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METHOD AND SYSTEM FOR MANAGING A
USER’S SLEEP

[0001] This nonprovisional application claims priority
under35 U.S.C. §119(a) on patent application No.0912462.9
filed in the United Kingdom on Jul. 17, 2009, the entire
contents of which are hereby incorporated by reference.

FIELD OF THE INVENTION

[0002] The present invention relates to a system and
method for managing a user’s sleep, for example with a view
to improving sleep quality of the user. Such a system and
method may be used for monitoring and analysing sleep
information, for example for monitoring objective sleep
related parameters measured whilst the user is sleeping and
correlating that information with objective and subjective
sleep related parameters measured whilst the user is awake.

BACKGROUND TO THE INVENTION

[0003] Sleeplessness and fatigue are major unaddressed
problems in the developed world. A significant proportion of
the population experiences problems sleeping at some point
in their lives. Lack of sleep is linked to a poorer quality of life,
reduced performance at work and, in more severe cases, to
mental disorders such as depression. For drivers, or those who
work in industries where there is a risk of accident, sleepiness
can contribute to the frequency of serious accidents. There is
therefore a large potential market for devices aimed at
improving the quality of consumers’ sleep.

[0004] There is little evidence that poor sleep or sleep dep-
rivation results in immediate physiological damage, but it can
impact on an individual’s quality of life. The following list
indicates some of the consequences of poor sleep:

[0005] Significant reductions in performance and alert-
ness

[0006] Impaired memory and cognitive ability

[0007] Disruption of bed partner’s sleep

[0008] Greater risk of sustaining an occupational injury

[0009] Greater risk of being involved in a motor vehicle
accident

[0010] Disturbances in metabolism

[0011] Psychiatric effects

[0012] Problems with the immune system

[0013] Poorer quality of life

[0014] Reduced feeling of wellbeing

[0015] Increased risk of depression

[0016] Sleep is a dynamic behaviour, known to be made up

of four non-rapid eye movement (NREM) stages (I-IV) and
one rapid eye movement (REM) stage. Sleep stages I and 11
are associated with light sleep while sleep stages Il and IV
are associated with deep sleep. Non-REM sleep is usually
associated with minimal mental activity, whereas REM sleep
is associated with a highly active brain and dreaming. For a
typical adult, sleep progresses through stages 1, II, IIl and IV
before reversing itself back through stages 111 to I and then to
REM sleep. This cycle is repeated at approximately 90-100
minute intervals throughout the night. Deep sleep is more
prevalent in the early part of the night, with sleep becoming
gradually lighter in the later parts of the night.

[0017] Body movements whilst sleeping are normal and are
typically associated with light sleep (stages I and II); a lack of
body movements is typically indicative of deep sleep stages
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(11T and TV). Men tend to have significantly more discrete
movements than women during the night while younger
people tend to have more discrete movements during sleep
than older people. The monitoring of movement may also
provide an indication of restlessness which may lead to poor
sleep quality. This may be due to an inability to sleep, night-
mares, illness or other causes.

[0018] There are several environmental parameters that can
have an effect on sleep structure. Temperature is found to
have a significant effect on the quality of sleep. Both hot and
cold temperatures can have a detrimental impact on the qual-
ity of sleep with cold room temperatures (for example, below
21° C.) affecting sleep structure more than warmer room
temperatures (for example, above 27° C.). In these instances,
total sleep duration, REM sleep and stage 1V sleep are
reduced compared to sleeping in a room at a comfortable
temperature. This is significant because during REM sleep,
the body can not regulate its temperature. It follows that the
waking-sleeping cycle is affected by ambient temperature.

[0019] High humidity can also have a detrimental effect on
the structure of sleep and sleep quality, particularly when
combined with high room temperatures.

[0020] Noise can also impact on sleep quality. The absence
or presence of familiar noise can have as great an impact on
sleep as out-of-the ordinary noises and people often adapt to
accept familiar noises without any impact on sleep. For
example, people who live in close proximity to airports are
rarely awakened specifically by aircraft noise. In general,
older people tend to be more affected by noise disturbances
than younger people. Noise disturbed sleep is also usually
accompanied by an increase in limb/body movements.

[0021] The circadian rhythm is an internal body clock
which has a period of about a day and is controlled by the
suprachiasmatic nucleus (SCN) of the anterior hypothalamus
of the brain. Circadian rhythm, which influences when we
feel sleepy and alert, can be affected by sleep/wake schedules,
rest/activity and changes in body temperature. Circadian
rhythms can also be characterized by melatonin secretion by
the pineal gland, which peaks at night and fades during the
day. Cortisol levels in blood can also vary as a function of
circadian rhythm. Light is a powerful regulator of circadian
rhythm and biological clocks, particularly blue light of the
wavelength 450-480 nm.

[0022] Exogenous and endogenous factors can influence
circadian rhythms. Endogenous factors influencing sleep
arise as a result of circadian and homeostatic drivers regulated
by internal body clocks. Exogenous factors affecting sleep
arise as a result of lifestyle or environmental parameters.
Homeostatic drivers for sleep represent the increased need for
sleep the longer one is awake.

[0023] Core body temperature varies as a function of cir-
cadian rhythm. A human who follows a nocturnal sleep and
diurnal wake sleeping pattern, sleeping for 8 hours and being
awake for 16 hours, might find that their core temperature
peaks between the hours of 19:00 and 23:00, not long before
sleep onset, and reaches a minimum between 03:00 and 06:00
whilst asleep. Core body temperature generally increases
gradually whilst the user is awake back up to its peak value of
approximately 37-37.6° C. Some people experience a small
dip in body temperature in the afternoon, typically between
the hours of 14:00 and 16:00. However, not everyone expe-
riences this mid-afternoon Iull. Core body temperature has
been well correlated to performance with higher core body
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temperatures generally correlating with better performance
and lower core body temperatures generally correlating with
poorer performance.

[0024] Individuals often exhibit differences in their circa-
dian amplitude and circadian phase. Some people perform
consistently better in the morning whilst others perform con-
sistently better in the evening; this is a direct result of endog-
enous differences in the circadian rhythm of individual bio-
logical clocks. Circadian amplitude refers to the range of
values that can be assumed over the course of the circadian
cycle, e.g. range of core body temperatures, whereas circa-
dian phase refers to any point on that cycle, e.g. the time the
user wakes each day.

[0025] Knowledge of circadian rhythm is important as it
provides information fundamental to understanding normal
and abnormal sleep. It also provides an insight into the bio-
logical and physiological functioning of the human body.
Furthermore, knowledge of circadian rhythm can help a user
understand at what point(s) in the day they reach their optimal
functioning ability.

[0026] The ‘gold standard’ method of monitoring sleep,
polysomnography, is an invasive procedure using a plurality
of electrodes attached to the body in order to record an elec-
troencephalogram (EEG), electro-oculogram (EOG), elec-
tromyogram (EMG), electrocardiogram (ECG) and the res-
piratory movements of the abdomen and thorax. Further
sensors can be used to measure blood oxygen saturation lev-
els and nasal airflow. Due to the complexity of the procedure,
polysomnography is normally carried out by trained profes-
sionals in a supervised sleep laboratory. The procedure is
invasive, time consuming and uncomfortable, and can actu-
ally prevent the patient sleeping as they would on a normal
night.

[0027] Actigraphy can also be used to assess certain sleep
parameters of a patient by recording their gross body move-
ments using accelerometers. The actigraph, which is the size
of a wrist watch, can be worn either on the patient’s wrist or
ankle. When worn overnight, the actigraph can be used to
estimate some sleep parameters, such as time in bed (TIB)
and total sleep time (TST). However, it can overestimate the
amount of sleep obtained by patients suffering from insomnia
as they tend to be very good at lying still for long periods of
time. The actigraph is useful for monitoring general levels of
daytime activity.

[0028] For polysomnography and/or actigraphy assess-
ments, patients are usually requested to fill out a sleep diary
for a number of weeks prior to the procedure. Sleep diaries
often request the user to detail information such as: what time
they went to bed, what time they fell asleep, what time they
woke up, what time they got out of bed, how many night time
awakenings they had, the times and reasons for the night time
awakenings, how long it took them to fall back asleep after
awakening, whether they napped during the day and also
lifestyle data such as the amount of time spent exercising, the
amount of alcohol consumed, the amount of caffeine con-
sumed, perceived stress levels, whether and when any medi-
cation was consumed (including sleeping pills) and whether
or not a heavy meal was eaten immediately prior to going to
bed. There are several problems associated with this
approach, not least because the questions are very subjective.
Itis well known that, for example, patients are not always able
to accurately assess how long it took them to fall asleep, when
they initially fell asleep, or how long it took them to fall back
asleep after a night time awakening; insomniacs frequently
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overestimate the amount of time they spend lying awake in
bed before falling back asleep. As a result, sleep diaries can
often be inaccurate. This in turn can then lead to inaccuracies
in the parameters in which a sleep professional is interested,
such as total sleep time (TST), time in bed (TIB), sleep onset
latency (SOL), wake after sleep onset (WASQ), number of
awakenings after sleep onset (NWAK) and sleep efficiency
(SE).

[0029] Patients may also be asked to fill in a number of
scientifically established questionnaires that determine the
patient’s perception of their tiredness. The Epworth Sleepi-
ness Scale (ESS) tests how likely the patient is to fall asleep or
doze in a number of everyday scenarios in contrast to just
feeling tired. Even if the tasks in the questions do not directly
apply to the patient, they have to try to establish how they
would have been affected if they had been in that situation.
The Stanford Sleepiness Scale (SSS) is a quick method for
assessing how alert a user feels; most people have two peak
times of daily alertness which depend on their circadian
rhythm.

[0030] Other recognized sleep quality questionnaires
include the Functional Outcomes of Sleep questionnaire
(FOSQ), Pittsburgh Sleep Quality Index (PSQI), Interna-
tional Restless Legs Syndrome Study Group Questionnaire
(IRLSSG), Hospital Anxiety and Depression scale (HADS)
and general sleep hygiene questionnaires.

[0031] For patients with insomnia, some psychological
questionnaires may also be administered; The Beck Depres-
sion Inventory (BDI), the Spielberger State-Trait Anxiety
Inventories, the Profile of Mood States and the Brief Symp-
tom Inventory.

[0032] Further to monitoring perceived tiredness, mental
fatigue can also be monitored in order to track sleep quality;
certain aspects of complex tasks are affected by sleep loss or
deprivation, particularly the ability to think laterally. Mental
fatigue relates to decreased performance and alertness which
can impair cognitive function and memory. (Alertness is
defined to mean selective and sustained attention whilst per-
formance relates to cognitive ability.) Therefore, objective
measures of fatigue can be measured using a variety of neu-
robehavioral assessments, such as cognitive and psychomo-
tor tests.

[0033] Cognitive and psychomotor tests may include the
Psychomotor Vigilance Task (PVT) which is a well estab-
lished method in the literature for measuring response times
(“Cumulative sleepiness, mood disturbance and psychomo-
tor vigilance performance decrements during a week of sleep
restricted to 4-5 hours per night”, Dinges et al, Sleep, 20,
267-277,1997), which vary as a function of alertness, and the
Stroop Colour Word Test, which takes advantage of our abil-
ity to read words more quickly and automatically than we can
name colours.

[0034] A detailed list of tasks that can be used to monitor
cognitive and psychomotor performance is given in Table 1
(taken from ‘Cognitive and psychomotor performance tests
and experiment design in multiple chemical sensitivity’,
Anthony Wetherell, Environmental Health Perspectives, Vol
105, Supplement 2, March 1997).
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TABLE 1

Cognitive and Psychomotor Performance Tests

Mathematical Processing

Nurmerical processing

Number facility

User has to state whether a series of problems consisting
of three digits and two operators is greater or less than a
given value.
User sums a series of three one- or two- digit numbers
and inserts the answer.

Logical Reasoning

Original version

AGARD STRES version

User is presented with a series of sentences each
followed by a pair of letters e.g. AB or BA. The sentence
describes the order of the letters, e.g. A follows B and
subjects have to say whether the statement is true or
false.
A series of pairs of sentences each followed be three
symbols, e.g. #&*, is presented. The sentences describe
the order of the symbols, e.g. & before #, & after * and the
subject presses a key signifying whether the sentences
are true or false.

Spatial Processing

Manikin

Histograms

A front or back view of a human holding a flag and rotated
to any angle. User has to specify which hand is holding
the flag.
A four-bar histogram is presented to a user for 3 s
followed by a blank screen for 1 s. A second histogram is
then presented to the user rotated by a certain angle. The
subject must state whether the two histograms are the
same or different.

Tracking

Pursuit tracking

Unstable tracking

The subject attempts to keep a cursor on a moving target
for a specified amount of time.
The subject attempts to keep a horizontally moving cursor
on a fixed target.

Reaction time

Simple reaction time
Choice reaction time

Complex reaction time

Subject presses a key as quickly as possible after shown
a stimulus.
Subject presses one of several keys as quickly as
possible after various stimuli.
Test based on the stage processing model designed to
identify the locus of a drug effect.

Attention/vigilance

Letter cancellation

Serial response

Focused attention

Search

Display monitoring

Vigilance

Matrices of random letters are presented to the subject
who cross out or mark certain letters.

A row of 5 outlined squares corresponding to the keys 1-5
on a keyboard. Subjects ‘chase’ a black square that
appears at random in one of the outlined squares by
pressing the appropriate key.

Three warning crosses are presented, one in the middle
of the screen, the other two either close to it or close to
the edges of the screen. The middle cross is replaced by
a target letter (e.g. A or B) and the other crosses by
asterisks, the same letter as the target, or the other letter.
The user responds to the target letter by pressing the
appropriate key.

Two warning crosses are presented close to the middle or
close to the edges of the screen. One cross is then
replaced by a target letter (e.g. A or B) and the other is
either replaced by a digit or disappears. The user
responds to the target letter by pressing an appropriate
key.

Subjects watch the display of a scale and a moving
pointer. At random intervals, the pointer tends to stay in
one half of its scale. Subjects must report when this
oceurs.

Several auditory and visual vigilance tests are used all
requiring subjects to detect signals or targets in noise.
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TABLE 1-continued

Cognitive and Psychomotor Performance Tests

Colour word naming

The names of words are presented in either their own
colour or a different colour; the subject must name the
colour the word is written in.

Self-generation tests

Interval production

Random generating

Subjects must generate intervals, typically by tapping a
finger or foot or by saying something, typically once a
second. The actual regularity is measured.
Subjects must produce letters, digits, days of the week as
randomly as possible.

Memory

Digit span

A set of digits is presented to the user one digit at a time.
Immediately afterwards, the subject must recall the digits.
If correct, the sequence of digits gets longer and longer
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until they fail to recall all the digits.
Ttem recall
presented and the subject must recall them.
Memory search

Lists of digits, letters, nonsense syllables and words are

Sets of target symbol sets are presented each followed

by a probe symbol. Subject must say whether the probe

symbol is a member of the target set.

Shopping list A list of items is presented. The subject is then given a
box containing the items on the list together with an
equivalent number of items not on the list. The subject
must pick out the items on the list.

QRST test The letters Q, R, S and T are presented randomly. The

subjects must count the oceurrence of each letter and

report the counts when asked.
Face recognition
must recognize them from a larger set.
Incidental memory

A set of photographs is presented to the subject who

Subjects are not given specific information to remember

but are asked to recall incidental features of the test or

situation.

[0035] Information on circadian rhythm can also be estab-
lished from cognitive testing. A number of neurobehavioral
and bodily functions including cognitive performance, core
body temperature and certain hormones all vary as a function
of circadian rhythm. In particular, short-term memory, cog-
nitive performance and alertness all vary with respect to an
individual’s circadian rhythm. Tests such as addition tasks,
digit symbol subtraction tasks, probe recall tasks and psycho-
motor vigilance tasks have all been shown to vary with cit-
cadian rhythm. These variations are also closely coupled to
the individual’s core body temperature. (Reference: ‘Prin-
ciples and practice of sleep medicine, 4™ edition’, Meir H.
Kryger, Thomas Roth, William C. Dement, Elsevier Saunders
ISBN 0-7216-0797-7.)

[0036] Whilst it is generally agreed that most cognitive
tasks cannot be learnt, i.e. you can not learn faster reaction
times, there can be a practice effect associated with such tasks
that result in rapid improvements over a short period of time.
To accurately determine information on circadian rhythm
from cognitive performance, users should be trained to
asymptotic levels before assessment in order to take practice
effects into account.

[0037] The consumption of drug compounds can also have
an impact on sleep quality that may or may not be associated
with a corresponding increase or decrease in cognitive per-
formance. This includes prescription and illegal drugs. For
example, caffeine is very good at increasing alertness for a
short period of time, but can lead to more disrupted sleep.
[0038] Making improvements to general sleep hygiene is
often recommended to people who suffer from poor sleep
quality. This encourages behaviours that promote sleep and

discourages behaviours that hinder sleep. There are certain
aspects of lifestyle that can impact on quality of sleep, includ-
ing diet, exercise and stress levels. Environmental factors
such as temperature, light, noise, humidity and comfort can
also impact on sleep quality. Sleep hygiene involves identi-
fying which of these factors promote or hinder sleep for a
particular individual and then establishing a routine which
actively promotes good sleep quality.
[0039] Good sleep hygiene also involves managing expec-
tations; sleep becomes shorter, lighter and more fragmented
as we get older. In some instances, sleep problems are aggra-
vated by the expectation that 8 hours of sleep a night is
necessary for good health when in fact 714 hours may be
perfectly adequate for certain individuals.
[0040] A feeling of satisfaction with one’s sleep combines
physiological changes occurring in our bodies during sleep
with cultural and personal beliefs about the role of sleep,
attitudes to life, life events, personality and mood. The fol-
lowing factors may help to improve sleep patterns:
[0041] Maintain a regular sleep/wake schedule.
[0042] Have a relaxing bedtime routine e.g. hot bath
followed by reading.
[0043] Avoid caffeine, alcohol, and nicotine close to
bedtime.
[0044] Exercise regularly (but not just before bedtime).
[0045] Finish eating ca 2-3 hours before bedtime.
[0046] Use your bedroom for sleep only.
[0047] Create a sleep conducive environment that is
dark, quiet, comfortable and cool.
[0048] Sleep on comfortable mattress and pillows.
[0049] Practicing relaxation techniques.
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[0050] Ttis particularly important to follow a regular sleep/
wake schedule, although a large majority of people often have
sleep/wake schedules that are different whilst working and
whilst off work, e.g. at the weekend. Having a dramatically
different sleep/wake routine on days off often results in indi-
viduals feeling more tired when they return to work.

[0051] Regular sleep/wake schedules are particularly
important for children whilst shift workers and people who
travel across multiple time zones may find that their irregular
routine negatively influences the quality of sleep they expe-
rience.

[0052] A number of behavioural strategies currently exist
for improving sleep quality. The most common behavioural
strategies are those for insomniacs who may be recom-
mended to undergo sleep restriction or cognitive behavioural
therapy for insomniacs (CBTi). Typically this involves
restricting the amount of time spent in bed to the number of
hours the patient thinks they sleep for each night (but never
less than 5 hours) in order to ensure that the patient does fall
asleep when they go to bed. This helps to re-establish a
positive association between sleep and the bedroom. The
patient is not allowed to nap or sleep whilst undergoing con-
ditioning. Gradually, the amount of time the user can spend in
bed is increased, provided their sleep efficiency scores remain
above 80%, until a normal routine is established. Further to
this, if the patient does not fall asleep within 15 minutes of
going to bed, they have to get out of bed and not return to the
bedroom until they are tired enough to sleep.

PRIOR ART REFERENCES

[0053] The included reference listing provides additional
background of interest in relation to the invention of which
the documents discussed below are considered worthy of
special note:

[0054] U.S.Pat.No. 6,468,234 Bl (22 Oct. 2002), “Sleeps-
mart”, describes determining a sleep quality metric from a
plurality of sensors embedded in a sheet. The sensors can
monitor the subject’s position, temperature and movement
amongst other properties. The data from the sensors is corre-
lated with lifestyle data which is gathered through the use of
a questionnaire. The questionnaire returns subjective feed-
back on, for example, how well the subject perceives they
slept, when they last ate a meal, estimate of stress levels and
consumption of alcohol and caffeine. No objective measures
of alertness are recorded whilst the user is awake.

[0055] US 2005/0042589 A1 (24 Feb. 2005), “Sleep qual-
ity data collection and evaluation”, describes a method for
collecting sleep quality data wherein sleep quality data col-
lection is performed at least in part implantably. Both physi-
ological and non-physiological parameters associated with
sleep quality are measured. The patient can input information
on the perceived quality of sleep, tobacco use and other self-
described conditions. No objective measures of alertness are
recorded whilst the user is awake.

[0056] WO 2005/066868 A2 (21 Iul. 2005), “Sleep and
environment control method and system”, describes collect-
ing objective environmental data whilst the user is asleep and
correlates that with subjective data gathered when the user is
awake and modifies the sleep environment depending on the
results. No objective measures of alertness are recorded
whilst the user is awake.

[0057] WO 2008/096307 Al (14 Aug. 2008), “Sleep man-
agement system”, describes gathering objective data whilst
the user is asleep and correlates that with subjective data

Jan. 20, 2011

when the user is awake in order to make recommendations to
improve sleep. No objective measures of sleep quality are
recorded whilst the user is awake.

[0058] U.S. Pat. No. 6,743,167 B2 (1 Jun. 2004), “Method
and system for predicting human cognitive performance
using data from an actigraph”, describes determining the
cognitive ability of a human to perform a task in the future
using actigraphy. Performance is predicted for an individual
based on thatindividual’s prior sleep/wake history, the time of
day and amount of time spent on a task. The patent defines a
cognitive performance index which is a pre-defined function
(i.e. baseline is set before any information about the user is
established). It suggests that a user aims to alter their sleep/
wake patterns in order to enable them to be at their optimal
ability to perform a specific task (in the future) but does not
describe how this may be accomplished in practice; the patent
does notaim to improve a user’s quality of sleep or quality of
life. Variations in daytime performance can be different for
different people, therefore predictive models do not apply
equally well to different individuals; the predictive effect of
changes in routine, medication, amount of exercise and
changes in diet on cognitive performance are not easily deter-
minable and are not accounted for here.

[0059] EP 1618913 A1(25 Jan. 2006), “Device for insom-
nia assessment and automated sleep behaviour modification”,
describes a device for automated sleep behaviour modifica-
tion covering well known aspects of sleep hygiene and behav-
ioural therapies. The device is preferably attached to the
subject’s wrist and the subject responds to prompts from
which the computer determines whether the user is asleep or
awake. The device does not monitor environmental or physi-
ological parameters whilst the user is asleep and does not
measure subjective or objective parameters whilst the user is
awake.

[0060] U.S. Pat. No. 7,366,572 B2 (29 Apr. 2008), “Con-
trolling therapy based on sleep quality”, describes an implant-
able medical device which determines values for one or more
metrics that indicate the quality of a patient’s sleep, and
controls delivery of a therapy based on the sleep quality
metric values. This patent does not measure objective param-
eters whilst the user is awake.

[0061] US2008/0157956 A1 (3 Jul.2008), “Method forthe
monitoring of sleep using an electronic device”, describes a
method where sleep sensor signals are obtained via a mobile
commuication device from sensor devices. In one embodi-
ment, the mobile phone receives data from sleep sensors (e.g.
a pressure sensor) via a short range radio connection. One
embodiment uses questions to assess how the user felt they
slept and when they started to feel tired, whether they ate alot,
engaged in sports and other general lifestyle data. Further-
more, various household appliances may also be automati-
cally operated as a function of the sleep data on the mobile
phone, e.g. putting the coffee machine on. Objective mea-
sures of sleep are not measured whilst the user is awake.
[0062] US 2006/0224047 Al (5 Oct. 2006), “Sleepiness
prediction apparatus and sleepiness prediction method”,
describes a sleepiness prediction apparatus based on sleep
history and subjective feedback from the user. It does not
monitor environmental parameters whilst the user is asleep
and does not measure objective parameters whilst the user is
awake. The device is worn on the wrist with a sensor attached
to a finger.

[0063] U.S. Pat. No. 5,479,939 (2 Jan. 1996). “Sleep
detecting apparatus” describes methods of detecting move-
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ment of a person in bed without contacting the body employ-
ing an infra-red sensor or sensor comprising a piezoelectric
element disposed on the bedding, e.g. fixed on the surface of
the mattress, such that it is deformed by body movement.
However, there is no discussion of correlating data from such
sensors for a person with objective test data on cognitive
and/or psychomotor performance for the same person in wak-
ing hours with a view to assessing sleep quality and thereby
formulating recommendations for improving this.

[0064] There remains a need for a consumer system that
can provide a reliable description of an individual’s sleep/
wake routine. In order to get an accurate description of one’s
sleep, endogenous and exogenous factors which may affect
circadian and homeostatic drivers must be taken into consid-
eration; none of the prior art addresses all of these factors in
sufficient detail. The current invention represents a system
that can correlate cognitive performance with environmental,
physiological and lifestyle influences in a non-invasive for-
mat.

SUMMARY OF THE INVENTION

[0065] Establishing sleep quality involves more than deter-
mining a user’s sleep architecture and asking them how they
feltthey slept; it is about correlating both how lifestyle affects
how one sleeps and how that correlates to performance when
awake. Sleep quality is affected by changes in the way in
which we live. Whilst scientific experiments have been car-
ried out by professionals in controlled environments to estab-
lish a fundamental understanding of sleep and the factors that
influence it, there remains a need for a personalised system
that can correlate an individual’s sleep quality and behaviour
with an objective measure of how they perform during the
day. The present invention addresses this problem by provid-
ing in one aspect a method of managing the sleep of auser, the
method comprising;: (i) monitoring, using at least one sensor,
one or more objective parameters relevant to sleep quality of
the user when in bed, said parameters being selected from
physiological parameters and environmental parameters and
including at least movement of the user and/or electrical
signals indicative of brain activity of the user; (i1) collecting,
using a sensor unit, signal data from said at least one sensor
and communicating the signal data to a processing means;
(iii) collecting, using a portable user interaction device,
objective test data from the user when awake, the objective
test data being indicative of cognitive and/or psychomotor
performance and communicating the objective test data to
said processing means; and (iv) processing data from said
sensor unit and said user interactiondevice to generate at least
a combined sleep indicator metric, which takes both sensor
unit data and cognitive and/or psychomotor data into consid-
eration, or a cognitive and/or psychomotor performance met-
ric together with a sleep metric or a sleep quality metric; and
(v) receiving at the portable user interaction device informa-
tion relating to the user’s sleep behaviour for display to the
user.

[0066] The invention provides in another aspect a sleep
management system for managing the sleep of a user, the
system comprising: (1) at least one sensor for monitoring one
or more objective parameters relevant to sleep quality of the
user when in bed, said parameters being selected from physi-
ological parameters and environmental parameters and
including at least movement and/or electrical signals indica-
tive of brain activity of the user; (ii) a sensor unit which
collects signal data from said at least one sensor and commu-
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nicates data to a processing means; (iii) a portable user inter-
action device, e.g. a mobile phone, which can collect objec-
tive test data, e.g. periodically or sporadically, from the user
when awake indicative of cognitive and/or psychomotor per-
formance, optionally together with other data relevant to
assessing sleep quality, which may include, e.g. periodically
or sporadically, subjective feedback from the user on sleep-
related parameters, and which additionally communicates
data to said processing means and receives information from
the processing means which is displayed to the user, and (iv)
said processing means, which may be present in either of said
sensor unit or portable user interaction device or separate
therefrom, and which processes data from said sensor unit
and said portable device whereby at least a combined sleep
indicator metric, which takes both sensor unit data and cog-
nitive and/or psychomotor data into consideration, or a cog-
nitive and/or psychomotor performance metric together with
asleep metric or a sleep quality metric can be displayed to the
user via the portable user interaction device.

[0067] Another aspect of the invention provides a method
of managing the sleep of a user, the method comprising:
receiving, at a processing means, signal data from at least one
sensor, the data being indicative of one or more objective
parameters relevant to sleep quality of the user when in bed,
said parameters being selected from physiological param-
eters and environmental parameters and including at least
movement of the user and/or electrical signals indicative of
brain activity of the user; receiving, at the processing means,
objective test data from the user when awake, the objective
test data being indicative of cognitive and/or psychomotor
performance; and at the processing means generating at least
a combined sleep indicator metric, which takes both sensor
unit data and cognitive and/or psychomotor data into consid-
eration, or a cognitive and/or psychomotor performance met-
ric together with at least one sleep metric or sleep quality
metric; and sending information relating to the user’s sleep
behaviour to a portable user interaction device for display to
the user.

[0068] Theinvention will be described in more detail below
with reference to the Figures.

BRIEF DESCRIPTION OF THE FIGURES

[0069] FIG. 1is a block schematic diagram of one embodi-
ment of a sensor unit suitable for use in the invention.
[0070] FIG. 2is a block schematic diagram of one embodi-
ment of a portable user interaction device suitable for use in
the invention.

[0071] FIG. 3 is a block schematic diagram of one embodi-
ment of a processing unit (16) suitable for use in the inven-
tion.

[0072] FIG. 4 details communications between the sensor
unit, portable unit and processing unit.

[0073] FIG. 5 details how the system can communicate
with other external devices, e.g. a laptop.

[0074] FIG. 6 teaches one embodiment of collecting data
from an ambient noise sensor.

[0075] FIG. 7 teaches one embodiment of collecting data
from a movement sensor.

[0076] FIG. 8 illustrates one manner of user input.

[0077] FIG. 9 illustrates a second manner of user input.
[0078] FIG. 10 illustrates a third manner of user input.
[0079] FIGS. 11(a) and 11(5) illustrates methods to deter-

mine baseline cognitive performance.
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[0080] FIGS. 12(a), 12(b) and 12(c) illustrates methods to
account for practice effects.

[0081] FIG. 13 teaches one embodiment of mode I of the
system.
[0082]
system.
[0083]
system.
[0084]
system.
[0085]
system.
[0086] FIG.18teaches one embodiment where behavioural
changes are implemented.

[0087] FIG. 19 teaches one relationship between reaction
times and time of day.

[0088] FIG. 20 teaches one relationship between reaction
times and perceived alertness.

[0089] FIG. 21 shows movement data of a user recorded
using a piezoelectric cable and ambient light data collected
via an ambient light sensor.

[0090] FIG.22isablock flow diagramillustrating principal
steps of a method according to one embodiment of the inven-
tion.

FIG. 14 teaches one embodiment of mode II of the
FIG. 15 teaches one embodiment of mode IIT of the
FIG. 16 teaches one embodiment of mode IV of the

FIG. 17 teaches one embodiment of mode V of the

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

[0091] Provision of a plurality of sensors capable of moni-
toring different parameters that can have an effect on, or are
indicative of, sleep quality will generally be favoured. The
sensor unit will preferably collect data from a movement
sensor and also sensors for parameters such as temperature,
noise, humidity and light. The portable user interaction
device will record objective measures of sleep, related to
cognitive performance, and therefore circadian rhythm, and
optionally may also record subjective measures such as pet-
ceived alertness and lifestyle data.

[0092] From the objective sensor data, and objective and,
optionally, subjective data collected during the day, the sys-
tem either determines at least one metric that contain infor-
mation about the user’s sleep and cognitive and/or psycho-
motor performance or determines two or more metrics that,
taken together, contain information about the user’s sleep and
cognitive and/or psychomotor performance. The system may
generate at least a combined sleep indicator metric, which
takes both data from the sensor unit and cognitive and/or
psychomotor data into consideration, or it may generate a
cognitive and/or psychomotor performance metric together
with a separate sleep metric or sleep quality metric. The
system may display the combined sleep indicator metric, or
the cognitive and/or psychomotor performance metric and the
separate sleep quality metric to the user, via the portable user
interaction device. The user can decide how to use the infor-
mation provided by the metric(s) in order to condition their
behaviour in order to improve their quality of sleep. The user
can preferably also access further information that may help
them to improve their quality of sleep, for example the por-
table user interaction device may display further information
including, as an example, recommended behavioural pro-
grams and/oractions for the user that, if followed, should lead
to an improvement in the user’s sleep quality. Furthermore,
the user can decide to utilise the portable device to assist in
behavioural conditioning in order to improve their quality of
sleep and quality of life.
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[0093] An objective measure of cognitive and/or psycho-
motor performance is useful because it can provide informa-
tion on an individual’s circadian rhythm; this information can
be used by the user to optimise their lifestyle and sleep pat-
terns. Objective measures of performance are also useful as
they can help quantify improvements in sleep quality; a cog-
nitive and/or psychomotor performance metric can be estab-
lished that allows the user to compare their current cognitive
and/or psychomotor performance level to previous cognitive
and/or psychomotor performance levels.

[0094] The system may comprise a plurality of sensors,
which communicate with a sensor unit or are integral to that
unit, a portable user interaction device and said processing
means which may be provided external to said sensor unit or
portable device as an external processing unit; it may take the
form of a software service accessible via a wide-area net-
work, preferably the Internet.

[0095] FIG. 22 is ablock flow diagram illustrating principal
steps of a method of managing the sleep of a user according to
one embodiment of the invention. Initially, the method com-
prises monitoring, using at least one sensor (for example one
or more of sensors (2a-2¢) described below with reference to
FIG. 1), one or more objective parameters relevant to sleep
quality of the user when in bed (52210). The parameter(s)
is/are selected from physiological parameters and environ-
mental parameters and including at least movement of the
user and/or electrical signals indicative of brain activity of the
user.

[0096] Next, the method comprises collecting, using a sen-
sor unit (for example the sensor unit (1) described below with
reference to FI1G. 1) signal data from said at least one sensor
and communicating the signal data to a processing means
(52220) (for example the processing means (16) described
below with reference to FIG. 3).

[0097] Next, the method comprises collecting, using a por-
table user interaction device (S2230) (for example the por-
table user interaction device described below with reference
to FIG. 2), objective test data from the user when awake, the
objective test data being indicative of cognitive and/or psy-
chomotor performance and communicating the objective test
data to said processing means.

[0098] Optionally, the method may further comprise
supplementing said objective test data with subjective feed-
back from the user on sleep-related parameters (S2240),
which may be input via said user interaction device.

[0099] Next, the method comprises processing data from
said sensor unit and said user interaction device to generate at
least a combined sleep indicator metric (S2250), which takes
both sensor unit data and cognitive and/or psychomotor data
into consideration, or a cognitive and/or psychomotor perfor-
mance metric together with a sleep metric or sleep quality
metric.

[0100] Next, the method comprises receiving at the por-
table user interaction device information relating to the user’s
sleep behaviour for display to the user (S2260). The informa-
tion relating to the user’s sleep behaviour that is sent from the
processing means to the portable user interaction device for
display to the user may as one example comprise the metric(s)
that were generated. Alternatively, the information may com-
prise information derived from the metrics, but not the metric
(s) themselves. As a further example, the information may
additionally or alternatively comprise some or all of the origi-
nal data collected by the sensor unit and/or input to the por-
table user interaction device (S2270).
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[0101] Preferably the method comprises repeating the gen-
eration of the combined sleep indicator metric ata subsequent
time, or repeating the generation of the cognitive and/or psy-
chomotor performance metric together with a sleep metric or
a sleep quality metric for the subsequent time. By generating
the metric(s) at one or more subsequent times, the user is able
to see, from a comparison of the sleep metric(s) obtained
originally and the sleep metric(s) obtained at the subsequent
time, whether any behavioural changes they have made have
lead to an improvement in the user’s sleep quality.

[0102] The sensor unit (1) desirably comprises at least one
sensor, and more preferably a plurality of sensors (2a-e), a
means for recording input from the sensors (4), hardware
and/or software to carry out data processing as may be nec-
essary and a network connection (6) so as to send data to and
receive data from the processing means which also receives
data from the portable user interaction device. FIG. 1 shows
one embodiment of a sensor unit (1) suitable for use in the
invention. The sensor unit (1) of FIG. 1 collects data from one
or more sensors, in this example from a plurality of sensors
including a movement sensor, a temperature sensor, an ambi-
ent noise sensor, a humidity sensor and a light sensor (2a-2e)
and provides data from each sensor to a processor (3) via a
plurality of analogue-to-digital converters (ADCs) (7). Pro-
cessed sensor data is stored in a memory (5) with a time code
provided by the real time clock (4) and sent to an external
processing means. e.g. a processing unit as shown in FIG. 3,
via the network connection (6). The sensors are shown as
integral to the sensor unit but one or more may be external to
the sensor unit and connected to the sensor unit via a cable or
wireless connection. For example, the movement sensor may
comprise a piezoelectric element on the bed of the user and
connected to the sensor unit by a cable whereby the sensor
signal is processed as shown in FIG. 7.

[0103] The processor (3) in the sensor unit repeatedly
samples the sensors, preferably at a low frequency (of the
order of 1 Hz, for example ata frequency inthe range from 0.1
Hz to 100 Hz). As noted above, the sensor unit will desirably
contain a real-time clock (4) which provides a time code for
each sensor data reading. In this case, each sensor reading
may be stored in the memory (5) along with the time code. A
time code may be stored for every sensor reading or for every
multiple of sensor readings, for example every 100 readings.
The sensor data stored in the memory is sent, for example
periodically or on request, to the processing means via the
network connection (6). It may be desirable to do further
processing on the data before sending it to the processing
means since the amount of data recorded may be large. The
internal sensor processor (3) may therefore compress the data
before sending, or may analyse the data to extract sleep met-
rics or sleep quality metrics and send the sleep metrics or
sleep quality metrics to the processing means instead of send-
ing the full data set. The sensor unit may be powered by a
direct mains connection or battery. Other implementations of
the sensor unit are also possible.

[0104] The portable user interaction unit (8) comprises a
means of communicating with the user (9), a means of input-
ting information from the user (10) and recording input from
the user (11), hardware and/or software to carry out any data
processing as may be necessary and a network connection
(12) so as to send data to and receive data from the processing
means which also communicates with the sensor. FIG. 2
shows one embodiment of a portable user interaction device
(8) suitable for use in the invention. The portable user inter-
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action device (8) of FIG. 2 has a display screen (9), user input
keypad (10) memory (11) and network connection (12) for
sending data to and receiving information from an external
processing means. The portable unit allows the user to inter-
act with the system via the display (9) and an input device,
such as akeyboard (10), mouse, touch screen, gesture camera,
microphone or similar device. The portable unit communi-
cates with the processing means to retrieve information to
present to the user and sends data on user inputs using the
network connection (12). The portable unit of FIG. 2 also
contains a speaker (13) and a vibration unit (14) which can be
used to alert or prompt the user. A battery (15) or similar
power system powers the portable unit so it may be carried
easily without requiring a wire to a power socket. Other
implementations of the portable user interaction unit are also
possible.

[0105] The processing means may comprise hardware and/
or software to analyse data from the sensor unit and portable
unit. It may be a processing unit disposed in either the sensor
unit or the portable unit or may be a separate unit (see FIG. 3).
In any case the processing unit (16) contains a processor (17),
memory (18) and network connection (19) such as to com-
municate with the sensor unit and portable unit (as indicated
in FIG. 4). FIG. 3 shows one embodiment of a processing umit
(16) suitable for use in the invention, for correlating data from
the sensor unit and the portable user interaction device. The
processing unit (16) of FIG. 3 comprises a processor (17),
memory (18) and network connection (19).

[0106] The program for operating the system and for per-
forming any of the methods described hereinbefore may be
stored in a program memory (not shown in FIG. 3), which
may be embodied as a semi-conductor memory, for instance
of the well-known ROM type. However, the program may be
stored in any other suitable computer-readable medium, such
as magnetic data carrier, such as a “floppy disk”, CD-ROM or
DVD-ROM.

[0107] Ifthe processing unit is disposed within an external
unit, it may take the form of a software service connected to
a wide-area network such as the internet. If the processing
unit takes the form of a software service which communicates
with the portable user interaction device and sensor unit viaa
wide-area network such as the internet, the processing unit
software may be deployed on a single server computer, server
cluster or as a cloud computer service. In this case a single
processing unit may store and process the data from a plural-
ity of handheld and sensor units used to monitor a plurality of
users. Use of the processing unit may require the payment of
a subscription or fee. The processing unit may also be able to
communicate with other display devices, such as the user’s
desktop or laptop computer (FIG. 5). The sensor unit and
portable unit may optionally be able to communicate directly
with these other display devices. Furthermore, additional ser-
vices may be offered to the user including having a sleep
specialist examine the sensor data on behalf of the user.
[0108] Thethree components of the system, the sensor unit,
the processing unit, and portable unit all contain network
connections so as to be able to communicate with each other.
If the processing unit is disposed within either the sensor unit
or the portable unit it is possible that both units will share the
same network connection.

[0109] Network technologies including WiFi (802.11),
GSM, GPRS and 3G may be used to connect the system
components to a wide-area network such as the Internet.
Wired network technologies, which may be appropriate for
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the sensor unit or for an external server hosting the processing
unit as a software service, include Ethernet. Other point-to-
point network technologies including Bluetooth, ZigBee and
Wireless USB may also be used to network the sensor unit,
portable unit and processing unit together. The option also
exists for the user to set the system up with no internet access.
[0110] The network connecting the sensor unit, processing
unit and portable unit is preferably wireless so that the por-
table unit can be easily carried by the user without the neces-
sity of a wired connection. A wired network connection may
be possible for the sensor unit or processing unit.

[0111] The sensor unit desirably collects data from a plu-
rality of sensors to monitor physiological parameters of the
user whilst in bed and environmental parameters of the bed-
room. These may include movement and one or more, pref-
erably all, of temperature, light, and ambient noise sensors.
The movement sensor(s) may be sufficiently sensitive to
record the breathing and heartbeat of the subject. Thus, pref-
erably a movement sensor may be employed which comprises
a piezoelectric element disposed below the user in bed, for
example as described in U.S. Pat. No. 5,479,939. Other sen-
sors, such as humidity and pressure sensors, may be included
if desired. The sensors are preferably non-invasive and non-
obtrusive such that they do not disturb the sleep of the user.
This data is collected and sent to the processing means for
correlation with data from the sensor unit.

[0112] Thesensors are in general implemented with a sens-
ing element (2a-2¢) and an analogue-to-digital converter
(ADC) (7) to create a digital signal that can be analysed by a
processor (3). Amplification and filtering of the sensor signal
may be initially carried out.

[0113] A number of different methods may be employed
for detecting the movement of an individual. These include
using a sensor comprising a piezoelectric element as dis-
cussed above. Such a sensor may be a piezoelectric element
comprising sheet, cable or film placed under the mattress or
on the surface of the mattress of a sleeping individual as
described for example in U.S. Pat. No. 5,479,939, a capacitive
sheet, cable or film placed under or on the mattress of a
sleeping individual, infrared (IR) motion detector(s), for
example as also described in U.S. Pat. No. 5,479,939, radiof-
requency (RF) motion detector(s), or camera(s) to detect
body movements. Actigraphy may also be used but is less
preferred due to its obtrusive nature. Preferably a piezoelec-
tric sheet, cable or film is deployed, desirably with the addi-
tional elements shown in FIG. 7 present in the sensor unit
providing amplification and filtering of the AC voltage signal
followed by rectification and integration prior to digital con-
version by an ADC as further discussed below.

[0114] As an alternative to or in addition to monitoring
movement, monitoring of electrical signals indicative of brain
activity, e.g. via an EEG headband or polysomnography, is
possible with the current system provided that sleep related
information can be determined from the data. However, these
techniques are less preferred due to their obtrusive nature.
[0115] The temperature sensor may be implemented with a
thermistor, thermocouple or similar device. The light sensor
may be implemented with a photodiode or photoresistor and
suitable amplification, preferably logarithmic.

[0116] FIG. 6 shows an implementation of an ambient
noise sensor that can detect environmental noise or other
noises whilst the user is asleep. Recording the ambient noise
for an entire night at the typical sampling rate and precision of
a CD or similar audio recording device requires a large
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amount of storage memory and a large amount of CPU time to
process said data. Therefore the ambient noise sensor will
preferably be designed to produce a slowly-varying signal
that is characteristic of the loudness of the ambient noise that
has occurred in the last few seconds. This signal can then be
sampled at a much lower frequency (approximately 1 Hz)
than the unprocessed audio signal and therefore requires very
much less storage in the sensor unit and processing capability
in the processing unit.

[0117] A compact microphone detects ambient noise and
produces asmall AC voltage signal. Thisis then amplified and
filtered by circuitry which passes audio frequencies only
(typically between 100 Hz and 20 kHz). The amplified AC
signal is rectified by different circuitry. The rectified AC
signal is then integrated. The integrator has a time constant of
several seconds. In this way the AC signal representing a
sound of duration less than a second becomes a DC signal that
persists for several seconds. This DC signal is converted into
a digital signal by the ADC. The processor (3) in the sensor
unit then records the output of the ADC into a memory (5).
Because the DC signal persists for several seconds, the pro-
cessor can sample at a low frequency of the order of 1 Hz and
will not miss any sounds than occur between sampling peri-
ods. Other implementations of an ambient noise sensor could
be used in the system.

[0118] FIG. 7 additionally shows an implementation of the
system required to process the electrical signal from a piezo-
electric film or cable in order to produce a slowly-varying
signal that can be sampled at a low frequency (of the order of
1 Hz, preferably between 0.1 Hz and 100 Hz) by the sensor
unit processor (3). For the same reasons as for the ambient
noise sensor, sampling at a slow rate produces an advanta-
geously small amount of data to be stored in the memory (5)
of the sensor unit.

[0119] Referring to FIG. 7, a piezoelectric sheet, film or
cable produces a small electrical charge when it is com-
pressed due to amovement of the user’s body. The user’s body
may move due to a gross physical movement (such as moving
an arm or leg) or smaller movements due to the process of
breathing or the beating of the heart. The movement data will
preferably be used to determine parameters such as, but not
limited to, time to bed, time in bed, time out of bed, sleep
onset latency, sleep architecture, number of night time awak-
enings, total sleep time, wake after sleep onset, sleep effi-
ciency, heart rate and breathing. The small electrical charge
caused by a movement appears as a small AC voltage signal
across the capacitance ofthe piezoelectric element, e.g. cable.
This AC voltage signal is then amplified and filtered by cir-
cuitry which passes low frequencies characteristic of move-
ment, breathing and heart rate only (typically above 0.1 Hz
and below 3 Hz). The amplified AC signal is then rectified.
The rectified AC signal is then integrated. The integrator has
a time constant of several seconds. In this way the AC signal
representing a short movement becomes a DC signal that
persists for several seconds. This DC signal is changed into a
digital signal by the ADC (7). The processor (3) then records
the output of the ADC into a memory (5).

[0120] The processing means can analyse the sensor data in
order to calculate one or more sleep metrics. A “sleep metric”
is astandard measurement used to describe sleep and includes
information on one or more factors such as total sleep time
(TST), time in bed (TIB), sleep onset latency (SOL), total
wake after sleep onset (WASO), and number of awakenings
after sleep onset (NWAK). Primarily, the movement data is
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analysed to calculate one or more sleep metrics, but other
sensor data, especially light and noise, may also be used along
with the movement data in order to calculate sleep metrics.
[0121] Additionally or alternatively, the processing means
may analyse the sensor data in order to calculate one or more
sleep quality metrics. A “sleep quality metric” is a measure-
ment which can be used to describe the quality of sleep of a
user such as sleep efficiency (SE), significant movement
(SM) or sleep fragmentation (SF). A sleep quality metric may
measure one of these, or may be a metric based on a combi-
nation of two or more of these.

[0122] Sleep efficiency is defined as the proportion of time
in bed that is spent sleeping and can be calculated as follows:

SE = Total time in bed spent sleeping/Total time in bed

=TST/TIB

[0123] Total sleep time (TST) can be calculated using the
following formula:

TST=TIB-SOL-WASO

[0124] Sleep efficiency (SE) may be presented to the user as
a percentage, with higher percentages indicating better qual-
ity sleep.

[0125] A significant movement (SM) sleep quality metric is
a sleep quality metric based on the number of significant
movements the user has whilst asleep. This is achieved by
analyzing the movement data overnight, setting a threshold
value and counting the number of movements above this
threshold. This data can be presented to the user as a total
number of significant movements during the night or as a
number of significant movements per hour during the night.

[0126] A sleep fragmentation (SF) sleep quality metric
monitors how fragmented a night’s sleep the user had. This is
based on the number of awakenings after sleep onset
(NWAK) and may include the duration of these awakenings.
In one embodiment, this sleep quality metric may only count
awakenings that are longer than a specified duration, e.g. 5
minutes. This sleep quality metric can be presented to the user
as a total number of awakenings during the night, or an
average number of awakenings per hour.

[0127] Alternatively, a sleep quality metric may combine
one or more these metrics in order to provide a combined
sleep quality metric. In the general case, this combined sleep
quality metric is calculated as a function of a number of the
metrics given above and others:

Sleep quality metric=fSE, SM, SF, .. .)

[0128] For example, in one embodiment the combined
sleep metric could be calculated as the sum of the sleep
efficiency (SE), scaled to a number from 0 to 100, significant
movement (SM), scaled to a number from 0 to 100, and sleep
fragmentation (SF), scaled to a number from 0 to 100.

Sleep quality metric=s(SE)+s(SM+s(SF)

where s( ) represents the scaling function. This yields a sleep
quality metric from 0 to 300, indicative of the quality of the
user’s sleep.

[0129] Further sleep quality metrics may also take into
account sensor data, behavioural data and lifestyle data. This
may be in addition to the sleep quality metrics described
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above and may include factors such as bedroom temperature,
irregular to ‘bed’ and ‘rise’ times, and amount of caffeine
and/or alcohol consumed.

[0130] Other sleep quality metrics may be implemented
with the current method and system.

[0131] The portable user interaction device enables cogni-
tive and/or psychomotor performance to be measured whilst
the user is awake. It also preferably allows the user to input
subjective information on their lifestyle and quality of sleep at
times convenient to them. The portable user interaction
device may be implemented as a custom piece of hardware
with dedicated software or the functionality of the portable
user interaction device may be implemented as software on a
general-purpose device. The portable user interaction device
may be a dedicated handheld device, a mobile phone, a wrist
watch, a blackberry, a PDA, laptop computer, an e-book, an
alarm clock, or other device, including the extra functionality
of those devices. Furthermore, the portable unit may be
docked with the sensor unit to charge or exchange data. The
user interaction device may also incorporate a plurality of
sensors selected from, for example, movement, temperature,
light and humidity sensors. These may be used to monitor
exogenous factors whilst the user is awake. The portable user
interaction system can also provide an alerting function via a
built-in speaker, vibrating unit, messaging service or other
alerting methods. The software can also make use of the
network connection of the general purpose device.

[0132] Insomeembodiments, the combination of hardware
units forimplementing a sleep management system can com-
prise the required sensor(s). the sensor unit and the portable
user interaction device(s) which can collect objective test data
periodically or sporadically from the user when awake indica-
tive of cognitive and/or psychomotor performance.

[0133] In some embodiments, in the combination of hard-
ware units the or each portable user interaction device can
present to the user one or more tests selected from mathemati-
cal processing, logical reasoning, spatial processing, reaction
time, tracking, attention/vigilance, self-generation cognitive
fanction tests, memory tests.

[0134] In some embodiments, in the combination of hard-
ware units the or each portable user interaction device can
passively monitor an activity of the user when awake indica-
tive of cognitive and/or psychomotor performance.

[0135] In some embodiments, in the combination of hard-
ware units the or each portable user interaction device pro-
vides akeyboard or keypad whereby speed and/or accuracy of
typing can be monitored.

[0136] In some embodiments, in the combination of hard-
ware units the or each portable user interaction device is a
mobile phone.

[0137] A cognitive and/or psychomotor performance met-
ric is a measurement used to describe how well a person has
performed on a cognitive and/or psychomotor test. The mea-
sure of the cognitive and/or psychomotor performance metric
depends on the test undertaken. For example, the metric for
reaction time tests is the reaction time of a single test or the
average reaction time over several tests. For tests that involve
mathematical processing, spatial processing, attention/vigi-
lance or memory, the metric is the percentage of correct
answers or percentage of correct answers within a given time.
Other cognitive and/or psychomotor performance metrics
may exist for different cognitive or psychomotor tests. The
cognitive and/or psychomotor metric displayed to the user
will be appropriate to the test undertaken. As used herein, the
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term “performance metric” is taken to mean a metric of cog-
nitive and/or psychomotor performance.

[0138] A sleep indicator metric preferably combines one or
more sleep metrics or sleep quality metrics with one or more
cognitive and/or psychomotor performance metrics. In the
general case, such a “combined sleep indicator metric” is
calculated as a function of at least one sleep metric and/or
sleep quality metric and at least one cognitive and/or psycho-
motor performance metrics:

Sleep indicator metric=f{sleep metric(s), sleep quality
metric(s), cognitive and/or performance metric(s))

[0139] For example, in one embodiment a combined sleep
indicator metric could be calculated as the sum of the sleep
efficiency (SE), scaled to a number from 0 to 100, and a
psychomotor metric representing a response time (PMM),
also scaled to a number from 0 to 100:

Combined sleep indicator metric=s(SE)+s(PMM)

where s( ) represents the scaling function. This yields a com-
bined sleep indicator metric from 0 to 200, indicative of the
quality of the user’s sleep and psychomotor performance.
[0140] Other combined sleep indicator metrics may be used
with the current invention.

[0141] Changesinsleep quality and/or performance will be
reflected in at least one of the sleep or sleep quality and/or
cognitive and/or psychomotor performance metrics or the
combined sleep indicator metric. In one example, factors that
improve the user’s sleep quality should result in an improve-
ment to at least one of the metric scores whilst factors that
cause poorer quality sleep should result in reduction of at least
one of the metric scores. The processing unit will be able to
automatically calculate and track changes in the sleep quality
and performance metrics and the user can also track any
changes in these metrics manually.

[0142] Cognitive and/or psychomotor performance of the
user may be measured through presentation to the user via
said portable user interaction device of one or more tests
selected from mathematical processing, logical reasoning,
spatial processing, reaction time, tracking, attention/vigi-
lance, self-generation cognitive function tests and memory
tests, but the processing means may also receive data indica-
tive of cognitive and/or psychomotor performance derived
from passive monitoring of an activity of the user when
awake, e.g. information on speed and/or accuracy of typing at
a keyboard or keypad. This may be via the portable user
interaction device or another source as exemplified by the
discussion in embodiment 11 below.

[0143] In the initial set-up phase, the user can input per-
sonal details such as age, sex, height, weight, existing medical
conditions, what goals they want to achieve, what time they
have to start and finish work, what days they work, whether
work is regular or irregular, how they currently perceive their
sleep, typical to bed and rise times, medication, prior sleep
problems and any other relevant information, preferably via
the portable user interaction device.

[0144] Ifthe user presents an existing medical condition, or
appears to be at high risk from a recognized sleep disorder,
then a recommendation to see a health professional will be
made.

[0145] The sensor unit is set up in the user’s bedroom.
When used for the first time, the user may have to place a
movement sensor, such as the preferred piezoelectric sheet,
on the bed or beneath the sheets upon which they sleep. The
movement sensor may be held in place using elastic, Velcro,

Jan. 20, 2011

clips or other attachment methods and is connected to the
sensor unit via a cable or wireless connection.

[0146] The user is then preferably guided through a series
of steps to ensure that the system is set up correctly. This
involves checking that the sensorunit (1) and portable unit (8)
can record information from their various inputs. Once it is
established that the sensor unit and portable unit can record
information from the various sensors and other inputs, the
user checks that the sensor unit and portable unit can com-
municate with the processing means (16). Once the system is
set up correctly, the user is allowed to proceed with using the
system. If an error is returned during the set-up phase, then the
user is presented with an error message, preferably via the
portable user interaction device, along with steps on how to
overcome the problem.

[0147] The system is now ready for use. The general cycle
of the system is to use the sensor unit to record objective data
at least whilst the user is asleep or is trying to go to sleep, and
to record objective and subjective data using the portable unit
whilst the user is awake. The processing means (16), indi-
cated above as preferably a software service provided via the
Internet, processes all the information from the sensor unmt
and portable unit and establishes correlations between the
data. The results, including at least the sleep metric(s) and/or
sleep quality metric(s), cognitive and/or psychomotor perfor-
mance metric(s) or the combined sleep indicator metric(s),
are presented back to the user, along with behavioural recom-
mendations if required, and the cycle continues. Preferred
implementation of this process is described in more detail
below.

[0148] When the user is awake, they answer some subjec-
tive questions on their quality of sleep using the portable user
interaction device. This information may be collected
through the use of standard questionnaires such as the EPS
and/or SSS, and by filling out an electronic sleep diary which
may include questions such as “How do you think you
slept?”, “How do you feel this morning?”, “Did you consume
any alcohol?”, “Did you feel ill or unwell?”, “How much
exercise did you do” and “Did anything unusual happen
today?” (FIG. 8). The user can answer such questions when
they wake up, before they go to bed or during the day when
they have some spare time. In this instance, the portable user
interaction device acts as an interactive electronic sleep diary.
If the user fails to use the portable unit during the day the extra
information can be added later or omitted entirely. This data
is collected and sent to a processing unit (16).

[0149] Theinput to the portable user interaction device may
be through, when a question is displayed on the display of the
portable user interaction device, selecting one of a series of
options from a drop-down menu displayed on the display of
the portable user interaction device, through highlighting a
radio button on a suitable scale displayed on the display of the
portable user interaction device (FIG. 9), by placing a marker
on a sliding scale (FIG. 10) displayed on the display of the
portable user interaction device or typing a response. Other
methods of data input are also acceptable.

[0150] As already noted above, it is well known that indi-
viduals are not always able to accurately determine their level
of performance or sleepiness. Subjective measures of sleepi-
ness and performance can all be influenced by factors such as
mood, time of day, perceived poor sleep (“I think I slept
poorly therefore I must be tired”). Hence, an objective mea-
sure of daytime performance will provide much more accu-
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rate information on how well an individual has slept and may
help to break false assumptions a user has with their quality of
sleep.

[0151] Objective measures of cognitive and/or psychomo-
tor performance can be measured whilst the user is awake
using the portable user interaction device. This provides
information on the user’s cognitive and/or psychomotor pet-
formance, from which information on the user’s circadian
rhythm can be inferred. As circadian rhythm, and therefore
cognitive and/or psychomotor performance, varies over the
course of a day, baseline curves must be established.

[0152] Abaseline for cognitive and/or psychomotor perfor-
mance, and therefore circadian rhythm, can be established in
anumber of ways all involving the user carrying out multiple
cognitive and/or psychomotor tests whilst awake, for
example as shown in FIGS. 11(@) and (b) and 12(a)-(c). In the
method of FIG. 11(a) a user carries out cognitive and/or
psychomotor task(s) periodically whilst awake (S1110), and
it is then determined whether a cognitive and/or psychomotor
baseline has been established (S1120). Ifno baseline has been
established, the user carries out further cognitive task(s) until
it is determined that a cognitive and/or psychomotor baseline
has been established. The method then proceeds to full sys-
tem use (S1130), for example according to one of Modes Ito
1V as described below. The method of FIG. 11(4) is similar to
the method of FIG. 11(a), except that the user carries out
cognitive and/or psychomotor task(s) randomly or sporadi-
cally whilst awake (S1140), rather than periodically. Ideally,
cognitive and/or psychomotor tests are carried out several
times a day, over a wide range of times, for several days.
Preferably tests are carried out between every 1 to 8 hours
whilst the user is awake for a period of days, preferably from
1 day to a few weeks. In one embodiment, the user may be
prompted by the portable device to carry out cognitive and/or
psychomotor tasks at the same times every day for several
days. These times may be desirably pre-defined by the pro-
cessing unit (16) in order to gain the maximum amount of
information on cognitive and/or psychomotor performance
and circadian rhythm using the least number of tests so as not
to be a burden on the user. Alternatively, the portable device
may prompt the user to carry out a cognitive and/or psycho-
motor task at several random times throughout the day for
several days. The times would be determined such that tests
were carried out over as wide a range of times as possible
(without affecting when the user went to bed or got up).
Another embodiment would involve the user carrying out
multiple cognitive and/or psychomotor tests, at times conve-
nient to them, for several days. Users may be encouraged to
carry out a minimum number of cognitive and/or psychomo-
tor tasks every day to ensure that enough information has
been recorded in order to establish baselines for cognitive
and/or psychomotor performance and therefore circadian
rhythm. Testing at different times of day can also help to
identify true variations in circadian rhythm. The baseline
period ends when sufficient data has been recorded in order to
establish a performance curve, and/or circadian rhythm
curve, with a variance below a particular threshold. This may
take a few days. If it is not possible to measure a cognitive
and/or psychomotor baseline, it is acceptable to use a pre-
defined function for cognitive and/or psychomotor perfor-
mance that may be updated as the system is used; however,
this may not be as accurate as a personalised cognitive and/or
psychomotor performance curve. It is also a feature of the
present invention to allow the cognitive and/or psychomotor
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performance curve to be updated, particularly when the user
implements behavioural changes.

[0153] In order to establish an accurate cognitive and/or
psychomotorbaseline, practice effects must also be taken into
consideration. A number of methods exist to take practice
effects into account. One method involves the user practising
cognitive and/or psychomotor tasks until asymptotic levels
are reached. This could involve the user performing cognitive
and/or psychomotor tasks at set times throughout the day.
Preferably, this is carried out before establishing a cognitive
and/or psychomotor performance baseline. For example in
the method shown in FIG. 12(a), a user practices cognitive
and/or psychomotor task(s) periodically whilst awake
(51210), and it is then determined whether an asymptotic
level has been reached (S1220). If an asymptotic level has not
been reached, the user carries out further cognitive and/or
psychomotor task(s) until it is determined that an asymptotic
level has been reached. The method then proceeds to deter-
mining a cognitive and/or psychomotor baseline (S1230).
Alternatively, the user may perform cognitive and/or psycho-
motor tasks randomly or sporadically throughout the day
(51240) as in the method of FIG. 12(h)—which is similar to
the method of FIG. 12(a), except that the user carries out
cognitive and/or psychomotor task(s) randomly or sporadi-
cally whilst awake, rather than periodically. An alternative
method would be to take a pre-defined function, a practice
effect function f(p,), detailing how people usually improve
when performing cognitive and/or psychomotor tasks and use
an algorithm to take the practice effect into account and adjust
the cognitive and/or psychomotor results accordingly, as in
the method of FIG. 12(¢). For example in the method shown
in FIG. 12(c), a user practices cognitive and/or psychomotor
task(s) whilst awake (S1250) (this may be periodically, ran-
domly or sporadically), and it is then determined whether an
asymptotic level has been reached (81220). Ifit is determined
that an asymptotic level has been reached, the method then
proceeds to determining a cognitive and/or psychomotor
baseline (51230). However, if an asymptotic level has not
been reached, a practice effect function f(p,) that takes
account of the fact that the user’s performance ofthe cognitive
and/or psychomotor task(s) has not yet reached an asymptotic
level is determined (S1260), and the method then proceeds to
determining a cognitive and/or psychomotor baseline
(51270). This allows practice effects to be taken into consid-
eration and allows the user to begin using the system imme-
diately. This method could be made more accurate by count-
ing the number of times an individual has carried out a
specific cognitive and/or psychomotor task and using soft-
ware to take that into account and adjusting the results accord-
ingly.

[0154] Once a cognitive and/or psychomotor baseline is
established, cognitive and/or psychomotor measurements
can be reduced in frequency to as little as once a day. The
baseline performance curve can be used to take into account
time of day effects on cognitive and/or psychomotor tasks
enabling cognitive and/or psychomotor tasks carried out at
different times to be compared accurately. Furthermore, any
change in circadian amplitude or circadian phase may also be
monitored via cognitive and/or psychomotor performance
and compared to the circadian rhythm baseline.

[0155] Performance and circadian rhythm are also closely
correlated with core body temperature, so optionally a body
thermometer may be used with the current system in order to
help determine baseline curves.
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[0156] The processing unit (16) collects and processes all
the subjective and objective information, relevant to sleep
quality, gathered from questionnaires, diaries, sensors and
measures of performance via the sensor unit (1) and portable
unit (8). This information can then be analysed, correlated
and presented back to the user in an easy to read format. The
processing unit (16) can help the user to identify which
parameters result in poorer quality sleep, which parameters
help to improve their quality of sleep or whether there was a
trigger for a period of poor sleep. This is achieved by tracking
the sleep metric(s) and/or sleep quality metric(s) and/or cog-
nitive and/or psychomotor performance metric and/or the
combined sleep indicator metric. The user can then condition
their behaviour in order to improve their quality of sleep. The
impact of any behavioural change can be tracked using the
sleep metric(s) and/or sleep quality metric(s) and/or cognitive
and/or psychomotor performance metric and/or the combined
sleep indicator metric. The information may be presented
back to the user via the portable user interaction device or,
alternatively, ona computer, TV, phone, PDA or other display.

[0157] Records of the subject’s sleep are built up over a
period of time; days, weeks, months and years. The data is
stored in a memory, preferably the memory (18) of the pro-
cessing unit (16). The user may request sleep reports on
certain aspects of their sleep when desired. Some reports will
require only a few days worth of data, for example informa-
tion on basic sleep/wake times, whilst other reports will
require much more data, particularly reports detailing slowly
varying parameters such as stress, medication or weight loss
effects on sleep quality. Users also have the option to create
their own reports from the data that is stored in the memory.
The information may be presented back to the user via the
portable user interaction device or on a computer, TV, phone,
PDA or other display.

[0158] The system may be used in several different modes.
Mode 1 is where the system simply records objective and
subjective sleep related information (both when the user is
awake and asleep) and presents the data back to the user (FIG.
13). In the method of FIG. 13, one or more sensors monitor
sleep parameters non-invasively whilst the user is sleeping
(81310). The user provides subjective feedback when awake
(81320). One or more objective measures of sleepiness are
assessed whilst user is awake (S1330), for example relating to
cognitive and/or psychomotor performance. One or more
sleep metrics and/or sleep quality metrics are then determined
using the subjective and objective parameters (S1340), and
finally results from subjective and objective sleepiness mea-
surements are presented to the user (S1350).

[0159] The information recorded may include, but is not
limited to, time to bed, time in bed, time out of bed, sleep
onset latency, sleep architecture, number of night time awak-
enings, total sleep time, wake after sleep onset, sleep effi-
ciency, amount of exercise, consumption of alcohol, con-
sumption of caffeine, perceived alertness, perceived levels of
stress and cognitive and/or psychomotor performance. Other
parameters may also be measured. The data may be presented
back to the user as raw information, pictorially, graphically, as
a factual sleep report, as acombined sleep indicator metric, or
as a series of sleep metrics which may include a sleep quality
metric and a cognitive and/or psychomotor performance met-
ric. Preferably, the combined sleep indicator metric will take
at least data from the sensor unit and cognitive and/or psy-
chomotor performance data into consideration. Other options
for data presentation are possible.
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[0160] The simplest implementation of Mode 1 would
involve recording objective sleep data whilst the user was
asleep, objective data relating to cognitive and/or psychomo-
tor performance whilst the user was awake and displaying at
least the combined sleep indicator metric, which takes both
sensor unit data and cognitive and/or psychomotor data into
consideration, or a cognitive and/or psychomotor perfor-
mance metric together with a sleep metric or a sleep quality
metric.

[0161] Mode I1is where the user would like the processing
unit (16) to identify any correlations between the recorded
data and present that information back to the user, in addition
to the information available in mode I. A method according to
mode II is shown in FIG. 14 and, as can be seen, in the method
of FIG. 14 one or more sensors monitor sleep parameters
non-invasively whilst the user is sleeping (S1410). The user
provides subjective feedback when awake (S1420). One or
more objective measures of sleepiness are assessed whilst
user is awake (S1430), for example relating to cognitive and/
or psychomotor performance. One or more sleep metrics or
sleep quality metrics are then determined using the using
subjective and objective parameters (S1440). Finally, results
from subjective and objective sleepiness measurements are
correlated and are presented to the user (S1450). In this
method, either or both positive and negative correlations may
be identified. For example, the system may identify that the
user sleeps poorly when caffeine is consumed in the evening
(a “negative” correlation), or that the user sleeps better on
days when they’ve done an hour’s exercise (a “positive” cor-
relation). As a further example, the processing unit may iden-
tify that the user’s cognitive performance results are consis-
tently better in the morning than in the afternoon.

[0162] Modelll further presents information relevant to the
correlations identified in mode II. One example of a method
according to Mode 111 is shown in FIG. 15. The first 5 features
(51410)-(S1450) of FIG. 15 correspond to the features of
FIG. 14, but the method of F1G. 15 further includes the feature
of making it possible for the user to access information which
will enable them to condition their behaviour to improve their
quality of sleep (S1510). As one example, this information
may include information on sleep hygiene. For example, if
the sleep sensor system identifies that a user always suffers
from poor sleep and never does any exercise, then it may draw
attention to the user of the benefits of exercise in improving
sleep quality, as described in general good sleep hygiene
rules, and display a behavioural recommendation to do more
exercise. Similar correlations between drinking too much
alcohol and poor sleep quality may also be drawn to the
attention of the user along with a behavioural recommenda-
tion to drink less alcohol. Or if the user displays an irregular
sleep/wake schedule then the sleep hygiene rule that suggests
that a regular sleep/wake schedule can help to improve sleep
quality will be highlighted along with a behavioural recom-
mendation to maintain a regular sleep routine.

[0163] Mode IV enables the user to utilize the system in
order to help them condition their behaviour in order to
improve their sleep quality. One example of a method accord-
ing to Mode IV is shown in FIG. 16. The first 6 features of
FIG. 16 (S1410)-(S1510) correspond to the features of FIG.
15, but the method of FIG. 16 further includes the feature of
the user utilising the portable user interaction device in order
to assist with desired behavioural conditioning (S1610). As
one example, any changes in behaviour can be registered by
the user with the system utilising the portable user interaction
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device and any improvements in sleep quality tracked. For
example, further information presented to the user may
include customized times for going to bed and waking up,
particularly if an irregular sleep schedule has been identified.
Customised times for going to bed and waking up may be
provided in response to user input or may be automatically
calculated by the processing means using the sleep metrics,
for example from the total sleep time (TST) and average times
for going to bed and waking up, and presented to the user. If
the user chooses to decline the automatically generated times,
they are able to input their own times.

[0164] In mode V the system only informs the user of
significant or unusual changes in their sleep behaviours. One
example of a method according to Mode V is shown in FIG.
17. The first 5 features (S1410)-(S1450) of FIG. 17 corre-
spond to the features of FIG. 14, but the method of FIG. 16
further includes the feature that only unusual or significant
changes in sleep metrics are presented to the user (S1710).
[0165] In all modes of operation, the combined sleep indi-
cator metric, which takes both sensor unit data and cognitive
and/or psychomotor data into consideration, or a cognitive
and/or psychomotor performance metric together with a sleep
metric or sleep quality metric which is displayed to the user
can help the user track what effect any lifestyle or behavioural
changes has on their quality of sleep and/or performance
whilst awake. The processing unit can also track changes in
these meftrics.

[0166] It is preferable to have established the cognitive
and/or psychomotor baseline before using modes I-V (this
allows the cognitive and/or psychomotor performance metric
to take time of day effects into consideration so that cognitive
and/or psychomotor performance metrics can be accurately
compared).

[0167] Furthermore, before using mode IV, a baseline
dataset describing the user’s current sleep/wake patterns, pet-
formance and lifestyle habits is preferably established. This
dataset will be defined as the baseline dataset and involves
recording objective and subjective data for a period of time
until sufficient information is gathered to get an overview of
the user’s typical daytime and evening habits along with sleep
and performance metrics. The time required to establish a
baseline dataset may be several days to several weeks; base-
lines for users with regular sleep/wake routines will be estab-
lished more quickly than those with irregular routines. The
baseline dataset will be established either when the system
identifies patterns in the dataset or when a pre-defined time
period has elapsed, preferably between 1-8 weeks. Alterna-
tively, if the user has already been using the system in modes
111 for a period of time then this information may be suffi-
cient to form the baseline dataset, including baseline sleep
quality and cognitive and/or psychomotor performance met-
rics, and/or sleep indicator metric. The baseline dataset pro-
vides the system with an overview of the user’s current habits;
future datasets can then refer back to the baseline dataset in
order to make comparisons and to assess progress. If the user
then decides to change their behaviour, they can register the
behavioural change, such as deciding to go to bed and get up
at the same time every day, and record a new dataset, defined
as the new routine 1' dataset here, with the behavioural change
implemented. The same parameters will be measured as were
measured in the baseline, including updated sleep or sleep
quality and cognitive and/or psychomotor performance met-
rics, and/or combined sleep indicator metric, to allow for
comparisons to be made. The processing unit (16) can then

Jan. 20, 2011

compare the new dataset, ‘new routine 1°, with the baseline
dataset in order to measure whether sleep quality and/or pet-
formance has improved by comparing the sleep or sleep qual-
ity and cognitive and/or psychomotor performance metrics,
and/or sleep indicator metric. If necessary, the cognitive base-
line can be updated to reflect the impact of the behavioural
change. The system can also monitor compliance of imple-
menting behavioural changes automatically via the sensors
and/or via questioning. If sleep quality still has not improved,
the user may decide to change another behaviour and go
through the cycle again, forming a new routine 2 dataset. At
the end of this third cycle, the processing unit can compare
sleep or sleep quality and cognitive and/or psychomotor per-
formance metrics, and/or combined sleep indicator metric
with all the previous datasets it has stored in its storage unit.
Ifand when the user decides not to change any behaviours, the
system may be used in modes I, IL, 1l or V (FIG. 18).
[0168] Inmodes I-V, the system may also access a network
or the internet in order to gain access to information that may
be of relevance to the user. For example, if the sensor system
finds a correlation between high levels of pollution and/or
pollen with the user experiencing poorer quality sleep, then
the system can alert the user to weather forecasts predicting
high levels of pollution and/or pollen.

[0169] From the above it will evident that the following
advantages are gained by implementing a sleep management
system in accordance with the invention. Firstly, whilst there
is prior art for general sleep systems that monitor sleep
parameters whilst asleep, a system does not currently exist
that takes into account both data recorded whilst the user is
asleep and objective parameters affected by sleep recorded
whilst the user is awake. Instead, the prior art relies on the user
inputting subjective data at the start or end of the day in the
form of a questionnaire. This subjective data can be unreli-
able. The present invention is an improvement over the prior
art in that it enables objective and subjective measures of
important sleep related parameters to be made non-invasively
during the periods when the user is awake at a time that is
convenient to said user. This gives a more accurate measure of
cognitive and/or psychomotor performance at different points
during the day and provides data from which information on
circadian rhythm can be deduced. The current invention
analyses and correlates the effects of endogenous and exog-
enous stimuli which may affect an individual’s quality of
sleep in order to give them a more accurate overview of their
sleep/wake patterns.

[0170] Correlation between subjective measures on sleep
quality, lifestyle factors, objective measures of sleep quality
and performance are particularly important as the true factors
influencing an individual’s sleep are not necessarily the same
as the factors that an individual believes affects their quality
of sleep. The true factors that affect an individual’s sleep
quality and/or performance whilst awake will be reflected in
the sleep or sleep quality and cognitive and/or psychomotor
performance metric(s), and/or combined sleep indicator met-
ric.

[0171] Actimeters can be used to monitor daytime move-
ment or activity; however, this does not necessarily relate to
an individual’s cognitive performance or feeling of alertness;
it is obvious that manual workers will generally be more
active than an office worker for example but it doesn’t neces-
sarily translate that the manual worker therefore feels more
alert than the office worker. The present invention has distinct
advantages over actimetry in that it uses more accurate meth-
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ods of recording information, i.e. by recording both objective
and subjective measures of parameters relevant to sleep
whilst the user is awake. The present invention is equally
applicable to all occupations and can be used accurately, for
example, by both manual and sedentary workers. Further-
more, actimeters have to be worn on an individual which can
be uncomfortable. The present invention preferably enables
monitoring of sleep related parameters non-invasively.

[0172] The current invention also provides advantages over
carrying out cognitive and/or psychomotor tests in isolation
of any other information; the current invention helps the user
to understand their circadian rhythm and how they can posi-
tively influence their performance through making changes to
their sleeping and lifestyle behaviours. Cognitive and/or psy-
chomotor performance data can help provide the user with an
objective measure of how well they have slept along with
information on their circadian rhythm, allowing the user to
optimise their lifestyle and sleep routine. Further to this, the
cognitive and/or psychomotor performance metric may help
the user break any false assumptions they have with regards to
their quality of sleep. The current invention can further col-
lect, detail and correlate information about an individual’s
circadian rhythm with cognitive and/or psychomotor perfor-
mance, lifestyle, environmental and physiological param-
eters.

[0173] The preferred method in the prior art of monitoring
circadian rhythm is to measure core body temperature; this
frequently involves taking rectal temperatures. (High and low
body temperatures correlate well with good and poor perfor-
mance.) Alternatively, salivary melatonin levels may be mea-
sured. The current invention offers an advantage over the
prior art in that it can help to provide information to a user on
their circadian rhythm using non-invasive techniques.

[0174] Further to this, the user can interact with the system,
preferably via the portable user interaction device, which can
help the user guide their behaviour in order to improve their
quality of sleep and therefore their general wellness and qual-
ity of life.

[0175] Furthermore, if the user decides to utilise the por-
table user interaction device in order to assist with any behav-
ioural conditioning, then the portable user interaction device
can be used as a source of support and information. Prefer-
ably, the processing means monitors efficacy of and/or com-
pliance with any behavioural program such as CBTi (cogni-
tive behavioural therapy for insomnia) or action presented to
and chosen by the user and provides (i) one or more of
warning, guidance, advice and message(s) of encouragement
to the user to aid efficacy of and/or compliance with any
chosen program or action and/or (ii) one or more updated
recommendations for behavioural changes and/or actions.
The system may permit setting of a customized behavioural
program or action.

[0176] The current system is suitable for use over a wide
range of ages, provided the user is capable of inputting objec-
tive test data to the portable user interaction device. The
system may be adapted for use by an older child or adolescent.
The portable user interaction device may, for example,
present games or tasks specifically to encourage use by a child
and at the same time collect data on cognitive and/or psycho-
motor performance. For example, interaction with the por-
table device may be via an animated character which will be
attractive to the child. The information presentation may be
adapted to ease understanding by a child. Different or addi-
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tional behavioural programs may be available for selection
and presentation where the system is intended for child use.
[0177] A system may be provided with an additional iden-
tical portable user interaction device for use by a second user,
in the case of two people sharing a bed as further discussed in
the exemplification of implementation of the invention below.
[0178] The present invention can provide the user with an
objective description of their sleep/wake patterns. This fur-
ther presents advantages over the prior art in that the present
invention does not rely solely on subjective information
which can be inaccurate, nor does it focus on a single objec-
tive aspect of sleep information, i.e. sensors recording sleep
parameters whilst the user is asleep. Accurate information on
how an individual performs during the day allows the present
invention to find more accurate correlations with other sub-
jective and objective sleep parameters.

[0179] The following exemplification sets out specific
applications of the invention by way of example only. In all
embodiments, the impact of any lifestyle or behavioural
change on sleep quality and/or performance will be reflected
in the sleep or sleep quality metric(s) and performance metric
(s), and/or the combined sleep indicator metric. Changes in
these metrics can be tracked automatically by the processing
unit and/or manually by the user.

EXAMPLES
Embodiment 1

[0180] A system that returns a daily sleep or sleep quality
metric and a cognitive and/or psychomotor performance met-
ric, or a combined sleep indicator metric, based on subjective
and objective measures of a user’s sleep parameters, after
detailed monitoring over a period of time.

[0181] Each day sensors monitor objective physiological
and environmental parameters (movement, temperature and
light), whilst the user is asleep. The user enters subjective
sleep data via questionnaires and/or an electronic sleep diary
when awake using the portable user interaction device.
[0182] The user further uses the portable user interaction
device to objectively measure their performance when awake
via cognitive and/or psychomotor performance tests. Mul-
tiple measures of cognitive and/or psychomotor performance
whilst the user is awake allow the circadian rhythm of the
subject to be detailed.

[0183] The results of subjective and objective measures of
sleep recorded whilst the user was awake and asleep are
presented to the user for their information; the processing unit
(16) calculates if the user is receiving a typical amount of
sleep, sleeping at typical times, waking a typical number of
times during the night and displaying other typical sleep
behaviours. Details of how cognitive and/or psychomotor
performance changed during the course of each day are pre-
sented to the user as are correlations between subjective and
objective measures of user’s sleep. This data is presented to
the user via the portable device in a clear format. A cognitive
and/or psychomotor performance metric based on the
recorded information is also displayed for the user, along with
a sleep metric or sleep quality metric. Alternatively, a com-
bined sleep indicator metric may be displayed.

[0184] Information that may help the user to improve their
quality of sleep may be made available via e.g. the portable
user interaction device or a device with a network connection
to the processing unit and may include, for example, infor-
mation on general sleep hygiene rules. The user can then
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decide whether or not they want to condition their behaviour
in order to improve their quality of sleep. The impact of any
behavioural change can be assessed via the sleep/sleep qual-
ity and cognitive and/or psychomotor performance metrics or
the combined sleep indicator metric

[0185] For example, data analysis carried out by the pro-
cessing unit (16) may recognise that the user does not have a
regular sleep schedule which results in a poor sleep or sleep
quality metric score. The user interaction device may present
the rules of sleep hygiene to the user highlighting the fact that
a regular sleep schedule can help to improve an individual’s
quality of sleep. If the user decides to enforce any of the rules
of sleep hygiene, the effect of the lifestyle changes on the
quality of sleep of the user will be reflected in the sleep or
sleep quality and/or cognitive and/or psychomotor perfor-
mance metrics or the sleep indicator metric.

[0186] In another example, the system might identify a
correlation between environmental data and performance.
One case may be where the user wakes up at sunrise due to
light flooding into their bedroom. Analysis of the user’s cir-
cadian rhythm may suggest that they are an evening person
and their performance would improve if they could sleep later
than, for example, a 06:30 sunrise. The user can then take
measures to install black out blinds or use an eye mask in
order to prevent waking at sunrise and waking at a time more
conducive to the rhythms of their natural body clock.

[0187] In other instances, the system may identify a corre-
lation between lifestyle data and performance. One example
would be where the system identifies that the user has a
regular sleep/wake routine during Monday to Friday when
they are at work, but that this routine changes dramatically at
weekends when they are off work. The system may also
identify that the user also drinks a lot more caffeine at the
weekends compared to during the week, that their perceived
alertness is worse at weekends than during the week and that
their cognitive performance is also worse at weekends. These
correlations may be used to inform the user that they could
improve their sleep quality by maintaining a regular sleep/
wake routine regardless of whether they are working or not
and that this new regular routine would also help to prevent
the need for consuming large amounts of caffeine at week-
ends in a bid to feel more alert. The new routine should result
in improved perceived alertness at weekends and better per-
formance scores.

[0188] In afurther example, the system may identify that a
user, who is a sports enthusiast, has a circadian rhythm that
suggests that the user’s ideal waking time is 06:30. Therefore,
it may be recommended that they do not exercise late in the
evening, say after 19:00, as that may interfere with their
quality of sleep.

[0189] A further example is one where a user would like to
optimise the time of their afternoon siesta; they may want to
determine at what times their circadian rhythm dips in the
afternoon and take their siesta at that time.

[0190] In a further example, the system may show a corre-
lation between lifestyle data, environmental data and perfor-
mance. One case may be where the system records low envi-
ronmental temperatures in the bedroom, an increase in the
consumption of hot caffeinated drinks and more restless
sleep. The user may then condition their behaviour to con-
sume less caffeinated drinks and increase the temperature in
their bedroom in order to achieve more restful sleep.

[0191] Ina further example, the system may help to change
one’s perception of their sleep. An individual may report very
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fragmented sleep and waking up for long periods of time
during the night. Their perceived alertness may also score
poorly. However, the analysis the system carries out on
recorded subjective and objective information may indicate
that the user’s movement during the night is considered to be
normal and that their cognitive scores are also very good,
suggesting that they are probably getting an adequate amount
of sleep. This may help to ease any anxiety the user has about
their sleep patterns.

[0192] Inanother example, the system may help to identify
a trigger for poor sleep.

[0193] In a further example, the generation of the sleep
metric(s) may be repeated at a subsequent time, to generate a
combined sleep indicator metric for the subsequent time, or a
cognitive and/or psychomotor performance metric together
with a sleep metric or sleep quality metric for the subsequent
time. The metric(s) for the subsequent time may then be
compared with the initial metric(s), and any changes in the
metrics are indicative of changes in the user’s sleep behav-
iour. This makes it possible to, for example, determine
whether any changes that the user has made to their behav-
iour, or any actions they have undertaken, have improved the
user’s sleep quality. The process of generating the metric(s) at
a subsequent time may be repeated, periodically or sporadi-
cally, for as long as it is desired to monitor the user’s sleep

quality.
Embodiment 2

[0194] A system as in embodiment 1 where the user decides
that they would like assistance in order to condition their
behaviour in order to improve their quality of sleep.

[0195] The portable user interaction device can be utilised
in order to provide assistance in guiding the behaviour of the
user, therefore helping them to comply with their desired
sleep/wake schedule or improve their sleep hygiene.

[0196] For example, the user may decide to try and main-
tain the sleep schedule they have when working on their days
off. The user can request that the user interaction device
displays a message to this effect on the evening before their
next day off. The alarm on the portable user interaction device
would also automatically go off at the same time as it nor-
mally would when the user was working.

[0197] In another example, the user may decide to employ
the portable user interaction device in order to help them
establish a relaxing bedtime routine. An alarm or prompt may
instruct the user to begin winding down and give them enough
time to do a quiet and relaxing task such as taking a bath or
reading a book prior to going to sleep.

[0198] In another example, the system may have estab-
lished that the user spends long periods of time in bed without
sleeping. Therefore, if the user spends longer than 15 minutes
in bed without falling asleep, as detected by the sensor unit,
then the portable user interaction device may instruct the user
to get out of bed and not to return to bed until they feel tired
enough to sleep.

[0199] The effect of any lifestyle and/or behavioural
change on an individual’s sleep quality and/or performance
whilst awake will be reflected in the sleep or sleep quality
and/or cognitive and/or psychomotor performance metrics or
the combined sleep indicator metric.

Embodiment 3

[0200] A system as in embodiments 1-2 that can monitor
the behaviours of two people who share a bed, i.e. couples.
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[0201] The system comprises the same environmental and
physiological sensors as the individual system, but is adapted
to be suitable for two people. There are two portable user
interaction devices such that each person can fill out details
relevant to their sleep quality at times suitable to each indi-
vidual. Preferably, the portable user interaction device of one
user is identical to the portable user interaction device of the
other user.

[0202] The software system is able to correlate information
from all sensors and both user interaction devices to provide
information on both users’ quality of sleep.

[0203] The system can help to identify factors, such as one
person moving excessively during the night or differences in
circadian rhythms, which may affect the quality of sleep of
the individual and/or their partner. Analysis may show a
cross-correlation between improving a user’s quality of sleep
and an improvement in sleep quality of their bed partner. This
may provide motivation for the user to maintain good sleep-
ing habits when they realise what impact their sleep routine
has on the sleep quality of their bed partner.

[0204] The effect of any lifestyle and/or behavioural
change on an individual’s sleep quality and/or performance
whilst awake and their partner’s sleep quality and/or perfor-
mance will be reflected in their individual sleep or sleep
quality and cognitive and/or psychomotor performance met-
rics, or their combined sleep indicator metric.

Embodiment 4

[0205] A system as in embodiments 1-3 where the user
experiences difficulty sleeping and requires assistance in
resetting their sleep/wake schedule.

[0206] People who may want to reset their sleep/wake
schedules include those who travel frequently (to help them to
overcome jetlag), shift workers or those people who suffer
from insomnia.

[0207] Inoneexample the user may decide that they would
like help resetting their sleep patterns. The user may be a poor
sleeper and has been found to spend up to 10 hours in bed
trying to sleep and only managing to sleep for 5 hours (giving
asleep efficiency of 50%). The system may inform the user of
a program that may help them reset their sleep patterns, such
as a cognitive behavioural program (for example, sleep
restriction or stimulus control). For example, the system may
recommend reducing the number of hours spent in bed to the
average number of hours the user actually spends sleeping. In
this example the user would reduce time spent in bed from 10
hours to 5 hours and ideally go to bed 5 hours before they
wanted to get up. The portable user interaction device may be
utilised in order to assist with the behavioural conditioning.
For example, if the user is instructed to go to bed initially for
5 hours, then the portable user interaction device can prompt
the user when to go to bed and when to get up via an alarm.
Measures of performance can also be made periodically
throughout the day which can help with monitoring the
progress of the behavioural conditioning. Cognitive and/or
psychomotor tasks may also provide a welcome distraction
when the user is trying to stay up until the right time before
going to bed and consequently can be a measure of compli-
ance. The number of hours the user is permitted to spend in
bed gradually increases to a target number (for example
between 7-9 hours) providing their sleep efficiency remains
sufficiently high (for example providing their sleep efficiency
stays >85%). This helps the user re-establish the association
between sleep and the bedroom. Subjectively, the user may
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notinitially feel as though their sleep quality is improving but
objective results may show an improvement in sleep effi-
ciency and/or performance over a period of days or weeks.

[0208] The effect of the behavioural change on an individu-
al’s sleep quality and/or performance whilst awake will be
reflected in the sleep quality and cognitive and/or psychomo-
tor performance metrics, or combined sleep indicator metric.

Embodiment 5

[0209] A system as in embodiments 1-4 where the user can
send data to a sleep expert for further analysis.

[0210] The sensor system may be used for a period of days
or weeks in order to record objective and subjective informa-
tion related to the users sleep quality. The user may decide
that they would like an expert opinion on their sleep/wake
patterns and can send the data offto a medical professional for
analysis. This may be achieved by sending the recorded data
electronically via a secure internet connection or via tradi-
tional post.

[0211] The sleep expert can base their response by analys-
ing the sleep metrics, sleep quality metrics and the cognitive
and/or psychomotor performance metrics, or the combined
sleep indicator metric.

Embodiment 6

[0212] A system as in embodiments 1-5 whereby the user
suspects that they, or a third party, may be suffering from a
medical sleep problem. The recorded data can be used for a
sleep consultation with a sleep expert. Following advice from
a sleep professional, the system can be used to help imple-
ment the recommendations made. When the user returns for
follow-up consultations, the data recorded from the sleep
sensor system can be used by the medical professional to
assess efficacy of treatment and to monitor compliance.
[0213] The medical professional can monitor the efficacy
of any recommended behavioural changes on an individual’s
sleep quality and/or performance whilst awake by analysing
the sleep metrics, sleep quality metrics and the cognitive
and/or psychomotor performance metrics, or the combined
sleep indicator metric.

Embodiment 7

[0214] A system as in embodiments 5-6 whereby the sleep
sensor system may be used to monitor compliance of a sleep
behavioural program as specified by a sleep professional by
collecting and presenting relevant information.

[0215] The medical professional can monitor the compli-
ance of any recommended behavioural changes on an indi-
vidual’s sleep quality and/or performance whilst awake by
analysing the sleep metrics, sleep quality metrics and the
cognitive and/or psychomotor performance metrics, or the
combined sleep indicator metric.

Embodiment 8

[0216] A system as in embodiments 1-7 whereby the sys-
tem helps to improve the quality of sleep in pregnant woman
both pre and post childbirth.

[0217] Sleep patterns can be greatly disturbed in preg-
nancy, with typical changes including increased daytime
sleepiness, increased fatigue, less slow wave sleep and more
night time awakenings. Circadian rhythms and sleep archi-
tecture may also change during the course of pregnancy.
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[0218] Users can track what behaviours and parameters
result in an improvernent in sleep quality or a decline in sleep
quality over a period of time. Any changes in circadian
rhythm can be monitored in detail using both subjective and
objective parameters measured whilst the user is awake and
asleep.

[0219] The effect of any lifestyle and/or behavioural
change on an individual’s sleep quality and/or performance
whilst awake will be reflected in the sleep quality and/or
performance metrics, or the combined sleep indicator metric.

Embodiment 9

[0220] A system as in embodiments 1-7 whereby the sleep
sensor system can help improve the quality of sleep in woman
going through the menopause transition.

[0221] Sleep patterns can be greatly disturbed when going
through the menopause, with typical changes including hot
flashes, more night time awakenings and increased daytime
sleepiness.

[0222] Users can track what behaviours and parameters
result in an improvement in sleep quality or a decline in sleep
quality over a period of time via the sleep or sleep quality and
cognitive and/or psychomotor performance metrics, or the
combined sleep indicator metric. Any changes in circadian
rhythm can be monitored in detail using both subjective and
objective parameters measured whilst the user is awake and
asleep.

Embodiment 10

[0223] A system as in embodiments 1-9 whereby the sys-
tem can help to monitor the effects of going onto or coming
off medication, e.g. antihistamines or sleeping pills, on gen-
eral performance and sleep quality. The system can be further
used to assess the effects of new medications in clinical trials.
[0224] It is well known that certain pharmaceutical com-
pounds can have an impact on performance and sleep quality.
However, in clinical trials it is difficult to distinguish between
the placebo effect and true pharmacological effects, with
drowsiness or sleepiness often listed as a common side effect.
The current invention could be used to more objectively
assess how new medications affect sleep quality and perfor-
mance of volunteers in medical trials via the sleep or sleep
quality and cognitive and/or psychomotor performance met-
rics, or the combined sleep indicator metric.

[0225] In another example, the system may be used by
somebody who is taking sleeping pills. Sleeping pills are not
designed for indefinite use, and users may find it useful to
have an objective measure of their sleep/wake patterns and
general performance whilst on and off medication in order to
better manage their quality of sleep.

Embodiment 11

[0226] A system as in embodiments 1-4 where in addition
to using the portable user interaction device to measure cog-
nitive performance when the user is awake, cognitive perfor-
mance is also measured as the user carries out some other
activity which has an additional purpose, so that data indica-
tive of cognitive and/or psychomotor performance may be
derived from passive monitoring of an activity of the user
when awake, with the data being obtained from said portable
user interaction device and/or from an additional source. For
example, an office worker may spend large amount of time
typing during the day. The speed of typing or accuracy of
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keystrokes may give a good indication of the office worker’s
level of cognitive performance. Information on the speed of
typing or accuracy of keystrokes may be obtained from the
user typing using a keypad on the portable user interaction
device. However, by using hardware such as a camera, or
software deployed on the office worker’s computer, informa-
tion on the speed of typing or accuracy of keystrokes may be
obtained from the user typing using a keypad on the user’s
office computer, ie from a keypad provided separately from
the portable user interaction device. That is, a cognitive per-
formance metric can be obtained by monitoring the office
worker’s typing on their office computer, without requiring
the user to type into the portable user interaction device. A
metric obtained in this way has the advantage that the user
does not need to dedicate time specifically to carrying out a
cognitive performance test.

[0227] The additional cognitive performance metric
obtained in this embodiment is used by the processing umt
(16) along with the other objective and subjective measure-
ments to calculate overall sleep metrics and find correlations
as described.

[0228] In the above embodiments, the user provides sub-
jective data such as subjective sleep data, and the information
presented to the user may include some or all of the subjective
data or data derived therefrom. The invention does not how-
ever require that the user provides subjective data and, in its
most general form, requires only data relating to one or more
objective parameters relevant to the user’s sleep quality. Any
one of the above embodiments may therefore be modified by
eliminating the collection of subjective data from the user so
as to use only data relating to one or more objective param-
eters relevant to the user’s sleep quality.

[0229] The following examples illustrate data collection in
accordance with the invention.

Example 1

[0230] A usercarried out a 3 minute psychomotor vigilance
test, PVT, test four times at day for twelve days, with the tests
performed at the same time each day. The tests were taken at
9 am, 12 pm, 4 pm and 10:30 pm and were chosen to fit in
around the user’s lifestyle. Before the 3 minute PVT test, the
user was asked to estimate how alert they felt using the Stan-
ford Sleepiness Scale.

The Stanford Sleepiness Scale

Scale rating Degree of sleepiness

—

Feeling active, vital, alert or wide awake.
Functioning at high levels, but not at peak. Able

to concentrate.

Awake, but relaxed. Responsive but not fully alert.
Somewhat foggy.

Losing interest in remaining awake. Slowed down.
Sleepy. Fighting sleep, prefer to be lying down.
Sleep onset soon. Having dream-like thoughts.

b

B I N I S

[0231] Theuser was not required to cut stimulants, such as
caffeine, out of their diet, nor were they required to maintain
a strict daily routine of rising from and going to bed at the
same time every day. They were also not required to carry out
the PVT in an isolated environment free of any other distrac-
tions (which would not represent a real life scenario).
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[0232] An average reaction time was recorded for each
PVT test the user carried out. FIG. 19 shows the average
reaction time plotted against the time of day at which the test
was cartied out, while FIG. 20 plots average reaction time
against perceived alertness.

[0233] The data was analysed using a two-way ANOVA in
order to establish any correlations between the time of day
and the user’s average reaction time. There was a significant
correlation between reaction time and the time of day at
which the test was performed; calculated F-ratio was 22.23
compared to F, ;,=4.44 at 1% significance level.

[0234] The data was also analysed in order to determine
whether there was any correlation between the time of day
and the user’s perceived alertness. The F-ratio calculated was
4935 which is greater than F; ;,=4.44 at 1% significance
level indicating a significant correlation between time of day
and perceived alertness for this individual.

[0235] Thedata clearly shows that the user’s reaction times
generally increased late in the evening before going to bed.

Example 2

[0236] This example shows movement data, recorded using
apiezoelectric cable, of an individual whilst going about their
normal sleep routine. The piezoelectric cable was placed
underneath the bed sheets on the user’s bed. The data shows
the user going to bed just before midnight, and getting out of
bed shortly after 8 am (FIG. 21). The movement data (solid
line) recorded shows periods where the user moved more
frequently and periods where the user was more still. The
movement data provides information on periods of light and
deep sleep. FIG. 21 also shows, plotted as a dashed line, the
light intensity in the user’s bedroom as recorded by a light
sensor (eg. a photodiode). The output from the light sensor
records the user turning off the bedroom lights shortly before
midnight. The photodiode output also detects the room get-
ting lighter due to sunrise, which in this instance started at
approximately 07:30 am. A further spike in the light trace is
recorded shortly after 8 am and corresponds to the user turn-
ing on their bedroom light as they rose from bed.

[0237] In the embodiments of the present invention, a
“combined sleep indicator metric” is generated from at least
one cognitive and/or psychomotor performance metric and at
least one sleep metric and/or at least one sleep quality metric
(with the sleep metric(s) and/or sleep quality metric(s) being
determined from the sensor unit data). In the general case, this
combined sleep indicator metric is calculated as a function of
any number of sleep metrics, sleep quality metrics and cog-
nitive and/or psychomotor performance metrics:

[0238] In some embodiments, combined sleep indicator
metric=f(sleep metrics, sleep quality metrics, cognitive and/
or performance metrics).

[0239] In embodiments that make use of the combined
sleep indicator metric, the combined sleep indicator metric
thus enables both information about the user’s sleep and
information about the user’s cognitive and/or psychomotor
performance to be combined in a single metric. Alternatively,
in other embodiments at least one cognitive and/or psycho-
motor performance metric together with at least one sleep
metric or sleep quality metric may be determined.

[0240] In some embodiments, the data processing to gen-
erate the metric(s) may take place wholly in one processing
means. Alternatively, the sensor data may undergo some pro-
cessing at the sensor unit before being transmitted to a pro-
cessing means for determination of the metric(s). As a further
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alternative the sensor data may be processed at the sensor unit
to generate at least one sleep metric and/or at least one sleep
quality metric, which is then transmitted to the processing
means—for example, the processing means may then use a
received sleep quality metric or sleep metric as input for the
generation of the combined sleep indicator metric, or may
simply generate the cognitive and/or psychomotor perfor-
mance metric.

[0241] In some embodiments, the information relating to
the user’s sleep behaviour that is sent from the processing
means to the portable user interaction device for display to the
user may as one example comprise the metric(s). Alterna-
tively, the information may comprise information derived
from the metric(s), but not the metric(s) themselves. As a
further example, the information may additionally or alterna-
tively comprise some or all of the original data collected by
the sensor unit and/or input to the portable user interaction
device.

[0242] In some embodiments, preferably, the one or more
sensors do not include any sensor attached to the user.
[0243] Some embodiments may further comprise supple-
menting the objective test data with subjective feedback from
the user on sleep-related parameters inputted via the user
interaction device.

[0244] Some embodiments may further comprise display-
ing information to the user by the user interaction device, the
information including one or more recommendations for
affecting the behaviour of the user in order to improve sub-
sequent sleep quality. The one or more recommendations may
be selected from recommendations including behavioural
programs and/or actions by the user.

[0245] Some embodiments may further comprise prompt-
ing the user, via the portable user interaction device, to imple-
ment a behavioural change.

[0246] In some embodiments, the processing means may
monitor efficacy of and/or compliance with any behavioural
program or action presented to and chosen by the user and
provide (i) one or more of warning, guidance, advice and
message(s) of encouragement to the user to aid efficacy of
and/or compliance with any selected program or action and/
or (ii) one or more updated recommendations for behavioural
changes and/or actions.

[0247] Some embodiments may further comprise repeating
steps (i) to (iv) at a subsequent time thereby to generate a
combined sleep indicator metric for the subsequent time, or a
cognitive and/or psychomotor performance metric together
with asleep metric or a sleep quality metric for the subsequent
time. By generating the metric(s) at one or more subsequent
times, the user is able to see, from the scores of the metric(s),
whether any behavioural changes they have made have lead to
an improvement in their sleep quality.

[0248] Insome embodiments, cognitive and/or psychomo-
tor performance may be measured through presentation to the
user via the portable user interaction device of one or more
tests selected from mathematical processing, logical reason-
ing, spatial processing, reaction time, tracking, attention/
vigilance, self-generation cognitive function tests and
memory tests.

[0249] In some embodiments, the processing means may
receive data indicative of cognitive and/or psychomotor per-
formance derived from passive monitoring of an activity of
the user when awake, the data being obtained from the por-
table user interaction device or an additional source.
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[0250] In some embodiments, the processing means may
receive data on speed and/or accuracy of typing at a keyboard
or keypad provided by the portable user interaction device or
separately therefrom.

[0251] Insomeembodiments, the sensor unit may containa
memory and a real time clock whereby each sensor reading or
multiple of sensor readings from each sensor for storage in the
memory may be stored with a time code and sensor data
stored in the memory is sent, for example periodically, spo-
radically, or on request, to the processing means.

[0252] Some embodiments may further comprise monitor-
ing, using a plurality of sensors, both physiological and envi-
ronmental parameters non-obtrusively such that they do not
affect the sleep of the user.

[0253] In some embodiments, the physiological and envi-
ronmental parameters monitored by the sensors may include
movement and one or more of temperature, ambient noise,
light and humidity.

[0254] In some embodiments, the at least one sensor may
comprise a movement sensor which comprises a piezoelectric
sheet, cable or film disposed below the user in bed and con-
nected to the sensor unit via a cable or wireless connection.
[0255] Some embodiments may further comprise sam-
pling, within the sensor unit, signal data from each sensor at
afrequency of about 1 Hz before storage to a/the memory. For
example, the signal data may be sampled at a frequency in the
range of 0.1 Hz to 100 Hz.

[0256] Some embodiments may be for use by the user and
a second user who share a bed, and a second portable user
interaction device, preferably identical to the portable user
interaction device, may be provided for the second user, the
second portable user interaction device communicating data
to the processing means and receiving information from the
processing means.

[0257] In some embodiments, the or each portable user
interaction device may be a mobile phone.

[0258] Some embodiments may further comprise the or
each portable user interaction device prompting the user to
input information.

[0259] In some embodiments, the processing means may
be separate from the sensor unit and the portable user inter-
action device. Alternatively, the processing means takes the
form of a software service connected to a wide-area network
such as, for example, the Internet.

[0260] In some embodiments, preferably, the sensor(s)
employed will not include any sensor attached to the user.
[0261] In some embodiments, the objective test data may
be supplemented with subjective feedback from the user on
sleep-related parameters inputted via the user interaction
device.

[0262] In some embodiments, the information output dis-
played to the user by the user interaction device may include
one or more recommendations generated by the processing
means to affect the behaviour of the user in order to improve
subsequent sleep quality. The one or more recommendations
may be selected from recommendations including behav-
ioural programs and/or actions by the user. Generally, the
processing means will additionally provide one or more rec-
ommendations via the portable user interaction device to
guide the behaviour of the user with the aim of improving
subsequent sleep quality. Such recommendations may be
selected from recommendations including behavioural pro-
grams and/or actions of the user. The system will desirably be
able to monitor compliance with any such recommendation
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and update the recommendation(s) on the basis of subsequent
correlation by the processing means of sensor data and objec-
tive test data indicative of cognitive and/or psychomotor per-
formance. The portable user interaction device may have an
alerting function to prompt the user to carry out action(s)
required to implement a behavioural change and/or input
information.

[0263] Insome embodiments, the portable user interaction
device may have an alerting function to prompt the user to
implement a recommended behavioural change, for example
by prompting the user to carry out one or more actions
required to implement a behavioural change.

[0264] In some embodiments, the processing means may
monitor efficacy of and/or compliance with any behavioural
program or action presented to and chosen by the user and
provide (i) one or more of warning, guidance, advice and
message(s) of encouragement to the user to aid efficacy of
and/or compliance with any chosen program or action and/or
(i1) one or more updated recommendations for behavioural
changes and/or actions.

[0265] Insomeembodiments, cognitive and/or psychomo-
tor performance may be measured through presentation to the
user via the portable user interaction device of one or more
tests selected from mathematical processing, logical reason-
ing, spatial processing, reaction time, tracking, attention/
vigilance, self-generation cognitive function tests and
memory tests.

[0266] In some embodiments, the processing means may
receive data indicative of cognitive and/or psychomotor per-
formance derived from passive monitoring of an activity of
the user when awake, the data being obtained from the por-
table user interaction device or from an additional source.
[0267] In some embodiments, the processing means may
receive data on speed and/or accuracy of typing at a keyboard
or keypad provided by the portable user interaction device or
provided separately therefrom.

[0268] Insomeembodiments, the sensorunit may containa
memory and a real time clock whereby each sensor reading or
multiple of sensor readings from each sensor for storage in the
memory is stored with a time code and sensor data stored in
the memory is sent periodically, or on request, to the process-
ing means.

[0269] In some embodiments, the system may comprise a
plurality of sensors for monitoring both physiological and
environmental parameters non-obtrusively such that they do
not affect the sleep of the user. The physiological and envi-
ronmental parameters monitored by the sensors may include
movement and one or more of temperature, ambient noise,
light and humidity.

[0270] In some embodiments, the at least one sensor may
comprise amovement sensor which comprises a piezoelectric
sheet, cable or film disposed below the user in bed and con-
nected to the sensor unit via a cable or wireless connection.

[0271] Insome embodiments, within the sensor unit signal
data from each sensor may be sampled by a processor at a
frequency of about 1 Hz before storage to a/the memory. For
example, the signal data may be sampled at a frequency in the
range of 0.1 Hz to 100 Hz.

[0272] Insome embodiments, the system may be for use by
the user and a second user who share a bed, wherein an
additional portable user interaction device identical to the
portable user interaction device may be provided for the sec-
ond user, the additional portable user interaction device being
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adapted to communicate data to the processing means and
receive information from the processing means.

[0273] In some embodiments, the or each portable user
interaction device may be a mobile phone.

[0274] In some embodiments, the or each portable user
interaction device may have an alerting function to prompt
the user to input information.

[0275] In some embodiments, the processing means may
be separate from the sensor unit and the portable user inter-
action device.

[0276] In some embodiments, the processing means may
take the form of a software service connected to a wide-area
network such as the Internet.

[0277] Another aspect of the invention provides a method
of managing sleep of an individual which comprises the indi-
vidual using a sleep management system of the second aspect.

[0278] Since, as noted above, circadian rhythm may impact
on cognitive and/or psychomotor performance depending on
the time of day test data is collected by the portable user
interaction device, e.g. by the user carrying out a psychomo-
tor vigilance task (PVT) presented by the portable device
display, then implementation of the sleep management sys-
tem may desirably take account of this. Accordingly, the
processing means may take account of circadian rhythm in
analysing objective test data from the portable user interac-
tion device by (a) and/or one of (b) and (c) as follows: (a) the
processing means having available one or more pre-defined
functions for cognitive and/or psychomotor performance
from pre-collected data on variance of test performance of
individuals with time of day; (b) the user initially after prac-
tising one or more cognitive and/or psychomotor tests on the
portable user interaction device, carrying out the same test(s)
at a range of times and over a time period whereby the pro-
cessing means can establish a baseline for cognitive and/or
psychomotor performance over the user’s wake hours, or (c)
the user initially carrying out one or more cognitive and/or
psychomotor tests on the portable user interaction device at a
range of times and over a period whereby the processing
means can establish a baseline for cognitive and/or psycho-
motor performance during the time the user is awake relying
on a pre-defined function to correct for effects due to the user
practicing.

[0279] Prior to use in improving sleep quality, the process-
ing means may be provided with information to take account
of circadian rhythm in analysing objective test data from the
portable user interaction device by (a) and/or one of (b) and
(c) as follows: (a) providing the processing means with one or
more pre-defined functions for cognitive and/or psychomotor
performance from pre-collected data on variance of test per-
formance of individuals with time of day; (b) after practising
one or more cognitive and/or psychomotor tests on the por-
table user interaction device, the user carrying out the same
test(s) at a range of times and over a time period whereby the
processing means can establish a baseline for cognitive and/
or psychomotor performance over the user’s wake hours, or
(c) the user carrying out one or more cognitive and/or psy-
chomotor tests on the portable user interaction device at a
range of times and over a period whereby the processing
means can establish a baseline for cognitive and/or psycho-
motor performance during the time the user is awake relying
on a pre-defined function to correct for effects due to the user
practicing.
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[0280] Insome embodiments, the portable user interaction
device may prompt the user to carry out the one or more tests
at pre-defined times, sporadic times or random times during
the time the user is awake.

[0281] In some embodiments, the processing means may
generate a cognitive and/or psychomotor performance metric
and a sleep metric or a sleep quality metric. Alternatively, the
sleep metric or sleep quality metric may be generated else-
where and passed to the processing means, in which case the
processing means need generate only a cognitive and/or psy-
chomotor performance metric (or a combined sleep indicator
metric).

[0282] In some embodiments, the portable device may
prompt the user to carry out any suggested test at pre-defined
times or random times during wake hours to achieve an
acceptable performance baseline stored in a memory of the
processing means. This may be when the stored performance
data does not exceed a pre-determined variability.

[0283] In some embodiments, it will be recognized that in
use a system of the invention may recognize a sleep problem
requiring specialist, even medical treatment, in which case a
recommendation will be provided to seek specialist advice,
e.g. from a doctor. However, it will be appreciated that the
portable user interaction device element of the system can
only impart information to the user and encourage behav-
ioural action, which might include seeking medical treatment
for an underlying medical problem affecting sleep, but cannot
provide treatment per se.

[0284] Insome embodiments, a sleep management system
of the invention may be implemented as a combination of
hardware units which comprises (i) the required sensor(s)
(2a-e) (ii) the sensor unit (1) and (iii) the portable user inter-
action device(s) (8) which can collect objective test data
periodically or sporadically from the user when awake indica-
tive of cognitive and/or psychomotor performance.

[0285] In some embodiments, the or each portable user
interaction device may be able to present to the user one or
more tests selected from mathematical processing, logical
reasoning, spatial processing, reaction time, tracking, atten-
tion/vigilance, self-generation cognitive function tests,
memory tests.

[0286] In some embodiments, the or each portable user
interaction device may be able to passively monitor an activ-
ity of the user when awake indicative of cognitive and/or
psychomotor performance.

[0287] In some embodiments, the or each portable user
interaction device may be able to provide a keyboard or
keypad whereby speed and/or accuracy of typing can be
monitored. In some embodiments, the or each portable user
interaction device may be a mobile phone. In some embodi-
ments, a fifth aspect of the invention provides a computer-
readable medium containing instructions that, when executed
by a processor, cause the processor to perform a method of the
invention.
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[0359] Although the invention has been shown and
described with respect to certain preferred embodiments, it is
obvious that equivalents and modifications will occur to oth-
ers skilled in the art upon the reading and understanding of the
specification. The present invention includes all such equiva-
lents and modifications, and is limited only by the scope of the
following claims.

1. A method of managing the sleep of a user, the method

comprising:

(i) monitoring, using at least one sensor, one or more objec-
tive parameters relevant to sleep quality of the user when
in bed, said parameters being selected from physiologi-
cal parameters and environmental parameters and
including at least movement of the user and/or electrical
signals indicative of brain activity of the user;

(ii) collecting, using a sensor unit, signal data from said at
least one sensor and communicating the signal data to a
processing means;

(iii) collecting, using a portable user interaction device,
objective test data from the user when awake, the objec-
tive test data being indicative of cognitive and/or psy-
chomotor performance and communicating the objec-
tive test data to said processing means; and

(iv) processing data from said sensor unit and said user
interaction device to generate at least a combined sleep
indicator metric, which takes both sensor unit data and
cognitive and/or psychomotor data into consideration,
or a cognitive and/or psychomotor performance metric
together with a sleep metric or a sleep quality metric; and

(v) receiving at the portable user interaction device infor-
mation relating to the user’s sleep behaviour for display
to the user.

2. A method according to claim 1 wherein said at least one

sensor do not include any sensor attached to the user.
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3. A method as claimed in claim 1, further comprising at
least one of:

a) supplementing said objective test data with subjective
feedback from the user on sleep-related parameters
inputted via said user interaction device;

b) repeating steps (i) to (iv) at a subsequent time thereby to
generate a combined sleep indicator metric for the sub-
sequent time, or a cognitive and/or psychomotor perfor-
mance metric together with a sleep metric or sleep qual-
ity metric for the subsequent time;

¢) sampling, within the sensor unit, signal data from each
sensor at a frequency in the range of 0.1 Hz to 100 Hz
before storage to a memory.

4. A method as claimed in claim 1 further comprising
displaying information to the user by the user interaction
device, the information including one or more recommenda-
tions for affecting the behaviour of the user in order to
improve subsequent sleep quality.

5. A method as claimed in claim 4 wherein said one or more
recommendations are selected from a group of recommenda-
tions including behavioural programs and/or actions by the
user.

6. A method as claimed in claim 5, further comprising
prompting the user, via said portable user interaction device,
to implement a behavioural change.

7. A method as claimed in claim 5 wherein said processing
means monitors efficacy of and/or compliance with any
behavioural program or action presented to and chosen by the
user and provides (i) one or more of warning, guidance,
advice and message(s) of encouragement to the user to aid
efficacy of and/or compliance with any selected program or
action and/or (ii) one or more updated recommendations for
behavioural changes and/or actions.

8. A method as claimed in claim 1 wherein cognitive and/or
psychomotor performance is measured through presentation
to the user via said portable user interaction device of one or
more tests selected from mathematical processing, logical
reasoning, spatial processing, reaction time, tracking, atten-
tion/vigilance, self-generation cognitive function tests and
memory tests.

9. A method as claimed in claim 1 wherein said processing
means receives data indicative of cognitive and/or psychomo-
tor performance derived from passive monitoring of an activ-
ity of the user when awake, said data being obtained from said
portable user interaction device or an additional source.

10. A method as claimed in claim 9 wherein said process-
ing means receives data on speed and/or accuracy of typing at
akeyboard or keypad provided by said portable user interac-
tion device or separately therefrom.

11. A method as claimed in claim 1 wherein said sensor
unit contains a memory and a real time clock whereby each
sensor reading or multiple of sensor readings from each sen-
sor for storage in the memory is stored with a time code and
sensor data stored in said memory is sent periodically, or on
request, to said processing means.

12. A method as claimed in claim 1, comprising monitor-
ing, using a plurality of sensors, both physiological and envi-
ronmental parameters non-obtrusively such that they do not
affect the sleep of the user.

13. A method as claimed in claim 12 wherein the physi-
ological and environmental parameters monitored by said
sensors include movement and one or more of temperature,
ambient noise, light and humidity.
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14. A method as claimed in claim 1 wherein the at least one
sensor comprises a movement sensor which comprises a
piezoelectric sheet, cable or film disposed below the user in
bed and connected to the sensor unit via a cable or wireless
connection.

15. A method as claimed in claim 1 for use by the user and
asecond user who share a bed, wherein a second portable user
interaction device identical to the portable user interaction
device is provided for the second user, the second portable
user interaction device communicating data to said process-
ing means and receiving information from the processing
means.

16. A method as claimed in claim 1 wherein the or each
portable user interaction device is a mobile phone.

17. A method as claimed in claim 1 further comprising the
or each portable user interaction device prompting the user to
input information.

18. A method as claimed in claim 1 wherein said process-
ing means is separate from said sensor unit and said portable
user interaction device.

19. A method as claimed in claim 18 wherein said process-
ing means takes the form ofa software service connected to a
wide-area network.

20. A sleep management system comprising:

(1) at least one sensor for monitoring one or more objective
parameters relevant to sleep quality of the user when in
bed, said parameters being selected from physiological
parameters and environmental parameters and including
at least movement of the user and/or electrical signals
indicative of brain activity of the user;

(i1) a sensor unit which collects signal data from said at
least one sensor and communicates data to a processing
means;

(iii) a portable user interaction device, which can collect
objective test data from the user when awake indicative
of cogunitive and/or psychomotor performance and
which additionally communicates data to said process-
ing means and receives information from the processing
means which is displayed to the user, and

(iv) said processing means, which processes data from said
sensor unit and said portable user interaction device
whereby at least a combined sleep indicator metric,
which takes both sensor unit data and cognitive and/or
psychomotor data into consideration, or a cognitive and/
or psychomotor performance metric together with a
sleep metric or a sleep quality metric can be displayed to
the user via the portable user interaction device.

21. A method of managing sleep of an individual which
comprises said individual using a sleep management system
as defined in claim 20.

22. A method as claimed in claim 1 wherein said process-
ing means can take account of circadian rhythm in analysing
objective test data from said portable user interaction device
by (a) and/or one of (b) and (c) as follows:

(a) said processing means having available one or more
pre-defined functions for cognitive and/or psychomotor
performance from pre-collected data on variance of test
performance of individuals with time of day;

(b) the user initially after practising one or more cognitive
and/or psychomotor tests on said portable user interac-
tion device, carrying out the same test(s) at a range of
times and over a time period whereby said processing
means can establish a baseline for cognitive and/or psy-
chomotor performance over the user’s wake hours, or



US 2011/0015495 Al

(¢) the user initially carrying out one or more cognitive
and/or psychomotor tests on said portable user interac-
tion device at a range oftimes and over a period whereby
said processing means can establish a baseline for cog-
nitive and/or psychomotor performance during the time
the user is awake relying on a pre-defined function to
correct for effects due to the user practicing.

23. A method as claimed in claim 1, wherein, priorto use in
improving sleep quality, said processing means is provided
with information to take account of circadian rhythm in anal-
ysing objective test data from said portable user interaction
device by (a) and/or one of (b) and (c) as follows:

(a) providing said processing means with one or more
pre-defined functions for cognitive and/or psychomotor
performance from pre-collected data on variance of test
performance of individuals with time of day;

(b) after practising one or more cognitive and/or psycho-
motor tests on said portable user interaction device, the
user carrying out the same test(s) at a range of times and

Jan. 20, 2011
25

over a time period whereby said processing means can
establish a baseline for cognitive and/or psychomotor
performance over the user’s wake hours, or

(c) the user carrying out one or more cognitive and/or

psychomotor tests on said portable user interaction
device at arange of times and over a period whereby said
processing means can establish a baseline for cognitive
and/or psychomotor performance during the time the
user is awake relying on a pre-defined function to correct
for effects due to the user practicing.

24. A method as claimed in claim 1 wherein the portable
user interaction device prompts the user to carry out said one
or more cognitive and/or psychomotor tests at pre-defined
times or random times during the time the user is awake.

25. A computer-readable medium containing instructions
that, when executed by a processor, cause the processor to
perform a method as defined in claim 1.
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