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Description

FIELD OF THE INVENTION

[0001] This invention relates to a method of and system
for maintaining a state, particularly an affective state, in
a subject. In one embodiment the invention provides an
emotion control system with upper and lower thresholds.

BACKGROUND OF THE INVENTION

[0002] It is known to monitor physiological parameters
of subjects in medical and safety environments. Whilst
several products are available which aim to continuously
increase the level of relaxation of the user (for example,
RESPeRATE®, StressEraser) there are many situations
(such as operating dangerous machinery) where it could
be dangerous to be too relaxed as this could result in the
user falling asleep, or moving towards a dangerously low
level of alertness. This (hypo-vigilance) is a known issue
and there are approaches to prevent this happening (see
for example the project "AWAKE", European project IST-
2000-28062, http://www.awake-eu.org/objectives.html)
However, in still more circumstances in general situations
where people are interacting not just with machinery but
also with other people (for example when driving, at work,
aircraft pilots, train drivers, shop assistants or counter
workers in banks, local council, call centre personnel
etc.), it is important not only to stay alert (i.e. to limit the
amount of relaxation, as described above) but also to
avoid becoming too stressed or too aroused, as this will
also limit the ability of the individual to function optimally.
[0003] The system referred to above as "RESPeR-
ATE®" (see for example the website http://www.resper-
ate.com/) is a portable electronic device that helps a sub-
ject lower their blood pressure and stress levels naturally
by device-guided breathing. The device uses the body’s
natural tendency to follow external rhythms interactively
guiding the user to reduce their breathing rate to a "ther-
apeutic zone" of less than 10 breaths per minute. This
system is the only medical device clinically proven to low-
er blood pressure through paced breathing therapy and
is available for sale without a prescription (over-the-coun-
ter - OTC). Another product which operates to reduce
stress in patients is the StressEraser (see for example
United States Patent Application Publication US
2005/0288601). Both of these products aim to continu-
ously reduce stress levels and as such provide no facility
to limit the lower level of stress - indeed when using both
products it may be pleasant for the user to fall asleep.
[0004] However, in certain cases (such as operating
dangerous machinery) it is not desirable for a subject to
fall asleep: it could be dangerous to be too relaxed as
this could result in the user falling asleep. This is known
from the European project "AWAKE" mentioned above.
One purpose of this project is to provide a system that
prevents a vehicle driver from falling asleep. In such a
case of hypo-vigilance the system will provide an ade-

quate warning to the driver with various levels of warn-
ings, according to the estimated driver’s hypo-vigilance
state and also to the actual traffic environment. This sys-
tem will operate reliably and effectively in all highway
scenarios.
[0005] A similar system known as the "Driver Warning
System" also referred to as "DWS" can use acoustic,
visual and haptic means according to the type of AWAKE
warning. Acoustic warnings include different warning
tones to raise the driver’s alertness and speech messag-
es to indicate why the warning has been activated. Visual
elements of the alarm are either located at the rear view
mirror for the demo cars or at an external box on top of
the dashboard of the truck demonstrator. These devices
also host a smart card reader and the On/Off button of
the system. The haptic warning is based on a vibration
device attached to the seat belt lock. The vibrations stim-
ulus can be felt all along the seat belt.
[0006] There does not exist, however, a system that
can monitor the state of a subject and respond to the
subject in order to maintain a specific state in the subject,
without that subject becoming either too aroused or too
relaxed.
[0007] US 6,097,295 discloses an apparatus for deter-
mining the alertness of a person, especially a vehicle or
machine operator, comprises an image pickup system
for recording images of the area of at least one eye of
the person, and an image evaluating system which eval-
uates the images detected by the image pickup system
and contains means for detecting the shutting of an eye.
The image evaluating system has means for determining
pupil size and an evaluating apparatus which determines
the alertness according to the eye closing state informa-
tion obtained by the closed-eye detection means, and
according to the pupil size information obtained by the
pupil size determining means, with classification into one
of at least three stages. The apparatus is used, for ex-
ample, for determining the alertness of drivers of motor
vehicles.
[0008] US 2007/0007067 A1 discloses a method for
operating vehicles, with which the state of the driver’s
health is determined and a corresponding signal is sent,
provides continuously activatable systems in the vehicle,
and thus the physical state of the driver and the other
passengers is positively influenced and/or any stress that
arises is counteracted.

SUMMARY OF THE INVENTION

[0009] It is therefore an object of the invention to im-
prove upon the known art.
[0010] According to a first aspect of the present inven-
tion there is provided a method of maintaining an affective
state in a subject comprising: measuring one or more
physiological parameters of the subject, calculating, us-
ing the measured parameter(s), a value representing a
relaxation state of the subject, determining if the calcu-
lated value is below a lower threshold or above an upper
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threshold, wherein the lower threshold represents the
lower limit that the subject is allowed to reach and at
which the subject becomes too relaxed and wherein the
upper threshold represents the maximum alertness that
the subject is permitted and at which the subject becomes
too aroused, and generating an output to the subject for
controlling the relaxation state by breathing guidance,
comprising generating a first output for initiating to reduce
relaxation if the calculated value is determined to be be-
low the lower threshold and generating a second output
for initiating to increase relaxation if the calculated value
is determined to be above the upper threshold, the sec-
ond output being different from the first output.
[0011] According to a second aspect of the present
invention there is provided a system for maintaining an
affective state in a subject comprising: one or more sen-
sors arranged to measure one or more physiological pa-
rameters of the subject, a processor arranged to calcu-
late, using the measured parameter(s), a value repre-
senting a relaxation state of the subject, and to determine
if the calculated value is below a lower threshold or above
an upper threshold, wherein the lower threshold repre-
sents the lower limit that the subject is allowed to reach
and at which the subject becomes too relaxed and where-
in the upper threshold represents the maximum alertness
that the subject is permitted and at which the subject
becomes too aroused, and one or more output devices
arranged to generate an output to the subject for control-
ling the relaxation state by using a breathing guidance
system, wherein the output device(s) is/are arranged to
generate a first output for initiating to reduce relaxation
if the calculated value is determined to be below the lower
threshold and to generate a second output for initiating
to increase relaxation if the calculated value is deter-
mined to be above the upper threshold, the second output
being different from the first output.
[0012] Owing to the invention it is possible to provide
a system that monitors the subject and provides an indi-
cation to the subject if they are deemed to have deviated
sufficiently from a desired state whether that is because
the subject has become too aroused or too relaxed. The
system and method is provided to assist users in situa-
tions such as driving to remain in a region of affective
state (e.g. relaxation or arousal) defined by both a lower
threshold and an upper threshold. Whilst many of the
examples in this document will be presented in terms of
the relaxation state of a user whilst in a driving situation
it is clear that the invention can be advantageously ap-
plied in many other situations (as listed above with ref-
erence to the prior art) and for many other affective stares
(such as fear, anger, surprise, boredom, disgust, happi-
ness etc.).
[0013] According to the invention the output device(s)
is/are arranged to generate a first output for initiating to
reduce relaxation if the calculated value is determined to
be below the lower threshold and to generate a second
output for initiating to increase relaxation if the calculated
value is determined to be above the upper threshold the

second output being different from the first output. The
system can provide appropriate stimuli if the subject is
becoming too tired and likewise if the subject is becoming
too alert or stressed then a different stimuli can be used.
[0014] Preferably the processor is arranged to map the
one or more measured physiological parameters of the
subject to a scale and wherein the calculated value com-
prises a value on the scale. If the system is configured
to measure a single parameter of the subject such as the
subject’s heart rate then the value calculated will be a
direct physical measurement and the two thresholds
could be 80 BPM as the lower threshold and 130 BPM
as the upper threshold. The system is configured to pro-
vide an output to the subject whenever the measured
heart rate is outside this range.
[0015] However, if multiple physiological parameters
are being measured such as heart rate, skin conductivity,
and head movement, then these physical measurements
can be mapped to a scale (such as a relaxation scale)
which is effectively an interpretation of the underlying
physical data. This state scale could be a simple scale
running from 1 to 10, where the mapping function takes
all the measured data and provides a value that is then
placed on this scale. The thresholds used to determine
whether an output is to be provided to the subject are
levels on this scale. This allows more flexibility in the
decision making process for whether to provide an output
to the subject. For example heart rate may be used to
determine the upper levels in the scale whereby a faster
heart rate indicates that the subject is becoming stressed.
However, if the measured heart rate is below 100 BPM
for example this may (according to the mapping function)
have no more input into the perceived scale and head
movement or facial expression may be used to calculate
the lower levels of the scale.
[0016] It is furthermore possible that one threshold may
be described in terms of a first mapped parameter, e.g.
relaxation, whilst the other threshold is described by a
second mapped parameter, e.g. anger. Clearly it is fur-
thermore possible that measurements of different phys-
iological parameters or sets of parameters may be re-
quired to derive the different mapped parameters.
[0017] Preferably an output device is arranged to pro-
vide direct physical feedback to the subject. In many em-
bodiments it is desirable to provide direct physical feed-
back to the subject’s body in order to stimulate a rapid
response from the subject. For example in the system
provided to ensure that a driver remains alert but not
stressed an output device can comprise a belt for engag-
ing the subject’s body and a tightening device arranged
to control the tightness of the belt. This can be used to
regulate the breathing of the subject using the tightening
and the slackening of the seat belt under the control of
the tightening device to regulate the in and out action of
the subject’s breathing. In the in-vehicle embodiment an
output device may comprise a portion of a seat for the
subject also including the seat safety features such as
the seat belt and/or an output device may comprise a
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portion of a steering wheel for the subject. These output
device(s) can be arranged to output a vibration or alter-
natively a heat pulse. Other possible in-vehicle solutions
include an output device that comprises an air condition-
ing system and a control device arranged to control the
air conditioning system. The air conditioning system
could be used to generate repeated cues to promote
guided breathing such as producing repeated gusts of
air and/or repeated scent releases.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] Embodiments of the present invention will now
be described by way of example only with reference to
the accompanying drawings in which:

Fig. 1 is a schematic diagram of a system with a
subject,
Fig. 2 is a schematic indication of the operation of
the system of Fig. 1 with two threshold levels,
Fig. 3 is a schematic diagram of a voluntary cardio-
respiratory synchronization system,
Fig. 4 is a timing diagram,
Fig. 5 is a further timing diagram, and
Fig. 6 is a second embodiment of the system of Fig. 1.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0019] Fig. 1 shows a system 10 for maintaining a state
in a subject 12. The system 10 comprises sensors 14
which are arranged to measure one or more physiological
parameters of the subject 12 a processor 16 arranged to
calculate using the measured parameter(s), a value and
to determine if the calculated value is below a lower
threshold or above an upper threshold and an output de-
vice 18 arranged to generate an output to the subject 12
if the calculated value is determined to be below the lower
threshold or above the upper threshold. The Fig. shows
the subject 12 being monitored by three separate sensors
14. The sensor 14a is skin conductivity measuring de-
vice, the sensor 14b is a camera that is monitoring the
facial expression and head position of the subject 12,
and the sensor 14c is a wireless heart rate monitor held
in place with a strap around the subject’s chest. The sen-
sors 14a and 14c can be considered to be direct sensors
that are directly measuring physiological parameters of
the subject 12, and the sensor 14b is an indirect sensor
that is measuring physiological parameters such as the
facial expression of the subject 12. Other indirect phys-
iological sensors may comprise the manner in which user
interacts with a user interface, for example the pressure
at which the user grips a steering wheel. The output de-
vice 18 is a loudspeaker arranged to output audio instruc-
tions to the subject 18 under the control of the processor
16.
[0020] Fig. 2 shows a schematic indication of the op-
eration of the system 10 according to one embodiment
of this invention and illustrates how the system 10 inter-

acts with the subject 12 depending upon the affective
state (i.e. the level of the emotions) of the subject 12. In
this particular example the affective state is presented in
terms of the relaxation state of a user 12 whilst in a driving
situation. A lower threshold 20 represents the lower limit
that the subject 12 is allowed to reach before an output
is provided to the subject 12. In this case the lower thresh-
old 20 represents the subject 12 becoming too relaxed
perhaps approaching falling asleep while they are driv-
ing. An upper threshold 22 represents the maximum
alertness that the subject 12 is permitted before; again,
the system 10 will intervene to attempt to calm the subject
12. In the case of the upper threshold 22 the subject is
perceived to be too stressed or angry once this limit is
crossed to drive their vehicle in a safe manner. The scale
24 (which can be thought of as a relaxation scale) rep-
resents the perceived range of possible relaxation states
of the subject 12 and the value 26 shows the current level
that the subject 12 is calculated to have reached. This
value 26 is calculated by the processor 16 using the data
from the sensors 14.
[0021] The output provided to the subject 12 could take
many different forms and could be a combination of dif-
ferent stimuli, both direct and indirect. Fig. 1 shows the
possible use of a loudspeaker. According to the inven-
tion, a system which helps to control the relaxation level
of the car driver 12 using a breathing guidance system
is used. The output that the user receives may be an
adaptation of an already existing output. In this case the
level of the output is changed when either threshold is
exceeded. For example if the user is listening to audio
then the output that they receive when the system ascer-
tains that a threshold has been crossed will be a change
in volume of the audio.
[0022] Breathing guidance is a method to improve
someone’s breathing techniques. Breathing influences
heart rate (HR) and hence heart-rate variability (HRV).
HRV has become a topic of major interest in physiology
and psychology. It is of particular interest because HRV
is attributed to the balance between the parasympathetic
(PNS) and the sympathetic (SNS) nervous system re-
spectively decreasing and increasing the heart rate. As
a consequence HRV is a measure of the relaxation level
of the user, the more "coherent" the HRV (i.e. the more
smoothly the HRV oscillates with time) the more relaxed
the user.
[0023] The connection between being relaxed via
meditation and breathing is shown in studies on the im-
pact of meditation on cardio respiratory synchronization
with respect to breathing oscillations and the modulations
of heart rate induced by respiration (respiratory sinus ar-
rhythmia, RSA), see for example Dirk Cysarz, Arndt
Büssing, "Cardio respiratory synchronization during Zen
meditation", European Journal of Applied Physiology,
95(1), pages. 88 to 95, 2005. Zen meditation synchro-
nizes the cardio respiratory interaction with respect to
breathing oscillations and the heart rate variations in-
duced by respiration (RSA). Furthermore, it drastically
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increases low-frequency variations of heart rate. Spon-
taneous breathing patterns hardly showed any cardio
respiratory synchronization and during mental activity the
cardio respiratory synchronization was decreased com-
pared to both types of Zen meditation. Furthermore, the
above paper indicates that this kind of religious practice
has immediate physiological effects on cardio respiratory
interaction without the need of special long-term training.
For yoga similar results are obtained, as shown by E.
Jovanov, "On Spectral Analysis of Heart Rate Variability
during Very Slow Yogic Breathing", 27th Annual Interna-
tional Conference of the Engineering in Medicine and
Biology Society, IEEE-EMBS 2005, pages 2467 to 2470,
2005.
[0024] In order to guide the breathing, either, firstly a
stimulus is given which the user follows (i.e. breath in at
the moment of the first signal, breath out at the second).
The simplest method of achieving this is simply to provide
a slow, repetitive signal as is provided by the RESPeR-
ATE® device. A more powerful approach is to tune the
breathing guiding signal to another body signal for ex-
ample Voluntary cardio-respiratory synchronization
(VCRS) can be initiated. VCRS is a method to synchro-
nize breathing to the heart rate (HR) and thereby to obtain
a certain heart-rate variability (HRV). As the system will
in any case be monitoring the affective state of the user,
it may be possible to use the monitoring device to pace
the VCRS, providing that the monitoring device is able
to derive a heart rate. Secondly, the subject can be en-
couraged to breath freely but feedback is provided to the
subject as to how coherent their HRV is - this is the ap-
proach taken by the StressEaser device, and also by
Heart Math and Wild Divine.
[0025] The system of the present invention is, in an
exemplary embodiment based around a car or other ve-
hicle. The system described contains three blocks, meas-
uring (sensing), controlling, and feedback. The first step
is the breathing guidance sensing in this exemplary em-
bodiment based upon heart rate sensing which can be
determined in a variety of ways which include:

- With classical electrical Ag/Ag Cl electrodes meas-
uring the ECG signal

- Measuring the ballistocardiogram, for example with
a static charge sensitive bed (SCSB), or a piezo foil,
or an EMFi-film sensor build into a chair, see for ex-
ample, Junnila, S.; Akhbardeh, A.; Varri, A.; Koivis-
toinen, T., "An EMFi-film sensor based ballistocar-
diographic chair performance and cycle extraction
method", IEEE Workshop on Signal Processing Sys-
tems Design and Implementation, 2005. Volume, Is-
sue 2 to 4, pages 373 to 377, Nov. 2005.

- Measuring the oxygen saturation (SPO2)
- Measuring the (photo-)plethysmogram PPG, in the

finger, ear, or somewhere else on the body of the
subject

- Using non-galvanic capacitive electrodes (see C.J.
Harland,T.D. Clark and R.J. Prance, "High resolution

ambulatory electrocardiographic monitoring using
wrist-mounted electric potential sensors", Meas. Sci.
Technol. 14 (2003), pages 923 to 928.)

- Using a wristwatch like device, see Monitoring ap-
paratus for monitoring a user’s heart rate and/or
heart rate variation; wristwatch comprising such a
monitoring apparatus, published as WO
2007/072288

- Using seismosomnography (SSG) (see Brink et al.,
"Contact-free measurement of heart rate, respiration
rate, and body movements during sleep", Behavior
Research methods, 38(3), pages 511 to 521, 2006.)

- Ultra Wide Band radar
- Optical Vibrocardiography (see U. Morbiducci et al.,

"Optical Vibrocardiography: A novel tool for the Op-
tical Monitoring of cardiac activity", Annals of bio-
medical engineering, Vol. 35(1), pages 45 to 58, Jan
2007.

- Acoustical with a microphone (phonocardiogram)
- Intelligent textile or underwear with build in sensors

[0026] Alternative embodiments could make use of di-
rect breathing rate detection using for example strain
gauges built into chest straps or underwear or alterna-
tively using acoustic techniques or the ballisto cardio-
gram approach described above. The advantage of
measuring the heart rate is that it provides the option to
incorporate the VCRS methods described in detail below
to guide the breathing of the subject (as well as monitor-
ing the coherence in the HRV as a possible feedback
mechanism to the driver).
[0027] In still further embodiments (not necessarily re-
lated to the driving situation) other physiological signals
which are related to other affective states could be con-
sidered. For example analysis of speech (for application
in customer facing environments such as call centers)
could be used to determine the level of stress of the user,
whilst the measurement of facial expression or facial
movement (eye blinking, eye tracking etc.) could be used
to assess the level of attention of the user.
[0028] Whilst any of the above measurements could
be considered in the case of the driver a preferred em-
bodiment is integration of the measurement of the sub-
ject’s physiological parameters into the driver cockpit ar-
ea. Here, the following options could be considered:

- Integration of the sensor into the seat belt. This is
particularly preferred as the seat belt is positioned
across the chest area and in intimate contact with
the body - a combination which facilitates reliable
measurement of e.g. heart rate or breathing.

- Integration of the sensor into the seat e.g. ballisto
cardiogram e.g. with an EMFi-film sensor built into
the driver seat

- Integration of the sensor into the steering wheel (as
the driver is usually holding the wheel)

- Use of a camera to monitor the facial expres-
sion/movement of the driver, (relatively easy as driv-
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er is in a fixed position).
- Use of a microphone to monitor breathing (relatively

easy as driver is in a fixed position - allows e.g. good
noise cancellation possibilities). Here a preferred
embodiment would build this into a "hands free" set.

[0029] Preferably this measurement is unobtrusive
and the preferred sensing method depends on the appli-
cation. Once the ECG or a similar signal is known, the
time between the R peaks (primary heartbeat signals)
can be determined yielding the inter beat intervals (IBI).
[0030] The second step is the feedback controller in
this exemplary embodiment based upon the VCRS ap-
proach. The feedback controller operates to maintain the
affective state of the user within the pre-defined region,
as shown in Fig. 2. In the case of the driver, when driving
a vehicle the driver can be more relaxed if he is breathing
in a VCRS way. If it appears that the driver relaxes too
much and may fall in sleep the system can operate such
that the driver gets more aroused by being encouraged
to increase their breathing rate. Alternatively, if the sys-
tem notes that the driver is becoming too stressed it can
slow down the breathing rate to increase relaxation.
[0031] In the following, some details of the VCRS ap-
proach are given. Before 1964, the only method to control
the respiratory induced variation whilst studying the pa-
tients’ heart was for the subject or patient to hold his
breath. In 1964 the first known solution to the respiratory
variations in the electrocardiogram/ vector cardiogram
(ECG/VCG) was in a paper Schmitt published on tech-
niques for signal averaging (see for example R.B. Pat-
terson, A. Belalcazar, and Pu Yachuan, "Voluntary car-
dio-respiratory synchronization", IEEE Engineering in
Medicine and Biology Magazine, 23(6), pages 52 to 56,
Nov./Dec. 2004). In this paper subjects were signaled
using a light or sound to breathe synchronized at a sub
multiple of their heart rate. The signal was created from
the ECG by counting for example two beats for the inspi-
ration signal and the next three beats for the expiration
signal. Each of the beats or RR time intervals with the
same position in the respiratory cycle (i.e. first, second,
third, etc.) were computer averaged to eliminate noise
and other variations that occur unsynchronized with the
heart beat, see Figs. 3 and 4. This resulted in a very
noise-free signal representing respiratory sinus arrhyth-
mia (RSA) changes in the beat-to-beat heart rate or RR
interval. The non respiration variations are reduced as
the square root of number of breath cycles.
[0032] Fig. 3 shows an example of a voluntary cardio-
respiratory synchronization (VCRS) scheme which can
be used to support a breathing level in a subject 12, in
order to regulate the heart rate of the subject 12. The
system of Fig. 3 can be used to maintain the heart rate
(or the interpreted relaxation level) of the subject 12 within
the upper and lower thresholds, as desired. The subject
12 is monitored and has the physiological parameters
associated with their heart measured by sensors, the out-
put of which is received at an ECG amplifier 28.

[0033] The amplified ECG signal is passed to an R
wave discriminator 30 which outputs an R wave counting
pulse to a beat counting logic circuit 32. This logic controls
a light driver 34 which controls an output device 18 which
is comprised of lights that illustrate to the subject 12 when
the subject should inhale and exhale. The system shown
in Fig. 2 need not be intrusive for the subject 12 for ex-
ample if they are wearing a small wrist-mounted device
that monitors their heart rate. The relaxation level of the
subject 12 is detected, and when the level crosses either
of the lower or upper thresholds, then output is provided
to the subject 12 via the lights 18. While the subject 12
is monitored by the system, then data can recorded at
the recorder 36.
[0034] Fig. 4 shows a VCRS timing diagram, with the
output of the R wave discriminator 30 shown in the lower
portion of the Fig., and the generation of a respiration
signal at the top of the Fig. This respiration signal is used
to control the lights 18 which signal to the subject 12 the
information that the subject 12 needs in order to control
their breathing. The scheme of Figs. 3 and 4 is one way
in which an output can be provided to a subject 12 in
order to control the relaxation level of the subject 12. If
it is calculated that the user is becoming too relaxed and
their relaxation level has been calculated to be below the
lower threshold on the scale then the lights 18 can be
controlled to speed up the breathing of the subject 12. In
the opposite sense if the subject 12 is considered to be
too stressed and their measured relaxation level is above
the upper threshold then the lights 18 can be used to
slow down the breathing of the subject 12.
[0035] The calculation of when to make the outputs to
the subject 12 is shown in Fig. 5. It is possible to assign
intervals with real numbers p and q such that during the
p interval or at the transition from q to p there is a ’breath
in’ control signal and at the transition from p to q there is
a ’breath out’ control signal. In the Fig., each arrow 38
illustrates a heartbeat. Between the p and q intervals
there are int(p) and int(q) heartbeats respectively where
’int’ denotes the integer operation. Heart beat is here con-
sidered in a wide sense; it can be derived directly from
the ECG, but also from acoustics or from the PPG. The
values of p and q are not restricted to integers such as
in traditional VCRS. This gives more freedom to the user,
it gives even more freedom than prior art systems which
dictate int(p)=int(q). These values p and q may be chosen
individually or even adapted to the subject, since this
depends on the subject’s tidal volume and cardiac output.
The system 10 can even give feedback to the user 12 if
the breathing is done properly as dictated by monitoring
the respiration using PPG, or other means.
[0036] The transients between p and q and vice versa
are not necessarily coincident with a heartbeat. This
gives important freedom; furthermore it makes more
sense from a physiological point of view. In particular if
the beat ’arrows’ 38 are derived from a finger PPG then
there is a significant delay between the relevant pulse in
the ECG and the PPG. The only restriction is that the
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intervals p and q vary proportional to the corresponding
heart beat activity time axis, hence remaining phase
locked. In the simplest embodiment p and q are integers
and coinciding with the measured pulse (the arrows 38
in Fig. 5).The arrows 38 indicate a heartbeat but the tran-
sients between intervals p and q and vice versa are not
necessarily coincident with a heartbeat.
[0037] In a refined embodiment the positions of the ’ar-
rows’ 38 are predicted with an Auto Regressive (AR) filter,
so that in cases that the measured signal is unreliable,
the AR function predict their correct position (including
the variation) which is much more refined than filling in
previous values, or the average value. It is also possible
to use an adaptive schema to determine initial values for
p and q by letting the subject 12 breath in and out at their
own pace and determining the breathing pace via the
ECG-output, for example with a piezo foil, or from the
PPG. Hence it is possible to easily determine initial values
for p and q. Typical values could be p=2, q=3, but as a
starting value the system 10 can use values for p and q
that the subject 12 is currently using, and increase those
numbers gradually.
[0038] In another embodiment, the system 10 can be
configured to not necessarily demand that the breathings
are exact in synchronization with the respiration, but it
suffices to be almost in synchronization. From the theory
of weakly coupled chaotic systems it is known that if 

where n and m are integers, ΦH and ΦR are the phases
of the heart and respiratory signals respectively, and ε is
a sufficiently small constant number the signals can be
considered as being phase locked.
[0039] The third step carried out by the system 10 is
the applying of the feedback to the subject 12. In the
embodiment above, this is based upon breathing guid-
ance, and may be triggered by any of the human senses,
for example, by sound, scent, touch, or a light which may
change in color or brightness. Some embodiments and
applications are listed below.

- If the feedback is given by means of headphones,
the system 10 can modify for example by volume
one headphone, say the left one, as an indication of
inhale, and the other as exhale. An alternative to this
can be using a voice with a relaxing intonation, for
example saying breath in and breath out.

- The signal is sent wirelessly to a LivingColor lamp,
so the color wheel of the LivingColor lamp is steered
by the feedback controller.

- A movie/animation is displayed on a television
screen, e.g. the sea with a beach and a flying seagull
where as the wings go up the subject must breathe
in and as the wings go down the subject must breathe
out. An extension of the animation can be that there

are more people together each having their own
sensing control and feedback system. for example
their own bird waving with the wings; the birds may
be of different type, color, size, etc. A particular type
of synchronization can be that all subjects try to wave
the wings unison.

- Another feedback modality is transcutaneous elec-
trical nerve stimulation (TENS) which might be mod-
ulated by the feedback controller

- If a subject 12 is lying on bed the system 10 can be
used as a fall-a-sleep aid the cardio signals and op-
tionally also the breathing rate signals are measured
by one of the methods described but preferably with
a ballisto cardiogram, so that the subject 12 is free
to move. The feedback can be given by modulating
lights at a modest level but also a relaxing humming
sound at modest sound level which might be modu-
lated by the feedback controller, or a (synthetic) mu-
sic sound or a vibrating element (e.g. in pillow) or a
heating element (e.g. in pillow or bed sheet) can be
used. In this fall-a-sleep aid by analysis of the cardio
signals or the breathing rate signals the system can
determine whether the person is approaching the
sleep state and adjust the feedback (for instance ad-
vised breathing frequency or signal intensity) in order
to optimize a sleep coaching process. Furthermore,
the system can determine whether the subject has
actually been fallen asleep. That is if the cardio sig-
nals for instance are below a certain threshold then
it will be highly probable that the subject has fallen
asleep. And if so, the volume or intensity of the feed-
back is reduced for example in a gradual manner
such that the subject does not wake up from the
change in feedback. Furthermore, if the measured
cardio signals indicate a state of restless sleep or
almost waking up then the system can decide to in-
crease or change the feedback in such a way that
the subject is coached into a better sleep state or a
more convenient waking up experience.

- During sports activities for example gym, running,
and rowing, the sportsman can get feedback in par-
ticular runners often wear already a HR measure-
ment device for example a polar strap. In some ac-
tivities a device is touched, such as the steering
wheel of a bike where easily the ECG can be meas-
ured many other gym apparatuses have such con-
tacts.

- In hospitals patients are often already hooked up to
SPO2-clips or EEG electrodes so that the feedback
controller can ’tap’ these signals easily and send
them to the feedback device. Similarly in hospitals
patients while being operated during partial anesthe-
sia can breathe voluntarily. They are hooked up to
SPO2-clips or EEG electrodes so that the feedback
controller can ’tap’ these signals easily and send
them to the feedback controller and by applying
VCRS the operation will be less stressful. If the sub-
ject gets mechanical ventilation, for example after
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surgery the system 10 can dictate the ventilation
pace of the ventilation machine such that it gets syn-
chronized with the subject’s heart rate in this case it
is not voluntary respiration but it is synchronized.

- Instead of the two phase aid with feedback to inhale
and exhale the system can be extended to multiple
phases. Similar feedback techniques as mentioned
above can be used but the simplest embodiment is
to use four (colored) LED’s pointing to a text or just
a variable text which phase is ongoing. For example,
a particular form of yoga known as Nadi Shodhana
Pranayama or alternate nostril breathing encom-
passes four breathing phases: inhalation, internal re-
tention (keeping lungs full), exhalation, and external
retention (keeping lungs empty). The duration of
breathing phases is controlled by mental counting in
the ratio of 1:2:2:1, and in general p, q, r, and t, similar
to the p and q discussed above. Inhalation and ex-
halation take place through alternating the active
nostril, keeping the other nostril closed. Traditionally,
the right nostril is closed by the thumb and left nostril
is closed with the ring finger. For example, during
the first cycle the practitioner would inhale through
the left nostril, keeping right nostril closed, than keep
the breath in ("internal retention") with both nostrils
closed, exhale through right nostril only, and finally
close both nostrils during external retention. The next
cycle starts by inhaling through the right nostril. The
practice consists of ten cycles of slow breathing.

- Finally, it is possible to synchronize the subject’s
heartbeats and the respiration with a locomotion fre-
quency, such as the steps during walking or running,
or the movements during rowing, etc.

[0040] Whilst any of the above methods of applying
feedback could be considered, in the case of the driver
a preferred embodiment may be integration of the feed-
back into the driver cockpit area. Fig. 6 shows an example
of such a system 10, focused on the feedback elements
18. The sensors and processing components are not
shown, but can be in any suitable form as discussed
above, for example relative to Fig. 1. Here the following
options could be considered to provide breathing guid-
ance:

Integration of the feedback into a seat belt 18a. As
the seat belt 18a is positioned across the chest area
of the subject 12 and is in intimate contact with the
subject’s body it would be natural to induce a breath-
ing rate by for example either repeatedly tightening
and slackening the belt slightly with a tightening de-
vice 40 or applying a regular tactile stimulus (such
as a short vibration) or using a heat pulse.
Integration of the feedback into a seat 18b. This will
allow this output device 18b to apply a regular tactile
stimulus (such as a short vibration) or using a heat
pulse via the driver seat. Similarly integration of the
feedback to the subject 12 can be via a steering

wheel 18c (as the driver is usually holding the wheel)
by applying a regular tactile stimulus (such as a short
vibration) or using a heat pulse for example.

[0041] Other possibilities include the use of an audio
system in the vehicle to generate the feedback as an
audio cue, and the use of an air conditioning system 18d
could be used to generate repeated cues to promote
guided breathing (such as producing repeated gusts of
air, repeated scent releases etc.). In addition several oth-
er car related feedback methods could be applied in order
to, for example, stop a driver from relaxing too much, for
example changing the car temperature providing an in-
vigorating scent, increasing air flow, and/or choosing a
"power song" from the subject’s music collection.
[0042] When driving a vehicle the driver can be more
relaxed if he is breathing in a VCRS way in the vehicle
chair 18b there can be easily built in a heart rate detector
for example via an EMFi-film sensor based ballistocar-
diographic chair (as detailed in Junnila, S.; Akhbardeh,
A.; Varri, A.; Koivistoinen, T. "An EMFi-film sensor based
ballistocardiographic chair performance and cycle ex-
traction method", IEEE Workshop on Signal Processing
Systems Design and Implementation, 2005. Volume, Is-
sue 2-4, pp. 373 - 377, Nov. 2005). If it appears that the
driver relaxes too much and may fall in sleep, the system
10 can operate such that the driver gets more aroused
by increasing the breathing rate. Alternatively, if the sys-
tem 10 notes that the driver is becoming too stressed it
can slow down the breathing rate to increase relaxation.
[0043] The system 10 is applicable in many other sit-
uations in general situations where people are interacting
not just with machinery but also with other people (when
driving, at work, aircraft pilots, train drivers, shop assist-
ants or counter workers (banks, local council), call centre
personnel), where it is important to not only stay alert (i.e.
limit the amount of relaxation) but also to avoid becoming
too stressed or too aroused, as this will also limit people’s
ability to function optimally.
[0044] For this reason this invention provides systems
and methods to assist users to remain in a region of af-
fective state (e.g. relaxation or arousal) defined by both
a lower threshold and an upper threshold. Whilst the ex-
amples in this document have been presented in terms
of the relaxation state of a user whilst in a driving situation,
it is clear that the invention can be advantageously ap-
plied in many other situations (as listed above) and for
many other affective states (such as fear, anger, surprise,
boredom, disgust, happiness etc.).

Claims

1. A method of maintaining an affective state in a sub-
ject (12) comprising:

- measuring one or more physiological param-
eters of the subject (12),
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- calculating, using the measured parameter(s),
a value (26) representing a relaxation state of
the subject (12),
- determining if the calculated value (26) is below
a lower threshold (20) or above an upper thresh-
old (22), wherein the lower threshold (20) rep-
resents the lower limit that the subject (12) is
allowed to reach and at which the subject (12)
becomes too relaxed and wherein the upper
threshold (22) represents the maximum alert-
ness that the subject (12) is permitted and at
which the subject (12) becomes too aroused,
and
- generating an output to the subject (12) for con-
trolling the relaxation state by breathing guid-
ance, comprising generating a first output for in-
itiating to reduce relaxation if the calculated val-
ue (26) is determined to be below the lower
threshold (20) and generating a second output
for initiating to increase relaxation if the calcu-
lated value (26) is determined to be above the
upper threshold (22), the second output being
different from the first output.

2. A method according to claim 1, and further compris-
ing mapping the one or more measured physiological
parameters of the subject (12) to a scale (24) and
wherein the calculated value (26) comprises a value
(26) on the scale (24).

3. A method according to claim 1 or 2, wherein the gen-
erated output comprises direct physical feedback to
the subject (12).

4. A method according to one of claims 1 to 3, wherein
the one or more physiological parameters of the sub-
ject (12) include the subject’s heart rate.

5. A system for maintaining an affective state in a sub-
ject (12) comprising:

- one or more sensors (14) arranged to measure
one or more physiological parameters of the
subject (12),
- a processor (16) arranged to calculate, using
the measured parameter(s), a value (26) repre-
senting a relaxation state of the subject (12), and
to determine if the calculated value (26) is below
a lower threshold (20) or above an upper thresh-
old (22), wherein the lower threshold (20) rep-
resents the lower limit that the subject (12) is
allowed to reach and at which the subject (12)
becomes too relaxed and wherein the upper
threshold (22) represents the maximum alert-
ness that the subject (12) is permitted and at
which the subject (12) becomes too aroused,
and
- one or more output devices (18) arranged to

generate an output to the subject (12) for con-
trolling the relaxation state by using a breathing
guidance system, wherein the output device(s)
(18) is/are arranged to generate a first output for
initiating to reduce relaxation if the calculated
value (26) is determined to be below the lower
threshold (20) and to generate a second output
for initiating to increase relaxation if the calcu-
lated value (26) is determined to be above the
upper threshold (22), the second output being
different from the first output.

6. A system according to claim 5, wherein the proces-
sor (16) is arranged to map the one or more meas-
ured physiological parameters of the subject (12) to
a scale (24) and wherein the calculated value (26)
comprises a value (26) on the scale (24).

7. A system according to claim 5 or 6, wherein an output
device (18) is arranged to provide direct physical
feedback to the subject (12).

8. A system according to claim 7, wherein an output
device (18) comprises a belt (18a) for engaging the
subject’s (12) body and a tightening device (40) ar-
ranged to control the tightness of the belt (18a).

9. A system according to claim 8, wherein the tightening
and the slackening of the belt (18a) under the control
of the tightening device (40) is used to regulate the
in and out action of the subject’s breathing

10. A system according to one of claims 7 to 9, wherein
an output device (18) comprises a portion of a seat
(18b) for the subject (12) or wherein an output device
(18) comprises a portion of a steering wheel (18c)
for the subject (12).

11. A system according to claim 10, wherein said output
device (18) is arranged to output a vibration or where-
in said output device (18) is arranged to output a
heat pulse.

12. A system according to any one of claims 7 to 11,
wherein an output device (18) comprises an air con-
ditioning system (18d) and a control device arranged
to control the air conditioning system (18d).

13. A system according to claim 12, wherein the air con-
ditioning system is used to generate repeated cues
to promote the guided breathing.

14. A system according to one of claims 5 to 13, wherein
the one or more physiological parameters of the sub-
ject (12) include the subject’s heart rate.
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Patentansprüche

1. Verfahren zur Aufrechterhaltung eines affektiven
Status eines Patienten (12), umfassend:

- Messen von einem oder mehreren physiologi-
schen Parametern des Patienten (12),
- Berechnen, anhand der gemessenen Parame-
ter, eines Werts (26), der einen Entspannungs-
status des Patienten (12) darstellt,
- Ermitteln, ob der berechnete Wert (26) unter
einem unteren Schwellenwert (20) oder über ei-
nem oberen Schwellenwert (22) liegt, wobei der
untere Schwellenwert (20) die Untergrenze dar-
stellt, die der Patient (12) erreichen darf und bei
der der Patient (12) zu entspannt wird, und wo-
bei der obere Schwellenwert (22) die maximale
Aufmerksamkeit darstellt, die der Patient (12)
erreichen darf und bei der der Patient (12) zu
erregt wird, und
- Erzeugen einer Ausgabe an den Patienten (12)
zum Steuern des Entspannungsstatus durch At-
mung unter Anleitung, umfassend das Erzeu-
gen einer ersten Ausgabe zum Einleiten einer
Entspannungsreduzierung, wenn ermittelt wird,
dass der berechnete Wert (26) unter dem unte-
ren Schwellenwert (20) liegt, und das Erzeugen
einer zweiten Ausgabe zum Einleiten einer Ent-
spannungserhöhung, wenn ermittelt wird, dass
der berechnete Wert (26) über dem oberen
Schwellenwert (22) liegt, wobei sich die zweite
Ausgabe von der ersten Ausgabe unterschei-
det.

2. Verfahren nach Anspruch 1, und weiterhin umfas-
send das Abbilden des einen oder mehrerer gemes-
sener physiologischer Parameter des Patienten (12)
auf eine Skala (24), und wobei der berechnete Wert
(26) einen Wert (26) auf der Skala (24) umfasst.

3. Verfahren nach Anspruch 1 oder 2, wobei die er-
zeugte Ausgabe eine direkte physikalische Rück-
meldung an den Patienten (12) umfasst.

4. Verfahren nach einem der Ansprüche 1 bis 3, wobei
der eine oder mehrere physiologische Parameter
des Patienten (12) die Herzfrequenz des Patienten
umfassen.

5. System zur Aufrechterhaltung eines affektiven Sta-
tus eines Patienten (12), umfassend:

- einen oder mehrere Sensoren (14), die dafür
vorgesehen sind, einen oder mehrere physiolo-
gische Parameter des Patienten (12) zu mes-
sen,
- einen Prozessor (16), der dafür vorgesehen
ist, anhand des (der) gemessenen Parameter(s)

einen Wert (26) zu berechnen, der einen Ent-
spannungsstatus des Patienten (12) darstellt,
und zu ermitteln, ob der berechnete Wert (26)
unter einem unteren Schwellenwert (20) oder
über einem oberen Schwellenwert (22) liegt, wo-
bei der untere Schwellenwert (20) die Unter-
grenze darstellt, die der Patient (12) erreichen
darf und bei der der Patient (12) zu entspannt
wird, und wobei der obere Schwellenwert (22)
die maximale Aufmerksamkeit darstellt, die der
Patient (12) erreichen darf und bei der der Pa-
tient (12) zu erregt wird, und
- eine oder mehrere Ausgabevorrichtungen
(18), die dafür vorgesehen sind, eine Ausgabe
an den Patienten (12) zu erzeugen, um den Ent-
spannungszustand durch Verwenden eines An-
leitungssystems für die Atmung zu steuern, wo-
bei die Ausgabevorrichtung(en) (18) dafür vor-
gesehen ist/sind, eine erste Ausgabe zum Ein-
leiten einer Entspannungsreduzierung zu er-
zeugen, wenn ermittelt wird, dass der berech-
nete Wert (26) unter dem unteren Schwellen-
wert (20) liegt, und eine zweite Ausgabe zum
Einleiten einer Entspannungserhöhung zu er-
zeugen, wenn ermittelt wird, dass der berech-
nete Wert (26) über dem oberen Schwellenwert
(22) liegt, wobei sich die zweite Ausgabe von
der ersten Ausgabe unterscheidet.

6. System nach Anspruch 5, wobei der Prozessor (16)
dafür vorgesehen ist, den einen oder mehrere ge-
messene physiologische Parameter des Patienten
(12) auf eine Skala (24) abzubilden, und wobei der
berechnete Wert (26) einen Wert (26) auf der Skala
(24) umfasst.

7. System nach Anspruch 5 oder 6, wobei eine Ausga-
bevorrichtung (18) dafür vorgesehen ist, dem Pati-
enten (12) eine direkte physikalische Rückmeldung
zu liefern.

8. System nach Anspruch 7, wobei eine Ausgabevor-
richtung (18) einen Gurt (18a) zum Umlegen um den
Körper des Patienten (12) und eine Spannvorrich-
tung (40) umfasst, die vorgesehen ist, um die Straff-
heit des Gurts (18a) zu steuern.

9. System nach Anspruch 8, wobei das Spannen und
Lockern des Gurts (18a) unter der Steuerung der
Spannvorrichtung (40) genutzt wird, um das Ein- und
Ausatmen des Patienten zu regulieren.

10. System nach einem der Ansprüche 7 bis 9, wobei
eine Ausgabevorrichtung (18) einen Teil eines Sit-
zes (18b) für den Patienten (12) umfasst oder wobei
eine Ausgabevorrichtung (18) einen Teil eines Lenk-
rads (18c) für den Patienten (12) umfasst.
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11. System nach Anspruch 10, wobei die Ausgabevor-
richtung (18) dafür vorgesehen ist, eine Vibration
auszugeben, oder wobei die genannte Ausgabevor-
richtung (18) dafür vorgesehen ist, einen Wärmeim-
puls auszugeben.

12. System nach einem der Ansprüche 7 bis 11, wobei
eine Ausgabevorrichtung (18) eine Klimaanlage
(18d) umfasst und eine Steuerungsvorrichtung vor-
gesehen ist, um die Klimaanlage (18d) zu steuern.

13. System nach Anspruch 12, wobei die Klimaanlage
benutzt wird, um wiederholte Hinweise zur Förde-
rung der angeleiteten Atmung zu erzeugen.

14. System nach einem der Ansprüche 5 bis 13, wobei
der eine oder mehrere physiologische Parameter
des Patienten (12) die Herzfrequenz des Patienten
umfassen.

Revendications

1. Procédé de maintien d’un état affectif chez un sujet
(12), comprenant :

- la mesure d’un ou de plusieurs paramètres
physiologiques du sujet (12),
- le calcul, en utilisant le ou les paramètre(s)
mesuré(s), d’une valeur (26) représentant un
état de relaxation du sujet (12),
- la détermination que la valeur calculée (26) est
inférieure à un seuil inférieur (20) ou supérieure
à un seuil supérieur (22), dans lequel le seuil
inférieur (20) représente la limite inférieure qu’il
est permis au sujet (12) d’atteindre et à laquelle
le sujet (12) est trop relaxé et dans lequel le seuil
supérieur (22) représente la vivacité intellectuel-
le qui est permise au sujet (12) et à laquelle le
sujet (12) est trop excité, et
- la génération d’une sortie pour le sujet (12)
pour commander l’état de relaxation par guida-
ge respiratoire, comprenant la génération d’une
première sortie pour engager la réduction de re-
laxation s’il est déterminé que la valeur calculée
(26) est inférieure au seuil inférieur (20) et la
génération d’une seconde sortie pour engager
l’augmentation de relaxation s’il est déterminé
que la valeur calculée (26) est supérieure au
seuil supérieur (22), la seconde sortie étant dif-
férente de la première sortie.

2. Procédé selon la revendication 1, comprenant en
outre le mappage du ou des paramètres physiologi-
ques mesurés du sujet (12) sur une échelle (24) et
dans lequel la valeur calculée (26) comprend une
valeur (26) sur l’échelle (24).

3. Procédé selon la revendication 1 ou 2, dans lequel
la sortie générée comprend une rétroaction physi-
que directe au sujet (12).

4. Procédé selon l’une des revendications 1 à 3, dans
lequel le ou les paramètres physiologiques du sujet
(12) incluent la fréquence cardiaque du sujet.

5. Système pour maintenir un état affectif chez un sujet
(12), comprenant :

- un ou plusieurs capteurs (14) agencés pour
mesurer un ou plusieurs paramètres physiolo-
giques du sujet (12),
- un processeur (16) agencé pour calculer, en
utilisant le ou les paramètre(s) mesuré(s), une
valeur (26) représentant un état de relaxation
du sujet (12), et pour déterminer si la valeur cal-
culée (26) est inférieure à un seuil inférieur (20)
ou supérieure à un seuil supérieur (22), dans
lequel le seuil inférieur (20) représente la limite
inférieure qu’il est permis au sujet (12) d’attein-
dre et à laquelle le sujet (12) est trop relaxé et
dans lequel le seuil supérieur (22) représente la
vivacité intellectuelle qui est permise au sujet
(12) et à laquelle le sujet (12) est trop excité, et
- un ou plusieurs dispositifs de sortie (18) agen-
cés pour générer une sortie pour le sujet (12)
pour commander l’état de relaxation en utilisant
un système de guidage respiratoire, dans lequel
le ou les dispositif(s) de sortie (18) est/sont
agencé(s) pour générer une première sortie
pour engager la réduction de relaxation s’il est
déterminé que la valeur calculée (26) est infé-
rieure au seuil inférieur (20) et pour générer une
seconde sortie pour engager l’augmentation de
relaxation s’il est déterminé que la valeur calcu-
lée (26) est supérieure au seuil supérieur (22),
la seconde sortie étant différente de la première
sortie.

6. Système selon la revendication 5, dans lequel le pro-
cesseur (16) est agencé pour mapper le ou les pa-
ramètres physiologiques mesurés du sujet (12) sur
une échelle (24) et dans lequel la valeur calculée
(26) comprend une valeur (26) sur l’échelle (24).

7. Système selon la revendication 5 ou 6, dans lequel
un dispositif de sortie (18) est agencé pour fournir
une rétroaction physique directe au sujet (12).

8. Système selon la revendication 7, dans lequel un
dispositif de sortie (18) comprend une ceinture (18a)
pour entrer en prise avec le corps du sujet (12) et un
dispositif de serrage (40) agencé pour commander
le serrage de la ceinture (18a).

9. Système selon la revendication 8, dans lequel le ser-
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rage et le desserrage de la ceinture (18a) sous le
contrôle du dispositif de serrage (40) sont utilisés
pour réguler l’action d’aspiration et d’expiration de
la respiration du sujet.

10. Système selon l’une des revendications 7 à 9, dans
lequel un dispositif de sortie (18) comprend une por-
tion d’un siège (18b) pour le sujet (12) ou dans lequel
un dispositif de sortie (18) comprend une portion d’un
volant de direction (18c) pour le sujet (12).

11. Système selon la revendication 10, dans lequel ledit
dispositif de sortie (18) est agencé pour produire une
vibration ou dans lequel ledit dispositif de sortie (18)
est agencé pour produire une impulsion de chaleur.

12. Système selon l’une quelconque des revendications
7 à 11, dans lequel un dispositif de sortie (18) com-
prend un système de climatisation (18d) et un dis-
positif de commande agencé pour commander le
système de climatisation (18d).

13. Système selon la revendication 12, dans lequel le
système de climatisation est utilisé pour générer des
incitations répétées pour favoriser la respiration gui-
dée.

14. Système selon l’une des revendications 5 à 13, dans
lequel le ou les paramètres physiologiques du sujet
(12) incluent une fréquence cardiaque du sujet.
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