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SLEEP AND ENVIRONMENT CONTROL
METHOD AND SYSTEM

CROSS REFERENCE TO RELATED
PROVISIONAL APPLICATIONS

[0001] This application is related to and claims priority to
U.S. application Ser. No. 11/027,180 by Raphael Auphan
filed Dec. 29, 2004 entitled Sleep and Environment Control
Method and System and incorporated by reference in the
entirety herein.

BACKGROUND

[0002] A great deal of research in recent years has been
focused on understanding sleep and its physiological and
psychological effect on humans. While it is clear that humans
require sleep to function properly, the qualities and quantities
of sleep required is a much more complex problem. For
example, some individuals that sleep too little may feel tired
or fatigued during the day while other individuals that sleep
1oo many hours have a similar feeling of grogginess as a result
of sleeping too much. Researchers continue to study many
different physiological conditions during sleep to understand
the complex interplay between sleep and wakeful well-being.
[0003] To better analyze sleep, these researchers have bro-
ken sleep down into a framework or architecture having a
series of cycles. One type of sleep architecture divides these
cycles into REM (rapid eye movement) and Non-REM
(NREM) types of sleep. A further classification divides the
NREM sleep into: Stage 1 or Light Sleep—marked by a
slowing in breathing and heart rate during the transition from
waking and sleeping, Stage 2 or True Sleep—further identi-
fied with muscle relaxation, reduced or limited eye movement
as well as body movement, Stage 3 or Deep Sleep Phase
I—additional slowing of heart and breathing and Stage 4 or
Deep Sleep Phase [I—this is the deepest stage of sleep and
arousal can be difficult. In contrast, REM stage or Dream
Sleep is a separate type of sleep marked by a more distinct
reduction in muscle tone and no body movement however
breathing and heart rate may increase and become irregular,
during REM eye movements are rapid as a person has vivid
dreams.

[0004] Expensive computers and diagnostic equipment
have been developed along with this research to identify these
stages while a person sleeps. Sleep clinics located at hospitals
and other medical research institutions admit patients briefly
for one to two evenings for monitoring and analysis in order
to diagnose sleep related illnesses and conditions like sleep
apnea, insomnia, narcolepsy and other diseases. Medical doc-
tors carefully review vital signs and other information col-
lected from the person during sleep in an attempt to diagnose
the specific conditions having a deleterious effect on the
person’s health and well-being. Due to the costs and business-
like nature of medicine, doctors not only diagnose but often
suggest medical procedures, prescription drugs and/or medi-
cal devices based on the data gathered during these abbrevi-
ated sessions. In minor cases, a doctor may prescribe a seda-
tive or other drug to alleviate stress and induce sleep while in
the more severe cases the doctor may also recommend medi-
cal devices to address specific conditions (i.e., a mask and
breathing apparatus for sleep apnea) and perform radical and
painful surgery involving the throat, nasal cavities, tongue
and respiratory tract.
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[0005] Drugs and surgical procedures not only represent
risks but are often ineffective at treating sleep disorders. This
is not surprising given the limitations and imperfections in
monitoring and treating sleep disorders. First, the monitoring
done in hospitals is expensive and typically available only
near large universities and research institutions. As a result,
data collected does not reflect a cross-section of society or a
broad range of people but instead represents only those
people near the sleep clinics and/or with sufficient insurance
and financial resources to pay for the work. The resulting
sleep data available is therefore limited and potentially too
small to be considered statistically significant.

[0006] Further, data collected during these one or two night
stays are often too short and unpredictable to make accurate
assessment of problem. For example, a person sleeping in a
clinic with numerous monitoring devices and other equip-
ment may be uncomfortable and exhibit additional sleep
problems. Any information gathered over the short period of
time in a sleep clinic may reflect the person’s discomfort
sleeping in a clinic with numerous monitors rather than dis-
playing the symptoms of a true sleeping disorder (i.e., sleep
apnea, narcolepsy, etc.)

[0007] Current sleep research also does not address the
more subtle sleep problems suffered by the majority of people
as the focus has been more of a last resort for people with
severe sleep conditions. If it were possible, many people
could benefit from sleep research if it were available more
widely and inexpensively.

SUMMARY

[0008] One aspect of the invention includes a sleep modi-
fication method that includes gathering environmental data
during a person’s sleep and sleep data from the person during
the sleep wherein the sleep data is used to generate an objec-
tive measure of sleep quality. After each sleep, the method
obtains a subjective measure of sleep quality from the person
useful in creating a sleep quality index from the objective
measure of sleep quality and subjective measure of sleep
quality. A correlation is drawn between the sleep quality
index and a current set of sleep system settings with a histori-
cal sleep quality index and corresponding historical sleep
system settings. Depending on the correlation, the current set
of sleep system settings are modified thus potentially affect-
ing the environment.

[0009] Another aspect of the present invention includes a
system for sleep analysis and modification that includes a set
of sleep repository databases accessible over a network and
connected to one or more computer systems, a sleep trend
analysis computer system capable of analyzing trends from
the data on the set of sleep repository databases and generat-
ing sleep quality indices and corresponding expected sleep
system settings and a network that provides the expected
sleep system settings to one or more sleep systems for one or
more people depending on each person’s goals during sleep.
[0010] Yet another aspect of the present invention includes
asleep system and a set of sensors to gather sleep data from a
person and environmental data during a sleep by the person
from their environment. The sleep data is particularly useful
in generating an objective measurement of sleep quality. The
sleep system has a processor capable of executing instruc-
tions to analyze and control the sleep of the person and the
environment surrounding the person. During execution, a
memory is loaded with instructions to generate an objective
measure of sleep quality from the sleep data from the person
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and obtain environmental data during the sleep by the person,
receive a subjective measure of sleep quality from the person
after the sleep, create a sleep quality index from the objective
measure of sleep quality and subjective measure of sleep
quality, correlate the sleep quality index and a current set of
sleep system settings with a historical sleep quality index and
corresponding historical sleep system settings, modify the
current set of sleep system settings depending on the corre-
lation between the sleep quality index and the historic sleep
quality index. Depending on the correlation, the sleep system
modifies the set of sleep system settings and a set of controls
capable of changing one or more different elements of an
environment associated with the sleep system.

[0011] Other features and advantages of the invention will
become apparent from the description, the drawings, and the
claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] FIG. 1 depicts a network of sleep systems and serv-
ers for sleep analysis and modification in accordance with one
implementation of the present invention;

[0013] FIG. 2 depicts components of a sleep system used
for analysis and modification of sleep in accordance with one
implementation of the present invention;

[0014] FIG. 3 depicts a sleep system with sensors and con-
trols integrated into a bed in accordance with one implemen-
tation of the present invention;

[0015] FIG. 4 is another bed having a sleep system
designed in accordance with the present invention added
afterwards rather than being integrated as previously
described in conjunction with FIG. 3;

[0016] FIG.5 is a flowchart diagram of the operations used
to modify a person’s sleep in accordance with one implemen-
tation of the present invention; and

[0017] FIG. 6 depicts a set of alternate approaches to gather
historical sleep data, historical sleep quality indices and his-
torical sleep system settings in accordance with one imple-
mentation of the present invention.

[0018] Like reference numbers and designations in the
various drawings indicate like elements.

DETAILED DESCRIPTION

[0019] Aspects of the present invention include a sleep
system for monitoring sleep and controlling the environment
where a person is sleeping. Numerous sensors built into the
sleep system gather data from the person and the environment
and then process the information to identify trends and sleep
quality for the individual. Historical sleep data for the person
is stored in a local repository and used during sleep analysis as
well as an optional global sleep repository with the sleep data
for many individuals. Depending on the individual’s goals,
the sleep system is adjusted causing subtle changes in the
environment (i.e., sound, light, heat/cooling, vibration etc.) to
improve and meet these goals related to sleep and overall
health.

[0020] While there are many different advantages not all of
which are specifically identified herein, one or more aspects
of the present invention may include one or more of the
following advantages. A sleep system and related processing
can be implemented as easily in a person’s home as a clinical
or hospital setting. The sleep system is designed to monitor
sleep patterns and sleep quality of a person without requiring
expertise or training in sleep analysis and diagnosis. Built in
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sensors and feedback loops in the system monitor a person’s
body and environment and then use sophisticated computer
implemented data analysis routines to modify the environ-
ment and improve the person’s sleep. By collecting sleep data
from the person in a local sleep repository over a period of
time, the sleep patterns for the person can be readily detected
and accommodated with customized stimulus most suited for
the individual. If it is desired, the person can also connect to
a global sleep repository and use sleep data from larger
groups of individuals to help determine optimal sleep settings
for their particular sleep system and sleep condition.

[0021] Multiple objective, subjective and environment fac-
tors are used in combination to evaluate a person’s sleep.
Sensor inputs recording vital signs of a person during sleep
are combined with environmental sensor information to pro-
vide a context or baseline for the person’s sleep analysis. If
environmental sensor information is not available or desired
then objective factors related to a person’s vital signs can
alternatively be used without the environmental information.
Additional factoring in of subjective information gathered
from each person concerning their perceived condition
before, during and after sleep helps tailor the analysis to each
individual. These many different factors help facilitate a more
accurate assessment and improvement of a person’s sleep.

[0022] Longer term datacollection and sleep trend analysis
is possible with implementations of the present invention.
Instead of being limited to one or two hours or nights in a
sleep clinic or hospital, sleep systems installed in a home
setting can gather data over days, months or even years. False
readings due to uncomfortable sleep situations or monitoring
devices can eventually be identified and factored out over
time. These additional data points describing a sleep condi-
tion over a longer period of time help customize the analysis
and develop more accurate models of a person’s sleep pat-
terns and cycles. More can be learned about sleep over time as
the sleep data is collected and compared with larger popula-
tions of people.

[0023] FIG. 1 depicts a network of sleep systems and serv-
ers for sleep analysis and modification in accordance withone
implementation of the present invention. System 100
includes sleep systems 102, 104, 106, 110 and 112 coupled
together over a network 114 such as the Internet. Addition-
ally, system 100 also includes a clinical sleep analysis and
monitoring system 108 and sleep trend analysis server 124
both capable of accessing data stored in sleep data repository
116, environmental data repository 118, body data repository
120 and global sleep repository 122.

[0024] Sleep systems 102, 104, 106, 110 and 112 are
designed to gather sleep and body data from individuals as
they are sleeping as well as environmental data surrounding
the sleep systems. For example, sleep system 102 gathers
body and sleep related information and environmental data
and stores in alocal storage area to be accessed later during an
analysis phase. The body information typically includes vital
signs measured directly from the person during the sleep
cycle and includes the time period before falling asleep as
well as the time period while asleep and the period following
when the person wakes up. In addition to having a variety of
sensors, the sleep system includes various computer process-
ing devices and controls outputs for controlling the environ-
ment. Optionally, these various devices can be integrated into
abed and other bedding or can be added to any existing bed or
bedding as described in further detail later herein.
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[0025] Clinical sleep analysis and monitoring system 108,
hereinafter clinical monitoring system 108, is an optional
component available for use by each sleep system user as an
additional service. While implementations of the present
invention can readily work as a standalone device, in some
cases, a person may desire that they need special assistance
monitoring and diagnosing their sleep. These people would
pay according to a monthly, annual or other fee schedule for
a qualified sleep specialist, medical doctor or researcher to
monitor and respond to certain sleep conditions. Ifa person or
system at clinical monitoring system 108 detects an issue
with respect to a person’s sleep then they will contact the
individual and notify them of the anomalous condition. In
response, the personnel at the monitoring service can directly
adjust the environmental settings or modify the settings of the
sleep system over a remote link in order to improve the sleep
quality of the person. Conversely, the person using one of the
sleep systems may opt not to use clinical monitoring system
108 and instead rely on the analysis, modeling and trend
analysis functions already built into the sleep system
designed in accordance with the present invention.

[0026] Sleep trend analysis server 124 and various sleep
repositories represent yet another optional service available
to each user of a sleep system. Instead of working with data
related to a specific individual, sleep trend analysis server 124
can perform analysis on large populations of people using
sleep systems of the present invention. Participating sleep
systems 102, 104, 106, 110 and 112 can opt-in to populate
each of sleep data repository 116, body data repository 120
and environmental data repository 118 with information gath-
ered over time. In exchange, these participating sleep systems
102, 104, 106, 110 and 112 have access to a wider range of
information and sleep system setting suggestions and options
other than from the individual local storage database.

[0027] The datasets associated with sleep data repository
116 include information directly related to sleep quality. For
example, sleep related information may include a number of
wakeups during sleep time, duration of these wakeups during
sleep time and other types of related information. Environ-
mental data repository 118 stores details on the environment
before, during and after sleep time while body data repository
120 retains more specific information concerning vital signs
and other details of the individual person as they sleep. Of
course, these repositories are cross referenced using various
indices and/or can be combined into a single larger repository
if so desired.

[0028] Global sleep repository 122 holds the results of
trend analysis performed by sleep trend analysis server 124
on these above mentioned repositories (i.e., sleep data reposi-
tory 116, body data repository 120 and environmental data
repository 118). One objective of the trend analysis is to
determine one or more optimal sleep system settings for each
of sleep systems 102, 104, 106, 110 and 112 under various
circumstances. Due to the complexity of identifying an opti-
mal solution, one or more techniques implemented by sleep
trend analysis server 124 relies upon various heuristics and
solution methodologies for solving other N-P complete prob-
lems including: genetic programming techniques, tree-based
modeling solutions and artificial intelligence analysis. As
described in further detail later herein, a sleep quality index
and corresponding set of sleep system settings generated by
sleep trend analysis server 124 are made available on demand
10 one or more of the sleep systems in network 100.
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[0029] FIG. 2 depicts components of a sleep system used
for analysis and modification of sleep in accordance with one
implementation of the present invention. As illustrated in this
example, sleep system 200 includes a processor 202, a net-
work connection 204, a set of body and sleep monitoring
sensors 206, environmental monitoring sensors 208, an envi-
ronmental control interface 210, local storage 212 and
memory 214. Alternate implementations of the present inven-
tion may include fewer than all of these options as needed by
the specific design. For example, a standalone sleep system
200 may not include network connection 204 if communicat-
ing with other devices, sleep systems or data storage is not
needed.

[0030] Processor 202 can be one or more general purpose
processors arranged to process instructions in parallel orin a
cluster arrangement. Alternatively, processor 202 can also
include a set of special purpose embedded processors
designed to work together on specific processing tasks asso-
ciated with sleep analysis and modification as needed by
implementations of the present invention. Network connec-
tion 204 provides connectivity to an intranet or the Internet
and access to larger repositories or databases of sleep dataand
information as previously described. This network connec-
tion 204 can also be used to download updates to applications
or firmware within sleep system 200 as well as provide the
ability to provide remote monitoring and/or remote diagnos-
tics on sleep system 200 and/or the person.

[0031] Body and sleep monitoring sensors 206 provide an
interface and sensors for gathering vital signs and other infor-
mation about the person as they fall asleep, sleep and then
wakeup. In one implementation, these body and sleep moni-
toring sensors 206 include a respiration sensor 218 to mea-
sure breathing rate and gas mixture (VO2 levels), heartbeat
sensor 220 to measure heart rate, heart rate variability and
pulse, movement sensor 222 to measure body movement and
various other miscellaneous body sensors 224 useful in sleep
analysis. To minimize the impact on sleep, these sensors
should be designed to collect data non-invasively however
alternate implementations of the present invention will also
work with more invasive devices that touch or are placed upon
the person. These various sensors are fed into a signal pro-
cessing component 226 to filter and digitize the various
results and prepare for further analysis.

[0032] A different set of sensors in environmental monitor-
ing sensors 208 include: an air sensor 228 for measuring air
temperature and quality, a light sensor 230 for measuring the
intensity and frequency of the light in the environment, a
temperature sensor 232 that measures ambient room tempera-
ture and various other miscellaneous environmental sensors
234 as needed by the sleep analysis performed in accordance
with the aspects of the present invention. For example, one
environmental sensor 234 could include a sound sensor to
detect and measure certain sound levels and frequencies.
[0033] Environmental control interface 210 sends different
control signals out depending on sleep analysis results from
the sensor data, historical data and other inputs as described
later herein. These control signals cause various conditions in
the environment to change with the desired effect being to
influence and improve the sleeping quality of the individual
person sleeping or about to sleep in the particular environ-
ment. In one example implementation as illustrated, the con-
trol signals from environmental control interface are capable
of interfacing and controlling one or more of the following
environmental conditions: light 238 (intensity and color),
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temperature 240 (both temperature at sleep surface as well as
surrounding areas), air 242 (volume, humidity, gas composi-
tion, scents and temperature) 242, sound 244 (volume, fre-
quency and timbre), vibration 245 and many others 247. For
example, environmental control interface can also interface
with audio/video equipment and devices for playing movies,
music and sounds. In many cases, the desired environmental
condition depends on the sleep cycle a person is in (i.e., light
sleep, deep sleep, REM/dream sleep) or going into and may
need adjusting accordingly depending on their preferences
and particular sleep cycle architecture.

[0034] Local storage 212 is a dataset storage area for stor-
ing data collected from the sensors, and data processed/ana-
lyzed by the svstem as well as subjective information col-
lected from the person. As previously described, this
information can be kept locally and/or can be transmitted to
one or more global repositories to be stored along with sleep
information from many other people. Historical sleep data
246 includes raw and processed data describing the person’s
actual sleep characteristics over a period of time. In many
cases, the historical sleep data 246 is inferred directly from
data taken from one or more of the various sensors. For
example, the number of wakeups and corresponding duration
of wakeups can be determined based upon movement data
collected from movement sensor 222 in addition to other vital
signs taken from the various other vital signs measurements.
Historical environment data 248 is also a collection of raw
data taken over time except it concerns environmental infor-
mation obtained directly through environmental monitoring
sensors 208 as previously described.

[0035] Sleep analysis archive 250 is a collection of sleep
analysis results performed over time and kept for future ref-
erence. The sleep analysis results in sleep analysis archive
250 are derived by identifying trends in past data and infor-
mation collected by the various sensors in sleep system 200
and through subjective feedback provided by the person after
a sleep.

[0036] Personal preferences 252 include preferred settings
for each person using sleep system 200. These preferences in
personal preferences 252 can be changed quickly to accom-
modate multiple people using sleep system 200 without
requiring reprogramming or retraining. For example, the
preferences can specify a modified and personal sleep archi-
tecture 254 that has been modified to suit a particular user.
Personal sleep architectures 254 describe classical stages of
sleep tailored to each individual person. For example, a sleep
architecture having stage 1 (light sleep), stage 2 (true sleep),
stage 3/4 (deep sleep) or delta sleep and REM stage (dream
sleep) may also indicate more specific time intervals for each
depending on the historical analysis of sleep for the indi-
vidual. Additional preferences included in personal prefer-
ences 252 can also include air temperature range settings not
to exceed or heart rate and blood pressure threshold levels to
set off warnings or other emergency procedures.

[0037] A number of example components useful in sleep
and sleep quality analysis are illustrated in memory 214
including: a sleep cycle analysis component 256, a sleep
quality correlation component 258, a sleep optimization com-
ponent 260, a sleep system interface component 260 and a
runtime component 264 for managing the resources in
memory 214 and other parts of sleep system 200.

[0038] Sleep cycle analysis component 256 analyzes sen-
sor information, environmental information and subjective
information from the person and constructs a more accurate
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sleep architecture for the individual. This can involve adjust-
ing the times associated with each cycle of the sleep archi-
tecture as well as drawing a correlation between the data from
one or more sensors and the particular person’s entry or exit
from the different cycles. For example, sleep cycle analysis
component 256 may also include analyzing the effectiveness
of past wake-up times and then setting a more optimal wake-
up time based upon the persons and desired wake-up time
frame (i.e., if the desired wakeup period is between 6 am and
7 am, the system may analyze the sleep data gathered during
the night and determine that the most optimal wakeup time
would be 6.15 am).

[0039] Once the sleep cycle architecture is known for each
person, sleep cycle analysis component 256 is also respon-
sible for developing an objective measure of sleep quality
through analysis of the sensor data from the person and,
optionally, from the environment. Objective measures of
sleep quality in one implementation are based upon factors
that include: sleep inertia after waking up, sleep debt accu-
mulation, architecture of sleep phases, breathing quality,
sleep efficiency, duration of wakeups during sleep time,
actual frequency of wakeups, sleep onset time, wake-up time,
total sleeping time and actual time taken to fall asleep. Ifitis
desired these objective factors related to the body and sleep of
the person can also be combined with environmental sensor
information results as previously described and collected via
environmental monitoring sensors 208.

[0040] Sleep quality correlation component 258 combines
an objective measure of sleep quality with subjective mea-
surements of sleep quality obtained from the person and
generates a sleep quality index. The sleep quality index is a
weighted combination of the objective and subjective mea-
sures of sleep quality. In some cases, the sleep quality index
may also be normalized to allow a personal sleep quality
index to be compared with the sleep quality index of other
people. Correlations are generally made using both current
and historical sleep quality index values as they relate to sleep
system settings. Depending on the type of analysis, it may
also be useful to combine environmental data in these corre-
lation calculations. Many times environmental factors have a
noticeable effect on a person’s sleep and therefore justify
performing additional computations and correlative analysis.
[0041] It is contemplated that the subjective factors are
generally obtained shortly after a person wakes up and are
based primarily upon the person’s perception of the sleep. In
some cases, these perceived measures of quality may match
the more objective measures taken through sensors while in
other cases they may not match up. In any event, implemen-
tations of the present invention consider and weight the sub-
jective factors in light of their consistency over time rather
than whether they identically track or closely track other
measures or results taken using sensors. These subjective
measures of sleep quality include: body comfort, stress level
onwakeup, stress level to sleep, perceived somnolence during
day, recall of dreams, frequency of wakeups recalled, per-
ceived time to fall asleep, overall perception at wake-up and
overall perception of sleep quality.

[0042] In practice, a person using sleep system 200 might
enter these subjective measures of sleep quality through a
small remote control having a touch screen and capable of
scrolling various multiple choice and other questions in front
of the person after waking up. Sleep system interface com-
ponent 262 would likely have a set of screens available for the
creation and procuring of subjective measures of sleep quality
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from the person. The results of these enquiries would be
forwarded over a wireless or wired connection to sleep sys-
tem 200 for further analysis and consideration.

[0043] Additional functions performed through sleep sys-
tem interface component 262 can also include setting up
personal preferences 252 and any additional alerts or alarms
to be set upon reaching certain threshold conditions (i.e., low
oxygen intake, high blood pressure, slowed or stopped
breathing etc.) One personal preference 252 can request sleep
system 200 to identify certain sleep patterns and then suggest
one or more modifications to the person for improving sleep
based on collected sleep information and analysis. An expert
system designed to analyze sleep patterns and make sugges-
tions allows the user to take control of certain aspects of sleep
system 200 without having to understand and analyze all the
details. For example, sleep system 200 may notify through
sleep system interface component 262 a certain time during
sleep when a person is restless and moving about. Using an
expert knowledgebase of information on sleep, sleep system
200 also might then suggest either a temperature increase,
increased oxygen flow or some other intervention to address
the specific condition. The person would be able to select one
of these responses to perform by sleep system 200 as a pref-
erence next time the condition occurs. Of course, the person
can also override the expert system and directly instruct sleep
system 200 to operate in a certain manner upon occurrence of
almost any detectable event.

[0044] Sleep optimization decision component 260 and
confidence based arbitrator 266 work together in determining
how to improve the person’s sleep experience. In one imple-
mentation, sleep optimization decision component 260
receives sleep analysis information from sleep cycle analysis
component 256 and sleep quality correlation component 258
and determines whether to adjust the settings of sleep system
200. In some cases, the basis for these decisions depends
entirely on historical sleep and environmental information
stored in local storage 212 while in other cases additional
historical sleep information is obtained from other people and
correlated with their corresponding sleep quality index and
sleep system settings. If the trend for changing the sleep
system settings is clear then sleep optimization decision com-
ponent 260 sends signals over environmental control inter-
face 210 as appropriate to alter the environment.

[0045] However, if it is unclear what changes in sleep sys-
tem 200 are needed or there is a deadlock then confidence
based arbitrator 266 acts as a secondary decision maker in the
process. For example, analysis by sleep optimization decision
component 260 may result in a conflicting set of instructions
to increase air temperature and simultaneously lower air tem-
perature. Confidence based arbitrator 266 would determine
which of the decisions is more likely to be correct based on
confidence based factors and then choose one decision over
the other to break the deadlock.

[0046] Theorganization of data in local storage 212 and the
components described above in memory 214 represents only
one possible solution and it is contemplated that each of these
datasets and components could be combined with other
datasets or components or separated into a further larger
number of datasets or components depending on the design
decisions and choices made during implementation, Further,
while the components are illustrated in this example as
appearing in main memory of a device however they could
also be loaded and run from local storage 212 on a disk drive
or removable memory/storage (not shown). In addition, data
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in local storage 212 and components in memory 214 could
instead be mastered onto a DVD or CD-ROM. Accordingly,
these components are illustrated in memory as one example
approach to process these instructions.

[0047] FIG. 3 depicts a sleep system with sensors and con-
trols integrated into a bed in accordance with one implemen-
tation of the present invention. The sleep system 314 in this
example is designed into and integrated with a complete bed.
Accordingly, bed system 300 includes a sensor pillow 302,
sensor fitted bed sheet 304, overhead monitors 306, integrated
air ducts 308a-c, multimedia area 310, air processing unit
312, sleep system 314 and sleep user control device 316.
[0048] Sensor pillow 302 and sensor fitted bed sheet 304
are used primarily to obtain various measurements from the
person sleeping. These measurements taken from the person
are made through various sensors including, for example,
respiration sensors, heartbeat and blood pressure sensors,
EEG (electroencephalogram) sensors, ECG/EKG (electro-
cardiogram) sensors, movement sensors and body tempera-
ture sensors. As measurements are made they are immedi-
ately transmitted to sleep system 314 for storage and
subsequent or immediate processing.

[0049] Overhead monitors 306 include sensors used prima-
rily in sampling the environment and determining, among
other things, air temperature and quality, light intensity and
frequency in the environment, ambient room teniperature and
various other environmental qualities as needed. Addition-
ally, cameras, video cameras and infrared cameras can be
included in overhead monitors to monitor the persons move-
ments and behavior during sleep. These measurements are
also sent immediately to sleep system 314 for storage and
processing.

[0050] Depending on the sleep cycle, one or more environ-
mental controls in bed-system may be activated or altered.
Integrated air ducts 308a-c can be adjusted to intake and
exhaust air as needed to effectuate a more improved sleep
condition for the person. For example, the air flow could be
increased to either increase or decrease temperature as well as
potentially increase the level of oxygen in the sleeping area
(e.g., either by increasing the overall air flow or by actually
increasing the percentage of oxygen in the air mixture). Addi-
tional air ducts may also be included in multimedia area 310
as needed.

[0051] Positioned just over the eyes of the person sleeping,
multimedia area 310 includes lights, sound speakers and
optionally an image producing screen (i.e., LCD orplasma)to
project certain soothing images or patterns. Lights in multi-
media area 310 can be controlled to permit reading before
sleep or viewing of tranquil scenes or favorite images/pat-
terns. Different patterns can be displayed and may have dif-
ferent effects on the person depending on their experiences
and viewpoints. For example, mountain scenery may provide
a peaceful feeling for some individuals or feelings of fear for
people afraid of heights.

[0052] Inthis example, the air processing box unit 312 and
sleep system 314 are located just underneath the bed however
it is also possible they are located at an additional distance
from the person sleeping. For example, it may be desirable to
have air processing unit 312 located remotely to reduce ambi-
ent noise levels and also provide additional storage opportu-
nities in the bedroom or sleeping area. Similarly, sleep system
314 can be located centrally to several rooms in a house to
allow for the monitoring and control of several bed-systems
300 at once.
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[0053] Sleep control device 316 is used by the person sleep-
ing to turn bed system 300 on and off as well as interface and
program the system as needed. As previously mentioned,
sleep control device 316 can be equipped with a touch screen
and may even include a small embedded web browser com-
patible with HTML/XML and other web based interface pro-
gramming protocols. Alternatively, the person can operate
sleep control device 316 using the buttons and/or touch screen
elements to then browse one or several web pages displayed
upon a display in multimedia area 310.

[0054] FIG. 4 is another bed having a sleep system
designed in accordance with the present invention added
afterwards rather than being integrated as previously
described in FIG. 3. In this example, a bed 400 is modified by
adding sensor pillow 402 and/or sensor fitted bed sheet 404
that operate as previously described with respect to similar
sensors in bed system 300. Instead of overhead, a pair of side
monitors 406a-b includes sensors that work together in sam-
pling the environment and determining, among other things,
air temperature and quality, light intensity and frequency in
the environment, ambient room temperature and various
other miscellaneous environmental conditions as needed.
Once again, these measurements are sent immediately to
sleep system 414 for storage and processing. Air intake and
exhaust ducts 408 a-b and pair of multimedia areas 410a-b are
also located on the sides and operate in a similar manner as the
corresponding functional elements described with respect to
bed system 300 in FIG. 3. Likewise, air processing unit 412,
sleep system 414 and sleep control device 416 have similar
function and operation as previously described in FIG. 3 as
well. In this case, sleep control device 416 has a screen to
display information and a touch screen to make selections
unless an external screen/monitor (not shown) is plugged into
sleep system 414 and used to guide the selection of options
and preferences.

[0055] FIG.5 is a flowchart diagram of the operations used
to modify a person’s sleep in accordance with one implemen-
tation of the present invention. Upon first use or initial use, a
person may specify their objective characteristics and sleep
goals to the sleep system (502). The objective characteristics
may include sex, age, weight, relative fitness and other infor-
mation readily quantified by the person about to use the sleep
system. Sleep goals can be provided by selecting one of
several or many options that may include: quicker time to fall
asleep, deeper REM sleep, fewer wakeups during sleep,
longer sleep times, more efficient sleeps or other types of
sleep goals.

[0056] Next, the sleep system begins to gather environmen-
tal data during a sleep by a person and sleep data from the
person and to generate an objective measure of sleep quality
(504). Generally, the environmental data is not required to
generate the objective measure of sleep but useful in drawing
correlations between the sleep data from the person and the
environmental factors as they occur. In one implementation,
the objective measures of sleep quality include: sleep inertia
after waking up, sleep debt accumulation, architecture of
sleep phases, breathing quality, sleep efficiency, duration of
wakeups during sleep time, actual frequency of wakeups,
sleep onset time, wake-up time, total sleeping time and actual
time taken to fall asleep. While sleep inertia is considered an
objective measure of sleep, it can be measured by asking the
person to perform a very basic test or skill to determine the
level of alertness after wakeup as direct measurement is more
difficult. If the person wakes up numerous times then the time
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taken to fall asleep in each instance is also recorded and
preferably minimized when it does occur. The typical time
taken to fall asleep is measured from the time the lights are out
to the time the person experiences the onset of sleep. Over
time, the sleep system provides suggested times to fall asleep
and may also run various light and sound programs to assist in
this process.

[0057] Once the person has awoken from sleep, the sleep
system then enquires for a subjective measure of sleep quality
(506). This measure of sleep quality is largely based upon the
person’s perception and helps the sleep system learn what
type of sleep and settings in the sleep system makes the
person feel more rested. Typically, the person enters these
subjective factors through the sleep control unit and/or a
visual graphical user interface (GUT). The subjective factors
provided generally concern overall body comfort, stress level
onwakeup, stress level to sleep, perceived somnolence during
day, recall of dreams, frequency of wakeups recalled, per-
ceived time to fall asleep and overall perception of sleep
quality. Sleep inertia is also considered a subjective factorand
measured upon wakeup by asking the person about their
perceived sleep inertia or grogginess upon wakeup.

[0058] To account for both the objective and subjective
measurements of sleep quality, the sleep system then creates
asleep quality index from the objective measurement of sleep
quality and subjective measurement of sleep quality (508). In
one implementation, this sleep quality index is a weighted
combination of both the objective and subjective measure-
ments of sleep quality. It may be important to normalize this
sleep quality index in order to compare the index and sleep
system settings with the indices and sleep system settings of
other people using the sleep system. For example, a sleep
quality index (SQI) can be computed as follows:

m
SQI = W;- Z Subjective Sleep Qualitysr +
$§T=x

W,- Z Objective Sleep Qualiryyy
OT=y

[0059] Where:

[0060] W, is weight attributed to subjective sleep quality
factor

[0061] W, is weight attributed to objective sleep quality
factors

[0062] m isthe number of subjective sleep quality samples
[0063] n is the number of objective sleep quality samples
[0064] x is the starting sample for subjective sleep quality
measurement

[0065] ' is the starting sample for the objective sleep qual-

ity measurement

[0066] The sampling for the subjective factors and objec-
tive factors is performed at the highest rate possible to allow
for many different types of analysis. Generally, the sampling
for the subjective sleep quality is performed upon waking as
it requires the person to be awake and provide information.
For example, this sampling rate would typically be once a day
in the morning when a person wakes up and the number of
samples would therefore correspond to the number of days
included in part of the analysis. The subjective sleep quality
for a one month period would necessarily included 30
samples of subjective sleep quality while analysis for a 2
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week period might only include 10-14 samples. Of course,
many more subjective sleep quality samples are also possible
if a person sleeps and wakes up several times a day.

[0067] Objective sleep quality can be measured at a much
higher frequency as it does not necessarily require the person
sleeping to be awake and respond. While these samples can be
performed on a daily basis, it is contemplated that they would
more likely be performed as frequent as several times a sec-
ond or as much as once every 15 minutes or so to keep the data
collection to a reasonable level. The more rapid collection of
objective sleep quality allows the sleep system to react more
rapidly or instantaneously to certain conditions if it is desired.
[0068] For example, the sleep system can monitor the
objective sleep quality in real-time during sleep and automati-
cally adjust one or more aspects of the sleep system as soon as
certain sleep conditions are detected. If during sleep the per-
son begins to wake or experience other changes in sleep
behavior the sleep system has the ability to both detect this
condition and then automatically readjust the sleep system
settings to put the person back to sleep or at least improve the
immediate sleep condition. Given the different sampling rate
possibilities, it is possible that a different number of samples
would be used in the subjective sleep quality measurement as
in the objective sleep quality measurement provided they
have some correlation to each other based on time or timing
within a sleep cycle. For example, one or more subjective
sleep quality measurements taken in the past can be used and
reused in combination with different objective sleep quality
measurements taken multiple times while a person is cur-
rently sleeping. Alternatively, the sleep system can be con-
figured to match each subjective sleep quality sample with a
corresponding objective sleep quality sample taken at or
about the same time interval. The subjective sleep quality
sample taken once a day would be matched up with an objec-
tive sleep quality sample also taken once a day at or about the
same time interval.

[0069] The sleep system then correlates the sleep quality
index and current sleep system settings with historical sleep
quality indices and corresponding historical sleep system
settings (510) and identifies a trend. By examining past sleep
quality indices, the sleep system is able to determine ifa better
group of settings would more likely or less likely to create a
more effective environment for achieving certain sleep qual-
ity for the person. For example, a certain pattern of lights or
music may be effective at increasing a person’s time to sleep
and/or may decrease the overall number of wakeups during
sleep. Once asleep, a dim light left on may help reduce the
reoccurrence of wakeups or at least reduce their effect and
decrease the time to fall back to sleep after a wakeup.
[0070] The sleep system modifies the sleep system settings
depending on the correlation between the sleep quality index
and the historical sleep quality indices in the system (512). If
the proper correlation between the current sleep quality index
and the historical indices is discovered then the current sleep
system settings are kept as the sleep system settings are
already set to an optimal level (516). However, a divergence
between the current sleep quality index and settings com-
pared with the historical sleep quality indices and settings
may indicate a different set of sleep system settings is more
appropriate (512). Accordingly, implementations of the
present invention would then modify the sleep system set-
tings based upon the historical sleep quality indices, data and
sleep system settings (514). For example, a modification may
include changing the temperature of the environment and
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providing a dim light during sleep to counteract wakeups or
other undesirable sleeping pattern or behavior. As previously
described, the sleep system can make these changes as rapidly
as the sampling rate for the objective sleep quality measure-
ments permit or can be fixed prior to sleeping and adjusted
once a day after waking or on even a more infrequent basis.
[0071] Referring to FIG. 6, a set of alternate processes
outline different approaches to gather historical sleep data,
historical sleep quality indices and historical sleep system
settings in accordance with one implementation of the present
invention. Ina first case, a person using a sleep system decides
a threshold question of whether to access a global sleep
repository containing sleep data for a larger population of
people (602). If a person wants to contribute, the person can
decide to submit their own sleep and environment data gath-
ered during sleep to global sleep repository (604). By con-
tributing the sleep information, the data in the global sleep
repository remains current and updated with the latest infor-
mation from the aggregate of people using the information.
[0072] Using this information in the global sleep reposi-
tory, the sleep system then performs sleep trend analysis on
global sleep repository thus updating the various sleep quality
indices & corresponding expected sleep system settings
(606). In practice, the sleep analysis is generally so complex
and the data large that a separate sleep trend analysis server
124 as depicted in FI1G. 1 is required to incorporate the newly
contributed sleep data and recalculate the statistics for sleep
system settings, objective and subjective sleep qualities as
well as overall sleep quality indices. Once the statistics are
calculated, the sleep system accesses and mines the global
sleep repository for suggested sleep system settings in view of
the person’s sleep quality index and sleep goals (608). For
example, the sleep system may discover several different
sleep system settings that seem appropriate but must some-
how determine the most appropriate set of settings for the user
by carefully analyzing the sleep data, environmental data and
sleep quality index.

[0073] In the alternate case, a person may decide not to
access the global sleep repository in which case the person
instead contributes and uses sleep and environment data gath-
ered during sleep to local sleep repository (610). The local
sleep repository generally only includes sleep data and envi-
ronmental data concerning the particular person and his or her
corresponding sleep patterns. In some cases, this is more
effective at suggesting sleep system settings as the results are
inherently tailored to the individual. Of course, in other cases
there is a need for more solutions in order to solve a sleeping
issue that may be shared with many other people.

[0074] Next, the sleep system uses the local sleep reposi-
tory information to perform sleep trend analysis and update
sleep quality indices and corresponding sleep system settings
(612). These sleep system settings and indices are much
smaller and generally can be performed directly using the
processing capabilities built into the sleep system. To dis-
cover the most optimal solution, the sleep system then mines
the local sleep repository for suggested sleep system settings
in view of user’s sleep quality index and sleep goals (614).
[0075] The invention can be implemented in digital elec-
tronic circuitry, or in computer hardware, firmware, software,
or in combinations of them. Apparatus of the invention can be
implemented in a computer program product tangibly
embodied in a machine-readable storage device for execution
by a programmable processor; and method steps of the inven-
tion can be performed by a programmable processor execut-
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ing a program of instructions to perform functions of the
invention by operating on input data and generating output.
The invention can be implemented advantageously in one or
more computer programs that are executable on a program-
mable system including at least one programmable processor
coupled to receive data and instructions from, and to transmit
data and instructions to, a data storage system, at least one
input device, and at least one output device.

[0076] Each computer program can be implemented in a
high-level procedural or object-oriented programming lan-
guage, or in assembly or machine language if desired; and in
any case, the language can be a compiled or interpreted lan-
guage. Suitable processors include, by way of example, both
general and special purpose microprocessors. Generally, a
processor will receive instructions and data from a read-only
memory and/or a random access memory. Generally, a com-
puter will include one or more mass storage devices for stor-
ing data files; such devices include magnetic disks, such as
internal hard disks and removable disks; magneto-optical
disks; and optical disks. Storage devices suitable for tangibly
embodying computer program instructions and data include
all forms of non-volatile memory, including by way of
example semiconductor memory devices, such as EPROM,
EEPROM, and flash memory devices; magnetic disks such as
internal hard disks and removable disks; magneto-optical
disks; and CD-ROM disks. Any of the foregoing can be
supplemented by, or incorporated in, ASICs (application-
specific integrated circuits).

[0077] To provide for interaction with a user, the invention
can be implemented on a computer system having a display
device such as a monitor or LCD screen for displaying infor-
mation to the user and a keyboard and a pointing device such
as a mouse or a trackball by which the user can provide input
to the computer system. The computer system can be pro-
grammed to provide a graphical user interface through which
computer programs interact with user.

[0078] Accordingly, the invention is not limited to the
above-described implementations, but instead is defined by
the appended claims in light of their full scope of equivalents.

What is claimed is:

1. A sleep modification method comprising:

gathering environmental data and sleep data during a sleep

by a person wherein the sleep data is useful to generate
an objective measure of sleep quality;

creating a sleep quality index from the objective measure

of sleep quality;

correlating the sleep quality index with a current set of

sleep system settings wherein at least one sleep system
setting affects at least one aspect of an environment in
the vicinity of the person; and

modifying the current set of sleep system settings to obtain

a desired sleep quality index.

2. The method of claim 1 wherein gathering sleep data from
the person and environmental data further includes contrib-
uting the sleep data and environmental data along with one or
more corresponding sleep system settings into a sleep reposi-
1ory.

3. The method of claim 2 wherein the sleep repository
further includes historical information from the sleep of the
person along with corresponding environmental data gath-
ered over time from the environment associated with the
person.

4. The method of claim 2 wherein the sleep repository
further includes having historical sleep data from the sleep of
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the person as well as historical sleep data from one or more
other people along with corresponding environmental data
gathered over time from the environment associated with the
person and the one or more other people.

5. The method of claim 1 wherein correlating the sleep
quality index with a current set of sleep system settings fur-
ther includes using at least one historical sleep quality index
and corresponding historical sleep system settings.

6. The method of claim 1 wherein the objective measure of
sleep quality includes one or more factors selected from a set
of factors including: sleep inertia after waking up, sleep debt
accumulation, architecture of sleep phases, breathing quality,
sleep efficiency, duration of wakeups during sleep time,
actual frequency of wakeups, sleep onset time, wake-up time,
and total sleeping time and actual time taken to fall asleep.

7. The method of claim 1 wherein the sleep quality index is
aweighted combination of one or more objective measures of
sleep quality.

8. The method of claim 5 wherein the at least one historical
sleep quality index and corresponding historical sleep system
settings are derived from one or more previous sleep quality
indices and corresponding sleep system settings associated
with the person.

9. The method of claim 5 wherein the at least one historical
sleep quality index and corresponding historical sleep system
setting are derived from one or more previous sleep quality
indices and corresponding sleep system settings associated
with the person in combination with previous sleep quality
indices and corresponding sleep system settings associated
one or more other people.

10. The method of claim 1 wherein correlating the sleep
quality index and the current set of sleep system settings
further comprises:

performing sleep trend analysis on historical sleep data
from the person and historical environmental data to
update the sleep quality index and one or more sleep
system settings; and

mining the historical sleep data and the historical environ-
mental data for one or more suggested sleep system
settings in view of desired sleep quality index and sleep
goals for the person.

11. A sleep system for sleep analysis and modification,

comprising;

a setof one or more sleep repository databases having data
accessible over a network and connected to one or more
computer systems;

asleep trend analysis computer system that analyzes trends
from the data on the set of one or more sleep repository
databases and generates sleep quality indices and corre-
sponding expected sleep system settings; and

a network that provides the expected sleep system settings
to one or more sleep systems for one or more people
depending on each person’s goals during sleep.

12. The system of claim 11 wherein the set of one or more
sleep repository databases includes one or more datasets
selected from a set of datasets including:

sleep data from one or more people, environmental data
gathered during the sleep of one or more people, body
data from one or more people, and one or more corre-
sponding sleep system settings when modified affect the
environment either before, during or after a sleep.

13. The system of claim 12 wherein each of the one or more

sleep systems have one or more body and sleep sensors
capable of gathering body data and sleep data from a person
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and one or more environmental sensors capable of gathering
environmental data either before, during or after a sleep by the
person.

14. The system of claim 12 where each of the one or more
sleep systems has one or more controls for altering an envi-
ronment associated with a person wherein the controls are
responsive to the one or more corresponding sleep system
settings generated by the sleep trend analysis computer sys-
tem.

15. A sleep system comprising;

aset of one or more sensors capable of gathering sleep data
from a person and environmental data either before,
during or after a sleep by the person useful to generate an
objective measure of sleep quality;

a processor capable of executing instructions used in the
analysis and control of the sleep of the person and the
environment surrounding the person;

a memory capable of holding instructions when executed
generate an objective measure of sleep quality from the
sleep data from the person along with gathering envi-
ronmental data during the sleep by the person, create a
sleep quality index from the objective measure of sleep
quality, correlate the sleep quality index and a current set
of sleep system settings, modify the current set of sleep
system settings to obtain a desired sleep quality index;
and

aset of controls capable of changing one or more different
elements of an environment associated with the sleep
system and the current set of sleep system settings.

16. The system of claim 15 wherein the set of one or more
sensors includes one or more sensors selected from a set of
sensors including: a respiration sensor, a heartbeat sensor, a
movement sensor, an air sensor, a light sensor, a sound sensor,
a temperature sensor and other environment sensors.

17. The system of claim 15 wherein correlating the sleep
quality index and the current set of sleep system settings
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further includes using at least one historical sleep quality
index and corresponding historical sleep system settings.

18. The system of claim 15 wherein the objective measure
of sleep quality includes one or more factors selected from a
set of factors including: sleep inertia after waking up, sleep
debt accumulation, architecture of sleep phases, breathing
quality, sleep efficiency, duration of wakeups during sleep
time, actual frequency of wakeups, sleep onset time, wake-up
time, total sleeping time and actual time taken to fall asleep.

19. The system of claim 17 wherein the at least one his-
torical sleep quality index and corresponding historical sleep
system settings are derived from one or more previous sleep
quality indices and corresponding sleep system settings asso-
ciated with the person.

20. The system of claim 17 wherein the at least one his-
torical sleep quality index and corresponding historical sleep
system settings are derived from one or more previous sleep
quality indices and corresponding sleep system settings asso-
ciated with the person in combination with previous sleep
quality indices and corresponding sleep system settings asso-
ciated one or more other people.

21. The system of claim 15 wherein the instructions that
correlate the sleep quality index and the current set of sleep
system settings further comprise instructions that:

perform sleep trend analysis on historical sleep data from

the person and historical environmental data to update
the sleep quality index and one or more sleep system
seftings; and

mine the historical sleep data and the historical environ-

mental data for one or more suggested sleep system
settings in view of desired sleep quality index and sleep
goals for the person.

22. The system of claim 15 wherein the one or more dif-
ferent elements of the environment are selected from a set of
different elements including: light, temperature, air, sound
and vibration.
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