involves key issues such as uncertainty, 
reliability, and real-time response. It also requires that subsystems are working together as a 
single unit, with sensing, planning, navigation, and acting.  
 
The Electronic Head, at AASS, is such a project that deals with sensor fusion and analysis of 
multiple subsystems. Mechanical heads, some very convincing and realistic, have been 
presented within the discipline of animatronics for use in film productions. These are usually 
far from intelligent, and often manually or remote controlled by an expert puppeteer. The 
research at AASS is today targeted on a fully automatic and autonomous simulation of our 
complex human sensing system – not to make photo real special effects. 
 
No single subsystem can outsmart the combination of all simulated senses. One perfect 
challenge for the electronic head is to work as a professional food tester. Like its human 
counterpart it must master several abilities to get a good objective overview of what was 
served. And above all it must be able to express itself both visually and in terms of a 
linguistic description. In a high-level human like language it could be described as: 
 

• Appealing layout 
• Matching combination of colours 
• Aesthetically correct and inspired 
• Nutritious combination of ingredients 
• Harmonic combination of flavours and odours 
• The sounding – have the right crunch 

 

2.1 Vision 
Camera capturing as vision may be used selectively and tailored to specific tasks within the 
field of view. Object recognition, edge and movement detection, and feature extraction are 
some important algorithms for visual servoing (camera based tracking) and positioning. Due 
to computation overload and real-rime requirement, most systems have no complete scene 
recognition. Also, as the system operator or supervisor, we sometimes have a need to 
understand and imagine what the robot is seeing. As a consequence a sequence of images 
may have to be transferred remotely, mostly over some bandwidth limited channel. 
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Vision is the most powerful perception system to support intelligent action and behaviour. 
Yet there are many problems to be concerned about with image processing. For example: In 
an unconstrained outdoor field operation, a mobile robot, or unmanned vehicle, must deal 
with different weather conditions like snow, rain, falling leaves and so forth. Maybe even 
navigation under water or in a room filled with smoke and fire. 
 
The potential with computer vision techniques is for long-range sensing, and the ability to 
detect very small and detailed objects, and soft objects that is often neglected by other 
sensors like the sonar. 
 
Many researchers agree that our visual perception is driven by simplicity. Shapes and 
patterns are given by clustering edges with similar or closely related properties, and we 
perceive this to belong to a single object. We tend to see the whole of a tree for example, 
and not just a set of leafs. We perceive faces and expressions in the same fashion, as a whole. 
The mathematical models used to describe our visual perception have a strong relation to 
our physiology, and our coding systems for colour and geometry are well accepted. A normal 
person has no problem to detect edges or movements, which can be crucial for localisation 
and detecting objects or an odour source of special interest. Colour coding is also an 
important part of how we perceive “the feeling” of colours. For example, when studying 
facial expressions we tend to register irritation, embarrassment, and stress through different 
degree of blushing on the cheeks. This correlation to emotional experiences and the way we 
use psychological models to explain our senses impact on our behaviour must also be coded 
efficiently. 
 
Example of coding as normally used to classify and describe visual perception [26]: 
 

• Red, Green, Blue, or other colour space 
• Electromagnetic radiation and intensity 
• Luminosity, greyscale, contrast, shading 
• Edges, contours, position, rotation, and shapes 
• Relative position, in front of, behind, distance 
• Perspective, field of view, speed, acceleration 
• … 

 

With computer vision we have the possibility to extract features or properties of the image 
that have nothing to do with the content or what the image represents. This can be used to 
simulate reflex behaviour. If the sudden increase of intensity is detected as if we were 
exposed to a very bright light, or the sun, a shielding, blinking, or look away behaviour could 
be triggered. If our sensor system adapts to the new situation, the perception system may re-
evaluate and make a new decision. 
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2.2 Hearing 
There is a strong relation between vision and audition, or hearing. We use these senses 
together to locate, orient, and position our self and objects or sound sources of special 
interest. Next to vision, hearing is one of our most important sensor systems. In contrast to 
vision we can even locate and detect possible danger far away from our field of view. We can 
also detect if the source is approaching, and maybe estimate speed and direction. 
 
As with vision, our physical and psychological model of how we detect and perceive sound 
is based on our anatomy. We detect sound as pressure changes and the coding normally used 
to classify and describe audible perception [26] is for example given by: 
 

• Bas, soprano, tenor, or other frequency spectra 
• Pressure, intensity, resonance 
• Amplitude, phase, tone, signal, music, speech, noise 
• Acoustic reverbs, position, interference 
• Tempo, allegro, temperament, power, beat 
• Octave, attack, polyphony, phoneme 
• Consonant, dissonant, masking, timbre 
• … 

 

Also sound has non-content properties, as with light. A sudden change in intensity can 
produce a reactive behaviour, and dependent on the distance and loudness to our sensors 
(ears) we might quickly cover them or in some other way seek protection. Our ability to 
classify and extract the basic elements of sounds is of great importance to all human 
communication and interpretation of natural languages. This may be the most important 
process in all social interaction and learning. Before we even identify nationality or accent, 
we have perceived a stereotypic picture of personality and attitude. And long before we 
understand the meaning of some word or sentence we have classified the sound as loud, 
weak, hard, or soft. 
 
In this study we have focused on the perception of odours, but when we introduce 
additional senses we must consider how they relate to each other. For example, our ability to 
locate an odour source [23] will affect the attention and focus of our vision and the eye 
movements. On the other hand, we must be aware of that visual illusions can trigger false 
expectations of where the odour source really is located. Compare to locating a sound source 
when observing a ventriloquist and his puppet! 
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2.3 Taste 
As with vision and audition, olfactory or our smell- and taste sense are closely related. In fact 
our perception of taste includes a combination of different experiences. We can not detect 
external threats and danger with taste. We can not avoid toxic substances that have a nasty 
taste until it is “too late”. However, through experiences and in combination with additional 
sensor systems we can learn how to avoid repetitive mistakes. The concept of everyday 
flavour includes smell and taste as well as touch. Here we will only consider taste as an 
experience of aromas or flavours to our taste buds in our mouth or oral cavity, and not as a 
sense of taste as liking. 
 
Example of coding as normally used to classify and describe taste perception [26]:  
 

• Bitter, sweet, salt, sour, (umami: Japanese ≈ deliciousness) 
• Harsh, astringent, pungent, sharp, (spicy) hot 
• Concentration, redox, mole, mass, molecule 
• … 

 

This coding differs from vision and audition in the sense that we describe the perception of 
chemical reactions. It is only the first four; bitter, sweet, salty, and sour, which are accepted 
by most psychologists. They all serves as an important ecological function: we fill our energy 
reserves with sweets, maintain electrolyte balance with salt (for example to keep a good 
contractility and rhythm of our cardiac muscle), we want some sour citrus for vitamins and 
as pH stabiliser, which is critical to all cellular health, and we might want to be careful about 
bitter green potatoes to avoid toxins. 
 
In combination with smell our chemical senses seems to have a fantastic precision and 
dynamic range. However, our judgement varies in time and is heavily influenced by 
subjective experiences, and even our physical condition. The chemical senses are also more 
closely related to emotions than vision and audition. In this respect, an electronic measuring 
device can be more stable. 
 
The electronic tongue consists of a probe with several 
different types of electrodes: gold, iridium, palladium, 
platinum, rhenium, and rhodium. They all react differently in 
a redox process when dipped in the same liquid. By 
measuring the current to different voltage pulses (Large 
Amplitude Pulse Voltammetry), trends can be discriminated 
in some statistical pattern recognition process (like the 
Principal Component Analysis). The combination of 
electrodes and voltage is unique and optimal for a specific 
application. At AASS, Malin Lindquist [20] is especially 
interested to find the best e-tongue (see Figure 2) 
configuration for analysis of drinking water quality.  
 
 

Figure 2 - The electronic tongue. 
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2.4 e-Nose and The Smell Sense 
The concept of electrochemical analysis of gas is basically the same as with taste. The 
difference is with the use of gas sensors, and that the system must not be in contact with any 
liquid. This subsection moves focus from an abstract perceptual classification of primary 
odours like pungent, floral, putrid, and so forth [26], to discuss the artificial detection and 
labelling of odorants in complex substances by means of the electronic nose system. 
 
The e-Nose simulates the nasal cavity with a partly sealed capsule, which must be heated to 
protect the several different types of gas sensors inside from humidity (Figure 3). Similar to 
the e-tongue there is also an optimal combination of metal-, polymer-, and crystal sensors 
for a specific application. An air pump inhales and regulates the air flow exposed to the 
sensors through a flexible silicon tube, “the nostril”. Since the olfactory bulb and its receptor 
cells represented by the sensors and the nostril are kept apart, the design makes it suitable to 
be implemented in an android head. The capsule and pump can be installed else where. 
 

 
Figure 3 - The electronic nose gas sensor array. 

 
There are two different, more or less, accepted psychological models that describe how our 
receptors are stimulated by volatile molecules. The classical approach is to study the 
molecular structure and topology [1], and how these fit in special receptor locks. A specific 
unlocked combination will act as the releasing mechanism for one specific odour perception. 
 
One problem is that there are molecules that pretty much have the same structure and look 
alike, yet are perceived to smell totally different. Inversely there are molecules that are 
perceived as being the same, although they have different geometry. A mirroring or slightly 
twist will give the molecule a new and different property. 
 
Spectral theory [35] is interested in the vibration energy of molecule bonds and electron 
tunnelling from molecule to receptor protein. That is, instead of a geometric key the 
receptor protein accepts electrons from a donor.  
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It is the matching donor-receptor energy that triggers the releasing mechanism. This suggests 
that olfaction, like colour vision and hearing, can be treated as a spectral sense where the 
frequency or wave number corresponds to a unique class of molecule and the amplitude to 
intensity or concentration. 
 
The complex mystery of how we perceive, classify, and even label odours still remains [15]. 
There seem to be a little correlation between concentrations and how we perceive unknown 
odours in general [21, 26], or a physical reaction to gas or substance in particular. In contrast 
to the non-chemical senses we must first classify the content before making any conclusions 
about the effects of intensity or concentration. To model a reflex behaviour based on 
olfaction we would still have to rely on previous experience in combination with prediction 
or anticipation. For example, a long test sequence of smelling fruit aromas can trigger a 
surprising behaviour after a sudden introduction of strong coffee. The activated behaviour 
and expression can be followed by disappointment due to fruit expectations. 

2.4.1 Odour Classification Output 
The e-Nose can detect odours that are non-detectable to us humans, but at the same time it 
is very sensitive to noise or disturbance from the environment such as wind, temperature, or 
humidity. After sampling, filtering, and statistical pre-processing, Amy Loutfi [21] is using 
artificial neural nets (ANN) or fuzzy system classifiers to determine the membership of each 
odour component expected. This is the essence of the e-nose system – it can associate to 
odours or volatile molecules that the system have been trained to detect. 
 
The type of training the e-Nose system undergoes for an ANN is what is referred to as 
supervised learning. That is, in the training phase the statistical properties of each input class 
of odour samples are “manually” correlated to the expected answer or output. In the testing 
phase the trained classifier then takes the statistical properties of some new and unknown 
samples for input. Table 1 shows the final output format of a classifier that expect to detect 
odours of vanilla, lavender, and plain yoghurt in different mixtures. For practical reference 
and C++ style implementation of ANN’s see [36].  
 
Table 1 - Summary of experimental results from ANN classifier, showing the mean and standard 
deviation for each of the network outputs [22; table4]. 

Test Substance Vanilla Lavender Plain Yoghurt 
Vanilla 0.98 ± 0.0005 0.00 ± 0.00 0.02 ± 0.035 
Lavender 0.00 ± 0.00 0.99 ± 0.0002 0.003 ± 0.002 
Plain Yoghurt 0.00 ± 0.00 0.00 ± 0.00 1.00 ± 0.00 
    
Lavender Yoghurt 0.00 ± 0.00 0.70 ± 0.35 0.29 ± 0.35 
Vanilla Yoghurt 0.30 ± 0.06 0.00 ± 0.00 0.23 ± 0.03 
Vanilla Pudding 1.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 
Lavender Soap 0.00 ± 0.00 1.00 ± 0.00 0.00 ± 0.00 
 
The value 1.00 is identified as belonging to the expected component, and 0.00 is identified as 
not belonging to expected component. The range of intermediate values is interpreted as a 
likelihood of existence fore each component and do not need to sum to substance unity, as 
shown by Vanilla Yoghurt.  
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2.4.2 Symbolic estimation and linguistic description 
The primary goal of the e-Nose system is to describe the expected compounds and their 
degree of membership to the statistical properties by means of a human high-level language. 
If the membership is high a prefix “high” is attached to the symbolic label of the odour. An 
example of a set M of linguistic descriptions for the member functions µ is given by: 
 

















≤≤
<≤
<≤

=
0.17.0:lot a
7.03.0:moderate
3.00.0:little a

3

2

1

µ
µ
µ

M  

 
where the complexity and range of each if-then rule based description can vary arbitrary on 
the application [21]. What has been described here in Section 2.4.1 and 2.4.2 makes a 
primary component in the perception decoding of the e-Nose system. In fact µ can be 
referred as the perceptual image of a specific mixture of odours. This is the releasing 
mechanism that opens the receptor locks to the neural limbic system and affects our 
associated emotional state. What comes for free is this method of a linguistic description of 
the same perception. This can easily be sent to a text-to-speech engine, and output together 
with activated expressions and behaviours. The challenge of lip-synchronization remains 
though. According to Table 1 an example statement may be outspoken:  
 

>>Lavender Yoghurt smells a little like Lavender and a little Plain Yoghurt.<< 
 
 
Following sections will consider the challenge of displaying a believable human metaphor 
character as a part of some user interface for the e-Nose system. Time and score plots may 
be used to visualize the sampling and statistical analysis. As a complement an animated face 
will benefit from the natural language output presented here. The contribution from the e-
Nose system suggests that the olfactory coding scheme can be used as is. There may also be 
a good chance that this coding scheme holds for the electronic tongue as well. Before we 
decode this perceptual image of the environment into an emotional representation of facial 
expressions and gestures, Section 3 will first discuss some issues about an intelligent artificial 
system in general, and what behaviours one may expect from an animated face in particular.
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3 Intelligent Agents 
This section provides an overview of what one may expect from a human metaphor of a life 
like character. The purpose is not to build up unrealistic expectations about the display 
effects from the Facial Expression Driver being presented, but rather to give a deeper 
understanding of the complexity of a system in which a FED is to be incorporated. This will 
also help setting the level of goals for further development. 
 

“One person’s intelligent agent is another person’s smart object; and today’s smart object is tomorrow’s dumb 
program.”      (Bradshaw 1997)  
 

What we call agents are some kind of guides or helpers that on their own can serve and work 
with humans and in collaboration with other agents, much like a travel agent. However, we 
restrict our-self with the term agent as related to artificial intelligence, as within mobile 
robotics and human-computer interaction – that is, software agents. And pointed out by 
Bradshaw [7], there are such secret agents everywhere in business, education, entertainment, 
and industry. 
 
Although a mechanical butler might also be considered as an agent it is most likely built up 
of many subsystems managed by software agents in collaboration. Software that not only 
respond to request for information and action, but intelligently anticipate, predict, adapt, and 
actively seek ways to support users in our natural environments – just as a travel agent. 
 
The autopilot in an airplane could be one extremely complex system of agents, but to 
automate many tasks, based on pre-programmed triggers, is not what we usually consider to 
be an intelligent system. The meaning of autonomous intelligence lies in independent self-
learning and training of cognitive associative experiences [7, 25]. It seems like a bad idea to 
let the autopilot learn from its mistakes!? 

3.1 Social Intelligent Agents 
Our definition of a social agent is one that is able to give feedback to users or other agents in 
a most intuitive and recognisable human-like way, preferably using as many different types of  
stimulus to our senses as possible. This agent does not only take on the given input task for 
execution. With visible and audible output gestures in combination with natural speech 
synthesis, this agent has the ability to interact with us in a similar autonomous way that we 
can interact with it, as for example Persona Peedy or Kismet [7 p.191, 8] . 
 
The virtual character metaphor is found in graphical user interfaces on your desktop 
computer. A well-known example could be the Microsoft Office Assistant in the form of a 
paper clip or wizard. The problems of agent design are further discussed in [7]. 
 
Agents become social when they invite to spontaneous interaction and communication in 
the same way as we humans do in human-human interaction. Especially if there is a moment 
of two-way learning and training. 
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3.1.1 Expressions, Gestures, and Body Language 
Any situation of social interaction must have some meaning to us. We look for patterns and 
features familiar and comfortable to us. Visually we study gestures and body language and 
seem to perceive a whole, but every little detail can be of importance. Postures, the acting, 
hand gestures, energetic movements, gaze, size of the pupil, etc. The whole, also imply that 
shifts in skin colour tone, speech and tonality, and environment is very important to our 
perception of “absolute reality”. The scene of interaction or the environmental conditions 
affects both our mental and physical stability as a performer and perceiver. 
 
What ever our senses perceive, facial expressions will not be enough to express our opinion. 
FACS based coding systems will always be a necessity, but not sufficiently. Besides, our 
understanding of speech, gestures and body language is in somehow dependent on local 
culture, status, and the social relation to our opponent, which makes it even more 
complicated. If we want to express the uncertainty in measurement and analysis, and the 
correlation to some knowledge base, with facial expressions, the accompaniment of gestures 
or head movements will be an important part of the message. However, nodding, shakes, 
and retreat behaviours can totally mismatch the meaning of the expression, and even ruin it. 
A positive smile in combination with a negative shake will most certainly increase the 
uncertainty of the beholder. Photorealism and human-like characters will also increase the 
demand for realism in believable behaviours. This is due to our expectation of intelligence 
when we see these human-like characters. 

3.1.1.1 Actions that may be expected 

It is not realistic to take on the task to clone reality. The challenge is to find enough 
believable models and behaviours for specific environments and applications. We must 
consider that our perception is at best incomplete, and for worse full of noise and 
uncertainty. We must also consider situations where there is a conflict between different 
goals, or that some goals never will be reached. 
 
Ethologic studies of animal behaviours provide the simplest grounding for the perception of 
intelligent behaviour. This has, for example, been shown in the artificial fish project [34]. 
With reference to such a physics- and ethologic-based simulations and research, Arkin [2] 
categorize animal behaviour into three major classes: 
 

• Reflexes are rapid, automatic response that last only while triggered by a certain 
environmental stimuli. The response intensity correlates with the stimulus strength. 
As described by the essence of the e-Nose system this is difficult to model because 
the unknown correlation between class of molecule, its concentration, and the 
human perception to the same. 

• Taxes are behavioural responses that orient the agent toward (attractor) or away 
(obstacle) from a stimulus. For example, odour chemotaxis can be released by 
pheromones, body odours, and perfumes. 

• Fixed-action patterns are time-extended response patterns triggered by one or several 
different types of stimulus and persist for longer time than the stimulus itself. These 
patterns may be complex and motivated. 
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Animal attractors like food or mating partners, and obstacles as luring predators, may also be 
relevant for a social interface agent. However, we expect that our agent will produce an 
opinion rather than affect the environment physically. Still we must define appropriate 
behaviours to keep obstacles under control from a “safe distance”. The symbolic meaning or 
metaphor of attractors and obstacles may, for a professional food tester, be the same as 
likable or dislikeable perceptions. 
 
It is assumed that there is no other way to directly manipulate the world but by means of 
facial expressions and body language. Indirectly the agent can manipulate the user to take 
actions by relying on the users empathic understanding, but as olfaction is the first and so far 
the only sensation ability introduced to our agent there is no way for this “smell being” to 
receive other types of feedback than changes to olfactory perception. That is, the user has 
only one channel by which to interact with the agent – the e-Nose system – which is not 
considered to be the most natural way. 
 
To notify the user if the knowledge of some olfactory prototype correlates with the current 
perceptual image we define following requirements for odour chemotaxis: 
 

1. Display one or a sequence of facial expressions that makes the external system or 
the user aware of the systems functional balance. 

2. Display one of following competing behaviours 

a. Display nodding behaviour to reward the user’s action or system response. 

b. Display shaking behaviour to punish the user’s action or system response. 

c. Display tilting behaviour to show interest, surprise, or encourage social 
interaction and/or learning. 

 
One may also expect approaching behaviour for curiosity or aggressiveness, and retreat in 
response to fear.  
 
Muscle movements that are difficult to make voluntarily are not considered in any model for 
neither expressions nor gestures, but is provided by means of ambient noise. As shown by 
Perlin et.al. [30, 42], noise is an important feature of any life-like character. If muscles are 
activated in groups, as in the case of interpolation between pre-defined expressions, the 
added noise will weight or suppress the degree of symmetry often found in virtual 
characters. The alternative is to correlate each muscle and/or action unit to the emotional 
space individually.  
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3.1.2 Goals and Motivation make Sense 
It might be hard to imagine how a creature with only one sense, the smell-sense, can survive 
and learn from its experience? It could possibly detect fire and smoke, but how will it learn 
to recognize the danger before it is too late? For simplicity in this project, we assume a 
creature that has evolved an extraordinary sense of smell, in comparison to the other senses. 
However, it can still describe the world in terms of subjective taste or imagine action 
consequences and so forth. This is due to its innate drives and instincts that has one major 
goal to live up to, and that is to save the body from internal and external damage. That is to say, 
react on dislikeable and/or, for the system, harmful stimuli. 
 
To avoid adverse environmental conditions, there are neural circuits for drives that cause, 
for example, fight or flight behaviours. Drives can be seen as controllers that strive to keep 
the character in functional balance, or in the homeostatic regime [8, 12]. Drives operate either 
by generating a particular behaviour directly or by inducing some physiological state or 
releasing mechanism that leads to a particular behaviour, mindless without reasoning or not.  
 
Reasoning strategies and behaviour selection revolve around goals, options for actions, 
predictions of future outcome and so forth. A collection of systems in the human brain are 
dedicated to the goal oriented thinking process we call reasoning, and to the response 
selection we call decision making – in particular for the personal and social domain. In 
general terms this process includes following components: 
 

• Goal :  Maintain external/internal system in functionally balance close to  
   what is expected. 

• Releaser : Detection of changes over time in external/internal perception  
   parameters or releasers. 

• Drive :  Activation function or sub-goal that triggers basic needs for restoring 
   functional balance, and affect the internal emotional state towards  
   wellbeing. 

• Behaviour : One specific, a sequence, or in parallel, they serves to satiate a  
   particular sub-goal. 

 
In analogy to our own body’s instinctual regulation, the releaser level of bloodsugar is used as 
input parameter to the drive function hunger, which in turn returns a level of hunger for the 
action selection process and emotion system. Behaviours like collect food and eat will satiate the 
sub-goal hunger. That is, behaviours are motivated to act in ways that will restore the drives 
to the body proper balance. Goals can also be non-personal and non-social, and more 
related to a given task or assignment. For example, if our agent by other means than with 
facial expressions could manipulate its environment it may take its own actions rather than 
rely on others. The most important consideration in the design of a motivation system is the 
design of action ability and motoric skills. The ability to drive and steer can make the agent 
localize an odour source by selecting the strategy or the set of behaviours that directs the 
agent towards the point of highest detectable concentration [23]. In this case the behaviours 
are motivated to act in ways that will satiate the given sub-goal move to highest concentration. 
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3.2 Active Perception 
Previous sections provided some understanding of the possibilities of the olfaction 
classification and coding, but also a discussion on limitations and demands for a believable 
social agent whether it is considered intelligent or not. Next we will explore a Sensor Fusion 
Model with Active Perception (SeFMAP), and to see how emotions fit in the modelling 
pipeline. SeFMAP (in Figure 4) developed at AASS and presented by Lena Biel [5], is divided 
in three main processes and a knowledge base: 
 

 
Figure 4 - Sensor Fusion Model with Active Perception - SeFMAP. 

 
• Sensation is the process described as sampling and pre-processing of sensory 

information, from raw data to filtering. 
• Perception is the process where, as leading neurologists describes it, each sensor type 

passes signals to its corresponding part of the brains cerebral cortex so it can create 
its own “environmental image”. 

• Active Perception includes the intelligent goal driven ability to make new decisions 
based on information feedback from past actions and consequences to the 
environment. It is also aimed for focusing the attention and weight the perception 
detectors based on internal drives and needs. 

 
With this first attempt, we are only interested in producing an expression about the opinion 
of an olfactory or smell sensation. However, the design must support a more complex 
system when introducing multiple types of sensations. In an object oriented approach every 
subsystem can be treated as individual modules or software agents. The objective is to have 
an abstract model of the system as a whole, and provide a fundamental framework for 
further development that will consider feedback from other types of senses, and the level of 
intelligence of the active perception process. 
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Both the sensation and perception components have been described before by the e-Nose 
system in Section 2.4. The knowledge base represents different data structures and search 
algorithms for odour prototype matching with previous experiences. 
  
Braezeal, and Song-Yee [8, 33] present similar software architectures. Although not by name, 
they are also using the concept of active perception but without referring to them as sensor 
fusion models. SeFMAP’s generality is a good grounding for developing more specific 
biologically inspired architectures, but at the same time it hides some crucial issues of great 
importance for any intelligent AI system – how to coordinate the motivation and behaviour 
systems. Maybe SeFMAP itself must show that less intelligent systems are just special cases 
of the more complex systems to be widely accepted. For this work we need an emotion 
system to be able to express an opinion about the perceived substance, and we also need our 
agent to be extendable with actions that have influence on the environment and the success 
of reaching some goal. As a consequence we must also consider the attention system as a 
sub-process of active perception (Figure 5). 
 

 
Figure 5 - Application specific extension of SeFMAP active perception process. 

 
The motivation system can be treated much like the attention system (which is not 
covered in this research). This is where the perceptual images produced by the perception 
system are weighted to motivators or goals, internal drives and/or emotions, before handed 
over to the action selection process. The purpose of the motivation system is to structure a 
set of sub-goals or drives and internal variables affected by each detector in the perception 
process. The motivation for the behaviour selection process is to keep all drives within the 
characters range of functional balance (Figure 6). Next, Section 4 will consider the 
biologically inspired emotion system in more detail. 
 

 
 

Figure 6 - Exemplifies sub-goals 
or drives corresponding to needs 
for ingestion, comfort-seeking, 
eliminative or protection, and so 
forth, which is kept within 
regulation range by the 
behaviour system. 

 
Intelligent Agents 



Social Agent: Facial Expression Driver for an e-Nose 
   

   
  17

 

4 Emotion System 
This section will focus on the addition of emotions to the biologically inspired motivation 
system [5, 31]. Emotions and feelings are central to the view of rationality and a powerful 
manifestation of drives. Damasio [12], a leading neurologist, addresses biological regulation 
and its expression in emotion and feeling. As yet another releasing mechanism, emotion and 
feeling may be used in decision making. He points out the interrelation between the internal 
drive system and the emotion system. While the drive systems primary goal may be body 
regulation, and emotions serve to save the mind, they are interwoven to stimulate reasoning 
and creative behaviour activation in parallel. This may explain intelligent or rational 
behaviours in patients who have lost some ability in either system. 
 
Emotions and feelings seem to provide the bridge between rational and non-rational 
processes. They play a role in communicating meanings to others through display functions 
like facial expressions and gestures. Besides that, emotions are the basis for the cross 
correlation of different types of perceptual experiences [16]. Strategies may be altered based 
on experience of the specific stimuli that caused a particular response – especially if the 
selected behaviour or response is recalled as failure to some goal. 
 
Damasio conceptualises Somatic Markers as a feed forward process (Figure 7) that allows 
you to be cautious with anything that relates to a specific negative stimuli-response 
experience. Most Somatic Markers that may be used for rational decision making is created 
during education and socialization, by connecting specific classes of stimuli with specific 
classes of events that leads to a certain (often negative) outcome: 
 

Somatic Markeri = eventi + action/optioni → negative outcomei or unbalanced biological statei 

 
The cost of storing 
negative experiences in the 
knowledgebase is paid by 
the reduction of the 
number of options in the 
behaviour selection 
process that can lead to 
negative outcome.  
 
Figure 7 also illustrates the 
essential sub processes in a 
FED system – the 
evaluation detectors and 
the emotion system. 

Figure 7 - Emotions and Somatic Markers. 
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4.1 Destinations in the Affect-Space 
Some researchers have proposed different dimensionality reduction of a discreet set of 
primary emotions such as FACS’s: happiness, anger, sadness, fear, surprise, and disgust. 
Schiano et.al [32] explores how emotions in general can be characterized in terms of such a 
multi-dimensional affect spaces. Discrete emotion categories are represented by somewhat 
fuzzy regions about the two axes arousal and pleasure (valence) [31]. Through experiments on 
human facial affect recognition findings suggest the addition of a third dimension stance 
(confidence) to better specify the facial affect space. Anger and fear, which both are 
characterized by negative valence and high arousal, are for example separated by the degree 
of self confidence. See Figure 8 on how to locate emotions in the Affect-Space. Arkin’s work 
on the Sony AIBO robots [3], and the social agent Kismet by Braezeal [8] are two examples 
of emotion driven motivation systems for social robots, using such an Affect-Space. 
 

 
Figure 8 - Emotion regions in Affect-Space represented by arousal, valence, and stance. 

 
Odour perception is capable of evoking memories of past experiences, as for example 
childhood flashbacks, or the emotional state we had the last time we experienced a specific 
odour. This is what the destinations in the Affect-Space represent – for olfaction. 
 
Every prototype the e-Nose has been trained to detect are tagged manually by the user with 
a corresponding location in our affect space. This represent the pivot point to which we 
translate our homeostatic region temporarily to meet with our expected opinion. The agent 
will stay in this region while stimuli exist, if not over-stimulated or suppressed by other 
drives. 
 

Emotion tag(A, V, S) = perceptual image + emotion → particular significant class of stimuli detected 

 
This tagging is not the same as the Damasio’s Somatic Marker process [12]. There is a cross 
correlation to experiences perceived by all senses. Some people have reported that they can 
“smell” music, although it is more common to picture visual experiences to different type of 
stimulus [16]. Psychologists call this synesthesia [31]. This will also be important to consider 
when we introduce additional senses and try to merge them into our perception system.  
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4.2 Affect-Space in the FED Sequence 
The Facial Expression Driver consists of one or more detectors for each sensory system and 
the three-dimensional Affect-Space mapping function presented in Section 4.1. A detector is 
a function that analyses a corresponding sensory representation of the environment, referred 
to as the perceptual image, and is targeted to evaluate one specific feature in that perceptual image. 
For example, different vision detectors are specialized to find specific objects, edges, or 
movements in a picture. We can define one olfactory detector to evaluate the distortion of 
the maximum relative concentration, given by the e-Nose classification output, to some 
known prototype that the sensory system have been trained to detect. In addition we can 
define a second detector for the concentration of one specific odour compound. 
 
Each detector and internal drive or sub goal of the agent may contribute with an opinion to 
the Affect-Space in terms of the three internal variables arousal, valence, and stance. The Affect-
Space represents the agent’s “wellbeing” as a whole, and may be interrelated with the rest of 
the motivation system (see Figure 7). That is, to some drives releaser parameters may be 
given by one or more detectors plus the current emotion. The current emotional state may in 
turn be affected by both detectors and particular drives.  
 

Figure 9 shows the FED software 
architecture. The decoder layer is not 
limited to the five primary senses. 
Hearing can for example use audio 
microphones as well as sonar, and 
several vision systems may be used 
covering different spectrum ranges. 
Each type of decoder provides the 
agent and its detectors with its own 
environmental representation. 
 
The Affect-Space provides all the 
different detectors with the same 
interface, and opportunity to affect 
the navigation of current emotion. 
Each unique region of destination 
then points to one set of muscle 
contractions corresponding to current 
expression. 
 

 
Emotion System 

Figure 9 - Facial Expression Driver sequence diagram
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4.3 Navigation 
Since a mathematical representation of goals can be extremely complex, we may not be able 
to build elictors for the action selection mechanisms via numerical methods, such as 
optimization. Instead we treat the dimensions in the affect-space as an additional set of 
internal variables or drives which can be interrelated with the rest of the motivation system. 
 

If the agent’s variables are within the 
homeostatic regime, pleasantness is 
high. The arousal axis is controlled 
by circadian rhythm (working hours 
and need for sleep), unexpected 
stimuli, and rewards. Stance is 
controlled by the confidence or 
certainty of recognized external 
stimuli, or statistical properties from 
the sensory process [3]. 
 

Every perceptual image can be evaluated as emotive releasers directly and/or by means of those 
drives or sub-goals that can be emotion elictors. For example, the need to be social can be 
very frustrating if no partner is found, thus the social function will decrease valence and 
increase arousal. Such a “personality” mapping scheme is exemplified by Table 2. 
 
Table 2 - Navigation in Affect-Space. 

Stimulus Sensation Rule ∆A ∆V ∆S Emotion 
Olfactory Alcohol Desirable or expected event - + 0 Joy 
 Yoghurt Disconfirmed desirable event - - - Displeased
 Gasoline Unconfirmed undesirable event + - - Fear 
Vision Face Confirmed desirable event + + + Relief 
 Object Discover target + 0 + Surprise 
 
Whether the mapping will be linear or non-linear is given by each drive function and the 
desired agent personality. For example, in this work a response curve was defined as the 
tolerance to the detected distortion to a known prototype (Figure 11). The goal of this 
tolerance drive is to produce behaviours and expressions such that the user is manipulated to 
regulate the system back to its expected functional balance – zero distortion. If the e-Nose 
system is used in quality control, then the system would represent external regulation by 
means of social interaction. 
 

 
Figure 11 - Tolerance response curve for quality control. 

Figure 10 - Affect-Space extends the drive system. 
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A parameterised response curve is suggested for the particular coding format that the e-Nose 
system provides as the perceptual image. The shape can be given by each odour compound or 
releasers expected standard deviation or variance. This will give each releaser a unique 
tolerance. More complex fuzzy systems, artificial neural nets, or any other AI tools and 
numerical methods can be used for evaluation. However, the design of olfactory response 
seems not be motivated by neither biology nor neurology [12, 15]. It is assumed that the 
total complexity of a real-time sensor fusion system, number of senses, goals and motor 
skills, and the user’s expectations of a believable agent will limit some design issues. 
 
A different example of motivated navigation in a 3D-space, such as the mental-space 
described in this section, is employed by Watson [36]. A gaming software agent is 
represented by a spaceship which goals are to visit different destinations in effort to trade 
ore for rocket fuel, and to watch out for asteroids and pirates. Watson’s AI toolkit includes 
an ExpertSystem and Plan Manager which are structures to prioritise and execute rule based 
functions, and six Artificial Neural Networks trained to navigate in each positive and 
negative direction of the 3D-space respectively, based on the ExpertSystem executives. 
 
An analogy to colour space and the research on colour affect on emotions is also motivated 
by the research on odour-colour and colour-emotion psychology [16, 43]. Again, this is 
related to the strange phenomenon of synesthesia [31] explored by visual artists, musicians, 
writers, psychologists, and neurologists in a wide variety of multidiscipline areas. These 
findings may suggest that the three dimensions of the affect-space can be explained by the 
coupling to our colour vision system. That is, while some researchers disagree on different 
methods for olfactory analysis and the way we perceive odours (as described in Section 2.4), 
we can universally model the emotion system in analogy to perceptual colour spaces. In fact, 
such findings may support Turin’s [33] spectral theory, where wave numbers or frequency 
corresponds to colours vs. molecules, and amplitude to intensity vs. concentration. A call for 
more research on this coupling is motivated by following example. The pleasurness or 
valence was mirrored before rotating the Affect-Space in a comparison to the Natural 
Colour System (NCS) in figure 12: 
 
 

 
Figure 12 - Perceptual NCS Colour and Affect-Space compared (Y-A = Yellow-Arousal associate) 
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5 Facial Animation 
To sum up so far, we have an e-Nose system that provides the perceptual image of what smells, 
this can also be forwarded to a speech engine. This information is decoded for the active 
perception process where the motivation is to activate proper behaviours to regulate goals, 
internal drives, and emotions to respective homeostatic regime. An animated virtual agent 
was chosen as a test-bed for the expression of current emotion, and to study the result of the 
FED design and Affect-Space navigation. There are several techniques to model a virtual 
face. For AASS it would be especially interesting to study either techniques that are 
applicable to real time wireless applications as with mobile phones or pocket computers, or 
techniques that are closely related to the research on muscle based models. 
 
An experienced animator is well aware of the problems of recreating synthetic believability. 
The animator uses a combination of different techniques to compensate the complex reality, 
and our ability to interpret minimal perception stimulus. In the virtual world both geometric 
shape, and time can be as flexible as you like, which we notice as exaggerated movements 
and attitudes. This might be accepted in the virtual world but not applicable to robots or 
androids. One exception is the social robot Kismet [8] whose features correlate very well 
with a caricature of an infant with same intelligence.  

5.1 Traditional Geometric Modelling 
With traditional 3D-modeling the central part is a numerical description of topology, 
underlying structure, surfaces, and curves and so forth. Then you define colour, shading, 
textures, and lighting. It is a tedious and time-consuming work to describe the reality with 
points and geometric primitives as cubes and polygons. Plastic materials and static objects 
can be modelled this way with advantage, especially with a 3D-scanner. But organic facial 
skin, hair, or soft cloth demands for more advanced methods and effective algorithms for 
real-time applications – algorithms that are supported by standard graphics hardware today, 
even with portable devices and mobile phones. 
 

Animation can be done by interpolation between predefined 
poses, so called keyframing, but during the late 1980’s research 
increased the abstraction level for facial models through 
anatomically based parameterising. The facial skin got an 
underlying structure of muscles and a more direct relation to 
the research on FACS [13]. Examples of models that simulate 
the different types of muscles and skin layers have been 
presented by [19, 29]. Section 5.2 describes some motives for 
the choice of a traditional 3D-model in this study, such as the 
one presented in Figure 13. 
 
 
Figure 13 - SimpleFace topology by K. Waters. 
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5.2 Why the face – Why the muscles? 
Recall that the objective of this work was to map the e-Nose output to emotions represented 
by expressions and gestures – not to model the face itself. But why at all use a face as the 
graphical object for visualization? As mentioned in Section 1, H Chernoff [11] suggested 
back in 1973 that facial features could represent statistical properties of data – motivated by 
our ability to easily remember and recognize faces. However, this static two-dimensional 
representation was never widely accepted. 
 

“…the face itself is a legitimate focus of study, and if one wants to learn what information can be derived 
from this multisignal system, then it is important to determine all the different kinds of information 
messages these signals can provide.”  
                                                                                                    (Paul Ekman, 1997) 

 
In a constrained scenario, using only one sense (no attention to other types of detectors), no 
goals affected by a reward/punishment system or consequences from activated behaviours, 
that is no active perception and a minimum of intelligence. In such a scenario it may seem to 
be more appropriate just to use simple graphical objects as different coloured indicators, 
diagrams, charts, and so forth – if the aim was to visualize the statistical dynamic properties 
of the e-Nose only. However, the second objective is to provide a framework for further 
studies in emotional computing, and what explores a systems emotion better but a face!? 
 
SimpleFace (Figure 13) is an old project by K. Waters [29] from 1987 and was primarily used 
for modelling the virtual anatomy of the muscle based underlying structure of a face. The 
version used in this research implements only eighteen of the most dominating muscles to 
produce a discreet set of facial expressions like happiness, sadness, surprise, anger, fear, and 
disgusted. Since we are experimenting with a virtual animation this may imply an unlimited 
set of interpolated or extrapolated expressions, or in this case parameterised muscle 
contractions. However, one of the reasons why we chose SimpleFace is the progress in the 
research of synthetic EAP [4] muscles that may motivate a future android implementation of 
the electronic head at AASS. In this perspective the early model would serve a good and 
simple reference or starting point. Also, the source is still open and freely available from the 
webpage of the HP Cambridge Lab [41]. 
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6 Implementation 
This section describes some implementation issues of the e-Nose simulator, the Facial 
Expression Driver, and the motoric skills of the SimpleFace agent. Note that due to the 
nature of the e-Nose, the agent’s olfactory system is based on expectations. It can only be 
used to detect the correlation to a known prototype. The agent’s job is to display an opinion 
with facial expressions and behave in a way so that the user can determine the quality of the 
distortion. An interactive and supervised learning behaviour should be envisaged in the case 
for which the agent does not have any prior knowledge about the current perception. The 
latter is considered in the model but has not been implemented so far. 
 
The code provided with the demo is based on the C/C++ programming language, where 
the original SimpleFace [29] was written in C using OpenGL. The extensions produced in 
this work are written in C/C++ also using OpenGL. The Microsoft Visual C++ 6.0 
compiler was used. 
 
This study focused on the emotional decoding of the olfactory perceptions, and not the 
aesthetic look of the interface agent. Several facial features that are most important to the 
perceived believability of any social user interface agent are missing. That is to say, we accept 
the lack of ears, flexible eyelids, and lip synchronisation, for example. The freedoms for 
gesture behaviour or body language are restricted to nodding, shaking, and tilting of the face.  
 
Given the suggested coding format from Section 2, an e-Nose classifier output simulator was 
designed. The only requirements for the simulator were to feed back a composed message 
upon request, and let the user dynamically introduce noise to the classifier. A client-server 
approach was chosen to explore future implementations with the e-Nose system as a remote 
user interface, and also to keep the different modules apart. This is also motivated by the 
idea of integrating the agent in a more complex mobile system. For example a mobile robot 
monitored with a portable pocket computer. The e-Nose simulator and the interface agent 
can start and stop independently, but as soon as a connection is established, the e-Nose 
simulator will start to receive calls from the FED every time the agent inhales. 
 
Following the SeFMAP modelling approach from Section 3.2, the e-Nose system represents 
both the sensory and perception processes. The e-Nose produces a perceptual image unique for 
olfaction: 
 

X = { substance, odour1 p(o1), odour2 p(o2), odour3 p(o3), … , odourN p(oN) } 
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The message format can easily be extended with additional quality parameters that the sensor 
system has been trained to detect, freshness for example. Thus the perceptual image can be 
generalized to: 
 

X = { substance, releaser1 p(r1), releaser2 p(r2), releaser3 p(r3), … , releaserN p(rN) } 
 
The composed messages are expected to be compact and relatively short; therefore a 
network socket connection with the User Datagram Protocol (UDP) has been chosen. Speed 
or latency is considered rather than waiting for a receipt to every message being sent, as with 
the TCP protocol. The message is sent in one single package, but inhalation is a never 
ending process, so if one is missing the system just inhales again.  
 
The graphical interface of the e-Nose simulator (Figure 14) consists of a selection box, some 
text boxes, and some sliders. The selection box represents the names of the different 
complex substances that the e-Nose already has been trained to detect. Each substance is 
associated with an expected combination of its components, which are also identified by 
name. As described by the coding format, there can be N numbers of odour components 
that identifies the expected odour perception of a particular type of substance. When the 
user selects a substance from the list, corresponding odour identifiers will be presented. The 
sliders represent the value each odour may have in the range 0.00 to 1.00, and let the user 
manipulate the expected value by adjustments. The value 1.00 is identified as belonging to 
the expected component, and 0.00 is identified as not belonging to the expected component. 
Each slider holds three handles, and the distance between the handles to the left and right of 
the expected value corresponds to the variance of some disturbance. This will let us 
introduce noise to the system. 
 
 
 

 
Figure 14 - e-Nose simulator user interface. 
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Figure 15 - The static structure of the system. 

 
Figure 15 describes the static software structure where the solid lines associate to the 
additional classes that extends the original SimpleFace. As SimpleFace represents the Motor 
System only, a FED was added to the Active Perception system described by Figure 5. An 
olfactory detector was then given the ability to interpret or decode the perceptual images 
produced by the e-Nose system. A knowledge-base was implemented as a binary search tree 
for prototype matching and association to the expected opinion about respective prototype. 
The opinion tag, described in Section 4.1, is added to the definition of each prototype in a 
text file which is parsed in the initialization phase of the agent, like the expression macros. 
 

Y = { substance, A, V, S, releaser1 p(r1), releaser2 p(r2), releaser3 p(r3), … , releaserN p(rN) } 
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The analysis of the distortion or divergence is computed as the maximum of the releasers 
absolute distance from the prototype. The distortion detector evaluates the distortion in 
terms of an opinion about the Affect-Space dimensions and sends the response to the 
internal drive- and emotion system in parallel, as described in Section 4. 
 
 [dA, dV, dS] = Response( error = | X – Y | ) 
 
The expression muscles are influenced by the intensity of current emotion in proportion to 
the highest contraction values for the particular emotion that corresponds to the final affect-
space destination. That is, any happy face can not exceed the anatomic limit for the happiest 
face, which is pre-defined by the expression macros (table 3). 
 
Table 3 - Expression macro for happy. 

Happiness ( a, v, s ):    
Left_Zygomatic_Major 1.50 Right_Zygomatic_Major 1.40  
Left_Angular_Depressor 0.00 Right_Angular_Depressor 0.00 
Left_Frontalis_Inner 0.80 Right_Frontalis_Inner 0.90 
Left_Frontalis_Major 0.20 Right_Frontalis_Major 0.20 
Left_Frontalis_Outer 0.10 Right_Frontalis_Outer 0.30  
Left_Labi_Nasi 0.00 Right_Labi_Nasi 0.00 
Left_Inner_Labi_Nasi 0.00 Right_Inner_Labi_Nasi 0.00 
Left_Lateral_Corigator 0.00 Right_Lateral_Corigator 0.00  
Left_Secondary_Frontalis 0.00  Right_Secondary_Frontalis 0.00  

 
 

The motivation system pass activation signals to 
the behaviours to call for instinctual regulation of 
the system. In addition, the current emotion is 
snapped on to the closest pre-defined facial 
expression, and displayed as a dynamic transition 
from last expression to current. The numbers of 
pre-defined macros are unlimited in general. 
Different multidimensional data structures like 
for example an octree can be used to spatially 
subdivide a 3D-space so that each data node 
consist of one but only one pointer to the list or 
set of expressions. Figure 16 exemplifies a top 
view and 2D projection of an Affect-Space 
partitioned into an octree. 
 

Motor acts for the neck movement behaviours are driven by three more or less competing 
strategies. Nodding is produced as an effect of a confirmation strategy to display that the 
system is being kept within the range of what is expected, and that no further regulation is 
needed. Shaking is produced as an effect of a confirmation strategy to display that the system 
is unacceptable out of balance, and need to be restored to the homeostatic regime. Tilting is 
produced as an effect of a seeking-surprise strategy to display that the system is unable to 
motivate neither Nodding nor Shaking. 
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Figure 16 – Octree projection of emotions
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All angular neck movements are implemented with a controlled noise function [30, 42]. The 
noise function is designed to make the movements less perfect. This approach is common 
for life like virtual characters, but may also be useful for an android implementation with 
EAP’s [4]. Input parameters are correlated to the number of noise functions being added 
(octaves) and the relation of frequency per octave to amplitude (persistence). Amplitude and 
energy can in turn be related to the level of confidence (stance) in the affect-space, to 
produce an attitude corresponding to current emotional state. The principle of such a noise 
function is given by following one-dimensional example for time step t: 
 
getNodding( persistence,  octaves ) { 
 
 nodd = amplitude*exp(-damp*(duration-1)^2)*sin(energy*duration); 
 
 return ambient noise(t) + nodd + constant pitch;  
} 
 
where 
 
octaves = i number of interpolated noise functions added;  i = 1,2,3… 
persistencei = amplitude per frequency; persistence = 1/k; k = 1,2,4… 
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where 
 
V0 = psuedoRand(  integer(t) - 1   ) 
V1 = pseudoRand(  integer(t)     ) 
V2 = psuedoRand(  integer(t) +1  ) 
V3 = psuedoRand(  integer(t) +2  ) 
 
psuedoRand_y(int y) { 
    y = (y<<13) ^ y; 
    return (float)( 1.0 - ( (y * (y * y * 11083 + 501719) + 

 1300487983) & 0x7fffffff) / 1035002743.0);     
} 
 
 
Correlations between movements in different dimensions can be eliminated with one unique 
pseudo random function for each additional degree of freedom respectively, simply by 
changing the large prime numbers in the random function.
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6.1 The Demo 
The demo is designed to test if the e-Nose quality agent is able to manipulate the user to 
restore distortions to the systems functional balance. The agent and the e-Nose simulator 
can be started separately. The SimpleFace agent connects automatically to the e-Nose and 
start analysing the perception. 
 
The Algorithm: 
GET - Query the e-nose for current smell 

PROCESS - Interpret returned message 

SEARCH - Match message to knowledge base 

Seek substance prototype 

Find preferable intensity 

Seek all odour compound releasers 

Find preferable intensity 

Every substance in knowledge base is tagged with an opinion or a position in affect space. Find its value. 

PROCESS - Through some rule based “ExpertSystem” - DECIDE which expressions and behaviour to trigger or activate: 

IF full match (no distortion) – travel to affect space destination, and OUTPUT expression corresponding to this position (figure 17). 

IF some error match is detected, the destination should be corrected according to the specific rules of a particular detector. 
OUTPUT expression corresponding to this position and manipulate the user to take regulation actions by relying on the user’s 
empathic understanding. 

IF no match – the designer’s choice is to OUTPUT a single default expression, motivated by the nature of the matching problem. 
This could be either a neutral face, or for example a surprised face. 

Trigger some automatic INPUT learning behaviour. Options to add new experience to the knowledge base based on real time 
interaction. An important feature to the level of intelligence (not implemented). 

LOOP until END 

 
For example, if the agent’s task is to determine the quality of yoghurt, the detector that 
analyses the average distortion must consider a perceptual image such as: 
 

{ yoghurt 0.02 0.86 0.63 vanilla 0.85 lavender 0.23 plain 0.50 } 
 
where the first three numbers corresponds to the expected opinion of the particular 
substance and thus the distortion detector’s primary location in the Affect-Space. 
 

AVS = (arousal, valence, stance) = (0.02, 0.86, 0.63) 
 
A change over time in emotion is due to divergence from the expected prototype. In this 
case the current perception is matched to odorant1 = 0.85, odorant2 = 0.23, and odorant3 = 
0.50, and evaluated by a tolerance response curve as described in Section 4.3. 
 

AVS(t+∆t) = AVS(t) + ∆AVS 
 
Current expression is then determined when this “emotion vector” passes corresponding 
Affect-Space region, by means of a set of if-then rules. 
 
 
 
 

 

Figure 17 - SimpleFace displays joy and disgust. 
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6.2 Results 
The particular FED-design (Figure 9) in this work seems to fit the SeFMAP modelling 
approach well. As long as the Affect-Space stores nothing but pointers to which expression 
to display it remains general and independent of any particular head model, whether it is 
android or virtual. However, it would be wrong to state that the SimpleFace agent can 
display how it smells. With facial expressions and gestures it displays one of those pre-
defined emotions corresponding to what is expected from perceived stimuli. 
 
The e-Nose simulator was set up with three different prototypes: one likable, one dislikeable, 
and one unknown substance. The first two where tagged with an opinion that correspond to 
respective region in the Affect-Space. This information was then given to the FED 
knowledge base for run-time matching with current perceptual image. When the agent is 
introduced to stimuli, the resulting nodding behaviour shows that the perceptual image 
corresponds to what was expected, irrespective of what is considered to be likable or not. 
When noise is introduced the agent detects an unacceptable level of distortion from the 
prototype and a shaking behaviour is displayed. 
 
Facial expressions and behaviours are here separate display functions where expressions first 
show the result of the emotion tagged prototypes, as anticipated. In case of the unknown 
stimuli the default seeking-surprise behaviour is activated. The detector then respond to a 
divergent distortion by contributes to current emotion, with increased displeasure and high 
arousal. This makes the agent display both shaking and anger as result, and thus reflecting 
the perceived odour quality or probability of existence. 
 
It is not difficult to understand that a shaking behaviour in combination with an angry 
expression signals a non-expected perception. However, it can be discussed which 
combination of behaviour/expression that would be the most appropriate to signal that the 
functional balance of the external system has been restored. The detector design must 
therefore be application specific. For example, if a virtual interface agent was used with an 
alcoholmeter in a drunk driver test, should the agent display a happy face when the driver is 
drunk, or should it be angry? 
 
For a simple and emotionally reactive quality control system, this rule-based design may 
serve its purpose well. A more rational or even deliberate manipulative system may benefit 
from a different design of the Affect-Space. An emotion-space object, as a mapping 
function, may in fact involve several Affect-Space components. The façade we humans put 
up does not necessarily reflect the truth about our current emotional state. Decomposition 
into groups of action units or individual muscles will however make the FED design 
dependent on the particular motoric skills of the agent. 
 
Finally, besides the SimpleFace demo we ran some independent tests on an Affect-Space 
octree component built as suggested in Section 6. We realized that there are some problems 
to overcome due to empty neighbors and unevenly distributed emotions. These findings 
should be envisaged with the proceedings of the e-Head project at AASS. The FED and 
emotional computing will play an important role in the development of a psychology-engine.
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7 Conclusion 
The Facial Expression Driver (FED) presented consists of one or more detectors for each 
sense, and one three-dimensional mapping function called Affect-Space. This work focused 
on olfaction only with one distortion detector. A detector is a function that analyses a 
corresponding sensory representation of the environment, referred to as the perceptual image, 
and is targeted to evaluate one specific feature in that perceptual image. For example, vision 
detectors are specialized to find specific objects, edges, or movements in a picture, whereas 
the olfactory detector defined in this work evaluates the distortion of relative concentration, 
given by the e-Nose classification output, to some known prototype. Different designs for 
emotion systems were studied, and a 3D mental-space was employed in addition to a rule 
based motivational drive system. Each detector and internal drive or sub goal of the agent 
may contribute with an opinion to this Affect-Space in terms of the three internal variables 
arousal, valence, and stance. The Affect-Space represents the agent’s “wellbeing” as a whole, and 
may be interrelated with the rest of the motivation system. That is, to some drives releaser 
parameters may be given by one or more detectors plus the current emotion. The current 
emotional state may in turn be affected by both detectors and particular drives. The overall 
goal of such a motivation system is to keep all internal variables within functional balance, 
and this is what affects the selection of the agent’s behaviour strategies. As a mapping 
function the Affect-Space can be treated as internal variables but it also serves as a reduction 
of the dimensionality in any discreet set of emotions, and a pointer to predefined facial 
expressions or sets of muscle contractions corresponding to those expressions. 
 
Looking across these studies, and adding some speculations to fill in a few gaps, there are 
some promising findings on how to incorporate the e-Nose system into a social agent, 
whether it is an android head or some virtual version in a graphical user interface. 
 
We do not claim that animated facial expressions are a good graphical object representation 
to visualise statistical properties of odours. However, our perception of odours is closely 
related to previous experiences and associated emotional state, and therefore it may be 
motivated to use emotional computation in behaviour planning and action selection. What 
can better represent an agents internal state and emotions but a face?  
 
We do not claim that this interface agent should be considered neither intelligent nor 
rational. However, the addition of synthetic emotions to the motivation system seems to 
provide yet another safety valve and flexibilities to change strategies in a more complex and 
complete system. For example, a frustration of not reaching a destination on time may 
induce change in strategy and increased velocity with an autonomous mobile robot. 
 
The visual believability of a social agent depends more on the user’s expectations rather than 
on the intelligence level of the underlying system. Expectations are in turn affected by the 
particular character metaphor, degree of photo realism, the scenario in which the agent are 
situated, its main goal or tasks, and of course its motoric skills.  
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7.1 Evaluation 
There was only a qualitative evaluation of the olfactory decoding and the agent’s behaviour, 
where colleagues were invited to suggest improvements and give constructive and/or critical 
remarks on the system as a whole or to the emotional mapping. A more scientific evaluation 
method would have been appropriate. One common approach is to use a quantitative 
questionnaire with a cross disciplinary test panel of behaviourists, psychologist, artists, and 
above all the group of user such an interface agent would be targeted to. Note the 
importance that such a questionnaire must only consider the emotion conceived by the 
observer – not the technical quality of one specific character. That is, does the agent 
communicate – and what? In this case there never really was a target group of users other 
than those fictional in the subsection below on application areas. Also, the agent is yet to be 
integrated with a complete user interface and a more intelligent active perception system to 
serve the purpose of a graphical visualization component. Great interest where shown upon 
the particular facial model chosen (see Section 5.4). This is mainly because of the successful 
research and interest in EAP [4] muscles, and there might be more to learn from this muscle 
model from 1987. 
 
Remarks were given on the generality of the mapping through an emotion space or the 
Affect-Space described in Section 4. The representation is biologically inspired by leading 
research in psychology and neuroscience. The FED work as a part of the motivation system 
for decision making – a sub process in the active perception process of a model for Sensor 
Fusion with Active Perception (SeFMAP). SeFMAP was used to design a fundamental 
framework for a more complex and intelligent future agent incorporating all five primary 
senses. As long as emotional expressions can be characterized by the variables arousal, valence 
and stance, the mental space can be automatically partitioned into regions corresponding to 
any number of predefined expressions. However, each detector and/or internal drives must 
be designed to contribute to the Affect-Space navigation of the current emotion. 

7.2 Future Work 
There are at least three different approaches to further development, from the perspective of 
the face, sensor and perception system, and encoding-decoding or mapping through the sub-
processes of the active perception system respectively. The latter may be more of an 
optimization issue where different AI tools can be tested against each other in the behaviour 
selection process. 
 
The e-Nose system is a separate work of Amy Loutfi [21, 22, 23] in progress, but one might 
consider having a discussion about the output coding format. It will be of special interest to 
see if the odour detection system also applies to the electronic tongue being developed by 
Malin Lindqvist [20] within the BIS-laboratory at AASS, and also if the coding format will 
benefit from some extensions due to change of sensor type (from gas sensors to IR-detector 
or spectrometer). Next will be to run and evaluate the agent with some real data. When the 
e-Nose system operates in real-time and in combination with the tongue and vision sensors a 
more intelligent agent system can be set up. It will be easier to define goals and motivational 
drives for a system with response feedback from the environment. As we saw in Section 5, 
navigation in any Affect-Space requires a motivation system with a well defined relation of 
goals, behaviour strategies, and motoric skills. 
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Since the goal of the e-Nose system is not just to detect, localize, or classify the odour 
source, but also to provide the end user with an interpretation and translation into a 
linguistic description. A natural step would be to provide the social agent with the ability to 
speak (including lip-synchronization). There are several text-to-speech engines available. This 
can off course be argued, but one with very high quality is commercially available by AT&T 
[38]. A good alternative would be to start with the Festival Speech Synthesis System project 
at Carnegie Mellon and/or Edinburgh University [45]. 
 
A practical study of the generality of existing social software agent toolkits may be 
motivated. This will prevent from reinventions, but also provide a test to see if SeFMAP 
modelling holds for character based simulations in general. One of several interesting 
contribution to behaviour simulation is the Behaviour Expression Animation Toolkit 
(BEAT) [9]. BEAT is working in parallel with speech synthesis, and analyses the same given 
text, but express this in gestures and body language. The animator or designers have all 
possibilities to shape new rules, personality, and gesture schemes.  

7.3 Application Areas 
Loutfi stress the importance of her e-Nose system in applications where there is a need in 
assessing the quality or nature of an odour. In such scenarios like quality control in the food 
industry, where the users are non-experts in artificial sensory techniques, there will be a need 
to correlate the linguistic interpretation to the human conception of odours. 
 
As suggested in Section 3, one challenge of the electronic head is to work as a professional 
food tester. Whether the interface of such a system should consist of an animated virtual 
agent or an android head fully capable to express an opinion remains to see. Such systems 
will clearly benefit from a linguistic ability through synthetic speech though. 
 
People with special disorders or brain damage sometimes need constant active supervised 
learning, just like the e-Nose system itself. It has been shown that children with different 
types of autism, for example, can benefit from such training if started in early years. Some 
researchers and psychologists believe that special designed computer games can help assist. 
A social interface agent in combination with the e-Nose system will then be a great asset for 
a person who needs to develop skills for interpreting social cues or emotions, this includes 
the perception of how different odours can relate to a certain behaviour or expression. 
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