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METHODS AND APPARATUS FOR ODOR REPRODUCTION

FIELD OF THE INVENTION
The present invention relates generally to apparatus and methods for
generation, emission, transmission, reproduction and memory storage of fragrances,
scents, odors and smells.

BACKGROUND OF THE INVENTION

Apparatus and methods for sensing odors are well known in the art. For
example, sensing, identifying or categorizing a particular odor may be accomplished by
means of gas chromatography devices and mass spectrometers which chemically analyze
an odor, and electronic or artificial “noses” which provide a characterizing fingerprint of
the odor. - :
. Presently there does not exist a precise method for reading and
interpreting the human nose receptors signals that are sent to the brain. It is also not
possible to fully understand the brain's smell-related activity. Therefore, it is still not

- possible to correlate each odorant, presented to a human nose, with its corresponding

sensory neuronal activity. An altemative method for deciphering the human smell
sensation is by receiving sensory feedback from a trained panel of human subjects. This
panel of subjects provides for each odorant a fingerprint, which may be viewed as an
alternative to the one that would have been produced by neuronal recordings. This is
done by providing the panel with a list of quality descriptors, and asking each person to
provide a numerical assessment of the similarity or dissimilarity of a test odorant relative

-a specific group of odorants with known quality descriptors. By averaging across the

entire human panel, an odorant becomes represented by an odorant vector.

Odorant output devices for delivery of fragrances to a user’s nose are also
well known. For example, a fragrance output device used in conjunction with virtual
reality systems is described in US Patent 5,591,409 to Watkins. US Patent 5,724,256 to
Lee et al. describes a fragrance mixing device which can be used in multimedia systems.
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Systems which attempt to link odor sensing devices with odor delivery
devices are known in the prior art. For example, “Transmission of Olfactory Information
for Telemedicine”, Keller e al, Interactive Technology and the New Paradigm for
Healthcare, K. Morgan et al,, eds., IOS Press and Ohmsha, Amsterdam, 1995, chapter
27, pp. 168-172, contemplates sensing known, predetermined odors with sensing
devices, transmitting odor information related to the known odors to an odorant output
device, and using the output device to replicate the known input odor. It is important to
note that this reference and the above cited fragrance mixing devices of the art strive to
attain an exact reproduction of a predetermined input odor.

Over the years there have been many attempts to find explanations for
odor sensation. Most of the theories used an analogy to color vision and assumed there
are primary odors in smell just as there are primary colors (Red/Green/Blue or RGB) in
vision. Beginning with the pioneering work of John Amoore in the 60's, researchers have
investigated the physical and chemical attributes of odorant molecules to try to find a
correlation between such attributes and odorant quality perception (Amoore JE, Specific
anosmia: a clue to the olfactory code, Nature. 1967, 214(93):1095-8).

However, more than 30 years later, there is still no accepted way to
define primary odors and to utilize a code to mix odorants at will, so as to recreate an
arbitrary odor sensation. There have been whimsical and April-Fools-Day essays about
an odor-version of RGB. For example, in May 1998 there appeared on the Internet a
website with the domain name www.vol.it/sbdi/44/sbdi44it. htm, which described an odor
system having 7 basic "RGB" odors - camphor, moss, flowers, mint, ether, putrid odor,
and pungent odor. It is noted that this allegation is a pale imitation of the original
Amoore proposed scheme of seven primary odors, which has been long since recognized
in the art to be simplistic, and even erroneous. Another joke of note in the Internet is the
website of RealAroma at www.realaroma.com that describes 8 machine with 3 basic
“RGB” odors. However, notwithstanding such published farces, the prior art does not
currently know of any primary odors which are analogous to primary colors.

In summary, it is clear that the prior art does not seriously address a
fundamental problem of odor transmission: how to communicate and reproduce an
arbitrary odor which is not predetermined or previously known.
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SUMMARY OF THE INVENTION

The present invention seeks to provide methods for instructing an
odorant-mixing output device to mix predetermined odorants in the correct amounts and
proportions so as to translate any odor input, even an unknown odor, into an odorant -
output which faithfully reproduces the input odor.

It is noted that throughout the specification and claims the terms
fragrances, aromas, flavors, scents, odors and smells, and any derivatives thereof, are
used interchangeably. The term “odorant” denotes a substance which contributes to an
emission of an odor by an odorant output device. The odorant does not necessarily give

" off an odor, but may catalyze emission of an odor. The odorant may be a pure substance

or a mixture of substances.

A method of the present invention for reproducing odors relies on the
mathematical interpretation of affinity fingerprints of odorants. Affinity of an odorant is
the strength of interaction between the odorant molecule and the surface of a sensor or
receptor. Hence, the total affinities of a specific odorant with a group of receptors or
sensors is called the affinity fingerprint of the odorant or the odorant fingerprint. This
odorant fingerprint can be represented by a vector called an odorant vector.

In a preferred embodiment of the present invention, an odorant
concentration vector generator feceives an odorant fingerprint represented by a vector of
an arbitrary input odor r sensed by an odor sensor. The arbitrary input odor is not
necessarily predetermined or previously known. The odorant concentration vector
generator computes a concentration vector, which is employed to instruct an odorant
output device how to mix odorants in suitable proportions to create a composite output
odor which approximates the input odor. The odorant output device has an odorant
palette containing a multiplicity of predetermined odorants, each having a predetermined
odorant fingerprint represented as a vector. The predetermined odorants are prefersbly

- predefined by using the same method used to characterize the fingerprint of odor 7,

thereby creating a matrix of odorant vectors, which characterize the odorants of the
palette. This matrix, muitiplied by the concentration vector, creates an output odorant
vector which characterizes an output odor 7’ which approximates the input odor 7. The
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output odor r’ is thus a combination of different concentrations of odorants, the
concentrations being defined by the concentration vector.

_ The output odor r’ is not necessarily an exact duplication of the input
odor r. Specifically, the difference in odor between mputodor r and output odor r’ as

perceived by a sufficiently representative human population is called a tolerance 8. The

preseat invention provides methods for minimizing tolerance & such that the sufficiently
representative human population perceives the output odor 7’ as an adequate substitute
for input odor r. oo _

The following is an illustrative example of the type of odor transmission

possible with the present invention and not possible with the prior art. A movie director

would like to add fragrances to scenes in a plurality of movies. In the prior art, the

-dhectormustdeddealwadofﬁmewhichodommhbehansmi@&mnﬁdnedin

the background of the invention, the director must then provide all the end-users with the
odorants needed to reproduce all of the known odors. If it is desired to transmit 1000
odors, then the director must either provide 1000 odorants which emit the same odors or
somehow figure out how to mix the proper proportions of a smaller amount of basic
odorants in order to reproduce the 1000 odors. In the prior art, the director has no way
of knowing if 50, 600 or 999 predetermined odors are needed to reproduce the 1000
given odors and no way of knowing what the proper proportions are.

In contrast, the director can use the methods and teachings of the present
invention to know if 1000 predetermined odorants are really needed or if 49 are
sufficient, and to know what proportions of which odorants to mix to achieve the desired
output odors, without time-consuming and laborious trial-and-error. Much more
importantly, the director is not limited to known input odors. Rather, unknown odors,
such as that provided by surprise or improvisation, can also be transmitted and faithfuily
mimicked using the methods of the present invention.

There is thus provided in accordance with a preferred embodiment of the
present invention a system for producing an odorant concentration vector including an
odorant fingerprint generator providing an odorant fingerprint répresenting an arbitrary
odor, and an odorant concentration vector generator receiving the odorant fingerprint

represented as a vector and producing an odorant concentration vector.
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There is also provided in accordance with a preferred embodiment of the
present invention a system for reproducing odors including an odor sensor providing a
sensed odor input fingerprint representing an arbitrary odor sensed thereby, an odorant
output device, having a palette containing a multiplicity of predetermined odorants each
having a predetermined odorant fingerprint, the odorant output device providing a
composite odor in response to an odorant concentration vector, and an odorant
concentration vector generator receiving the sensed odorant fingerprint represented as a
vector and utilizing the predetermined odorant fingerprints also represented as vectors
to produce the odorant concentration vector.
In accordance with a preferred embodiment of the present invention the
- odor reproducing system also includes an odorant fingerprint normalizer which modifies
the sensed odorant fingerprint such that the output of the sensor is normalized; whereby
odors which are similar as perceived by a human are represented by modified sensed
odorant fingerprints which are close in the vector sense.
Further in accordance with a preferred embodiment of the present
- invention the predetermined odorant fingerprints of the output device are also
normalized in a similarity to the normalization of the sensed odorant fingerprint.

- Closeness in the vector sense as the term is used above means that the
distance in some metric space or generalized metric space is short. These spaces can be,
for example, the Minkowsky metric, the Euclidean metric, the generalized Euclidean
metric, the additive segment metric, etc. The distance can be for example the Euclidean
distance, the generalized Euclidean distance, the Minkowsky distance, the over-threshold
‘Buclidean distance, the over-threshold average difference, the maxima distance, etc..

Additionally in accordance with a preferred embodiment of the present
invention the odorants of the palette are preferably predefined in terms of the sensed
odorant vectors, wherein the palette includes ¢ odorants which are defined by a matrix M
of q odorant vectors (@} ;, @] 5 @1y ) (@2 1, @33 w@p ) o (a)q. I %2
"-‘”q,n)- . .

In accordance with a preferred embodiment of the present invention the
concentration vector generator generates a concentration vector » which instructs the
palette how to mix the ¢ odorants in order to create an output odor »’ which mimics an
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input odor », wherein the matrix M mulitiplied by the concentration vector b creates an
odorant vector @' = (@', @', ... @",) and the concentration vector generator chooses
the concentration vector b so as to minimize the distance| |[M:b- ol | = | |o’- 0l | = &.
Further in accordance with a preferred embodiment of the present
invention &is a distance which is minimized such that a sufficiently representative human
population perceives the odor r’ as an adequate substitute for the odor 7.
Stillﬁxrtherinaccordancewithapreferreﬂembodiment of the present
invenﬁoné'isaproperdistanceorgeneral’mddistance-ﬁmcﬁon, such as the Euclidean
distance, the generalized Euclidean distance, the Minkowsky distance, the over-threshold
Euclidean distance, the over-threshold average difference, the maxima distance, etc.,
defined in terms of metric space for example the Minkowsky metric, the Buclidean

‘metric, the generalized Euclidean metric, the additive segment metric, etc..

Additionally in accordance with a preferred embodiment of the present
invention the odorant fingerprint normalizer carries out a function f which operates on
one kind of numerical vectors representing one kind of odorant fingerprints to form

 another kind ofmmncalvectorsrepresennnganotherhnd of odorant fingerprints, not

necessanlyhavmgﬂmsmmdlmwmonﬂuyastheﬁrsthndofvectors,mmthefoﬂowmg
property: if @; and »; moutputsoftheodorsensorconespondmgtoodorsrl and ry,
thentheodorr,mpercavedbyahumannoseasbangclosetoodorrztfandonlylf
flwy) and flwy) arenumcncallyclos&

Inaccordancewnthaprefenedanbodlmentofthepmsentmvenuonthe
functionfisconsu'uctedbycompanngthesensedodorvectorsmﬁ'omavanetyofmput
odorants to other vectors produced by collecting data from a human panel for the same
vadetyofinputodors. =

Further in accordance with a preferred embodiment of the present
invention the function fis constructed by comparing the sensed odorant vectors @ from a
vaﬁetyofinputodmm&mothavectomproducedbyooﬂecﬁngdataﬁomacmalhuman
olfactory receptors for the same variety of input odors.

Still further in accordance with a preferred embodiment of the present
invention the function fis constructed by comparing the sensed odorant vectors @ from a
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variety of input odorants to other vectors produced by collecting data from a simulation
of human olfactory receptors for the same variety of input odors

Still further in accordance with a preferred embodiment of the present
invention, the function f is constructed by one of the following methods and similarly
known ones from computational algebra: polynomial approximation, fuzzy logic, or
neural networks. An example of a neural net implementation in this context is a feed
forward net with a linear output layer and a sigmoid transfer function hidden layer, or
layers. Such a construction is known to be able to approximate any coatinuous function
of the desired type to any desired accuracy. Here the input is the set of fingerprints of an
electronic nose, and the output is the set of fingerprints obtained by a human panel.
Another possible neural network which may be used for this purpose is the radial basis
net, which is also known to be able to approximate any continuous function.

Still further in accordance with a preferred embodiment of the present
invention, construction of function / might involve computing in a reduced

 dimensionality using methods such as PCA (principle component analysis), MDS

(multi-dimensional scaling) and neural networks.

Additionally in accordance with a preferred embodiment of the present
invention there is provided an output device including an array of odorant sites, each
odorant site including an odorant in an enclosure, the enclosure allowing passage of the
odorant therethrough only upon application of a predetermined level of energy to the
enclosure, and a trigger that selectively applies the predetermined level of energy to the
enclosure. Preferably the trigger applies at least one of heat energy, light energy and

In accordance with a preferred embodiment of the present invention the
trigger includes a scratch implement.

Further in accordance with a preferred embodiment of the present
invention the enclosure has a property of locally rupturing upon application of
predetermined of energy.

Still further in accordance with a preferred embodiment of the present
invention the enclosure has a permeability which increases upon application of the

predetermined level of energy.
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Additionally in accordance with a preferred embodiment of the present
invention the trigger includes a laser which produces a beam of laser radiation and directs
the beam onto the enclosure.

In accordance with a preferred embodiment of the present invention the
odorant sites are mounted on a substrate, and the odorant output device further includes
a motion device connected to the substrate which moves the substrate with respect to the
trigger 50 as fo selectively align one of the odorant sites with the trigger so that the
trigger selectively applies the predetermined level of energy to the odorant sites.

. Further in accordance with a preferred embodiment of the present
invention the odorant- sites are mounted on a substrate, and the odorant output device
further includes a motion device connected to the trigger which moves the trigger with
respect to the substrate so as to selectively align one of the odorant sites with the trigger
so that the trigger selectively applies the predetermined level of energy to the odorant
. Additionally in accordance with a preferred embodiment of the present
invention there is provided an odorant output device that include a plurality of reservoirs
each containing an odorant and a selectable odorant release trigger mechanism associated
with said plurality of reservoirs for selectably releasing odorants therefrom. -

_ The odorant release mechanism preferably comprises a drop on demand
ink jet type mechanism which may be for example by thermal energy addition or may
employ a piezoelectric crystal.

~ Still further in accordance with a preferred embodiment of the present
invention there is provided a controller connected to the trigger which controls to where
in the enclosure the trigger should selectively apply the predetermined level of energy.

Additionally in accordance with a preferred embodiment of the present
invention a fan creates a flow of air over the odor sites.

There is also provided in accordance with a preferred embodiment of the
present invention an odorant output device including an array of odorant sites, each the
odorant site including an odor in an enclosure material, the enclosure material allowing
passage of the odor therethrough only upon application of a predetermined level of
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energy to the enclosure, and a trigger that selectively applies the predetermined level of
energy to the odorant sites. '

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will be understood and appreciated more fully from
the following detailed description, taken in conjunction with the drawings in which:

Fig. 1 is a simplified block diagram of an odor transmission system,
constructed and operative in accordance with a preferred embodiment of the present
invention; '

Fig. 2 is a simplified block diagram of an odor transmission system,
constructed and operative in accordance with another preferred embodiment of the
present invention, wherein odorant fingerprints are modified by an odorant fingerprint
Fig. 3 is a simplified illustration of an odorant output device constructed

and operative in accordance with a preferred embodiment of the present invention;
Fig. 4 is a simplified illustration of an alternative trigger for the odorant
~ output devices of the present invention, constructed and operative in accordance with a
- preferred embodiment of the present invention;
Fig. S is a simplified illustration of an alternative odorant output device
" constructed and operative in accordance with preferred embodiment of the present
Fig. 6 is a simplified illustration of an alternative odorant output device
constructed and operative in accordance with preferred embodiment of the present
invention. ' '

DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT
Reference is now made to Fig. 1 which is a block diagram of an odor
" transmission system constructed and operative in accordance with a preferred
embodiment of the present invention. It is desired to communicate a given input odor r.
Odor r may be characterized in a number of ways. For example, gas chromatography can
be used to represent odor 7 as a series of chemical constituents, ¢y, ¢, .. ¢, , such as 3
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units of HyS, 5 units of 3-methoxy-4-hydroxybenzaldehyde, and so forth. Alternatively,

an artificial nose can be used to represent odor 7 as a function of “odor characteristics”
87, 82 o Sy . Similarly, a panel of a representative populition of humans can be used to
represent odor 7 as a function of “odor characteristics™ ¢; , {3 ,... #, . In short, odor 7
can be represented by an odorant fingerprint expressed as an odorant vector @ =

(07, 0,.. By).
It should be emphasized that 1t makes no difference what the source of

odorant vector @ is. Odorant vector o can be provided by sensing an object, such as a
flower 12, whose odor is not necessarily previously known, as shown in Fig. 1. In the
illustrated example, a sensor 20 such as an artificial nose may be provided. An example
of an artificial nose is the Fox system by Alpha MOS at Toulouse, France, a description

" of which is available on the Internet at www.alpha-mos.com. Sensor 20 characterizes

odor 7 by an odorant fingerprint represented as vector @ = (@; , @7 ,... @).
Alternatively, instead of creating an odorant vector @ by a sensor, it may be artificially
created by a person, for example, by using an odorant-mixing device or a look-up table .

“of a set of known odorant vectors or even by simply using one’s imagination to dream up
‘anew odorant vector.” '

AnodbrantoutputdeviceZZcompﬁsinganodorantpalette%is
preferably provided for generating an odor to an end-user_viaahodorant output port 26.

~ An essential feature of one aspect of the present invention is instructing odorant output

device 22 to reproduce odor 7 as faithfully as possible. This feature is described
hereinbelow. .

Odorant palette 24 comprises a plurality of ¢ odorants. In order to use
these ¢ odorants as building blocks to reproduce odor 7, the ¢ odorants are preferably
predefined in terms of the same type of @ vectors used to characterize odor 7. In
practical terms, this means that the odors given off by the ¢ odorants of palette 24 are
pre-sensed by sensor 20 prior to using palette 24 to produce odors. In mathematical
terms, odorant palette 24 comprises ¢ odors which are defined by a matrix M of ¢
odorant vectors (@] 1, , @ 2@ ), (®2 10+ @2 210 g (Vg 1 Vg 24-Bg ).

In accordance with the present invention, a. concentration vector
generator 28 generates a concentration vector b which instructs odorant output device

10
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22howtonnxthelqodorantsofpalette24mordatocreateanoutput odor 7’ which
mimics input odor r:as‘closely as possible as perceived by a human nose, The matrix Mis
embodied in concentration vector generator 28 to make possible the following
computation: In mathematical terms, matrix A/ multiplied by concentration vector b

creates an odorant vector @' = ('}, @, ... @',). Concentration vector b is computed

80 as to minimize the distance | [M:b - ol | = || @’ - ol| = & In other words, Sis a
distance which is minimized such that a sufficiently representatlve human population
percewesodorr asmadequaterepresentaﬁonofodorr

The distance &is defined in a metric space. In general, the metric used is
the Euclidean one, ie., || Hé,inwhichcaseasuitab!eminhnizationtechniqueisleﬁst
squares, orcalctﬂusofvariations.However,8canalsobed€ﬁnedintum§ot‘other
metrics, such as the maxima space, i, || ||q, in which case techniques of linear

_.pfbgramnﬁngcanbeusedtominimizeﬂ:edismnceﬁ Otherpossiblemetﬁcsinchxdethe
over-threshold Euclidean distance, i in which we take into account only those entries in

thevectorsthatareoveracertamthreshold, over-thresholdaveragedmrence,ﬂ:e
Mabhalanis distance from cluster analysis, the weighted Euclidean distance, the
Minkowsky distance, the generalized Euclidean metric and the additive segment, etc. The
present invention recognizes the possibility that minimizing the distance in Euclidean
_spdce niay be inadequate to mimic odor r. Accordingly, .othe; techniques, such as
employing artificial neural networks, fuzzy logic, or genetic algorithms, are provided in
the_pfesent invention formodifyihgthe input vector @ so that a suitable nﬁnitniiation of
& will better reflect how a sufficiently representative human population perceives the
output odor r’. This modification of input vector @ is described hereinbelow with
reference to Fig. 2. |

Several important features of embodiments of the pment mventton
should be noted: _ -
a If the matrix M is non-singalar or full-rank then &= 0 can be achieved,
and a concentration vector 5 can be calculated to achieve &= 0, so that a mixture of the
q odorants will always produce exactly the odorant vector of the input odorants. If
matrix M is singular or non full-rank then in general 6 # 0, and a concentration vector

11
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can be found that minimizes & such that a sufficiently representative human population
perceives odor r’ asinadequaterepresentationofodorr

b. Thepresem:nvumonallowsdeﬁmngasetofqodorants that can
produceasetofmodorswnthmadeﬂredtolerancea The present invention recognizes

: thatformanypracncalapphcauons,onedoesnotneedasetofodorantsthatworkfm'

every existing odor, butratherforangensetofodor& Nevertheless, it is theoretically
posslblemusethcmethodsofthepresemmvenuonmﬁndaumversalodomupdeue
thatwillbeabletorepmduoemthsuﬂimentmxracyanyarmmyodor

c. Thesetofqpnmaryodoran_tsthatcanproduceasetofmodorswithina
tolerance & is not necessarily unique. Several sets of ¢ odorants may adequately “do the
job”. The present invention also allows a user to find these sets and optimize and

- d. The present invention allows the system to learn as it operates. In each

reprumuﬁonofa'mwodot,thesymmmimthemddmpdwemdwﬂwes
its effectiveness. It 66mputes which odorants may be omitted and which new odorants
could be added to the palette in order to construct a more accurate odor reproduction.
e The presént invention also recognizes that it is often desirable to have a
palette containing some "main” odorants that will be present in larger quantities, with
some secondary “condiment” odorants, in smaller quantities. This can be achieved by
usmgodorantvectorsnomahzedtothe“lmmannosespaoe to generate clusters of
smﬂarodomThemmnodomofthepﬂettemﬂtbencompnseasmallmmbuof
odomtsthatbestrepmaﬂthepnnmpﬂcomponeMsofthechlstemgprocedm

ReferencemnownwdetoF’g.thlchilhxstratesanlmprovedvmnof
the system of Fig. 1. In accordance with a preferred embodiment of the present
invention, 3 human nose normalizer 30 is provided which “normalizes” the odor
fingerprint represented by vector @ produced by sensor 20. By “normalization” it is
meant that the odorant vectors are modified so that the difference in vector
representation between two odorant vectors accurately reflects the difference in human
' perception of the odors which these two odorant vectors represent.

In mathematical terms, human nose normalizer 30 uses a normalizing
function f which operates on one kind of numerical vectors representing one kind of

12
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odorant fingerprints to form numerical vectors of another kind representing another kind
of odorant fingerprints, not necessarily having the same dimensionality as the first kind of
vectors, with- the following property: if @; and @, are outputs of sensor 20
corrspondingtoodorsrlandrz, then the odor r; is perceived by a human nose as
being close to odor 7, if and only if ff») and f{w,) are numerically close, e.g.,
inll [, | |
The function £ is also used to modify the odorant palette. As mentioned
above, odorant palette 24 comprises ¢ odors which are defined by a matrix M of ¢
odorant vectors (@7 7, @] 3 -8 ), (93,1, @221 @25) , . (@ ] , By 2 O ).
Theqodmammrsamdmopaatedonbyﬁmcﬁon]:therebyprodudngamodiﬁed
matrix, consisting of the vectors fw; ;, @ 3 -0 ), @) 1, @3 3 -@3 ) , herein
referred to as f{M), which is embodied instead of matrix M, in concentration vector
generator 28. The modified vector f{a) of the input odor is then input into. concentration
vector generator 25, as seen in Fig. 2, to provide a better concentration vector b, that is,
to minimize the distance | |75 < fw)! |. -

A simple example may be constructed by providing an electronic nose
that senses odors and represents them as odorant vectors ® in a 4-dimensional space. A
"human nose space”, represented, for example by a set of vectors x derived from 2
lmmaq panel, is 7-dimensional, i.e., the ®-vectors are ‘7-dimensional. Suppose.the palette

'isconstructedofﬁodors,andisrepresentedinﬁxeu—spaceasthefollowing7-by—6

matrix,

(41 21 15 51 44 28)
24 17 9 10 14 24
36 37 13 51 42 86
f@)=| 22 31 22 52 67 45|
215 28 43 8 22 9
20 13 20 17 28 6l
(92 43 21 36 19 16

Assuming that a new odor 7 is sensed by the electronic nose the following 4-vector is
provided.

13
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¥ function f, thatuansformsﬁ'om;hgw-spaget_otheu-spaceis
(bc—ad-a* +d?)

3(a+)
(a-5y
f=| 3a+4b-2¢
¥ -a?-c+d
bp-a)
\ bc-a) )
The odor 7 in Tt-space is
(54)
15
49
z=|451.
35
22
\44)
The concentration vector b can be found using an NNLS algorithm (non-negative least
squares), which minimizes the quantity |f(M)-b—#] under the constraint that the

elements of b are all non-negative. The resulting vector is .

(0.1338)
0
0
0.8603 |’
0
0.0223)

3
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Multiplying this vector by the palette matrix there is obtained
50y |
12
51
rt'=f(M)-b= 491,
36
20
\#)

which is the closest possible non-negative vector to x.

One way of arriving af normalizing function f is by learning how the
differences between @ vectors of sensor 20 actually reflect the differences between the
same types of vectors in the “human nose space”, for example by employing a set of
vectors & derived from 8 human panel, as can be understood from the following
example:, 'Suppose that a particular odorant vector @; produced by sensor 20 is
composed of the values (17, 5.3, 1.78), each scalar representing a quantity such as

- chemical concentration, or a dimensionless number related to an odor quantity. The same

odor which produced this odorant vector @; is then judged by a panel of a sufficiently
representative human population which is asked to produce a wvector of odor
characteristics for that odor. This procedure produces a “human control” vector xy
with, for example, the values (43.88, 60.84). This example also illustrates that these two
vectors @; and z; do not necessarily have the same length. '

Suppose then that another odor is characterized by sensor 20 as the
odorant vector @, having the values (10.7, 5, 7.3), which when judged by the human
control produces vector 7, with, for example, the values (20, 54). Suppose further that
a third odor is characterized by sensor 20 as the odorant vector @3 having the values
(4.35, 4.99, 13.6), which when judged by the human control produces vector 3 with,
for example, the values (19.25, 54.06). Reflecting on these vectors, one notices the
apparently illogical fact that while no two of the three @ vectors appear to be close (in

~ the || ||, metric, for example), the two 7 vectors 7, and x3 are extremely close, while

7 is distant from both of them. In this simple example, one might notice that this could
have to do with the proximity of the second components of @ and @3 (5 and 4.99) in
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contrast with the relatively distant 5.3 of @;. The purpose of the sought-for function fis
to discover these correlations. In this example, one possibility for a fanction f that fits the
numbers is fix,.2) = (Y’ - 105, 54y-12(x+z)),thattak§s'thethreecomponents of the
o vectors, X, y, and z, and produces the two components of the x vectors. The
dominance of y, the second component of the @ vectors, which may possibly represent
some critical characteristic of the odors in question, now becomes very clear.

The above is a simple example which s presented to explain the basic
principle of producing the concentration vector and finding and implementing the
function £, In actuality, in the case of 4 human panel, many # odorant vectors would be
polled by the panel and compared to the @ vectors to arrive at function f. For example,
one can choose to represent function f as a polynomial with any number of terms, large
or small, depending, inter alia, onthe_“mmzb_er—cmnching”abilityoftheprocessorsused
in the system, and then use best-fit techniques to arrive at the best-fit polynomial. It is of

. comseappreciawdbythoseddﬂedinthemtofmathemaﬁcs,thatothawen-known
techniques can be used to construct function f, including techniques that handle the case

when the dimension of the @ space is not equal to that of the x space, techniques that
involve reduced dimensionalities o
A second way of arriving at 8 normalizing function £ is by learning how

-.diﬁ'erencesbaweenwvectompmduqedbyscnmrmmacmﬂysemedbytheodm
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receptors in the human olfactory nerve cells. Such an analysis of real human noses,
potentially by remote sensing, including MRI or electromagnetic recordings, would then
produce a set of @ vectors, constituting odorant fingerprints from the real nose. The 8
vectorswouldbeused,insteadofvemmzofthehlmanpaneLtownsuuctﬁxncﬁonj;
which in turn would be used to create f{a) and fiM). fiM) would then be included in
concentration vector generator 28 and f{@) would be input into concentration vector
generator 28, as described above. :

Alternatively, instead of analysis of real human noses to produce actual &
vectors, analysis could be performed on a set of simulated human noses, such as by
chemical simulation of the & vector space ie., real-life odor receptors in the human
olfactory nerve cells. Such an analysis would produceaset.of Os.vectors which could be

used to construct function f as described above. Such simulations are based on the
16
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receptor  affinity . _distribution model (RAD), proposed by Lancet et
al [Proc.Natl Acad.S& USA Vol. 90, 3715:19,April 1993].

In summary, human nose normalizer 30 provides a normalizing function f
that modifies the input vector @ and the odorant palette vectors to produce a better
concentration vector. The function f can be leammed and constructed by comparing the
vectors o from a variety of input odors to other vectors produced in the following ways:
a. Collecting data from a human panel for a variety of input odors.

b. Collecting data from actual human olfactory receptors.
c. Collecting data from chemical simulation of human olfactory receptors.

By improving the concentration vectors to improve the accuracy of odor
reproduction, or by using a more accurate artificial nose, the relative quality of the ¢
odorants is improved as well. The matrix M (or f{M)) associated with the ¢ odorants
spans some subspace of vectors of the input odors which are to be reproduced. If the
matrix is non-singular or full-rank, then the mixture of the ¢ odorants will always
produce exactly the odorant vector of the input odors and the g odorants thus span all of
the input odors.

If matrix M is singular or non full-rank then the g odorants do not span all
of the input odors. Known mathematical techniques can be used to calculate to what
extent the ¢ odorants span the input odors in terms of a desired tolerance J. Moreover,
known mathematical techniques can be used to investigate the effects of adding new,
additional odorants to the palette, and conversely, the effects of subtracting odorants
from the palette. For example, one can calculate if adding certain odorants to the palette

- will create a non-singular or full-rank matrix and thus span all of the input odors. As
another example, one can investigate the behavior of the palette upon the addition of
odorants, such as 5 new odorants. If the 5 odorants greatly increase the span of the
odorant palette, then they may be considered for expanded use of the palette.
Conversely, if by subtracting 4 odorants from the palette no significant degradation in the
ability of the palette to span the input odors is detected, then one can save costs by
minimizing the number of odorants in the palette. In short, by using known mathematical
techniques, matrix M and function f permit initially defining a set of ¢ odorants that can
produce a set of input odors within a tolerance J, as well as modifying and optimizing
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the set of g odorants. This palette analysis need not necessarily stop at some point. The
system of the present invention can continue this--analysis while working. Any new smell
introduced to the sensor for reproduction may be analyzed as a potential palette odorant,
andthesystemmayamlyzethepowerandeﬁclencyofthe proposed new palette. If the

" new proposed palette is better as a result of the addition of the new odor and/or the

omission of other odors, the system may output its findings and the palette may be
modified. R
Another possible feature of the system may be the ability to translate
vectomofoneelech‘oﬁcnosetovectorsofaﬂotherelecﬂ‘oﬁicnose Such a mathematical
task can be carried out using function evaluation techniques, such as polynomial
approximation, fuzzy logic or neural networks, with the input being the fingerprints of
one electronic nose, and the output being the fingerprints of a different electronic nose.
Reference is now made to Fig. 3 which illustrates an odorant output

device 110 constructed and operative in accordance with.a: preferred embodiment of the

present invention, which employs the g odorants mentioned above.

Odorant output device 110 preferably includes an array of odorant sites
112 mounted on & substrate 114 which is preferably rigid. Each odorant site 112 includes
an odorant 116 in an enclosure 118. Odorants 116 are preferably the ¢ odorants and may
be chosen in a number of ways. For example, it may be desired to use odorant output
device 110 to approximate a plurality of input odors, such as perfumes, that include
perfumes with known odors plus some with unknown odors. An initial plurality of
odorants 116 that have a reasonable expectation of approximating at least the known
odors may be selected. Then, as mentioned hereinabove, known mathematical techniques
can be used to calculate to what extent the initially chosen odorants 116 span the input
odomintermsofadakedmlmncedMorwver,knmmathmﬁcdtechniquescan
be used to investigate the effects of adding new, additional odorants to the palette, and
conversely, the effects of subtracting odorants from the palette of odorant output device
110. - .
A trigger 120 which may be constructed in various ways as described
further hereinbelow, is in operative communication with odorant sites 112. Enclosure

18
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118 permits passage,of odorant 116 into a surrounding environment when trigger 120

creates an opening int énclosure 118 sufficient for passage therethrough of odorant 116.
The type of trigger employed depends, inter alia, on the type of

enclosure. Odorant 116 may be provided for example in a microcapsule (reservoir), a

* polymer matrix or a microencapsulated dispersed odor-polymer.

‘In Fig. 3, odorant sites 112 are preferably constructed of layers of a
polymer matrix that may contain between 50-1000 different kinds of odorants. In order
to describe the amount of odorant contained in the enclosure the following term, an
“Odor signal”, is employed. An “Odor signal” is defined as a portion of air carrying
fragrance in a concentration sufficient for smell by humans. For many types of odorants,
an ordinary person needs between 10 ngr - 10 pg of fragrance material in 1 liter of air in
order to sense an “odor signal”. Thus the amount required for thousands of potential
breaths of fragrance may be contained in a small volume. Substrate 114 can be fashioned
in any suitable shape, such as in the form of a compact disc.

'In one preferred embodiment of the present invention, trigger 120
comprises a laser 122 which produces a beam 124 of laser radiation and directs it into
enclosure 118. Enclosure 118 is preferably a light absorbing polymer with high
absorptivity at the laser wavelength. The high absorptivity is preferably produced by an
addition of a dye to the polymer which has a strong absorptivity at the laser wavelength.

* Alternatively a polymer that is intrinsically absorbing at the wavelength of the laser that

may be employed. The laser beam 124 may be continuous or pulsed. The laser beam
wavelength may be any suitably wavelength, but is most preferably between 680-1500
nm. The pulse intensity and duration of laser beam 124 preferably control the amount of
odor 116 released from odor site 112. The laser apparatus can include optical fibers,
lenses and other devices to focus and shape laser beam 124.

Laser beam 124 preferably can release odor 116 in one of three ways:
a Evaporation of odor 116 that causes local explosion/rupture of the polymer wall
of enclosure material 118.
b. Evaporation or destruction of the polymer wall of enclosure material 118 causing
odor 116 to escape outwards.
c. Increase of the polymer wall permeability, causing faster diffusion of odor 116.

19



10

15

20

25

WO 00/15269 PCT/IL99/60495

_ In accordance with one embodiment of the present invention, enclosure
118 can also be a heat-sensitive polymer, so that absorption of beam 124 heats the
enclosure to a temperature which cmseschangesmtheenclome, in accordance with
any of the three methods mentioned above. Examples of heat sensitive microcapsules are
desctibed in Japanese Patent Document 02145383 to Wakata and EP Patent 38985 to
Bayer, in which a volatile material is released from a core of a capsule due to
temperature changes in the enclosure. Another type of heat-sensitive microcapsule used
in the food industry comprises microencapsulated flavors such as Ottens Flavors
MagnaCap™ which are designed for release during baking st 145°F (63°C). Other
examples of heat sensitive materials for such microcapsules are described in US Patent
4,742,043 to Tanaka et al. and-US-Patent4760048mKurjharaetal.,thedisdosuresof
which are incorporated herein by reference.. :

It is noted that enclosure 113 ~should preferably have a low thermal

vntytoprevmtheatproducedbylaserbeam 124 from traveling by conduction to
other areas in the enclosure. Thlsenmresthereqmredlocahzedhaungofthepamcuhr
odor site 112. -
| Substrate 114 may i:icnude layers of mcapsﬁlated odors apportioned into
secnons,eachsectronmcludmgadlﬁ'erentodomnt Odorantoutputdevxcello
preferably includes a motion device 130 connected to substrate 114 which moves
substrate 114, together with odor sites 112, with respect to trigger 120 so as to
selectively align one of odorant sites 112 with laser beam 124 of trigger 120. In this
manner, 120 can selectively cause any combination of odorant sites 112 to release the
particular odorant 116 therein.

In one embodiment, motion device 130 preferably includes a motor (not
shown) which rotates substrate 114 about a spindle axis 132. Trigger 120 is preferably
moved generally radially with respect to axis 132 by another motion device 134.
Substrate 114 is rotated by motion device 130 until the desired fragrance location lies
below laser beam 124. This system is thus similar to the system in a CD player or
magnetic disk memory device.
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. Alternatively, trigger 120 may remain stationary while substrate 114 is
moved by motiont ‘dévice 130 in Cartesian or other ‘coordinates in a plane generally
perpendicular to axis 132.

Preferably a fresh air supply conduit 136 is provided for introducing fresh,
clean air above the substrate 114 and odor sites 112. An outlet conduit 138 is preferably
positioned at a mixing region (or mixing chamber) 140 above the substrate 114 and odor
sites 112 to deliver the air with the odors to a user’s nose. The orientation of conduits
136 and 138 can be for example horizontal or vertical relative to substrate 114, and the
conduits may even be concentric. '

In summary, odorant output device 110 creates a composite odor from a
combination of odors in different intensities. Trigger 120 and substrate 114 move relative
to each other so as to release the precise amount of odor to the mixing region 140, just
above substrate 114. The mixture of odors in the mixing region is delivered to the user’s
nose. After each fragrance emission, a flow of fresh air through conduits 136 and 138
cleans and clears apparatus 110.

Odorant output device 110 may also include a controller 142 connected
to trigger 120 which determines which odorant sites 112 are triggered by trigger 120 to
release odors 116.

Reference is now made to Fig. 4 which illustrates an alternative trigger
for the odorant output devices of the present invention. Here the trigger comprises a
scratch implement 180 which can scratch and rupture enclosure 118 of odor site 112,
thereby releasing odorant 116. It is appreciated that the trigger of the odorant output
devices of the present invention can use heat energy, light energy or mechanical energy
to trigger emission of odors from odorant sites 112,

Reference is now made to Fig. 5 which illustrates an alternative odorant
output device. This output device include 2 plurality of reservoirs 216 each containing an
odorant 218 and a selectable odorant release trigger mechanism 220 associated with each
of said plurality of reservoirs 216 for selectably releasing odorants 218 therefrom. The
odorants release mechanism preferably comprises a conventional drop on demand ink jet
type mechanism.
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- In one embodiment of the invention, illustrated in Fig. 6, a substrate 314
includes a CD ROM memory 316 on one side thereof and an odorant palette 318 on an
opposite side thereof. A pair of lasers 320 and 322 are provided, laser 320 operating as a
trigger for release of odorants and laser 322 operating to record on the CD ROM
memory 316 that an odorant has been released from a given location on the palette 318.
In this manner, efficient use of the various odorants on palette 318 may be provided.

It will be appreciated by persons skilled in the art that the present
invention is not limited by what has been particularly shown and described hereinsbove.
Rather the scope of the present invention includes both combinations and
subcombinations of the features described hereinabove as well as modifications and
variations thereof which would occur to a person of skill in the art upon reading the
foregoing description and which are not in the prior art. - '
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CLAIMS

 ‘What is claimed is

1. A system for producing an odorant concentration vector comprising:

an odorant fingerprint generator providing an odorant fingerprint
representing an arbitrary odor; and

an odorant concentration vector generator receiving said odorant
fingerprint and producing an odorant concentration vector.

2. A system for reproducing odors comprising:
an odor sensor providing a sensed odorant fingerprint representing an

arbitrary odor sensed thereby;

' an odorant output device, having a palette containing a multiplicity of
predetermined odorants each having a predetermined odorant fingerprint, said odorant
output device providing a composite odor in response to an odorant concentration
vector; and :

' an odorant concentration vector generator receiving said sensed odorant

- fingerprint and utilizing said predetermined odorant fingerprints of said multiplicity of

predetermined odorants in said palette to produce said odorant concentration vector.

3. The system for reproducing odors according to claim 2 and also
comprising an odorant fingerprint normalizer which modifies the sensed odorant
fingerprint such that the output of the sensor is normalized, whereby odors which are
similar as perceived by a human are represented by modified sensed odorant fingerprints

which are close in a vector sense.

4, The system for reproducing odors according to claim 3 and wherein said
predetermined odorant fingerprints of said multiplicity of predetermined odorants in said
palette are normalized by the said odorant fingerprint normalizer, whereby odors in the
palette which are similar as perceived by a human are represented by modified odorant
fingerprints which are close in a vector sense.

* c L M s *
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5. : Thesystemforreprqducingodorsaccordingtoclaim3andwhereinsaid
modified odorant fingerprints which are close, are close in the vector sense according to

 at least one of the following metrics; Euclidean distance, the generalized Euclidean

distance, the Minkowsky distance, the over-threshold Euclidean distance, the
over-threshold average difference, the maxima distance. |

6. The system for reproducing odors according to claim 2 and wherein said
odorants of said palette are predefined in terms of a plurality of odorant fingerprints,
wherein said palette comprises ¢ odorants which are defined by a matrix M of g odorant
vectors (@ 1, @1 3 21 p), (@21 @32 @2 ) oo (wq’ b %g2 ...wq,,,).

7. ‘The system for reproducing odors according to claim 6 and wherein said
concentration vector generator generates a concentration vector b which instructs said
paleuehowmnﬁxtheqodoramainorderwcreueanouti)utodorr’wbichminﬂesm
input odor 7, wherein the matrix M multiplied by a concentration vector b creates an
odorant vector @’ = (@’;, @', ....qa’,,) andsald concentration vector generator chooses
a concentration vector b 3o as to minimize the distance| M5 - ol | = || 0"~ ol | = &

8. The system for reproducing odors according to claim 7 and wherein &'is
a distance which is minimized such that a sufficiently representative human population
perceives the odor 7’ as an adequate substitute for the odor r.

9. The system for reproducing odars according to claim $ and wherein 5is
defined in terms of at least one of the following metrics: Euclidean distance, the
generalized Euclidean distance, the Minkowsky distance, the over-threshold Euclidean
distance, the over-threshold average difference, the maxima distance.

10. The system for reproducing odors according to claim 3 wherein said

sensedodoramﬁngemﬁmnmmﬂizercuﬁesMaﬁmcﬁonfwhichopaatesmomkind
of numerical vectors representing one kind of odorant fingerprints to form another kind
of numerical vectors representing another kind of odorant fingerprints, not necessarily

24
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having the samcdlmenmonnhtyastheﬁrsthndofm:mencalvectors, with the following
property: nfwlandwz are outputs of said odorsensorcorrespondmgtoodorsrjand
r, then the odor 7, is perceived by a human nose as being close to odor r) if and only if
Jloy) and f{e) are numerically close.

11. The system for reproducing. odors accerding to claim 10 and wherein
said function £ is constructed by comparing the odorant vectors @, corresponding to the
odorant fingerprints from a variety of input odors to other odorant vectors representing
collected data from a human panel for said variety of input odors.

12. The system for reproducing odors according to claim 10 and wherein said
function f is constructed by comparing. the odorant vectors m, corresponding to the
odorant fingerprints from a variety of input odors, to other vectors representing collected
data from actual human olfactory receptors for said variety of input odors.

13. The system for reproducing odors according to claim 10 and wherein
said function f is constructed by comparing the odorant input vectors @, corresponding
to the odorant fingerprints from a variety of input odors, to other vectors produced by
collecting data from chemically simulation of human olfactory receptors for said variety
of input odors. :

14. The system according to claim 2 and wherein said odorant output device
comprises: - '

an array of odorant sites, each said of odorant sites comprising an
odorant, wherein release of an odor occurs upon application of a predetermined level of
energy to said odor site; and ' '

a trigger that selectively applies said predetermined level of energy to said
odorant sites.

15. The system according to claim 14 and wherein said odorants are each
encapsulated in an enclosure. ' '

g o gy



10

15

20

25

30

WO 00/15269 PCT/IL99/00495

16. Thesyst@maccordingtoclaimﬂandwh_e(ginsaidodorantsareboundin
g matrix . T
17. The system according to any of claims 14-16 and wherein said trigger

applies at least one of heat energy, light energy and mechanical energy.

18. Thesystemaccordingtoanyofclaimslkmandwhereinsaidﬁigger

comprises a scratch implement.
19. The system according to any of claims 14-16 and wherein said odorant

site has a property of locally rupturing upon application of said predetermined level of

20. The system according to any of claims 14-16 and wherein said odorant
' 'simhuapumabiﬁqwﬁchincreasesuponappﬁcaﬁon&_sﬁdpredemmhcdlwdof

21. The system according to any of claims 14-16 and wherein said trigger

=compﬁsesahserwhich-pfo¢1cesabeamofhsermdiaﬁonmddkeassaidbenmomo

the odorant site. ' ' '

22, The system according to any of claims 14-16 and wherein said odorant

sites are mounted on a substrate, and said odorant output device further comprises a
motion device connected to said substrate which moves ssid substrate with respect to
said trigger so as to selectively align one of said odorant sites with said trigger so that
said trigger selectively applies said predetermined level of energy to said odorant sites.

23. The system according to any of claims 14-16 and wherein said odorant
sites are mounted on a substrate, and said odorant output device further comprises a
motion device connected to said trigger which moves said trigger with respect to said

26
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substrate 50 as 10 selectively align one of said odorant sites with said trigger so that said
trigger selectively3pplies said predetermined level of etiefgy to said odorant sites.

24, The system according to any of claims 14-16 and comprising a controller
comeaedtosaiduiggerwhichcmuolstowhichofsaidodormtsitasaiduigger
selectively applies said predetermined level of energy.

25. Thewstaccordingtoanyofclaimsl4—16mdcompdsingafanwhich

creates a flow of air over said odorant sites.

26. The system according to claim 2 and wherein said odorant output device

~ comprises a plurality of reservoirs each containing an odorant, and a selectable odorant
_release mechanism associated with said plurality of reservoirs for selectably releasing
~ odorants therefrom.

27. Thesystemaccordingfoclaim%andcompﬁsingafanwhichueatesa
flow of air over said odor reservoirs.

28 . Thesystemaccordmgtoclasm27andwheremsaldselectableodorant

release mechanism comprises a drop on demand ink jet type mechanism.

29, The system according to claim 2 and wherein ssid odorant output device
compﬁsingambsﬁatehavhgﬁrstmdsecondoppositdyfaninésnfaces,ahser
read/write memory being formed on a first surface thereof and an odorant palette being
formed on a second surface thereof.

30. The system according to claim 29 and also comprising first and second
laser assemblies, said first laser assembly being operative to interact with said memory

 and said second laser assembly being operative to interact with said odorant palette.

27
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31. The system according to claim 30 and wherein said first laser assembly is
operative to record on said mémorythe location on said palette at which an odorant is
released by said second laser assembly. :

32. An odorant output device comprising:

an aray of odorant sites, each of said odorant sites comprising an
odorant, wherein release of an odor occurs upon applicaﬁqn of a predetermined level of
energy to said odorant site; and .

a trigger that selectively applies said predetermined level of energy to said

33, Thesyétemaccordingtoclaimiizandwhe;l"ein said odorants are each in
an enclosure. | |

34. ThesynemwcordhgmdaimSZmdwhu&naidodoranumbmndh
2 matrix. . : .

35. The odorant output device according to any of claims 32-34 and wherein

said trigger applies at least one of heat energy, light energy and mechanical energy.

36. The odorant output device according to any of claims 32-34 and wherein
said trigger comprises a scratch implement. -

37. The odorant output device according to any of claims 32-34 and wherein
said enclosure has a property of locally rupturing upon application of said predetermined
level of energy. '

38. The odorant output device according to any of claims 32-34 and wherein
said enclosure has a permeability which increases upon application of said predetermined
level of energy.

28
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39, Theodorantoutput device acoordmgto any of claims 32-34 and wherein
smdmggercompﬁéeéahsu'whmhpmduoesabeamofhserradmmnandduectssmd
beam on the enclosure.

40, The odorant output device according to any of claims 32-34 and wherein
said odor sites are mounted on a substrate, and said odorant output device further
comprises a motion device connected to said substrate which moves said substrate with
respect to said trigger so as to selectively align one of said odor sites with said trigger so

- that said trigger selectively applies said predetermined level of energy to said odor sites.

41, The odorant output device according to any of claims 32-34 and wherein
said odor sites are mounted on a substrate, and said odorant output device further
comprises a motion device connected to said trigger which moves said trigger with
respect to said substrate so as to selectively align one of said odor sites with said trigger
so that said trigger selectively applies said predetermined level of energy to said odor
sites.

42, The odorant output device according to any of claims 32-34 and
comprising a controller connected to said trigger which controls to which of said odor

sites said trigger selectively applies said predetermined level of energy.

43 The odorant output device according to any of claims 32-34 and
comprising a fan which creates a flow of air over said odor sites.

44, An odorant output device comprising:

a plurality of reservoirs each containing an odorant and a selectable
odorant release mechanism associated with said plurality of reservoirs for selectably
releasing odorants therefrom.

45, The system according to claim 44 and comprising a fan which creates a

flow of air over said odor reservoirs.

29
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46 Thesystemaccordmgtoclmm45andwheremsmdselectableodomnt
release mechanism comprises a drop ondemandmk;ettypemechmsm

47. An odorant output device comprising asubstrate having first and second
oppositdyfadngsﬁﬁces,ahsarmdlwﬂtememory?ﬁngfomedmaﬂrﬂmrﬁce
thereofandanodomntpalettebeingformedonaseeond}snrfaoethereoﬁ

R Thesystemaocordmgtoclmm47andalsocompnsmgﬁrstandsecond
laser assemblies, said first laser assembly being operatlvetomteractmthsaldry
mdsmdsecondhsaassemblybemgopetauvemmmwuhwdodomtpalette.

49 . Thesystanaceordingtoclaim“and.wﬁéminsaidﬁrstlaserassemblyis
operative to record on saidmemorythelocaﬁonon.-saic_'iipfaletteatwhichanodorantis '
released by said second laser assembly. '

50. A method for reproducing odors compnsmg
vndmganodorantﬁngerpnntrepresenﬂng an arbitrary odor;

prowdmganodormtoutputdevnce,havmgapaletteoontammga
multiplicity of predetermined odorants each having a predetenmned odorant fingerprint,
said odorant output device providing a composite odormresponsetoanodomm
concentration vector; and

mputtmg said odorant ﬁngetpnnt into an odorant concentration vector
generator which utilizes said predetermined odorant ﬁngcrp_rmts to produce said odorant
concentration vector. |

51. The method according to claim 50 and comprising predefining said

odorants of said palette in terms of a plurality of odorant fingerprints, wherein said
palettecompﬁsesqodorantswhicharedeﬂnedbyaqiatﬁxMofqodorantvectors

(wl,l, 2] > ...a)]',,), (02.1, 0 > ‘"0’2,11)’ - (wq'l, wg,z, ...mq’,,).
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52. The method according to claim 51 and comprising generating a
concentration vectti' §which instructs said palette how'ts mix the ¢ odorants in order to
create an output odor ’ which mimics an input odor 7, wherein the matrix M multiplied
by the concentration vector b creates an odorant vector @’ = (@’}, ®’5, ... ®’y) and the

concentration vector b is chosen so as to minimize the distance| M5 - @l| = || @’ -
oll =6
53. The method according to claim 52 and comprising calculating to what

extent the ¢ odorants span the input odors in terms of &.

54 'The method according to claim 53 and comprising mveshgatmg effects
of adding new, addiﬁonal.odorantsmthepalettebyinvesﬁgaﬁngchangesausedthereby :
in minimization of é.

55. The method according to claim 53 and comprising investigating effects
of subtracting odorants from the palette by investigating changes caused thereby in

" minimization of J.
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