US008647268B2

a2 United States Patent (10) Patent No.:  US 8,647,268 B2
Tran 45) Date of Patent: Feb. 11, 2014
(54) PATIENT MONITORING APPARATUS 6,277,080 B1* 82001 Nissilaetal. ......c....... 600/508
6,504,944 B2* 1/2003 Miharaetal. ................ 382/118
. 6,611,206 B2* 82003 Eshelmanetal. ... 340/573.1
(76)  Inventor: ~ Bao Tran, San Jose, CA (US) 6,697,103 B1* 22004 Fernandezetal. ....... 348/143
3k
(*) Notice: Subject. to any disclaimer,. the term of this g:%;:gg? g% * %883 I{(be;;tif;et' 313406/%?3}8
patent is extended or adjusted under 35 7,238,159 B2* 7/2007 Banetetal. ... 600/485
US.C. 154(b) by 15 days. 8,583,139 B2* 112013 Jungetal. ... 455/456.1
) 2002/0013518 ALl* 1/2002 Westetal. .....ccoooevne. 600/300
. 2002/0052557 Al* 5/2002 Griffinetal. .............. 600/515
(21)  Appl. No.: 12/197,273 2002/0060630 AL*  §/2002 Power ......... 340/573 1
. 2004/0133453 Al* 7/2004 Jomini etal. .......ccoceeeee. 7052
(22) Filed:  Aug.24,2008 2004/0199056 Al* 10/2004 Husemannetal. ........ 600/300
2005/0010120 ALl*  1/2005 Jungetal. .......... ... 600/509
(65) Prior Publication Data 2005/0054940 Al*  3/2005 Almen ........... oo 6007509
2005/0148887 Al* 7/2005 Reiter et al. ... ... 600/508
US 2008/0319282 A1  Dec. 25, 2008 2005/0228298 Al* 10/2005 Banetetal ..o 600/485
2006/0202816 Al* 9/2006 Crumpetal. ... 340/539.12
Related U.S. Application Data 2007/0060802 Al* 3/2007 Ghevondianetal. ......... 600/301
2009/0018419 ALl*  1/2009 Torch ....c.cccocovvcrnivinnne 600/318
(63) Continuation of application No. 11/252.279, filed on . .
Oct. 16, 2005, now Pat. No. 7,420 472. cited by examiner
(51) Imt.ClL Primary Examiner — Bill Thomson
AG6IB 5/00 (2006.01) Assistant Examiner — Bobby Soriano
GO6F 19/00 (2011.01) (74) Attorney, Agent, or Firm — Tran & Associates
(52) US.CL
CPC e GOG6F 19/3418 (2013.01) 57 ABSTRACT
USPC v 600/301; 600/323 57
(58) Field of Classification Search A monitoring system for a person in a building includes a
LOS] (O 600/300-301  plurality of wireless bases positioned in the building; a body
See application file for complete search history. mounted temperature sensor; a body mounted heart signal
sensor; and a wearable device coupled to the temperature
(56) References Cited sensor and to the heart signal sensor and having a wireless
transceiver adapted to communicate with the wireless bases;
U.S. PATENT DOCUMENTS and an accelerometer.
3921318 A * 11/1975 Calavetta .......ccccoeovveenn 40/626
6,160,478 A * 12/2000 Jacobsenet al. ......... 340/539.12 20 Claims, 7 Drawing Sheets

1388



U.S. Patent Feb. 11,2014  Sheet 1 of 7 US 8,647,268 B2

REMOTE SERVER 200

D “ AUTHORIZED THIRD PARTY |

i : ;
P
1.

L\l

v; POTS

! P 101

'

i ,//

o

LOCAL SERVER 20

Eez‘ﬁeat a0 |

FIG. 1



U.S. Patent Feb. 11,2014  Sheet2 of 7 US 8,647,268 B2

Place a calibration sheet with known dots at a known distance
and perpendicular to a camera view

Take snap shot of the sheet, and correlate the position of the
dots to the camera image

Place a different calibration sheet that contains known dots at
another different known distance and perpendicular to camera
View.

Take snap shot of the sheet and correlate the position of the
dots to the camera image

Smooth the dots to the pixels to minimize digitization errors

For each pixel, draw a line from Dotl(x,y,z) to Dot2 (x, y, z)
defining a cone center where the camera can view

FIG. 2A
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Find floor space area

Define camera view
background 3D scene

Calculate patient’s key features

Detect fall

FIG. 3
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Find floor space area

Define camera view
background 3D scene

Calculate patient’s key features

Extract facial objects

Detect facial orientation

Detect facial expression
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1
PATIENT MONITORING APPARATUS

This application is a continuation of Ser. No. 11/252,279,
filed Oct. 16, 2005 and which issued on Sep. 2, 2008 as U.S.
Pat. No. 7,420,472, the content of which is incorporated by
reference.

BACKGROUND

Improvements in living condition and advances in health
care have resulted in a marked prolongation of life expectancy
for elderly and disabled population. These individuals, a
growing part of society, are dependent upon the delivery of
home health and general care, which has its own set of chal-
lenges and drawbacks. This population needs continuous
general, as well as medical, supervision and care. For
example, supervision of daily activities such as dressing,
personal hygiene, eating and safety as well as supervision of
their health status is necessary. Furthermore, the relief of
loneliness and anxiety is a major, yet unsolved, problem that
has to be dealt with.

The creation of retirement facilities and old age homes, as
well as other geriatric facilities, provides only a partial solu-
tion to the problems facing the geriatric population. As dis-
cussed in U.S. Pat. Nos. 5,544,649 and 6,433,690, the notion
of ambulatory (home environment) patient care is gaining
increased popularity and importance. As discussed in the *649
patent, the number of old aged people receiving home care
services under Medicare has shown a 13% annual growth rate
and has tripled in 10 years (1978-1988) from 769,000 to 2.59
million. This shift in patient care from the “sheltered” insti-
tutional milieu to the patient’s home, work place, or recre-
ational environment is driven in part by cost and in part to a
new care concept that prefers keeping the aged and the dis-
abled in their own natural environment for as long as possible.

Typically, home care is carried out either by the patient’s
family or by nonprofessional help. The monitoring equip-
ment at home care facilities is usually minimal or nonexistent,
and the patient has to be transported to the doctor’s office or
other diagnostic facility to allow proper evaluation and treat-
ment. Patient follow-up is done by means of home visits of
nurses which are of sporadic nature, time consuming and
generally very expensive. A visiting nurse can perform about
5-6 home visits per day. The visits have to be short and can
usually not be carried out on a daily basis. Moreover, a visit-
ing nurse program provides no facilities for continuous moni-
toring of the patient and thus no care, except in fortuitous
circumstances, in times of emergency. The remainder of day
after the visiting nurse has left is often a period of isolation
and loneliness for the elderly patient.

In outpatient care, health-threatening falls are an important
epidemiological problem in this growing segment of the
population. Studies indicate that approximately two thirds of
accidents in people 65 years of age or older, and a large
percentage of deaths from injuries, are due to falls. Approxi-
mately 1.6 million hip fracture injuries worldwide in 1990
were due to falls, and that this number will increase 6.26% by
2050, with the highest incidences recorded in Northern
Europe and North America. In the elderly, 90% of hip frac-
tures happen at age 70 and older, and 90% are due to falls. The
falls are usually due (80%) to pathological balance and gait
disorders and not to overwhelming external force (i.e., being
pushed over by some force). More than 50% of elderly per-
sons suffer from arthritis and/or orthopedic impairments,
which frequently leads to falls. Specifically prone to falls are
women experiencing a higher percentage of arthritis-related
structural bone changes. It is estimated that approximately
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5% of falls result in fracture and 1% of all falls are hip
fractures. The percentages vary slightly in different geo-
graphical regions (e.g., Japan, Scandinavia), but the consen-
sus of the available research is that the falls are a significant
epidemiological problem in the growing elderly population.

The physiological and medical results of a fall range from
grazes, cuts, sprains, bruising, fractures, broken bones, torn
ligaments, permanent injuries and death. The most common
fall-related injuries are lacerations and fractures, the most
common area of fracture being the hip and wrist. Damage to
areas such as the hip and legs can result in permanent damage
and increased likelihood or further falls and injuries.

Falls in the elderly can produce social and mental as well as
physiological repercussions. Anguish and reduced confi-
dence in mobility can complicate problems and even increase
the probability of falls and severity of fall-related injuries
from lack of exercise and tensing of muscles.

Among older people in the U.S. (age 65+) there are
approximately 750,000 falls per year requiring hospitaliza-
tion due to either bone fracturing (approx. 480,000 cases) or
hip fracturing (approx. 270,000 cases). The result of such
injuries is an average hospital stay between 2 and 8 days.
Assuming the average cost of $1,000 per hospital day, a total
cost of falls in the elderly for the health care industry can be
estimated at three billion dollars per year. This figure is likely
to increase as the older age segment of the population
increases.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates an exemplary embodiment for monitor-
ing a person.

FIG. 2A illustrates a process for determining three dimen-
sional (3D) detection.

FIG. 2B shows an exemplary calibration sheet.

FIG. 3 illustrates a process for detecting falls.

FIG. 4 illustrates a process for detecting facial expressions.

FIG. 5 illustrates a smart cane that works with the embodi-
ment of FIG. 1.

FIG. 6 shows an exemplary wrist-watch based assistance
device.

SUMMARY

In one aspect, a monitoring system for a person in a build-
ing includes a plurality of wireless bases positioned in the
building; a body mounted temperature sensor; a body
mounted heart signal sensor; and a wearable device coupled
to the temperature sensor and to the heart signal sensor and
having a wireless transceiver adapted to communicate with
the wireless bases; and an accelerometer.

In another aspect, a monitoring system for a person
includes one or more wireless bases; and a wearable device
such as a wristwatch having a wireless transceiver adapted to
communicate with the one or more wireless bases; and an
accelerometer to detect a dangerous condition and to generate
a warning when the dangerous condition is detected.

Implementations of the above aspect may include one or
more of the following. The wristwatch determines position
based on triangulation. The wristwatch determines position
based on RF signal strength and RF signal angle. A switch
detects a confirmatory signal from the person. The confirma-
tory signal includes a head movement, a hand movement, or
a mouth movement. The confirmatory signal includes the
person’s voice. A processor in the system executes computer
readable code to transmit a help request to a remote coniputer.
The code can encrypt or scramble data for privacy. The pro-
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cessor can execute voice over IP (VOIP) code to allow a user
and a remote person to audibly communicate with each other.
The voice communication system can include Zighee VOIP
or Bluetooth VOIP or 802.XX VOIP. The remote person can
be a doctor, a nurse, a medical assistant, or a caregiver. The
system includes code to store and analyze patient informa-
tion. The patient information includes medicine taking habits,
eating and drinking habits, sleeping habits, or excise habits. A
patient interface is provided on a user computer for accessing
information and the patient interface includes in one imple-
mentation a touch screen; voice-activated text reading; and
one touch telephone dialing. The processor can execute code
to store and analyze information relating to the person’s
ambulation. A global positioning system (GPS) receiver can
be used to detect movement and where the person falls. The
system can include code to map the person’s location onto an
area for viewing. The system can include one or more cam-
eras positioned to capture three dimensional (3D) video of the
patient; and a server coupled to the one or more cameras, the
server executing code to detect a dangerous condition for the
patient based on the 3D video and allow a remote third party
to view images of the patient when the dangerous condition is
detected.

In another aspect, a monitoring system for a person
includes one or more wireless bases; and a cellular telephone
having a wireless transceiver adapted to communicate with
the one or more wireless bases; and an accelerometer to detect
a dangerous condition and to generate a warning when the
dangerous condition is detected.

In yet another aspect, a monitoring system includes one or
more cameras to determine a three dimensional (3D) model
of a person; means to detect a dangerous condition based on
the 3D model; and means to generate a warning when the
dangerous condition is detected.

In another aspect, a method to detect a dangerous condition
for an infant includes placing a pad with one or more sensors
in the infant’s diaper; collecting infant vital parameters; pro-
cessing the vital parameter to detect SIDS onset; and gener-
ating a warning.
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Advantages of the invention may include one or more of 40

the following. The system provides timely assistance and
enables elderly and disabled individuals to live relatively
independent lives. The system monitors physical activity pat-
terns, detects the occurrence of falls, and recognizes body

motion patterns leading to falls. Continuous monitoring of 45

patients is done in an accurate, convenient, unobtrusive, pri-
vate and socially acceptable manner since a computer moni-
tors the images and human involvement is allowed only under
pre-designated events. The patient’s privacy is preserved
since human access to videos of the patient is restricted: the
system only allows human viewing under emergency or other
highly controlled conditions designated in advance by the
user. When the patient is healthy, people cannot view the
patient’s video without the patient’s consent. Only when the
patient’s safety is threatened would the system provide
patient information to authorized medical providers to assist
the patient. When an emergency occurs, images of the patient
and related medical data can be compiled and sent to para-
medics or hospital for proper preparation for pick up and
check into emergency room.

The system allows certain designated people such as a
family member, a friend, or a neighbor to informally check on
the well-being of the patient. The system is also effective in
containing the spiraling cost of healthcare and outpatient care
as a treatment modality by providing remote diagnostic capa-
bility so that a remote healthcare provider (such as a doctor,
nurse, therapist or caregiver) can visually communicate with
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the patient in performing remote diagnosis. The system
allows skilled doctors, nurses, physical therapists, and other
scarce resources to assist patients in a highly efficient manner
since they can do the majority of their functions remotely.

Additionally, a sudden change of activity (or inactivity) can
indicate a problem. The remote healthcare provider may
receive alerts over the Internet or urgent notifications over the
phone in case of such sudden accident indicating changes.
Reports of health/activity indicators and the overall well
being of the individual can be compiled for the remote health-
care provider. Feedback reports can be sent to monitored
subjects, their designated informal caregiver and their remote
healthcare provider. Feedback to the individual can encour-
age the individual to remain active. The content of the report
may be tailored to the target recipient’s needs, and can present
the information in a format understandable by an elder person
unfamiliar with computers, viaan appealing patient interface.
The remote healthcare provider will have access to the health
and well-being status of their patients without being intrusive,
having to call or visit to get such information interrogatively.
Additionally, remote healthcare provider can receive a report
on the health of the monitored subjects that will help them
evaluate these individuals better during the short routine
check up visits. For example, the system can perform patient
behavior analysis such as eating/drinking/smoke habits and
medication compliance, among others.

The patient’s home equipment is simple to use and modu-
lar to allow for the accommodation of the monitoring device
to the specific needs of each patient. Moreover, the system is
simple to install.

DESCRIPTION

FIG. 1 shows an exemplary home monitoring system. In
this system, a plurality of monitoring cameras 10 are placed in
various predetermined positions in a home of a patient 30.
The cameras 10 can be wired or wireless. For example, the
cameras can communicate over infrared links or over radio
links conforming to the 802.11X (e.g. 802.11A, 802.11B,
802.11G) standard or the Bluetooth standard to a server 20.
The server 20 stores images and videos of patient’s ambula-
tion pattern.

The patient 30 may wear one or more sensors 40, for
example devices for sensing ECG, EKG, blood pressure,
sugar level, among others. In one embodiment, the sensors 40
are mounted on the patient’s wrist (such as a wristwatch
sensor) and other convenient anatomical locations. Exem-
plary sensors 40 include standard medical diagnostics for
detecting the body’s electrical signals emanating from
muscles (EMG and EOG) and brain (EEG) and cardiovascu-
lar system (ECG). Leg sensors can include piezoelectric
accelerometers designed to give qualitative assessment of
limb movement. Additionally, thoracic and abdominal bands
used to measure expansion and contraction of the thorax and
abdomen respectively. A small sensor can be mounted on the
subject’s finger in order to detect blood-oxygen levels and
pulse rate. Additionally, a microphone can be attached to
throat and used in sleep diagnostic recordings for detecting
breathing and other noise. One or more position sensors can
be used for detecting orientation of body (lying on left side,
right side or back) during sleep diagnostic recordings. Each of
sensors 40 can individually transmit data to the server 20
using wired or wireless transmission. Alternatively, all sen-
sors 40 can be fed through a common bus into a single trans-
ceiver for wired or wireless transmission. The transmission
canbe done using a magnetic medium such as a floppy disk or
a flash memory card, or can be done using infrared or radio
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network link, among others. The sensor 40 can also include a
global position system (GPS) receiver that relays the position
and ambulatory patterns of the patient to the server 20 for
mobility tracking.

In one embodiment, the sensors 40 for monitoring vital
signs are enclosed in a wrist-watch sized case supported on a
wrist band. The sensors can be attached to the back of the
case. For example, in one embodiment, Cygnus” AutoSensor
(Redwood City, Calif)) is used as a glucose sensor. A low
electric current pulls glucose through the skin. Glucose is
accumulated in two gel collection discs in the AutoSensor.
The AutoSensor measures the glucose and a reading is dis-
played by the watch.

In another embodiment, EKG/ECG contact points are
positioned on the back of the wrist-watch case. In yet another
embodiment that provides continuous, beat-to-beat wrist
arterial pulse rate measurements, a pressure sensor is housed
in acasing with a “free-floating’ plunger as the sensor applan-
ates the radial artery. A strap provides a constant force for
effective applanation and ensuring the position of the sensor
housing to remain constant after any wrist movements. The
change in the electrical signals due to change in pressure is
detected as a result of the piezoresistive nature of the sensor
are then analyzed to arrive at various arterial pressure, sys-
tolic pressure, diastolic pressure, time indices, and other
blood pressure parameters.

The case may be of a number of variations of shape but can
be conveniently made a rectangular, approaching a box-like
configuration. The wrist-band can be an expansion band or a
wristwatch strap of plastic, leather or woven material. The
wrist-band further contains an antenna for transmitting or
receiving radio frequency signals. The wristband and the
antenna inside the band are mechanically coupled to the top
and bottom sides of the wrist-watch housing. Further, the
antenna is electrically coupled to a radio frequency transmit-
ter and receiver for wireless communications with another
computer or another user. Although a wrist-band is disclosed,
a number of substitutes may be used, including a belt, a ring
holder, a brace, or a bracelet, among other suitable substitutes
known to one skilled in the art. The housing contains the
processor and associated peripherals to provide the human-
machine interface. A display is located on the front section of
the housing. A speaker, a microphone, and a plurality of
push-button switches and are also located on the front section
ofhousing. An infrared LED transmitter and an infrared LED
receiver are positioned on the right side of housing to enable
the watch to communicate with another computer using infra-
red transmission.

In another embodiment, the sensors 40 are mounted on the
patient’s clothing. For example, sensors can be woven into a
single-piece garment (an undershirt) on a weaving machine.
A plastic optical fiber can be integrated into the structure
during the fabric production process without any discontinui-
ties at the armhole or the seams. An interconnection technol-
ogy transmits information from (and to) sensors mounted at
any location on the body thus creating a flexible “bus” struc-
ture. T-Connectors—similar to “button clips” used in cloth-
ing—are attached to the fibers that serve as a data bus to carry
the information from the sensors (e.g., EKG sensors) on the
body. The sensors will plug into these connectors and at the
other end similar T-Connectors will be used to transmit the
information to monitoring equipment or personal status
monitor. Since shapes and sizes of humans will be different,
sensors can be positioned on the right locations for all patients
and without any constraints being imposed by the clothing.
Moreover, the clothing can be laundered without any damage
to the sensors themselves. In addition to the fiber optic and
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specialty fibers that serve as sensors and data bus to carry
sensory information from the wearer to the monitoring
devices, sensors for monitoring the respiration rate can be
integrated into the structure.

In another embodiment, instead of being mounted on the
patient, the sensors can be mounted on fixed surfaces such as
walls or tables, for example. One such sensor is a motion
detector. Another sensor is a proximity sensor. The fixed
sensors can operate alone or in conjunction with the cameras
10. In one embodiment where the motion detector operates
with the cameras 10, the motion detector can be used to
trigger camera recording. Thus, as long as motion is sensed,
images from the cameras 10 are not saved. However, when
motion is not detected, the images are stored and an alarm
may be generated. In another embodiment where the motion
detector operates stand alone, when no motion is sensed, the
system generates an alarm.

The server 20 also executes one or more software modules
to analyze data from the patient. A module 50 monitors the
patient’s vital signs such as ECG/EKG and generates warn-
ings should problems occur. In this module, vital signs can be
collected and communicated to the server 20 using wired or
wireless transmitters. In one embodiment, the server 20 feeds
the data to a statistical analyzer such as a neural network
which has been trained to flag potentially dangerous condi-
tions. The neural network can be a back-propagation neural
network, for example. In this embodiment, the statistical ana-
lyzer is trained with training data where certain signals are
determined to be undesirable for the patient, given his age,
weight, and physical limitations, among others. For example,
the patient’s glucose level should be within a well established
range, and any value outside of this range is flagged by the
statistical analyzer as a dangerous condition. As used herein,
the dangerous condition can be specified as an event or a
pattern that can cause physiological or psychological damage
to the patient. Moreover, interactions between different vital
signals canbe accounted for so that the statistical analyzer can
take into consideration instances where individually the vital
signs are acceptable, but in certain combinations, the vital
signs can indicate potentially dangerous conditions. Once
trained, the data received by the server 20 can be appropri-
ately scaled and processed by the statistical analyzer. In addi-
tion to statistical analyzers, the server 20 can process vital
signs using rule-based inference engines, fuzzy logic, as well
as conventional if-then logic. Additionally, the server can
process vital signs using Hidden Markov Models (HMMs),
dynamic time warping, or template matching, among others.

Through various software modules, the system reads video
sequence and generates a 3D anatomy file out of the
sequence. The proper bone and muscle scene structure are
created for head and face. A based profile stock phase shape
will be created by this scene structure. Every scene will then
be normalized to a standardized viewport.

A module 52 monitors the patient ambulatory pattern and
generates warnings should the patient’s patterns indicate that
the patient has fallen or is likely to fall. 3D detection is used
to monitor the patient’s ambulation. In the 3D detection pro-
cess, by putting 3 or more known coordinate objects in a
scene, camera origin, view direction and up vector can be
calculated and the 3D space that each camera views can be
defined.

In one embodiment with two or more cameras, camera
parameters (e.g. field of view) are preset to fixed numbers.
Each pixel from each camera maps to a cone space. The
system identifies one or more 3D feature points (such as a
birthmark or an identifiable body landmark) on the patient.
The 3D feature point can be detected by identifying the same
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point from two or more different angles. By determining the
intersection for the two or more cones, the system determines
the position of the feature point. The above process can be
extended to certain feature curves and surfaces, e.g. straight
lines, arcs; flat surfaces, cylindrical surfaces. Thus, the sys-
tem can detect curves if a feature curve is known as a straight
line or arc. Additionally, the system can detect surfaces if a
feature surface is known as a flat or cylindrical surface. The
further the patient is from the camera, the lower the accuracy
of the feature point determination. Also, the presence of more
cameras would lead to more correlation data for increased
accuracy in feature point determination. When correlated
feature points, curves and surfaces are detected, the remain-
ing surfaces are detected by texture matching and shading
changes. Predetermined constraints are applied based on sil-
houette curves from different views. A different constraint
can be applied when one part of the patient is occluded by
another object. Further, as the system knows what basic
organic shape it is detecting, the basic profile can be applied
and adjusted in the process.

In a single camera embodiment, the 3D feature point (e.g.
a birth mark) can be detected if the system can identify the
same point from two frames. The relative motion from the two
frames should be small but detectable. Other features curves
and surfaces will be detected correspondingly, but can be
tessellated or sampled to generate more feature points. A
transformation matrix is calculated between a set of feature
points from the first frame to a set of feature points from the
second frame. When correlated feature points, curves and
surfaces are detected, the rest of the surfaces will be detected
by texture matching and shading changes.

Each camera exists in asphere coordinate system where the
sphere origin (0,0,0) is defined as the position of the camera.
The system detects theta and phi for each observed object, but
notthe radius or size of the object. The radius is approximated
by detecting the size of known objects and scaling the size of
known objects to the object whose size is to be determined.
For example, to detect the position of a ball that is 10 cm in
radius, the system detects the ball and scales other features
based on the known ball size. For human, features that are
known in advance include head size and leg length, among
others. Surface texture can also be detected, but the light and
shade information from different camera views is removed. In
either single or multiple camera embodiments, depending on
frame rate and picture resolution, certain undetected areas
such as holes can exist. For example, if the patient yawns, the
patient’s mouth can appear as a hole in an image. For 3D
modeling purposes, the hole can be filled by blending neigh-
borhood surfaces. The blended surfaces are behind the visible
line.

In one embodiment shown in FIG. 2A, each camera is cali-
brated before 3D detection is done. Pseudo-code for one
implementation of a camera calibration process is as follows:

Place a calibration sheet with known dots at a known dis-
tance (e.g. 1 meter), and perpendicular to a camera view.

Take snap shot of the sheet, and correlate the positionof the
dots to the camera image:

Dotl(x,y,1) € pixel(x,y)

Place a different calibration sheet that contains known dots
at another different known distance (e.g. 2 meters), and
perpendicular to camera view.

Take another snapshot of the sheet, and correlate the posi-
tion of the dots to the camera image:

Dot2(x,v,2) € pixel(x,y)
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Smooth the dots and pixels to minimize digitization errors.
By smoothing the map using a global map function, step
errors will be eliminated and each pixel will be mapped
1o a cone space.

For each pixel, draw a line from Dot1(x,y,z)to Dot2(x, v, z)
defining a cone center where the camera can view.

One smoothing method is to apply a weighted filter for
Dotl and Dot2. A weight filter can be used. In one
example, the following exemplary filter is applied.

121
242
121

Assuming Dot1_Left refers to the value of the dot on the
left side of Dotl and Dot1_Right refers to the value of
the dot to the right of Dotl and Dotl_Upper refers to the
dot above Dotl, for example, the resulting smoothed
Dotl value is as follows:

Ye*(Dotl*4+Dotl_Left*2+Dotl_Right*2+
Dotl_Upper*2+Dotl_Down*2+
Dotl_UpperLeft+Dotl_UpperRight+
Dotl_LowerLeft+Dot1_LowerRight)

Similarly, the resulting smoothed Dot2 value is as follows:

Ye*(Dot2*4+Dot2_Left*2+Dot2_Right*2+
Dot2_Upper*2+Dot2_Down*2+
Dot2_UpperLeft+Dot2_UpperRight+
Dot2_LowerLeft+Dot2_LowerRight)

In another smoothing method, features from Dot1 sheetare

mapped to a sub pixel level and features of Dot2 sheet are
mapped to a sub pixel level and smooth them. To illustrate,
Dotl dot center (5, 5, 1) are mapped to pixel (1.05, 2.86), and
Dot2 dot center (10, 10, 2) are mapped to pixel (1.15,2.76). A
predetermined correlation function is then applied.
FIG. 2B shows an exemplary calibration sheet having a plu-
rality of dots. In this embodiment, the dots can be circular dots
and square dots which are interleaved among each others. The
dots should be placed relatively close to each other and each
dot size should not be too large, so we can have as many dots
as possible in one snapshot. However, the dots should not be
placed too close to each other and the dot size should not be
too small, so they are not identifiable.

A module 54 monitors patient activity and generates a
warning if the patient has fallen. In one implementation, the
system detects the speed of center of mass movement. If the
center of mass movement is zero for a predetermined period,
the patient is either sleeping or unconscious. The system then
attempts to signal the patient and receive confirmatory signals
indicating that the patient is conscious. If patient does not
confirm, then the system generates an alarm. For example, if
the patient has fallen, the system would generate an alarm
signal that can be sent to friends, relatives or neighbors ofthe
patient. Alternatively, a third party such as a call center can
monitor the alarm signal. Besides monitoring for falls, the
system performs video analysis of the patient. For example,
during a particular day, the system can determine the amount
of time for exercise, sleep, and entertainment, among others.
The network of sensors in a patient’s home can recognize
ordinary patterns—such as eating, sleeping, and greeting
visitors—and to alert caretakers to out-of-the-ordinary
ones—such as prolonged inactivity or absence. For instance,
if the patient goes into the bathroom then disappears off the
sensor for 13 minutes and don’t show up anywhere else in the
house, the system infers that patient had taken a bath or a
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shower. However, if a person falls and remains motionless for
a predetermined period, the system would record the event
and notify a designated person to get assistance.

A fall detection process (shown in FIG. 3) performs the

following operations:

Find floor space area

Define camera view background 3D scene

Calculate patient’s key features

Detect fall

In one implementation, pseudo-code for determining the

floor space area is as follows:

1. Sample the camera view space by M by N, e.g. M=1000,
N=500.

2. Calculate all sample points the 3D coordinates in room
coordinate system; where Z axis is pointing up. Refer to
the 3D detection for how to calculate 3D positions.

3. Find the lowest Z value point (Zmin)

4. Find all points whose Z values are less than Zmin+Ztol;
where Ztol is a user adjustable value, e.g. 2 inches.

5. If rooms have different elevation levels, then excluding
the lowest Z floor points, repeat step 2, 3 and 4 while
keeping the lowest Z is within Ztol2 of previous Z. In this
example Ztol2=2 feet, which means the floor level dif-
ference should be within 2 feet.

6. Detect stairs by finding approximate same flat area but
within equal Z differences between them.

7. Optionally, additional information from the user can be
used to define floor space more accurately, especially in
single camera system where the coordinates are less
accurate, e.g.:

a. Import the CAD file from constructors’ blue prints.

b. Pick regions from the camera space to define the floor,
then use software to calculate its room coordinates.

c. User software to find all flat surfaces, e.g. floors,
counter tops, then user pick the ones, which are actu-
ally floors and/or stairs.

In the implementation, pseudo-code for determining the

camera view background 3D scene is as follows:

1. With the same sample points, calculate x, y coordinates
and the Z depth and calculate 3D positions.

2. Determine background scene using one the following
methods, among others:

a. When there is nobody in the room.

b. Retrieve and update the previous calculated back-
ground scene.

c. Continuous updating every sample point when the
furthest 7 value was found, that is the background
value.

In the implementation, pseudo-code for determining key

features of the patient is as follows:

1. Foreground objects can be extracted by comparing each
sample point’s Z value to the background scene point’s
7 value, if it is smaller, then it is on the foreground.

2. In normal condition, the feet/shoe can be detected by
finding the lowest Z point clouds close the floor in room
space, its color will be extracted.

3. In normal condition, the hair/hat can be detected by
finding the highest 7 point clouds close the floor in room
space, its color will be extracted.

4. The rest of the features can be determined by searching
from either head or toe. E.g., hat, hair, face, eye, mouth,
ear, earring, neck, lipstick, moustache, jacket, limbs,
belt, ring, hand, etc.

5. The key dimension of features will be determined by
retrieving the historic stored data or recalculated, e.g.,
head size, mouth width, arm length, leg length, waist,
etc.
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6. In abnormal conditions, features can be detected by
detect individual features then correlated them to differ-
ent body parts. E.g., if patient’s skin is black, we can
hardly get a yellow or white face, by detecting eye and
nose, we know which part is the face, then we can detect
other characteristics.

To detect fall, the pseudo-code for the embodiment is as

follows:

1. The fall has to be detected in almost real time by tracking
movements of key features very quickly. E.g. if patient
has black hair/face, track the center ofthe black blob will
know roughly where his head move to.

2. Then the center of mass will be tracked, center of mass is
usually around belly button area, so the belt or border-
line between upper and lower body closed will be good
indications.

3. Patient’s fall always coupled with rapid deceleration of
center of mass. Software can adjust this threshold based
on patient age, height and physical conditions.

4. Then if the fall is accidental and patient has difficult to
get up, one or more of following will happen:

a. Patient will move very slowly to find support object to
getup.

b. Patient will wave hand to camera ask for help. To
detect this condition, the patient hand has to be
detected first by finding a blob of points with his skin
color. Hand motion can be tracked by calculate the
motion of the center of the points, if it swings left and
right, it means patient is waving to camera.

c. Patient is unconscious, motionless. To detect this con-
dition, extract the foreground object, calculate its
motion vectors, if it is within certain tolerance, it
means patient is not moving. In the mean time, test
how long it last, ifit past a user defined time threshold,
it means patient is in great danger.

In one embodiment for fall detection, the system deter-
mines a patient fall-down as when the patient’s knee, butt or
hand is on the floor. The fall action is defined a quick decel-
eration of center of mass, which is around belly button area.
An accidental fall action is defined when the patient falls
down with limited movement for a predetermined period.

The system monitors the patients” fall relative to a floor. In
one embodiment, the plan of the floor is specified in advance
by the patient. Alternatively, the system can automatically
determine the floor layout by examining the movement of the
patient’s feet and estimated the surfaces touched by the feet as
the floor.

The system detects a patient fall by detecting a center of
mass of an exemplary feature. Thus, the software can monitor
the center of one or more objects, for example the head and
toe, the patient’s belt, the bottom line of the shirt, or the top
line of the pants.

The detection of the fall can be adjusted based on two
thresholds:

a. Speed of deceleration of the center of mass.

b. The amount of time that the patient lies motionless on the
floor after the fall.

In one example, once a stroke occurs, the system detects a
slow motion of patient as the patient rests or a quick motion as
the patient collapses. By adjust the sensitivity threshold, the
system detects whether a patient is uncomfortable and ready
to rest or collapse.

If the center of mass movement ceases to move for a pre-
determined period, the system can generate the warning. In
another embodiment, before generating the warning, the sys-
tem can request the patient to confirm that he or she does not
need assistance. The confirmation can be in the form of a
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button that the user can press to override the warning. Alter-
natively, the confirmation can be in the form of a single
utterance that is then detected by a speech recognizer.

In another embodiment, the confirmatory signal is a patient
gesture. The patient can nod his or her head to request help
and can shake the head to cancel the help request. Alterna-
tively, the patient can use a plurality of hand gestures to signal
to the server 20 the actions that the patient desires.

By adding other detecting mechanism such as sweat detec-
tion, the system can know whether patient is uncomfortable
or not. Other items that can be monitored include chest move-
ment (frequency and amplitude) and rest length when the
patient sits still in one area, among others.

Besides monitoring for falls, the system performs video
analysis of the patient. For example, during a particular day,
the system can determine the amount of time for exercise,
sleep, entertainment, among others. The network of sensors
in a patient’s home can recognize ordinary patterns—such as
eating, sleeping, and greeting visitors—and to alert caretak-
ers to out-of-the-ordinary ones—such as prolonged inactivity
or absence. For instance, if the patient goes into the bathroom
then disappears off the camera 10 view for a predetermined
period and does not show up anywhere else in the house, the
system infers that patient had taken a bath or a shower. How-
ever, if a person falls and remains motionless for a predeter-
mined period, the system would record the event and notify a
designated person to get assistance.

In one embodiment, changes in the patient’s skin color can
be detected by measuring the current light environment, prop-
erly calibrating color space between two photos, and then
determining global color change between two states. Thus,
when the patient’s face turn red, based on the redness, a
severity level warning is generated.

In another embodiment, changes in the patient’s face are
detected by analyzing a texture distortion in the images. If the
patient perspires heavily, the texture will show small glisters,
make-up smudges, or sweat/tear drippings. Another example
is, when long stretched face will be detected as texture dis-
tortion. Agony will show certain wrinkle texture patterns,
among others.

The system can also utilize high light changes. Thus, when
the patient sweats or changes facial appearance, different
high light areas are shown, glisters reflect light and pop up
geometry generates more high light areas.

A module 62 analyzes facial changes such as facial asym-
metries. The change will be detected by superinipose a newly
acquired 3D anatomy structure to a historical (normal) 3D
anatomy structure to detect face/eye sagging or excess stretch
of facial muscles.

In one embodiment, the system determines a set of base 3D
shapes, which are a set of shapes which can represent
extremes of certain facial effects, e.g. frown, open mouth,
smiling, among others. The rest of the 3D face shape can be
generated by blending/interpolating these base shapes by
applied different weight to each base shapes.

The base 3D shape can be captured using 1) a 3D camera
such as cameras from Steinbichler, Genex Technology,
Minolta 3D, Olympus 3D or 2) one or more 2D camera with
preset camera field of view (FOV) parameters. To make it
more accurate, one or more special markers can be placed on
patient’s face. For example, a known dimension square stick
can be placed on the forehead for camera calibration pur-
poses.

Using the above 3D detection method, facial shapes are
then extracted. The proper features (e.g. a wrinkle) will be
detected and attached to each base shape. These features can
be animated or blended by changing the weight of different
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shape(s). The proper features change can be detected and
determine what type of facial shape it will be.

Next, the system super-imposes two 3D facial shapes (his-
torical or normal facial shapes and current facial shapes). By
matching features and geometry of changing areas on the
face, closely blended shapes can be matched and facial shape
change detection can be performed. By overlaying the two
shapes, the abnormal facial change such as sagging eyes or
mouth can be detected.

The above processes are used to determine paralysis of
specific regions of the face or disorders in the peripheral or
central nervous system (trigeminal paralysis; CVA, among
others). The software also detects eyelid positions for evi-
dence of ptosis (incomplete opening of one orboth eyelids) as
a sign of innervation problems (CVA; Horner syndrome, for
example). The software also checks eye movements for
pathological conditions, mainly of neurological origin are
reflected in aberrations in eye movement. Pupil reaction is
also checked for abnormal reaction of the pupil to light (pupil
gets smaller the stronger the light) may indicate various
pathological conditions mainly of the nervous system. In
patients treated for glaucoma pupillary status and motion
pattern may be important to the follow-up of adequate treat-
ment. The software also checks for asymmetry in tongue
movement, which is usually indicative of neurological prob-
lems. Another check is neck veins: Engorgement of the neck
veins may be an indication of heart failure or obstruction of
normal blood flow from the head and upper extremities to the
heart. The software also analyzes the face, which is usually a
mirror of the emotional state of the observed subject. Fear,
joy, anger, apathy are only some of the emotions that can be
readily detected, facial expressions of emotions are relatively
uniform regardless of age, sex, race, etc. This relative unifor-
mity allows for the creation of computer programs attempting
to automatically diagnose people’s emotional states.

Speech recognition is performed to determine a change in
the form of speech (slurred speech, difficulties in the forma-
tion of words, for example) may indicated neurological prob-
lems, such an observation can also indicate some outward
effects of various drugs or toxic agents.

In one embodiment shown in FIG. 4, a facial expression
analysis process performs the following operations:

Find floor space area

Define camera view background 3D scene

Calculate patient’s key features

Extract facial objects

Detect facial orientation

Detect facial expression

The first three steps are already discussed above. The
patient’s key features provide information on the location of
the face, and once the face area has been determined, other
features can be detected by detecting relative position to each
other and special characteristics of the features:

Eye: pupil can be detected by applying Chamfer matching

algorithm, by using stock pupil objects.

Hair: located on the top of the head, using previous stored
hair color to locate the hair point clouds.

Birthmarks, wrinkles and tattoos: pre store all these fea-
tures then use Chamfer matching to locate them.

Nose: nose bridge and nose holes usually show special
characteristics for detection, sometime depend on the
view angle, is side view, special silhouette will be
shown.

Eye browse, Lips and Moustache: All these features have
special colors, e.g. red lipstick; and base shape, e.g.
patient has no expression with mouth closed. Software
will locate these features by color matching, then try to
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deform the base shape based on expression, and match
shape with expression, we can detect objects and expres-
sion at the same time.

Teeth, earring, necklace: All these features can be detected
by color and style, which will give extra information.

In one implementation, pseudo-code for detecting facial
orientation is as follows:

Detect forchead area

Use the previously determined features and superimpose
them on the base face model to detect a patient face
orientation.

Depends on where patient is facing, for a side facing view,
silhouvette edges will provide unique view information
because there is a one to one correspondent between the view
and silhouette shape.

Once the patient’s face has been aligned to the right view,
exemplary pseudo code to detect facial expression is as fol-
lows:

1. Detect shape change. The shape can be match by super-
impose different expression shapes to current shape, and
judge by minimum discrepancy. E.g. wide mouth open.

2. Detect occlusion. Sometime the expression can be
detected by occlusal of another objects, e.g., teeth show
up means mouth is open.

3. Detect texture map change. The expression can relate to
certain texture changes, if patient smile, certain wrinkles
patents will show up.

4. Detect highlight change. The expression can relate to
certain high light changes, if patient sweats or cries,
different highlight area will show up.

A module 80 communicates with a third party such as the
police department, a security monitoring center, or a call
center. The module 80 operates with a POTS telephone and
can use a broadband medium such as DSL or cable network if
available. The module 80 requires that at least the telephone is
available as a lifeline support. In this embodiment, duplex
sound transmission is done using the POTS telephone net-
work. The broadband network, if available, is optional for
high resolution video and other advanced services transmis-
sion.

During operation, the module 80 checks whether broad-
band network is available. If broadband network is available,
the module 80 allows high resolution video, among others, to
be broadcasted directly from the server 20 to the third party or
indirectly from the server 20 to the remote server 200 to the
third party. In parallel, the module 80 allows sound to be
transmitted using the telephone circuit. In this manner, high
resolution video can be transmitted since sound data is sepa-
rately sent through the POTS network.

If broadband network is not available, the system relies on
the POTS telephone network for transmission of voice and
images. In this system, one or more images are compressed
for burst transmission, and at the request of the third party or
the remote server 200, the telephone’s sound system is placed
onhold fora brief period to allow transmission of images over
the POTS network. In this manner, existing POTS lifeline
telephone can be used to monitor patients. The resolution and
quantity of images are selectable by the third party. Thus,
using only the lifeline as a communication medium, the per-
son monitoring the patient can elect to only listen, to view one
high resolution image with duplex telephone voice transmis-
sion, to view a few low resolution images, to view a com-
pressed stream of low resolution video with digitized voice,
among others.

During installation or while no live person in the scene,
each camera will capture its own environment objects and
store it as background images, the software then detect the
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live person in the scene, changes of the live person, so only the
portion of live person will be send to the local server, other
compression techniques will be applied, e.g. send changing
file, balanced video streaming based on change.

The local server will control and schedule how the video/
picture will be send, e.g. when the camera is view an empty
room, no pictures will be sent, the local server will also
determine which camera is at the right view, and request only
the corresponding video be sent. The local server will deter-
mine which feature it is interested in looking at, e.g. face and
request only that portion be sent.

With predetermined background images and local server
controlled streaming, the system will enable higher resolu-
tion and more camera system by using narrower bandwidth.

Through this module, a police officer, a security agent, ora
healthcare agent such as a physician at a remote location can
engage, in interactive visual communication with the patient.
The patient’s health data or audio-visual signal can be
remotely accessed. The patient also has access to a video
transmission of the third party. Should the patient experience
health symptoms requiring intervention and immediate care,
the health care practitioner at the central station may summon
help from an emergency services provider. The emergency
services provider may send an ambulance, fire department
personnel, family member, or other emergency personnel to
the patient’s remote location. The emergency services pro-
vider may, perhaps, be an ambulance facility, a police station,
the local fire department, or any suitable support facility.

Communication between the patient’s remote location and
the central station can be initiated by a variety of techniques.
One method is by manually or automatically placinga call on
the telephone to the patient’s home or from the patient’s home
to the central station.

Alternatively, the system can ask a confirmatory question
to the patient through text to speech software. The patient can
be orally instructed by the health practitioner to conduct
specific physical activities such as specific arm movements,
walking, bending, among others. The examination begins
during the initial conversation with the monitored subject.
Any changes in the spontaneous gestures of the body, arms
and hands during speech as well as the fulfillment of nonspe-
cific tasks are important signs of possible pathological events.
The monitoring person can instruct the monitored subject to
perform a series of simple tasks which can be used for diag-
nosis of neurological abnormalities. These observations may
vield early indicators of the onset of a disease.

A network 100 such as the Internet receives images from
the server 20 and passes the data to one or more remote
servers 200. The images are transmitted from the server 20
over a secure communication link such as virtual private
network (VPN) to the remote server(s) 200.

The server 20 collects data from a plurality of cameras and
uses the 3D images technology to determine if the patient
needs help. The system can transmit video (live or archived)
to the friend, relative, neighbor, or call center for human
review. At each viewer site, after a viewer specifies the correct
URL to the client browser computer, a connection with the
server 20 is established and user identity authenticated using
suitable password or other security mechanisms. The server
200 then retrieves the document from its local disk or cache
memory storage and transmits the content over the network.
In the typical scenario, the user ofa Web browser requests that
a media stream file be downloaded, such as sending, in par-
ticular, the URL of a media redirection file from a Web server.
The media redirection file (MRF) is a type of specialized
Hypertext Markup Language (HTML) file that contains
instructions for how to locate the multimedia file and in what
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format the multimedia file is in. The Web server returns the
MREF file to the user’s browser program. The browser pro-
gram then reads the MRF file to determine the location of the
media server containing one or more multimedia content
files. The browser then launches the associated media player
application program and passes the MRF file to it. The media
player reads the MRF file to obtain the information needed to
open a connection to a media server, such as a URL, and the
required protocol information, depending upon the type of
medial content is in the file. The streaming media content file
is then routed from the media server down to the user.

Next, the transactions between the server 20 and one of the
remote servers 200 are detailed. The server 20 compares one
image frame to the next image frame. If no difference exists,
the duplicate frame is deleted to minimize storage space. If a
difference exists, only the difference information 1s stored as
described in the JPEG standard. This operation effectively
compresses video information so that the camera images can
be transmitted even at telephone modem speed of 64 k or less.
More aggressive compression techniques can be used. For
example, patient movements can be clusterized into a group
of known motion vectors, and patient movements can be
described using a set of vectors. Only the vector data is saved.
During view back, each vector is translated into a picture
object which is suitably rasterized. The information can also
be compressed as motion information.

Next, the server 20 transmits the compressed video to the
remote server 200. The server 200 stores and caches the video
data so that multiple viewers can view the images at once
since the server 200 is connected to a network link such as
telephone line modem, cable modem, DSL modem, and ATM
transceiver, among others.

In one implementation, the servers 200 use RAID-5 strip-
ing and parity techniques to organize data in a fault tolerant
and efficient manner. The RAID (Redundant Array of Inex-
pensive Disks) approach is well described in theliterature and
has various levels of operation, including RAID-5, and the
data organization can achieve data storage in a fault tolerant
and load balanced manner. RAID-5 provides that the stored
data is spread among three or more disk drives, in a redundant
manner, so that even if one of the disk drives fails, the data
stored on the drive can be recovered in an efficient and error
free manner from the other storage locations. This method
also advantageously makes use of each of the disk drives in
relatively equal and substantially parallel operations. Accord-
ingly, if one has a six gigabyte cluster volume which spans
three disk drives, each disk drive would be responsible for
servicing two gigabytes of the cluster volume. Each two
gigabyte drive would be comprised of one-third redundant
information, to provide the redundant, and thus fault tolerant,
operation required for the RAID-5 approach. For additional
physical security, the server can be stored in a Fire Safe or
other secured box, so there is no chance to erase the recorded
data, this is very important for forensic analysis.

The system can also monitor the patient’s gait pattern and
generate warnings should the patient’s gait patterns indicate
that the patient is likely to fall. The system will detect patient
skeleton structure, stride and frequency; and based on this
information to judge whether patient has joint problem,
asymmetrical bone structure, among others. The system can
store historical gait information, and by overlaying current
structure to the historical (normal) gait information, gait
changes can be detected.

The system also provides a patient interface 90 to assist the
patient in easily accessing information. In one embodiment,
the patient interface includes a touch screen; voice-activated
text reading; one touch telephone dialing; and video confer-
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encing. The touch screen has large icons that are pre-selected
to the patient’s needs, such as his or her favorite web sites or
application programs. The voice activated text reading allows
a user with poor eye-sight to get information from the patient
interface 90. Buttons with pre-designated dialing numbers, or
video conferencing contact information allow the user to call
a friend or a healthcare provider quickly.

In one embodiment, medicine for the patient is tracked
using radio frequency identification (RFID) tags. In this
embodiment, each drug container is tracked through an RFID
tag that is also a drug label. The RF tag is an integrated circuit
that is coupled with a mini-antenna to transmit data. The
circuit contains memory that stores the identification Code
and other pertinent data to be transmitted when the chip is
activated or interrogated using radio energy from a reader. A
reader consists of an RF antenna, transceiver and a micro-
processor. The transceiver sends activation signals to and
receives identification data from the tag. The antenna may be
enclosed with the reader or located outside the reader as a
separate piece. RFID readers communicate directly with the
RFID tags and send encrypted usage data over the patient’s
network to the server 20 and eventually over the Internet 100.
The readers can be built directly into the walls or the cabinet
doors.

In one embodiment, capacitively coupled RFID tags are
used. The capacitive RFID tag includes a silicon micropro-
cessor that can store 96 bits of information, including the
pharmaceutical manufacturer, drug name, usage instruction
and a 40-bit serial number. A conductive carbon ink acts as the
tag’s antenna and is applied to a paper substrate through
conventional printing means. The silicon chip is attached to
printed carbon-ink electrodes on the back of a paper label,
creating a low-cost, disposable tag that can be integrated on
the drug label. The information stored on the drug labels is
written in a Medicine Markup Language (MML), which is
based on the eXtensible Markup Language (XML). MML
would allow all computers to communicate with any com-
puter system in a similar way that Web servers read Hyper
Text Markup Language (HTML), the common language used
to create Web pages.

After receiving the medicine container, the patient places
the medicine in a medicine cabinet, which is also equipped
with a tag reader. This smart cabinet then tracks all medicine
stored in it. It can track the medicine taken, how often the
medicine is restocked and can let the patient know when a
particular medication is about to expire. At this point, the
server 20 can order these items automatically. The server 20
also monitors drug compliance, and if the patient does not
remove the bottle to dispense medication as prescribed, the
server 20 sends a warning to the healthcare provider.

Due to its awareness of the patient’s position, the server 20
can optionally control a mobility assistance device such as a
smart cane. FIG. 5 shows an exemplary robot 1000 for assist-
ing the patient in ambulating his or her home. The robot
embodiment of FIG. 5 is essentially a smart cane with a
camera 1010, a frame 1100 with drive systems 1110 having
stepper motors, wheels, belts and pulleys, mounted to a
mounting plate. The robot 1000 also has control module 1200
including a processor, memory, camera, display, wireless net-
working, and data storage devices. In one embodiment, the
control module 1200 is a PC compatible laptop computer.

The robot 1000 sends video from its camera to the server
20, which in tum coordinates the position of the robot 1000,
as determined by the cameras 10 mounted in the home as well
as the robot camera. The robot position, as determined by the
server 20, is then transmitted to the robot 1000 for navigation.
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In this smart cane embodiment, the frame 1100 has an
extended handle 1150. The handle 1150 includes handle sen-
sors 1152 mounted thereon to detect the force places on each
handle to receive as input the movement desired by the
patient. In one embodiment, the robot 1000 has a control
navigation system that accepts patient command as well as
robot self-guidance command. The mobility is a result of
give-and-take between the patient’s self-propulsion and the
walker’s automated reactions. Thus, when the patient moves
the handle to the right, the robot determines that the patient is
interested in turning and actuates the drive systems 1110
appropriately. However, if the patient is turning into an
obstacle, as determined by the cameras and the server 20, the
drive system provides gentle resistance thattells the patient of
an impending collision.

If, for example, a patient does not see a coffee table ahead,
the walker will detect it, override the patient’s steering to
avoid it, and thereby prevent a possible fall. Onboard software
processes the data from 180 degrees of approaching terrain
and steers the front wheel toward openings and away from
obstacles.

The control module 1200 executes software that enables
the robot 1000 to move around its environment safely. The
software performs localization, mapping, path planning and
obstacle avoidance. In one embodiment, images from a plu-
rality of wall-mounted cameras 10 are transmitted to the
server 20. The server 20 collects images of the robot and
triangulates the robot position by cross-referencing the
images. The information is then correlated with the image
from the robot-mounted camera 1010 and optical encoders
1011 that count the wheel rotations to calculate traveled dis-
tance for range measurement. In this process, a visual map of
unique “landmarks” created as the robot moves along its path
is annotated with the robot’s position to indicate the position
estimate of the landmark. The current image, seen from the
robot, is compared with the images in the database to find
matching landmarks. Such matches are used to update the
position of the robot according to the relative position of the
matching landmark. By repeatedly updating the position of
landmarks based on new data, the software incrementally
improves the map by calculating more accurate estimates for
the position of the landmarks. An improved map results in
more accurate robot position estimates. Better position esti-
mates contribute to better estimates for the landmark posi-
tions and so on. If the environment changes so much that the
robot no longer recognizes previous landmarks, the robot
automatically updates the map with new landmarks. Outdated
landmarks that are no longer recognized can easily be deleted
from the map by simply determining if they were seen or
matched when expected.

Using the obstacle avoidance algorithm, the robot gener-
ates corrective movements to avoid obstacles not represented
in the path planner such as open/closed doors, furniture,
people, and more. The robot rapidly detects obstacles using
its sensors and controls its speed and heading to avoid
obstacles.

The hazard avoidance mechanisms provide a reflexive
response to hazardous situations to insure the robot’s safety
and guarantee that it does not damage itself or the environ-
ment. Mechanisms for hazard avoidance include collision
detection using not one but a complementary set of sensors
and techniques. For instance, collision avoidance can be pro-
vided using contact sensing, motor load sensing, and vision.
The combination of multiple sources for collision detection
guarantees safe collision avoidance. Collision detection pro-
vides a last resort for negotiating obstacles in case obstacle
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avoidance fails to do so in the first place, which can be caused
by moving objects or software and hardware failures.

If the walker is in motion (as determined by the wheel
encoder), the force applied to the brake pads is inversely
proportional to the distance to obstacles. If the walker is
stopped, the brakes should be fully applied to provide a stable
base on which the patient can rest. When the walker is stopped
and the patient wishes to move again, the brakes should come
off slowly to prevent the walker from lurching forward The
walker should mostly follow the patient’s commands, as this
is crucial for patient acceptance. For the safety braking and
the safety braking and steering control systems, the control
system only influences the motion when obstacles or cliffs are
near the patient. In other words, the walker is, typically, fully
patient controlled. For all other situations, the control system
submits to the patient’s desire. This does not mean that the
control system shuts down, or does not provide the usual
safety features. In fact, all of the control systems fall back on
their emergency braking to keep the patient safe. When the
control system has had to brake to avoid an obstacle or has
given up trying to lead the patient on a particular path, the
patient must disengage the brakes (via a pushbutton) or re-
engage the path following (again via a pushbutton) to regain
control or allow collaboration again. This lets the patient
select the walker’s mode manually when they disagree with
the control system’s choices.

FIG. 6 shows a portable embodiment of the present inven-
tion where the voice recognizer is housed in a wrist-watch. As
shown in FIG. 6, the device includes a wrist-watch sized case
1380 supported on a wrist band 1374. The case 1380 may be
of a number of variations of shape but can be conveniently
made a rectangular, approaching a box-like configuration.
The wrist-band 1374 can be an expansion band or a wrist-
watch strap of plastic, leather or woven material. The wrist-
band 1374 further contains an antenna 1376 for transmitting
or receiving radio frequency signals. The wristband 1374 and
the antenna 1376 inside the band are mechanically coupled to
the top and bottom sides of the wrist-watch housing 1380.
Further, the antenna 1376 is electrically coupled to a radio
frequency transmitter and receiver for wireless communica-
tions with another computer or another user. Although a
wrist-band is disclosed, a number of substitutes may be used,
including a belt, a ring holder, a brace, or a bracelet, among
other suitable substitutes known to one skilled in the art. The
housing 1380 contains the processor and associated periph-
erals to provide the human-machine interface. A display 1382
is located on the front section of the housing 1380. A speaker
1384, a microphone 1388, and a plurality of push-button
switches 1386 and 1390 are also located on the front section
of housing 1380.

The electronic circuitry housed in the watch case 1380
detects adverse conditions such as falls or seizures. In one
implementation, the circuitry can recognize speech, namely
utterances of spoken words by the user, and converting the
utterances into digital signals. The circuitry for detecting and
responding to verbal commands includes a central processing
unit (CPU) connected to a ROM/RAM memory viaabus. The
CPU is a preferably low power 16-bit or 32-bit microproces-
sor and the memory is preferably a high density, low-power
RAM. The CPU is coupled via the bus to processor wake-up
logic, one or more accelerometers to detect sudden movement
in apatient, an ADC 102 which receives speech input from the
microphone. The ADC converts the analog signal produced
by the microphone into a sequence of digital values repre-
senting the amplitude of the signal produced by the micro-
phone at a sequence of evenly spaced times. The CPU is also
coupled to a digital to analog (ID/A) converter, which drives
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the speaker to communicate with the user. Speech signals
from the microphone are first aniplified, pass through an
antialiasing filter before being sampled. The front-end pro-
cessing includes an amplifier, a bandpass filter to avoid anti-
aliasing, and an analog-to-digital (A/D) converter or a
CODEC. To minimize space, the ADC, the DAC and the
interface for wireless transceiver and switches may be inte-
grated into one integrated circuit to save space. More exem-
plary structure to recognize speech is discussed in U.S. Pat.
No. 6,070,140 by the inventor of the instant invention, the
content of which is incorporated by reference.

In one embodiment, the processor and transceiver conform
to the Zighbee protocol. ZigBee was created to address the
market need for a cost-effective, standards-based wireless
networking solution that supports low data-rates, low-power
consumption, security, and reliability. Single chip Zigbee
controllers with wireless transceivers built-in include the
Chipcon/Ember CC2420: Single-chip 802.15.4 radio trans-
ceiver and the FreeScale single chip Zigbee and microcon-
troller. In various embodiments, the processor communicates
with a Z axis accelerometer measures the patient’s up and
down motion and/or an X and Y axis accelerometer measures
the patient’s forward and side movements. The controllers
upload the captured data when the memory is full.

The wristwatch device can also be used for home automa-
tion. The user can enjoy flexible management of lighting,
heating and cooling systems from anywhere in the home. The
watch automates control of multiple home systems to
improve conservation, convenience and safety The watch can
capture highly detailed electric, water and gas utility usage
data and embed intelligence to optimize consumption of natu-
ral resources. The system is convenient in that it can be
installed, upgraded and networked without wires. The patient
can receive automatic notification upon detection of unusual
events in his or her home. For example, if smoke or carbon
monoxide detectors detect a problem, the wrist-watch can
buzz or vibrate to alert the user and the central hub triggers
selected lights to illuminate the safest exit route.

In another embodiment, the watch serves a key fob allow-
ing the user to wirelessly unlock doors controlled by Zigbee
wireless receiver. In this embodiment, when the user is within
range, the door Zigbee transceiver receives a request to
unlock the door, and the Zigbee transceiver on the door trans-
mits an authentication request using suitable security mecha-
nism. Upon entry, the Zigbee doorlock device sneds signals to
the lighting, air-conditioning and entertainment systems,
among others. The lights and temperature are automatically
set to pre-programmed preferences.

Although Zigbee is mentioned as an exemplary protocol,
other protocols such as Bluetooth and WiFi and WiMAX can
be used as well.

While the foregoing addresses the needs of the elderly, the
system can assist infants as well. Much attention has been
given to ways to reduce a risk of dying from Sudden Infant
Death Syndrome (SIDS), an affliction which threatens infants
who have died in their sleep for heretofore unknown reasons.
Many different explanations for this syndrome and ways to
prevent the syndrome are found in the literature. It is thought
that infants which sleep on their backs may be at risk of death
because of the danger of formula regurgitation and liquid
aspiration into the lungs. It has been thought that infants of six
(6) months or less do not have the motor skills or body
muscular development to regulate movements responsive to
correcting breathing problems that may occur during sleep.

In an exemplary system to detect and minimize SIDS prob-
lem in an infant patient, a diaper pad is used to hold an array
of integrated sensors and the pad can be placed over a diaper,
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clothing, or blanket. The integrated sensors can provide data
for measuring position, temperature, sound, vibration, move-
ment, and optionally other physical properties through addi-
tional sensors. Each pad can have sensors that provide one or
more of the above data. The sensors can be added or removed
as necessary depending on the type of data being collected.

The sensor should be water proof and disposable. The
sensor can be switch on off locally or remotely. The sensor
can be removable or clip on easily. The sensor can store or
beam out information for analysis purpose, e.g. store body
temperature every 5 seconds. The sensor can be turn-on for
other purposed, e.g. diaper wet, it will beep and allow a baby
care provider to take care of the business in time. The array of
sensors can be self selective, e.g., when one sensor can detect
strong heart beat, it will turn off others to do so.

The sensor can be used for drug delivery system, e.g. when
patient has abdomen pain, soothing drug can be applied,
based on the level of pain the sensor detects, different dose of
drugs will be applied.

The array of sensors may allow the selection and analysis
of zones of sensors in the areas of interest such as the abdo-
men area. Each sensor array has a low spatial resolution:
approximately 10 cm between each sensor. In addition to
lower cost due to the low number of sensors, it is also possible
to modify the data collection rate from certain sensors that are
providing high-quality data. Other sensors may include those
worn on the body, such as in watch bands, finger rings, or
adhesive sensors, but telemetry, not wires, would be used to
communicate with the controller.

The sensor can be passive device such as a reader, which
mounted near the crib can active it from time to time. In any
emergency situation, the sensor automatically signals a dif-
ferent state which the reader can detect.

The sensor can be active and powered by body motion or
body heat. The sensor can detect low battery situation and
warn the user to provide a replacement battery. In one
embodiment, a plurality of sensors attached to the infant
collects the vital parameters. For example, the sensors can be
attached to the infant’s clothing (shirt or pant), diaper, undet-
garment or bed sheet, bed linen, or bed spread.

The patient may wear one or more sensors, for example
devices for sensing ECG, EKG, blood pressure, sugar level,
among others. In one embodiment, the sensors are mounted
on the patient’s wrist (such as a wristwatch sensor) and other
convenient anatomical locations. Exemplary sensors include
standard medical diagnostics for detecting the body’s electri-
cal signals emanating from muscles (EMG and EOG) and
brain (EEG) and cardiovascular system (ECG). Leg sensors
can include piezoelectric accelerometers designed to give
qualitative assessment of limb movement. Additionally, tho-
racic and abdominal bands used to measure expansion and
contraction of the thorax and abdomen respectively. A small
sensor can be mounted on the subject’s finger in order to
detect blood-oxygen levels and pulse rate. Additionally, a
microphone can be attached to throat and used in sleep diag-
nostic recordings for detecting breathing and other noise. One
or more position sensors can be used for detecting orientation
of body (lying on left side, right side or back) during sleep
diagnostic recordings. Each of sensors can individually trans-
mit data to the server 20 using wired or wireless transmission.
Alternatively, all sensors can be fed through a common bus
into a single transceiver for wired or wireless transmission.
The transmission can be done using a magnetic medium such
as a floppy disk or a flash memory card, or can be done using
infrared or radio network link, among others.

In one embodiment, the sensors for monitoring vital signs
are enclosed in a wrist-watch sized case supported on a wrist
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band. The sensors can be attached to the back of the case. For
example, in one embodiment, Cygnus’ AutoSensor (Red-
wood City, Calif.) is used as a glucose sensor. A low electric
current pulls glucose through the skin. Glucose is accumu-
lated in two gel collection discs in the AutoSensor. The
AutoSensor measures the glucose and a reading is displayed
by the watch.

In another embodiment, EKG/ECG contact points are
positioned on the back of the wrist-watch case. In yet another
embodiment that provides continuous, beat-to-beat wrist
arterial pulse rate measurements, a pressure sensor is housed
in acasing with a “free-floating’ plunger as the sensor applan-
ates the radial artery. A strap provides a constant force for
effective applanation and ensuring the position of the sensor
housing to remain constant after any wrist movements. The
change in the electrical signals due to change in pressure is
detected as a result of the piezoresistive nature of the sensor
are then analyzed to arrive at various arterial pressure, sys-
tolic pressure, diastolic pressure, time indices, and other
blood pressure parameters.

While this invention has been particularly shown and
described with references to preferred embodiments thereof,
it will be understood by those skilled in the art that various
changes in form and details may be made therein without
departing from the spirit and scope of the invention as defined
by the appended claims.

What is claimed is:

1. A monitoring system for a person in a building, com-
prising:

aplurality of 802-protocol wireless bases positioned in the

building;

a sensor mounted on the person’s finger in order to detect

blood-oxygen levels and pulse rate; and

a wristwatch wearable device coupled to the sensor and

having a wireless 802-protocol transceiver adapted to
comniunicate with the wireless bases, and a recognizer
in the wearable device, the recognizer including one of:
a neural network, fuzzy logic, Hidden Markov Models
(HMMs), dynamic time warping engine, wherein the
recognizer receives data from one or more sensors and
detects a predetermined condition based on the heart
signal sensor, and wherein the wearable device sends an
assistance request for the person based on the predeter-
mined condition, and wherein the wearable device pro-
vides the person with home automation control.

2. The system of claim 1, wherein the wearable device
determines position based on triangulation.

3. The system of claim 1, wherein the wearable device
determines position based on RF signal strength and RF sig-
nal angle.

4. The system of claim 1, further comprising a device to
detect a confirmatory signal from the person before sending
an assistance request.

5. The system of claim 4, wherein the device comprises a
switch.
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6. The system of claim 1, comprising a heart rate sensor or
a blood pressure sensor or an EKG sensor.

7. The system of claim 1, comprising an EKG sensor hav-
ing a plurality of EKG nodes attached to a plurality of loca-
tions on the body of the person.

8. The system of claim 1, wherein the wireless transceiver
communicates over an 802 protocol.

9. The system of claim 1, further comprising computer
readable code to transmit a help request to a remote computer.

10. The system of claim 1, further comprising computer
readable multimedia communication code to allow a user and
a remote person to audibly communicate with each other.

11. The system of claim 10, wherein the remote person
includes a doctor, a nurse, a medical assistant, or a caregiver.

12. The system of claim 1, further comprising code on a
computer readable medium to store and analyze patient infor-
mation.

13. The system of claim 12, wherein the patient informa-
tion includes medicine taking habits, eating and drinking
habits, sleeping habits, or exercise habits.

14. The system of claim 1, wherein the wireless transceiver
complies with 802.15 hardware requirements and uses a non-
802.15 stack.

15. The system of claim 1, comprising code on a computer
readable medium to store and analyze information relating to
the person’s ambulation.

16. The system of claim 1, comprising a global positioning
system (GPS) receiver to detect movement and where the
person falls.

17. The system of claim 1, comprising code on a computer
readable medium to map the person’s location onto an area
for viewing.

18. The system of claim 1, comprising:

one or more cameras positioned to capture a video of the

patient; and

a server coupled to the one or more cameras, the server

executing code to detect a dangerous condition for the
patient based on the video and allow a remote third party
to view images of the patient when the dangerous con-
dition is detected.

19. A monitoring system for a person in a building, com-
prising:

a sensor mounted on the person’s finger in order to detect

blood-oxygen levels and pulse rate;

an 802-protocol compatible wristwatch wearable device

coupled to the heart signal sensor and having a wireless
transceiver adapted to communicate with the wireless
bases and a recognizer receiving data from one or more
sensors and detecting a predetermined condition, and
wherein the wearable device sends an assistance request
for the person based on the predetermined condition and
provides the person with home automation control.

20. The system of claim 19, wherein the wearable device
controls lighting, heating and cooling from anywhere in the
building.
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