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Abstract 

The relevance of olfactory perception and the corresponding olfactory communica-
tion changed, and attitudes of cultures towards smelling differed through the ages. 
Finally Enlightenment philosophers declared odour and the sense of smell as im-
measurable, unimportant and therefore unusable for scientific purpose. In the last 
few years more and more artistic multimedia installations used odours, scented 
products were sold and the increasing application of aroma therapy indicate a 
changed attitude towards social odours. Emotionalizing scents are more and more 
used for influencing customers’ behaviour in sales rooms and scientists are cur-
rently investigating the mystery of smell. The technological progress meanwhile 
allows for measuring and reproducing odours. Therefore odours are also becoming 
interesting for technical information transfer or communication, especially in Hu-
man-Computer Interaction. Smell seems to be an unrecognised medium and a new 
channel in multi-media. 
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1 Introduction 

Perceiving something means getting 
information through an information 
channel e.g. a visual, acoustic or hap-
tic information channel, through a 
medium. But also perceiving odours is 
an information transfer and therefore a 
medium. Smell hasn’t been handled as 
medium so far, because olfactory per-
ception has been regarded as marginal 
in communication processes. Reasons 
for this inclination can be found in the 
cultural history of smell, which reflects 
the relevance of smell in social coexis-
tence through the ages. 

Since the end of 20th century only 
some cultural history researchers have 
been concerned with the perception of 
odours and the relevance of smell in 
cultural and social context. Human 
and natural scientists didn’t really care 
about the sense of smell and the proc-
essing of olfactory information; they 
nearly refused working on this topic. 
This attitude has its beginning in the 
Enlightenment, when philosophers 
declared the sense of smell as disrepu-
table and not rationally explainable. 
Smell couldn’t be measured and was 
intangible for researchers. Also media 
studies, mainly guided by the devel-
opment of technical media, haven’t 
given attention to the olfactory me-
dium so far. 

Different from the Western civilisation 
where the sense of smell and realiza-
tion of olfactory information fell into 
oblivion, in Japan odours have always 
played an important role in social in-
teraction. Especially this positive atti-
tude to smell has Japanese computer 
scientists enabled to lead the way in 
processing olfactory information. But 
European and American researchers 
catch up. 

During the last decade an attitude 
change of Western scientists could be 
noticed. On the one hand psycholo-
gists tried to explain therapeutically 
effect of odours to body and soul as 
well as the evidence of an olfactory 
memory, on the other hand physiolo-
gists investigated the sense of smell. 

Also technical scientists like physicists 
and chemists have focused their re-
search activities to the development of 
olfactory sensing and dispensing tech-
nology. 

New results of latest research show 
that odours play an even more impor-
tant role in face-to-face communica-
tion than assumed so far. Progress in 
researching the human’s olfactory 
perception like the decoding of the 
first olfactory receptors or the discov-
ery of the Jacobson organ brings 
smelling back to the researchers’ field 
of interest. Besides physiological re-
search also neuro-psychologists are 
concerned with odours as interface to 
our emotional centre and the long-
term memory. The sense of smell is 
unique in influencing emotions and in 
recalling long-forgotten memories. 

Such fundamental research results 
allow computer scientist to work with 
the olfactory medium now. Olfactory 
information offers new possibilities to 
Human-Computer Interaction (HCI). In 
the last few years information engi-
neers undertook first steps using 
odour as interface between user and 
computer. Gas sensors, artificial noses 
and digitally controlled scent diffusers 
allow the digitalization of olfactory 
information and reproduction of 
odours. The progressive development 
of such olfactory technology demon-
strates the existence of an olfactory 
medium, also in a technological man-
ner, which takes its place in the real as 
well as the virtual world.  

2 Communication Principles in 
Human-Computer Interaction 

Media studies define medium as the 
transmitter of information. Another 
definition describes medium as a 
channel between sender and receiver 
without any consideration of social or 
technological influence (cf. Leonhard 
et al. 1999). Shannon added to this 
definition a code known by both 
sender and receiver and a disturbance 
influencing the channel (cf. 
Weaver/Shannon 1949).  
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Figure 1: Shannon-Weaver model 

 

The Shannon-Weaver model (Figure 1) 
is one primary concept of technologi-
cal communication processes. There-
fore it is also a principle of computer 
science and Human-Computer Interac-
tion, an area of research being focused 
on developing human-computer inter-
faces. Such interfaces mainly use the 
visual and acoustic communication 
channel to transmit information bidi-
rectional between user and computer. 
A current issue of Human-Computer 
Interaction research is an increasing 
information overload. Therefore com-
puter scientists try to find alternative 
and unconventional interaction mo-
dalities. 

Computer scientists are betting on the 
multi-medium, a communication 
channel including all forms of percep-
tion, which currently means sight, 
hearing and touch (cf. Herczeg 2006). 
Especially haptic and tactile interac-
tion interfaces are becoming more and 
more important where visual and 
acoustic perception is overstrained (cf. 
Riener 2010). Foremost the paradigm 
of a “natural” interaction between hu-
man and computer has top priority. 
People shouldn’t realize that they are 
interacting with a computer anymore. 
Therefore one issue of HCI research is 
to find “natural” interaction modali-
ties, which do not merely include vis-
ual, acoustic and haptic perception. 
There are also two further forms of 
perception, smell and taste, which are 
more unconventional modalities of 
interaction and which are not yet in-
cluded in Herczeg’s multi-medium. 

Olfactory communication has been a 
biological term for the interaction via 

pheromones between animals so far. 
The exchange of olfactory information 
hasn’t been subject to research neither 
in communication theories nor in 
technological sciences. 

By the end of the 20th century re-
searchers began to focus their atten-
tion on measuring and processing 
volatile components as well as decod-
ing the neuropsychological and bio-
chemical olfactory perception proc-
esses. Also economists got into olfac-
tion and found the sales-promotional 
effect of smells. Some researchers 
found olfaction in the course of their 
search of the sixth sense. Now some 
unexplainable phenomena of percep-
tion can be explained by olfactory and 
veromonasal perception. 

During the last decade olfaction re-
ceived new meaning and relevance 
especially for human, natural and 
technological science. Exploding tech-
nology progress and information over-
load makes people search for alterna-
tive interaction modalities and new 
ways to ‘implant’ information in the 
human brain. 

3 The Cultural History of Smell in 
a Nut-Shell 

Human perception was already a re-
search interest of ancient philoso-
phers, but olfaction was neglected till 
the last decade. Why does the sense of 
sight and hearing get more attention 
nowadays and why haven’t researchers 
been concerned with the sense of 
smell before the last decade? 

Walter Benjamin attributed the change 
of the social relevance of perception as 
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people’s adaption to new technical 
media (cf. Kloock/Spahr 2000). There-
fore the hegemony of visual and 
acoustic perception is due to the rise 
of telegraphy, photography, film, radio 
and television. However, as Anne 
Peach (1999) wrote in her article Das 
Aroma des Kinos, shortly after first 
cinemas had opened there doors, also 
first experiments to scent movies had 
been coming up. These pioneering 
efforts demonstrated the beginnings of 
a new media on the one hand and en-
countering resistance on the other 
hand, involving psychological effects 
which will be discovered only a hun-
dred years later. 

Evolutionarily, the sense of smell was 
the first existing possibility of percep-
tion, as proved by German researchers 
who identified the reaction of sperm 
cells to lily of the valley aroma (cf. 
Hatt/Dee 2008). In prehistoric ages 
when visual and acoustic amplifiers 
didn’t exist, perceiving and evaporat-
ing odours was crucial to survive. 
Studying indigenous peoples and feral 
children shows the relevance of olfac-
tory perception far from civilisation (cf. 
Classen et al. 1994). Regarding the 
contemporary history there is a de-
creasing impact of smell correspond-
ing to a growing civilisation. 

Ancient advanced civilisations like 
those in the Mediterranean area or in 
the Middle East were the inventors of 
the perfume. Primarily ancient people 
used scents to render homage to gods. 
Hygiene and sanitation were an impor-
tant part of cohabitation and bad body 
odours became inadmissible. So, 
higher castes affording these luxury 
fluids scented themselves and their 
habitat with perfumes. Body odour 
came to be an indicator for class dif-
ferences and a tool of social distinc-
tion as a consequence. 

Scent as a spiritual instrument also 
found its way into religions like Chris-
tianity or Buddhism. Incense occupied 
a central position in getting connected 
with god in both persuasions. Gener-
ally Asian cultures have a special rela-
tion to smell and especially to body 

odour. On the one hand Asian people 
have nearly no own smell, on the other 
hand hygiene and fragrances play an 
important role in their social co-
existence and caused the development 
of a bathing tradition. In the early 
Middle Age crusaders brought this 
tradition to Europe and consequently 
expedited the installation of bath 
houses. Increasing plague epidemics 
and errant behaviour in these bath 
houses supported the church’s opinion 
that personal hygiene makes sick and 
boosts flagitious behaviour. Accord-
ingly bath houses were closed and 
stinking was a daily occurrence. 

The incomprehension at personal hy-
giene existed for several centuries. In 
The Foul and the Fragnant Alain Corbin 
(2005) describes the olfactory situation 
in the 18th century in France. Before 
the French Revolution the baroque 
society not only suffered from political 
instability and excessiveness, but also 
from unbearable sanitary conditions 
and diseases. Because of their igno-
rance scientists ascribed dissemination 
of infections to the malodour in the air 
and appealed for the improvement of 
hygiene in the public. As protection 
against miasma people used a plethora 
of perfumes and scented powders, 
which contributed both to the olfac-
tory air pollution and to the develop-
ment of capitals of perfume like 
Grasse. It’s not amazing that Süskind 
(1994) chose that period of time and 
that location for his novel Perfume. 
Only such environment can be the 
perfect coulisse for an olfactory genius 
like Jean-Baptiste Grenouille. At the 
end the olfactory situation was so un-
bearable that Enlightenment philoso-
phers had also claimed personal hy-
giene. With the French Revolution, 
Corbin says, there came along an “Ol-
factory Revolution”. The installation of 
sewerage systems and another com-
prehension of hygiene constituted an-
other prominence of smell. People 
became more sensitive to misma but 
also fragrance and preferred light 
scent (cf. Stafford 1993). Enlighten-
ment philosophers brought up again 
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the issue of a hierarchy of senses and 
labelled the sense of smell as unwor-
thy of mention. Smells were undesir-
able and olfactory perception was 
classified as animalistic and ignoble 
(cf. Jütte 2000). Invisibility, immeas-
urability and subliminal perception of 
smell were the main reasons why sci-
entists abandoned olfaction. 

As already mentioned Asia occupies a 
special position in the cultural history 
of smell. Smells, body odour and per-
sonal hygiene play an important role in 
traditions, medicine and the daily life 
of Far East people. It has its roots in 
an early arisen understanding of hy-
giene and the awareness that scents 
have a healing effect. In contrast to 
Western cultures peoples of Eastern 
Asia preserve their ability to smell and 
don’t ignore olfactory incentives to 
date. They define smells, smelling and 
the sense of smell as naturally part in 
their common life without any taboos 
or scruples. 

The comparison of civilized cultures 
shows how Enlightenment philosopher 
effectively influenced the perception of 
smells in the Western world. The olfac-
tory Revolution caused an increasing 
disapproval of smells until smelling 
became a taboo in European societies 
and a topic off the records. Only the 
good old perfume survived the era of 
“Desodourization” (cf. Corbin 2005). 
The commercial launch of Chanel No. 
5, the first perfume consisting of artifi-
cially produced fragrances, initiated 
another olfactory revolution, because 
perfume was no longer a luxury good 
and achievable for everyone. To be 
scented was no longer a social class 
distinction. But this wasn’t the last 
break in the cultural history of smell. I 
would say that we are going through a 
third olfactory revolution now. Scien-
tific success in olfactory research like 
the decoding of the first olfactory re-
ceptor by Linda Buck and Richard Axel 
(cf. Hatt/Dee 2008), discussions about 
the olfactory disturbance by cigarette 
smoke and biogas plants (cf. 
Deutsches Umweltbundesamt für 
Mensch und Umwelt 2006) or the de-

velopment of the first smell recorder 
and smelling mobile phones in Japan 
(cf. Wyszynski et al. 2005) indicate a 
new relevance of odour today. 

4 The Physiology of Smelling 

The scepticism about the sense of 
smell in social and cultural history is 
rooted in a lack of understanding of 
the smelling process. There has never 
been a rational explanation for smell-
ing before. Since the end of 20th cen-
tury researchers especially neurolo-
gists, psychologists and biochemists 
have been trying to explore the myth of 
olfaction. 

Olfaction is both evolutionary and em-
bryonically the first developed sense. 
This is the reason why the neurologic 
olfactory centre is situated in the old-
est part of the human brain. Olfactory 
perception also includes the sense of 
taste because tasting without smelling 
is possible only in a limited capacity. 
Therefore the perception of aromas 
can be defined as only one sense. 

In comparison to other senses smell-
ing takes a special position within the 
modalities of perception. The process 
of perceiving volatile components is 
characterized by spontaneous recall, 
inevitableness, unfiltration, uncon-
sciousness and emotionality. As re-
searchers have found out in the last 
years, primarily neurological factors 
account for these characteristics. 

Perceiving a smell starts with a bio-
chemical process based on a key-lock 
principle at the upper end of the hu-
man nose. There can be found the ol-
factory epithelium, which consists of 
about ten million olfactory receptors, 
which are sensitive to about 350 dif-
ferent volatile components. In 2006 
Linda Buck and Richard Axel got the 
Nobel Prize for the decoding of the 
first olfactory receptor. Meanwhile 
another two receptors or sensory neu-
rons have been decoded (cf. Hatt/Dee 
2008). In comparison: a dog’s epithe-
lium consists of about 220 million re-
ceptors. If an odourant molecule docks 
to the right receptor, an impulse is 
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sent to the olfactory nerve, also called 
olfactory bulb, which is the connector 
to different cerebral areas. The discov-
ery of these neuronal connections now 
allows an explanation of the extraordi-
nary characteristics of olfaction. 

Perceiving odours happens spontane-
ously and is only avoidable by closing 
all respiratory tracks which would lead 
to death sooner or later. This unavoid-
able nature is caused on the one hand 
by a lack of an “olfactory” palpebra 
and on the other hand by a straight 
connection between the olfactory epi-
thelium and the long-term memory. 
Olfactory signals are processed by our 
brain without any filtering. Every per-
ceived odour is saved in the long-term 
memory in combination with the cur-
rent situation, which includes loca-
tions, plants, persons, emotions, etc. 
Smelling this odour repeatedly exactly 
recalls this situation including each 
detail. Researchers call this phenome-
non an “olfactory memory” or the 
“Proust-Phenomenon” which has got 
its name from Marcel Proust’s expla-
nations of sensual impressions in In 
Search of Lost Time (cf. Chu/Downes 
2000; Herz/Schooer 2002). 

We are always exposed to smells but 
often they are too diffuse for a con-
scious perception and we subliminally 
perceive them. As ancient cultures al-
ready knew odours can cause positive 
as well as negative emotional reac-
tions, which are due to close ties be-
tween the olfactory and the limbic sys-
tem, our emotion centre. How the per-
ceiver is emotionalized depends on his 
or her memorized impressions. The 
combination of inevitableness of per-
ceiving odours and the emotionaliza-
tion could be dangerous relating to 
psychological effects. The human ol-
factory system is equipped – more than 
other senses – with a functionality of 
habituation. The human olfactory sys-
tem rapidly habituates if the same 
smell is present for a long time. So it is 
almost impossible to identify your own 
body odour or the body odour of close 
relatives. Also, a constant environ-
mental odour is no longer perceptible 

by habitants. Only foreigners such as 
tourists or visitors can notice it (cf. 
Deshmukh/Bhalla 2003). The tight 
connection between smells and emo-
tions causes a faster olfactory than 
visual or auditory habituation. The 
nostrils can’t be closed instinctively, as 
eyelids. Therefore olfactory habitua-
tion is a protective mechanism that 
keeps us from having to constantly 
bear smells, which we can’t escape 
and which may leave emotional harm. 

Another subliminal perception of vola-
tile components is the perception of 
pheromones. Both humans and ani-
mals evaporate pheromones sensed by 
the veromonasal or Jacobson organ to 
cause instinctive reactions within their 
species, which is also called olfactory 
communication. Most recently there 
was a discussion of whether humans 
have such an organ and generally 
communicate via pheromones (cf. 
Watson 2001). Through numerous 
tests, scientists have now found out 
that the human species is capable of 
perceiving and reacting to phero-
mones. After the discovery of the hu-
man Jacobson organ at the internal 
nasal septum, also the first human 
pheromone was extracted (cf. Sturm-
heit 2008). The sex steroid Androste-
none, which was previously only iso-
lated from the saliva of boars, could be 
found even in the male armpit sweat 
and urine (cf. Brand/Jacquot 2007). 
Another argument for the existence of 
veromonasal communication is the 
ability of women to identify if a man 
genetically correlates to their own DNA 
by checking his body odour including 
pheromonal information. Pheromones 
also play a role when mothers recog-
nize their babies through smelling the 
baby’s body odour. But it is also 
known that pheromones of other spe-
cies can influence humans. Perfume 
components like cibet or musk are 
animal scents which contain sexual 
pheromones of the male cibet cat and 
musk deer. Women find a little bit of 
such animal scents charming but do 
not instinctively react on them (cf. 
Watson 2001). 
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Evolutionarily and neurologically the 
sense of smell is our basic instinct and 
also bears this functionality today. 
Odours can give information about 
good or bad food, how toxic things 
are, or if something is burning. Gener-
ally we use this functionality every day 
and can identify at least 16 different 
scents. Others like perfumer or gour-
mets train their olfactory tool and can 
isolate up to 1000 fragrances. This 
aptitude shows that we don’t usually 
use our sense of smell to its full capac-
ity. 

5 Aroma-Chology® and the Psy-
chological Effects of Odours 

By understanding the human smelling 
process also psychological effects of 
special fragrances can be explained. 
Neurologic research results show the 
psychological effects of odours to the 
olfactory centres due to being inti-
mately connected with the limbic sys-
tem. An area of expertise concerned 
with these effects is Aroma-Chology®, 
a term created by the Sense of Smell 
Institute (cf. Warren/Molnar 2010). 
This scientific group accumulates an 
established knowledge of olfactory 
perception and the relevance of smell 
related to behaviour, emotions and 
mood. 

Meanwhile different psychological 
tests circumstantiate aroma therapies, 

the improvement of learning situa-
tions, the existence of human phero-
mones as well as the general impor-
tance of smell. While computer scien-
tists first of all are analysing the rele-
vance of olfactory perception for Hu-
man-Computer Interaction, marketing 
experts are using smell as sales-
promotional appliance since years. 

Food designers were among the first 
who explicitly applied fragrances for 
sales-promotion. The food industry is 
reliant on colour-odour associations 
informing the consumer about taste 
and smell of products. Heinrich Friel-
ing (2005), a colour psychologist and 
expert for colour associations, explains 
how colours influence consumption 
and why different sensory stimuli can 
complement another. Table 1 shows 
colours and the associated odours or 
tastes as they are used for food pack-
aging and advertising. The tasting 
process is actually a smelling process 
because the olfactory epithelium de-
termines flavours through the internal 
channel to the pharynx. Tasting and 
smelling are nearly the same percep-
tion process, an important fact for 
food producers. Colour-taste and col-
our-odour associations are derived 
from natural experiences. Therefore it 
would be contra productive to produce 
e.g. blue gummy bears with orange 
flavour. However, over different cul-
tures such association can diverge, 

Table 1: Colour-odour associations by Frieling (2005) 

Colour Odour 
PINK sweet, mild 
LAVENDER sweet, unerotic 
MAGENTA heavy, narcotic, charmingly, sweet 
INDIGO Scentless 
BLUE Scentless 
MINT juicy, fresh to salty 
GREEN fresh, fragrant, perfume with green fragrance 
OLIVE Musty 
LIME GREEN sour, dry, fresh, bitter 
YELLOW perfume, flower 
ORANGE Hearty 
RED sweet hefty, hot 
GOLD sweet, good, stunning 
OCHER sourly, neutral 
BROWN aroma, musty 
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which forces producers to adapt their 
products for various markets. 

Another exceptional quality of olfac-
tory perception is a direct connection 
between our smelling system and the 
hypothalamus, a neurologic area 
which controls amongst others the 
autonomic nervous system. This con-
nection allows influencing the viscera 
by perceiving odours and it is the rea-
son why aromatherapy works. Air de-
signers are geared to colour-odour 
associations and the aroma therapeu-
tic effect of fragrances when they are 
developing perfumes. 

5.1 Example: Scent Marketing 

Scent marketing applies current re-
search results in real life. At the same 
time it is an example of how odours 
can influence our behaviour. The area 
of research which analyses neuropsy-
chological effects of advertising and 
commercial activities on the consumer 
is called “neuro-economics”. The term 
“scent marketing”, which came up in 
2002, defines a subarea of the neuro-
economic research and describes the 
usage of scents for marketing purpose 
(cf. Bartzos 2008). 

The main target of scent marketing is 
the creation of a pleasant atmosphere 
for clients. They should stay in stores 
as long as possible and should enjoy 
the ambience in order to accordingly 
buy more products or raise consump-
tion (cf. Hirt 2009; Michell et al. 1995). 
In former days bakeries, coffee houses 
and restaurants often unintentionally 
worked with scents as attractants. 
Their chimneys and ventilation sys-
tems released enough food aromas 
that people’s mouths watered. Today 
such shops systematically work with 
synthetic fragrances to effect similar 
reactions. 

Furthermore customers should treas-
ure these shopping scenarios as pleas-
ant and relaxed which is due to the 
already mentioned Proust phenomena. 
This effect gives stores, hotels and 
service chains an idea of using fra-
grances as part of their corporate iden-
tity. Every time a client perceives the 

unique perfume of the chain, he or she 
should recall the shop, the situation 
and this pleasant atmosphere (cf. Mor-
rin/Ratneshwar 2000). In 2006 hotel 
chains like Westin, Sheraton, Omni, 
Four Points or Hyatt incorporated spe-
cial fragrances as part of their brand 
image (cf. Higgins 2006). 

Another form of scent marketing is the 
improvement of the ambience in nega-
tively afflicted locations like hospitals 
or dental practices. It is a social impact 
of the western world that people get 
scared when they are smelling chlo-
rine-camphor and phenol, which give 
disinfection agents the typical smell. 
To cope with this issue, dentists tried 
to improve the atmosphere of their 
practice by gilding a “doctor’s fra-
grance” to put the patients at ease (cf. 
Lehrner et al. 2005). 

The scent of goods also plays a rele-
vant role in selling products. Not only 
food aroma has to meet one’s expecta-
tions, also other products are liable to 
associations and connotations. As an 
example, new cars do not smell like 
plastic and metal. They are sprayed 
with an oil or leather fragrance to let 
drivers feel more familiar with them. 
As the Royal Automobile Club Founda-
tion found out this can lead drivers to 
overestimate their own capabilities 
and accordingly produces a higher 
accident risk (cf. Nicholson et al. 
2005). Nonetheless, some producers 
experiment with such associations and 
perfume their products with unex-
pected aromas in order to get a unique 
selling proposition or to jolly their 
costumers along. Products like scented 
writing utensils, socks, CDs, USB 
sticks, papers, etc. have been intro-
duced to market (cf. Everything-Smells 
2010). EPAMEDIA (2008), an European 
public space advertising company, 
equipped some of their illuminated 
panels with move-detecting perfume 
dispensers as olfactory support for 
perfume advertisements. 

Marketing strategies often include 
promotional events as advertising plat-
forms and presentation of provider’s 
individuality. Event managers use the 
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Figure 2: Shannon-Weaver Model for olfactory communication 

 

latest entertainment forms to compete 
for visitors and publicity. Thus, scents 
also became interesting for event 
managements and it is not astonishing 
that there is a new occupation called 
“Aroma Jockey” lifting the audience’s 
spirit with fragrance compositions (cf. 
Emotion 2008). Affecting ones mood 
by evaporating special fragrances is 
also used during social interchange 
like meetings or class room situations 
(cf. Higgins 2006). Researchers noted 
that some fragrances could contribute 
to improve the ability to think and the 
powers to retention (cf. Herz et al. 
2004). 

The exploration of psychological ef-
fects of odours and the example scent 
marketing explain how powerful smell 
can be especially for Human-Computer 
Interaction research and the “natural 
interaction" issue. 

6 The Olfactory Medium 

Olfactory perception allows a very spe-
cial form of communication, which is 
nearly impossible to compare with 
other interaction modalities. No other 
sensory stimuli are so unignorable and 
unconsciously perceived than smelling 
something.  

The scent marketing example demon-
strates that smells can have a special 
meaning and can invisibly and sponta-
neously transmit information, which 
other media can not. Odour can bear 
information like emotions, warnings, 
memories but also genetic information 
as body odour or pheromones. There-
fore odour is media-theoretically de-
finable as a medium. Based on the 
Shannon-Weaver Model can also be 

defined as a sender-receiver-based 
communication system.  

Related to McLuhan (1995), who said 
“The medium is the message”, odour is 
also a message. According to Shan-
non’s (more technical) information 
theory air would be the medium and 
odour the message. He said that each 
message needs syntax, semantic and 
pragmatic, in one word: a language, 
which is spoken by sender and re-
ceiver. Relating to the odour as me-
dium – which means that odour 
transmits additional information (e.g. 
the odour of smoke transmits the in-
formation, that there is something 
burning) – there is no unique olfactory 
language. Syntax, semantic and prag-
matic are defined by culture and indi-
vidual experience, but also by profes-
sion. Perfumers, sommeliers or food 
designers have their own language 
within their community. Also some 
indigenous peoples have their own 
olfactory language. However, all others 
have forgotten that we can smell and 
consciously communicate via smells. 
We use odours every day, but not de-
liberately.  

6.1 Olfactory Human-to-Human In-
teraction 

For understanding the olfactory hu-
man-computer interaction we should 
first understand how the olfactory me-
dium works within the communication 
between humans. In olfactory human-
to-human interaction sender and re-
ceiver are both persons, which emit or 
perceive an olfactory message. An al-
ternately exchange of information be-
tween sender and receiver is possible, 
if both stay within an area defined by 
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the coverage of a medium. This area is 
known as the interaction zone. 

Figure 3: Olfactory interaction spaces in human-to-human interaction 

 

Jürgen Raab (2001) was concerned 
with the sociology of odour nowadays. 
He makes this unconscious communi-
cation modality explicit and defines 

interaction zones for olfactory interac-
tion between humans based on Erving 
Goffmans territories of the self (cf. 
Figure 3).  

The body defines the individual odour 
and is a source of the most familiar 
fragrance. The personal space encloses 
the body and varies its extension de-
pending on olfactory sympathy. Un-
pleasant body odours of interaction 
partners can maximize the extension 
of personal space, pleasant ones can 
minimize it. Special smells allows con-
stituting a social identity, an affiliation 
to a social group, which defines the 
social space. Smells of regions, locali-
ties or goods define the public space 
as interaction zone. Such smells are 
more accepted than foreign smells in 
the personal space, because they con-
sist of a communal territory, exempt 
from boxes. The box is a private terri-
tory in public space, which is occupied 
by an individual and its individual fra-
grance like a table in a restaurant or a 
seat in a train. 

These olfactory zones of interaction 
are the basic principle for olfactory 

interaction zones in Human-Computer 
Interaction. An olfactory communica-
tion process can only be acceptable for 
a person if the computer sends smell-
ing information without violating the 
human interaction areas. 

7 Human-Computer Interaction 
and the Sense of Smell 

Raab’s olfactory interaction territories 
are comparable with interaction zones 
used in HCI, apart from the fact that 
one interaction partner is replaced by 
an intelligent computer system, also 
called iSpace (cf. Hansmann et al. 
2001), an intelligent or pervasive envi-
ronment. Such installations can explic-
itly or implicitly interact with a user. 
Explicit interaction means that the 
user has to do an explicit action like 
pushing a button to initialize an inter-
action. In case of an implicit interac-
tion the system autonomously reacts 
to the user. But generally Human-
Computer Interaction is only possible 
if there is an interface between human 
and computer on one hand and if us-
ers accept this interface on other hand. 
Every interface requires the following 
functionality: the digitalization of 
physical information, the transmission 
of information and the reproduction to 
physical information. 
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Figure 4: Interaction zones in HCI 

 

In HCI three zones of interactions are 
distinguished – the interaction zone, 
notification zone and ambient zone – 
which are generally further divided in 
five different zones, which result from 
implemented HCI interfaces  (Figure 4). 
Zone A and B need a physical contact 

between system and user for a work-
ing interaction. Therefore information 
exchange is primarily done via hap-
tic/tactile interfaces. Interaction in 
zone C and D uses the visual informa-
tion channel, in contrast to zone E 
where visual information can’t be ob-
served anymore and only acoustic or 
olfactory information is perceivable. 

Increasing information overload in the 
interaction and notification zone 
causes a focusing on the ambient zone 
in HCI research. Computer scientists 
are trying to transmit all information 
with lower priority by ambient interac-
tion modalities which reach the user 
later and maybe unconsciously, but 
definitely (cf. Ambient Media; 
Ishii/Ullmer 1997). An example for 
such ambient media is the acoustic 
signal of the mobile phone if a text 
message arrives. This signal is an am-
bient notification which won’t have the 
high priority as the ringing of an ur-
gent phone call.  

Communication via odour acts within 
an unconventional ambient zone of 

interaction. Each odour-emitting hu-
man or thing is surrounded by a defi-
nite waft of scent like an olfactory aura 
defined as “Olfactory Interaction Zone” 
(cf. Emsenhuber/Ferscha 2009a). This 
zone can be dynamically extended 
from square meter size to square 

kilometre scale. Consumers are often 
able to smell aromas of nearby baker-
ies or restaurants over many meters 
leading them from the street to their 
salesroom like an “olfactory direction 
sign”. Within an olfactory interaction 
zone the priority of information is de-
fined by the intensity of an odour and 
the odour itself. As an example the 
odour of fresh bread won’t be such 
important than the odour of smoke. 

With the increasing development of 
digital smell diffusers primarily for 
scent marketing purposes computer 
engineers are acquiring a taste for us-
ing smell as such ambient interaction 
modality. Within the last decade we 
can notice a careful approach to this 
topic in computer science. Decisive for 
that were probably numerous multi-
media (artistic) installations using 
smell as additional interaction chan-
nel, like the 5D cinema (cf. Storz 2010), 
but also an increasing demand for 
scent marketing technology. 

Today there are different interfaces 
which can produce or detect odours or 
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volatile components (cf. chapter 7.3). 
Now there are basic components 
available and which make possible an 
olfactory technological communication 
according to the model of Shannon 
and Weaver (Figure 2). 

Figure 5: Herczeg’s multi-medium extended by smell and taste 

 

Also Herzceg’s multi-medium which 
includes only sight, hearing and touch, 
so far, can be extended by smell and 
taste to complete the real multimedia 
experience and allow for an ultimate 
natural interaction between human 
and computer, which integrates all 
senses (Figure 5). 

7.1 Olfactory Human-Computer 
Communication 

As we have seen in the preceding 
chapters, olfactory communication 
between persons and technological 
systems isn’t merely a theoretical con-
cept. It already exists. During the last 
century creative heads have developed 
different rudiments to complete the 
ultimate multi-media adventure, which 
had to include smell. Ideas and con-
cepts for human-computer systems are 

often based on science fiction stories 
like Star Trek or in the case of olfac-
tory interaction, like Kurd Laßwitz’s 
(2001) Bis zum Nullpunkt des Seins or 
Aldous Huxley’s (2000) Brave New 
World.  

An olfactory Human-Computer Inter-
action needs olfactory interfaces, 
which detect smells or reproduce 
them. The increasing development of 
olfactory technology now allows for 
equipping computer systems with such 
olfactory interfaces for a useful olfac-
tory Human-Computer Interaction. We 
can distinguish between olfactory dis-
plays which evaporate smell and olfac-
tory sensors which detect it. 

First technological systems working 
with humans via smell were the first 
time-triggered cinema scenting instal-
lations as Hans E. Laube’s Smell-o-
Vision (Figure 6a.) or Morton L. 
Heilig’s Sensorama (Figure 6b.). Since 
the beginnings of cinema people have 
tried to add an olfactory channel to 
this visual-acoustic experience. 

Figure 6: a. Smell-O-Vision – Todd & Laube, b. Sensorama – Heilig, c. Odorama 
Rubbelkarte – Wates d. SniffMan©– Ruetz  
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The advertising industry seized that 
idea. Odours are a further possibility to 
persuasively present consumer prod-
ucts. Systems, like the ones described 
in the following chapters, are currently 
used for scent marketing purpose, HCI 
prototypes (most of them never 
reached the maturity phase) or foren-
sic, medical and food investigation 
systems. They are all indicators for the 
tangibility of smell and how computer 
scientists could use the olfactory me-
dium in HCI. 

7.2 Sending Olfactory Information 

Most scent marketing systems in 
salesrooms are integrated in the air 
condition, but there are also heat-
based standalone devices. The first 
commercially available air design sys-
tems could not adjust running time, 
fragrance or scent volume, they con-
tinuously run and lead to an “aroma 
flood”. Modern systems offer an ad-
justment of time and volume as well as 
changing between various fragrances. 

Today digitally controlled odour dif-
fusers are not only applied for adver-
tising purpose, they are also developed 
as ambient indicators like an olfactory 

display for HCI-systems (Figure 7). For 
instance, Keye reported on an ambient 
olfactory reminder system (cf. Keye  
2000). An integration of an augmented 
reality application with an odour ma-
chine to improve on the augmented 
reality experience is presented in Em-
senhuber et al. 2002.  
NTT Communications (2007) have de-
veloped a smell machine called Aroma 
Geur, laying the path to the first olfac-
tory emails in 2004. This device was 
also used to create an ambient smell 
when listening to Tokio FM. In 2005 
TriSenx (2005) launched their Scent-
Dome to enable websites emitting 
scents. The only system which reached 
the maturity phase and can be bought 
now is the Osmooze Personal Diffuser. 

Meanwhile, telecommunication indus-
tries have also found the olfactory in-
formation channel to be a useful me-
dium and are marketing the first scent-
ing mobile phones (cf. Motorola 2007; 
Softpedia 2007). The special smooth-
ness of olfactory interaction spaces 
was the central subject of the Space-
of-Scent-project realized by Haque 
Design & Research (2002). 

Figure 7: a. AromaJet Pinoke, b. DigiScent iSmell, c. FH Hagenberg SmellBox, d. 
NTT Com Aroma Geur, e. TriSenx Scent Dome, f. Osmooze Personal Diffuser 

 

 

Figure 8: a. Sony Ericsson SO701i, b. Hyundai MP280, c. Samsung patent, d. Mo-
torola Smell-o-Phone patent 
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For telecommunication industry smell 
has been successfully introduced as a 
new sensory modality for interactions 
between human and mobile devices 
The first “smelling” mobile phones 
were placed on the market in 2008 
(Figure 8). The Sony Ericsson SO701i 
is scented with an aroma therapy fra-
grance to support relaxing during 
stressful phone calls. To satisfy differ-
ent preferences the mobile phone is 
available with eight different fra-
grances, which can also be useful for 
advertising purpose and tagging per-
sonal things like mobile phones with 
corporate scents. Also Hyundai (2005), 
Samsung (2006) and Motorola (2007) 
have developed such mobile phones. 
German inventors have already pat-
ented a mobile phone with a smell  
chip which allows sending and receiv-
ing smell messages (cf. Inside-Handy 
2008). 

7.3 Sensing Olfactory Information 

Figure 9: a. wearable e-nose Smith Detection Cyranose 320, b/c. robots with gas  
sensor arrays for navigation, d. Digital Smell Camera 

 

Not only the output of olfactory infor-
mation is an increasing subject for 
information technology research, but 
also using volatile substances as input 
for digital communication becomes 
increasingly useful. Gas sensor arrays 
and electronic noses are especially 
used in forensic investigation for the 
detection of explosives and in medical 

science to diagnose diseases like can-
cer (Figure 9). Today they are also used 
to control digital systems. For instance 
the Japanese Hanahana-installation 
allows manipulating flower-anima-
tions by ten different perfumes (cf. 
Kuyoko et al. 2007). Wyszynski, Yama-
naka and Nakamoto (2005) already 

sent a recorded odour by email and 
reproduced it at the receiver. 

Researchers at the Austrian Konrad-
Lorenz-Institute are currently develop-
ing a system to recognize individuals 
by their body odour which represents 
the individual DNA like a volatile fin-
gerprint (cf. Penn et al. 2007). Body 
odour is the volatile state of sweat 
whose components are genetically 
influenced. Emotions like fear can also 
manipulate the sweat composition and 
contribute to the production of cold 
sweat (cf. Chen et al. 2006). According 
to this, body odour has the potential to 
become a new data source for intelli-
gent systems to recognize individuals 
as well as their emotions.  

In consideration to the fact that, apart 
from simple scent marketing dispens-
ers and simple gas sensors, most of 
the above-mentioned systems, never 
came into the market shows that there 
is a lot of research work to make these 
systems more “intelligent”. Current 
olfactory systems don’t tap the full 
potential of the olfactory medium.  

8 The Future of Smell 

The rediscovery of smelling has fol-
lowed from an increasing understand-
ing of olfactory perception during the 

last decade. Physiological, psychologi-
cal and technological research results 
allow for using smell as a communica-
tion medium with very special charac-
teristics. Because of the olfactory 
memory and unconscious emotionality 
of olfactory stimuli as well as its physi-
cal properties, the olfactory medium 
has acquired an exceptional position 
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among media. But these characteris-
tics make smell also to a physically 
and mentally controllable information 
channel.  

Current usage of odours in human-
computer systems, especially for scent 
marketing purposes is based on psy-
chological knowledge of olfactory per-
ception on the one hand but it also 
enters unfamiliar territories. There 
haven’t been enough psychological 
investigations yet to analyse the whole 
extent of mental effects of olfactory 
stimuli. Maybe in the near future we 
have to fight not only against visual 
and acoustic information overload but 
also against olfactory information 
floods. As we suffer from visual and 
acoustic impressions every day, no-
body knows which mental damage 
numerous fragrant waves would cause. 
Olfactory information overload can 
lead to two different scenarios: sce-
nario A describes a complete habitua-
tion of olfactory perception and a 
complete loss of our sense of smell. 
Scenario B would be another olfactory 
revolution as it came up in 18th cen-
tury, when malodour became unignor-
able and unbearable (cf. Corbin 2005). 
To avoid these scenarios users of the 
“smelling” medium have to carefully 
dose olfactory information which also 
needs respect for individual prefer-
ences and sensibility. 

The very subjective interpretation of 
olfactory stimuli requires an adaption 
of olfactory messages to the individual. 
Therefore olfactory systems need to 
become more intelligent, or smart. 
General scent diffusers like scent can-
dles, fragrance lights or other kinds of 
air fresheners work mechanically, 
without any electricity. But electric 
scent gadgets developed in the last few 
years are tending to replace their ana-
logue predecessors. Room scenting 
product lines like Brise Sense & Spray 
or AirWick FreshMatic are the first sen-
sor-controlled mass-market scent dif-
fusers for the private. Fragrance and 
intensity can be individually adjusted 
by hand. In public space especially for 
scent marketing such systems need 

more flexibility, because fragrance and 
intensity must be autonomously 
adapted to people’s preferences or 
moods. Maybe in the near future smart 
scent marketing systems will be able to 
react to individual emotional states 
and manipulate them with aroma-
therapeutic scents at the same time. 
Also mobile “smelling” devices like 
smell phones offer a further possibility 
for mobile advertising -- they are offer-
ing a new method to send not only 
informative but also emotional adver-
tising messages. 

Sensing odours could be a useful in-
strument for finding out more informa-
tion about people, especially about 
their emotional states. Computer sci-
entists call it emotional computing (cf. 
Picard 1997), a research which is con-
cerned with the development of HCI-
systems reacting to the user’s emo-
tions and moods. 

Another valuable data are individual 
odour preferences which could be ex-
amined by identifying their body odour 
or personal perfume. Furthermore 
such preferences would refer to colour 
preferences which could be useful for 
e.g. fashion style suggestions for fash-
ion stores. 

Whereas digital scent diffusers were 
already brought to market, the devel-
opment of gas sensors and artificial 
noses is still a topic of fundamental 
research. Especially for HCI-systems 
there aren’t any useful gas-sensing 
interfaces yet. Interviewed computer 
scientists pointed to this aspect as a 
reason why smell is uncommonly used 
for Human-Computer Interaction. A 
second argument is the problem of the 
social acceptance of such systems. 
Scent marketing systems are becoming 
more and more popular, are widely-
used, but unaware by consumers who 
are subliminally exposed to lulling 
fragrances. But how would people 
react if they realize that they are “ma-
nipulated” by smell? Raab’s olfactory 
interaction zones can be the base for 
social acceptance of olfactory Human-
Computer Interaction systems. Also a 
technological system has to respect 
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olfactory borders and personal spaces. 
That means an HCI-system should not 
cross these borders by e.g. evaporating 
a flood of fragrances. 

The Shannon-Weaver model implies 
that sender and receiver need to have 
the same knowledge about the mean-
ing of a message for a running digital 
communication process. This meaning, 
code or language is a connotation of 
information to a word, number, a pic-
ture, a sound or a smell and must be 
spoken within such system. In human-
to-human interaction spoken lan-
guages are restricted to countries or 
culture groups. Olfactory languages 
like aroma classifications of perfumers 
or terms of oenophilists, but also the 
meaning of smells within indigenous 
groups are even more localized. The 
digitalization of olfactory information 
allows for defining a general digital 
olfactory language for computer sys-
tems. As an example each component 
of a smell can define one bit of an ol-
factory message (cf. Emsenhuber 
2010). This is different from HCI com-
munication processes which have to 
translate both digital information to a 
human language and a human lan-
guage to digital information. Therefore 
odour-using HCI-systems need to 
know the user’s cultural affiliation and 
his or her individual olfactory lan-
guage. The future challenge for com-
puter scientists and other developers 
or designers of HCI-systems will be the 
definition of general or the spontane-
ous individualization of olfactory lan-
guages. 

Another question in discussing digital 
olfactory interaction is how seriously 
we should take developments like 
smell phones or smell-enabled web-
sites. Are they a flash in the pan or do 
they have a future? Computer-
controlled scent diffusers like the Tris-
enx ScentDome (2005) aren’t produced 
anymore, while Osmooze Personal 
Diffusers are still offered. But it is quite 
plain that aroma-dependent products, 
like perfumes or food are difficult to 
sell digitally. 

Digitally controlled olfactory mass-
market gadgets are the first indicators 
for an increasing relevance of olfactory 
communication, even though they 
were still used both for wellness pur-
poses and to improve the atmosphere 
of the own home. But it is only one 
step from “stupid” time-triggered scent 
diffusers to event-triggered customiza-
ble scent organs – as Huxley (2000) put 
it – and the olfactory medium would 
find its way into everyone’s home. 
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