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57) ABSTRACT

A stressor detection system (100) comprises sensor means
(101) arranged for being attached to a person for obtaining a
time-varying signal representing a physical quantity relating
to an environment of the person, and processing means (102)
for deriving a stressor value from the obtained signal repre-
senting a degree to which the environment is inducing stress
in the person. The processing means is arranged for deriving
an amount of complexity comprised in the signal, and for
deriving a higher stressor value for a larger amount of infor-
mation. The processing means is further arranged for per-
forming a spectral frequency analysis of the signal and for
deriving the stressor value also in dependence on the spectral
frequency analysis. The sensor means comprises a micro-
phone (105), a camera (104), and a tri-axial accelerometer.

19 Claims, 1 Drawing Sheet
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1
STRESSOR SENSOR AND STRESS
MANAGEMENT SYSTEM

FIELD OF THE INVENTION

The invention relates to a stressor detection system. The
invention also relates to a method for detecting stressors.

BACKGROUND OF THE INVENTION

Many medical experts agree that stress is an important
factor in disease prevention and recovery. Measuring vital
body signs to calculate a measure of user stress is known, for
example a way to measure the stress-level of a car driver,
including a camera/observer recording the road condition, is
described in “Quantifying driver stress: developing a system
for collecting and processing bio-metric signals in natural
situations,” by Healey J, Seger I, Picard R., in: Biomed. Sci.
Instrum. 1999; 35:193-8, referred to hereinafter as “Healey”.
It is also known that national and other legislation place
boundaries on noise-levels and other external signals/influ-
ences to workers.

In U.S. Pat. No. 6,607,484, a behavior and stress manage-
ment recognition apparatus is disclosed. It comprises a refer-
ence sensor information corpus storing records of environ-
ment (season, time, place, posture, action, behavior, and
expected behavior), physical information (pulse rate, body
temperature, galvanic skin reflex (GSR), and voice pitch),
degree of stress, and dialogue structure. It further comprises
storing subjective (stress) data for persons in the address book
of personal information management (PIM) software. It fur-
ther mentions an ultrasonic distance sensor for determining if
aperson enters someone’s personal space, an odor sensor for
determining a bad smell or strong smell, and determining the
degree of stress from task data and schedule.

The existing system is relatively complex and requires a lot
of user interaction to learn the stressfulness of any particular
situation, which makes the stress measurement relatively sub-
jective. It only takes into account a limited number of aspects
of relevant environmental circumstances that may be stress
inducing. The cited systems do not provide accurate informa-
tion about the stressors in an environment of a person.

SUMMARY OF THE INVENTION

It is an object of the invention to provide a system for
obtaining more accurate information about stressors in an
environment of a person.
This object is realized by the first aspect of the invention,
comprising
sensor means arranged for being attached to a person for
obtaining a time-varying signal representing a physical
quantity relating to an environment of the person, and

processing means for deriving a stressor value from the
obtained signal representing a degree to which the envi-
ronment is inducing stress in the person.

The obtained time-varying signal is especially suitable for
applying further processing steps. A system with build-in
knowledge about signal patterns or signal characteristics and
their stress-inducing and/or stress-reducing properties can
provide relatively accurate information about the stress
induced on a person. Moreover, a degree to which a physical
phenomenon is inducing and/or reducing stress can be quan-
tified objectively using prior knowledge applicable in general
and/or knowledge specific to the person or to a group that the
person belongs to. Such specific and general knowledge may
be obtained a priori and embedded in the system algorithmi-
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cally and/or using a table lookup mechanism or database. Not
only stressors can be determined, but also fear-inducing cir-
cumstances and fatiguing circumstances. Also relaxing cir-
cumstances can be determined and can be used to determine
a relaxing value and to compensate the stressor value by
decreasing the stressor value based on the relaxing value.

Preferably, the stressor value is normalized between 0 and
1 or between any predetermined upper and lower bound.
Alternatively, predetermined fixed points may be used. In any
way, it is preferred that the stressor value is normalized in
such a way that it becomes possible to compare the stressor
value established by different embodiments of the invention.
For example, it should advantageously be possible to com-
pare a stressor value obtained from a stressor detection sys-
tem comprising a light sensor with a stressor value obtained
from a stressor detection system comprising a microphone.
This can be realized by normalizing the stressor value such
that 0 corresponds to a relaxation-inducing environment that
does not induce any stress, and 1 corresponds to an extremely
stress-inducing environment, for example an environment
known to cause permanent physical damage.

In an embodiment of the invention, the processing means is
arranged for determining an amount of complexity comprised
in the measured signal, and for deriving a higher stressor
value for a larger amount of complexity.

The amount of complexity comprised in the measured
signal can be determined by computing the amount of infor-
mation in the signal or the entropy of the signal. Complex
signals are correlated with a higher degree of induced stress,
and therefore determining the amount of information com-
prised in the signal, or for example the Kolmogorov complex-
ity can be used as an indicator relating to the stressor value,
where advantageously a high complexity is related with a
high amount of induced stress.

In an embodiment of the invention, the processing means is
arranged for performing a spectral frequency analysis of the
signal and for deriving the stressor value also in dependence
on the spectral frequency analysis.

A spectral frequency analysis can also be used for deter-
mining the amount of stress induced. The spectral frequency
analysis can be performed in many ways. For example, it can
be used to estimate the complexity of the signal, which is
related to the stressor value, because relatively complex sig-
nals typically comprise more frequency components than
relatively straightforward signals. Also, certain frequency
ranges may be more stress inducing than other frequency
ranges. Some frequencies may not even be noticed by the
person, whereas other frequencies may cause a relatively
large amount of stress if the person is exposed to the signal
with that frequency, in particular if the person is exposed to
the signal with that frequency for a relatively long period of
time. Advantageously the system recognizes a combination
of frequencies that is related to stress. Also, the system can
use for example time-frequency analysis to detect stress
induced by signals with time-varying frequencies.

In an embodiment of the invention,

the sensor means is arranged for obtaining a further time-

varying signal representing a further physical quantity
relating to an environment of the person,

the processing means is arranged for deriving a further

stressor value from the further obtained signal and for
deriving a combined stressor value from the stressor
value and the further stressor value.

Any number of signals and measurements can be obtained
representing any number of physical quantities relating to an
environment of the person and/or any number of physical or
physiological quantities relating to the person. The process-
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ing means can derive the stressor value in dependence on
these signals and measurements. For example, the processing
means can establish stressor values corresponding to each of
the respective signals and measurements, and establish a
combined stressor value by combining the stressor values.
The combining can be established by deriving a weighted
sum of the stressor values. The combining can also be estab-
lished by deriving a maximum of the stressor values. Prefer-
ably the stressor values are normalized before establishing the
weighted sum or the weights are adjusted to perform the
normalization and summation in one step. Also a mutual
enforcement scheme may be used wherein simultaneous
presence of different stressors results in a higher stressor
value than a weighted average of the stressor values.

In an embodiment of the invention, the sensor means com-
prises a microphone and the obtained signal comprises an
audio signal obtained from the microphone.

Sound, or audible signals, can be an important factor caus-
ing stress in the person. Especially audio signals that the
person is able to hear may induce stress. Preferably the pro-
cessing means is arranged for extracting a signal component
comprising frequencies that the person is able to hear.

In an embodiment of the invention, the processing means is
arranged for deriving the stressor value also in dependence on
at least one of:

an amplitude of the audio signal,

an envelope of the audio signal,

a dose of the audio signal, and

a loudness of the signal.

In an embodiment of the invention, the processing means is
arranged for giving a larger weight to a disturbing component
of the audible signal component, the disturbing component
comprising frequencies

above a predetermined bound and below an upper bound of

frequencies that the person is able to hear, where the
predetermined bound is smaller than the upper bound, or

frequencies below a predetermined bound and above a

lower bound of frequencies that the person is able to
hear, where the lower bound is smaller than the prede-
termined bound.

Sound frequencies that are relatively close to the limits of
what the human ear can detect, can be especially stress induc-
ing.

In an embodiment of the invention, the sensor means com-
prises a light sensor for obtaining a light intensity signal
representing an intensity of visible environmental light, and
the processing means is arranged for deriving the stressor
value in dependence on the intensity.

Environmental light is another type of a potentially stress-
inducing circumstance a person may be exposed to.

In an embodiment of the invention, the sensor means com-
prises a light sensor for obtaining a plurality of light signals
each representing the intensity of a distinct color component
of environmental light, and the processing means is arranged
for deriving the stressor value in dependence on the light
signals.

Different color compositions in environmental light, for
example caused by different types of natural and/or artificial
light sources or caused by a light filtering, may be a cause of
stress in a person.

In an embodiment of the invention, the sensor means com-
prises a camera for obtaining at least one image relating to
what the person is looking at, and the processing means is
arranged for deriving the stressor value also in dependence on
the image.

Not only the environmental light intensity and color are
important stress-inducing factors, but also the contents of the
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image that the person sees is important. Advantageously, the
processing means can be arranged for performing a pattern
recognition of the image. The pattern recognition can be used
for recognizing an object, where the object may be a person,
a face, a tool, a wall, or any other object imaginable. Facial
expressions may be recognized, for example faces with an
angry or a happy facial expression can be distinguished as
distinct types of objects with different stressor values. Also,
gestures can be recognized such as a “middle finger” gesture,
which is believed to cause stress. A gun being pointed to the
person can be recognized. This is a combination of an object
and a gesture that can be detected using for example image-
processing techniques. A gun pointing to the person is
believed to cause stress and fear. Also fear inducing objects or
gestures can be detected to obtain a fear-inducement value.
Preferably a storage means is arranged for storing patterns
related to objects and/or gestures, each object or gesture being
related to a stressor value. The stressor value may be pre-
defined for each object or group or type of objects or gestures.
The knowledge about stressor values may also be gathered
during operation of the system automatically as set forth.

The camera can be arranged for obtaining a sequence of
images relating to what the person is looking at, and the
processing means is arranged for deriving the stressor value
in dependence on the sequence of images. Processing a
sequence of images can give a more reliable recognition of an
object and thus can provide a more accurate estimate of the
stressor value. In addition, time-dependent changes of objects
can be tracked. Also, more complex gestures can be recog-
nized. Objects moving towards and/or away from the person
can be detected and related to the stressor value. For example,
‘a face with an angry facial expression moving towards the
person’ can be associated with a higher stressor value than
either ‘a face with an angry facial expression’ or ‘a face
moving towards the person’ alone.

In an embodiment of the invention, the processing means is
arranged for deriving an amount of complexity of the at least
one image and for deriving the stressor value also in depen-
dence on the amount of complexity of the at least one image.

Complex images require a relatively large amount of cog-
nitive effort and can be stress-inducing.

In an embodiment of the invention, the processing means is
arranged for deriving an amount of movement from the at
least one image and for deriving the stressor value also in
dependence on the amount of movement.

In an embodiment of the invention, the processing means is
arranged for performing an object recognition on the at least
one image and for deriving the stressor value also in depen-
dence on the object recognition.

Inan embodiment of the invention, the sensor comprises an
acceleration sensor for obtaining an acceleration signal, and
further comprising means for extracting from the acceleration
signal an externally-induced acceleration signal representing
an acceleration of the person not caused by a muscle contrac-
tion of the person, and the processing means is arranged for
taking into account the externally-induced acceleration sig-
nal.

Acceleration, such as externally induced vibrations, can be
a cause of stress. In particular vibrations with a high intensity
are associated with a high stressor value. Also, repetitive
vibration patterns can cause a high stressor value.

In an embodiment of the invention, the means for extract-
ing is arranged for including an acceleration signal compo-
nent with frequencies below a predefined lower threshold and
further including an acceleration signal component with fre-
quencies above a predefined upper threshold, where the upper
threshold is larger than the lower threshold.
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It is believed that accelerations of humans self-induced by
human muscle contractions are mainly in the range of
approximately 1 Hz to 15 Hz. Therefore, a relatively simple
way to find the externally induced accelerations is to extract
acceleration signal components having a frequency that is not
in that range. The bounds of 1 Hz and 15 Hz are indicative
only because, for example, relatively young, small, or light
people may have quicker movements and therefore higher-
frequency self-induced acceleration patterns than relatively
old, large, or heavy people.

An embodiment ofthe invention further comprises an elec-
tromyography system for obtaining an electromyography sig-
nal and wherein the means for extracting is arranged for
performing the extracting also in dependence on the elec-
tromyography signal.

Self-induced human accelerations may be detected
because such a self-induced acceleration is often preceded by
and/or often coincides with a muscle contraction within the
person. By measuring electromyography signals related to
muscle contractions, the muscle contractions can be mea-
sured, and it becomes possible to correlate measured accel-
eration with muscle contractions and remove acceleration
components related to the muscle contractions from the sig-
nal, which results in an acceleration signal mainly consisting
of externally-induced acceleration components.

An embodiment of the invention further comprises

means for obtaining a stress value relating to stress expe-

rienced by the person, and

means for establishing a relation between the signal and the

stress experienced by the person.

These provisions allow for the system to learn automati-
cally for improving the accuracy of the stressor value. The
stressor value produced by the processing means can be com-
pared to the obtained stress value, and if a difference is
detected, a model internal to the processing means can be
adjusted such that the model better reflects the relation
between the signal and the stress experienced by the person.
The model can be improved during operation of the system
automatically, for example by correlating the obtained signal
with a physiological measurement indicative of the stress of
the person. The model can be implemented using for example
an artificial intelligence method or a regression analysis. This
model can be used to provide a stressor value with higher
accuracy by taking into account idiosyncrasies.

In an embodiment of the invention, the means for obtaining
the stress value is arranged for obtaining a physiological
quantity of the person relating to stress experienced by the
person.

The physiological quantity of the person can comprise for
example at least one of pulse rate, body temperature, galvanic
skin reflex (GSR), and voice pitch. These quantities are
known to be relating to stress. Alternatively or in combination
a user input via a user interface may be used indicative of the
stress of the person.

An embodiment of the stressor detection method com-
prises deriving a stressor value from a time-varying signal,
the time-varying signal representing a physical quantity relat-
ing to an environment of the person, the stressor value repre-
senting a degree to which the environment is inducing stress
in the person

BRIEF DESCRIPTION OF THE DRAWINGS

These and other aspects of the method of the invention will
be further elucidated and described with reference to the
drawing, in which:
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FIG. 1 shows a schematic diagram of an embodiment of the
invention;

FIG. 2 shows another view of an embodiment of the inven-
tion.

DETAILED DESCRIPTION OF THE INVENTION

In general it can be seen that there is a difference between
stress and the signals that caused the stress, the stressors. We
distinguish various types of stressors. First, sensory stressors
can be loud and/or varying noise levels, light levels, accelera-
tion and vibration, strong and varying smell all are observed
by the human senses and are sources of stress. Especially
intensity and (variation of) thythms are significant. Second,
symbolic stressors. For example, a soft noise can be a signifi-
cant source of stress, if the observing human recognizes the
symbolism in the noise. For example, pointing a gun at some-
one typically causes stress, as the person recognizes the
object and knows that he 1s in mortal danger. Symbolic stres-
sors can depend on the background and history of the human.
Third, there is an undefined area between the first and second.
Low-level symbolism such as for example yellow for danger
and pink for safe, are easy to measure, but still are based on
cognitive notions.

The system according to the invention allows in a simple
and sensible way to monitor stressors and quantify the long-
term stressor-level a consumer is exposed to. Therefore he or
she is helped to judge whether an environment is healthy, a
judgment that is subjective as the user is often pressured into
accepting environments that objectively are not good for him
or her. Stress management systems that focus only on mea-
suring existing stress are too late, as the stress is already
present, and cannot determine the cause of stress. hence these
systems can only generate global feedback like “breathe
deeply and slowly”.

FIG. 1 shows a schematic diagram of a stressor detection
system 100. The stressor detection system 100 comprises a
sensor means 101 for obtaining a signal representing a physi-
cal phenomenon that the person is exposed to. The sensor
means 101 may comprise, for example, a camera 104, a light
sensor (not shown), a microphone 105, an electronic nose
(e-nose) 106, a vibration sensor (not shown), or an acceler-
ometer, advantageously a tri-axial accelerometer (not
shown). The signals produced by the sensors are communi-
cated to processing means 102. The processing typically
involves a signal-processing step, such as determining the
complexity of the signal or performing a time-frequency
analysis. More complex signals are believed to be relatively
stress inducing. The signal analysis results in a stressor value.
The stressor value is communicated to the output means 103,
which communicates the stressor value to a system coupled to
the stressor detection system. This can for example be a PDA
or a personal computer that uses the stressor value to provide
an advice to the user. The output means 103 can store results
and raw measurement data for later transfer to the system
coupled to the stressor detection system. Also the output
means 103 can provide feedback related to the stressor level
using any suitable rendering device such as a display or a
loudspeaker.

The sensory stressor sensor 100 measures the environmen-
tal signals that can be picked up by the senses of the user, and
calculates a measure of physical/physiological burden on the
user.

An alternative embodiment is a (mobile) phone, where the
user calls a stressor-sensor-service phone number, which is
answered by a stressor-sensor-server. The sound signals
obtained from the microphone of the phone are transmitted to
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the server on the other end of the phone connection, and the
processing hardware is comprised in the server, which sends
and an SMS and/or voice message with results back to the
phone and/or stores the stressor related information in a
repository. Such a service phone number can also be used for
a music recognition service. Signals obtained from other
sensors integrated in and/or connected to the (mobile) phone,
for example a camera or an accelerometer, may also be trans-
mitted to the stressor-sensor-server. The signals may be pre-
processed before transmitting to the stressor-sensor-server.
Similarly, any client/server configuration such as a client
personal computer with peripherals or a personal digital
assistant comprising sensor means (for example microphone,
web cam) communicating with a server comprising process-
ing means can also be realized.

The signal processing provided by processing means 102
preferably comprises establishing a complexity of the signal.
The complexity may be established by computing the amount
of information in the signal or the entropy. Also a bound on a
Kolmogorov complexity may be established. Such a bound is
related to the compression ratio achieved by a suitable com-
pression algorithm, the compression ratio relating to the size
of the compressed signal expressed in a number of bits
divided by the size of the (possibly pre-processed) raw signal
obtained from the sensor means 101. In an embodiment, the
algorithm for determining the stressor value comprises the
following steps:

determine the size in bits of the time-varying signal s

representing a physical quantity relating to an environ-
ment of the person; denote this size as size(s);

compress s to obtain a compressed signal s_;

determine the size in bits of the compressed signal s_;

denote this size as size (s_);

determine the compression ratio r by computing r=size(s )/

size(s).

set the stressor value v equal to the compression ratio: v=r.

This way, if the stressor value v is close to 0, the signal is
highly predictable (corresponding to absence of stressors)
and if v is close to 1, the signal is highly unpredictable
(corresponding to presence a stressor). Note that for example
in music signals, a compression algorithm can compress a
noise component with an especially low compression ratio if
the decompressor comprises a corresponding noise generator.
The human ear will not notice the difference between the
original noise component and the noise component obtained
from the noise generator. This is an example of a sense-
specific compression algorithm, in that it compresses the
signal to the maximal extend possible under the constraint
that the original signal and the signal obtained by succes-
sively compressing and decompressing the signal, when ren-
dered, cannot be distinguished by the person either con-
sciously or unconsciously. Preferably before applying the
algorithm above, any signal components that, when rendered,
cannot be perceived by the person either consciously or
unconsciously, are removed from the signal s. This results in
an especially relevant compression ratio r and an especially
accurate stressor value v.

An embodiment of the invention comprises a microphone
105, sound processing hardware and software 102, a display
coupled to the output means 103, and interactive buttons.
These components together form an apparatus that can be
worn on the body.

In this embodiment of the invention, sound is measured.
The sound pressure level and the changes in sound pressure
level (envelope) plus dose (integral, moving average) influ-
ence the stress of users. Weights for sound level, sound enve-
lope, and sound dose determine to what extend these mea-
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sured quantities contribute to the stressor level. In an
embodiment only absolute levels are measured, in a more
advanced embodiment types of sounds are recognized and
given individual weights. For example, certain sounds trigger
instinctive alarms, for example crving babies; speech requires
more cognitive effort than a repetitive tone; sound is direc-
tional and a movement of the origin of the sound requires
more cognitive effort; changes in sound-sources are poten-
tially stress inducing. When measured, these can all contrib-
ute to the stressor level.

Advantageously, the processing means 102 is arranged for
establishing the loudness of the sound. The loudness is a
psychoacoustic measure representing how loud a person
experiences a sound signal. The loudness is related to the
annoyance and stress caused by the sound signal. Annoyance
is a known concept from acoustics, strongly related to the
stressor value. See: “Handbook of acoustical measurements
and noise control”, C. M. Harris, 3"¢ Edition, Acoustical Soci-
ety of America, pages 23.1-23.7. The loudness of the sound
can be found for example using a standardized method such
as ISO532A or [SO532B. The loudness and/or annoyance can
be used as a stressor value. A combination of both, such as a
weighted sum, is also possible. Preferably the stressor valueis
determined also in dependence on a time at which the loud-
ness and/or annoyance occurs, for example at night the stres-
sor value may be higher than during the day, see also: “Fun-
damentals of acoustics”, L. E. Kinsler et al., 3’ Edition, John
Wiley and Sons, New York, pages 284-291.

Another embodiment is formed by an apparatus compris-
ing a light sensor or camera 104 and light or image processing
hardware and software 102, an optional display coupled to
output means 103 and optional interaction means that can be
worn as a small device on the body. It can also comprise a
microphone 105 and sound processing hardware and soft-
ware 102 as described above. Sunlight and full spectrum light
are good for lowering stress levels, but unnatural light, such as
fluorescent light, in any intensity works as a stressor. A value
relating to a light spectrum can be obtained from a spectral
measurement system. An example of such a system is
GS-1253-LCD from Gamma Scientific, San Diego, Calif.,
USA.

One of the outputs of such as system is a color-rendering
index (CRI). The CRI is a measure of the ability of a light
source to reproduce the colors of various objects being lit by
the source. The best possible rendition of colors is specified
by a CRI of one hundred, while the very poorest rendition is
specified by a CRI of zero. For a source like a low-pressure
sodium vapor lamp, which is monochromatic, the CRI is
nearly zero, but for a source like an incandescent light bulb,
which emits essentially blackbody radiation, it is neatly a
hundred. The CRI is measured by comparing the color ren-
dering of the test source to that of a “perfect” source, which is
generally a black body radiator, except for sources with color
temperatures above 5000K, in which case a simulated day-
lightisused. For example, astandard “cool white” fluorescent
lamp will have a CRI near 62. It is believed that a low CRI is
associated with stress. Another output of a spectral measure-
ment system believed to be associated with stress is a color
temperature (CT).

Rather than measuring a steady spectrum of light, the spec-
tral measurement system for use with the stressor detection
system preferably operates in a continuous mode. That way,
the CRI and/or color temperature (CT) or other relating quan-
tities are known continuously. Usually a spectral measure-
ment system measures the spectrum of a single light source.
For use with the stressor detection system, it is preferred that
the spectral measurement system measures the CRI, color
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temperature, or other relating quantities of (non-directional)
environmental light. By measuring CRI or CT or other relat-
ing quantity of environmental light continuously, a signal is
obtained representing the respective quantity. By providing to
the processing means 102 the time of day, the signal can be
associated with the times at which measurements were made.
Preferably, a reference signal representing the respective
quantity as a function of the time of day is made available to
the processing means 102. The reference signal corresponds
to the respective quantity under ideal circumstances. Alterna-
tively, the reference signal corresponds to the respective
quantity under for example normal, average, or undesirable
circumstances. Preferably, one or more such signals associ-
ated with known stressor values are made available to the
processing means 102. By comparing the measured signal
with one or more reference signals, a comparison between the
current environment of a person and the reference signals can
be made. From such a comparison, the stressor value can be
obtained. For example, if the currently measured signal, taken
into account the time of day, compares for 80% to a reference
signal associated with a stressor value of 0.2 and it compares
for 20% to a reference signal associated with a stressor value
0f 0.7, the processing means could determine a stressor value
of 0.3. Similarly, the seasonal influences may be incorporated
by providing to the processing means 102 the time of year and
reference signals corresponding to different times of year.

Changes in light intensity contribute to the stressor level.
Epilepsy can be induced by stroboscope light. A weight deter-
mines to what extend the light envelope contributes to the
stressor level. In another embodiment, light is not treated as a
uniform source, but as its individual color components or
even as an image. The inherent complexity of the image can
be determined using for example edge detection, counting
individual areas. The amount of movement over time can be
calculated using known motion estimation techniques. The
image complexity and the amount of movement over time add
to the stressor level with predetermined respective weights, as
it requires more cognitive effort by the brain to process these
images. In another embodiment, objects can be recognized,
and weights can be attributed to types of objects. For example,
weapons can be associated with a positive weight, and flowers
can be associated with a negative weight.

Another embodiment comprises a Tracmor activity meter
that can measure accelerations of the human body, when worn
on the body, by focusing on certain frequency-ranges that the
human body operates in, and can filter out most externally
induced accelerations. Human motion typically occurs in a
certain frequency range, and the lower frequencies and higher
frequencies are externally induced. In traditional activity
meters, the frequency components of accelerations generated
by a person are used for determining an energy expenditure of
the person. See: “Quantitating physical activity in COPD
using a triaxial accelerometer”, by B. G. Steeleetal., CHEST,
May 2000. For example frequencies above 16 Hz are associ-
ated with vehicular transportation rather than physical activ-
ity. In the stressor detection system according to the inven-
tion, the other acceleration signal components are used,
namely the accelerations induced by forces external to the
person, because these forces may cause stress or relaxation of
the person. Using the externally induced accelerations as a
basis, a stressor sensor for vibration and acceleration is
obtained. The activity meter and stressor sensor can option-
ally be integrated in the same device, although optimal place-
ment of the device might lead to two devices, for example one
on the belt and one on the neck. A wired or wireless connec-
tion can be used to couple the two devices. Advantageously,
the stressor detection system 100 further comprises an elec-
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tromyography system 104 for obtaining a value related to a
muscle contraction. The processing means is arranged for
associating accelerations shortly after a muscle contraction as
a movement pattern induced by the person himself, and for
associating other accelerations with externally induced
movements or forces. Users can be stressed from externally
induced movements, like vibrating/accelerating areas such as
trains or automobiles. A difference between high-frequency
accelerations (typically vibrations and shocks) and low-fre-
quency accelerations can be made, with different weights. In
particular, unpredictable forces and movements are stressors.
An example of a situation with such unpredictable forces is a
moving train or bus. The unpredictable forces are caused by
the roughness of the rails or roads. An example of a relaxing
or stress-reducing movements is a soft rocking. Such a move-
ment is particularly predictable.

Another embodiment comprises an electronic nose
(e-nose) 106 and/or an odor sensor. Preferably an e-nose
operating at room temperature is used when the stressor sen-
sor is worn on the body. The embodiment further comprises
e-nose signal processing hardware and/or software 102. The
e-nose can establish the concentration level of at least one
volatile organic compound. See: “An improved integrated
electronic nose for online measurement of VOCs in indoor
air”, by F. Xiangsheng et al., Proc. IEEE Engineering in
Medicine and Biology 27* Annual Conference, Shanghai,
China, 2005. Preferably the e-nose is arranged for establish-
ing concentration levels of volatile organic compounds that
are known to be irritating or stress inducing in a person. The
stressor value can be a weighted sum of concentration levels
of volatile organic compounds, wherein relatively stress-in-
ducing compounds are associated with a relatively high
weight. Preferably, the processing means 102 is arranged for
detecting changes in the time-varying concentration levels. A
smell often becomes less stress inducing when the smell
remains relatively the same for a longer period of time. An
increase of the concentration of a volatile organic compound
that is perceived by the person as a particularly bad smell
results in a relatively large stressor value. If the concentration
remains constant, the stressor value gradually decreases
because the corresponding bad smell is perceived with a
gradually decreasing intensity. For example, a person enter-
ing a livestock building may experience stress caused by an
overwhelming smell, whereas the person after having worked
inside for a couple of hours hardly notices the smell any more
and consequently no longer experiences the high concentra-
tion of the involved volatile organic compound as a stressor.
E-noses known in the art comprise a significant amount of
signal processing for establishing the concentration of a vola-
tile organic compound. Preferably the signal processing of
the e-nose and the signal processing for establishing the stres-
sor value are performed using the same processor and/or
memory component.

As adirect feedback to the user, the output means 103 of the
stressor sensor in any of the previously described embodi-
ments presents a measure of how stressful the environment is,
and summarizes this over a period of time. For example, the
situation of the last minute or few seconds can be reported on.
This might prompt a user to leave an area that violates stress-
relating criteria, for example labor law criteria.

Also, the period from the time of waking up may be used.
This might help a user better understand his own physiology,
as he becomes aware of what external factors impinge on his
senses. The total sleeping time can be included in the equa-
tion, as insufficient sleep means that a certain level of stress of
the previous day carries over into the nextday. In this case, the
stressor level is not totally reset to zero at wakeup time, but
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starts at a fraction of the previous day, that fraction can be
related to the duration and quality of sleep. Optionally, the
stressor sensor could show a comparison with stressor sensors
of other users, such as peer groups or friends. this could help
a user to decide whether the current level is acceptable. The
stressor sensor can show trends and history data, allowing a
user to see if the situation is improving or not.

The stressor sensor can show what external signals most
contributed to the current stressor level, and can show indi-
vidual levels of sound, light/images, and acceleration. This
gives the user precise feedback on what environmental cir-
cumstances have to be changed. The stressor sensor may
suggest methods of lowering the level of stressors like lower
light intensity, protective eyewear or ear wear.

To extend the stressor sensor to include aspects of symbolic
stressors, a link to a digital agenda and/or project planning
software can be made, as a large number of different tasks and
deadlines are also stress inducing. Also, a link to a work pace
program may be made, as work pace programs typically
check user computer activity, which can have a weight as
well. A global positioning system can be given a stressor
weight as well, as traveling gives many new experiences that
require cognitive effort and stress may be associated with a
specific location. The stressor sensor can be linked to an
in-car stress management system, such that driving-related
symbolic stressors can be taken into account effectively.

In an embodiment, the stressor detection system 100 fur-
ther comprises stress detection means 105 for obtaining a
stress value relating to stress experienced by the person. This
value is passed to the processing means. Herein, a relation
between the stress value and the stress experienced by the
person is established and improved. The stress detection
means 105 comprises a stress sensor (for example, the stress
detection means 105 comprises establishing pulse rate, body
temperature, galvanic skin reflex (GSR), and/or voice pitch).
Alternatively, the stress detection means 105 comprises a user
interface for enabling the person to indicate to the stressor
detection system information associated with the stress he
experiences, and advantageously associated with the source
or sources of stress. A combination of stress sensor and user
interface can be used toadvantage. The processing means 102
takes input from the stressor sensor(s) 101, the stress detec-
tion means 105, and/or the electromyography system 104,
and learns over time how well a user can handle stressful
environments and circumstances, using known pattern recog-
nition/artificial learning techniques, for example based on
weights assigned and by changing weights assigned. Said
weights comprise parameters appearing in a model of the
relation between the mentioned inputs and the stressor value.
Once this is known, a user can be warned using the output
means 103 when entering environments that lead (over time)
to unhealthy levels of stress. Also, for example, a job descrip-
tion might say, “looking for stress-resistant person”. This
invention can quantify this requirement by comparing the
changed weights to predetermined weights known to corre-
spond to the desired propetties of a stress-resistant person.

A different example is persons that need a certain level of
excitement to feel well; this system can also quantify a lack of
experiences and suggest a user to seek more. The system
allows a user to interact with the system through a user inter-
face, for example manually indicating how the user experi-
enceda certain episode, giving suggestions, allowing a user to
manually indicate symbolic stressors that subsequently can
be recognized, fore example using image recognition soft-
ware/agenda analysis software.

FIG. 2 shows a sensor means 53 for being attached to a
person for obtaining a time-varying signal representing a
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physical quantity relating to an environment of the person.
The Figure also shows a processor 51 and memory 52. The
processor 51 is connected to the sensor means 53 by means of
a wired or wireless communication link, such as a USB inter-
face, an analog cable with analog to digital conversion means,
or a WLAN connection. The processor and memory are
arranged for deriving a stressor value from the obtained sig-
nal. The processor and memory are also arranged for com-
posing an output in dependence on the derived stressor value
to be displayed on a display 54 for providing output related to
the stressor value. The processor and memory are also
arranged for transmitting the derived stressor value and/or a
composed output to a personal computer 55 or to a server for
further processing and reporting of the measured and pro-
cessed signals. The memory contains instructions for being
executed by the processor for providing the mentioned func-
tionality. The personal computer or server can be connected to
the processor 51 by means of a wired or wireless communi-
cation link, such as a USB interface or a WLAN connection.

A typical embodiment comprises software running on one
of the involved devices or a remote server, and (wireless)
connections between the involved devices, including a data-
base and/or web connection.

The system can be used by users to get insight in the
healthiness of the environments they are in and manage their
stress levels more accurately. A simple version of the stressor
sensor is realizable with existing low-cost technology. It can
also be used to check the healthiness of a location by leaving
the device in an environment on a dummy.

It will be appreciated that the invention also extends to
computer programs, particularly computer programs on or in
a carrier, adapted for putting the invention into practice. The
program may be in the form of source code, object code, a
code intermediate source and object code such as partially
compiled form, or in any other form suitable for use in the
implementation of the method according to the invention. The
carrier may be any entity or device capable of carrying the
program. For example, the carrier may include a storage
medium, such as a ROM, for example a CD ROM or a semi-
conductor ROM, or a magnetic recording medium, for
example a floppy disc or hard disk. Further the carrier may be
a transmissible carrier such as an electrical or optical signal,
which may be conveyed via electrical or optical cable or by
radio or other means. When the program is embodied in such
a signal, the carrier may be constituted by such cable or other
device or means. Alternatively, the carrier may be an inte-
grated circuit in which the program is embedded, the inte-
grated circuit being adapted for performing, or for use in the
performance of, the relevant method.

It should be noted that the above-mentioned embodiments
illustrate rather than limit the invention, and that those skilled
in the art will be able to design many alternative embodiments
without departing from the scope of the appended claims. In
the claims, any reference signs placed between parentheses
shall not be construed as limiting the claim. Use of the verb
“comprise” and its conjugations does not exclude the pres-
ence of elements or steps other than those stated in a claim.
Thearticle “a” or “an” preceding an element does notexclude
the presence of a plurality of such elements. The invention
may be implemented by means of hardware comprising sev-
eral distinct elements, and by means of a suitably pro-
grammed computer. In the device claim enumerating several
means, several of these means may be embodied by one and
the same item of hardware. The mere fact that certain mea-
sures are recited in mutually different dependent claims does
not indicate that a combination of these measures cannot be
used to advantage.
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The invention claimed is:

1. A stressor detection system comprising:

a sensor adapted to be attached to a person for obtaining a
time-varying signal representing a first physical quantity
relating to an environment of the person, and

a processor which receives the time-varying signal from
the sensor, compresses the time-varying signal to obtain
a compressed signal, derives an amount of complexity
included in the received signal by comparing the
received signal and the compressed signal, and derives a
first stressor value from the amount of complexity rep-
resenting a degree to which the environment is inducing
stress in the person, wherein signals with larger amounts
of complexity derive a higher stressor value;

an output which provides feedback related to the stressor
value.

2. The stressor detection system according to claim 1,
wherein the processor performs a spectral frequency analysis
ofthe received signal and derives a stressor value based on the
spectral frequency analysis.

3. The stressor detection system according to claim 1,
wherein the sensor obtains a second time-varying signal rep-
resenting a second physical quantity relating to the environ-
ment of the person, the second physical quantity being dif-
ferent from the first physical quantity, and

the processor receives the second time-varying signal and
derives a second stressor value from the second received
signal and derives a combined stressor value from the
first stressor value and the second stressor value.

4. The stressor detecting system according to claim 1,
wherein the sensor includes a microphone and the time-vary-
ing signal includes an audible signal obtained from the micro-
phone, and wherein the processor assigns a larger weight to a
disturbing component of the audible signal, the disturbing
component including at least one of’

frequencies above a predetermined bound and below an
upper bound of frequencies that the person is able to
hear, wherein the predetermined bound is smaller than
the upper bound, and

frequencies below a predetermined bound and above a
lower bound of frequencies that the person is able to
hear, wherein the lower bound is smaller than the pre-
determined bound.

5. The stressor detection system according to claim 1,
wherein the sensor includes a light sensor for obtaining a light
intensity signal representing an intensity of visible environ-
mental light and

the processor derives the stressor value based on the light
intensity.

6. The stressor detection system according to claim 1,
wherein the sensor includes a light sensor for obtaining a
plurality of light signals each representing the intensity of a
distinct color component of environmental light and

the processor derives the stressor value based on the light
signals.

7. The stressor detection system according to claim 1,
wherein the sensor includes a camera for obtaining at least
one image and

the processor derives an amount of complexity of the at
least one image and derives the stressor value based on
the complexity of the at least one image.

8. The stressor detection system according to claim 7,
wherein the processor derives an amount of movement from
the at least one image and derives the stressor value based on
the amount of movement.
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9. The stressor detection system according to claim 7,
wherein the processor performs an object recognition on the
at least one image and derives the stressor value based on the
object recognition.

10. The stressor detection system according to claim 1,

wherein the sensor includes an acceleration sensor for

obtaining an acceleration signal, and

the processor extracts, from the acceleration signal, an

externally-induced acceleration signal representing an
acceleration of the person not caused by a muscle con-
traction of the person and derives the stressor value
based on the externally-induced acceleration signal.

11. The stressor detection system according to claim 1,
further including an electromyography system for obtaining
an electromyography signal and wherein the processor
derives the stressor value based on the electromyography
signal.

12. The stressor detection system according to claim 1,
further including a user interface enabling a person to indicate
a stress value relating to stress experienced by the person, and
wherein the processor establishes a relation between the
stressor value and the stress experienced by the person.

13. The stressor detection system according to claim 1,
wherein the processor determines a size of the time-varying
signal, compresses the time-varying signal to obtain a com-
pressed signal, determines a size of the compress signal,
determines a compression ratio by comparing the size of the
time-varying signal and the size of the compress signal, and
derives the stressor value from the compression ratio.

14. The stressor detection system according to claim 1,
wherein the sensor includes a microphone and the obtained
time-varying signal includes an audio signal obtained from
the microphone, and

the processor derives the stressor value based on at least

one of:
an envelope of the audio signal,
a dose of the audio signal, and
a loudness of the signal.
15. A stressor detection method, the method comprising:
receiving a time-varying signal representing a physical
quantity relating to an environment of a person from a
sensor;

determining a size of the time-varying signal with a pro-

cessor;

compressing the time-varying signal to obtain a com-

pressed signal with the processor;

determining a size of the compress signal with the proces-

sor;

determining a compression ratio by comparing the size of

the time-varying signal to the size of the compress signal
with the processor;

deriving a stressor value from a time-varying signal with

the processor, the stressor being based on the compres-
sion ratio;

outputting the stressor value.

16. The method according to claim 15, further including:

obtaining a second time-varying signal representing a sec-

ond physical quantity with a second sensor, the second
physical quantity being different from the physical
quantity;

deriving a second stressor value from the second received

signal; and

deriving a combined stressor value from the first stressor

value and the second stressor value.
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17. The method according to claim 15, wherein the sensor
is at least one of an audio sensor, a light sensor, a camera, an
odor sensor, an accelerometer and an electromyography sen-
sor.

18. The method according to claim 15, further including:

indicating a stress value relating to stress experienced by

the person through a user interface, and

establishing a relation between the stressor value and the

stress experienced by the person.

16
19. The method according to claim 15, further including:
performing a spectral frequency analysis of the received
time-varying signal; and
deriving a stressor value based on the spectral frequency
analysis.
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