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57 ABSTRACT

Systems and methods are provided for determining pre-cog-
nitive and/or cognitive emotional response to predetermined
olfactory stimuli. Among other things, the invention may
include exposing a test subject to a controlled flow of a
predetermined olfactory stimulus, measuring eye data (e.g.,
using an eye tracking device) corresponding to when the
olfactory stimulus reached the subject’s nose, and analyzing
and processing the eye data for determining the subject’s
emotional response to the olfactory stimulus. In some imple-
mentations, the invention may include measuring the test
subject’s respiratory parameters so as to deliver the predeter-
mined olfactory stimulus at a certain point in the test subjects
respiratory cycle.
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FIG. 4
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SYSTEM AND METHOD FOR DETERMINING
EMOTIONAL RESPONSE TO OLFACTORY
STIMULI

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of U.S. Provi-
sional Patent Application Ser. No. 61/158,197, entitled “SY'S-
TEM AND METHOD FOR DETERMINING EMO-
TIONAL RESPONSE TO OLFACTORY STIMULI”, filed
Mar. 6, 2009, which is hereby incorporated by reference in its
entirety.

FIELD OF THE INVENTION

[0002] The invention relates to a system and method for
determining the instinctual and other emotional responses to
of olfactory stimuli.

BACKGROUND OF THE INVENTION

[0003] Itis well known that aromas in food and other prod-
ucts can impact a person’s perception of (or reaction to) such
products. However, to date, it has been difficult to obtain a
quantitative measurement of a person’s response to an aroma.
[0004] One of the most common ways to test human
response to aroma has been to form a group of test subjects,
who are trained for months to be able to learn how to distin-
guish between various aromas. Once trained, the subjects
may provide subjective responses to aromatic tests. This
method is costly, inefficient, and may provide subjective
results.

[0005] It is known that consumer purchasing activity can
include an emotional component. Until recently, it has been
difficult to determine a person’s emotional response to a
stimulus. Recently, however, the assignee of the present
application has developed a system for determining emo-
tional response to stimuli (e.g., primarily visual stimuli). A
commercial implementation of an emotional response mea-
suring system has been released by the assignee and is known
as The Emotion Tool®. Examples of aspects of the Emotion
Tool are disclosed in U.S. patent application Ser. No. 11/522,
476, filed Sep. 18, 2006; U.S. patent application Ser. No.
11/685,552, filed Mar. 13, 2007; U.S. patent application Ser.
No.12/170,059, filed Jul. 9, 2008; and U.S. patent application
Ser. No. 12/170,041, filed Jul. 9, 2008, each which are hereby
incorporated herein by reference in their entirety. In one
implementation, the system includes an eye tracking device
to measure eye data (e.g., eye position/movement data, blink
data, and pupil dilation) sampled at a predetermined sampling
rate (e.g., 50, 60, 120, and/or other samples per second)
regarding a subject’s response to a predetermined stimulus
(e.g., a slide or other graphic displayed on a computer moni-
tor). The Emotion Tool® receives the raw eye data from the
eye tracking device, and processes and analyzes the raw eye
data to determine a person’s emotional response to the visual
stimulus. Significantly, the emotional response can include a
pre-cognitive (or instinctual) component and a cognitive (or
rational) emotional component. The instinctual emotional
response component may relate to a portion of the emotional
response that is induced by the limbic system, including the
amygdala portion of the brain (as opposed to portions of the
body that control cognitive response).

[0006] The Emotion Tool® described in these applications
may be used in connection with measuring emotional
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response of olfactory stimuli. However, the applicant has
determined that some aspects of emotional response testing
based on olfactory stimuli present certain potential problems
and design considerations that are not necessarily present
with visual stimuli. As a result, the applicant has found that
some drawbacks would result if the Emotion Tool® was used
for emotional response testing based on olfactory stimuli. The
applicant has found that these drawbacks, if not addressed,
may adversely impact the validity and/or value of the test
results for olfactory stimuli.

[0007] For example, test results may vary depending on
whether a person is in an inhalation or exhalation portion of a
respiratory cycle when they are exposed to the olfactory
stimuli.

[0008] Additionally, the distance between a person’s nose
and a nozzle of an olfactory stimulus dispenser may vary
depending on, among other things, the person’s head position.
If this is not taken into account, this may lead to flawed test
results.

[0009] Moreover, variations in flow rate of an olfactory
stimulus can occur. If this is not taken into account, this may
lead to flawed test results.

[0010] Further, if certain aspects of the olfactory compo-
nents of the environment vary from one test to another, this
may lead to flawed test results.

[0011] These and other drawbacks exist with known sys-
tems and methods for testing associated with olfactory
stimuli.

SUMMARY OF THE INVENTION

[0012] Theinvention addressing these and other drawbacks
relates to a system and method for determining pre-cognitive
and/or cognitive emotional response to predetermined olfac-
tory stimuli. Among other things, the invention may include
exposing a test subject, during a test, to a controlled flow of a
predetermined olfactory stimulus, measuring eye data (e.g.,
using an eye tracking device) corresponding to when the
olfactory stimulus reached the subject’s nose, and analyzing
and processing the eye data for determining the subject’s
emotional response to the olfactory stimulus.

[0013] Olfactory stimuli refer to stimuli that stimulate the
olfactory system of a test subject and may include aromas,
scents, fragrances, odors and/or other olfactory stimuli. It
should be noted that those having skill in the art will recog-
nize that various chemical substances may be utilized as to
produce olfactory stimuli and therefore that aromas, scents,
fragrances odors, and/or other olfactory stimuli may be pro-
duced using one or more chemical substances. Itis known that
at least a portion of the taste experience impacts the olfactory
sensory perception. According to one aspect of the invention,
if desired, taste stimuli may at least in part be used to create
the olfactory stimuli. In other words, the olfactory stimuli
may include a taste component.

[0014] It should be noted that, for ease of explanation,
various aspects of the invention are described in terms of
aroma, which is an example of an olfactory stimulus. The
recitations of aroma throughout the application are exem-
plary and, unless so indicated, should not be viewed as lim-
iting. Other olfactory stimuli may also be used without
departing from the scope of the invention.

[0015] Also, while various aspects of the invention relate to
one or more test subjects participating in a test, it should be
recognized that test subjects may include subjects that are
exposed to olfactory and/or other stimuli while not actively
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and/or knowingly participating in a test. For example, the
invention may be used at a cinema hall (or other location) to
induce an emotional response in a subject by exposing the
subject to olfactory and/or other stimuli (in which case the
subject is not actively participating in a test). As such, the
recitations of test subjects throughout the application should
not be viewed as limiting, unless so indicated.

[0016] In some implementations, the system may include
one or more of: a controllable olfactory stimuli dispenser for
dispensing/releasing a predetermined olfactory stimulus; an
olfactory stimuli flow detector for detecting a flow rate of the
released olfactory stimulus; a distance detection device for
measuring the distance from the olfactory stimuli dispenser to
a test subject, a respiratory measuring device for measuring
respiratory cycle information of test subjects; an environmen-
tal sensor for measuring various environmental parameters;
an eye tracking device for measuring eye data (e.g., eye posi-
tion/movement, blink data and/or pupil dilation); an emo-
tional response measuring system for analyzing and process-
ing eye data to determine the subject’s emotional response to
olfactory, visual, and/or other stimuli; a computer application
with various software modules; and/or other components. In
some implementations, the computer application may
include a test management module, a respiration signal analy-
sis module, an olfactory stimuli control module, a visual/
other stimulus control module, a response data collection
module, a reporting module, and/or other modules.

[0017] Insome implementations, the controllable olfactory
stimuli dispenser may dispense/release one or more predeter-
mined olfactory stimuli such as, for example, aromas. The
controllable olfactory stimuli dispenser may include one or
more aroma sources containing an aroma supply of similar
and/or different aromas. The controllable olfactory stimuli
dispenser, upon receiving a control signal to release or dis-
pense a desired aroma, may select an aroma source associated
with the desired aroma and dispense the desired aroma from
the aroma source. In some implementations, aromas from
different aroma sources may be combined to generate the
desired aroma, and the controllable olfactory stimuli dis-
penser may select more than one aroma source to generate
and/or dispense the desired aroma. In some implementations,
the olfactory stimuli dispenser may mix the aromas (in
desired and/or pre-determined concentrations) from the
selected aroma sources to generate the desired aroma. In
some implementations, a nozzle may be attached to the con-
trollable olfactory stimuli dispenser via which the dispensed
aroma is directed towards the test subject.

[0018] Insome implementations, an olfactory stimuli flow
detector may be coupled and/or attached to the controllable
olfactory stimuli dispenser and may detect flow parameters
such as the flow rate of the aroma released from the olfactory
stimuli dispenser and/or other flow parameters. The olfactory
stimuli flow detector may detect the flow rate of the aroma and
the time the aroma was released by the olfactory stimuli
dispenser, for example, to estimate the arrival time at the test
subject’s nose (e.g., given a known distance from the dis-
penser outlet to the test subject’s nose).

[0019] In some implementations, a distance detection
device may measure a distance between the olfactory stimuli
dispenser and a test subject. In some instances, the distance
detection device may measure the distance from the nozzle of
the olfactory stimuli dispenser to the nose of the test subject.
In some implementations, based on the distance measure-
ment and the flow rate detected by the olfactory stimuli flow
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detector, the time at which an aroma actually reached a sub-
ject’s nose can be determined.

[0020] In some implementations, a respiratory measuring
device may measure respiratory cycle information of test
subjects. The respiratory measuring device may measure the
amplitude, timing, pattern, volume, velocity, intensity, fre-
quency, and/or other respiration parameters.

[0021] In some implementations, an environmental sensor
may measure various environmental parameters relevant to
the invention such as, for example, temperature, humidity,
olfactory aspects, and/or other environmental parameters. In
some instances, various environmental conditions may be
monitored and/or controlled to reduce the impact of olfactory
and/or other aspects of environmental conditions.

[0022] In some implementations, an eye tracking device
may comprise a camera or other known or future-developed
device and/or sensor that measures various eye properties of
subjects (e.g., while the test subject is being exposed to one or
more olfactory, visual, and/or other stimuli). Examples of eye
properties that may be measured may include blink rate, eye
movement, pupil dilation, gaze information, eye ball tem-
perature, eye color, and/or other properties.

[0023] Insomeimplementations, a system for determining
pre-cognitive and/or cognitive emotional response to prede-
termined olfactory stimuli may include a computer applica-
tion. In some implementations, the computer application may
comprise or include one or more software modules including:
atest management module, a respiration signal analysis mod-
ule, an olfactory stimuli control module, a visual/other stimu-
lus control module, a response data collection module, a
reporting module, and/or other modules.

[0024] The test management module may comprise one or
more sub-modules for managing the setup of tests for various
test subjects, performing calibration and/or pre-testing func-
tions, administering the tests to test subjects, and/or perform-
ing other functions. Other modules of the computer applica-
tion may also include sub-modules for performing various
features and functions.

[0025] The respiration signal analysis module may obtain
respiratory cycle information from the respiratory measuring
device. From the respiratory cycle information, the respira-
tion signal analysis module may determine a respiration pat-
tern of the test subject. The respiration pattern may include
inhalation and exhalation portions of the test subject’s respi-
ration cycle. In some implementations, the respiration signal
analysis module may determine and/or predict a next inhala-
tion portion of the test subject’s respiration cycle such that the
release of the olfactory and/or other stimulus may be timed to
be in synchronization with the inhalation portion of the test
subject’s respiration cycle. In some implementations, the
olfactory stimuli may be released at or near the beginning of
the inhalation portion. This may ensure that different test
subjects (across different tests and/or different stimuli) are
exposed to the olfactory and/or other stimuli at approximately
the same time during an inhalation cycle. Having substan-
tially identical olfactory stimuli exposure conditions for the
different test subjects may ensure accurate emotional
response determination.

[0026] The olfactory stimuli control module may comprise
one or more sub-modules for controlling the release of olfac-
tory stimuli (e.g.. in synchronization with the respiratory
cycleofatestsubject, as measured/detected by the respiration
signal analysis module), analyzing the properties of the olfac-
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tory stimuli and/or olfactory stimuli dispenser, purging the
olfactory stimuli residue from the environment, and/or per-
forming other functions.

[0027] Anolfactory stimuli properties analysis sub-module
may determine olfactory stimuli and/or olfactory stimuli dis-
penser properties. In some implementations, the olfactory
stimuli properties sub-module may determine aroma and/or
olfactory stimuli dispenser properties prior to aroma release
such as, for example, aroma source(s) to be selected fora test,
arelative volume of aroma to be dispensed from aroma source
(s), molecular properties of aromas in aroma source(s), a
desired flow rate at which aroma is to be dispensed from
aroma source(s), the time of release, and/or other properties.
In some implementations, one or more of the aroma and/or
olfactory stimuli dispenser properties may be fixed for each
test. In some implementations, one or more of the aroma
and/or olfactory stimuli dispenser propetrties (e.g., relative
volume of aroma to be dispensed from aroma source(s),
desired flow rate at which aroma is to be dispensed from
aroma source(s), etc.) may be modified based on the distance
measured from the olfactory stimuli dispenser to the test
subject by the distance detection device. For instance, if a test
subject is seated relatively far away from the nozzle, the flow
rate at which aroma is dispensed from aroma source(s) may
be higher than that for a test subject who is seated relatively
closer to the nozzle. This may be used to ensure that the
intensity at which the test subjects are impacted with the
olfactory stimuli remains substantially identical across dif-
ferent tests and/or different test subjects, and/or different
stimuli.

[0028] In some implementations, the olfactory stimuli
properties analysis sub-module may determine aroma and/or
olfactory stimuli dispenser properties at and/or after aroma
release. In some implementations, olfactory stimuli proper-
ties analysis sub-module may receive aroma flow rate infor-
mation detected by the olfactory stimuli flow detector when
the aroma is released by the olfactory stimuli dispenser. By
analyzing the flow rate information, the olfactory stimuli
properties analysis sub-module may determine whether the
aroma was actually released by the olfactory stimuli dis-
penser, whether the aroma was released at the desired flow
rate, and/or may determine other aroma and/or olfactory
stimuli dispenser properties. For instance, if a determination
was made that aroma was not released and/or released at a
lower flow rate than desired flow rate by the olfactory stimuli
dispenser, this may indicate that the olfactory stimuli dis-
penser and/or aroma source(s) may be contaminated.

[0029] An olfactory stimuli release control sub-module
may determine a time at which the olfactory stimuli should be
triggered for release to reach the subject’s nose at a predeter-
mined time. The olfactory stimuli release control sub-module
may also generate a control signal (for the controllable olfac-
tory stimuli dispenser) to release the olfactory stimuli at the
determined time. In some implementations, the time for
release may be determined based on respiratory cycle infor-
mation. For example, the olfactory stimuli release control
module may receive respiratory cycle information from the
respiration signal analysis module, and may generate a con-
trol signal to release the olfactory stimuli in relative synchro-
nization with the test subject’s respiration pattern (or other-
wise as desired). Such controlled release enabled specific
control of (and thus, modulation of) delivery of olfactory
stimuli to test subjects as well as synchronized/normalized
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delivery of olfactory stimuli across multiple test subjects,
which may render test results more meaningful/useful.
[0030] In some implementations, the predetermined time
may correspond to an inhalation portion of the test subject’s
respiration cycle or other respiration parameters (or to a pro-
jected time at which the test subject will be in an inhalation
portion of the respiration cycle when the olfactory stimuli is
at/near the subjects nose/mouth). Based, at least in part, on
respiration cycle/pattern information received from the res-
piration signal analysis module, the olfactory stimuli release
control sub-module may generate a control signal to release
the olfactory stimuli at the determined time, such that the
olfactory stimuli reaches the subject’s nose at a time and/or
time period when the subject is in the inhalation portion of the
respiration cycle. In some implementations, the olfactory
stimuli release control sub-module may generate the control
signal to release the olfactory stimuli at or near the beginning
of the inhalation portion.

[0031] In some implementations, the timing of the olfac-
tory stimulus release may be based on various timing param-
eters including for example, the distance from the nozzle of
the olfactory stimuli dispenser to the subject’s nose, the
desired flow rate of the olfactory stimulus to be released from
the olfactory stimuli dispenser, and/or other timing param-
eters. Based on the distance measurement from the distance
detection device and the desired flow rate information from
the olfactory stimuli properties analysis sub-module, the
olfactory stimuli release control sub-module may determine
the time at which the olfactory stimulus should be triggered
for release to reach the subject’s nose at a predetermined time.
[0032] In some implementations, the control signal gener-
ated by the olfactory stimuli release control module may
identify one or more aroma sources from which olfactory
stimuli is to be dispensed, the desired flow rate at which the
olfactory stimuli is to be dispensed, and/or other information.
[0033] An olfactory stimuli purging sub-module may
receive environmental parameters measured by the environ-
ment sensor. In some implementations, the olfactory stimuli
purging sub-module may detect, in between stimuli and/or in
between tests, environmental contamination due to olfactory
residue in the olfactory stimuli dispenser, in the air around the
olfactory stimuli dispenser/subject, and/or from other
sources. For example, in some implementations, the olfactory
stimuli purging sub-module may detect, prior to, during, and/
or after the emotional response test, environmental contami-
nation due to the olfactory residue. In some implementations,
in response to such determination, the olfactory stimuli purg-
ing sub-module may control a neutralizing air generator that
generates a chemical and/or pure air to neutralize/purge the
olfactory residue. In some implementations, a network of
neutralizing air generators may be provided. In some imple-
mentations, each of the generators may be individually and/or
selectively controlled. In some implementations, some and/or
all of the generators may be simultaneously controlled.
[0034] In some implementations, the olfactory stimuli
release control sub-module may receive a signal from the
olfactory stimuli purging module indicating environmental
contamination, and in response thereto, the olfactory stimuli
release control sub-module may not generate a control signal
to release the olfactory stimuli because the release of olfac-
tory stimuli may generate flawed results.

[0035] In some implementations, an emotional response
measuring system may determine the subject’s emotional
response to olfactory, visual, and/or other stimuli. The emo-
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tional response measuring system may include an emotional
response determination module, and/or other modules.
[0036] In some implementations, the emotional response
determination module may determine information regarding
the test subject’s emotional response to the stimuli from the
eye data measured by the eye tracking device.

[0037] In some implementations, the distance detection
device and the respiratory measuring device may continue to
measure the distance between the nozzle of the olfactory
stimuli dispenser and the subject’s nose and the respiratory
cycle information of the test subject after the release of the
olfactory stimulus. Based on the distance data and the aroma
flow information measured by the olfactory stimuli flow
detector at the time of aroma release, the time at which the
aroma actually reached the subject’s nose (i.e., actually
impacted the subject) may be determined. This data may be
used to assess whether the distance varied from the time the
olfactory stimuli was released to the time the olfactory stimu-
lus actually impacted the subject, whether the respiration
varied from the time the olfactory stimuli was released to the
time the olfactory stimulus actually impacted the subject,
whether the flow rate at which the olfactory stimuli was
released from the olfactory stimuli dispenser varied from the
desired flow rate, and/or other variations.

[0038] Insomeimplementations, because the time at which
olfactory stimuli actually impacted the test subject may be
determined as described above, the corresponding measured
eye data may be analyzed by the emotional response deter-
mination module to determine the test subject’s emotional
response to the olfactory stimuli. For example, in some
instances, knowledge of measured emotional response indi-
cators occurring after the known arrival time of an olfactory
stimulus at a subject’s nose may be utilized in determining an
emotional response. Because the test subject may be pre-
sented with visual stimuli and olfactory stimuli during a given
test, the subject’s emotional response to the olfactory stimuli
and the subject’s emotional response to the visual and/or
other stimuli may also be parsed/determined.

[0039] In some implementations, the distance detection
device may continue to measure the distance between the
nozzle of the olfactory stimuli dispenser and the subject’s
nose at and/or after it has been determined that the olfactory
stimuli has reached the subjects nose and/or that the subject
has detected the aroma. In some instances, this data may be
utilized, at least in part, to determine/measure an emotional
response to the olfactory stimuli. For example, any variance
in the distance between the nozzle of the olfactory stimuli
dispenser and the subject’s nose may be an indicator of a
precognitive and/or cognitive emotional response (e.g., the
subject has either instinctually or rationally recoiled from or
moved towards the olfactory stimuli). In some implementa-
tions, other parameters/measurements may be made at and/or
after it has been determined that the olfactory stimuli has
reached the subjects nose and/or that the subject has detected
the aroma.

[0040] In some implementations, the invention may
include a method for determining a distance from the sub-
ject’s nose to a nozzle of an olfactory stimuli dispenser and/or
analyzing the test subject’s respiration cycle (ideally to deter-
mine a respiration pattern), and controllably releasing an
olfactory stimulus to ideally reach the subject’s nose at a
predetermined time, taking into account the determined dis-
tance and/or the respiration pattern. As discussed above in
relation to various system components, these features enable
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specific control of (and thus, modulation of) delivery ofolfac-
tory stimuli to test subjects as well as synchronized/normal-
ized delivery of olfactory stimuli across multiple test sub-
jects, which may render test results more meaningful/useful.
In some instances, the predetermined time may correspond to
an inhalation portion of the test subject’s respiration cycle or
to aprojected time at which the subject will be inan inhalation
portion of the respiration cycle.

[0041] Insome implementations, controllably releasing an
olfactory stimulus may be timed, ideally, to be in synchroni-
zation with an inhalation portion of the test subject’s respira-
tion cycle. In some implementations, the timing of the stimu-
lus release may be based on various timing parameters
including for example, the distance from the nozzle to the
nose, a desired flow rate of the olfactory stimulus to be
released from the olfactory stimuli dispenser, and/or other
parameters.

[0042] Insome implementations, controllably releasing an
olfactory stimulus may be timed to be in synchronization with
the release of other olfactory or non-olfactory stimuli, other
sensory inputs (for example, facial expression), test subject’s
gaze data and/or other parameters. For example, in a scenario
where the test subject is in a supermarket and is looking at a
certain product, the test subject’s gaze data may be utilized to
control the release of an aroma associated with the product.
[0043] According to one example, based on a desired flow
rate of the olfactory stimuli, the distance from the nozzle of
the olfactory stimuli dispenser to the subject’s nose, and the
respiration cycle/pattern information, a time at which the
olfactory stimulus should be triggered for release to reach the
subject’s nose at a predetermined time may be determined. A
control signal to release the olfactory stimulus may be gen-
erated at the determined time, such that the olfactory stimuli
reaches the subject’s nose at a time and/or time period when
the test subject is in the inhalation portion of the respiration
cycle.

[0044] Insome implementations, exposure of the test sub-
ject to visual and/or other stimuli may be timed to be in
synchronization with the release of the olfactory stimuli. For
example, based on the respiration cycle/pattern information
(and/or distance or flow rate information), a time for release
for each of olfactory, visual, and/or other stimuli may be
determined, such that each of these stimuli impact the test
subject at approximately the same time (for example, ata time
and/or time period when the test subject is in the inhalation
portion of the respiration cycle). For example, if both an
olfactory and a visual stimulus are to be presented to the test
subject, the exposure of the visual stimulus may be delayed
because the olfactory stimulus may take some time to reach
the test subject’s nose.

[0045] In some implementations, subject’s eye data in
response to the olfactory, visual, and/or other stimulus may be
measured by eye tracking device and the subject’s emotional
response to the olfactory, visual, and/or other stimulus may be
determined by the emotional response determination module.
The time at which it is determined that an olfactory stimulus
actually reached, or was otherwise detected by, a subject may
be taken into account when determining an emotional
response of the subject using measured emotional response
data.

[0046] In some implementations, various environmental
conditions may be monitored and/or controlled to reduce the
impact of olfactory and/or other aspects of environmental
conditions. For example, pure air canisters may be used to
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purge olfactory residue from a prior test that may be in the
olfactory stimuli dispenser and/or the air around the olfactory
stimuli dispenser/subject. Other environmental conditions
may also be controlled, for example, temperature, or humid-
ity, among others.

[0047] Various other objects, features, and advantages of
the invention will be apparent through the detailed descrip-
tion and the drawings attached hereto. It is also to be under-
stood that both the foregoing general description and the
following detailed description are exemplary and not restric-
tive of the scope of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0048] FIG. 1illustrates an exemplary system for determin-
ing emotional response to olfactory stimuli, according to
various aspects of the invention.

[0049] FIG. 2 illustrates an exemplary method for deter-
mining emotional response to olfactory stimuli, according to
various aspects of the invention.

[0050] FIG. 3 depicts an exemplary respiration pattern of a
test subject including inhalation and exhalation portions of
the test subject’s respiration cycle, according to various
aspects of the invention.

[0051] FIG. 4 depicts an exemplary breath detection algo-
rithm, according to various aspects of the invention.

[0052] FIGS. 5¢ and 56 depict maps regarding the test
subjects’ emotional response to the olfactory stimuli, accord-
ing to various aspects of the invention.

DETAILED DESCRIPTION OF THE INVENTION

[0053] FIG. 1illustrates an exemplary system 100 for deter-
mining emotional response to olfactory stimuli, according to
various aspects of the invention. System 100 may include at
least one computer 110 coupled to/interfaced with an eye
tracking device 150, a controllable olfactory stimuli dis-
penser 170, one or more input devices 175, one or more
output devices 180, one or more databases 190, and/or other
components. Computer 110 may include a processor, cit-
cuitry and/or other hardware operable to execute computet-
readable instructions. According to one aspect of the inven-
tion, computer 110 may include one or more computer-
readable storage media configured to store one or more
software modules, wherein the software modules include
computer-readable instructions that when executed by the
processor perform the features and functions described herein
and/or other features and functions.

[0054] In some implementations, eye tracking device 150
may include a camera or another known or future-developed
device and/or sensor configured to measure various eye prop-
erties of subjects (e.g., while the test subject is being pre-
sented with one or more olfactory, visual, and/or other
stimuli). Examples of eye properties that may be measured
can include blink rate, eye movement, pupil dilation, gaze
information, eye ball temperature, or eye color, among others.
In some implementations, eye tracking device 150 may be
attached to a display device 1804, integrated with a display
device 1805, or configured as a stand-alone device. Eye track-
ing device 150 may interface with computer 110 via any
suitable connection or interface.

[0055] In some implementations, a controllable olfactory
stimuli dispenser 170 may dispense/release a predetermined
olfactory stimulus, for example an aroma. The controllable
olfactory stimuli dispenser 170 may include one or more
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aroma sources 170aq, . . ., 170z, containing an aroma supply
of similar and/or different aromas. The controllable olfactory
stimuli dispenser 170, upon receiving a control signal to
release or dispense a desired aroma, may select an aroma
source associated with the desired aroma and dispense the
desired aroma from the aroma source. In some implementa-
tions, aromas from different aroma sources may be combined
to generate the desired aroma, and the controllable olfactory
stimuli dispenser 170 may select more than one aroma source
to generate and/or dispense the desired aroma. In some imple-
mentations, the olfactory stimuli dispenser 170 may mix the
aromas (in desired and/or pre-determined concentrations)
from the selected aroma sources to generate the desired
aroma. In some implementations, a nozzle may be attached to
the controllable olfactory stimuli dispenser 170 via which the
dispensed aroma is directed towards the test subject.

[0056] Insome implementations, an olfactory stimuli flow
detector 172 may be coupled and/or attached to the control-
lable olfactory stimuli dispenser 170 and may detect flow
parameters such as, for example, the flow rate of the aroma
released from the olfactory stimuli dispenser 170 and/or other
flow parameters. The olfactory stimuli flow detector 172 may
detect the flow rate of the aroma and the time the aroma was
released by the olfactory stimuli dispenser 170. This may be
done, for example, to estimate the arrival time at the test
subject’s nose (e.g., given a known distance from the dis-
penser outlet to the test subject’s nose). The olfactory stimuli
flow detector may comprise, for example, a thermal sensor,
gas sensor, pressure sensor, or any other sensor or future
developed sensor that can detect the flow rate of the aroma at
the time the aroma was released by the olfactory stimuli
dispenser 170.

[0057] Insomeimplementations, one or more input device
(s) 175 may comprise one or more of a respiratory measuring
device 175a, a distance detection device 1755, an environ-
ment sensor 175¢, an emotion detection sensor 1754, a
manual input device 175¢, a microphone 175/, a neutralizing
air generator 175¢ and/or other input devices 175%.

[0058] In some implementations, respiratory measuring
device 175a may measure respiratory cycle information of
test subjects. Respiratory measuring device 175a may mea-
sure the amplitude, timing, pattern, volume, velocity, inten-
sity, frequency, and/or other respiration parameters. Respira-
tory measuring device 175a may include, for example, a
stretch sensitive sensor attached to a torso of a test subject, a
thermal sensor (optic sensor), a LIDAR sensor, a CO2 sensor,
an airflow sensor, a humidity sensor, a gas sensor, or any other
sensor or future developed sensor that can measure respira-
tory cycle information of test subjects.

[0059] Insome implementations, distance detection device
1756 may measure a distance from the olfactory stimuli dis-
penser 170 to a test subject. Distance detection device 1755
may measure, inter alio, the distance from the nozzle of the
olfactory stimuli dispenser 170 to the nose of the test subject.
[0060] Insome implementations, distance detection device
175b may measure a distance from display device 1805 and/
or eye tracking device 150 to a test subject. In some imple-
mentations, eye tracking device 150 may itself operate as a
distance detection device to measure the distance from the
eye tracking device 150 to the test subject. In some imple-
mentations, the position of the nozzle of olfactory stimuli
dispenser 170 may be fixed relative to eye tracking device
150. Thus, the distance between the test subject’s head and
eye tracking device 150 may be linearly proportional to the
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distance between the subject’s head/nose and the nozzle. As
such, the distance between eye tracking device 150 to the test
subject (in combination with position information regarding
eye tracking device 150 and the nozzle) may provide suffi-
cient information to calculate the distance between the nozzle
of olfactory stimuli dispenser 170 and the nose of the test
subject.

[0061] In some implementations, two distance detection
sensors 1755 may be provided, one to measure the distance
from olfactory stimuli dispenser 170 to a test subject, and the
other to measure the distance from display device 1805 and/or
eye tracking device 150 to a test subject. Distance detection
device 175b may comprise, for example, radars, optic sen-
sors, camera, laser devices, sound sensors, thermal sensor
(optic sensor), LIDAR sensor, and/or any other sensor or
future developed sensor that can perform the distance mea-
surement.

[0062] In some implementations, environmental sensor
175¢ may measure various environmental parameters, for
example, temperature, humidity, olfactory aspects, and/or
other environmental parameters. Various environmental con-
ditions may be monitored and/or controlled to reduce the
impact of olfactory and/or other aspects of environmental
conditions. Environment sensor 175¢ may comprise, for
example, a thermal sensor, a humidity sensor, a gas sensor, or
any other sensor or future developed sensor that can measure
various environmental parameters.

[0063] Insome implementations, emotion detection sensor
1754 may comprise, for example, physiological sensors such
as galvanic skin response sensors, facial recognition sensors,
heart rate sensors, sweat detection sensors, stress sensors, or
any other sensors or future-developed sensors that can detect
physiological responses from one or more test subjects.

[0064] In some implementations, manual input device(s)
175¢ may include one or more of a keyboard, a mouse, or
another input device that enables subjects or other persons to
manually input information to the computer 110.

[0065] Insomeimplementations, one or more microphones
175 may comprise, for example, any suitable device that
enables test subjects or other persons to provide voice-acti-
vated input for responding to various instructions and mes-
sages, stimuli, and/or other information.

[0066] Insomeimplementations, neutralizing air generator
175¢ may generate and/or dispense a chemical and/or pure air
to neutralize and/or purge olfactory residue in olfactory
stimuli dispenser 170 and/or in the air around the olfactory
stimuli dispenser/subject. In some implementations, neutral-
izing air generator 175¢ may include one or more pure air
canisters that may release pure air to neutralize and/or purge
olfactory residue that may be in the olfactory stimuli dis-
penser 170 and/or the air around the olfactory stimuli dis-
penser/subject.

[0067] In some implementations, one or more output
device(s) 180 may include a speaker 1804, one or more dis-
play device(s) 1805, and/or other output devices 180c. In one
implementation, speaker 180a may include one or more
speakers for audibly reproducing audio instructions, mes-
sages, stimuli, and/or other information to test subjects. One
or more display device(s) 1805 may include one or more
monitors, Cathode Ray Tube (CRT) displays, digital flat
panel displays (e.g. LCD displays, plasma displays, etc.), or
other display devices for presenting visual instructions, mes-
sages, stimuli, and/or other information to test subjects.
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[0068] Insome implementations, databases 190 may com-
prise a test management database 190aq, a test subject infor-
mation database 1905, a calibration data database 190¢, col-
lected response data database 190d, a results database 190e,
and/or other databases 190f:

[0069] Test management database 190a may store one or
more tests comprising any individual, series, or combination
oftest stimuli that may be presented to a test subject during an
emotional response test. The test stimuli presented to the test
subjects may comprise any fixed or dynamic stimulus or
stimuli relating to one or more of the subject’s five senses (i.e.,
sight, sound, smell, taste, touch). The stimulus may comprise
any real stimulus, or any analog or electronic stimulus that
canbe presented to the subject via known or future-developed
technology.

[0070] In some implementations, test management data-
base 190a may store stimuli presentation properties. For
example, for a given test, test management database 190a
may store one or more of a duration of presentation for one or
more stimuli associated with the given test, the order of pre-
sentation for the one or more stimuli associated with the given
test, whether any stimuli should be simultaneously presented,
and/or other stimuli presentation properties.

[0071] In some implementations, test management data-
base 190a may store one or more visual and/or other stimuli
associated with one or more tests. In some implementations,
additional visual and/or other stimuli that may not necessarily
be associated with an emotional response test may also be
stored in the test management database. For example, visual
stimuli may include, but are not limited to, pictures, artwork,
charts, graphs, text, movies, multimedia or interactive con-
tent, or other visual stimuli.

[0072] In some implementations, one or more olfactory
stimuli (for example, aromas) may be associated with one or
more tests, and test management database 190a may store
additional information relating to properties/parameters
associated with the olfactory stimuli and/or olfactory stimuli
dispenser 170. Forexample, for a given test that requires a test
subject to be exposed to an aroma the following may be stored
in test management database 190a: a desired flow rate at
which the aroma should be released from the olfactory stimuli
dispenser 170, aroma source(s) to be selected to generate the
aroma associated with the test, the concentration of each of
the aromas that are to be mixed to generate the aroma asso-
ciated with the test, As can be appreciated, other properties/
parameters associated with the aroma and/or olfactory stimuli
dispenser may also be stored in the test management database
190a. In some implementations, information relating to prop-
erties/parameters associated with one or more aromas that
may not necessarily be associated with a test may also be
stored in test management database 190a.

[0073] Insome implementations, output presentation prop-
erties, for example, output presentation format, amount of
information to be presented, and/or other output presentation
properties may also be stored in test management database
190a.

[0074] In some implementations, information regarding
test subjects may be stored in test subject information data-
base 1905. Various profile information regarding the test sub-
ject including, but not limited to, name, age, gender, and/or
other profile information may be stored in test subject infor-
mation database 190.
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[0075] In some implementations, various calibration data
associated with the system 100 and/or the test subject may be
stored in calibration database 190¢, as described in further
detail below.

[0076] In some implementations, eye data tracked/mea-
sured by eye tracking device 150 in response to the presenta-
tion of one or more visual, olfactory, and/or other stimuli to
test subjects may be stored in collected response data data-
base 1904. Other physiological data regarding the subject’s
response to stimuli (for example, from the emotion detection
sensor 1754) may also be stored in collected response data
database 1904.

[0077] In some implementations, information regarding
the analysis of the eye data and the determined emotional
response of the test subject in response to the stimuli pre-
sented during the tests may be stored in results database 190e.

[0078] In some implementations, an application 112 may
execute on computer 110. The application 112 may include
oneormore software modules that enable the various features
and functions of the invention. Non-limiting examples of the
software modules of application 112 may include one or more
of atest management module 130, a respiration signal analy-
sis module 132, an olfactory stimuli control module 134, a
visual/other stimulus control module 136, a response data
collection module 138, a reporting module 140, and/or other
modules 142, as described herein.

[0079] Test management module 130 may include one or
more sub-modules for managing the setup of tests for various
test subjects, performing calibration and/or pre-testing func-
tions, administering the tests to test subjects, and/or perform-
ing other functions. Other modules of application 112 may
include sub-modules as well. Furthermore, it should be
understood that, in some implementations, any items
described as sub-modules may themselves me modules of
application 112.

[0080] Test setup sub-module 130¢ may enable manage-
ment of the setup of tests for various test subjects. Test setup
sub-module 130a may enable selection of one or more tests
(including one or more of olfactory, visual and/or other
stimuli) to be administered to a test subject from test man-
agement database 190a. In some implementations, test setup
sub-module 130a may also obtain one or more of stimuli
presentation properties, information relating to properties/
parameters associated with olfactory stimuli and/or olfactory
stimuli dispenser, output presentation properties, associated
with the selected tests, and/or other properties from test man-
agement database 190a. In some implementations, test setup
sub-module 130e¢ may collect various profile information
regarding the test subject including, but not limited to, name,
age, gender, and/or other profile information. In some imple-
mentations, test setup sub-module 130a may enable selection
of one or more tests to be administered to the test subject
based on the test subject’s profile information. In some imple-
mentations, test setup sub-module 130a may direct storage of
the collected profile information in test subject information
database 1905.

[0081] It should be understood that discussion of selection
or the enablement of selection as discussed herein may, in
some implementations, include the receipt of a selection from
among a plurality of choices from a user (e.g., a test coordi-
nator or worker, a medical professional, an administrator, or
other person). It should also be understood that discussion of
selection or the enablement of selection as discussed herein
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may, in some implementations, include automatic or com-
puter enabled selection from among a plurality of choices or
determination of a selection.

[0082] In some implementations, calibration sub-module
1305 may perform various calibration and/or pre-testing
functions. Calibration sub-module 1305 may adjust various
sensors and/or devices to an environment (and/or context),
adjust various sensors and/or devices to a test subject within
the environment, and determine a baseline emotional level for
the test subject within the environment.

[0083] For example, when calibrating to an environment
such as a room, vehicle, simulator, kiosk, or other environ-
ment where the test is to be administered, calibration sub-
module 1305 may measure ambient conditions or parameters
(e.g., light intensity, background noise. temperature, olfac-
tory aspects etc.), and if necessary, may adjust the ambient
conditions or parameters to ensure that meaningful data can
be acquired from the test subject. In some implementations,
ambient conditions or parameters may indicate environmen-
tal contamination due to olfactory residue in the olfactory
stimuli dispenser 170 and/or in the air around the olfactory
stimuli dispenser/subject from a prior test, and the calibration
sub-module 1305 may control the neutralizing air generator
175¢g to generate a chemical and/or pure air to neutralize/
purge the olfactory residue.

[0084] In some implementations, one or more sensors or
devices may be adjusted or calibrated to the test subject by
calibration sub-module 1305. For the acquisition of eye data,
for example, the test subject may be positioned (e.g., sitting,
standing, or otherwise) so that eye tracking device 150 has an
unobstructed view of either the test subject’s left eye, right
eye, or both eyes. Calibration sub-module 1305 may generate
calibration-related instructions or messages that may be pre-
sented to the test subject via one or more output devices 180
(e.g., the test subject may be instructed to move closer to or
further from the eye tracking device 150). Eye tracking device
150 may also self-adjust to ensure an unobstructed view of
either the subject’s left eye, right eye, or both eyes. Eye
tracking device 150 may be calibrated to ensure that the
image of a single eye or both eyes of a test subject are clear,
focused, and suitable for tracking eye properties of interest.

[0085] In some implementations, calibration sub-module
1305 may also adjust a test subject’s emotional level to ensure
that the test subject is in an emotionally neutral state (and/or
other desired emotional state) prior to presenting stimuli
associated with an emotional response test to be adminis-
tered. For example, a calm soothing voice may instruct the
test subject to close his eyes and relax for a few moments. In
some implementations, calibration sub-module 1305 may
present to a test subject and/or expose a test subject to one or
more visual, olfactory, and/or other stimuli known to elicit
neutral responses based on known emotional models. Eye
tracking device 150 may measure the test subject’s eye data
(e.g., eye position/movement, blink data, and/or pupil dila-
tion) corresponding to the stimuli and the eye data may be
analyzed and processed to determine the subject’s emotional
response. In some implementations, the test subject may be
presented with the emotionally neutral stimuli until the blink
rate pattern, pupil response, and/or other eye properties indi-
cate that the test subject has reached a desired emotionally
neutral state.

[0086] Insome implementations, calibration module 1305
may also enable calibration of any number of sensors or
devices (e.g., respiratory measuring device, distance detec-
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tion device, emotion detection sensor, microphone, and/or
other sensors/devices). As such, calibration module 1305
may ensure that accurate data can be acquired when admin-
istering one or more tests. For example, one or more micro-
phone(s) 175/ for speech or other audible input may be cali-
brated to ensure that a subject’s speech is acquired under
optimal conditions, at an adequate level, or otherwise. During
the calibration, distance detection device 1755 may deter-
mine the distance between the nozzle of olfactory stimuli
dispenser 170 and the nose of the test subject, and may further
establish the determined distance as a reference distance.
During the calibration, respiratory measuring device 1754
may be adjusted based on physical and/or other attributes of a
test subject, including but not limited to, size, weight, age,
and/or other attributes.

[0087] Additional details on these and other functions per-
formed during calibration are discussed in U.S. patent appli-
cation Ser. No. 11/522,476, entitled “System and Method for
Determining Human Emotion by Analyzing Eye Properties,”
filed Sep. 18, 2006, and in U.S. patent application Ser. No.
12/170,059, entitled “System and Method for Calibrating and
Normalizing Eye Date in Emotional Testing,” filed on Jul. 9,
2008, each of the disclosures of which are hereby incorpo-
rated herein by reference in their entireties. In some imple-
mentations, calibration sub-module 1305 may direct the stor-
age of the foregoing calibration data associated with the
system and/or the test subjects in a calibration database 190c.
[0088] Insome implementations, once the various calibra-
tion and/or pre-testing functions have been completed, the
one or more selected tests may be administered to the test
subject by the test setup sub-module 130a.

[0089] In some implementations, during a test, respiration
signal analysis module 132 may obtain respiratory cycle
information from the respiratory measuring device 175a.
From the respiratory cycle information, the respiration signal
analysis module 132 may determine a respiration pattern of
the test subject. The respiration pattern may include inhala-
tion and exhalation portions of the test subject’s respiration
cycle. For example, in FIG. 3, portions 1-2, 3-4, 5-6, 7-8,
9-10,11-12, 13-14, and so forth, represent inhalation portions
of the test subject’s respiration cycle, and portions 2-3, 4-5,
6-7, 8-9, 10-11, 12-13, 14-15, and so forth, represent the
exhalation portions of the test subject’s respiration cycle,
wherein circles at points 3, 5, 7,9, and so forth, indicate the
beginning of an inhalation portion, circles at points 4, 6, 8, 10,
and so forth, indicate the beginning of an exhalation portion.
In some implementations, the respiration signal analysis
module 132 may determine and/or predict a next inhalation
portion of the test subject’s respiration cycle such that the
release of the olfactory and/or other stimulus may be timed to
be in synchronization with the inhalation portion of the test
subject’s respiration cycle. In one implementation, the olfac-
tory stimuli may be released at or near (e.g., slightly before to
allow for travel of the olfactory stimuli to the patient) the
beginning of the inhalation portion. This may ensure that
different test subjects (across different tests and/or different
stimuli) are exposed to the olfactory stimuli at approximately
the same time during an inhalation cycle. Having substan-
tially identical/normalized olfactory stimuli exposure condi-
tions for different test subjects may ensure accurate emotional
response determination.

[0090] In some implementations, the respiration signal
analysis module 132 may determine and/or predict a next
inhalation portion of the test subject’s respiration cycle based
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on one or more respiration parameters, for example, respira-
tion rate, tidal volume of last respiration cycle, current exha-
lation velocity and/or other respiration parameters. An exem-
plary breath detection algorithm that may be used to
determine and/or predict a next inhalation portion of the test
subject’s respiration cycle is depicted in FIG. 4. The algo-
rithm utilizes various respiration parameters to determine
and/or predict the next inhalation portion. Various other
breath detection algorithms may be used without departing
from the scope of the invention.

[0091] Insomeimplementations,asubset ofinhalation por-
tions from the test subject’s respiration cycle may be catego-
rized as good predictions (i.e., inhalation portions which have
prediction state set to OK) based on the breath detection
algorithm of FIG. 4 or other algorithm. For example, in FIG.
3, vertical lines 410 at beginning of inhalation portions 15-16,
17-18,19-20, 21-22, and so forth depict the good predictions
of next inhalation portions. Accordingly, in some implemen-
tations, the release of the olfactory and/or other stimulus may
be timed to be in synchronization with the good predictions of
the next inhalation portions.

[0092] In some implementations, olfactory stimuli control
module 134 may include one or more sub-modules for con-
trolling the release of olfactory stimuli, analyzing the prop-
erties of the olfactory stimuli and/or olfactory stimuli dis-
penser, purging the olfactory stimuli residue from the
environment, mixing olfactory stimuli, and/or performing
other functions.

[0093] For example, an olfactory stimuli properties analy-
sis sub-module 134a may determine aroma and/or olfactory
stimuli dispenser properties prior to aroma release, such as,
aroma source(s) 170q, . . ., 170n, to be selected for a test, a
relative volume of aroma to be dispensed from aroma source
(s)170q, . .., 170n, molecular properties of aromas in aroma
source(s) 170q, . . ., 170r, a desired flow rate at which aroma
is to be dispensed from aroma source(s) 170a, . .., 170n, a
concentration of each of the aromas that are to be mixed to
generate the aroma associated with the test, the time of aroma
release, and/or other properties. In some implementations,
one or more of the aroma and/or olfactory stimuli dispenser
properties (e.g., desired flow rate at which aroma is to be
dispensed from aroma source(s)) may be fixed for each test
and obtained from test management database 190a. In some
implementations, one or more of the aroma and/or olfactory
stimuli dispenser properties (e.g., relative volume of aroma to
be dispensed from aroma source(s), desired flow rate at which
aroma is to be dispensed from aroma source(s), etc.) may be
modified based on the distance measured from the olfactory
stimuli dispenser to the test subject by the distance detection
device 175b. For instance, if a test subject is seated relatively
far away from the nozzle, the flow rate at which aroma is
dispensed from aroma source(s) may be higher than that fora
test subject who is seated relatively closer to the nozzle. This
may ensure that the intensity at which the test subjects are
impacted with the olfactory stimuli remains substantially
identical across different tests and/or different test subjects,
and/or different stimuli.

[0094] In some implementations, the olfactory stimuli
properties analysis sub-module 134a may determine aroma
and/or olfactory stimuli dispenser properties at and/or after
aroma release. In some implementations, olfactory stimuli
properties analysis sub-module 134a may receive aroma flow
rate information detected by the olfactory stimuli flow detec-
tor 172 when the aroma is released by the olfactory stimuli
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dispenser 170. By analyzing the flow rate information, the
olfactory stimuli properties analysis sub-module 134a may
determine whether the aroma was actually released by the
olfactory stimuli dispenser 170, whether the aroma was
released at the desired flow rate, and/or may determine other
aroma and/or olfactory stimuli dispenser properties. For
instance, if a determination was made that aroma was not
released and/or released at a lower than desired flow rate by
the olfactory stimuli dispenser 170, this may indicate that the
olfactory stimuli dispenser and/or aroma source(s) may be
contaminated and/or that any results recorded in relation to
this non-release/altered-release may be discarded and/or dis-
counted.

[0095] In some implementations, an olfactory stimuli
release control sub-module 1345 may determine a time at
which the olfactory stimuli should be triggered for release to
reach the subject’s nose at a predetermined time, and may
generate a control signal (for the controllable olfactory
stimuli dispenser 170) to release the olfactory stimuli at the
determined time. In some implementations, the time for
release may be determined based on respiratory cycle infor-
mation of a test subject. For example, olfactory stimuli
release control sub-module 1345 receives respiratory cycle
information from the respiration signal analysis module 132,
and generates a control signal to release the olfactory stimuli
in relative synchronization with the test subject’s respiration
pattern.

[0096] In some implementations, the predetermined time
may correspond to an inhalation portion of the test subject’s
respiration cycle (or to a projected time at which the test
subject will be in an inhalation portion of the respiration
cycle). For example, in FIG. 3, the predetermined time may
correspond to an inhalation portion 15-16, or 17-18, or 19-20,
and so forth (or a projected time at which the test subject will
be in an inhalation portion 15-16, or 17-18, or 19-20, and so
forth). In some implementations, the predetermined time may
be a time that corresponds to the determined and/or predicted
next inhalation portion of the test subject’s respiration cycle,
as determined by the respiration signal analysis module 132.
Based, at least in part, on the respiration cycle/pattern infor-
mation received from the respiration signal analysis module
132, the olfactory stinuli release control sub-module 1345
may generate a control signal to release the olfactory stimuli
at the determined time, such that the olfactory stimuli reaches
the subjects nose at atime and/or time period when the subject
is in the inhalation portion of the respiration cycle. In some
implementations, the olfactory stimuli release control sub-
module 1345 may generate the control signal to release the
olfactory stimuli at or near the beginning of the inhalation
portion.

[0097] Insome implementations the timing of the olfactory
stimulus release may be based on various timing parameters
including for example, the distance from the nozzle of the
olfactory stimuli dispenser 170 to the subject’s nose, the
desired flow rate of the olfactory stimulus to be released from
the olfactory stimuli dispenser, and/or other timing param-
eters. For example, based on the distance measurement from
the distance detection device 1755 and the desired flow rate
information from the olfactory stimuli properties analysis
module 134q, the olfactory stimuli release control sub-mod-
ule 134b may determine the time at which the olfactory stimu-
lus should be triggered for release to reach the subject’s nose
at a predetermined time. In some implementations, the pre-
determined time may correspond to an inhalation portion of
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the test subject’s respiration cycle (or to a projected time at
which the test subject will be in an inhalation portion of the
respiration cycle). Based, at least in part, on the respiration
cycle/pattern information, the distance measurement and the
desired flow rate information, the olfactory stimuli release
control sub-module 1345 may generate a control signal to
release the olfactory stimuli at the determined time, such that
the olfactory stimuli reaches the subject’s nose at a time
and/or time period when the subject is in the inhalation por-
tion of the respiration cycle. As discussed herein, these fea-
tures enable specific control of (and thus, modulation of)
delivery of olfactory stimuli to test subjects as well as syn-
chronized/normalized delivery of olfactory stimuli across
multiple test subjects, which may render test results more
meaningful/useful.

[0098] In some implementations, the control signal gener-
ated by the olfactory stimuli release control sub-module 1345
may identify one or more aroma sources 170q, . . . 170r, from
which olfactory stimuli is to be dispensed, the desired flow
rate at which the olfactory stimuli is to be dispensed, and/or
other information.

[0099] Insomeimplementations, an olfactory stimuli purg-
ing sub-module 134¢ may receive environmental parameters
measured by environment sensor 175¢. In some implementa-
tions, the olfactory stimuli purging sub-module 134¢ may
detect, in between stimuli and/or in between tests, environ-
mental contamination due to olfactory residue in the olfactory
stimuli dispenser and/or in the air around the olfactory stimuli
dispenser/subject. In some implementations, the olfactory
stimuli purging sub-module may detect, prior to, during, and/
or after the emotional response test, environmental contami-
nation due to the olfactory residue. In some implementations,
in response to such determination, the olfactory stimuli purg-
ing sub-module 134¢ may control a neutralizing air generator
that generates a chemical and/or pure air to neutralize/purge
the olfactory residue.

[0100] In some implementations, the olfactory stimuli
release control sub-module 1345 may receive a signal from
the olfactory stimuli purging sub-module 134¢ indicating
environmental contamination, and in response thereto, the
olfactory stimuli release control sub-module 1345 may not
generate a control signal to release the olfactory stimuli
because the release of olfactory stimuli may generate flawed
results.

[0101] In some implementations, olfactory stimuli mixing
module 134d may generate a signal (for olfactory stimuli
dispenser 170) to mix olfactory stimuli, for example, aromas.
In some implementations, the olfactory stimuli mixing mod-
ule may generate a signal to mix aromas from two or more
aroma sources 170q, . . . 170n, such that a desired aroma is
generated. Aromas may be mixed in desired and/or pre-de-
termined concentrations. In some implementations, olfactory
stimuli mixing module 1344 may obtain aroma and/or olfac-
tory stimuli dispenser properties from test management data-
base 190a and/or olfactory stimuli properties analysis module
134a. In some implementations, based on one or more aroma
and/or olfactory stimuli dispenser properties (e.g., aroma
source(s) to be selected to generate the aroma associated with
a test, the concentration of each of the aromas that are to be
mixed to generate the aroma associated with the test, etc.),
olfactory stimuli mixing module 1344 may generate a signal
to mix the aromas at the respective concentrations. In some
implementations, the mixed aroma is maintained in a recep-
tacle (not shown) in the olfactory stimuli dispenser 170 and



US 2012/0078065 A1l

the control signal generated by the olfactory stimuli release
control sub-module 1345 may identify the receptacle from
which mixed aroma is to be dispensed, the desired flow rate at
which the aroma is to be dispensed, and/or other information.
[0102] Insome implementations, visual/other stimuli con-
trol module 136 may facilitate the presentation of visual
and/or other stimuli associated with the test to be adminis-
tered to the test subject. In some implementations, the expo-
sure of the test subject to visual and/or other stimuli may be
timed to be in synchronization with the release of the olfac-
tory stimuli. For example, based on the respiration cycle/
pattern information (and/or distance or flow rate informa-
tion), a time for release for each of olfactory, visual, and/or
other stimuli may be determined, such that each of these
stimuli impact the test subject at approximately the same time
(for example, at a time and/or time period when the test
subject is in the inhalation portion of the respiration cycle). If
both an olfactory and a visual stimulus are to be presented to
the test subject at the same time, the exposure of the visual
stimulus may be delayed to account for the time the olfactory
stimulus may take to reach the test subject’s nose.

[0103] In some implementations, response data collection
module 138 may collect eye data tracked/measured by eye
tracking device 150 in response to the presentation of one or
more visual, olfactory, and/or other stimuli to test subjects.
Response data collection module 138 may also collect other
physiological data regarding the subject’s response to stimuli
from one or more emotion detection sensors 175d. Response
data collection module 138 may direct storage of the col-
lected data in collected response data database 1904d.

[0104] In some implementations, reporting module 140
may generate reports and/or maps regarding the test subject’s
emotional response to the presented stimuli. Exemplary maps
are depicted in FIGS. 5¢ and 55. Maps in FIGS. 5a and 55, for
example, plot the emotional valence and emotional arousal
components of the test subject’s emotional response to the
olfactory stimuli. FIG. 5a plots the emotional valence on a
scale of =110 1, and emotional arousal on a scale 0of 0-4, where
0 represents minimum intensity and 4 represents maximum
intensity. FIG. 56 plots the emotional valence on a scale of =1
to 1, and emotional arousal on a scale of 0-6, where O repre-
sents minimum intensity and 6 represents maximum inten-
sity. Other scales and/or ranges may be used. Various tech-
niques may be used for depicting the valence and arousal, for
example, shades of gray, color, indicia, and/or other tech-
niques representing various intensities. Other mapping/plot-
ting techniques may be used, for example, pie charts, bar
graphs, and/or other techniques.

[0105] In some implementations, an emotional response/
emotion tool measuring system 120 may also execute on
computer 110 or another computer. The emotional response
measuring system 120 may determine a subject’s emotional
response to olfactory, visual, and/or other stimuli. Emotional
response measuring system 120 may include an emotional
response determination module 120q, and/or other modules
1205.

[0106] In some implementations, emotional response
determination module 1204 may determine information
regarding the test subject’s emotional response to the stimuli
presented during the tests, from the eye data measured by the
eye tracking device 150.

[0107] Insome implementations, distance detection device
175b and respiratory measuring device 1754 may continue to
measure the distance between the nozzle of the olfactory
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stimuli dispenser and the subject’s nose and the respiratory
cycle information of the test subject after the release of the
olfactory stimulus. Based on the distance data and the aroma
flow information measured by the olfactory stimuli flow
detector 172 at the time of aroma release, the time at which the
aroma actually reached the subject’s nose (i.e., actually
impacted the subject) can be determined. This data may be
used to assess whether the distance varied from the time the
olfactory stimuli was released to the time the olfactory stimu-
lus actually impacted the subject, whether the respiration
varied from the time the olfactory stimuli was released to the
time the olfactory stimulus actually impacted the subject,
and/or whether the flow rate at which the olfactory stimuli
was released from the olfactory stimuli dispenser varied from
the desired flow rate and/or other variations. In some imple-
mentations, the various variations may be compensated for
when determining an emotional response.

[0108] Insomeimplementations, because the time at which
olfactory stimuli actually impacted the test subject may be
determined as described above, the corresponding measured
eye data may be analyzed by the emotional response deter-
mination module 120a to determine the test subject’s emo-
tional response to the olfactory stimuli. Because the test sub-
ject may be presented with visual stimuli and olfactory
stimuli during a given test, the subject’s emotional response to
the olfactory stimuli and the subject’s emotional response to
the visual and/or other stimuli may be differentiated from one
another.

[0109] Insome implementations, distance detection device
1755 may continue to measure the distance between the
nozzle of olfactory stimuli dispenser 170 and the subject’s
nose at and/or after it has been determined that the olfactory
stimuli has reached the subjects nose and/or that the subject
has detected the aroma. In some instances, this data may be
utilized, at least in part, to determine/measure an emotional
response to the olfactory stimuli. For example, any variance
in the distance between the nozzle of olfactory stimuli dis-
penser 170 and the subject’s nose may be an indicator of an
emotional response (e.g., the subject has either instinctually
or rationally recoiled from or moved towards the olfactory
stimuli). In some implementations, other parameters/mea-
surements may be made at and/or after it has been determined
that the olfactory stimuli has reached the subjects nose and/or
that the subject has detected the aroma.

[0110] Those of ordinary skill in the art will appreciate that
the systems described herein are examples and that the system
of the invention may include more or less of the described
components/elements and that the features and functions
described herein may be performed by components different
from those described herein. In some implementations the
fanctions of certain components and/or may be combined.

[0111] FIG. 2 illustrates an exemplary flowchart of pro-
cessing operations, according to various aspects of the inven-
tion. The described operations may be accomplished using
some of all of the system components described in detail
above and, in some implementations, various operations may
be performed in different sequences. In other implementa-
tions, additional operations may be performed along with
some or all of the operations shown in FIG. 2. In yet other
implementations, one or more operations may be performed
simultaneously. Accordingly, the operations described are
exemplary in nature and, as such, should not be viewed as
limiting.
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[0112] Inanoperation 210, various setup and/or pre-testing
operations may be petformed (e.g., performed by the test
management module 130).

[0113] Inanoperation 215, a determinationmay be made as
to whether the test subject is to be presented with olfactory
stimuli (e.g., by test management module 130). If one or more
olfactory stimuli are associated with a particular test selected
for a test subject, it may be determined that the test subject is
to be presented with olfactory stimuli.

[0114] Ifa determination is made that the test subject is to
be presented with olfactory stimuli in operation 215, then
processing may continue to an operation 220, where a dis-
tance between the nozzle of olfactory stimuli dispenser 170
and the test subject’s nose may be measured (e.g., by the
distance detection device 175b).

[0115] In an operation 225, the test subject’s respiratory
cycle information may be analyzed (e.g., by the respiration
signal analysis module 132) to determine the test subject’s
respiration pattern (including inhalation and exhalation por-
tions of the test subject’s respiration cycle).

[0116] In an operation 230, aroma and/or olfactory stimuli
dispenser properties, for example, a desired flow rate of the
olfactory stimulus to be released from the olfactory stimuli
dispenser 170 may be determined (e.g., by the olfactory
stimuli properties analysis sub-module 134a).

[0117] Inanoperation 235, a time (Ty) at which the olfac-
tory stimulus is to be triggered for release to reach the sub-
ject’s nose at a predetermined time (T ) may be determined
(e.g., by olfactory stimuli release control sub-module 1345).
In some implementations, this determination may be based at
least in part on the respiration cycle information of a test
subject. In some instances, the predetermined time (1 ) may
correspond to an inhalation portion of the test subject’s res-
piration cycle or to a projected time at which the subject will
be in an inhalation portion of the respiration cycle. In some
implementations, the timing of the stimulus release may be
based on various timing parameters including for example,
the distance from the nozzle of the olfactory stimulus dis-
penser to the nose of the test subject, a desired flow rate of the
olfactory stimulus to be released from the olfactory stimulus
dispenser, and/or other timing parameters.

[0118] In oneexample, based at least in part on respiratory
cycle information, a desired flow rate of the olfactory stimuli,
and the distance from the nozzle of the olfactory stimulus
dispenser to the subject’s nose, a time (Ty) at which the
olfactory stimulus should be triggered for release to reach the
subject’s nose at a predetermined time (Tpp,) may be deter-
mined.

[0119] Inanoperation 240, a determination may be made as
to whether the test subject is to be presented with one or more
visual and/or other stimuli along with the olfactory stimuli. If
a determination is made that one or more visual and/or other
stimuli is to be presented in operation 240, such stimuli may
be presented to the test subject in an operation 250, and a
control signal may be generated for an olfactory stimulus
dispenser (e.g., olfactory stimulus dispenser) 170 to release
the olfactory stimulus at the determined time (Ty), in an
operation 245. In some implementations, the control signal
may be generated to release the olfactory stimulus at the
determined time, such that the olfactory stimuli reaches the
subject’s nose at a time and/or time period when the subject is
in the inhalation portion of the respiration cycle.

[0120] If a determination is made in operation 240 that
visual and/or other stimuli is not be presented, then process-
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ing may continue to an operation 265, where no visual and/or
other stimuli is presented. Processing may then continue to
operation 245 where a control signal may be generated for
olfactory stimulus dispenser 170 to release the olfactory
stimulus at the determined time (Ty).

[0121] Inanoperation 255, subject’s eye data in response to
the olfactory, visual, and/or other stimulus may be measured
(e.g., by eye tracking device 150). Other physiological data
regarding the subjects response may also be collected (e.g.,
by one or more emotion detection sensors 1754). The mea-
sured eye data and/or other physiological data regarding the
test subject’s response to the olfactory, visual and/or other
stimulus may be collected (e.g., by response data collection
module 138). As discussed herein, in some instances the
distance between the subject’s nose (or other body part) and
the olfactory stimuli dispenser may be measured (e.g., by
distance detection device 1756) after the olfactory stimuli has
impacted the subject and may be used to determine an emo-
tional response.

[0122] Also as noted herein, in some implementations, the
measurement of data in response to various stimuli may be
timed to correspond to the determined time that certain
stimuli (e.g., olfactory stimuli) reach the nose/respiratory
system of, or are otherwise detected by, the subject. The time
that certain stimuli (e.g., olfactory stimuli) reach the nose/
respiratory system of, or are otherwise detected by, the sub-
ject may be determined using various parameters such as, for
example, distance between a nozzle of an olfactory stimuli
generator (e.g., olfactory stimuli generator 170) and the nose
of the subject, the flow rate at which the olfactory stimuli are
released from olfactory stimuli generator 170, environmental
parameters, and/or other parameters.

[0123] In an operation 260, the subject’s emotional
response to the olfactory, visual, and/or other stimulus may be
determined (e.g., by the emotional response determination
module 120a).

[0124] Ifadetermination is made that the test subject is not
to be presented with olfactory stimuli in operation 215, the
processing may continue to an operation 270, where a deter-
mination is made whether the test subject is to be presented
with one or more visual and/or other stimuli. If a determina-
tion is made that one or more visual and/or other stimuli is to
be presented in operation 270, such stimuli are presented to
the test subject in operation 275, eye data corresponding to
the subject’s response to the visual and/or other stimuli is
collected in operation 280 and the subject’s emotional
response to the visual and/or other stimuli is determined in
operation 285.

[0125] Other embodiments, uses and advantages of the
invention will be apparent to those skilled in the art from
consideration of the specification and practice of the inven-
tion disclosed herein. The specification should be considered
exemplary only, and the scope of the invention is accordingly
intended to be limited only by the following claims.

What is claimed is:

1. A method for determining emotional response to olfac-
tory stimuli presented to a test subject during an emotional
response test, the method comprising:

analyzing respiration cycle information associated with the

test subject to determine a respiration pattern that
includes inhalation and exhalation portions of the test
subject’s respiration cycle;

determining, based at least in part on the respiration cycle

information, a time at which an olfactory stimulus



US 2012/0078065 A1l

should be triggered for release to reach the test subject’s
nose at a predetermined time, the predetermined time
corresponding to an inhalation portion of the test sub-
ject’s respiration cycle orto a projected time at which the
test subject will be in an inhalation portion of the respi-
ration cycle;

controllably releasing the olfactory stimulus at the deter-

mined time;

collecting eye data from the test subject while the test

subject is presented with the released olfactory stimulus,
the eye data including pupil data, blink data, and gaze
data;

analyzing the collected eye data to determine the test sub-

ject’s emotional response to the olfactory stimulus.

2. The method of claim 1, further comprising:

measuring, prior to the release of the olfactory stimulus, a

distance between a nozzle of an olfactory stimuli dis-
penser configured to controllably release the olfactory
stimulus and the test subject’s nose; and

determining a desired flow rate at which the olfactory

stimulus is to be released;

wherein determining, the time at which the olfactory

stimulus should be triggered for release to reach the test
subject’s nose at the predetermined time is based at least
in part on the respiration cycle information, the mea-
sured distance, and the desired flow rate.

3. The method of claim 1, further comprising:

measuring, after the release of the olfactory stimulus, a

distance between a nozzle of an olfactory stimuli dis-
penser configured to controllably release the olfactory
stimulus and the test subject’s nose;

detecting flow rate information associated with the

released olfactory stimulus; and

determining, based at least in part on the measured distance

and the detected flow rate information, a time at which
the olfactory stimulus actually reached the subject’s
nose;

wherein analyzing the corresponding collected eye data to

determine the test subject’s emotional response to the
olfactory stimulus is based at least in part on the deter-
mined time at which the olfactory stimulus actually
reached the subject’s nose.

4. The method of claim 1, further comprising:

detecting, prior to, during, and/or after the emotional

response test, environmental contamination due to
olfactory residue in an olfactory stimuli dispenser and/or
in an air around the olfactory stimuli dispenser or sub-
ject; and

neutralizing and/or purging the olfactory residue.

5. The method of claim 1, further comprising:

measuring the test subject’s physiological responses to in

response to the released olfactory stimulus;

wherein determining the test subject’s emotional response

to the olfactory stimulus is based at least in part on the
test subject’s measured physiological responses to the
released olfactory stimulus.

6. A computer-implemented system comprising a com-
puter-readable storage medium, the computer-readable stor-
age medium storing one or more software modules compris-
ing computer-readable instructions, the computer-readable
instructions when executed by a processor being operable to
determine emotional response to olfactory stimuli presented
to a test subject during an emotional response test, the one or
more software modules comprising:
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arespiration signal analysis module comprising computer-
readable instructions configured to analyze respiration
cycle information associated with the test subject to
determine a respiration pattern that includes inhalation
and exhalation portions of the test subject’s respiration
cycle;
an olfactory stimuli control module comprising computer-
readable instructions configured to:
determine, based at least in part on the respiration cycle
information, a time at which an olfactory stimulus
should be triggered for release to reach the test sub-
ject’s noseata predetermined time, the predetermined
time corresponding to an inhalation portion of the test
subject’s respiration cycle or to a projected time at
which the test subject will be in an inhalation portion
of the respiration cycle, and

controllably release the olfactory stimulus at the deter-
mined time;

a response data collection module comprising computer-
readable instructions configured to collect eye data from
the test subject while the test subject is presented with
the released olfactory stimulus, the eye data including
pupil data, blink data, and gaze data;

a emotional response determination module comprising
computer-readable instructions configured to analyze
the collected eye data to determine the test subject’s
emotional response to the olfactory stimulus.

7. The system of claim 6, further comprising:

a distance detection device configured to measure, prior to
the release of the olfactory stimulus, a distance between
a nozzle of an olfactory stimuli dispenser configured to
controllably release the olfactory stimulus and the test
subject’s nose; and

an olfactory stimuli properties analysis module comprising
computer-readable instructions configured to determine
adesired flow rate at which the olfactory stimulus is to be
released;

wherein the olfactory stimuli control module comprises
computer-readable instructions configured to determine
the time at which the olfactory stimulus should be trig-
gered for release to reach the test subject’s nose at the
predetermined time based at least in part on the respira-
tion cycle information, the measured distance, and the
desired flow rate.

8. The system of claim 6, further comprising:

adistance detection device configured to measure, after the
release of the olfactory stimulus, a distance between a
nozzle of an olfactory stimuli dispenser configured to
controllably release the olfactory stimulus and the test
subject’s nose;

an olfactory stimuli flow detector configured to detect flow
rate information associated with the released olfactory
stimulus; and

an olfactory stimuli properties analysis module comprising
computer-readable instructions configured to deter-
mine, based at least in part on the measured distance and
the detected flow rate information, a time at which the
olfactory stimulus actually reached the subject’s nose;

wherein the emotional response determination module
comprises computer-readable instructions configured to
analyze the corresponding collected eye data to deter-
mine the test subject’s emotional response to the olfac-
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13
tory stimulus is based at least in part on the determined 10. The system of claim 6, further comprising:
time at which the olfactory stimulus actually reached the one or more emotion detection sensors configured to mea-
subject’s nose. sure the test subject’s physiological responses to in
9. The system of claim 6, further comprising: response to the released olfactory stimulus,
an olfactory stimuli purging module comprising computer- wherein the emotional response determination module
readable instructions configured to: comprises computer-readable instructions configured to
detect, prior to, during, and/or after the emotional determine the test subject’s emotional response to the
response test, environmental contamination due to olfactory stimulus based at least in part on the test sub-
olfactory residue in an aroma dispenser and/or in an ject’s measured physiological responses to the released
air around the olfactory stimuli dispenser or subject; olfactory stimulus.

and
neutralize and/or purge the olfactory residue. ok oEoE %
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