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frequency receiver (60) based on the decoded signal packet.
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LOW FREQUENCY MAGNETIC INDUCTION POSITIONING SYSTEM AND METHOD

Technical Field
[0001] The present invention is related to wireless tracking systems and
methods. More specifically, the present invention relates to a system and
method for determining a real-time location of an object utilizing low
frequency magnetic induction positioning.

Background Art
[0002] The ability to quickly determine the location of objects located
within a facility is becoming a necessity of life. To the uninformed observer,
the placement of transponders, also known as tags, on numerous non-
stationary objects whether in an office or home would appear to be an
unnecessary use of resources. However, the uninformed observer fails to
appreciate the complexity of modern life and the desire for efficiency, whether
at the office or home.
[0003] For example, in a typical hospital there are numerous shifts of
employees utilizing the same equipment. When a new shift arrives, the ability
to quickly locate medical equipment not only results in a more efficient use of
resources, but also can result in averting a medical emergency. Thus, the
tracking of medical equipment in a hospital is becoming a standard practice.
[0004] The tracking of objects in other facilities is rapidly becoming a
means of achieving greater efficiency. A typical radio frequency
identification system includes at least multiple tagged objects each of which
transmits a signal, multiple receivers for receiving the transmissions from the
tagged objects, and a processing means for analyzing the transmissions to
determine the locations of the tagged objects within a predetermined

environment. The tags can also receive signals.
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[0005] Prior art references disclose various tracking systems. One exemplary
method triangulates the strongest received signals to determine the location of
a tagged object. This method is based on the assumption that the receivers
with the strongest received signals are the ones located closest to the tagged
object. However, such an assumption is sometimes erroneous due to common
environmental obstacles. Multipath effects can result in a further located
receiver having a stronger received signal from a tagged object than a more
proximate receiver to the tagged object, which can result in a mistaken
location determination. The prior art has also disclosed various means for
overcoming multipath effects. Other prior art references have disclosed the
use of varying energy levels. There is a need for improved real-time tracking

of objects and persons in a facility.

Summary of the Invention

[0006] The present invention determines a real-time location of an object in a
facility using low frequency magnetic induction positioning.

[0007] One aspect of the present invention is a method for determining a real-
time location of an object within a facility. The method includes transmitting a
signal packet from at least one low-frequency magnetic induction transmitter
of a plurality of low-frequency magnetic induction transmitters. Each of the
plurality of low-frequency magnetic induction transmitters comprising at least
one orthogonally oriented transmit coil. The signal packet comprises a unique
transmitter identifier code and a coil orientation code. The method also
includes receiving the signal packet at at least one low-frequency receiver.
The method also includes decoding the signal packet at the at least one low-
frequency receiver to generate decoded signal packet data. The method also
includes estimating a distance from the at least one low-frequency magnetic
induction transmitter to the at least one low-frequency receiver based on the

decoded signal packet data.
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[0008] Preferably estimating the distance comprises combining a received
signal strength intensity for the signal packet and the coil orientation code to
remove the effects of relative coil orientation and estimating a position of the
at least one low-frequency receiver. Preferably, estimating the distance
comprises utilizing a link intensity estimate.

[0009] Optionally, the method includes transmitting a signal from the at least
one low-frequency receiver to a mesh network, the mesh network comprising
a plurality of sensors within a facility.

[00010] The method further includes sending distance information to a
processor, wherein the processor determines a location of an object. The
processor is preferably a context aware location engine. The distance drives a
workflow in the facility. The estimated distance provides context for at least
one of an interaction, a workflow milestone and a departure. The at least one
low-frequency magnetic induction transmitter comprises at least one of
radiofrequency transmitter, an ultrasound transmitter and an infrared
transmitter. The at least one low-frequency magnetic induction transmitter
comprises a WiFi transmitter, a BLUETOOTH transmitter and a ZIGBEE
transmitter.

[00011] Another aspect of the present invention is a system for
determining a real-time location of an object within a facility. The system
includes a plurality of low-frequency magnetic induction transmitters, and a
plurality of low-frequency receivers. Each of the plurality of low-frequency
magnetic induction transmitters comprises at least one orthogonally oriented
transmit coil. Each of the plurality of low-frequency magnetic induction
transmitters is configured to transmit a signal packet comprising a unique
transmitter identifier code and a coil orientation code. Each of the plurality of
low frequency receivers is configured to receive the signal packet, decode the
signal packet, and estimate a distance from the low-frequency magnetic
induction transmitter to the low-frequency receiver based on the decoded

signal packet.
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[00012] Preferably, each of the plurality of low-frequency magnetic
induction transmitters is configured to drive each coil with multiple power
levels; each plurality of low-frequency receivers is configured to determine an
effective signal strength by correlating a number of signal packets received
from each transmit coil with a corresponding power level of each of the
plurality of low-frequency magnetic induction transmitters; and a resulting
value is a threshold for reception and is related to an effective RSSL

[00013] Preferably, each of the plurality of low-frequency magnetic
induction transmitters is configured to encode both a unique device code and a
transmit power level indication, and each plurality of low-frequency receivers
is configured to estimate a link strength using the lowest power level
indication code received from a particular low-frequency magnetic induction
transmitter of the plurality of low-frequency magnetic induction transmitters.
[00014] Preferably, the receiver has a variable gain amplifier and
automatic gain control to automatically adjust a gain to maintain a constant
output level, and an adjusted gain level is inversely proportional to the
received signal strength and is used for RSSI calculation.

[00015] Preferably, the combination of two or more signal packets
received from two or more transmitter orientations located at a common point
are combined in vector magnitude form to produce an orientation invariant
signal strength.

[00016] Preferably, each of the plurality of low-frequency magnetic
induction transmitters synchronizes the signal packet transmissions to reduce
over-the-air collisions.

[00017] Preferably, each of the plurality of low-frequency magnetic
induction transmitters uses motion activation to trigger signal packet
transmissions by each of the plurality of low-frequency magnetic induction
transmitters in an area.

[00018] The system optionally includes a plurality of sensors positioned

within a facility that forms a mesh network.

PCT/US2013/039614



10

15

20

25

30

WO 2013/169612 PCT/US2013/039614

[00019] The system optionally includes at least one position engine in
communication with the mesh network.

Brief Description of the Drawings
[00020] FIG. 1 is schematic view of a system for determining a real-
time location of an object or person within a facility utilizing low frequency
magnetic induction positioning.
[00021] FIG. 2 is a multi-floor view of a facility employing a system
determining a real-time location of an object or person within a facility

utilizing low frequency magnetic induction positioning.

[00022] FIG. 2A is an isolated enlarged view of circle 2A of FIG. 2.
[00023] FIG. 2B is an isolated enlarged view of circle 2B of FIG. 2.
[00024] FIG. 3 is a floor plan view of a single floor in a facility

employing a system for determining a real-time location of an object or person
within a facility utilizing low frequency magnetic induction positioning.
[00025] FIG. 4 is a two-floor view of a facility including low frequency
receivers and low-frequency magnetic induction transmitter of a system for
determining a real-time location of an object or person within a facility
utilizing low frequency magnetic induction positioning.

[00026] FIG. 5 floor plan view of emergency room bays in a hospital
employing the system for determining a real-time location of an object or
person within a facility utilizing low frequency magnetic induction
positioning.

[00027] FIG. 6 is an illustration of an emergency room bay equipped
with a system for determining a real-time location of an object or person
within a facility utilizing low frequency magnetic induction positioning.
[00028] FIG. 7 is a block diagram of a system for determining a real-
time location of an object or person within a facility utilizing low frequency
magnetic induction positioning.

[00029] FIG. 8 is a block diagram of a low frequency receiver utilizing

radiofrequency.
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[00030] FIG. 9 is a block diagram of a low frequency receiver utilizing
ultrasound.
[00031] FIG. 10 is a block diagram of a low frequency receiver utilizing
infrared.
[00032] FIG. 11 is a block diagram of a low-frequency magnetic

induction transmitter utilizing radiofrequency.

[00033] FIG. 12 is a block diagram of a low-frequency magnetic
induction transmitter utilizing infrared.

[00034] FIG. 13 is a block diagram of a low-frequency magnetic
induction transmitter utilizing ultrasound.

[00035] FIG. 14 is a flow chart of a method for determining a real-time
location of an object or person within a facility utilizing low frequency

magnetic induction positioning.

Best Mode(s) For Carrying Out The Invention
[00036] As shown in FIGS 1, 2, 2A, 2B, 3 and 4, a system for tracking
objects and persons within a facility is generally designated 50. The system
50 is capable of determining a real-time location of an object 100 within a
facility 70. The system 50 preferably includes a plurality of sensors 55, a
plurality of bridges 56, a plurality of low-frequency magnetic induction
transmitters 58, a plurality of low-frequency receivers 60 and at least one
processing engine 65 which includes a processor for calculating the real-time
location of objects within the facility 70 utilizing information provided by the
sensors 55. One example of the components of the system 50 is disclosed in
U.S. Patent Number 7197326, for a Wireless Position Location And Tracking
System, which is hereby incorporated by reference in its entirety. A more
specific example of the sensors 55 is disclosed in U.S. Patent Number
7324824, for a Plug-In Network Appliance, which is hereby incorporated by

reference in its entirety.
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[00037] Each of the plurality of low-frequency magnetic induction
transmitters 58 comprises at least one orthogonally oriented transmit coil.
Each of the plurality of low-frequency magnetic induction transmitters 58 is
configured to transmit a signal packet comprising a unique transmitter
identifier code and a coil orientation code. Each of the low frequency
receivers 60 is configured to receive the signal packet, decode the signal
packet, and estimate a distance from the low-frequency magnetic induction
transmitter 58 to the low-frequency receiver 60 based on the decoded signal
packet.

[00038] The system 50 is preferably employed at a facility 70 such as a
business office, factory, home, hospital and/or government agency building.
The system 50 is utilized to track and locate various objects and/or persons
positioned throughout the facility 70. A low-frequency receiver 60 is attached
to an object 100 or person 159. The low-frequency receivers 60 preferably
continuously receive signals transmitted by the low-frequency magnetic
induction transmitters 58 positioned throughout the facility 70. Alternatively,
the low-frequency receivers 60 also transmit signals received by the sensors
55 positioned throughout the facility 70. The sensors 55 transmit the data to a
bridge 56 for transmission to a processing engine 65. If a sensor 55 is unable
to transmit to a bridge 56, the sensor 55 may transmit to another sensor 55 in a
mesh network-like system for eventual transmission to a bridge 56. Ina
preferred embodiment, a transmission is sent from a transmission distance of
six sensors 55 from a bridge 56. Alternatively, a transmission is sent from a
transmission distance ranging from ten to twenty sensors 55 from a bridge 56.
The processing engine 65 preferably continuously receives transmissions from
the sensors 55 via the bridges 56 concerning the movement of objects 100
bearing a low-frequency receiver 60 within the facility 70. The processing
engine 65 processes the transmissions from the sensors 55 and calculates a
real-time position for each of the objects 100 or persons 159 bearing a low-

frequency receiver 60 within the facility 70 utilizing multiple location
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algorithms. The real-time location information for each of the objects 100 or
persons 159 bearing a low-frequency receiver 60 is preferably displayed on an
image of a floor plan of the facility 70, or if the facility 70 has multiple floors,
then on the floor plan images of the floors of the facility 70. The floor plan
image may be used with a graphical user interface of a computer, personal
digital assistant, or the like so that an individual of the facility 70 is able to
quickly locate objects 100 or persons 159 bearing a low-frequency receiver 60
within the facility 70.

[00039] As shown in FIG. 1, the system 50 utilizes sensors 55 to
monitor and identify the real-time position of non-stationary objects 100 or
persons 159 bearing or integrated with low frequency receivers 60. The
sensors 55a-f preferably form a mesh network and wirelessly communicate
with each other (shown as double arrow lines) and with at least one processing
engine 65, preferably through a wired connection 66 via at least one bridge 56,
such as disclosed in the above-mentioned U.S. Patent Number 7324824 for a
Plug-In Network Appliance. The processing engine(s) 65 is/are preferably
located on-site at the facility 70. However, the system 50 may also include an
off-site processing engine(s) 65, not shown. Those skilled in the pertinent art
will recognize that a single server may include more than one locating engine
65.

[00040] As shown in FIGS. 2, 2A, 2B, 3 and 4, the facility 70 is
depicted as a hospital. The facility 70 has a multitude of floors 75a-c. An
elevator 80 provides access between the various floors 75a, 75b and 75c.
Each floor 75a, 75b and 75¢ has a multitude of rooms 90a-i, with each room
90 accessible through a door 85. Positioned throughout the facility are low-
frequency magnetic induction transmitters 58 which transmit beacon signals
which are received by the low-frequency receivers 60. Also positioned
throughout the facility 70 are sensors 55a-o for obtaining readings from low
frequency receivers 60a-d, which are attached to or integrated into non-

stationary objects 100a, 100b (see FIGS. 2 and 4). A bridge 56 is also shown
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for receiving transmissions from the sensors 55 for processing by the central
processor 65. The sensor 55 may have an antenna architecture such as
disclosed in U.S. Patent Application Number 12/554814 for Antenna Diversity
For Wireless Tracking System And Method, which is hereby incorporated by
reference in its entirety.

[00041] As shown in FIG. 4, the low frequency receiver 60a is attached
to movable bed 100a positioned on an upper floor 75¢c. The low frequency
receiver 60a transmits a signal which is received by sensors 55a, 55b and 55c.
If the signal to the sensor 55c is the strongest, then an analysis of the readings
from the sensors 55a-c may place the low frequency receiver 60a, and thus the
movable bed 100a, at position 60’ on the lower floor 75b. This type of faulty
reading would likely occur with triangulation. To prevent such a faulty
positioning reading, the present invention processes the readings preferably
according to a method which eliminates the reading from sensor 55¢ from the
location calculation for movable bed 100a.

[00042] An emergency room 95 of a hospital is shown in FIGS. 5 and 6.
The emergency room 95 has multiple bays 90a-d for treating patients.

Curtains usually separate the bays 90 from each other. Each bay 90 preferably
has a low-frequency magnetic induction transmitter 58a-58d, which preferably
transmits a beacon on a low power short-range wireless communication
format, typically within a ten foot range. Thus, some of the beacon signals
overlap adjacent bays 90. For example, the beacon transmitted from beacon
transmitter 58a extends into bay 90a and into bay 90b. A low frequency
receiver 59 worn by a physician 158 in bay 90b will most likely receive
beacon transmission from the low-frequency magnetic induction transmitter
58b, the low-frequency magnetic induction transmitter 58a in bay 90a and the
low-frequency magnetic induction transmitter 58c in bay 90c.

[00043] A description tracking systems is found in Caliri ef al., U.S.
Patent Number 7636046 for Wireless Tracking System And Method With

Extreme Temperature Resistant Tag, which is hereby incorporated by
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reference in its entirety. Another description of a tracking system is found in
Perkins et al., U.S. Patent Number 7701334 for Wireless Tracking System And
Method For Sterilizable Object, which is hereby incorporated by reference in
its entirety. Another description of a tracking system using tags is found in
Hertlein ez al., U.S. Patent Application Number 13/371416, filed on February
11, 2012, for Sterilizable Wireless Tracking And Communication Device And
Method For Manufacturing, which is hereby incorporated by reference in its
entirety. In another embodiment, the wireless communication devices, are
used with or as near-field communication devices such as disclosed in Perkins,
U.S. Patent Number 7941096 for Wireless Tracking System And Method
Utilizing Near-Field Communication Devices, which is hereby incorporated
by reference in its entirety. In another embodiment, the wireless
communication devices, are used with or as back-hauling communication
devices such as disclosed in Perkins, U.S. Patent Number 8040238 for
Wireless Tracking System And Method For Backhaul Of Information, which is
hereby incorporated by reference in its entirety. The present invention may
utilize location algorithms such as disclosed in Perkins, U.S Patent
Application Number 13/244257, for a Wireless Tracking System And Method
Utilizing Variable Location Algorithms, filed on September 23, 2011, which is
hereby incorporated by reference in its entirety. The present invention may be
utilized with peer-to-peer interactions and workflow such as disclosed in
Perkins, U.S. Patent Number 8285564 for a Wireless Tracking System And
Method For Analyzing An Interaction Between Objects, which is hereby
incorporated by reference in its entirety.

[00044] The method and system for determining a real-time location of
an object or person in a facility using low frequency magnetic induction
positioning can be utilized with multiple location algorithms. The first
location algorithm is preferably one of a proximity algorithm, a radial basis
function algorithm, a maximum likelihood algorithm, a genetic algorithm, a

minimum mean squared error algorithm, a radiofrequency fingerprinting
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algorithm, a multilateration algorithm, a time difference of arrival algorithm, a
signal strength algorithm, a time of arrival algorithm, an angle of arrival
algorithm, a spatial diversity algorithm, and a nearest neighbor algorithm. The
second location algorithm is preferably one of a proximity algorithm, a radial
basis function algorithm, a maximum likelihood algorithm, a genetic
algorithm, a minimum mean squared error algorithm, a radiofrequency
fingerprinting algorithm, a multilateration algorithm, a time difference of
arrival algorithm, a signal strength algorithm, a time of arrival algorithm, an
angle of arrival algorithm, a spatial diversity algorithm, and a nearest neighbor
algorithm. The wireless signal is preferably one of light, radiofrequency,
sound and magnetic energy. The first location algorithm or the second
location algorithm is alternatively at least one of a voting algorithm, an
averaging algorithm and a confidence algorithm.

[00045] As shown in FIG. 7, a system for utilizing low frequency
magnetic induction positioning includes multiple low frequency magnetic
induction beacons 58 and multiple low frequency magnetic induction receivers
60. The beacons 58 transmit a signal packet that comprises a unique
transmitter identifier code and a coil orientation code. The receivers 60,
receive the signal packet, decode it and estimate a distance from the receiver
to the beacon that sent the transmission. Preferably, the receiver 60 has a
variable gain amplifier and automatic gain control to automatically adjust a
gain to maintain a constant output level, and an adjusted gain level is inversely
proportional to the received signal strength and is used for RSSI calculation.
[00046] Preferably, the combination of two or more signal packets
received from two or more beacon orientations located at a common point are
combined in vector magnitude form to produce an orientation invariant signal
strength. Preferably, each of the low-frequency magnetic induction beacons
58 synchronizes the signal packet transmissions to reduce over-the-air
collisions. Preferably, each of the low-frequency magnetic induction beacons

58 uses motion activation to trigger signal packet transmissions by each of the
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low-frequency magnetic induction beacons in an area. Preferably, each of the
low-frequency magnetic induction beacons 58 is configured to drive each coil
with multiple power levels. Preferably, each of the low-frequency receivers
60 is configured to determine an effective signal strength by correlating a
number of signal packets received from each transmit coil with a
corresponding power level of each of the low-frequency magnetic induction
beacons 58 and a resulting value is a threshold for reception and is related to
an effective RSSI. Preferably, each of the low-frequency magnetic induction
beacons 58 is configured to encode both a unique device code and a transmit
power level indication, and each of the low-frequency receivers 60 is
configured to estimate a link strength using the lowest power level indication
code received from a particular low-frequency magnetic induction beacon 58.
[00047] As discussed above in reference in to FIGS. 1, 2, 3,4, 5 and 6,
the low frequency receiver 60 is attached to a moveable object 100 or person
158, and the low-frequency magnetic induction transmitters 58 are fixed in a
specific location of the facility 70. However, in an alternative embodiment,
cach of the low-frequency magnetic induction transmitters 58 is attached to a
moveable object 100 or person 158, and each of the low frequency receivers
60 is fixed in a specific location of the facility 70. In this embodiment, in
reference to the FIGS. 1, 2, 3, 4, 5 and 6, the low-frequency magnetic
induction transmitters 58 would take the place of the low frequency receivers
60, and the low frequency receivers 60 would take the place of the low-
frequency magnetic induction transmitters 58.

[00048] In yet a different embodiment, both the low-frequency
magnetic induction transmitters 58 and the low frequency receivers 60 are
attached to moveable objects 100 or persons 158.

[00049] In any or all of the three embodiments, at least one or both of
the low-frequency magnetic induction transmitters 58 and the low frequency

receivers 60 communicate with the plurality of sensors 55, using a low-
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frequency communication protocol or a medium frequency communication
protocol.

[00050] A low frequency receiver 60 that receives radiofrequency
signals is illustrated in FIG. 8. A microcontroller 101 has programmed
software to receive a signal packet from a low-frequency magnetic induction
transmitter, decode the signal packet, and estimate a distance from the low-
frequency magnetic induction transmitter to the low-frequency receiver based
on the decoded signal packet. The transmissions are received through
transceiver (wireless network interface) 103. A power supply 104 provides
power to the low frequency receiver 60. All of the components are preferably
contained within a housing 114. The low frequency receiver 60 may also have
a motion sensor 105 for sensing motion of an object 100 or person to which
the low frequency receiver 60 is attached. The low frequency receiver 60
alternatively also operates at a communication format that preferably includes
WiFi and ZIGBEE. Those skilled in the pertinent art will recognize that other
communication formats may be used with departing from the scope and spirit
of the present invention. The communication format also allows the low
frequency receiver 60 to communicate with the sensors 55 to transmit
information.

[00051] A low frequency receiver 60 that receives ultrasound signals is
illustrated in FIG. 9. A microcontroller 101 has programmed software to
receive a signal packet from a low-frequency magnetic induction transmitter,
decode the signal packet, and estimate a distance from the low-frequency
magnetic induction transmitter to the low-frequency receiver based on the
decoded signal packet. The transmissions are received through transceiver
(ultrasound detector) 103a. A power supply 104 provides power to the low
frequency receiver 60. All of the components are preferably contained within
a housing 114. The low frequency receiver 60 may also have a motion sensor
105 for sensing motion of an object 100 or person to which the low frequency

receiver 60 is attached. The low frequency receiver 60 alternatively also
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operates at a communication format that preferably includes WiFi and
ZIGBEE. Those skilled in the pertinent art will recognize that other
communication formats may be used with departing from the scope and spirit
of the present invention. The communication format also allows the low
frequency receiver 60 to communicate with the sensors 55 to transmit
information to a processing engine 65.

[00052] A low frequency receiver 60 that receives infrared signals is
illustrated in FIG. 10. A microcontroller 101 has programmed software to
receive a signal packet from a low-frequency magnetic induction transmitter,
decode the signal packet, and estimate a distance from the low-frequency
magnetic induction transmitter to the low-frequency receiver based on the
decoded signal packet. The transmissions are received through transceiver
(infrared photodetector) 103b. A power supply 104 provides power to the low
frequency receiver 60. All of the components are preferably contained within
a housing 114. The low frequency receiver 60 may also have a motion sensor
105 for sensing motion of an object 100 or person to which the low frequency
receiver 60 is attached. The low frequency receiver 60 alternatively also
operates at a communication format that preferably includes WiFi and
ZIGBEE. Those skilled in the pertinent art will recognize that other
communication formats may be used with departing from the scope and spirit
of the present invention. The communication format also allows the low
frequency receiver 60 to communicate with the sensors 55 to transmit
information to a processing engine 65.

[00053] One embodiment of a low-frequency magnetic induction
transmitter 58 that transmits radiofrequency signals is illustrated in FIG. 11.
The low-frequency magnetic induction transmitter 58 preferably comprises a
microcontroller 201, a radiofrequency transmitter 203, a power supply 204, a
motion sensor 205, an amplifier 220, a first coil 225 and a second coil 230
orthogonal to each other, and a capacitor 231. The low-frequency magnetic

induction transmitter 58 is configured to transmit a signal packet comprising a
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unique transmitter identifier code and a coil orientation code. The
transmissions are sent through the transceiver (RF transmitter) 203. The
power supply 204 provides power to the low-frequency magnetic induction
transmitter 58. All of the components are preferably contained within a
housing 214. The low-frequency magnetic induction transmitter 58 may also
have a motion sensor 205 for sensing motion of an object 100 or person to
which the low-frequency magnetic induction transmitter 58 is attached. The
low-frequency magnetic induction transmitter 58 alternatively also operates at
a communication format that preferably includes WiFi and ZIGBEE. Those
skilled in the pertinent art will recognize that other communication formats
may be used with departing from the scope and spirit of the present invention.
The communication format also allows the low-frequency magnetic induction
transmitter 58 to communicate with the sensors 55 to transmit information.
[00054] One embodiment of a low-frequency magnetic induction
transmitter 58 that transmits infrared signals is illustrated in FIG. 12. The
low-frequency magnetic induction transmitter 58 comprises a microcontroller
201, an infrared transmitter 203, a power supply 204, a motion sensor 205, an
amplifier 220, a first coil 225 and a second coil 230 orthogonal to each other,
and a capacitor 231. The low-frequency magnetic induction transmitter 58 is
configured to transmit a signal packet comprising a unique transmitter
identifier code and a coil orientation code. The transmissions are sent through
the transceiver (infrared transmitter) 203. The power supply 204 provides
power to the low-frequency magnetic induction transmitter 58. All of the
components are preferably contained within a housing 214. The low-
frequency magnetic induction transmitter 58 may also have a motion sensor
205 for sensing motion of an object 100 or person to which the low-frequency
magnetic induction transmitter 58 is attached. The low-frequency magnetic
induction transmitter 58 alternatively also operates at a communication format
that preferably includes WiFi and ZIGBEE. Those skilled in the pertinent art

will recognize that other communication formats may be used with departing
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from the scope and spirit of the present invention. The communication format
also allows the low-frequency magnetic induction transmitter 58 to
communicate with the sensors 55 to transmit information.

[00055] One embodiment of a low-frequency magnetic induction
transmitter 58 that transmits ultrasound signals is illustrated in FIG. 13. The
low-frequency magnetic induction transmitter 58 comprises a microcontroller
201, a ultrasound transmitter 203, a power supply 204, a motion sensor 205,
an amplifier 220, a first coil 225 and a second coil 230 orthogonal to each
other, and a capacitor 231. The low-frequency magnetic induction transmitter
58 is configured to transmit a signal packet comprising a unique transmitter
identifier code and a coil orientation code. The transmissions are sent through
the transceiver (ultrasound transmitter) 203. The power supply 204 provides
power to the low-frequency magnetic induction transmitter 58. All of the
components are preferably contained within a housing 214. The low-
frequency magnetic induction transmitter 58 may also have a motion sensor
205 for sensing motion of an object 100 or person to which the low-frequency
magnetic induction transmitter 58 is attached. The low-frequency magnetic
induction transmitter 58 alternatively also operates at a communication format
that preferably includes WiFi and ZIGBEE. Those skilled in the pertinent art
will recognize that other communication formats may be used with departing
from the scope and spirit of the present invention. The communication format
also allows the low-frequency magnetic induction transmitter 58 to
communicate with the sensors 55 to transmit information.

[00056] As shown in FIG. 14, a flow chart for a method for determining
a real-time location of an object within a facility is generally designated 1000.
At block 1010, a signal packet is transmitted from at least one low-frequency
magnetic induction transmitter of a plurality of low-frequency magnetic
induction transmitters. Each of the plurality of low-frequency magnetic
induction transmitters comprises at least one orthogonally oriented transmit

coil, the signal packet comprising a unique transmitter identifier code and a
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coil orientation code. At block 1020, the signal packet is received at at least
one low-frequency receiver. At block 1030, the signal packet is decoded at
the at least one low-frequency receiver to generate a decoded signal packet
data. Atblock 1040, a distance from the at least one low-frequency magnetic
induction transmitter to the at least one low-frequency receiver is estimated
based on the decoded signal packet data. The method 1000 can further
comprises sending distance information to a processor, wherein the processor
determines a location of an object. The processor is preferably a context
aware location engine.

[00057] The distance estimation of the method 1000 preferably drives
workflow in a facility. The estimated distance preferably provides context for
at least one of an interaction, a workflow milestone and a departure (discharge,
death, transfer or the like). The at least one low-frequency magnetic induction
transmitter preferably comprises at least one of a radiofrequency transmitter,
an ultrasound transmitter and an infrared transmitter. The at least one low-
frequency magnetic induction transmitter comprises a WiFi transmitter, a
BLUETOOTH transmitter and a ZIGBEE transmitter.

[00058] The step of estimating the distance preferably comprises
combining a received signal strength intensity for the signal packet and the
coil orientation code to remove the effects of relative coil orientation; and
estimating a position of the at least one low-frequency receiver 60.
Alternatively, the step of estimating the distance comprises utilizing a link
intensity estimate.

[00059] The method further comprises transmitting a signal from the at
least one low-frequency receiver 60 to a mesh network, the mesh network

comprising a plurality of sensors 55 within a facility 70.
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Claims
1. A method for determining a real-time location of an object within a facility,

the method comprising: transmitting a signal packet from at least one low-frequency
magnetic induction transmitter of a plurality of low-frequency magnetic induction
transmitters, each of the plurality of low-frequency magnetic induction transmitters
comprising at least one orthogonally oriented transmit coil, the signal packet
comprising a unique transmitter identifier code and a coil orientation code; receiving
the signal packet at at least one low-frequency receiver; decoding the signal packet at
the at least one low-frequency receiver to generate a decoded signal packet data; and
estimating a distance from the at least one low-frequency magnetic induction
transmitter to the at least one low-frequency receiver based on the decoded signal

packet data.

2. The method according to claim 1 further comprising sending distance

information to a processor, wherein the processor determines a location of an object.

3. The method according to claim 2 wherein the processor is a context aware

location engine.

4. The method according to claim 1 wherein the distance drives a workflow.

5. The method according to claim 1 wherein the estimated distance provides

context for at least one of an interaction, a workflow milestone and a departure.

6. The method according to claim 1 wherein the at least one low-frequency
magnetic induction transmitter comprises at least one of a radiofrequency transmitter,

an ultrasound transmitter and an infrared transmitter.
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7. The method according to claim 1 wherein the at least one low-frequency
magnetic induction transmitter comprises a WiFi transmitter, a BLUETOOTH

transmitter and a ZIGBEE transmitter.

8. The method according to claim 1 wherein the estimating the distance
comprises combining a received signal strength intensity for the signal packet and the
coil orientation code to remove the effects of relative coil orientation; and estimating

a position of the at least one low-frequency receiver.

9. The method according to claim 1 wherein the estimating the distance

comprises utilizing a link intensity estimate.

10. The method according to claim 1 further comprising transmitting a signal from
the at least one low-frequency receiver to a mesh network, the mesh network

comprising a plurality of sensors within a facility.

11. A system for determining a real-time location of an object within a facility, the
system comprising: a plurality of low-frequency magnetic induction transmitters, each
of the plurality of low-frequency magnetic induction transmitters comprising at least
one orthogonally oriented transmit coil, each of the plurality of low-frequency
magnetic induction transmitters configured to transmit a signal packet comprising a
unique transmitter identifier code and a coil orientation code; and a plurality of low-
frequency receivers, each of the plurality of low frequency receivers configured to
receive the signal packet, decode the signal packet, and estimate a distance from the
low-frequency magnetic induction transmitter to the low-frequency receiver based on

the decoded signal packet.

12. The system according to claim 11 further comprising a processor, the
processor configured to receive the distance information and determine a location of

an object.
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13. The system according to claim 12 wherein the processor is a context aware
location engine.
14.  The system according to claim 11 wherein the distance drives a workflow.
15. The system according to claim 11 wherein the estimated distance provides

context for at least one of an interaction, a workflow milestone and a departure.

16. The system according to claim 11 wherein the at least one low-frequency
magnetic induction transmitter comprises at least one of radiofrequency transmitter,

an ultrasound transmitter and an infrared transmitter.

17. The system according to claim 1 wherein the at least one low-frequency
magnetic induction transmitter comprises a WiFi transmitter, a BLUETOOTH

transmitter and a ZIGBEE transmitter.

18. The system according to claim 11 wherein each of the plurality of low-
frequency magnetic induction transmitters is configured to drive each coil with
multiple power levels; each plurality of low-frequency receivers is configured to
determine an effective signal strength by correlating a number of signal packets
received from each transmit coil with a corresponding power level of each of the
plurality of low-frequency magnetic induction transmitters; and a resulting value is a

threshold for reception and is related to an effective RSSI.

19. The system according to claim 11 wherein each of the plurality of low-
frequency magnetic induction transmitters is configured to encode both a unique
device code and a transmit power level indication, and each plurality of low-
frequency receivers is configured to estimate a link strength using the lowest power
level indication code received from a particular low-frequency magnetic induction

transmitter of the plurality of low-frequency magnetic induction transmitters.
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20. The system according to claim 11 wherein the receiver has a variable gain
amplifier and automatic gain control to automatically adjust a gain to maintain a
constant output level, and an adjusted gain level is inversely proportional to the

received signal strength and is used for RSSI calculation.

21. The system according to claim 11 wherein the combination of two or more
signal packets received from two or more transmitter orientations located at a
common point are combined in vector magnitude form to produce an orientation

invariant signal strength.

22. The system according to claim 11 wherein each of the plurality of low-
frequency magnetic induction transmitters synchronizes the signal packet

transmissions to reduce over-the-air collisions.

23. The system according to claim 11 wherein each of the plurality of low-
frequency magnetic induction transmitters uses motion activation to trigger signal
packet transmissions by each of the plurality of low-frequency magnetic induction

transmitters in an area.

24, The system according to claim 11 further comprising a plurality of sensors

positioned within a facility.

25. The system according to claim 24 wherein the plurality of sensors forms a

mesh network.

26. The system according to claim 25 further comprising at least one position

engine in communication with the mesh network.
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- Transmit a signal packet from at least one low-frequency
1010 | magnetic induction transmitter of a plurality of low-frequency
magnetic induction transmitters.

'

1020 | Receive the signal packet by at least one low-frequency receiver.

'

1030 Decode the signal packet at the low-frequency receiver to
generate decoded signal packet data.

'

(| Estimate a distance from the low-frequency magnetic induction
1040 | transmitter to the low-frequency receiver based on the decoded
signal packet data.
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