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(57) ABSTRACT

The disclosed apparatus, systems and methods relate to
tracking abdominal orientation and activity for purposes of
preventing or treating conditions of pregnancy or other types
of medical conditions. In certain specific embodiments, the
system, device, or method relates to identifying abdominal
orientation risk values, calculating and updating a cumula-
tive risk value, comparing the cumulative risk value to a
threshold, and outputting a warning when the cumulative
risk value crosses the threshold.
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SYSTEMS, DEVICES, AND METHODS FOR
TRACKING ABDOMINAL ORIENTATION
AND ACTIVITY

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This is a continuation-in-part of U.S. application
Ser. No. 14/625,965, filed Feb. 19, 2015, which claimed
priority to U.S. Provisional Application 61/971,438, filed
Mar. 27, 2014 and entitled “A Method and Device to Assess
and Alter Abdominal Orientation;” U.S. Provisional Appli-
cation 61/986,665, filed Apr. 30, 2014 and entitled “Sys-
tems, Devices, and Methods for Tracking Abdominal Ori-
entation and Activity;” U.S. Provisional Application 62/022,
060, filed Jul. 8, 2014 and entitled “Systems, Devices, and
Methods for Tracking Abdominal Orientation and Activity;”
U.S. Provisional Application 62/059,557, filed Oct. 3, 2014
and entitled “Systems, Devices, and methods for Reducing
Preterm Birth in Pregnant Women;” and U.S. Provisional
Application 62/111,427, filed Feb. 3, 2015 and entitled
“Systems, Devices, and Methods for Tracking Abdominal
Orientation and Activity,” this application also claims pri-
ority to U.S. Provisional Application No. 62/185,309, filed
Jun, 26, 2015 and entitled “Systems and Methods for
Monitoring the Human Abdomen and Pregnancy,” U.S.
Provisional Application No. 62/237,971 filed Oct. 6, 2015
and entitled “Systems and Methods for Assessing Fetal
Activity,” U.S. Provisional Application No. 62/244,869,
filed Oct. 22, 2015 and entitled “Fetal Monitoring,” U.S.
Provisional Application No. 62/288,659, filed Jan. 29, 2016
and entitled “Methods and Systems for Sleep Disordered
Breathing and Preeclampsia,” all of which are hereby incor-
porated by reference in their entirety under 35 U.S.C.
§119(e).

TECHNICAL FIELD

[0002] The disclosed devices, systems and methods relate
to sensing technologies and algorithms to assess and treat
clinical conditions related to the abdomen and monitor
pregnancy health and outcomes.

BACKGROUND

[0003] The disclosure relates to apparatuses, systems and
methods for monitoring the abdomen during pregnancy, and
assessing fetal risk, particularly while sleeping.

[0004] Medical evidence suggests that large amounts of
mass or pressure in the abdominal region can lead to serious
health consequences. Two very closely related examples of
this are intra-abdominal hypertension (“IAH”) and abdomi-
nal compartment syndrome (“ACS”). In these conditions,
fluid within the abdominal space accumulates in such large
volumes that the abdominal wall stretches to its elastic limit.
Once it can no longer expand, additional fluid leaking into
the tissue results in a rapid rises in the pressure within the
closed space. Initially, this increase in pressure causes mild
to moderate organ dysfunction (as seen in IAH). If the
pressure continues to rise to higher levels, organs may begin
to fail completely (as seen in ACS), which can lead to death.
[0005] A similar pathogenesis is observed in pregnant
women, who also can have negative clinical responses to
their large abdominal masses. The abdomen as a whole may
apply different amounts of pressure on intra-abdominal
tissues and organs depending upon its orientation. Compres-

Dec. 29, 2016

sion of abdominal veins by the growing uterus explains
many symptoms of preeclampsia. Inferior vena cava
(“TVC”) compression has been shown to decreased flow in
the uterine, portal, hepatic, splenic, and renal veins. This
reduced flow directly or indirectly contributes to lower
extremity edema, fetal-placental ischemia, a glomerulopathy
with proteinuria, and hypertension. Placental-fetal ischemia
can lead to expression of soluble fins-like tyrosine kinasel
(“sFLT”) and endoglin which have been shown to cause
additional diffuse endovascular damage. Increased renal
venous pressure could lead to an increased release of renin
with conversion of angiotensinogen to angiotensin and
secretion of aldosterone, leading to sodium and water reten-
tion, and increased systolic and diastolic blood pressure. In
addition, TVC flow restriction would be expected to decrease
venous return from the lower extremities and lead to the
peripheral edema commonly present in preeclamptic
women.

[0006] Preeclampsia is significantly more common in
women whose abdomen has not been previously stretched,
in severely obese women, in women who have a large time
gap between pregnancies, in multi-fetal pregnancies, and is
twice as frequent in women with preexisting chronic hyper-
tension. Further, preeclampsia almost never occurs prior to
20 weeks (when fetus starts to gain significant mass), and its
risk increases incrementally every week until delivery at
which point it precipitously drops to almost zero. Women
with preeclampsia have a 40% increased incidence of deliv-
ering a baby with high birth weight for gestational age.
Additionally, preeclampsia rates are significantly higher in
women with hypolumbarlordosis, a purely mechanical
abnormality of the spine that positions the uterus in more
direct contact with the TVC.

[0007] Traditionally, obstetricians have advised pregnant
women with preeclampsia or other hypertensive disorders to
avoid lying in the supine position and to go on bed rest for
periods of time; however, these recommendations are often
incomplete as they only frame the issue in terms of “good
positions” (e.g. bed rest, laying on left side) and “bad
positions” (e.g. laying supine). As a result, there is a need in
the art for a method of developing more tailored recommen-
dations for pregnant women with preeclampsia or other
hypertensive disorders.

[0008] Various prior art home-use wearable pregnancy
devices monitor metrics such as fetal heart rate and uterine
contractions. This data may improve resultant care in a small
number of cases, they typically result in urgent reactionary
medicine in the last month of gestation, and frequently
generate false positive alerts. In contrast, the presently
disclosed devices, systems and methods were developed on
the premise that there are a large number of user physiolo-
gies and behaviors that have profound impacts on pregnancy
outcomes that can be monitored and improved throughout
pregnancy.

[0009] Many complications of pregnancy which cannot
simply be fixed once they manifest. Despite decades of
research into the etiology of preeclampsia, its exact patho-
genesis remains uncertain; however, it is becoming increas-
ingly apparent that preeclampsia is directly related to under-
lying placental pathology and dysfunction that develop over
many months. Because preeclampsia is not a disease that can
be fixed at the end of pregnancy, prevention is important.
The various implementations of the system discussed herein
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relate to the acquisition of risk factor data relating to the
user’s physical position, such as when sleeping, snoring and
the like.

[0010] As most cases of preeclampsia occur at the end of
pregnancy, the best way to prevent the majority of cases is
to delay onset of dangerously high blood pressure until the
pregnancy is full-term. The presently disclosed system
tracks the adjustable factors in pregnancy that can prevent
diseases and negative conditions. By way of example, these
adjustable factors include the following. Sleep disordered
breathing leads to hypertension in both pregnant and non-
pregnant individuals. Similarly, snoring and sleep apnea are
highly correlated to hypertensive diseases of pregnancy such
as preeclampsia, as well as gestational diabetes and prema-
ture birth. Uterine artery blood flow and fetal oxygenation
are both shown to significantly decrease in the supine
position. Numerous studies have now shown that women
who spend significant time in reclined and supine positions
have much higher rates of stillbirth and intrauterine growth
restriction. Depression and stress double the risk of preterm
birth even after covariants such as low economic status and
drug use are excluded. This is not surprising as depression
is known to cause hypertension and increase placental and
fetal cortisol levels.

[0011] The placenta serves as the lungs, kidneys, liver,
endocrine system, and immune defense of the fetus. Despite
its enormous importance, the placenta is arguably the least
understood of all human organs. This is partly because the
development of the human placenta cannot be invasively
studied because it only exists during pregnancy at which
time it is performing life-maintaining duties for the fetus.
Not surprisingly, as we learn more about this mysterious
organ, we also learn of its great importance in protecting the
fetus from potential hazards during the pregnancy.

[0012] There is a need in the art for improved fetal
monitoring devices, systems and methods.

BRIEF SUMMARY

[0013] Discussed herein are various pregnancy health
improvement systems, methods and devices. In some
embodiments, a wearable device for capturing certain physi-
ological parameters and delivering feedback to the user is
provided. The device may include one or more sensors
which determine certain physiological parameters and a
microcontroller that receives and stores orientation data
from the sensors and uses an algorithm (and/or is config-
ured) to estimate the level of clinical risk over various time
scales based on those parameters. The wearable device may
further include a communication device which conveys
periodic updates and alerts to the user on their current risk
level, either instantaneously or cumulatively.

[0014] Physiological parameters can include abdominal/
body orientation, snoring, blood oxygen, blood pressure,
location of center of gravity, activities like running, walking,
driving, sleeping, body heat, altitude tracking, pressure
readings, temperature readings, and/or user pedometer read-
ings, breathing during sleep, fetal activity monitoring (fetal
kicks), fetal heart rate monitoring, uterine contraction moni-
toring, and fetal ECG monitoring, respiration characteristics,
tension, temperature (measured at any variety of locations
on or in the body), and hemodynamic flow restriction.
[0015] In certain embodiments, the present system may be
used as a preventative measure in high risk pregnancies to
slow the progression of placental vascular pathology. In
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other embodiments, the device may be used to prevent or
treat pregnancy complications or other abdominal-related
conditions. The device could be specialized for each user
depending on a variety of factors, including, but not limited
to, user’s height, weight, age, length of gestation, blood
pressure, diagnostic test results, time since diagnosis. prior
number of device alerts, or doctor and user preference
regarding the restrictiveness of their daily activities. The
device may be strapped to the body with elastic, Velcro, or
other straps, or the device may adhere to the user with an
adhesive. Alternatively, the device may be a mobile phone
with a specialized application installed or may be configured
to connect wirelessly to a cell phone with an application
installed.

[0016] In certain implementations, the system is able to
collect data. In further embodiments, the device may use
geometric approximations and/or empirical reference data to
determine the force, impulse, or pressure being applied to
certain intra-abdominal tissues or organs by the abdomen.
These tissues and organs may include the spine, kidneys,
liver, bladder, all abdominal blood vessels including the
inferior vena cava, and all abdominal nerves including the
renal sympathetic nerves. The forces determined might
include acceleration forces, which measure walking, run-
ning, and other movements that can impact clinical risk. This
would allow healthcare professionals to recommend reduc-
ing certain physical activities in order to reduce risks to the
user. Optionally, a microcontroller could store and transmit
the data to the user or to care providers electronically. The
device could also be configured to send recommendations to
the user or doctor to test blood pressure, urine protein, or
other markers of preeclampsia.

[0017] The device could be calibrated either automati-
cally, by recognizing certain characteristic position or move-
ment data, or manually, ensuring optimal data collection.

[0018] Various implementations comprise a variety of
different sensors for detecting physiological parameters,
including those relating to orientation, blood flow, sleep
patterns, and psychological condition. The device may
include one or more sensors which determine the spatial
orientation of the user’s abdomen relative to the direction of
Earth’s gravity and a microcontroller that receives and stores
orientation data from the sensors and uses the data to
estimate the level of clinical risk over various time scales.
Optionally, the sensor data comprises a recline angle 6 and
a side tilt angle ¢. The orientation risk values may be a
function of the recline angle and the sideways tilt angle.

[0019] In further embodiments, the device may include a
variety of sensors and accelerometers, which may be capable
of monitoring the orientation of abdominal soft tissue,
various areas of the torso, or fetal heart rate.

[0020] In other embodiments, sensors could be used to
monitor blood pressure. In one embodiment, the blood
pressure monitor uses pulse wave transit time to estimate
absolute blood pressure or blood pressure changes. The
chest strap of the device may include two electrodes, one on
the left and one on the right side of the chest. The electrodes
may transmit a current through the chest and measure
impedance. The device may simultaneously measure the
user’s pulse via pulse oximetry. The device may then
combine the ECG data and finger pulse rate to calculate
pulse wave transit time which may be used to estimate blood
pressure. The pulse oximetry could be performed by the
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camera or light sensor on a mobile phone or other mobile
device that is wirelessly connected to the device.

[0021] In further embodiments the system may include a
blood-oxygen level sensor for generating blood-oxygen
level data of the user. The blood oxygen level sensor may be
coupled with the processor. The processor may raise or
lower the first threshold in response to the blood-oxygen
level data from the blood oxygen level sensor.

[0022] In various implementations, the physiological
parameters recorded by the sensors can include abdominal/
body orientation, snoring, blood oxygen, blood pressure,
location of center of gravity, activities like running, walking,
driving, sleeping, body heat, altitude tracking, pressure
readings, temperature readings, and/or user pedometer read-
ings, breathing during sleep, fetal activity monitoring (fetal
kicks), fetal heart rate monitoring, uterine contraction moni-
toring, and fetal ECG monitoring, respiration characteristics,
tension, temperature (measured at any variety of locations
on or in the body), and/or hemodynamic flow restriction. In
various implementations, the system is configured to estab-
lish various risk thresholds, which can be based on one or
more of these physiological parameters.

[0023] Importantly, in certain implementations a “physi-
ological parameter” can include various psychological
states. While psychology can be considered as an alternative
to physiology in certain applications, as used herein the term
“physiological parameter” is meant to encompass certain
psychological states, as is discussed further herein.

[0024] In various implementations, the device and system
provides feedback to the user. In some embodiments, the
device may provide vibrational, visual, or audio feedback to
the user based on past or current orientation of their abdo-
men. Feedback could be used to give positive reinforcement
of a good abdominal position, to suggest a specific position,
to give constructive criticism regarding a non-ideal position,
or to reinforce compliance for bed rest. Additionally, the
device could be configured to provide feedback only during
certain times during the day.

[0025] In certain implementations, the device and system
performs various functions by way of a system of electronic
computing components. In some embodiments, a processor
may identify orientation risk values associated with the
estimated orientations of the abdomen to produce a time
series of identified orientation risk values. A first cumulative
risk value may be calculated and updated by calculating a
first moving average for a subset of the time series of
identified orientation risk values associated with the esti-
mated orientations of the abdomen. The subset for the first
moving average may have a first size. The first size may be
at least the last 30 seconds of sensor data. In some embodi-
ments, it may be the last two minutes of sensor data.
Thereafter the processor may compare the first cumulative
risk value to a first threshold and output a warning when the
first cumulative risk value crosses the first threshold.
Optionally, an input may be coupled with the processor. The
input may be configured to receive a user input of pregnancy
factors comprising at least one of a multiple pregnancy of
the user, body mass index (“BMI”) of the user, prior live
births of the user, and preexisting hypertension of the user.
The processor may raise or lower the first threshold in
response to the user input of pregnancy factors.

[0026] The processor may be further configured to calcu-
late and update a second cumulative risk value by calculat-
ing a second moving average for a subset of the time series
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of identified orientation risk values. The subset for the
second moving average may include at least the last 5
seconds of sensor data. The processor may compare the
second cumulative risk value to a second threshold and
output a warning when the second cumulative risk value
crosses the second threshold.

[0027] In some embodiments, the processor may be fur-
ther configured to process the sensor data for the applica-
tions listed above by calculating and updating a moving
average for a subset of the time series associated with that
sensor. The processor may be further configured to compare
the data collected from the various sensors to a data set
communicating the sensor outputs for the ideal person of
similar gestational age as the user. For example, the proces-
sor could receive force measurements from a sensor, calcu-
late force changes over time using the received force mea-
surements, and determining whether the user is engaged in
clinically significant activity based on the calculated force
changes and an activity threshold. The processor could then
compare the clinically significant activity to the recom-
mended activity level or threshold for a person of the same
gestational age.

[0028] In some embodiments the system may include an
infrared sensor coupled with the processor. The processor
may determine device use in response to infrared sensor
data.

[0029] The processor may be further configured to com-
bine the recorded time series of orientation risk values with
the recorded time series of activity risk values to generate a
continuous time series of risk values. A cumulative risk may
be calculated on a subset of the continuous time series of risk
values by calculating a moving average for a subset of the
continuous time series of risk values. Thereafter, the pro-
cessor may be configured to compare the cumulative risk to
a cumulative risk threshold value and output a warning when
the cumulative risk crosses the cumulative risk threshold
value. In additional embodiments, the risk value may be
reported to the user without having been compared to a
threshold.

[0030] Optionally, the processing device, by executing the
logic or algorithm, may be further configured to perform
additional operations. Examples can include: when the user
is determined to be engaged in activity, recording a cumu-
lative time duration of the clinically significant activity by
the user over a period of time and comparing the cumulative
time duration of the clinically significant activity engaged by
the user over the time period to a preferred cumulative
activity threshold.

[0031] The preferred cumulative activity or condition
threshold may be dependent on a pregnancy stage of the
user.

[0032] The system may further include the sensor. The
may be housed in a first housing and the processor may be
housed in a second housing separate from the first housing.
The sensor may be wirelessly coupled with the processor.

[0033] In further embodiments, a method for reducing the
risk of preterm birth in women is provided. The method may
include receiving sensor data from a sensor coupled with a
user and determining whether the user is engaged activity
based on the received sensor data. When the user is deter-
mined to not be engaged in activity, the method may include
monitoring the orientation of the abdomen of the user by
processing the sensor data to estimate the orientation of the
abdomen of the user and identifying orientation risk values
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associated with the estimated orientations of the abdomen to
produce a time series of identified orientation risk values.
Thereafter, the method may include calculating and updating
a cumulative risk value by calculating a first moving average
for a subset of the time series of identified orientation risk
values associated with the estimated orientations of the
abdomen and comparing the cumulative risk value to a first
threshold and a second threshold. A first warning may be
outputted when the cumulative risk value crosses the first
threshold and a second warning when the cumulative risk
value crosses the second threshold.

[0034] The method may further include, when the user is
determined to be engaged in clinically significant activity,
stopping the producing of the time series of identified
orientation risk values and identifying activity risk values
associated with the sensor data to produce a time series of
identified activity risk values. Calculating and updating the
cumulative risk score may be performed by combining the
time series of identified activity risk values and previously
identified orientation risk values and calculating a moving
average for a subset of the combined time series of identified
activity risk values and previously identified orientation risk
values.

[0035] In further embodiments, a wearable device system
for reducing the risk of preterm birth in women is provided
where the wearable device may include one or more sensors
for continuously generating force data indicative of an
activity of the user. A processor may be coupled with the one
or more sensors and be configured to continuously monitor
the activity of the user by processing the force data to
identify force changes in the force data to estimate a
vigorousness of the activity of the user. The processor may
compare the identified force changes to a force change
threshold value to determine whether the user is engaged in
clinically significant activity. When the user is engaged in
clinically significant activity, the processor may be config-
ured to identify activity risk values associated with the
identified force changes to produce a time series of identified
activity risk values. The processor may also calculate and
update a cumulative risk value by calculating a moving
average for a subset of the time series of identified activity
risk values associated with the identified force changes and
compare the cumulative risk value to a threshold. A warning
may be outputted when the first cumulative risk value
crosses the first threshold.

[0036] The force changes may be calculated by identifying
a difference between a max force and a minimum force in
the force data during a time interval and the processor may
produce a time series of calculated force changes. Option-
ally, the processor identifies clinically significant user activ-
ity by: calculating and updating a user activity moving
average for a subset of the time series of calculated force
changes associated with the user activity and comparing the
user activity moving average to an activity threshold to
determine whether the user is engaged in clinically signifi-
cant activity. The processor may further record a cumulative
time duration of the clinically significant activity engaged by
the user over a period of time.

[0037] An input may be provided that is coupled with the
processor and configured to receive user input of a gesta-
tional age of a pregnancy of the user. The processor may be
further configured to compare the cumulative time duration
of clinically significant activity engaged by the user over the
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period of time to a preferred cumulative activity threshold
specific for the gestational age of the pregnancy of the user.
[0038] In one embodiment, the device is used to train the
user which orientations and activities are preferable so that
the device does not need to be worn through the entire
course of pregnancy. The device may be used initially for a
few hours or days or may be used periodically throughout
pregnancy to refresh the user’s memory as to which activi-
ties and orientations are preferred. The reminders can come
in the form of alerts, text messages, alarms, or any other
known form of reminder to the user. In a further embodi-
ment, the training device comprises an app on a mobile
device which is attached to the user’s torso.

[0039] In further embodiments, a device may be provided
for inhibiting preeclampsia of a woman. The device may
include a sensor configured to generating orientation data
and a support configured to couple the sensor to an abdomen
of the woman such that the orientation data is indicative of
an orientation of the abdomen. A processor may be coupled
to the sensor so that it receives the orientation data. The
processor may be configured to calculate a time series of
values in response to the data and a cumulative risk value in
response to the calculated values. The processor may have
an output for transmitting a warning in response to the risk
value such that preeclampsia risk is mitigated.

[0040] Exemplary implementations of the system relate to
monitoring abdominal hemodynamics and preventing infe-
rior vena cava (“IVC”) compression. Placental health is vital
to a healthy full-term pregnancy; however, there is growing
evidence that regular compression of the IVC by the gravid
uterus causes periods of significant placental and fetal
hypoxia. These events slowly contribute to pathologic com-
pensatory reactions by the body, including inflammation of
the vasculature of the placenta, which accelerate the onset of
hypertension and preeclampsia and also increase the preva-
lence of gestational diabetes, ITUGR, and stillbirth. Some
embodiments prevent fetal hypoxia by limiting the amount
of time that blood flow is restricted to the placenta and fetus.
Since fetal hypoxia results in children with decreased 1Q and
increased likelihood of learning disabilities, some embodi-
ments could improve cognitive abilities of children.

[0041] Some obstetricians incorrectly believe that the
supine position must not be unhealthy or it would have been
selected out in evolutionary processes, or that a woman’s
body will “tell her” if she needs to move. There are a number
of reasons why these arguments are specious. First. there is
the direct evidence that supine sleep results in higher rates
of JUGR and stillbirth. Secondly, in 2015, 303,000 women
died as a direct result of pregnancy or childbirth, and 99%
of these were in the developing world. Clearly even 1000s
of years of human evolution are unable to perfect pregnancy
without modern medical interventions. Pregnancy is a very
delicate balance between the needs of the mother and the
incredible oxygen and nutrient requirements of the devel-
oping placenta and fetus. Occluding abdominal blood flow
for significant periods of time each day or night can abso-
lutely tip the balance and lead to downstream complications.
Not surprisingly, uterine artery blood flow drops an average
of 34% in pregnant women when in the supine position.
Also, not all women feel a natural compulsion to change
body orientations when flow is occluded in their IVC,
especially when they are deep in sleep.

[0042] Invarious embodiments, the system uses sensors to
determine body orientation and blood oxygen levels. It then



US 2016/0374608 A1

approximates the degree of venous compression occurring
and generates vibrational alerts to the user when she may
benefit from changing positions or activities. During the
night, it delivers low level vibrations that do not wake users
but subconsciously encourages them to shift positions. The
device captures sensor data as well as user reactions to the
alerts which can be reviewed by the user’s obstetrician. In
addition, the device can be used with the alerts turned off
entirely, and instead, just provide users with a summary of
their sleep behavior the next morning. This education alone
is very important as body sleep orientation often dramati-
cally changes over the course of pregnancy and studies show
that over 60% of all pregnant women that sleep on their
backs for significant periods of time each night don’t realize
that they do so. The device can also use specific user
characteristics (eg BMI, singlet or twins, chronic hyperten-
sion, diagnostic blood tests, etc.) as well as gestational age
to adjust risk threshold levels used in generating alerts.
[0043] Exemplary implementations of the system relate to
diagnosing and preventing Sleep Disordered Breathing
(“SDB”). Sleep disordered breathing is another major
impediment to healthy placental growth. Sleep apnea and
heavy snoring have both been shown to dramatically lower
systemic blood oxygen concentrations in pregnant and non-
pregnant individuals. Sleep disordered breathing is a known
contributor to hypertension in the general population, so it is
not surprising that numerous studies have shown that snor-
ing and sleep apnea increase the risk of preeclampsia,
gestational diabetes, and premature birth

[0044] One of the greatest challenges in identifying SDB
in pregnancy is its dynamic nature. Prevalence of snoring
and sleep apnea during pregnancy increase by 200-300%
compared to pre-pregnancy levels. By definition, the sleep
breathing pathology in most pregnant women does not exist
at all in early pregnancy, but it does exist, often in severe
forms, in late pregnancy. As such, there is no way to know
exactly when it becomes a clinically relevant issue. Standard
single night sleep monitors frequently miss SDB pathology
entirely simply because of the variability in SDB over the
course of pregnancy. These monitors cannot be worn night
after night simply because they are so uncomfortable and
complicated. The monitoring system, however, is practically
invisible to the user yet is able to assess the daily or weekly
progression of SDB to more accurately determine which
women are at serious risk and may need further therapies
such as a CPAP device. In addition, since the monitoring
system trains women to avoid the supine position, it can
eliminate the roughly half of all cases of SDB that are
positional related.

[0045] Some existing home-use wearable pregnancy
devices monitor metrics such as fetal heart rate and uterine
contractions. Although these data may improve resultant
care in a small number of cases, they typically result in
urgent reactionary medicine in the last month of gestation,
and frequently generate false positive alerts. In contrast, the
present system was developed on the premise that there are
a large number of user physiologies and behaviors that have
profound impacts on pregnancy outcomes that can be moni-
tored and improved throughout pregnancy.

[0046] Of particular interest to us are the many compli-
cations of pregnancy which cannot simply be fixed once
they manifest. Despite decades of research into the etiology
of preeclampsia, its exact pathogenesis remains uncertain;
however, it is becoming increasingly apparent that preec-
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lampsia is directly related to underlying placental pathology
and dysfunction that develop over many months. Therefore,
it inherently is not a disease that can be fixed at the end of
pregnancy, it is one that must be prevented.

[0047] As most cases of preeclampsia occur at the end of
pregnancy, the best way to prevent the majority of cases is
to delay onset of dangerously high blood pressure until the
pregnancy is full-term. The presently disclosed system
tracks the adjustable factors in pregnancy that can, prevent
diseases and negative conditions. By way of example, these
adjustable factors include the following. Sleep disordered
breathing leads to hypertension in both pregnant and non-
pregnant individuals. Similarly, snoring and sleep apnea are
highly correlated to hypertensive diseases of pregnancy such
as preeclampsia, as well as gestational diabetes and prema-
ture birth. Uterine artery blood flow and fetal oxygenation
are both shown to significantly decrease in the supine
position. Numerous studies have now shown that women
who spend significant time in reclined and supine positions
have much higher rates of stillbirth and intrauterine growth
restriction. Depression and stress double the risk of preterm
birth even after covariants such as low economic status and
drug use are excluded. This is not surprising as depression
is known to cause hypertension and increase placental and
fetal cortisol levels.

[0048] The placenta serves as the lungs, kidneys, liver,
endocrine system, and immune defense of the fetus. Despite
its enormous importance, the placenta is arguably the least
understood of all human organs. This is partly because the
development of the human placenta cannot be invasively
studied because it only exists during pregnancy at which
time it is performing life-maintaining duties for the fetus.
Not surprisingly, as we learn more about this mysterious
organ, we also learn of its great importance in protecting the
fetus from potential hazards during the pregnancy.

[0049] Exemplary implementations of the system relate to
monitoring abdominal hemodynamics and preventing infe-
rior vena cava (“IVC”) compression. Placental health is vital
to a healthy full-term pregnancy; however, there is growing
evidence that regular compression of the inferior vena cava
(IVC) by the gravid uterus causes periods of significant
placental and fetal hypoxia. These events slowly contribute
to pathologic compensatory reactions by the body, including
inflammation of the vasculature of the placenta, which
accelerate the onset of hypertension and preeclampsia and
also increase the prevalence of gestational diabetes, IUGR,
and stillbirth.

[0050] Some obstetricians incorrectly believe that the
supine position must not be unhealthy or it would have been
selected out in evolutionary processes, or that a woman’s
body will “tell her” if she needs to move. There are a number
of reasons why these arguments are specious. First, there is
the direct evidence that supine sleep results in higher rates
of ITUGR and stillbirth. Secondly, in 2015, 303,000 women
died as a direct result of pregnancy or childbirth, and 99%
of these were in the developing world. Clearly even 1000s
of years of human evolution are unable to perfect pregnancy
without modern medical interventions. Pregnancy is a very
delicate balance between the needs of the mother and the
incredible oxygen and nutrient requirements of the devel-
oping placenta and fetus. Occluding abdominal blood flow
for significant periods of time each day or night can abso-
lutely tip the balance and lead to downstream complications.
Not surprisingly, uterine artery blood flow drops an average
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of 34% in pregnant women when in the supine position.
Also, not all women feel a natural compulsion to change
body orientations when flow is occluded in their TVC,
especially when they are deep in sleep.

[0051] Invarious embodiments, the system uses sensors to
determine body orientation and blood oxygen levels. It then
approximates the degree of venous compression occurring
and generates vibrational alerts to the user when she may
benefit from changing positions or activities. During the
night, it delivers low level vibrations that do not wake users
but subconsciously encourages them to shift positions. The
device captures sensor data as well as user reactions to the
alerts which can be reviewed by the user’s obstetrician. In
addition, the device can be used with the alerts turned off
entirely, and instead, just provide users with a summary of
their sleep behavior the next morning. This education alone
is very important as body sleep orientation often dramati-
cally changes over the course of pregnancy and studies show
that over 60% of all pregnant women that sleep on their
backs for significant periods of time each night don’t realize
that they do so. The device can also use specific user
characteristics (e.g. BMI, singlet or twins, chronic hyper-
tension, diagnostic blood tests, etc.) as well as gestational
age to adjust risk threshold levels used in generating alerts.
[0052] Exemplary implementations of the system relate to
diagnosing and preventing Sleep Disordered Breathing
(“SDB”). Sleep disordered breathing is another major
impediment to healthy placental growth. Sleep apnea and
heavy snoring have both been shown to dramatically lower
systemic blood oxygen concentrations in pregnant and non-
pregnant individuals. Sleep disordered breathing is a known
contributor to hypertension in the general population, so it is
not surprising that numerous studies have shown that snor-
ing and sleep apnea increase the risk of preeclampsia,
gestational diabetes, and premature birth.

[0053] One of the greatest challenges in identifying SDB
in pregnancy is its dynamic nature. Prevalence of snoring
and sleep apnea during pregnancy increase by 200-300%
compared to pre-pregnancy levels. By definition, the sleep
breathing pathology in most pregnant women does not exist
at all in early pregnancy, but it does exist, often in severe
forms, in late pregnancy. As such, there is no way to know
exactly when it becomes a clinically relevant issue. Standard
single night sleep monitors frequently miss SDB pathology
entirely simply because of the variability in SDB over the
course of pregnancy. These monitors cannot be worn night
after night simply because they are so uncomfortable and
complicated. The Monitoring system, however, is practically
invisible to the user yet is able to assess the daily or weekly
progression of SDB to more accurately determine which
women are at serious risk and may need further therapies
such as a CPAP device. In addition, since the monitoring
system trains women to avoid the supine position, it can
eliminate the roughly half of all cases of SDB that are
positional related.

[0054] In one embodiment, the system is a health moni-
toring system with one or more sensors for generating sensor
data, configured to identify health risk values associated
with the sensor data; assign the risk value to a corresponding
time value; and output a warning when the risk value persists
for the direction of the time value.

[0055] In one embodiment, the system is a health moni-
toring system with one or more sensors for generating sensor
data, configured to identify health risk values associated
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with the sensor data; assign the risk value to a corresponding
time value; adjust the time values continuously based on
new risk values; and output a warning when the risk value
persists for the direction of the time value.

[0056] An example of this approach is the following:
every body orientation has a set amount of time in which the
user is allowed to be before an alert is issued. In one
embodiment, every single unique combination of side tilt
and recline angles has a different total amount of time
associated with it. In one embodiment, a recline angle of -90
degrees with O degrees side tilt (flat on back) has the very
lowest amount of time allowed (2 minutes). A combination
of recline angle -75 degrees and side tilt 7 degrees has a
maximum time of 4 minutes and 22 seconds. A combination
of =35 recline and -82 side tilt has no maximum time value
(infinity) because it is considered completely safe. Every
time the user moves orientations, the algorithm instantly
calculates how much time the user has left in that position.
The remaining time is transferred and prorated to the new
position. So, if the user has been flat on her back for 1 of the
maximum 2 minutes allowed by the algorithm and then
shifts to recline =75 and side tilt 7, she will have 50% of the
time left for the new position (2 min and 11 seconds).
[0057] In various embodiments, the system defines zones
and assigns risk scores based on the user’s presence in those
zones compared with defined thresholds. In various embodi-
ments, these zones can represent various orientations, posi-
tions and the like, as related to the physiological parameters
discussed elsewhere herein.

[0058] In another embodiment, the risk and time values
are based on continuous equations so there are an infinite
number of risk and time levels. In one embodiment, different
risk equations are used to cover different quadrants of space.
[0059] In another embodiment, more than 1 real time risk
variable is used in the risk calculation equation. In one
embodiment, the overall risk is a direct function of both
body orientation and snoring so that the alert is more likely
to go off when the user has high risk values for each of body
orientation and snoring.

[0060] While some embodiments are generally discussed
in terms of monitoring orientation and activity of pregnant
women, many methods, devices, and systems may be
applied to any other area of the body where different
positions have different levels of risk or benefit associated
with them. For example, users with obesity related hyper-
tension may benefit from preventing abdominal fat from
chronically or periodically compressing renal nerves and
abdominal veins which may increase hypertension. In
another example, in a user with back pain, the algorithm
assigns different levels of risk or detriment to different
positions. The cumulative negative impact over time that the
user experiences while in various positions is added up and
compared to allowable risk-time levels to determine whether
the user should be alerted to change position in order to
prevent back pain or muscle or nerve inflammation. Devices
and methods may be beneficial to users suffering from
gastroesophahael reflux or other digestive disorder that
require they spend time in certain positions. Other diseases
that may benefit from embodiments disclosed herein include
Chorea, Parkinson’s, and heart disease.

[0061] In one embodiment, an obese man may benefit
from the positional functionality of devices and systems
described in this patent application. While sleeping, the
device may issue vibrational alerts to the man when he has
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been deemed to have been in one or more risky positions for
too long. In one embodiment, he has hypoventilation syn-
drome and the mass of his abdomen makes it more difficult
to breathe at night when in the supine position.

[0062] One or more computing devices may be adapted to
provide desired functionality by accessing software instruc-
tions rendered in a computer-readable form. When software
is used, any suitable programming, scripting, or other type
of language or combinations of languages may be used to
implement the teachings contained herein. However, soft-
ware need not be used exclusively, or at all. For example,
some embodiments of the methods and systems set forth
herein may also be implemented by hard-wired logic or
other circuitry, including but not limited to application-
specific circuits. Combinations of computer-executed soft-
ware and hard-wired logic or other circuitry may be suitable
as well.

[0063] In some embodiments, temperature of the user is
measured in order to determine the ideal fertility window for
conception. In further embodiments, an algorithm estimates
how much the core temperature of the user has risen due to
exercise or general activity. In some embodiments, the
algorithm gets smarter over time by calibrating vigorousness
of activity with temperature rise. In some embodiments, the
temperature is measured directly by the device using sen-
sors. In some embodiments, these sensors are on the skin,
under the armpit, in the ear, intravaginal, or other places of
the body known to provide consistent temperature measure-
ments. In some embodiments, a temperature sensor worn on
the outside of the body measures ambient air temperature
and another sensor on the skin measures skin temperature.
Further, in some embodiments, an algorithm account for the
cooling or warming effect the environment has on skin
temperature in order to estimate a more accurate body
temperature.

[0064] Embodiments of the methods disclosed herein may
be executed by one or more suitable computing devices.
Such system(s) may comprise one or more computing
devices adapted to perform one or more embodiments of the
methods disclosed herein. As noted above, such devices may
access one or more computer-readable media that embody
computer-readable instructions which, when executed by at
least one computer, cause the at least one computer to
implement one or more embodiments of the methods of the
present subject matter. Additionally or alternatively, the
computing device(s) may comprise circuitry that renders the
device(s) operative to implement one or more of the meth-
ods of the present subject matter.

[0065] Any suitable computer-readable medium or media
may be used to implement or practice the presently-dis-
closed subject matter, including but not limited to, diskettes,
drives, and other magnetic-based storage media, optical
storage media, including disks (e.g., CD-ROMS, DVD-
ROMS, variants thereof, etc.), flash, RAM, ROM, and other
memory devices, and the like. Different arrangements of the
components depicted in the drawings or described above, as
well as components and steps not shown or described are
possible. Similarly, some features and sub-combinations are
useful and may be employed without reference to other
features and sub-combinations. Embodiments of the system
have been described for illustrative and not restrictive pur-
poses, and alternative embodiments will become apparent to
readers of this patent. Accordingly, the various implemen-
tations of system are not limited to the embodiments
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described above or depicted in the drawings, and various
embodiments and modifications may be made without
departing from the scope of the claims below.

[0066] A system of one or more computers can be con-
figured to perform particular operations or actions by virtue
of having software, firmware, hardware, or a combination of
them installed on the system that in operation causes or
cause the system to perform the actions. One or more
computer programs can be configured to perform particular
operations or actions by virtue of including instructions that,
when executed by data processing apparatus, cause the
apparatus to perform the actions. One general aspect
includes a system for monitoring body orientation; where
different levels of risk are assigned to specific discrete
ranges of body orientations. Other embodiments of this
aspect include corresponding computer systems, apparatus,
and computer programs recorded on one or more computer
storage devices, each configured to perform the actions of
the methods.

[0067] One general aspect includes a system for monitor-
ing body orientation; where different levels of risk are
assigned to specific discrete ranges of body orientations;
where a user is allocated a maximum amount of time in any
given orientation range before the user is prompted to move
into a less risky orientation. Other embodiments of this
aspect include corresponding computer systems, apparatus,
and computer programs recorded on one or more computer
storage devices, each configured to perform the actions of
the methods.

[0068] One general aspect includes the system where a
subset of body orientation ranges which are not risky have
no maximum time limit. Other embodiments of this aspect
include corresponding computer systems, apparatus, and
computer programs recorded on one or more computer
storage devices, each configured to perform the actions of
the methods.

[0069] One general aspect includes the system in previous
claims, where the maximum time allowed in a given range
1s affected by the duration of time spent previously in other
ranges. Other embodiments of this aspect include corre-
sponding computer systems, apparatus, and computer pro-
grams recorded on one or more computer storage devices,
each configured to perform the actions of the methods.
[0070] One general aspect includes a system that includes
a virtual model of the abdomen to calculate risk levels
associated with different body orientations. The system also
includes the system of the previous claim, where the
abdominal model estimates hemodynamic characteristics of
one or more arteries and veins of the uterus, kidneys, legs,
liver, placenta, and fetus. Other embodiments of this aspect
include corresponding computer systems, apparatus, and
computer programs recorded on one or more computer
storage devices, each configured to perform the actions of
the methods.

[0071] One general aspect includes a system for predicting
or diagnosing preeclampsia, including: one or more acoustic
sensors, and a processor configured to analyze sensor data.
Other embodiments of this aspect include corresponding
computer systems, apparatus, and computer programs
recorded on one or more computer storage devices, each
configured to perform the actions of the methods.

[0072] A system of one or more computers can be con-
figured to perform particular operations or actions by virtue
of having software, firmware, hardware, or a combination of
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them installed on the system that in operation causes or
cause the system to perform the actions. One or more
computer programs can be configured to perform particular
operations or actions by virtue of including instructions that,
when executed by data processing apparatus, cause the
apparatus to perform the actions. In one Example, A system
for reducing fetal risk in a user, including: a wearable
device; a memory unit; at least one sensor configured to
monitor the user for at least one physiological parameter and
generate sensor data; and a processor coupled to the at least
one sensor and configured to: monitor fetal risk by process-
ing sensor data to identify risk values associated with the at
least one physiological parameter to produce a time series of
identified fetal risk values; and calculate and update a first
cumulative risk value by calculating a first moving average
for a subset of the time series of identified fetal risk values.
Other embodiments of this aspect include corresponding
computer systems, apparatus, and computer programs
recorded on one or more computer storage devices, each
configured to perform the actions of the methods.

[0073] Implementations may include one or more of the
following features. The system where the processor is con-
figured to compare the at least one cumulative risk value to
a risk threshold. The system where the device is configured
to output a warning when the first cumulative risk value
exceeds the first threshold. The system further including a
database in communication with the processor, where: the
database includes at least one adapting risk threshold and is
configured to adapt the at least one adapting risk threshold
based on the recorded time series of identified fetal risk
values, and the processor is configured to compare the at
least one cumulative risk value to the at least one adapting
risk threshold. The system where at least one sensor is a
non-orientation sensor configured to monitor a non-orienta-
tion physiological parameter and the processor is configured
to assign at least one non-orientation fetal risk value. The
system where the at least one sensor is selected from the
group including: an acoustic sensor, a blood oxygen sensor,
a photo diode, an accelerometer, an orientation sensor, a
pressure sensor, and an ultra wide band sensor. The system
where the physiological parameter is selected from the
group including: blood oxygen concentration, heart rate,
sleep position, sleep quality, respiration characteristics,
snoring, sleep apnea, hypoventilation, and/or hyperventila-
tion and combinations thereof. The system further including
a garment configured to house the device and retain a fixed
orientation relative to the user. The system where the gar-
ment is selected from the group including a shirt and an
undergarment. The system further including at least one
magnet configured to promote device orientation. The sys-
tem further including a clip configured to promote device
orientation. The system where the at least one sensor is
selected from the group including an acoustic sensor, an
accelerometer, an ultra wide band sensor, a blood oxygen
sensor and a photo sensor. The system where the system is
configured to alert the user when the identified fetal risk
values exceed an established risk threshold. The system
further including an external sensor disposed outside the
housing. The system further including at least one fixed
orientation promoter. The system where the fixed orientation
promoter is selected from the group including a garment, a
magnet and a clip. The device further including a garment
selected from the group including: a shirt, a belt, or under-
pants. The system further including an alert system. The
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system where the processor is configured to generate and
compare at least one cumulative risk value from the fetal risk
scores for comparison to a risk threshold. The health moni-
toring and improvement system where the health monitoring
and improvement system is used to monitor and improve the
health of the user during pregnancy. The health monitoring
and improvement system where the health monitoring and
improvement system is used to monitor and improve the
health of a fetus during the pregnancy term. The health
monitoring and improvement system where the health moni-
toring and improvement system is used to monitor and
improve the health of obese or other clinically high risk
individuals. The data collection system where the data
collection system is included of one or more sensors. The
data collection system where the data collection system is
included of one or more sensors selected from the group
including: accelerometers, gyroscopes, magnetometers,
infrared, temperature, pressure, microphone, oximeters,
ultra wide band microwave, and radio. The data collection
system where one or more sensors are single axis sensors.
The data collection system where one or more sensors are
3-axis sensors. The data collection system where the sensors
are user-programmable. The data collection system where
the data collection system contains analog-to-digital con-
verters for digitizing the output from one or more sensors.
The data collection system where the data collection system
collects data regarding physiological parameters specific to
the user. The data collection system where the physiological
parameters are selected from the group including: abdomi-
nal/body orientation, snoring, blood oxygen, blood pressure,
location of center of gravity, physical activity, body heat,
altitude tracking, pressure, temperature, respiration, respira-
tion during sleep, fetal activity, fetal heart rate, uterine
contraction, fetal ECG, tension, and hemodynamic flow. The
data collection system where the physiological parameters
include psychological states. The data collection system
where the data collection system uses empirical reference
data to determine force, impulse, or pressure applied to
intra-abdomical tissues or organs. The data collection sys-
tem where the tissues and organs are selected from the group
including; spine, kidneys, liver, bladder, all abdominal blood
vessels including the inferior vena cava, and all abdominal
nerves. The device where the device further includes: a
PCB; a battery; and a vibrational motor. The device where
the device is affixed to the body using adhesives. The device
where the device is affixed to the garment using magnets.
The device where the device is affixed to the body using
straps. The device where the device is affixed to the body
using magnets. The processing system where the manual
inputs are selected from the group including: number of
pregnancies of the user, body mass index, prior live births,
preexisting hypertension. The processing system where the
processor may raise or lower the threshold in response to the
manual input selections. The processing system where the
processing system is configured to compare physiological
parameters to the physiological parameters of an ideal user.
The processing system where the processor is configured to
identify clinically significant physiological parameter val-
ues. The processing system where the processing system is
configured to communicate with an external device. The
processing system where the physiological parameters also
include psychological states. The processing system where
the external device is selected from the group including:
cellular, hand-held, or desktop. The processing system
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where the processing system is configured to communicate
outputs to the user or the user’s care specialist. The pro-
cessing system where the processing system is configured to
recognize appropriate time spans for data processing. The
device where the device is fixed internally in the body The
device where the device is attached to the user in a manner
that prevents rotation. The processing system where the
processing system identifies risk values associated with one
or more physiological parameters. The processing system
where the physiological parameters are selected from the
group including: abdominal/body orientation, snoring, blood
oxygen, blood pressure, location of center of gravity, physi-
cal activity, body heat, altitude tracking, pressure, tempera-
ture, respiration, respiration during sleep, fetal activity, fetal
heart rate, uterine contraction, fetal ECG, tension, and
hemodynamic flow. The processing system where the pro-
cessing system determines risk values by creating a moving
average of the physiological parameter data and comparing
it to a threshold. The processing system where the moving
average calculated over any of a variety of time spans. The
processing system where there is a minimum and maximum
threshold limitation. The processing system where the pro-
cessor is coupled with manual inputs. The feedback system
where the feedback system informs the user when a risk
value exceeds the threshold value for a physiological param-
eter. The feedback system where the physiological param-
eters are selected from the group including: abdominal/body
orientation, snoring, blood oxygen, blood pressure, location
of center of gravity, physical activity, body heat, altitude
tracking, pressure, temperature, respiration, respiration dur-
ing sleep, fetal activity, fetal heart rate, uterine contraction,
fetal ECG, tension, and hemodynamic flow. The feedback
system where the physiological parameters also include
psychological states. The feedback system where the feed-
back is selected from the group including light indicators,
display schemes, audio, vibrational. The feedback system
where the feedback system informs the user when a physi-
ological parameter is inside the minimum and maximum
threshold values. The feedback system where the feedback
system informs the user when the time average of a physi-
ological parameter is exceeds the threshold values. Imple-
mentations of the described techniques may include hard-
ware, a method or process, or computer software on a
computer-accessible medium.

[0074] Inone Example, A system for reducing fetal risk in
a user, including: a fetal risk device including a housing; a
transmission component disposed in the housing; at least
one sensor disposed within the housing for monitoring a
physiological parameter and generating parameter data; a
processor configured to assign fetal risk values from the
parameter data to produce a time series of identified fetal
risk values; and an alert system configured to notify the user
of identified risk values. Other embodiments of this aspect
include corresponding computer systems, apparatus, and
computer programs recorded on one or more computer
storage devices, each configured to perform the actions of
the methods.

[0075] Implementations may include one or more of the
following features. The system where the at least one sensor
is selected from the group including an acoustic sensor, an
accelerometer, an ultra wide band sensor, a blood oxygen
sensor and a photo sensor. The system where the system is
configured to alert the user when the identified fetal risk
values exceed an established risk threshold. The system

Dec. 29, 2016

further including an external sensor disposed outside the
housing. The system further including at least one fixed
orientation promoter. The system where the fixed orientation
promoter is selected from the group including a garment, a
magnet and a clip. The device further including a garment
selected from the group including: a shirt, a belt, or under-
pants. The system further including an alert system. The
system where the processor is configured to generate and
compare at least one cumulative risk value from the fetal risk
scores for comparison to a risk threshold. The health moni-
toring and improvement system where the health monitoring
and improvement system is used to monitor and improve the
health of the user during pregnancy. The health monitoring
and improvement system where the health monitoring and
improvement system is used to monitor and improve the
health of a fetus during the pregnancy term. The health
monitoring and improvement system where the health moni-
toring and improvement system is used to monitor and
improve the health of obese or other clinically high risk
individuals. The data collection system where the data
collection system is included of one or more sensors. The
data collection system where the data collection system is
included of one or more sensors selected from the group
including: accelerometers, gyroscopes, magnetometers,
infrared, temperature, pressure, microphone, oximeters,
ultra wide band microwave, and radio. The data collection
system where one or more sensors are single axis sensors.
The data collection system where one or more sensors are
3-axis sensors. The data collection system where the sensors
are user-programmable. The data collection system where
the data collection system contains analog-to-digital con-
verters for digitizing the output from one or more sensors.
The data collection system where the data collection system
collects data regarding physiological parameters specific to
the user. The data collection system where the physiological
parameters are selected from the group including: abdomi-
nal/body orientation, snoring, blood oxygen, blood pressure,
location of center of gravity, physical activity, body heat,
altitude tracking, pressure, temperature, respiration, respira-
tion during sleep, fetal activity, fetal heart rate, uterine
contraction, fetal ECG, tension, and hemodynamic flow. The
data collection system where the physiological parameters
include psychological states. The data collection system
where the data collection system uses empirical reference
data to determine force, impulse, or pressure applied to
intra-abdomical tissues or organs. The data collection sys-
tem where the tissues and organs are selected from the group
including: spine, kidneys, liver, bladder, all abdominal blood
vessels including the inferior vena cava, and all abdominal
nerves. The device where the device further includes: a
PCB; a battery; and a vibrational motor. The device where
the device is affixed to the body using adhesives. The device
where the device is affixed to the garment using magnets.
The device where the device is affixed to the body using
straps. The device where the device is affixed to the body
using magnets. The processing system where the manual
inputs are selected from the group including: number of
pregnancies of the user, body mass index, prior live births,
preexisting hypertension. The processing system where the
processor may raise or lower the threshold in response to the
manual input selections. The processing system where the
processing system is configured to compare physiological
parameters to the physiological parameters of an ideal user.
The processing system where the processor is configured to
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identify clinically significant physiological parameter val-
ues. The processing system where the processing system is
configured to communicate with an external device. The
processing system where the physiological parameters also
include psychological states. The processing system where
the external device is selected from the group including:
cellular, hand-held, or desktop. The processing system
where the processing system is configured to communicate
outputs to the user or the user’s care specialist. The pro-
cessing system where the processing system is configured to
recognize appropriate time spans for data processing. The
device where the device is fixed internally in the body The
device where the device is attached to the user in a manner
that prevents rotation. The processing system where the
processing system identifies risk values associated with one
or more physiological parameters. The processing system
where the physiological parameters are selected from the
group including: abdominal/body orientation, snoring, blood
oxygen, blood pressure, location of center of gravity, physi-
cal activity, body heat, altitude tracking, pressure, tempera-
ture, respiration, respiration during sleep, fetal activity, fetal
heart rate, uterine contraction, fetal ECG, tension, and
hemodynamic flow. The processing system where the pro-
cessing system determines risk values by creating a moving
average of the physiological parameter data and comparing
it to a threshold. The processing system where the moving
average calculated over any of a variety of time spans. The
processing system where there is 2 minimum and maximum
threshold limitation. The processing system where the pro-
cessor is coupled with manual inputs. The feedback system
where the feedback system informs the user when a risk
value exceeds the threshold value for a physiological param-
eter. The feedback system where the physiological param-
eters are selected from the group including: abdominal/body
orientation, snoring, blood oxygen, blood pressure, location
of center of gravity, physical activity, body heat, altitude
tracking, pressure, temperature, respiration, respiration dur-
ing sleep, fetal activity, fetal heart rate, uterine contraction,
fetal ECG, tension, and hemodynamic flow. The feedback
system where the physiological parameters also include
psychological states. The feedback system where the feed-
back is selected from the group including light indicators,
display schemes, audio, vibrational. The feedback system
where the feedback system informs the user when a physi-
ological parameter is inside the minimum and maximum
threshold values. The feedback system where the feedback
system informs the user when the time average of a physi-
ological parameter is exceeds the threshold values. Imple-
mentations of the described techniques may include hard-
ware, a method or process, or computer software on a
computer-accessible medium.

[0076] Inone Example, A system for reducing fetal risk in
a user, including: a wearable device housing including a
housing, a memory unit and a transmission unit; at least one
sensor disposed within the housing and configured to gen-
erate fetal risk data relating to physiological parameters; and
a processor coupled to the sensor so as to receive the fetal
risk data, where the processor is configured to calculate and
produce a time-series of fetal risk scores in response to the
fetal risk data, and where the fetal risk scores can be
wirelessly transmitted via the transmission unit. Other
embodiments of this aspect include corresponding computer
systems, apparatus, and computer programs recorded on one
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or more computer storage devices, each configured to per-
form the actions of the methods.

[0077] Implementations may include one or more of the
following features. The system further including an alert
system. The system where the processor is configured to
generate and compare at least one cumulative risk value
from the fetal risk scores for comparison to a risk threshold.
The health monitoring and improvement system where the
health monitoring and improvement system is used to moni-
tor and improve the health of the user during pregnancy. The
health monitoring and improvement system where the health
monitoring and improvement system is used to monitor and
improve the health of a fetus during the pregnancy term. The
health monitoring and improvement system where the health
monitoring and improvement system is used to monitor and
improve the health of obese or other clinically high risk
individuals. The data collection system where the data
collection system is included of one or more sensors. The
data collection system where the data collection system is
included of one or more sensors selected from the group
including: accelerometers, gyroscopes, magnetometers,
infrared, temperature, pressure, microphone, oximeters,
ultra wide band microwave, and radio. The data collection
system where one or more sensors are single axis sensors.
The data collection system where one or more sensors are
3-axis sensors. The data collection system where the sensors
are user-programmable. The data collection system where
the data collection system contains analog-to-digital con-
verters for digitizing the output from one or more sensors.
The data collection system where the data collection system
collects data regarding physiological parameters specific to
the user. The data collection system where the physiological
parameters are selected from the group including: abdomi-
nal/body orientation, snoring, blood oxygen, blood pressure,
location of center of gravity, physical activity, body heat,
altitude tracking, pressure, temperature, respiration, respira-
tion during sleep, fetal activity, fetal heart rate, uterine
contraction, fetal ECG, tension, and hemodynamic flow. The
data collection system where the physiological parameters
include psychological states. The data collection system
where the data collection system uses empirical reference
data to determine force, impulse, or pressure applied to
intra-abdomical tissues or organs. The data collection sys-
tem where the tissues and organs are selected from the group
including; spine, kidneys, liver, bladder, all abdominal blood
vessels including the inferior vena cava, and all abdominal
nerves. The device where the device further includes: a
PCB; a battery; and a vibrational motor. The device where
the device is affixed to the body using adhesives. The device
where the device is affixed to the garment using magnets.
The device where the device is affixed to the body using
straps. The device where the device is affixed to the body
using magnets. The processing system where the manual
inputs are selected from the group including: number of
pregnancies of the user, body mass index, prior live births,
preexisting hypertension. The processing system where the
processor may raise or lower the threshold in response to the
manual input selections. The processing system where the
processing system is configured to compare physiological
parameters to the physiological parameters of an ideal user.
The processing system where the processor is configured to
identify clinically significant physiological parameter val-
ues. The processing system where the processing system is
configured to communicate with an external device. The
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processing system where the physiological parameters also
include psychological states. The processing system where
the external device is selected from the group including:
cellular, hand-held, or desktop. The processing system
where the processing system is configured to communicate
outputs to the user or the user’s care specialist. The pro-
cessing system where the processing system is configured to
recognize appropriate time spans for data processing. The
device where the device is fixed internally in the body The
device where the device is attached to the user in a manner
that prevents rotation. The processing system where the
processing system identifies risk values associated with one
or more physiological parameters. The processing system
where the physiological parameters are selected from the
group including: abdominal/body orientation, snoring, blood
oxygen, blood pressure, location of center of gravity, physi-
cal activity, body heat, altitude tracking, pressure, tempera-
ture, respiration, respiration during sleep, fetal activity, fetal
heart rate, uterine contraction, fetal ECG, tension, and
hemodynamic flow. The processing system where the pro-
cessing system determines risk values by creating a moving
average of the physiological parameter data and comparing
it to a threshold. The processing system where the moving
average calculated over any of a variety of time spans. The
processing system where there is a minimum and maximum
threshold limitation. The processing system where the pro-
cessor is coupled with manual inputs. The feedback system
where the feedback system informs the user when a risk
value exceeds the threshold value for a physiological param-
eter. The feedback system where the physiological param-
eters are selected from the group including: abdominal/body
orientation, snoring, blood oxygen, blood pressure, location
of center of gravity, physical activity, body heat, altitude
tracking, pressure, temperature, respiration, respiration dur-
ing sleep, fetal activity, fetal heart rate, uterine contraction,
fetal ECG, tension, and hemodynamic flow. The feedback
system where the physiological parameters also include
psychological states. The feedback system where the feed-
back is selected from the group including light indicators,
display schemes, audio, vibrational. The feedback system
where the feedback system informs the user when a physi-
ological parameter is inside the minimum and maximum
threshold values. The feedback system where the feedback
system informs the user when the time average of a physi-
ological parameter is exceeds the threshold values. Imple-
mentations of the described techniques may include hard-
ware, a method or process, or computer software on a
computer-accessible medium.

[0078] Inone Example, A health monitoring and improve-
ment system, including: a device; a data collection system;
a processor, where the processing system collects sensor
data from the device; and a feedback system. Other embodi-
ments of this aspect include corresponding computer sys-
tems, apparatus, and computer programs recorded on one or
more computer storage devices, each configured to perform
the actions of the methods.

[0079] Implementations may include one or more of the
following features. The health monitoring and improvement
system where the health monitoring and improvement sys-
tem 1is used to monitor and improve the health of the user
during pregnancy. The health monitoring and improvement
system where the health monitoring and improvement sys-
tem is used to monitor and improve the health of a fetus
during the pregnancy term. The health monitoring and
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improvement system where the health monitoring and
improvement system is used to monitor and improve the
health of obese or other clinically high risk individuals. The
data collection system where the data collection system is
included of one or more sensors. The data collection system
where the data collection system is included of one or more
sensors selected from the group including: accelerometers,
gyroscopes, magnetometers, infrared, temperature, pressure,
microphone, oximeters, ultra wide band microwave, and
radio. The data collection system where one or more sensors
are single axis sensors. The data collection system where
one or more sensors are 3-axis sensors. The data collection
system where the sensors are user-programmable. The data
collection system where the data collection system contains
analog-to-digital converters for digitizing the output from
one or more sensors. The data collection system where the
data collection system collects data regarding physiological
parameters specific to the user. The data collection system
where the physiological parameters are selected from the
group including: abdominal/body orientation, snoring, blood
oxygen, blood pressure, location of center of gravity, physi-
cal activity, body heat, altitude tracking, pressure, tempera-
ture, respiration, respiration during sleep, fetal activity, fetal
heart rate, uterine contraction, fetal ECG, tension, and
hemodynamic flow. The data collection system where the
physiological parameters include psychological states. The
data collection system where the data collection system uses
empirical reference data to determine force, impulse, or
pressure applied to intra-abdomical tissues or organs. The
data collection system where the tissues and organs are
selected from the group including: spine, kidneys, liver,
bladder, all abdominal blood vessels including the inferior
vena cava, and all abdominal nerves. The device where the
device further includes: a PCB; a battery; and a vibrational
motor. The device where the device is affixed to the body
using adhesives. The device where the device is affixed to
the garment using magnets. The device where the device is
affixed to the body using straps. The device where the device
is affixed to the body using magnets. The processing system
where the manual inputs are selected from the group includ-
ing: number of pregnancies of the user, body mass index,
prior live births, preexisting hypertension. The processing
system where the processor may raise or lower the threshold
in response to the manual input selections. The processing
system where the processing system is configured to com-
pare physiological parameters to the physiological param-
eters of an ideal user. The processing system where the
processor is configured to identify clinically significant
physiological parameter values. The processing system
where the processing system is configured to communicate
with an external device. The processing system where the
physiological parameters also include psychological states.
The processing system where the external device is selected
from the group including: cellular, hand-held, or desktop.
The processing system where the processing system is
configured to communicate outputs to the user or the user’s
care specialist. The processing system where the processing
system is configured to recognize appropriate time spans for
data processing. The device where the device is fixed
internally in the body The device where the device is
attached to the user in a manner that prevents rotation. The
processing system where the processing system identifies
risk values associated with one or more physiological
parameters. The processing system where the physiological
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parameters are selected from the group including: abdomi-
nal/body orientation, snoring, blood oxygen, blood pressure,
location of center of gravity, physical activity, body heat,
altitude tracking, pressure, temperature, respiration, respira-
tion during sleep, fetal activity, fetal heart rate, uterine
contraction, fetal ECG, tension, and hemodynamic flow. The
processing system where the processing system determines
risk values by creating a moving average of the physiologi-
cal parameter data and comparing it to a threshold. The
processing system where the moving average calculated
over any of a variety of time spans. The processing system
where there is a minimum and maximum threshold limita-
tion. The processing system where the processor is coupled
with manual inputs. The feedback system where the feed-
back system informs the user when a risk value exceeds the
threshold value for a physiological parameter. The feedback
system where the physiological parameters are selected from
the group including: abdominal/body orientation, snoring,
blood oxygen, blood pressure, location of center of gravity,
physical activity, body heat, altitude tracking, pressure,
temperature, respiration, respiration during sleep, fetal activ-
ity, fetal heart rate, uterine contraction, fetal ECG, tension,
and hemodynamic flow. The feedback system where the
physiological parameters also include psychological states.
The feedback system where the feedback is selected from
the group including light indicators, display schemes, audio,
vibrational. The feedback system where the feedback system
informs the user when a physiological parameter is inside
the minimum and maximum threshold values. The feedback
system where the feedback system informs the user when
the time average of a physiological parameter is exceeds the
threshold values. Implementations of the described tech-
niques may include hardware, a method or process, or
computer software on a computer-accessible medium.

[0080] In one example, a wearable device system for
reducing risks associated with birth, the wearable device
comprising one or more sensors for generating sensor data
indicative of an orientation of an abdomen of a user, a
processor coupled with the one or more sensors, the pro-
cessor configured to monitor the otientation of the abdomen
of the user by processing the sensor data to estimate the
orientation of the abdomen of the user, assign a health zone
to the orientation, assign total amounts of time allowed for
each health zone where zones of healthier orientations allow
longer amounts of time and output a warning when the time
threshold is exceeded. In some examples, the user can be in
one of the zones for any amount of time without an alert
being issued. In some examples, there are a minimum of 3
total health zones possible. In some examples, a prorated
time calculation is used to determine how much time is
carried over to new zones.

[0081] While multiple embodiments are disclosed, still
other embodiments of the disclosure will become apparent
to those skilled in the art from the following detailed
description, which shows and describes illustrative embodi-
ments of the disclosed apparatus, systems and methods. As
will be realized, the disclosed apparatus, systems and meth-
ods are capable of modifications in various obvious aspects,
all without departing from the spirit and scope of the
disclosure. Accordingly, the drawings and detailed descrip-
tion are to be regarded as illustrative in nature and not
restrictive.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0082] FIG. 1A illustrates a system diagram of an exem-
plary device for tracking abdominal orientation and/or user
activity.

[0083] FIG. 1B is a schematic overview of a network
implementation of the system, according to one exemplary
embodiment.

[0084] FIG. 2A illustrates an exemplary wearable device
for tracking abdominal orientation and/or user activity
which attaches to a user by straps.

[0085] FIG. 2B illustrates an exemplary coordinate system
for the user and the device.

[0086] FIG. 2C depicts an alternate implementation of the
device embedded in a garment.

[0087] FIG. 2D illustrates an exemplary wearable device
for tracking abdominal orientation for placement on the user
in a fixed orientation.

[0088] FIG. 3A depicts an implementation of a garment
configured to local the device on a user’s body.

[0089] FIG. 3B depicts a further implementation of a
garment, according to several embodiments, showing vari-
ous device placements on or above the abdomen of the user.
[0090] FIG. 3C depicts a front view of an embodiment of
the device placed in a pocket, according to one implemen-
tation.

[0091] FIG. 3D depicts a further view of a garment
showing several possible device placement implementa-
tions.

[0092] FIG. 3E depicts a perspective view of a pocket,
according to one embodiment.

[0093] FIG. 3F is a front view of an implementation of a
garment and pocket, showing device insertion.

[0094] FIG. 3G is a three-quarters rear view of an imple-
mentation of a garment having a support pad.

[0095] FIG. 3H s a front view of an alternate embodiment
of a garment, having a pocket with at least one magnet
disposed within.

[0096] FIG. 31 is a front view of a further implementation
having a device with multiple magnetometers.

[0097] FIG. 3] illustrates the exemplary wearable device
of FIG. 2A placed on and attached to a user at an exemplary
location.

[0098] FIG. 3K illustrates an exemplary system for track-
ing abdominal orientation and activity including the exem-
plary wearable device of FIG. 2A in combination with
another exemplary wearable device for tracking abdominal
orientation and activity (which may be identical to the
exemplary wearable device illustrated in FIG. 2A).

[0099] FIG. 3L illustrates the exemplary wearable device
of FIG. 2D placed on and attached to a user at an exemplary
location.

[0100] FIG. 4A shows a mating piece, according to an
exemplary embodiment.

[0101] FIG. 4B shows a wearable device, according to an
exemplary embodiment.

[0102] FIG. 4C shows a wearable device paired with a
mating piece, according to an exemplary embodiment.
[0103] FIG. 4D shows a mating device in perspective,
according to an exemplary embodiment.

[0104] FIG. 4E shows an example of how magnets could
be placed in a mating piece.

[0105] FIG. 4F shows an example of how magnets could
be placed in a wearable device.
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[0106] FIG. 4G shows an exemplary embodiment in
which a metal clip mates with magnets in a device.

[0107] FIG. 5A shows an open clasping mechanism,
according to an exemplary embodiment.

[0108] FIG. 5B shows a closed clasping mechanism,
according to an exemplary embodiment.

[0109] FIG. 5C shows a clasping mechanism, according to
another exemplary embodiment.

[0110] FIG. 5D shows a front/back planar view of a
clasping mechanism, according to an exemplary embodi-
ment.

[0111] FIG. 5E shows a perspective view of a clasping
mechanism, according to an exemplary embodiment.
[0112] FIG. 5F shows another perspective view of a clasp-
ing mechanism, according to an exemplary embodiment.
[0113] FIG. 5G shows a side planar view of a clasping
mechanism, according to an exemplary embodiment.
[0114] FIG. 5H shows another perspective view of a
clasping mechanism, according to an exemplary embodi-
ment.

[0115] FIG. 51 shows a side planar view of a clasping
mechanism, according to an exemplary embodiment.
[0116] FIG. 5] shows a side planar view of a clasping
mechanism, according to an exemplary embodiment.
[0117] FIG. 5K shows a slightly opened clipping mecha-
nism, according to an exemplary embodiment.

[0118] FIG. 5L shows a closed clipping mechanism,
according to an exemplary embodiment.

[0119] FIG. 6A shows a schematic to demonstrate a sys-
tem which measures physiological parameters, according to
an exemplary embodiment.

[0120] FIG. 6B shows a schematic to demonstrate a sys-
tem which measures physiological parameters, according to
an exemplary embodiment.

[0121] FIG. 7A shows a pair of smart underpants, with a
pocket which might hold sensors or devices.

[0122] FIG. 7B shows a pair of smart underpants, with
multiple pockets which might hold sensors or devices.
[0123] FIG. 8 illustrates an exemplary operational flow
according to some embodiments.

[0124] FIG. 9 illustrates an exemplary method for monitor
orientation risks.

[0125] FIG. 10A illustrates exemplary orientation risk
value matrices.
[0126] FIG. 10B illustrates further exemplary orientation

risk value matrices.

[0127] FIG. 10C illustrates a graph of representative risk
scores for a variety of positions.

[0128] FIG. 11 illustrates an exemplary method for moni-
toring activity risks.

[0129] FIG. 12 shows exemplary risk factors and exem-
plary risk values for customizing an orientation and/or
activity monitoring algorithm according to some embodi-
ments.

[0130] FIG. 13 illustrates an exemplary user interface for
orientation risk monitoring according to some embodiments.
[0131] FIG. 14 illustrates an exemplary user interface for
activity risk monitoring.

[0132] FIG. 15 illustrates another exemplary method
according to some embodiments.

[0133] FIG. 16 illustrates a table and plot illustrating the
exemplary relationship between risk coeflicients and gesta-
tional age.
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[0134] FIG. 17 is a flow chart of one algorithm imple-
mentation.

[0135] FIG. 18 is a flow chart of another algorithm imple-
mentation.

[0136] FIG. 19 is a flow chart of a further algorithm
implementation.

[0137] FIG. 20 is a flow chart of yet another algorithm
implementation.

DETAILED DESCRIPTION

[0138] The disclosed devices, systems and methods relate
to various systems, devices and methods for health moni-
toring, particularly in pregnant women. In exemplary imple-
mentations, the disclosed implementations relate to prevent-
ing and predicting certain diseases and conditions by
providing various devices, systems and methods directed at
collecting information about the activity of the user, includ-
ing relating to physiological parameters. The subject matter
of embodiments of the present disclosure is described here
with specificity, but this description is not necessarily
intended to limit the scope of the claims. While the above
examples are generally discussed with reference to avoiding
preeclampsia and other complications of pregnancy, it
should be understood that embodiments disclosed herein
may be applicable to preventing other conditions as well,
such as pressure on abdominal veins and organs can be
harmful outside of pregnancy as well. The claimed subject
matter may be embodied in other ways, may include differ-
ent elements or steps, and may be used in conjunction with
other existing or future technologies. This description
should not be interpreted as implying any particular order or
arrangement among or between various steps or elements
except when the order of individual steps or arrangement of
elements is explicitly described.

[0139] In various embodiments, and as shown in FIG.
1A-7B, various devices and systems are provided which are
directed to the use of a device 10. In various implementa-
tions, this device 10 can be secured to the user’s body, such
as by way of a garment or clip, so as to maintain a constant
relative orientation. Further, in various implementations,
and as shown in FIGS. 8-20, the device 10 readings can be
used to assess risk and aid in the prevention and prediction
of diseases. Accordingly, systems, devices, and methods to
track physiological parameters and provide clinically rel-
evant feedback to the user and/or physician in order to
prevent, avoid, or reverse diseases or conditions that are
related to abdominal position.

[0140] As discussed above in relation to FIG. 1A, in
certain implementations, a health monitoring system 1 is
provided. In these implementations, the system has a mini-
mum of one of more sensors 14, a processor 12, a memory
unit 18, and an alert system or feedback device 22; wherein
each of the sensors 14 is configured to detect a predeter-
mined physiological parameter of a person (sensors dis-
cussed below). In use, the system may comprise several
optional steps used to monitor at least one physiological
parameter and assess the associated fetal risk.

[0141] In these implementations, the system 1 records a
time series of individual parameter values into the memory
unit 18. Further, the processor 12 analyzes a predetermined
number of the most recently recorded physiological param-
eters to determine if one or more of the detected parameters
is abnormal as determined over a set period of time. When
at least one of the physiological parameters is determined to
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be abnormal, an alert is generated. Further, long-term trends
can be analyzed, such that recorded data is aggregated and
the user’s risk profile is calibrated over time, as would be
apparent to a skilled artisan.

[0142] FIG. 8 illustrates an exemplary operational flow
100 according to some embodiments of the system 1 device
10. Sensor data may be received 102. From the sensor data,
a processor may determine if the sensor data is indicative of
significant user activity 104. If the sensor data is indicative
of significant user activity, the processor may further analyze
the sensor data to monitor user activity and determine
activity risk with an activity risk algorithm 106. Based on
the monitoring 106, the processor may output feedback to a
user 108. When the sensor data is indicative of a user not
engaged in significant activity, the processor may analyze
the sensor data to monitor user orientation and determine
orientation risk with an orientation risk algorithm 110.
Based on the monitoring 110, the processor may output
feedback to a user 108. Additionally, in some embodiments,
the processor may be configured combine a time series of
orientation risk values obtained from algorithm 110 and a
time series of activity risk values obtained from algorithm
106 to generate a continuous time series of risk values 111.
The continuous time series of risk values may then be used
to determine a daily cumulative risk 112 over an extended
time period (e.g., 24 hours starting and ending each day at
3 a.m.). The daily cumulative risk may be a function of the
risk values obtained from the monitoring 106 and/or the
monitoring 110. The processor may output feedback 108 per
the daily cumulative risk determination 112. Further, in
some embodiments, the continuous time series of risk values
may be used to calculate a cumulative risk score 113 which
may then be compared to a cumulative risk threshold as will
be discussed further below.

[0143] In certain implementations, the device can be used
for two or more of the following purposes: used in pre-
pregnancy or early pregnancy as a fitness device, used in
mid and late pregnancy to monitor body orientation, sleep,
and depression, used in late pregnancy to monitor fetal
activity and uterine contractions, used after pregnancy again
as a fitness device, and used for monitoring SIDS in the new
baby.

[0144] These risk scores 113 can be updated as data is
collected, as would be apparent to one of skill in the art.
Further, the risk score algorithm can be revised as outcomes
for additional users are collected, as would be apparent to
one of skill in the art. While generally illustrated with
orientation monitoring algorithms, activity monitoring algo-
rithms, daily risk algorithms, and cumulative risk algo-
rithms, it should be understood that embodiments may have
one, some, or all of the functionality described above. Many
embodiments may implement all of the functions, but other
embodiments may be configured to only monitor user activ-
ity risk or only monitor orientation risks or other sub
combinations of functions.

[0145] FIG. 1A illustrates an exemplary device 10 accord-
ing to some embodiments of the system 1. The device 10
may include a microcontroller (processor) 12 coupled with
one or more sensors 14. The device 10 may be powered by
a rechargeable battery 16. In one embodiment, the recharge-
able battery 16 may be an Li-ion battery. The battery 16 may
be recharged via a Universal Serial Bus (USB) port, mini-
USB port, micro-USB port or the like. In one embodiment,
there a charging base 25 is provided. In these embodiments,
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the charging base 25 can be plugged into the wall and
connects to internet via Wi-Fi or wire. Various embodiments
of the base include, but are not limited to, sending an low
batter alert email or text to the user, auto-resetting time
keeping devices, relaying messages via a external storage
location (for example the cloud), monitoring user’s physi-
ological parameters for a location external to the body, or
playing status updates.

[0146] Data storage 18 may be provided to store computer
software executable by the microcontroller 12 and the
received sensor data from the one or more sensors 14. The
device 10 may further include a wireless interface 20 for
interfacing with smartphones, tablets, or other mobile
devices. For example, in some embodiments, data may be
stored on the device 10 and transmitted for processing at a
later time. Alternatively, the device 10 may transmit the data
in substantial real-time to a user’s personal electronics
device for data processing. In some embodiments, the wire-
less interface 20 may be a Wi-Fi or Bluetooth wireless
interface.

[0147] Device 10 may further include an audio/visual/
tactile feedback device 22 for outputting signals to a device
user. LED status indicators 24 may also be provided. In
certain implementations, the indicators 24 can be an LCD
screen, or other screen known by those of skill, such as those
regularly used in mobile devices.

[0148] The microcontroller 12 may be configured to
receive and process the sensor data from the one or more
sensors 14. In many embodiments, the microcontroller 12
may be configured to monitor user activity to identify risks
associated with certain levels of activity to the user. In many
embodiments, the microcontroller 12 may be configured to
monitor user orientation to identify risks associated with
certain user orientations. Optionally, the microcontroller 12
may be configured to transmit the sensor data from the one
or more sensors 14 to a processor housed separately from the
device 10 for data analysis at the separate processor. This
may be beneficial when increased processing power is
desired and/or when reducing a footprint of device 10. The
separate processor may be a portable electronic device of the
user, a desktop computer, or a related technology.

[0149] As shown, certain embodiments provide for a
wearable device for capturing abdominal orientation data
and delivering feedback to the user. The device may include
at least one of: one or more sensors which determine the
spatial orientation of the user’s abdomen (e.g., relative to the
direction of Earth’s gravity); a microcontroller that receives
and stores orientation data from the sensors and estimates
the level of clinical risk over various time scales based on
the abdominal orientation, and a communication device
and/or output which conveys periodic updates and alerts to
the user on their current risk level. As described below in
relation to FIGS. 3A-7B, in certain implementations, in use
the device 10 may attach to another part of the body such as
the chest, neck, shoulder, hip, abdomen, or back during the
daytime activities and then may be placed in the sleep
position belt during rest or sleep. Further, in certain embodi-
ments, the device 10 and/or sensors may be placed in a
variety of locations or a combination of locations on the
body, and the algorithm used to process sensor data could be
made more or less complex to account for different place-
ments. Additionally, the device could be calibrated to
account for different placements and types of motion. In
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some embodiments, the device may have a low profile so
that it cannot be easily seen if place externally.

[0150] Advantageously, some embodiments of the sys-
tems, devices, and methods may be customized for different
users. For example, different women with different physical
attributes or severities of disease may benefit from systems,
devices, and methods utilizing specialized programs. In
some embodiments, the risk assessment and type of feed-
back provided by the device may be influenced by a number
of factors. For example, some factors that may be accounted
for include the user’s height, weight. age, age of gestation,
blood pressure, diagnostic test results (genetic tests, blood
tests, urine tests, etc.), time since diagnosis, prior number of
device alerts, and/or the doctor’s or user’s preference on the
restrictiveness of their daily activities. Accordingly, in some
embodiments, one or more of these factors may be inputted
to create a customized algorithm for individual users. As an
example, one user might have preexisting hypertension, be
obese. be at 35 weeks of gestation, and have a positive
diagnostic result for genetic predisposition to preeclampsia.
Once these factors are input into the algorithm, the systems,
devices, or methods may calculate that the user is at higher
risk for preeclampsia and may then provide alerts to the user
that are appropriate for higher risk users. In some embodi-
ments, the device could provide feedback over an extended
period of time, preventing development of progression of
the syndrome. For example, a customized device or system
may be more sensitive for higher risk users—alerting the
user even when the user has not spent a lot of time in
positions that are highly contributive to pressure on intra-
abdominal organs. In another example, some embodiments
may determine that a young, healthy woman at 20 weeks of
gestation is at a lower risk for preeclampsia and may then
provide alerts to the user that are appropriate for lower risk
users. Accordingly, the user may receive no warnings even
when the user has spent a similar amount of time in similar
positions as the higher risk user. Optionally, some systems
and devices may be configured to suggest that the user check
their blood pressure, take a proteinurea test, or check in with
their doctor. Alternatively, the device could be configured so
that the doctor could communicate directly with the patient.

[0151] Embodiments of the system 1 may calculate the
risk associated with a plurality physiological parameters and
perform a calculation based on the accumulated risk of each
of the plurality parameters over a period of time. There may
be high risk and low risk parameters but since it is an
accumulated calculation, there may be no parameters that
are off limits. For example, a pregnant woman’s IVC may be
temporarily occluded if she lies in the supine position. If she
only spends a few seconds in that position and then rolls
over on her side, blood flow will resume and she will be fine;
however, if she continues to move back to the supine
position repeatedly, blood flow may be restricted to a variety
of abdominal organs and she could be at risk for either an
acute organ dysfunction, or a prolonged stress that leads to
a chronic organ dysfunction or failure. Accordingly, some
embodiments of the system 1 estimate the pressure,
mechanical force, and/or impulse placed on intra-abdominal
organs over short time periods (e.g., seconds, minutes, or the
like) and/or over very long time periods (e.g., months) and
may alert or notify users and/or clinicians if users are
experiencing too much cumulative pressure on their organs
and tissues.
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[0152] While some embodiments are generally discussed
in terms of monitoring orientation and activity of pregnant
women, many methods, devices, and systems may be
applied to any other area of the body where different
positions have different levels of risk or benefit associated
with them. For example, users with obesity related hyper-
tension may benefit from preventing abdominal fat from
chronically or periodically compressing renal nerves and
abdominal veins which may increase hypertension. In
another example, in a user with back pain, the algorithm
assigns different levels of risk or detriment to different
positions. The cumulative negative impact over time that the
user experiences while in various positions is added up and
compared to allowable risk-time levels to determine whether
the user should be alerted to change position in order to
prevent back pain or muscle or nerve inflammation. Devices
and methods may be beneficial to users suffering from
gastroesophahael reflux or other digestive disorder that
require they spend time in certain positions. Other diseases
that may benefit from embodiments disclosed herein include
Chorea, Parkinson’s, and heart disease.

[0153] According to one embodiment, as shown in FIG.
1B, the system also has an external server or processor or
processors 2 running risk score software 3. The processor 2
can have a central processor unit (“CPU”) and main
memory, an input/output interface for communicating with
various databases, files, programs, and networks (such as the
Internet), and one or more storage devices 4. The storage
devices may be disk drive devices or CD-ROM devices. The
processor 2 may also have a monitor or other screen device
and an input device, such as a keyboard, a mouse, or a touch
sensitive screen and may be connected to a network 8.
[0154] According to one implementation, the processor 2
is in communication with at least one parameter database 5.
In various implementations, the parameter database 5 is
configured for the accumulation of information relating to
each physiological parameter sensor from the user device
10. The parameter database 5 contains information relating
to any particular user physiological parameter described
herein, such as abdominal orientation, blood oxygen level.
[0155] Further, a risk score threshold database 6 may also
be in communication with the processor 2. According to one
embodiment, the threshold database 6 contains information
regarding physiological parameter thresholds in the popu-
lation that are more likely to lead to complications or fetal
conditions during pregnancy. In various implementations,
the threshold database 6 may also be in communication with
the network so as to revise the thresholds periodically or
continuously on the basis of data gathered from various
other users, in studies and the like.

[0156] The databases 5, 6 can serve as the inputs to and
information storage for the system 1, which processes the
information as described below and generates any one or
more of notifications, reports, suggested actions, and/or
instructions to a user or a third party.

[0157] The external processor 2 allows access to various
network resources. In one embodiment, the central processor
2 also has access, via the network 8 or some other commu-
nication link, to external data sources that may be used to
keep the information in the databases 5, 6 current.

[0158] It is understood that the processor 2 can be any
computer known to those skilled in the art. In one embodi-
ment, the central processor 2 includes a website hosted in at
least one or more computer servers. It is understood that any
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system disclosed herein may have one or more such server
and that each server may comprise a web server, a database
server and/or application server, any of which may run on a
variety of platforms.

[0159] In one implementation, the central processor 2
includes software programs or instructions to process
requests and responses. These software programs or instruc-
tions perform calculation, compilation, and storage func-
tions, transmit instructions, and generate reports. It is under-
stood that any embodiment of the systems disclosed herein
that provide for data collection, storage, tracking, and man-
aging can be controlled using software associated with the
system. It is further understood that the software utilized in
the various embodiments described herein may be a soft-
ware application or applications that are commercially sold
and normally used by those skilled in the art or it may be a
specific application or applications coded in a standard
programming language.

[0160] Itis further understood that the software can be any
known software for use with the systems described herein to
track, calculate, and manage the various parameters as
described herein. For example, as described in further detail
herein, various embodiments of the systems described
herein could have any one or more of software for tracking
orientation, sleep, blood pressure, blood oxygenation, or
software allowing for optimization of any one of these
parameters.

[0161] In the system, generally, reactive zone data (such
as, for example, time and temperature data, etc.) entered into
the system via a client computer or processor 2 is received
by the processor 2 or server and stored in any of the
appropriate databases of the system.

[0162] Various implementations of the disclosed devices,
systems and methods collect data about the user to monitor
fetal risk. As shown in FIG. 6A-7B the system 1 is config-
ured for measuring or estimating physiological parameters,
which can then be processed in the manner hereinafter
described. In exemplary implementations of the system 1,
one or more devices 10 are provided, as described above in
relation to FIG. 1. In these implementations, the devices 10
can have multiple sensors 14, such as body orientation
sensors. As discussed below, in relation to FIG. 2B, the
sensor data may include force data and orientation data. The
force data may be F,, I, F, force data. The orientation data
may be a recline (pitch) angle (6) and a side tilt (roll) angle
($). Orientation in 3 dimensions may be defined as below. As
is further discussed in relation to FIGS. 3A-5L, in various
implementations, the device 10 or devices can be securely
attached to the user’s body. As shown in FIGS. 6A-7B, in
certain implementations, the sensors 14 can also be blood
oxygen sensors 92, acoustic sensors 93 and/or an acceler-
ometers 95. In further embodiments, photo sensors, pressure
sensors, and ultra wide band (“UWB”) sensors can be
utilized as well. These sensors 14 are paired with various
microcontrollers 12 and/or wireless interfaces 20 (as shown
in FIG. 1) so as to allow for the collection, processing and
transmission of the sensed data. These devices 10 can
therefore be securely disposed on the user’s body so as to
effectively track a number of variables.

[0163] In some embodiments, the device measures or
estimates physiological paramenters using a one or more
sensors 14, which can be placed in any of a number of soft
tissue or skeletal locations. In one example, a blood oxygen
sensor 92 might be placed intra- or perivaginally, or on the
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legs, feet, or toes. In another example, an accelerometer and
blood oxygen sensor might be placed on the body above the
waist and a second blood oxygen sensor that is placed below
the waist, allowing the processor to compare collected
physiological data and assess the risk level or possible cause
of an irregularity.

[0164] Insome embodiments this may be done with two or
more sensors. For example, a sensor can be placed on soft
tissue, such as on the belly button, and another sensor placed
on the skeleton, such as on the sternum. In further embodi-
ments, just one sensor may be used. The one or more sensors
14 may include accelerometers, gyroscopes, magnetom-
eters, infrared/temperature sensors, pressure sensors, micro-
phones, oximeters, ultra wide band microwave sensors,
radio waves, infrared sensors and/or combinations thereof.
In some embodiments, the one or more sensors 14 may be
3-axis sensors or a plurality of single axis sensors. For
example, in some embodiments, device 10 may feature a
user-programmable gyroscope with a full-scale range of
+250, 500, +1000, and £2000°/sec (dps). In some embodi-
ments, device 10 may feature a user-programmable accel-
erometer full-scale range of 2 g, +4 g, +8 g, and 16 g. In
some embodiments, the device 10 may feature a magnetom-
eter full-scale range of 4800 uT. The certain implementa-
tions, the device 10 may further include analog-to-digital
converters for digitizing the output from the one or more
sensors 14 for data recording and analysis.

[0165] In some embodiments, different parts of the abdo-
men may be used for orientation calculations including belly
button or estimated center of gravity. In some embodiments,
a number of impulse vectors on different organs and tissues
may be estimated by the device.

[0166] In some embodiments, the device estimates of the
center of gravity of the soft tissue in relationship to the
musculoskeletal system. In some embodiments this may be
done with 2 sensors (one on soft tissue (e.g., belly button)
and one on skeleton (e.g., sternum)). In further embodi-
ments, just one sensor may be used which requires empirical
or theoretical data to determine where abdominal soft tissue
would be expected to be in relationship to interior vessels or
other tissues/organs, depending on the age of gestation,
height and weight, and number of fetuses etc.

[0167] In some embodiments, the device captures various
activities like running, driving, etc. and assigns specific
values to those which are different for near term and long
term analysis. For example, in some embodiments, the
device alerts a woman to take a break after 10 minutes of
jogging or 30 min of walking, but the algorithm views those
short duration as net positives over the period of days or
weeks. In some embodiments, the global intra-abdominal
pressure or regional intra-abdominal pressures are estimated
by the algorithm. In some embodiments, the algorithm views
an activity as beneficial for abdominal health initially but
later views it as detrimental to health after a certain threshold
time. For example, in some embodiments, walking may be
initially viewed as beneficial, but reaches an inflection point
at 30 minutes, at which point, it may be viewed as detri-
mental.

[0168] In some embodiments, different parts of the abdo-
men may be used for orientation calculations including belly
button or estimated center of gravity. In some embodiments,
a number of impulse vectors on different organs and tissues
may be estimated by the device.
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[0169] In some embodiments, the device estimates of the
center of gravity of the soft tissue in relationship to the
musculoskeletal system. In some embodiments this may be
done with 2 sensors (one on soft tissue (e.g., belly button)
and one on skeleton (e.g., sternum)). In further embodi-
ments, just one sensor may be used which requires empirical
or theoretical data to determine where abdominal soft tissue
would be expected to be in relationship to interior vessels or
other tissues/organs, depending on the age of gestation,
height and weight, and number of fetuses etc.

[0170] In some embodiments, the device captures various
activities like running, driving, etc. and assigns specific
values to those which are different for near term and long
term analysis. For example, in some embodiments, the
device alerts a woman to take a break after 10 minutes of
jogging or 30 min of walking, but the algorithm views those
short duration as net positives over the period of days or
weeks. In some embodiments, the global intra-abdominal
pressure or regional intra-abdominal pressures are estimated
by the algorithm. In some embodiments, the algorithm views
an activity as beneficial for abdominal health initially but
later views it as detrimental to health after a certain threshold
time. For example, in some embodiments, walking may be
initially viewed as beneficial, but reaches an inflection point
at 30 minutes, at which point, it may be viewed as detri-
mental.

[0171] Various sensors 14 can be paired with one another
depending on the physiological parameters to be assessed.
For example, as shown in FIG. 6B, a blood oxygen sensor
92 could be paired with a microphone 93 and an acceler-
ometer 95. In one embodiment, this combined sensor device
10 compares blood oxygen to body orientation using the
processor hereinafter described to create a specialized risk
profile for each user. In one embodiment, this risk profile is
updated throughout pregnancy as the uterus grows bigger
and causes more blood flow restriction. It is understood that
various alternate implementations of sensor configurations
are contemplated herein.

[0172] In many embodiments, the one or more sensors 14
may provide force data (e.g., F,, F,, F,) and/or orientation
data (e.g., a recline angle 8, a side tilt angle ¢) to the
microcontroller 12 for processing. In certain embodiments,
the device 10 is configured to track physiological param-
eters. In certain embodiments, the device 10 is configured to
record sensor 14 data through the night or other period of
day time which can be reviewed later to determine whether
the user is complying with the intended positional therapy.
Exemplary processing algorithms are discussed further
below.

[0173] As shown in the embodiment of FIG. 2C, in one
embodiment, the PCB, battery, vibrational motor and other
components of the wearable device are distributed so that
they are next to each other rather than overlapping on top of
one another. They are each coated with a waterproof poly-
mer barrier and then arranged spaced slightly apart from one
another and connected by wires and ribbon cables. They are
then placed between 2 layers of fabric in a specially
designed shirt. This arrangement makes the electronics as
low profile as possible and also allows more flexibility of the
shirt to contour more normally to the body during typical
wear and movement. In one embodiment, the electronic
components themselves are also flexible, such as a flexible
circuit board or flexible battery. In one embodiment, the shirt
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and electronics are a disposable item so that when the battery
runs out, the entire system is thrown away.

[0174] As depicted in FIG. 2D and FIGS. 3A-7B, in
certain embodiments, the device 10 can be configured to be
mounted on the user in a fixed orientation. This can be done
by adhesive (as shown in FIG. 2D), housed in a garment 30
(FIG. 3A-31 or 7A-B), or through use of an external mount-
ing device or clip (FIGS. 4A-5L) so that it maintains the
same relative orientation to the user at all times. In various
implementations, these devices can have a variety of sen-
sors, as is shown in FIGS. 6A-6B.

[0175] In the embodiments of FIGS. 3A-I, a garment 30
for keeping the device 10 in a fixed orientation can have a
pouch or pocket 32. As shown in FIGS. 3A-F, in various
embodiments the pocket 32 is configured such that the
device 10 fits snugly into the pocket 32 and does not fall out
during normal activity of the user 40.

[0176] In certain implementations, and as shown in FIGS.
3A-C, the garment 30 has multiple pouches 32, 32A aligned
vertically. In these embodiments, the user 40 can place the
device 10 in any of the pouches 32, 32A as desired for
comfort and use. In certain implementations, the pocket 32
may be oriented so that the device 10 is in the same
orientation relative to the user 40 each time the device is
placed within the pocket 32. In exemplary embodiments, the
pocket 32 has a first end 34 and a second end 36, and can be
sewn onto the front of the shirt 30 just below the breasts and
is very slightly smaller than the device 10 so that the device
fits snuggly into the pocket 32 between the first end 34 and
second end 36 without moving in relationship to the pocket
32. In certain embodiments, the pocket 32 has an opening 38
on the first end 34 of the pocket 32, which can be slightly
smaller than the rest of the pocket.

[0177] As shown in FIG. 3A-C, the garment 30 is a shirt
that fits snugly around the chest just below the breasts of the
wearer 40. In certain embodiments, the garment 30 might
have a support band 42, which is placed below the breasts
and extends around the torso 44 so that the device and
pocket are held more securely against the body of the user
40, or an integrated strap 46 fitted around the chest just
below the breasts. In various implementations, the integrated
strap 46 is adjustable and allows the user to tighten or loosen
the strap to adjust comfort as well as dictate how firmly the
sensor device is held against the body of the user 40. In
alternate embodiments, the garment may be looser fitting.
[0178] As shown in FIGS. 3C and 3F, in certain embodi-
ments, the device 10 is placed into a pocket 32, the device
10 prompts the user to recalibrate. In one embodiment, the
interior of the pocket 32 has a conductive region 50 disposed
such that placement of the device 10 in the pocket 32 is
sensed by at least one electrode 52, 54 disposed on the
device 10 and configured to come into electrical communi-
cation with the conductive region 50 so as to close a circuit,
as would be appreciated by a skilled artisan. In an alternate
embodiment, the device 10 can have a projection 56 that is
triggered when the device 10 is placed in the pocket 32. In
various embodiments, the projection 56 can be a lever,
button, magnet or other sensor that alerts the device to
require a calibration.

[0179] As shown in FIG. 3G, in certain implementations,
the garment 30 further comprises a belt 58 with a support 59.
The support 59 or supports can be foam pads or projections
integrated into the belt 58 so as to prevent the user from
assuming a supine position while seated. These supports 59
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thereby discourage certain maternal sleep or daytime posi-
tions for the purpose of preventing complications of preg-
nancy described elsewhere herein.

[0180] As shown in FIGS. 3H-I, in certain implementa-
tions, the garment 30 has at least one magnet 60 which are
detected by a magnetometer 62 (FIG. 3H) or magnetometers
624, 62B (FIG. 31) disposed within the sensor device 10. In
one embodiment, the device 10 turns on or becomes func-
tional when the magnetometers 62 sense the magnets 60 and
know the device has been placed on the user. In some
embodiments, the polarity of the magnets 60, 60A is such
that the device 10 can only be activated when it is placed in
the proper orientation on the body. In one embodiment, if the
magnetometers 62 detect magnets in the incorrect position,
the device 10 will issue an alert to notify the user the device
is not positioned properly.

[0181] Data conveying physiological parameters could be
used in many other ways, including, but not limited to,
determining whether the device was being utilized, activat-
ing a power-save mode, determining which physiological
profiles indicate high risk groups, suggesting tests and
treatments, calculating percent compliance, and recognizing
high risk patterns as a way of engaging in preventative
treatment. In some embodiments, the data could be com-
municated in a variety of ways, including, but not limited to,
wireless intra-sensor communication, wireless connectivity
to a mobile device, or connection to the primary device via
wires.

[0182] FIGS. 4A-G depict further implementations of a
wearable device 70 and/or clip 74. It is understood that the
wearable device 70 of FIGS. 4A-4G having magnets can be
any of the devices disclosed elsewhere herein in reference to
number 10.

[0183] As shown in FIG. 4C, in one embodiment, the
device is designed to be positioned on the torso with an
arrow 78 on the device face 80 pointing upwards. As shown
in FIG. 4A, in a further embodiment, the mating piece 74
and device 70 have protrusions 82 or indentions that fit
together. This geometric interlocking prevents the parts from
rotating in relation to each other. Since the magnets 72A,
72B, 76A, 76B urge the device 70 and mating piece 74
tightly together, the projections 82 are correspondingly
pulled into the indentions and thus when trying to rotate the
parts in relation to each other, they encounter mechanical
interference.

[0184] In one embodiment, as shown in FIG. 4D, the
mating piece 74 is symmetrical in at least two planes so that
the mating piece 74 can magnetically attach to the device in
a wide variety of orientations. This eliminates the need to
carefully align the mating piece under the clothes with the
device above the clothes. No matter how the mating piece is
oriented, it will immediately clip in place correctly.

[0185] As shown in FIGS. 4E-F, various implementations
of the system 1 have a wearable device 70, in which at least
onemagnet 72A, 72B is attached or embedded, and a mating
piece 74 also having at least one magnet 76 A, 768, wherein
the magnets are arranged so that the two parts only mag-
netically connect in predetermined preferred orientations. In
various embodiments, once engaged, these magnets 72, 74
prevent the wearable device 70 from easily rotating. In
exemplary embodiments, the device 70 and mating piece 74
each have two magnets 72A, 72B, respectively, such that
they can only attach in one orientation due to the polarity of
the various magnets. This prevention of rotation ensures that
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the user is always wearing the device in the proper orien-
tation so her orientation risk can be calculated accurately.
[0186] In one embodiment, the centers 71A, 71B, 73A,
73B of the magnets are about 0.5 inches apart. This sepa-
ration 71A, 71B prevents the device 70 and mating piece 74
from easily rotating in relationship to one another.

[0187] Inone embodiment, the device 70 and mating piece
74 are configured to be mounted on opposite sides of a cloth
garment, such as a shirt. This configuration allows the
sensors—such as the accelerometer and microphone—to be
disposed inside or outside of the garment, as desired.
[0188] In one embodiment, as shown in FIG. 4G, one or
more magnets 72A, 72B are attracted to ferrous metal
mounts 75A, 75B that have a similar shape as the magnets
72A, 72B. In an exemplary embodiment, the sensor device
10 has magnets 72A, 72B which are 1 cmx1 cmxl mm
disposed 1 cm apart. The mating clip 75 has ferrous metal
mounts 75A, 75B which are also 1 cmx1 cmx]1 mm and are
also 1 cm apart from each other. When the clip 75 and the
device 10 come in close proximity to each other, the magnets
will have a natural tendency to attract to the metal squares
such that the magnets 72A, 72B and mounts 75A, 75B will
only attract to each other in one of 2 possible orientations,
“right side up” and/or “upside down.” Any other orientation
will self-correct into one of the preferred orientations.
[0189] As best shown in FIGS. 5A-], certain embodiments
of the system 1 further comprise a clasping device, or clip
84. In these implementations, the clip 84 has a clasping
region 85 and a coupling region 86. In various embodiments,
and as shown in FIGS. 5A-B, the clasping region 85 has a
first arm 85A and a second arm 85B. Each of the arms 85A,
85B is disposed around a first hinge 88, and can have
clasping portions 87A, 87B and/or magnets 89A, 89B con-
figured to create a physical and/or magnetic connection, for
example around an item of clothing, such as a bra.

[0190] As shown in FIG. 5C-L, in these implementations,
the coupling region 86 is configured to accept the wearable
device 90. In various embodiments, the hinge 88 not only
allows the clasping region 85 to open and close, but also
allows the clip 84 to freely move with respect to the clasping
region 85. This is important because a pregnant user’s
abdomen will increase in size throughout pregnancy, so if
the clasping region arms 854, 85B are rigid in relation to the
rest of the clip 84 and device 90 the hinge these components
will uncomfortably dig into the abdomen or sternum. Simi-
larly, if the user bends forward at the waist, the clip hinge
needs to rotate so the clip does not dig into the skin.
[0191] In one embodiment, the magnets 89A, 89B are
disposed below the clasping portions 87A, 87B so that they
can come in direct contact with each other rather than in just
“close” contact through the bra material. This enables the
clasping region 85 to have the strongest possible connection
with the minimal amount of magnet material since magnetic
force falls as the inverse cube of the distance. By having the
magnets 89A, 89B contact each other they have the strongest
possible attractive force to each other. This arrangement also
allows the projections to have a very thin profile since the
magnets and ridges and projection material don’t all need to
be layered on top of each other.

[0192] In one embodiment, the magnets 89A, 89B are not
visible, but are covered by a layer of fabric or plastic or other
material on the clasp (not shown). However, the arrange-
ment of the magnets below the clasping portions 87A, 8§7B
allows for a strong magnetic connection as the magnetic
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force does not need to span the distance created by the
pinched bra fabric or the clasping portions 87A, 87B.
[0193] In one embodiment, the outside surface of the
clasping region 85 between the bra and the skin is flat so that
it is not uncomfortable against the skin. In another embodi-
ment, the clasping region 85 on the outside of the bra is
curved away from the bra at the top so that a user’s fingers
can easily pry the clasp open.

[0194] In one embodiment, the clip 84 does not have
magnets but instead uses a mechanical latch. In one embodi-
ment, the clip 84 does not have magnets but instead uses
clasping portions 87A, 87B that are flexible enough that they
can be pried apart and slipped over the bra material but rigid
enough so that they create a firm grip on the bra material.
[0195] In one embodiment, the clasping portions 87A,
87B are sufficiently long so that when the clasping portions
87A, 878 clasp the bra material, the clip 84 and device 90
do not significantly swing left or right when the user lays
down on her side. This is important so that the device 90 is
able to identify whether the user is on her side or is on her
back or upright.

[0196] In various embodiments, the hinge 88 is a standard
hinge. In various embodiments, the hinge 88 is a living hinge
made of flexible material that allows the clasp to open. In
various embodiments, the hinge 88 is a locking hinge that is
freely moveable until it is locked in place. For example, the
device could be attached to clothing in a variety of configu-
rations including, but not limited, a to a hinge, an automati-
cally locking hinge, a user-activated locking hinge, or Vel-
cro.

[0197] In one embodiment, the clip 84 attaches to the
bottom of the bra material between the cups. This ensures
that the device 90 hangs straight down from the center of the
sternum so that is aligned properly on the body.

[0198] In certain implementations, the system utilizes a
material worn on the abdomen or chest that reflects UWB
waves and a device that transmits UWB waves towards the
body and receives the reflected signal. In these implemen-
tations, a device can be utilized by running an algorithm that
identifies breathing characteristics based on the movement
of the chest. In certain embodiments, the system uses
material having a distinet pattern which can be recognized
by an algorithm, as would be understood. For example, in
one embodiment, the material has a repeating geometric
pattern of holes. In another embodiment, the material has a
non-repeating unique pattern that can be used to determine
chirality of the reflective material. In this case, the algorithm
can tell whether the UWB waves are going through the body
and then reflecting off of the back surface of the material or
are bouncing off the front of the material before penetrating
the body. In some embodiments, the reflective material is
one or more of the following materials: aluminized mylar,
thin strips of metal, reflective polymers, or metal mesh.
[0199] In further embodiments, the device captures vari-
ous physiological parameters and provides feedback based
on the intensity and time span of the measurement collected.
For example, in some embodiments, the device alerts a
woman to take a break after 10 minutes of jogging, but the
algorithm views those short duration as net positives over
the period of days or weeks, however the data but reaches an
inflection point after 10 minutes, at which point the time
span could be considered detrimental. In one embodiment,
the blood oxygen sensor 92 identifies various respiration
characteristics such as normal breathing, shallow breathing,
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snoring, apnea or no breathing and assigns them different
risks. When the moving average risk crosses a predeter-
mined threshold an alert is issued. In additional embodi-
ments, and as shown in FIG. 6B, the device 10 also uses a
microphone 93 and/or accelerometers 95 to measure breath-
ing characteristics.

[0200] In another example, as shown in FIG. 7A, the
device 10 could have a blood oxygen sensor 92 integrated
into a pair of “smart underpants” 94. In certain embodi-
ments, also shown in FIG. 7A, the “smart underpants” could
have a pocket 96 configured to house the blood oxygen
sensor 92 or device 10. Alternatively, as shown in FIG. 7B,
the underpants 94 could have sensors 10A, 10B, 10C in
different locations to get a more accurate indication of
orientation and blood oxygen level. For example, a system
of sensors attaches to an existing pair of underpants or a
specially designed pair of underpants. The device can be
removed so that the device can be easily cleaned and used
with a clean pair of underwear.

[0201] Returning to FIG. 2B, an exemplary coordinate
system for the user 40 and the device 10. In FIG. 2B, forces
along the user’s 40 left to right side may be represented by
measured forces along the x-axis (left side to right side of the
device). Forces along the user’s vertical axis (e.g., feet to
head) may be represented by measured forces along the
y-axis (bottom of the device to the top of the device). Forces
from the user’s back to front may be represented by mea-
sured forces along the z-axis (front surface to back surface
of the device).

[0202] Also illustrated, rotation values around the x-axis
(called the recline angle and represented by 6) may range
from lying face down to sitting/standing straight up to lying
face up. Further, rotation values around the z-axis (called the
side tilt angle and represented by ¢) may range from lying
on the left side to sitting/standing straight up, to lying on the
right side. It should be understood that the illustrated coor-
dinate system is exemplary and not limiting.

[0203] In certain implementations, the device must be
calibrated. In various implementations, the device 10 can be
calibrated to account for different variations on physiologi-
cal parameters. In one example, the device may be placed in
an imperfect orientation on the body and then calibrated
appropriately. The user uses a magnetic clip to attach the
device to her shirt, so that the device is reclined by 20
degrees and tilted to the left 30 degrees. A calibration
sequence is initiated when the user is standing still in the
upright position and presses a calibration start button.
Optionally, the calibration procedure may provide a brief
pause (e.g., 1-5 seconds) between when the user presses a
calibration start button and when the calibration calculations
begin in order to allow the user to get into a preferred
position. In another example, the system has a snoring
calibration function where the user wears the device and
makes snoring sounds in order to determine the correct
default values for the snoring algorithm. The device could
tell the user when to make sounds and could use the
processor algorithm adjust the threshold value according to
the calibration.

[0204] The calibration may be performed by taking the
average of each of the x, y, and z values over a time or
measurement period (e.g., last 10 measurements or last 1-10
seconds) and checking to see if values of each of the X, y, and
7 variables are relatively unchanged. If unchanged, this
indicates that the user is standing very still, and thus, the
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calibration constants may be recorded. For example, if
measurements are received at 0.1 second increments, at 0.1
seconds, a first data point may be recorded (x,,v,, 7,), at 0.2
seconds, a second data point may be recorded (x,, y,, 2,) and
so on over the calibration time period (1-10 seconds for
example). The new data point generated every 0.1 seconds
may be put into a new variable (€.2., X,.... Vions Znew)- At
every 0.1 second increment, the calibration algorithm may
check if the subsequently received values are within a
desired percentage (1-5%) of the initial reading (e.g., X, y,,
z,). For example, the algorithm may check to see if the new
variables are within 2% of the initial reading:

0.98%x,,,,,<xs1.02%x,_,,
0.98%y _=<y=1.02%p,

0.98%z,,,,s7,s1.02%z,,

[0205] If the equation is satisfied, it may continue to the
next measurement. If at any point, any of the values are not
within the desired percentage, the calibration sequence may
restart with a new initial reading (e.g., X, y,, ;). When the
calibration time period (1-10 seconds for example) passes
without any of the x, y, or z values fluctuating more than the
desired percentage (e.g., 2%), the calibration constants may
be recorded and an orientation calibration may be performed
where:

cal.theta = arclan(f}—i)

cal.phi= arctan(j—i)

[0206] Variables cal.theta and cal.phi may be subtracted
from the raw theta and raw phi values. As would be apparent
to one of skill in the art, various alternative algorithms can
be used to establish the theta and phi calculations.

[0207] In one embodiment, the calibration algorithm is
given by:

cal.phi=arctan(y1/sqrt(z1"2+x1"2)*180/pi)
cal.theta=arctan((-x1/((sign of z1}*(sqrt(z1"2+0.
01%p1°2))))*180/pi)

[0208] In these embodiments, whenever the device
acquires sensor data, it will subtract the “cal.theta” and
“cal.phi” variables from the theta and phi values calculated
from the raw data coming into the algorithm from the
sensors. As such:

[0209] Raw data is given by:

sensor.phi=arctan(y/sqrt(z 2+x"2)*180/p1)

sensor.theta=arctan((-x/((sign of z)*(squt(z2+0.
01%y72))))*180/pi)

[0210]

real.phi=sensor.phi-cal.phi

Calibrated data is given by:

real.theta=sensor.theta—cal.theta

[0211] In some embodiments, the following alternate xyz
plane is defined as:
[0212] y=g’s of force from y-sensor (axis of person’s
left hip to right hip)
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[0213] x=g’s of force from x-sensor (axis of feet to
head)
[0214]
front)
[0215] In some embodiments, the phi and theta equations

are modified in order to stabilize the functions where:

7z=g’s of force from z-sensor (axis of back to

FESqrtx 24+y2+272
phi(¢)=arctan(y/sqrt(x"2+z°2))*180°/

theta(0)=arctan(-x*(sign of z)/sqrt(z 2+u*y"2))
*180°%/7m

where u is a constant with a preferred range between 0.001
and 0.3, and where “sign of z” simply inserts a negative 1
when z is negative and a positive 1 when z is positive.
[0216] In certain embodiments, the device can also be
calibrated to recognize certain positions or to stop reading
any combination of X, y, or z axis outputs. In one example,
the microphone and processor could be configured detect
only the amplitude of sound and recognize snoring by
identifying short regular amplitude bursts over a set period
of time, or it could be configured to analyze both the
amplitude and frequency of the sound to determine if the
sound is snoring or some other ambient noise.
[0217] An example of this approach is the following:
every body orientation has a set amount of time in which the
user is allowed to be before an alert is issued. In one
embodiment, every single unique combination of side tilt
and recline angles has a different total amount of time
associated with it. In one embodiment, a recline angle of -90
degrees with 0 degrees side tilt (flat on back) has the very
lowest amount of time allowed (2 minutes). A combination
of recline angle -73 degrees and side tilt 7 degrees has a
maximum time of 4 minutes and 22 seconds. A combination
of =35 recline and -82 side tilt has no maximum time value
(infinity) because it is considered completely safe. Every
time the user moves orientations, the algorithm instantly
calculates how much time the user has left in that position.
The remaining time is transferred and prorated to the new
position. So, if the user has been flat on her back for 1 of the
maximum 2 minutes allowed by the algorithm and then
shifts to recline —75 and side tilt 7, she will have 50% of the
time left for the new position (2 min and 11 seconds).
[0218] In one embodiment, the system is a health moni-
toring system with one or more sensors for generating sensor
data, configured to identify health risk values associated
with the sensor data; assign the risk value to a corresponding
time value; adjust the time values continuously based on
new risk values; and output a warning when the risk value
persists for the direction of the time value.
[0219] In various embodiments, the following variables
and logic are used in the algorithm to establish the risk of
time spent in various “zones”. For purposes of these imple-
mentations, there are different zones that the user can be in
for different amounts of time. In one such implementation,
each zone has a threshold value (“ZonelThresh”,
“Zone2Thresh” etc. . .. ) associated with it as well as its own
health time (“ZonelTime”, “Zone2Time”, etc. . . . ). The
health threshold values are in ascending order starting from
Zone 1.
[0220] In one exemplary embodiment, the system defines
3 zones that have the following values:

[0221] Zone 1: 0.2 health score threshold for 20 sec.
[0222] Zone 2: 0.4 health score threshold for 30 sec.
[0223] Zone 3: 0.6 health score threshold for 60 sec.
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[0224] The device vibrates when a user is below a thresh-
old level for the amount of maximum time for that zone’s
health threshold. In various implementations, if a user is not
in zones 1, 2, or 3, an alert will not be generated. But, if the
user goes into zone 1 and stays there for 20 seconds, an alert
is generated. If the user goes into zone 2 and stays there for
30 seconds, an alert is generated. And, if a user goes into
zone 3 and stays there for 60 seconds an alert is generated.

[0225] In these implementations, if a user goes into a zone
for less than the alert threshold time and then transfers into
a new zone, the time is carried over into the new zone in a
prorated manner. For example, take the case where a user is
only allowed to spend 60 sec in zone 3 or 30 sec in zone 2
before an alert is triggered, where zone 2 is considered less
healthy than zone 3. If the user has been in zone 3 or 40
seconds and then transfers into zone 2, the algorithm will
multiply 40 sec times 30/60 (ratio of max time in zone 2 over
zone 3) for a new value of 20 sec. The user will now have
only 10 seconds (30 sec max minus 20 sec prorated carry-
over from previous zone) left in zone 2 before the alert is
issued.

[0226] In one example, a user has been at a health score of
0.7 for an hour and they then change position so their new
score is 0.5. They are in that position (and in zone 3) for 30
seconds and then transfer into a new position and have a
health score of 0.3 (zone 2). The 30 seconds they spent in
zone 3 is now carried over to zone 2 but the time is prorated
to account for the difference in maximum times between
zones.

[0227] Similarly, in a new case where the user has spent 20
sec in zone 2 and they transfer into zone 3, the algorithm
behaves as though the user has been in range 3 for 40
seconds (20 sec times 60/30) and will have 20 seconds (60
sec max-40 sec carryover) until the alert is issued.

[0228] Ifthe user goes to a position that has a health score
higher than 0.6 so they are out of the alert zones all together,
the clock resets back to 0.

[0229] In a further embodiment, the number of consecu-
tive vibrational alerts are programmed uniquely for each
zone. In one embodiment, zone 1=5 consecutive vibrations,
zone 2=3 consecutive vibrations, and zone 3=1 vibration.

[0230] In another embodiment, the risk and time values
are based on continuous equations so there are an infinite
number of risk and time levels. In one embodiment, different
risk equations are used to cover different quadrants of space.

[0231] In another embodiment, more than 1 real time risk
variable is used in the risk calculation equation. In one
embodiment, the overall risk is a direct function of both
body orientation and snoring so that the alert is more likely
to go off when the user has high risk values for each of body
orientation and snoring.

[0232] In another example implementation, a wearable
device 10 having a microphone and a processor creates a
time series of estimated fetal activity scores where the fetal
health is related to both the frequency of and intensity of
fetal movements as detected by the microphone. An average
fetal health score is calculated as an average of all the fetal
activity over a period of 4 hours. If the average fetal health
score drops below a threshold level at any point, an alert is
generated. In another embodiment, the processor counts all
the fetal movements over a certain threshold size in a given
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period of time. If the total number of movements in a 4 hours
period is less than the threshold number (for example 20), an
alert is generated.

[0233] In one example, the system 1 could have a device
10 for assessing and correcting sleep position which can be
worn in any orientation on the chest or neck or abdomen
during sleep as long as it is relatively parallel to the bed
mattress surface. During “night mode” an algorithm only
uses measures the z-value (direction perpendicular to the
mattress). When z=-1, the user is facing upwards. When
7=0, it is assumed the user in on her side since the user is not
likely to be vertical when asleep. By using only the z
direction, the user no longer needs to put the device on the
body in a certain orientation and if the device rotates during
sleep the algorithm will still accurately assess sleep position.
[0234] In various implementations, the device and system
can provide alerts to the user. The feedback device 22 may
have one or more displays, light indicators, speaker(s),
and/or vibration motor(s) for outputting signals to a device
user. In certain embodiments, the device 10 is configured to
issue vibrational alerts. The feedback device 22 may also
provide an audio output. For example, the feedback device
22 may provide beeping warnings or vocal feedback/sug-
gestions to the user. The feedback device 22 may also
provide a haptic feedback with a vibration motor. For
example, the device 10 could use a blood oxygen sensor 92
to measure a physiological parameter, and could then issue
an alert described above when blood oxygen falls below a
certain level. In some embodiments, when the cumulative
orientation risk value rises above the medium risk threshold,
the device may vibrate, beep, or flash once every two
minutes until the cumulative orientation risk value improves
and drops below the threshold. If the cumulative orientation
risk value rises above the high risk threshold, the device may
vibrate, beep, or flash twice every thirty seconds until the
cumulative orientation risk score drops below the high risk
threshold. The device may provide no feedback when the
cumulative orientation risk score is below the medium and
high thresholds. Optionally, the device may provide a visual
feedback when the cumulative orientation risk score is
below the medium and high thresholds (e.g., a green indi-
cator or the like). The described feedback and thresholds are
exemplary. It should be understood that the feedback alerts
may have any number of configurations and may be cus-
tomized by a clinician or a user.

[0235] For example, a display may display risk scores,
orientations, activity levels, etc. to a user. Optionally, the
device could provide specific verbal advice regarding body
orientation or medication needs, for example, “don’t lean
back so far.”” Additionally or alternatively, light indicators
may provide feedback. For example, light indicators may be
a row of five lights that progressively light up to provide a
warning to a user. Optionally, the light indicators 24 may
provide various color outputs for different degrees of warn-
ing (e.g., green, yellow, red, etc.), or may signal power
status, battery status or connectivity status. A variety of
vibration intensities or audio volumes might be used
depending on user position.

[0236] In some embodiments, the alerts could be config-
ured to give more specific feedback. For example, the device
10 has an arterial oxygen saturation (“SpO,”) sensor that can
be used when needed. The system could remind the user to
activate SpO, functionality only on certain nights depending
upon sensor results over a specific time span. At one time,
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a user may have multiple previous sleep sessions where their
SpO, levels are very good and they also snore very infre-
quently; therefore the system would not recommend that
they use the SpO, attachment on a given night. Conversely,
at another time, if the system sensed low SpO, levels and
significant snoring many nights in a row, the system may
recommend that the user use the SpO, sensor on a given
night.

[0237] In some embodiments, the device may include a
training system alerts which teach the user which orienta-
tions or activities are considered risky. For example, in
training mode, the device buzzes once when the user enters
a position of risk level 0.2 to 0.39, buzzes twice for risk level
0.4 to 0.59, buzzes 3 times for risk level 0.6 to 0.79, and
buzzes continuously for risk level 0.8 to 1. In alternate
embodiments, the algorithm can be adjusted to alternate
ranges with slightly different maximum amounts of time
allowed based on their level of risk. In one embodiment, all
body orientations fit into 1 of 100 different categories from
Range 100 (healthiest) to Range 1 (least healthy). A mini-
mum health threshold can be set so that all Ranges above a
certain level of health never cause the algorithm to issue an
alert. In this case, all Ranges over 45 are considered healthy
for a specific user. The user can spend varying amounts of
time in Ranges 1 through 45 before an alert is issued. In this
case, the user can spend 10 sec plus (“the range#” times 2).
So, in Range 45, the user can spend 100 seconds (10+45%2)
before an alert is issued. In Range 20, a user can spend 50
sec (10+20x2). In range 1, a user can spend 12 seconds
(10+1x2). And, in each case, time spent in other ranges
affects the amount of time the user can spend in the new
range. This time carryover affect can happen continuously
until an alert is issued or the user enters a health orientation
(Range 45 or higher).

[0238] Insome embodiments, the processor may use algo-
rithms to calculate force, pressure, or other measurements,
which would show how the body is being affected by
different physiological parameters. In one embodiment, the
algorithm could be constructed using imaging techniques
and empirical data. In other embodiments, the algorithm
could be adapted based on physiological data from other
users. In alternate embodiments, the processor could use an
algorithm to determine whether a given physiological
parameter value is caused by a global or localized stimuli.

[0239] For example, the system could detect snoring and
use an algorithm to adjust the data sensor measurements. In
this example, the device acquires microphone sound ampli-
tude or voltage data at a rate called “MicSampleRate,”
typically occurring between 0.5 Hz and 10 Hz. An algorithm
is then employed by the system 1 to detect sounds that
exceed certain defined noise and frequency thresholds. For
example, the system could identify user snoring by uses a
“SnoreStartConsec” parameter. For example, if the “Snore-
StartConsec”™ parameter is set at four, the device will begin
to collect data when the microphone and system detect four
or more consecutive amplitudes above “HeavySnoreStar-
tAmpThresh,” which by way of example can be set at about
50 db and/or “LightSnoreStartAmpThresh” which by way of
example can be set at about 30 db. Likewise, the system
could also detect when a period of snoring has ended by
employing another algorithm defining low volumes and
frequency. For example, when there are two or more sounds
consecutive detected amplitudes that qualify as “SnoreEnd-
Consec” (default value 2) consecutive (or more) amplitudes

Dec. 29, 2016

below “HeavySnoreEndAmpThresh” (default value of 20
db) or “LightSnoreEndAmpThresh” (default value of 10
db). Between these two functions, the device could collect
data regarding the user’s snoring profile.

[0240] Variable “SnoringState” is generated at the same
rate as “MicSampleRate”. Tt may have 4 different values:
heavy snoring, light snoring, not snoring, unknown.

[0241] In the previous embodiment, the default values of
the variables may change based on specific user character-
istics such as whether they have a partner who snores or how
close the device is to their mouth.

[0242] In some embodiments, the processor would calcu-
late the risk associated with a certain physiological param-
eter. For example, the system 1 might be used for monitoring
breathing during sleep. Sensors would collect the desired
physiological parameter and use an algorithm that identifies
health risk values associated with the sensor data to produce
a time series of identified risk values. The cumulative risk
value could be determined and updated by calculating a
moving average for a subset of the time series of identified
risk values associated with the sensor data. Then, the cumu-
lative risk could be compared a threshold value, and the
device could output a warning when the cumulative risk
value crosses the first threshold. In a further embodiment,
the algorithm assigns a risk score based on the breathing
rate, where consistent regularly spaced breaths are given the
highest score and long intermittent stoppages in breathing
are given the lowest score. An exemplary equation that
would be part of this algorithm is provided by:

Healthiest score=1,
Riskiest score=0;

Score over last 10 minutes=1/(2*# of breathing stop-
pages greater than 10 seconds)™0.5.

[0243] Similarly, in another example, the length of the
breathing stoppage impacts the risk score generated: Score
over last 10 minutes=1/(3%# of breathing stoppages greater
than 15 seconds+2*# of breathing stoppages greater than 10
but less than 15 seconds)"0.5. In these implementations, the
processor could use an algorithm to calculate a moving
average as described above. In one embodiment, the breath-
ing algorithm is as follows:

[0244] a. Acquire accelerometer data at a rate called
“BreathSampleRate” (between 0.5 Hz and 30 Hz;
default 8 Hz).

[0245] b. “BreathSignal” equals accelerometer value
“Petx”*“accelx”+ Pctz*“accelz”.

[0246] c. “accelx” equals the accelerometer value in the
x direction, “accel y” is the y direction accelerometer
value

[0247] d. “Pctx” and “Pctz” have values from —100% to
100% (-1 to 1) where the absolute values of “Petx” and
“Petz” must equal to one but one or both can be
negative (eg in one example BreathSignalis 0.7x-0.3z).

[0248] e. Variable “BreathState” is generated at the
same rate as “BreathSampleRate”. It may have 4 dif-
ferent values: inhale, exhale, none, unknown.

[0249] f. “BreathSignal” is logged continuously for the
last “BreathTestDuration” seconds (default 5 sec). The
most recent “Breath#” (default 3) *“BreathSignal”
recordings are averaged to create “RecentAveBreath-
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Signal” and the next “Breath#” (eg 3) most recent
“BreathSignal” values are averaged into “PastAve-
BreathSignal”.

[0250] 1. For example, if “Breath#’=3, then
“RecentAveBreathSignal=the average of the 3 most
recent “BreathSignal” values and
“PastAveBreathSignal”=the average of the 4th, 5th,
and 6% most recent.

[0251] g. If the absolute difference between ‘“Recen-
tAveBreathSignal” and “PastAveBreathSignal” is
greater than the variable “BreathNoiseMargin” (default
value 0.1 g) then “unknown” is recorded for “Breath-
State”.

[0252] h. If “RecentAveBreathSignal” is greater than
“PastAveBreathSignal” by “DynamicBreathMargin”
(default value 0.005 g) then “BreathState” is given a
value of “inhale”. If “RecentAveBreathSignal” is less
than “PastAveBreathSignal” by “DynamicBreathMar-
gin” then “BreathingState” is recorded as “Exhale”. If
they are within the “DynamicBreathMargin” range (eg
between -0.005 and 0.005), then “none” is recorded.

[0253] 1. The algorithm continuously reviews the last
“BreathTestDuration” (eg 5 sec) seconds to determine
if a full breath has occurred. A binary variable “Breath-
Peak” is recorded whenever at least “% breaths™ (de-
fault 50%) of the first half of the time segment (2.5 sec
in this case) is inhale and at least “% breaths™ (50%) of
the 2% half of the segment (2.5 sec) is exhale.

[0254] j. “AveBreathRate” is recorded as the average
time between all individual “BreathPeak” values which
do not have an “Unknown” event between them.

[0255] k. “NoBreathCount” is increased by 1 every time
no BreathPeaks are recorded for “NoBreathTime” (de-
fault 15 sec). Each time this occurs a variable
“NoBreathEvent” is recorded as the time between
breaths. Note, this calculation is performed when a new
breath is detected so that the time since the last breath
can be recorded. Otherwise, it will record a time of 30
sec for each one.

[0256] 1. A full intensity vibrational alert (5 bursts) may
be issued (optional) when “#NoBreaths” (default 3)
occur within a window of “NoBreathTimeWindow”
(default 10 min).

[0257] In one embodiment, the algorithm has the ability to
detect breathing during a subset of the night in order to limit
battery consumption. For example, variables “TimeBreath-
DetectOn” (default value 2 minutes) and “TimeBreathDe-
tectOff” (default value 28 minutes) would test breathing for
a 2 min segment every half hour. Setting “TimeBreathDe-
tectOff” to O makes breathing detection continuous through
the entire night.

[0258] FIG. 9 illustrates an exemplary method 200 for
monitor orientation risks 110, for example in preventing
preeclampsia. At step 202, orientation sensor data is
received. Based on the received orientation sensor data, a
determination of an orientation risk value can be made 204.
Steps 202 and 204 may be repeated for a continuous stream
of orientation sensor data to generate a time series of
orientation risk values 206. From the time series of orien-
tation risk values, a cumulative orientation risk value may be
calculated 208. The cumulative orientation risk value may
then be compared to an orientation risk threshold 210.
Feedback may then be outputted to the user 212 based on the
comparison of the cumulative orientation risk value to the
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orientation risk threshold. Optionally, the method 200 may
further include receiving user data 214. An orientation risk
threshold may be calculated or adjusted in response to the
received user data 216 to provide a customized orientation
risk threshold. This customized orientation risk threshold
may be used in the comparison 212.

[0259] The orientation data may be a recline angle () and
a side tilt angle (¢). Each combination of 6 and ¢ may
correspond to an “Instant Position Risk Score.” For
example, this score may range from 0-1 (or scales thereof)
where 1 may be indicative of the most dangerous orienta-
tion. Continuing with the exemplary scale, in some embodi-
ments, oriented face down (while not lying on the stomach)
may be valued at 0-0.05, preferably about 0.03; leaning
forward at 45 degrees may be valued at 0.05-0.10, preferably
about 0.08; standing straight up may be valued at 0.08-0.12,
preferably about 0.10; leaning back at 45 degrees may be
valued at 0.35-0.45, preferably about 0.4; and lying on back
may be valued at 1.0.

[0260] FIG. 10A illustrates exemplary orientation risk
values for combinations of phi and theta. These orientation
risk values may be stored as a look up table and accessed by
the processor to associate orientation risk values to received
orientation data. Alternatively, the processor may implement
orientation risk value equations to calculate the orientation
risk values.

[0261] For example, in the illustrated table of orientation
risk values, six constants are provided: risk value for laying
on the left side (“left side risk™ i.e., when phi is equal to -90
degrees), risk value for laying on the right side (“right side
risk” i.e., when phi is equal to 90), risk value for a headstand
(“headstand risk™ i.e., when theta is 180 or -180 and phi is
0), risk value for flat on stomach (“on stomach risk” i.e.,
when theta is =90 and phi is 0), the risk values for reclining
by more than —90 degrees when not tilted sideways (“recline
by more than -90 risk” i.e. when theta is between -90 and
-180 and phi is 0), and risk value for standing upright
(“standing risk” i.e., when theta is 0 and phi is 0). These
constants may be defined by a clinician and may be adjusted
for fine tuning the orientation risk values in the matrix (e.g.,
to provide customized risk values specific for the user). The
remaining risk values may be determined based on the six
defined constants.

[0262] In the exemplary matrix the six constants may be
defined as follows:

risky.p g2 =0

118K g sia=0-3

1i8Kp cadstand=1-0

118K o maen=0-01

115K _o0<rectine<—180=1.0

Ti8K, randing=0-1

[0263] These constant values are exemplary for monitor-
ing preeclampsia and may be adjusted.

[0264] In the illustrated table, when the user is reclined
backward by between 90 and -180 degrees (-90>theta=—
180) and tilted to the left (phi is between 0 and -90), the risk
value may be calculated by:
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tisk = riskiep sige + (1 = riskiefs sige) # risk_go<rectine<—180 % .| 1 + Sm‘ @)

[0265] When the user is reclined backward between 0 and
-90 degrees or -90 degrees (i.e., O<theta <-90), and tilted
to the left (phi is between 0 and -90), the risk value may be
calculated by:

Tisk = Fiskiep sige + (1 = Fiskiefs sige)

(riskm,,d,-ng + (1 = risksanding) (l \,os( 70 ))) 1+ sm(

180 180j

[0266] Further, when the user is recline backward or flat
on his/her back (i.e., O<theta=-90 and phi is 0), the risk
value may be calculated by:

risk = riskm,,dmg + (1 - rl'Seranding) (1 cos(lﬂggo ))

[0267] When the user is not reclined or leaning forward
(i.e., theta is 0) and is tilted to the left (phi between 0 and -90
degrees), the risk value may be calculated by:

risk = riskgapding * [risk,gf, side + (1 = riskpeps gige) *

[riskj,mgng + (I = Fiskganding ) # (1 - cos( 17;90)) 1+ sin( 180) ]

[0268] When the user is leaning forward but not inverted
(i.e. O<theta<90) and phi is 0, the risk value may be
calculated by:

—n0
157;0)

risk = (risksiomach — rlskx,andmg)*cos(

[0269] When the user is leaning forward but not inverted
(i.e. O<theta<90) and tilted to the left (phi is between 0 and
-90), the risk value may be calculated by:

risk = )'l'Sklgf, side +

70
(1 = riskiefs side) * ((rzskmmach risktanding) *cos( T30 )' (1 + sm( IRSO ])

[0270] When the user is leaning forward by more than 90
degrees (i.e., 180>theta>90) and phi is 0, the risk value may
be calculated by:

70
1isk = Fiskstomach + (FiSkheadstand = TisKsto M'J*(-COSm)*ﬁS"hmdﬂam
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[0271] When the user is flat on their stomach (theta=90)
and tilting to the left (0>phi>-90), the risk value may be
calculated by:

risk = riskyg sige + (L = riskiep side) * risKgiomach * (1 + sm(

180))

[0272] When the user is leaning forward by more than 90
degrees (i.e., 180=theta>90) and tilting to the left (0>phi>-
90), the risk value may be calculated by:

risk= rl'S/([gf, side + (1 = risklgﬁ side) ¥

70
ri 5 + (Fiskneadsiand — Vi n) & cos@ % FisKkpeadsianc
" (risk iskeimach) .
1 +sm( 180)
[0273] When the user is tilting to the right side

(0>phi>90), the risk value may be the risk value at an
equivalent position when tilting to the left (risk,.; .g.ivatens)
that factors in the right side risk. For example, in the
illustrated matrix, when the user is tilting to the right side
(0>phi>90), the risk may be calculated by:

risk = rlSkle]r equivalent + Sln( 180) * ”.Skn'ghr side

[0274] Thus, when the user is reclined backward by
between -90 and -180 degrees (-90>theta>-180) and tilted
to the right (0>phi>90), the risk value may be calculated by:
risk =

riskies sige + (1 = riskig e ) risk_oo<rectine<—130 # | 1 + Sln( T30/ ] +

sin| —) # Fiskrighs side

180

[0275] When the user is reclined backward between 0 and
-90 degrees or =90 degrees (i.c., O<theta=-90), and tilted to
the right (0>phi>90), the risk value may be calculated by:

risk = (risklef, side

(1 = riskiefs side) * (riskx,and;ng + (1 = risksianding) *(1 - cos(lﬂ—eo)):\ *

1+ Sm(lSO) ]+ ml 180) #TiSKright side

[0276] When the user is not reclined or leaning forward
(i.e., theta is 0) and is tilted to the right (0>phi>90), the risk
value may be calculated by:
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risk = [riskx,and;ng *[risklgﬁ side

nf
(1= riSkleﬁ side) * [riSerand‘ng +(1- riSeranding) # ( COS( 180 ))
TP I
1+ sm(m) + sin( 180) # iskyigns side

[0277] When the user is leaning forward but not inverted
(i.e. O<theta<90) and tilted to the right (0>phi>90), the risk
value may be calculated by:

risk =

(risk,gﬁ side + (1 = riskigp side)* (l Fiskstomach = VisKstanding) * cos( Igg ))

(1 + sm( did

180))\+S1n(

T30 ) # FisK igh side

[0278] When the user is flat on their stomach (theta=90)
and tilting to the right (0>phi>90), the risk value may be
calculated by:

tisk = (riskigs sige + (1 = Fiskips side) # Fisksgomacn * (1 + 51n1 130 )))

ECACHE
Sln(@) # Fiskyig: side

[0279] When the user is leaning forward by more than 90
degrees (i.e., 180=theta>90) and tilting to the right
(0>phi>90), the risk value may be calculated by:

risk =

[”'Sklefr side + (1= rlSqu'r side) ® (r' Kstomach + (Fiskpeadsiana = isKsiomac) #

( cos %) * rls,‘headsrand)

T
1+ Sm(lSO) ] + sm(w) * FiSK igpy side

[0280] While these exemplary functions, constants, and
constant values are provided, it should be understood that
embodiments of the system are in no way limited to the
above functions and the exemplary constants or the exem-
plary constant values. As stated, the orientation risk values
and equations may be customized or refined upon further
clinical analysis. Optionally, as discussed above, look up
tables may be used to associate risk values with orientation
data. Additionally, it should be understood that other risk
scales may be used. The exemplary 0-1 scale is provided for
example only and is non-limiting.

[0281] Thus, based on the received orientation sensor data,
a determination of an orientation risk value can be made
204. A time series of orientation risk values 206 may be
determined as the sensor data is received. From the time
series of orientation risk values, a cumulative orientation
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risk value may be calculated 208. In an exemplary embodi-
ment, the cumulative orientation risk value may be the
average of the last 300 seconds of orientation risk scores. As
the device receives the newest orientation risk score, it may
discard the oldest, so that the most recent 300 seconds worth
of orientation risk scores are always averaged to into the
cumulative orientation risk value.

[0282] The cumulative orientation risk value may then be
compared to an orientation risk threshold 210. In some
embodiments, the orientation risk value may be compared to
a first threshold and a second threshold. The first threshold
may be a medium risk threshold and the second threshold
may be a high risk threshold. For example, in some embodi-
ments, the medium risk threshold may be between 0.15-0.
25, preferably 0.2, and the high risk threshold may be
between 0.35-0.45, preferably 0.4.

[0283] In further embodiments, a processor could use
manual user data inputs and diagnostic test results in con-
junction with physiological parameters to assess the risk of
disease initiation. Further, the method 200 may further
include receiving user data 214 to adjust or calculate one or
more risk thresholds 216. For example, user attributes or
pregnancy factors may increase or decrease orientation
risks. In some embodiments, the data from a multitude of
users could be used to create a more accurate predictive
algorithm of risk based on certain physiological parameters.
For example, the Overall Relative Etiological Risk (ore.risk)
may be factored into medium risk and high risk thresholds
to change the threshold at which alarms are triggered. The
ore.risk will typically be a value between ~0.5 and 10 where
0.5 is a very low risk user, 1 is an average risk user, and 10
is a very high risk user.

[0284] So, the medium risk and high risk thresholds may
be modified by the ore.risk value in order to create the new
threshold alert levels. For example and etiological adjust
medium risk may be calculated by:

eti.adj.med.risk=med.risk/sqrt(ore.risk)

[0285] For example, a Low risk user may be not over-
weight, with low blood pressure, and on her 2*¢ pregnancy
with an ore.risk score of 0.6.

2
eti.adj.med.risk = med.risk [ sqrt(ore.risk) = = .26

[0286] In a further example, a med (average) risk user
(thin, low blood pressure, 2"/ pregnancy) with an ore.risk
score of 1.

2
eti.adj.med.risk = med.risk [ sqt(ore.risk) = T= 2

[0287] In yet another example, High risk user (thin, low
blood pressure, 27 pregnancy) with an ore.risk score of 9.

2
eti.adjmed.risk = med.risk [ sqrt(ore.risk) = 3= N

[0288] As can be seen, the medium risk threshold for the
alert to be triggered gets lower as the user becomes increas-
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ingly likely to develop preeclampsia. This means they would
be more frequently encouraged to lower their activity and
remain in lower risk orientations.

[0289] The algorithm may take many risk factors into
consideration to customize the alert threshold for each user.
The output of this risk etiological algorithm ranges between
~0.5 and ~10 where 10 is most likely to develop preeclamp-
sia.

[0290] For example, a 2" time mother who is thin and
healthy might have a score of 0.7 whereas an obese first time
mother with chronic hypertension might have a score of 5.0.
The Overall Relative Etiological Risk (ore.risk) may be
factored into the various risks calculated by the device. The
orerisk may be calculated my multiplying all the relative
exemplary risks together in the exemplary table illustrated in
FIG. 12. The list of factors is exemplary and further the
proposed values are non-limiting. Table 1 illustrates a chart
which may be used to inform the user what their risk level
is for preeclampsia.

Low Risk Oto.8 You have a preeclampsia risk less than
the average woman

Medium Risk  .81to 1.5 You have an average risk of
preeclampsia

High Risk 151 to 3 You have an elevared risk of
preeclampsia

Very High 3.1 and higher You have a very high risk of

Risk preeclampsia

In many embodiments a user interface of the device may
receive input from the user of these pregnancy factors.
Examples of pregnancy factors include, but are not limited
to, maternal age, height, weight, blood pressure, blood
oxygen, amount of leg swelling, and due date. A software
application may ask the user to input a given pregnancy
factor, could then use the factor to customize the processor
algorithm.

[0291] Accordingly, in certain implementations, a wear-
able device system for identifying and/or reducing health
risks is provided, the wearable device is given having one or
more sensors configured for transmission and receiving of
signal data and a signal processor configured to receive
signal data from the sensor and to process the information,
wherein the signal processor is programmed to identify sleep
disordered breathing as a physiological parameter and gen-
erate a time-series of 1st risk scores based on the charac-
teristics of the sleep disordered breathing; generate a time-
series of 2”7 risk scores which are based on multiple 1 risk
scores over time; and, generate an alert when the 2" risk
score crosses a specified threshold value. It is understood
that the other physiological and psychological parameters
discussed herein can be similarly assessed for risk scores.

[0292] Optionally, the factors may be taken into account
by adjusting one or more of the risk constants in the
orientation risk algorithm. For example, FIG. 10B illustrates
an alternative adjusted or customized preeclampsia matrix of
orientation risk values for users with incompetent cervix. In
the exemplary matrix in FIG. 10B uses the same underlying
functions of FIG. 10A, but one or more of the six risk
constants may be adjusted. Cervical incompetence is a
medical condition in which a pregnant woman’s cervix
begins to dilate and efface before her pregnancy has reached
term. Accordingly, it may be beneficial for persons diag-
nosed with incompetent cervix to limit the amount of
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standing. Thus, the standing upright risk constant may be
adjusted higher (e.g., to 0.5) compared to the standing
upright risk constant of FIG. 10A to adjust or customize the
matrix of risk values specific to the needs of the user. FIG.
10C depicts a model graph, showing risk scores in specific
positions, where the risk scores are shown on the Z-axis, and
the x- and y-axis represent model theta and phi, respectively.
[0293] In some embodiments, risk values or risk thresh-
olds could be adjusted to account for various other risk
factors as well. For example, a position risk coeflicient for
gestational age may be provided. For pregnant users, dif-
ferent positions may become riskier the later in gestation, so
the following formula may be used for calculating a position
risk coefficient to generate a gestational age modified instant
activity risk score (gam.inst.risk.act) (or a modify an asso-
ciated threshold), where gestational age is in weeks.

gest.age — 10
w5

estage P +0.5

Position Risk Coefficient,

[0294] FIG. 16 illustrates a table and plot showing the
exemplary relationship between risk coeflicients and gesta-
tional age. This gestational age modifier algorithm is exem-
plary. As this is only applicable to pregnant users, this
modifier may be turned off or on by the user. Other factors
may be weighed as such as obesity, diabetes, multiple
pregnancy, blood pressure, body mass index, etc. Other
factors that may affect the threshold risk value are discussed
further below.

[0295] FIG. 11 illustrates an exemplary method 300 for
monitoring activity risks. At step 302 force data is received.
The total force experienced by the user may be determined
from the received force data 304. A time series of force data
may be generated 306. Changes in force may be determined
using the time series of force data 308. The changes in force
may be compared to an activity threshold to determine
whether the user is engaged in a clinically significant level
of activity 309.

[0296] To monitor activity risks, an activity risk score may
be associated with the calculated force changes 310. A
cumulative activity risk score may be calculated 312. The
cumulative activity risk score may be compared to an
activity risk threshold value 314. Based on the comparison,
a feedback may be outputted to the user 316. Additionally,
a duration of the user activity may be recorded for a period
of time 318. A cumulative duration of the user activity over
the entire time period may be compared to a preferred
amount of user activity 319. Based on the comparison, a
feedback may be outputted to the user 320.

[0297] Similar to the orientation monitoring method
described above, user data may be received 322 and the user
data may be used to adjust or calculate the activity risk
threshold value 324. Further, the user data may be used to
adjust or calculate the preferred amount of user activity 326.
The customized activity risk threshold value 324 may be fed
into step 314 for comparison to the cumulative activity risk
score. The customized preferred amount of user activity 326
may be fed into step 319 for comparison to the cumulative
user activity over the time period.

[0298] In some embodiments, the activity risk may be
evaluated based on vigorousness rather than by activity type.
Vigorousness may be depended on the delta in g-force at any
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point in time. As discussed above, the received force data
may be F,, F , F, force data. In some embodiments, the force
data may be received at a frequency between 0.5-50 Hz and
the received data may be placed into memory for further
analysis. Preferably, the data is received at least at a fre-
quency of 10 Hz. The total force experienced by the user
may be determined from the received force data 304 by
adding the absolute values of F, F, and F, to generate total
g-force. »

[0299] A time series of force data may be generated 306
and changes in force may be determined using the time
series of force data 308. For example, a subset of the time
series of force data may be defined and the minimum and
maximum values may be extracted from the subset to
calculate the force change. For example, a subset may
include increments of 15 force values. The changes in force
may then be compared to an activity threshold to determine
whether the user is engaged in a clinically significant level
of activity 309.

[0300] Forexample, where the force data is received every
0.1 seconds, the force change may be calculated every 1.5
seconds to determine if activity is still occurring and if so,
what level of vigorousness. The average g-force when not
moving will be ~1. For the exemplary algorithm, if the total
g-force regularly fluctuates from 0.75 to about 1.25 (or a
delta of 0.5), over any 1.5 second span, the algorithm may
determine that the user is engaged in clinically significant
activity. In some embodiments, a number of thresholds may
be used to identify different levels of activity. For example,
when force changes=0-0.3, the algorithm may determine
that the user is not engaged in activity. When the force
changes=0.3-0.75, the algorithm may determine that the user
is engaged in low activity. When the force changes=0.75-
1.25, the algorithm may determine that the user is engaged
in medium activity. When the force changes=1.25-2, the
algorithm may determine that the user is engaged in high
activity. When the force changes >2, the algorithm may
determine that the user is engaged in dangerous activity.
These values for vigorousness levels are exemplary.

[0301] To monitor activity risks, an activity risk score may
be associated with the calculated force changes 310. An
example activity risk algorithm may provide a relatively low
risk at low force changes (e.g., g-force change <0.5) but may
then sharply increase and as force changes grows to 2 and
higher the activity risk score may asymptote to 1. An
exemplary activity risk algorithm may be:

-0.5
activity risk= ———— = +1
v (Aforce + 0.1)1%

[0302] This activity risk algorithm is exemplary and non-
limiting.
[0303] A cumulative activity risk score may be calculated

312. The cumulative activity risk value may be a moving
average of the risk scores. For example, the cumulative
activity risk value may be the average of a subset of the time
series of activity risk values (e.g., the last 30 seconds—the
last 1000 seconds of activity risk values). In one embodi-
ment, the cumulative activity risk value may be the average
of the last 300 seconds of activity risk scores. As the device
receives the newest activity risk score, it may discard the
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oldest, so that the most recent 300 seconds worth of activity
risk scores are always averaged to into the cumulative
activity risk value.

[0304] The cumulative activity risk score may be com-
pared to an activity risk threshold value 314. In some
embodiments, the activity risk value may be compared to a
first threshold and a second threshold. The first threshold
may be a medium risk threshold and the second threshold
may be a high risk threshold. For example, in some embodi-
ments, the medium risk threshold may be between 0.15-0.
25, preferably 0.2, and the high risk threshold may be
between 0.35-0.45, preferably 0.4.

[0305] The duration of the user activity may be recorded
for a time period 318. The time period may be a day, two
days, a week, two weeks or the like. In some embodiments,
it may be preferable to record a cumulative duration of user
activity over the course of a week. The cumulative duration
of the user activity over the entire time period may be
compared to a preferred amount of user activity 319. Based
on the comparison, a feedback may be outputted to the user
320.

[0306] In some embodiments, user data may be received
322 and the user data may be used to adjust or calculate the
activity risk threshold value 324 or to adjust an instant
activity risk score. For example, the activity risk algorithm
may be adjusted to factor in a gestation age. For pregnant
users, exercise may become riskier the later in gestation, so
the following formula may be used for calculating an
activity risk coefficient to generate a gestational age modi-
fied instant activity risk score (gam.inst.risk.act), where
gestational age is in weeks.

gest.age— 20
£

5 +0.5

gam.inst.risk.act =

[0307] This gestational age modifier algorithm is exem-
plary. As this is only applicable to pregnant users, this
modifier may be turned off or on by the user. Other factors
may be weighed as such as obesity, diabetes, multiple
pregnancy, blood pressure, body mass index, etc. Other
factors that may affect the threshold risk value are discussed
farther below.

[0308] Further, the user data may be used to adjust or
calculate the preferred amount of user activity 326. For
example, in some embodiments where the device is used to
monitor pregnant user activity, an age of gestation may be
factored in to calculate or determine the preferred amount of
user activity. For example, early pregnancy (e.g., before 20
weeks of gestation) may have a different preferred amount
of user activity compared to a preferred amount of user
activity during late pregnancy (e.g., after 30 weeks of
gestation). In some embodiments, 4 hours or less of intense
physical activity per week before 20 weeks may be recom-
mended. Additionally, 2 hours or less of intense physical
activity per week may be recommended for pregnant women
between 21-30 weeks. After 30 weeks, the device may be
configured to discourage any intense activity.

[0309] In some embodiments, the algorithm may discour-
age long durations of moderate activities and short durations
of vigorous activities. In some embodiments, the feedback
may be configured to encourage certain low level activities
like slow walking and may discourage more vigorous ones
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like running. Advantageously, the activity monitor may
remind users to take breaks throughout the day based on a
schedule and/or based on the level of activity experienced to
that point that day.

[0310] Optionally, the algorithm may have set adjustments
to conform to various desired physiological parameters. For
example, the algorithm may be preprogramed to be switch-
able between modified activity monitoring, scheduled rest
monitoring, bed rest monitoring, and/or hospital bed rest.
[0311] In some embodiments, the time series of orienta-
tion risk scores may be combined with the time series of
activity risk scores to generate a continuous time series of
risk values 111. For many embodiments, the device may
generate either an activity risk score or an orientation risk
score throughout the day (e.g., every second or more) to
provide a continuous series of activity and orientation risk
scores.

[0312] This time series of risk scores may then be used to
calculate a cumulative daily risk score 112. For example, in
some embodiments, the daily score may start at 100 and
drop by an amount equal to 1/(60 s*60 min*Hours,, )
*100*“instant risk score” every second of the day. The
cumulative daily risk score equation is exemplary and
non-limiting. The equation may be tuned to revise/update
the cumulative daily score more frequently (e.g., every tenth
of a second, every half a second, etc.) or less frequently (e.g.,
every two seconds, every five seconds, etc.).

[0313] The Hours,,, variable is the time duration over
which the cumulative daily score is calculated. In some
embodiments, the Hours ;,, variable may be between 14-24
hrs, preferably 24 hrs. When the 24 hr duration is used, the
device may be programmed to start recording the cumulative
daily risk value at 1:00-5:00 AM in the time zone of the user.
[0314] After the cumulative daily health score is calcu-
lated, the score may be compared to a daily risk threshold.
In some embodiments, a low risk user may aim to stay above
80, a higher risk user may aim to stay above 90 and a user
prescribed bed rest (for example) may aim to stay above 95.
These thresholds are exemplary and non-limiting. In many
embodiments the daily risk thresholds may be raised or
lowered or otherwise customized for a user based on user
factors.

[0315] The continuous time series of risk scores may also
be used to calculate a combined moving average risk score
113. Similar to the other cumulative risk scores, the com-
bined moving average risk value may be the average of a
subset of the continuous time series of activity risk values
and orientation risk values combined (e.g., the last 30
seconds—the last 1000 seconds of activity risk values). In an
exemplary embodiment, the combined moving average risk
value may be the average of the last 300 seconds of activity
risk scores and orientation risk scores. As the device receives
the newest activity risk score or orientation risk score, it may
discard the oldest score, so that the most recent 300 seconds
worth of activity risk scores and/or orientation risk scores
are always averaged into the combined moving average risk
value.

[0316] The combined moving average risk score may be
compared to a combined moving average risk threshold
value. In some embodiments, the combined moving average
risk value may be compared to a first threshold and a second
threshold. The first threshold may be a medium risk thresh-
old and the second threshold may be a high risk threshold.
For example, in some embodiments, the medium risk thresh-
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old may be between 0.15-0.25, preferably 0.2, and the high
risk threshold may be between 0.35-0.45, preferably 0.4.
[0317] When monitoring the orientation, activity, or a
combination of the two, the device may utilize multiple
cumulative orientation risk values, cumulative activity risk
values and/or combined moving average risk values.
Accordingly, in some embodiments, the device may calcu-
late two, three, four, or more cumulative orientation risk
values and may separately calculate two, three, four, or more
cumulative activity risk values. Similarly, two, three, four, or
more combined moving averages may be calculated. For
example, the device may employ cumulative scores over
multiple lengths of time (e.g., last 2 minutes, last 5 minutes,
last 15 minutes, etc.). Further each of the cumulative values
may be associated with a different threshold clinical value
tolerance before an alert is generated.

[0318] The sensor data from a plurality of devices may be
gathered and the thresholds and algorithms may be further
refined. Accordingly, in some embodiments, the system may
become more accurate and precise over time as it collects
user data and refines the algorithms and threshold values. In
some embodiments, the different positions may be subdi-
vided into different groups for a regression analysis to
compare time spent in each of those positions to age of
gestation at birth.

[0319] Various implementations of the system comprise a
user feedback mechanism. FIG. 13 illustrates an exemplary
user interface 400 for orientation risk monitoring according
to some embodiments. User interface 400 may include a 3D
CAD image 402. The 3D CAD image may constantly rotate
to mirror the user’s orientation. The user interface 400 may
further include a real time position risk meter 404. A
cumulative orientation risk value or a combined moving
average risk meter 406 may also be displayed. A daily
compliance meter 408 may also be provided. The daily
compliance meter 408 may operate like a fuel-gauge—it
may start at full and drop throughout the day.

[0320] When the device 10 detects activity it may switch
from the orientation user interface 400 to the activity moni-
toring user interface 500 illustrated in FIG. 14. Similarly,
when the device ceases to detect activity, it may switch from
the activity monitoring user interface 500 to the orientation
monitoring user interface 400. Optionally, both interfaces
400, 500 may be displayed to the user with an indication as
to which one is active or passive (e.g., highlighted, dimmed,
etc.).

[0321] User interface 500 may illustrate an activity icon
502. The activity icon 502 may be representative of a
running person. As activity score increases, the icon 502
may be displayed as running at a faster speed. The user
interface 500 may further include a real time activity risk
meter 504. Similar to user interface 400, user interface 500
may also include a cumulative activity risk meter or a
combined moving average risk meter 506. The daily com-
pliance meter 508 may also be provide on the user interface
500.

[0322] In some embodiments, the bottom two meters on
user interface 400 and user interface 500 may be the same.
In such configurations, the top half of the screen may
automatically switch between activity 504 and position risk
404 meters depending upon whether or not activity is
detected.

[0323] In one implementation, the device may provide
some or all of the following menu hierarchy:
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[0324] User Information
[0325] Email
[0326] Due date
[0327] First name
[0328] Last name
[0329] Doctor email
[0330] Maternal birth date
[0331] Any prior live births? [y/n]
[0332] Twins or more currently in utero? [y/n]
[0333] Preexisting hypertension (high blood pres-

sure)? [y/n]

[0334] Height [feet and inches]

[0335] Weight [lbs]

[0336] Diabetes Mellitus? [y/n]

[0337] Highest Maternal Education Level

[0338] None

[0339] Elementary

[0340] Middle and/or high school
[0341] College

[0342] Currently living with baby’s father [y/n]
[0343] Previous Abortion [y/n]
[0344] Cigarette smoking
[0345] No
[0346] 1-9 cigarettes per day
[0347] 10 or more cigarettes per day
[0348] Fetal malformation [y/n]
[0349] Training Mode
[0350] Share Data
[0351] Email recipients:
[0352] Email user [checkbox](change user email)
[0353] Email doctor [checkbox] (change doctor
email)
[0354] Email other [enter email address]
[0355] All Data [checkbox] or Date Range [enter 2
dates]
[0356] Contact Smart Human Dynamics
[0357] San Francisco, Calif. based Smart Human

Dynamics, Inc can be reached at [email address]

[0358] Advanced Options
[0359] Modify algorithms by gestational age [on/off]
[0360] Modify algorithms by etiological factors [on/
off]
[0361] Medium level alert [choose value 0 to 1 with

0.2 as default]

[0362] High level alert [choose value O to 1 with 0.4
as default]
[0363] Calibration sensitivity [choose value 0 to 1

with 0.02 as default]
[0364] Temporary Risk Estimator [0 to 1; to 2 deci-
mal places]

[0365] Calibrate Device

[0366] The software may be configured to email the
following sets of data on separate pages of an electronic
spreadsheet document (such as, for example, an Excel®
spreadsheet):

[0367] Total time app was used, % of time activity was
sensed, and Daily Cumulative risk score [final score of
the day; 1 data point per day for each of these 3 scores]

[0368] Daily cumulative risk score on a running basis
[numerous points per day at 10 min intervals; e.g. a
total of 60 points if device was used 10 hrs in one day]

[0369] Moving average risk score [data points at 2 min
intervals; e.g., total of 300 data points for one 10 hour
day]
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[0370] Instant Position risk score and Instant Activity
risk score [essentially, all the raw data at 1 sec intervals]

[0371] All days of data may be combined onto one page
(workbook sheet) for each of the 4 data types for a total of
4 pages of data.
[0372] FIG. 15 illustrates another exemplary method and
system 600 according to some embodiments. In the illus-
trated system 600, a software application 602 may be loaded
onto the uset’s personal mobile device. The user’s mobile
device may be a portable electronics device such as, a
smartphone, table computer, PDA, smartwatch, or related
device. The software application 602 may receive input on
user risk factors 604. The software application 602 may
calculate overall relative etiological risk (ore.risk) 606 using
the user inputted user factors 604. The relative etiological
risk (e.g., a value ranging from 0.5 to 10, for example) may
be calculated from a formula in the software 602 that is
based on regression analysis of known risk factors. The
software application 602 may then output the user’s relative
risk of preeclampsia 608 (e.g., output to a display on the
mobile device). The relative risk may be identified using the
thresholds and categories in Table 1, for example.
[0373] Thereafter the software 602 may send the ore/risk
to the monitoring device firmware 650. The device firmware
650 may revise default threshold values to factor in ore.risk
652 to provide the etiological adjusted medium risk and
etiological adjusted high risk. For example, if med.risk=0.2;
high.risk=0.4; and ore.risk=2.1 then:

et.adj.med.risk=med.risk/sqrt(ore.risk)=0.14

eti.adj.high.risk=high.risk/sqrt(ore.risk)=0.28

[0374] Thereafter, a user’s gestation age (gest.age) may be
factored into the risk thresholds 654. Continuing with the
above example, if gest.age=27 (weeks), then:

gest.adjmed.risk =

eti.adj.med.risk «

TANH(gES['a‘?e_ZO)
— 2 Jio05)=013

4

gest.adj highrisk =

gest.age - 20
Tang S
—————+05/=026

i

eti.adj.high.risk =

[0375] The device firmware 650 may then monitor activ-
ity, orientation, or other physiological parameters 656 using
the customized thresholds. Instant activity risk scores may
be produced 658. The instant activity risk scores may be
associated with a vigorousness level of activity. Instant
orientation risk scores may be produced 660. Often. the risk
scores are produced to generate a time series of risk scores.
[0376] These risk scores may be combined and fed into the
moving average risk score 662 where the algorithm calcu-
lates whether risk score is above the gest.adj.med.risk or
gest.adj.high.risk thresholds and alerts the user as appropri-
ate. Further a Daily Cumulative Risk may be calculated
using the combined time series of risk scores 664.

[0377] Optionally, the instant activity and instant orienta-
tion risk scores may be transmitted back to the user’s mobile
device for storage and/or analysis 610. For example, the
software application 602 may display a meter bar graph
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corresponding to the instant risk score. The meter bar graph
may, for example, display the instant risk scores for the
entire day averaged at one minute intervals. The software
application 602 may also allow user may access this infor-
mation to provide the user more detail about the instant risk
score.

[0378] The moving average risk score may also be trans-
mitted back to the user’s mobile device for storage and/or
analysis 612. The software 602 may allow the user to access
this information to provide the user more detail about the
moving average risk score. The software 620 may also be
configured to display a bar graph corresponding to the
moving average risk scores. For example, the bar graph may
display all the moving average risk scores for the entire day
averaged at one minute intervals.

[0379] As shown in FIG. 15, the daily cumulative risk may
also be transmitted back to the user’s mobile device for
storage and/or analysis 614. The software 602 may maintain
a history of daily cumulative risk for all days. The software
602 may also be configured to display a bar graph with all
the daily cumulative risk bars for all days of the pregnancy.
A color of each bar may correspond to the level or risk.

[0380] Further, in some embodiments, the instant activity
risk score may be transmitted to the user’s mobile device for
further analysis 616. For example, an early pregnancy
exercise encouragement algorithm may be provided 616.
For users in their early stages of pregnancy (e.g., 15 weeks)
a certain amount of vigorous activity may be beneficial and
encouraged by the software 602. The preferred level of
vigorous activity may trail off at 15 weeks and may get
progressively more restrictive beyond 15 weeks. A meter
may display the cumulative number of minutes of vigorous
exercise each day with the target minutes listed as well.

[0381] As shown in FIGS. 17-19, in certain embodiments,
the sensor data is analyzed over days, weeks or months to
capture the dynamic changes in sleep disordered breathing
rather than the absolute values. In one embodiment, risk
scores or alerts are generated when either the changes
become significant, the absolute values become significant,
or a combination of both. In one example, the absolute
snoring values may not reach a critical threshold level,
however, since they have increased dramatically from the
original values, a warning may be generated. In some
conditions, especially pregnancy, sleep disordered breathing
prevalence increases dramatically compared to pre-preg-
nancy levels. In one embodiment, the system analyzes the
change in sleep disordered breathing levels in order to
identify patients that are likely to soon cross the critical
threshold level that is considered clinically significant and
requires some intervention. In another embodiment, the
system compares sleep disordered breathing values to a
large group of pregnant women to determine appropriate
threshold levels for any given age of gestation or other
patient characteristics.

[0382] As shown in FIG. 17, in certain implementations,
the device 10 and algorithm 700 are configured to receive
sensor data 702 an identify segments of time when the user
is engaged in an unhealthy behavior. In these embodiments,
the algorithm is configured to generate a time-series of 1
risk scores based on the sensor data 704, generate a time-
series of 2" risk scores which are based on multiple 17 risk
scores over time 706; and, generate an alert when the 274 rigk
score crosses a specified threshold value 708.
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[0383] Accordingly, the system 1 generates a cumulative
nighttime risk score wherein the score increases only after
the user is in a dangerous position for a certain threshold
period of time. In a further embodiment, the risk accumu-
lation rate increases the longer the user is in the dangerous
position.

[0384] As shown in FIG. 18, in certain implementations,
the algorithm 700 can receive sensor data at a first time (box
710) and second time (box 712), identify breathing patholo-
gies at those times (boxes 714 and 716, respectively) and
evaluate each for clinical significance (boxes 718 and 720).
These significance, or risk scores, can be compared with past
clinical significance (box 724) and a risk assessment can be
generated (box 726).

[0385] In further implementations of the algorithm 700,
and as shown in FIG. 19, sensor data can be received by the
processor and analyzed by the algorithm continuously or
periodically (box 730). In either event, the algorithm can
identify breathing pathology (box 732), calculate the rate of
change (box 734) and generate a risk score or assessment on
the basis of this change in pathology (box 736).

[0386] In FIG. 20, sensor data can be received by the
processor and analyzed by the algorithm continuously or
periodically (box 740). In either event, the algorithm can
identify breathing pathology (box 742), calculate the rate of
change (box 744) and simultaneously calculate the signifi-
cance of breathing pathology (box 746) and generate a risk
score or assessment on the basis of this change in pathology
(box 748). As would be understood, these various
approaches can be applied to any of the physiological
parameters discussed herein.

[0387] In one embodiment, if a user frequently goes into
dangerous positions but for only short periods of time, the
score doesn’t accumulate very significantly; however, if the
user spends the same total amount of time in dangerous
positions, but does so in long individual segments, the risk
score generated is higher. In one example, over the course of
one night’s sleep, a user goes into the supine position 10
different times for 5 min each time with 5 min gaps
in-between where the user is on her left side. In this
example, a total risk score of 22 out of a max 100 is
generated. In a second example, a user goes into the supine
position 1 time for 50 min. In this second example, a total
risk score of 71 out of a max 100 is generated. In these two
examples, the user spent the same cumulative amount of
time supine during a given night; however the user who had
frequent breaks between the supine position generated a
much lower risk score. One reason why a method of scoring
like this would be useful is in the case of a pregnant women
who completely occludes her IVC with her gravid uterus
each time she is supine. The restriction in flow to her
placenta and fetus could be much more damaging if flow
blood flow was restricted over a long period of time com-
pared to intermittent restriction.

[0388] In certain implementations, the device 10 and
algorithm are configured to identify segments of time when
the user is engaged in an unhealthy behavior, apply a
formula to this period of time to create a risk value; add all
risk values together to generate a second risk value. Accord-
ingly, in certain implementations, a wearable device system
for identifying and/or reducing health risks, the wearable
device is given having one or more sensors configured for
transmission and receiving of signal data; and a signal
processor configured to receive signal data from the sensor
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and to process the information, wherein the signal processor
is programmed to identify sleep disordered breathing; gen-
erate a time-series of 1% risk scores based on the character-
istics of the sleep disordered breathing, generate a time-
series of 2”7 risk scores which are based on multiple 17 risk
scores over time; and, generate an alert when the 2"¢ risk
score crosses a specified threshold value.

[0389] As shown in FIGS. 17-19, in certain embodiments,
the signal data is analyzed over days, weeks or months to
capture the dynamic changes in sleep disordered breathing
rather than the absolute values. In one embodiment, risk
scores or alerts are generated when either the changes
become significant, the absolute values become significant,
or a combination of both. In one example, the absolute
snoring values may not reach a critical threshold level;
however, since they have increased dramatically from the
original values, a warning may be generated. In some
conditions, especially pregnancy, sleep disordered breathing
prevalence increases dramatically compared to pre-preg-
nancy levels. In one embodiment, the system analyzes the
change in sleep disordered breathing levels in order to
identify users that are likely to soon cross the critical
threshold level that is considered clinically significant and
requires some intervention. In another embodiment, the
system compares sleep disordered breathing values to a
large group of pregnant women to determine appropriate
threshold levels for any given age of gestation or other user
characteristics.

[0390] In one embodiment, the sensor data is analyzed to
determine whether or not the user should undergo a more
extensive sleep study such as an in a user sleep clinic.
[0391] In one embodiment an ECG sensor is added to the
system to identify fetal activity. In one embodiment, this
additional data stream further helps to identify clinically
significant levels of sleep disordered breathing in pregnant
women that are directly impacting fetal wellbeing.

[0392] In one embodiment, the snoring detection is not
active when the accelerometer registers significant move-
ment. In one example, the snoring detection is temporarily
paused when the accelerometer identifies that the user is
moving around in their bed which may cause rustling sounds
that are difficult to differentiate from snoring sounds.
[0393] In one embodiment, the device is connected to a
mobile phone wirelessly (BLE for example) and it signals
the phone to ring in order to alert the user if sleep position
or sleep apnea scores are too far out of range.

[0394] In one embodiment, the system prevents episodes
of SDB via vibrational alerts.

[0395] In one embodiment, the system issues recommen-
dations to users the next morning when they wake up or
before they go to sleep.

[0396] In one embodiment, the system identifies the like-
lihood of the user developing sleep disordered brathing
based on the position of a given user and how that position
correlates to sleep disordered breathing based on past user
data.

[0397] In one embodiment, the system has an arterial
oxygen saturation (“SpO,”) sensor that can be used when
needed. In one embodiment, the system reminds the user to
activate SpQO, functionality only on certain nights depending
upon on the accelerometer, microphone, and SpO2 results
over the past days/weeks/months. In one embodiment, a user
may have multiple previous sleep sessions where their SpO,
levels are very good and they also snore very infrequently;
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therefore the system would not recommend that they use the
SpO, attachment on a given night. Conversely, in another
embodiment, if the system sensed low SpO, levels and
significant snoring many nights in a row, the system may
recommend that the user use the SpO, sensor on a given
night.

[0398] In some embodiments, the device may include a
training system which teaches the user which orientations or
activities are considered risky. For example, in training
mode, the device buzzes once when the user enters a
position of risk level 0.2 to 0.39, buzzes twice for risk level
0.4 to 0.59, buzzes 3 times for risk level 0.6 to 0.79, and
buzzes continuously for risk level 0.8 to One or more
computing devices may be adapted to provide desired func-
tionality by accessing software instructions rendered in a
computer-readable form. When software is used, any suit-
able programming, scripting, or other type of language or
combinations of languages may be used to implement the
teachings contained herein. However, software need not be
used exclusively, or at all. For example, some embodiments
of the methods and systems set forth herein may also be
implemented by hard-wired logic or other circuitry, includ-
ing but not limited to application-specific circuits. Combi-
nations of computer-executed software and hard-wired logic
or other circuitry may be suitable as well.

[0399] In various implementations, the fetal activity can
include measurement of the fetal heart rate, the movement of
the fetus, including kicks, body movements, rotation, and
movements relative to maternal structures. In these embodi-
ments, the fetal activity risk score can include an assessment
of how fetal movement occurs over a period of time com-
pared with a threshold or baseline.

[0400] In various implementations, the signal processor
does the following: identifies at least two waveform patterns
from the reflected signals, wherein a first waveform corre-
sponds to a first maternal anatomical structure and a second
waveform corresponds to a first fetal anatomical structure;
identifies the first maternal anatomical structure and the first
fetal anatomical structure based on pattern recognition of the
first waveform and the second waveform; and extracts from
the reflected signals various indicators of fetal heath and
maternal health based on the determination of at least two
waveform patterns and the identification of the maternal
anatomical structure and the fetal anatomical structure.
[0401] In various implementations, the fetal monitoring
system determines the orientation of the pregnant abdomen;
each orientation is assigned a different risk category; an alert
is issued when the risk crosses a threshold value.

[0402] In further implementations, the fetal monitoring
system comprising a minimum of a sensor and processor;
wherein data from the sensor is interpreted by an algorithm
in the processor to generate a risk score; an alert is issued
when the risk score crosses a threshold value.

[0403] A fetal monitoring system with one or more sensors
for generating sensor data, configured to: identify risk values
associated with the sensor data to produce a time series of
identified risk values; and calculate and update a cumulative
risk value by calculating a moving average for a subset of
the time series of identified risk values associated with the
sensor data, compare the cumulative risk value to a thresh-
old; and output a warning when the cumulative risk value
crosses the first threshold.

[0404] In one embodiment, the device that is described by
the above claims is a small wearable device that is placed on
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the abdominal skin with an adhesive. The device uses a
UWRB sensor and a processor to continuously or periodically
sense the frequency and size of fetal movements. The risk
score formula takes into consideration both the frequency
and intensity of fetal movements, so if the fetus moves
frequently but none of the movements are significantly large
the alert is triggered. Or, if the movements are large but they
don’t happen frequently, the alarm is triggered. If however
the movements are significantly large and significantly fre-
quent, then the alarm is not triggered.

[0405] Certain implementations of the system therefore
have a wearable device system for reducing risks associated
with pregnancy, the wearable device comprising a UWB
sensor configured for transmission and receiving of signal
data, the sensor comprising at least one antenna; and a signal
processor configured to receive signal data from the sensor
and to process the information, wherein the signal processor
is programmed to identify fetal activity. In these implemen-
tations, the sensor captures UWB waveforms which are
analyzed by an algorithm which compares successive wave-
forms to each other. If they are very similar, it is assumed the
fetus is not moving significantly. The system can generate a
time-series of 1st risk scores less fetal movement results in
higher risk scores based on the characteristics of the fetal
activity; generate a time-series of 2" risk scores which are
based on multiple 1% risk scores over time; and, generate an
alert when the 2¢ risk score crosses a specified threshold
value, where the threshold may be different for different
women depending upon their age of gestation and other user
characteristics.

[0406] In one embodiment, occasional questions pop up in
the mobile app or are sent via email, SMS, or other trans-
mission to the user to ask how they are feeling about their
pregnancy or outlook on life in general (eg quick response
from 1-10). If one very low or many somewhat low
responses are given the algorithm alerts doctor that coun-
selling or medication may be necessary.

[0407] In one embodiment, the system 1 provides
responses to help uplift the user. Example phrases include
“Pregnancy is an overwhelming experience but believing
that you will have a positive outcome actually increases the
likelihood of success. Remember this and know that even on
the hardest days of pregnancy that millions of other women
are sharing this journey with you right now. Stay strong and
enjoy your pregnancy. Even though it is a difficult road at
times, it is one that leads to immeasurable joy.” Other
phrases include more clinical and scientific rationale to stay
positive and include actionable options. For example, “Stay-
ing positive during pregnancy decreases your risk on pre-
term birth by 40%. Avoiding drugs, alcohol, and smoking is
proven to improve the IQ of your future child. If you are
depressed or are abusing substances and would like to talk
to one of our pregnancy counselors in a judgment-free
environment right now, please click here or call xxx-xxxx.”

[0408] In one embodiment, the algorithm calculates
depression risk in a similar manner to orientation or activity
risk. If the variable called “Emotional Health” dips below a
certain health threshold level, the system issues alerts to care
providers and/or sends feedback to the user. This feedback
may be in the form of positive phrases to encourage the user
or suggestions of things the user can do to improve their
mental state. In one embodiment, these include suggestions
to take a deep breath, perform a mental exercise to focus on
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things they are grateful for, take a short walk, give a family
member a hug, or envision their future healthy birth and
child.

[0409] In one embodiment, the system 1 periodically
issues multiple choice questions to the user by way of the
device 10, such as through the indicators 24, which can
include an LCD or other well-known smart device screen
operationally integrated with the microcontroller 12 and
other electronic components, as would be understood. They
can be sent directly through the mobile app or as an email
or text message. In one embodiment, a question asks “How
optimistic are you that you will have a healthy pregnancy
and delivery?” The answers have a range of 10 choices from
1 to 10 where 1 is Very Pessimistic and 10 is Very Opti-
mistic. In one embodiment, if the user responds with a 1, 2,
3, or 4, the algorithm prompts an additional question to gain
more insight into the current mental state of the user.
[0410] In some embodiments, the application or software
for the device may comprise a comprehensive diagnostic
and therapy system that suggests a variety of tests and
treatments for pregnant women. In some embodiments,
based on a user’s risk profile, the app suggests the user get
a diagnostic test (blood protein markers or genetic based) to
see if they are at high risk for any pregnancy diseases.
Manual user data inputs, diagnostic test results, as well as
position and activity monitor data may all feed into one
comprehensive algorithm that continually assesses a user’s
estimated risk for disease initiation and progression and
offers feedback to help manage risk.

[0411] In some embodiments, the doctor or care provider
can communicate directly to the user via the device. This
may include recommendations to lower activity or change
positions based on data the doctor receives from the device,
or may include communication unrelated to the data gener-
ated by the device. In some embodiments, the daily %
compliance with bed rest and/or reduced activity may be
sent to the user and/or doctor.

[0412] In some embodiments, a sensing device may mea-
sure user position and may send that data in real time or
periodically (e.g., every few hours) to the user’s phone or
other Wi-Fi/Bluetooth device.

[0413] Although the disclosure has been described with
reference to certain embodiments, persons skilled in the art
will recognize that changes may be made in form and detail
without departing from the spirit and scope of the disclosed
apparatus, systems and methods.

What is claimed is:

1. A system for reducing fetal risk in a pregnant user,

comprising:

a. a wearable device;

b. a memory unit;

c. at least one sensor configured to monitor the user for at
least one physiological parameter and generate sensor
data; and

d. a processor coupled to the at least one sensor and
configured to:

i. monitor fetal risk by processing sensor data to
identify risk values associated with the at least one
physiological parameter to produce a time series of
identified fetal risk values; and

il. calculate and update at least one cumulative risk
value by calculating a first moving average for a
subset of the time series of identified fetal risk
values.
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2. The system of claim 1, wherein the processor is
configured to compare the at least one cumulative risk value
to a risk threshold.

3. The system of claim 2, wherein the device is configured
to output a warning when the first cumulative risk value
exceeds the first threshold.

4. The system of claim 2, further comprising a database in
communication with the processor, wherein:

a. the database comprises at least one adapting risk
threshold and is configured to adapt the at least one
adapting risk threshold based on the recorded time
series of identified fetal risk values, and

b. the processor is configured to compare the at least one
cumulative risk value to the at least one adapting risk
threshold.

5. The system of claim 1, further comprising a garment
configured to house the device and retain a fixed orientation
relative to the user.

6. The system of claim 1, further comprising at least one
magnet configured to promote device orientation.

7. A system for reducing fetal risk in a pregnant user,
comptrising:

a. a fetal risk device comprising a housing;

b. a transmission component disposed in the housing;

c. at least one sensor disposed within the housing for
monitoring a physiological parameter and generating
parameter data;

d. a processor configured to assign fetal risk values from
the parameter data to produce a time series of identified
fetal risk values; and

e. an alert system configured to notify the user of iden-
tified risk values.

8. The system of claim 7, wherein the system is config-
ured to alert the user when the identified fetal risk values
exceed an established risk threshold.

9. The system of claim 7, wherein the garment is selected
from the group consisting of: a shirt and an undergarment.

11. The system of claim 7, further comprising a clip
configured to promote device orientation.

13. The system of claim 7, wherein the at least one sensor
is selected from the group consisting of an acoustic sensor,
an ultrasound sensor, a bio-impedance sensor, a voltage
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sensor, a current sensor, an accelerometer, an ultra-wideband
sensor, a blood oxygen sensor and a light sensor.

14. The system of claim 7, further comprising an external
sensor disposed outside the housing.

15. The system of claim 7, wherein the processor is
configured to assign at least one zone threshold for time
monitoring of a physiological parameter.

16. A system for reducing fetal health risks in a pregnant
user, comprising:

a. a wearable device housing comprising a housing, a

memory unit and a transmission unit;

b. at least one sensor disposed within the housing and
configured to generate fetal data relating to physiologi-
cal parameters; and

c. a processor coupled to the sensor so as to receive the
fetal data.

17. The system of claim 16, wherein the processor is
configured to calculate and produce a time-series of fetal
risk scores in response to the fetal data, and wherein the fetal
risk scores can be wirelessly transmitted via the transmission
unit.

18. The system of claim 16, wherein the processor con-
figured to:

a. monitor the orientation of the of the user abdomen by

processing the fetal data;

b. estimate the orientation of the abdomen of the user;

c. assign a health zone to the orientation;

d. assign time thresholds for each health zone; and

e. output a warning when a time threshold is exceeded.

19. The data collection system of claim 16, wherein the
physiological parameters are selected from the group con-
sisting of: abdominal/body orientation, snoring, blood oxy-
gen, blood pressure, location of center of gravity, physical
activity, body heat, altitude tracking, pressure, temperature,
respiration, respiration during sleep, fetal activity, fetal heart
rate, uterine contraction, fetal ECG, tension, and hemody-
namic flow.

20. The processing system of claim 16, wherein the
processor identifies risk values associated with one or more
physiological parameters.
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