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WIRELESS SENSOR READER ASSEMBLY

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation of U.S. applica-
tion Ser. No. 15/903,809 filed on Feb. 23, 2018 entitled
“WIRELESS SENSOR READER ASSEMBLY,” which
claims priority to U.S. Provisional Patent App. No. 62/463,
203 entitled “WIRELESS SENSOR READER ASSEM-
BLY,” filed on Feb. 24, 2017, each of which are hereby
incorporated by reference in their entirety.

TECHNICAL FIELD

[0002] This invention relates generally to a system for
communicating with wireless sensors, and more particularly
to improving the functionality of a reader device and system
for communicating with wireless sensors.

BACKGROUND

[0003] Wireless sensor systems that employ resonant cir-
cuit technology are known. These systems may utilize a
passive wireless sensor in remote communication with exci-
tation and reader circuitry. Often the wireless sensor is
implanted at a specific location, such as within the human
body, to detect and report a sensed parameter. In some
systems, the sensed parameter varies the resonant frequency
of the wireless sensor. A reader device may detect the
resonant frequency of the wireless sensor to determine the
sensed parameter.

[0004] Wireless sensor systems may generally include a
reader unit or device that may be configured to be placed in
a use condition for taking readings from the sensor and in a
resting condition in which it is not communicating with the
sensor. For example, a reader unit may be handheld or
battery operated and be adapted for use a few minutes each
day. This reader unit may also be configured to sit on a
recharging (“docking”™) station during times of non-use.
Sensor/reader systems may incorporate many types of wire-
less technology: active & passive sensors, continuous wave
(CW) & modulated data transmission, and analog & digital
type systems.

[0005] In oneapplication, passive wireless sensor systems
may employ resonant circuit technology. Passive wireless
sensor systems may be pressure monitoring devices for use
by themselves or incorporated into other medical devices
including, without limitation, pacemakers, defibrillators,
drug elution devices, or ventricular assist devices (VADs). In
one embodiment, a medical device includes one or more
sensors that are configured to be positioned at a desired
location within the human body. The sensor may be fabri-
cated using microelectromechanical systems (MEMS) tech-
nology and may be configured to transmit wireless data to an
external receiver/reader to facilitate transmission of diag-
nostic health data to a physician, clinician, a nurse, a
patient’s caregiver, or the patient.

[0006] One such sensor formed using a MEMS technique
has an inductive and capacitive nature. The sensor comprises
an inductor (L) and a capacitor (C) connected together in
parallel, commonly called an LC tank circuit. The geometry
of the sensor allows for the deformation of a capacitive plate
with increased pressure. This deformation leads to a deflec-
tion of the plate and hence a change in the capacitance value
of the system. The LC tank circuit also generates an elec-
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tronic resonating frequency. This resonating frequency is
related to the inductive and capacitance values of the circuit
and will change with the deflection of capacitor plates under
changing pressure. This emitted resonating frequency signal
is received by an external wireless receiver/reader and
deciphered into a correlative pressure reading.

[0007] Such sensors may also include wireless data trans-
mission capability. The device may require no battery or
internal power. Rather, the sensor may be powered by an
inductively coupled electromagnetic (EM) field that is
directed towards its inductor coil. The receiver/reader device
may provide the electromagnetic field by generating a radio
frequency (RF) burst or other signal. The inductor receives
energy from the EM field to cause the sensor LC tank to
resonate and store energy. When the external EM field is
removed, the inductance and capacitance form a parallel
resonant circuit to radiate energy through the inductor which
acts as an antenna. This oscillating circuit will then produce
RF signals, whose frequency is proportional to the capaci-
tive value of the sensor, which varies with pressure. The
inductor coil may serve both as an inductor creating the
oscillating RF signals having a frequency proportional to the
capacitance of the sensor at a certain pressure, and as an
antenna coil emitting the RF signal generated by the L.C tank
circuitry.

[0008] In one embodiment, the pressure sensor may
include an inductor/capacitor circuitry assembled in a par-
allel configuration. In other embodiments, it may include a
piezoelectric, piezo-resistive or capacitive pressure sensor.
In the inductor/capacitor circuitry, the resonant frequency of
the energized circuit will change with the internal pressure
of the patient. The sensor transmits sensed or detected
pressure readings wirelessly to an external system receiver
through RF signals without the requirements of an internal
powering system. In a particular embodiment, the sensor
may be energized through electromagnetic fields that are
directed to a circuitry of the sensor.

[0009] Current designs for wireless sensor readers and
related systems, such as those disclosed in commonly owned
U.S. Pat. No. 8,154,389 filed on Apr. 7, 2009, U.S. Pat. No.
8,432,265 filed on Mar. 19, 2012, U.S. Pat. No. 8,493,187
filed on Mar. 19, 2010, and U.S. Pat. No. 8,570,186 filed on
Apr. 25, 2012, U.S. Pat. No. 9,867,552 filed on Jun. 29,
2012, U.S. Pat. No. 9,305,456 filed on Apr. 9, 2013, U.S. Pat.
No. 9,489,831 filed on Sep. 30, 2013, U.S. Pat. No. 9,721,
463 filed on Mar. 29, 2016, U.S. Pat. No. 9,894,425 filed on
Nov. 7, 2016 are incorporated by reference herein. These
patents disclose systems configured to communicate wire-
lessly with a sensor at a remote location and obtain a
reading.

[0010] Wireless sensor readers intended for frequent use
by medical patients at home are particularly useful for taking
measurements of internal body parameters of interest to
caregivers. In order to ensure patient compliance in taking
these readings, consistently, and correctly, however, there is
a need for improving the functionality of this system and in
particular improving the functionality and usability of the
reader. Further, there is a need to allow a user to easily
incorporate the reader and associated system within their
day to day lifestyle and for improving the reliability of the
reader in the field, to ensure functionality, accuracy, and
secure data management.



US 2020/0026892 A1

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] Objects and advantages together with the operation
of the invention may be better understood by reference to the
following detailed description taken in connection with the
following illustrations, wherein:

[0012] FIG. 1 illustrates a block diagram of a prior art
passive wireless sensor and reader system;

[0013] FIG. 2 illustrates an embodiment of the reader
device and wireless sensor system;

[0014] FIG. 3 illustrates an embodiment of the reader
device;
[0015] FIG. 4 illustrates an embodiment of a docking

station with the reader device;

[0016] FIG. 5 illustrates a block diagram of a wireless
sensor and reader system according to the present disclo-
sure;

[0017] FIG. 6 illustrates embodiments of a system block
diagram showing various data flows for the reader device
within a sensing system;

[0018] FIG. 7A illustrates an embodiment of a state dia-
gram of various operational modes of the reader device and
system,;

[0019] FIG. 7B illustrates another embodiment of a state
diagram of various operational modes of the reader device
and system;

[0020] FIG. 8 illustrates a flow diagram of a standby mode
of the reader device and system;

[0021] FIG. 9 illustrates a flow diagram of a search mode
of the reader device and system;

[0022] FIG. 10 illustrates a flow diagram of a read mode
of the reader device and system;

[0023] and

[0024] FIG. 11 illustrates a flow diagram of a read success

mode of the reader device and system.

SUMMARY

[0025] Disclosed are a reader device, system, and method
for communicating with a wireless sensor. The reader device
may be configured to analyze the strength of a response
signal transmitted from the wireless sensor in response to an
excitation pulse generated by the reader device. In one
embodiment, the reader device may be configured to be
placed in a plurality of modes to allow the reader to transmit
a signal, such as a short pulse of energy or a short burst of
radio frequency energy to cause the wireless sensor to output
a resonant ring signal. The reader device may receive the
response signal from the wireless sensor and evaluate at
least one of its characteristics, for example signal strength,
against predetermined values. The evaluated signals may be
used to assess the proximity of the reader device relative to
the wireless sensor as it is implanted in a patient.

[0026] In one embodiment, provided is a system for wire-
lessly sensing a parameter from a remote location. The
system includes a handheld reader device configured to
communicate with a wireless sensor wherein said reader
device includes a plurality of modes to establish communi-
cation with said wireless sensor. said modes comprising: A
docked mode wherein said handheld reader device is not in
use. A search mode wherein said handheld reader device
attempts to establish the proper distance acceptable for
taking readings from the wireless sensor, and a read mode
wherein said handheld reader device reads and samples
response signals from the wireless sensor. Said wireless
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sensor may be configured to change its resonant frequency
in proportion to at least one sensed parameter and may be a
passive sensor. A remote data interface may communicate
with said handheld reader device.

[0027] A docking station may be configured to receive
said handheld reader device and to electrically communicate
with said handheld reader device. The reader device may
include a battery and the docking station may be configured
to recharge said battery of the reader device. The docking
station may include a remote data interface that is configured
to accept raw frequency data and format it for communica-
tion with a remote device. The docking station may be
configured to provide a data link function and a data storage
function. When said handheld reader device is in said search
mode, said handheld reader device may be configured to
receive a plurality of signals from said wireless sensor and
compare the strength of said signals received from said
wireless sensor to a predetermined threshold value. The
comparison of said signals to said predetermined threshold
value may be made by a system external to said reader
device, may be displayed on a screen, and may be used to
provide feedback to the user of said handheld reader device.
Said feedback may include audible, visual, or haptic signals
and may be configured to guide said user to locate said
handheld reader device in a position aligned with said sensor
for wireless communication. Said feedback may be config-
ured to inform said user that alignment with said sensor has
been achieved establishing a locked condition between the
handheld reader device and the wireless sensor and causing
said handheld reader device to enter said read mode.

[0028] Said handheld reader device may process the feed-
back to determine that a sufficient number of acceptable
reading samples are obtained during read mode. Said hand-
held reader device may be configured to determine that a
reading attempt of the wireless sensor is successful or
unsuccessful and to provide an audible, visual, or haptic
signal to the user identifying a passed or a failed reading
attempt.

[0029] The handheld reader device may enter said search
mode automatically upon being removed from said docking
station. The handheld reader device may be configured to
enter a travel mode, wherein said travel mode places said
handheld reader device in a state conducive to transport to
a new location such that said handheld reader device is
configured to inhibit all audible, visual, and haptic signals.
Auser may place said handheld reader device into said travel
mode by a switch, said switch comprises at least one of: a
mechanical switch, a capacitive switch, an accelerometer, a
tilt sensor, a spoken command, and a fingerprint sensor. The
handheld reader device and said docking station may be
configured to execute a self-test while the reader device is in
dock mode.

[0030] In another embodiment, provided is a method for
communicating between a handheld reader device and a
wireless sensor. Here a reader device configured to commu-
nicate with a wireless sensor may be provided. Said reader
device may be placed in close proximity to said wireless
sensor. A plurality of excitation pulses may be generated
from an antenna of said reader device to excite the wireless
sensor to generate at least one response signal. Said reader
device may receive at least one response signal from said
wireless sensor. The at least one response signal may be
compared with a threshold measurement. The reader device
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and said wireless sensor may be determined to be in a locked
condition for further communication.

[0031] The wireless sensor may change its resonant fre-
quency in proportion to at least one sensed parameter. The
reader device may be placed in a docked mode by connect-
ing said reader device to a docking station. The docking
station may charge a battery of said reader device. The
reader device may provide an audible, visual, or haptic
signal to guide a user to position said reader device relative
to said sensor. The reader device may provide an audible,
visual, or haptic signal to guide a user through a search mode
and a read mode.

[0032] In another embodiment, provided is a wireless
sensor reader device comprising a transmit circuit config-
ured to generate an excitation pulse to cause a wireless
sensor to emit a response signal. An antenna may be
configured to transmit said excitation pulse and receive said
response signal. A lock circuit may be provided for evalu-
ating if the wireless sensor is in sufficient proximity to the
reader device to take readings from said wireless sensor. The
reader device may be handheld. The reader device may
further include a fingerprint sensor. The reader device may
be configured to ensure that designated users operate said
reader device. The reader device may be configured to
associate data from a fingerprint sensor with the data cap-
tured during a reading event. The reader device may further
comprise a circuit for measuring electrocardiogram data
wherein said circuit comprises remote electrodes that con-
nect to said reader device. The electrocardiogram circuit
may include electrodes that are built into the surface of said
reader device. The circuit for measuring electrocardiogram
data may be selected from among the following types of
electrocardiogram measurement: one lead, two leads, four
leads, eight leads, and twelve leads. The reader device may
measure and record data from said wireless sensor and said
electrocardiogram simultaneously.

[0033] The reader device may further include a tilt sensor.
Said tilt sensor may be an accelerometer wherein said tilt
sensor is configured to record an orientation of said reader
device with respect to gravity. The accelerometer may be
configured to record motion of the reader device during a
reading mode. An audible, visual, or haptic signal may be
provided to prompt a user to enter data representative of at
least one of a user’s name, a spoken response, and to
associate said spoken response with data derived from a
given reading. The electrocardiogram data may be combined
with a parametric data from said wireless sensor to enable
hemodynamic analysis. The reader device may include
circuitry for determining its geographic location.

[0034] The reader device may upload said response signal
data to a remote database and processor. The response signal
data may be uploaded as raw data and processed according
to an algorithm to produce processed data. The remote
database and processor may store said raw data and said
processed data. The algorithm may utilize a manufacturer’s
calibration data originally obtained during the manufacture
of said reader device or said wireless sensor. The algorithm
may utilize calibration data obtained during surgical implan-
tation of said wireless sensor into a patient. The algorithm
may utilize historical data processed by said reader device.
The algorithm may be a learning algorithm. The processed
data may be representative of strength of said response
signal received by said wireless sensor. The reader device
may be configured to reject said response signals that fail to
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meet said at least one predetermined threshold. The algo-
rithm may utilize data taken from a second sensor config-
ured to measure a parameter different from the one measured
by the first said wireless sensor. The second sensor may be
selected from one of: barometer, accelerometer, tilt sensor,
blood glucose sensor, inspiration spirometer, pulse oximeter,
arterial blood pressure sensor, electrocardiogram, weight
scale, or echo-cardiogram. The algorithm may utilize data
taken from said patient’s medical record or the algorithm
may utilize data taken from said patient’s answers to health
related questions. The second sensor may be connected to
said reader device. The algorithm may be a hemodynamic
algorithm.

DETAILED DESCRIPTION

[0035] Reference will now be made in detail to exemplary
embodiments of the present invention, examples of which
are illustrated in the accompanying drawings. It is to be
understood that other embodiments may be utilized and
structural and functional changes may be made without
departing from the respective scope of the present invention.
[0036] A device, system, and method for communicating
a wireless sensor with a reader device are disclosed. As
illustrated by FIGS. 1 and 2, a reader device 10 may be
configured to remotely and wirelessly communicate with a
sensor 12. The sensor 12 may be wireless and may be a
passive type sensor. To initiate communication, the reader
device 10 may be placed in proximity to the sensor 12 and
capable of exciting the sensor 12 by transmitting a signal 14
(excitation pulse), such as a radio frequency (“RF”) pulse, at
or near the resonant frequency of the sensor 12. Note that as
used herein, “excitation” pulse is any signal 14 transmitted
from the reader to the sensor, that evinces a response signal
12 from the sensor. For passive sensors with no internal
energy storage, the excitation signal 14 may power the
sensor 12, enabling it to emit a response signal 16. For active
sensors with internal storage, the excitation pulse may be a
data signal only. As used herein, “excitation”, “stimulus” or
“stimulating signal” are used interchangeably. An “energiz-
ing” signal is a subset of excitation signal that transfers
power to the sensor. After the excitation pulse 14 is extin-
guished, the sensor 12 may emit a response signal 16 for a
short period of time in response to the signal/excitation pulse
14 from the reader device 10. In particular, the sensor 12
may be designed to be placed within the cardiovascular
system of a human to provide a signal that may be a function
of a sensed parameter (such as blood pressure) that is
desirable to be identified. The reader device 10 may be
configured to receive and ascertain the frequency of the
response signal 16 via wireless communication with the
sensor 12 and extrapolate the sensed parameter. In another
embodiment, the excitation signal 14 may be a continuous
signal that is not extinguished prior to receiving response
signal 16. In this embodiment, excitation signal 14 and
response signal 16 may continue simultaneously, and may be
set at different frequencies to avoid mutual interference.

[0037] The sensor 12 may also be an active sensor, pow-
ered by a battery, which does not require a power pulse to
be transmitted from the reader device 10, but may respond
to a data stimulus or excitation signal 14 from reader device
10. The sensor 12 may also communicate via a digital or
analog wireless signal using any of the many modulation
schemes well-known in the art. The term “battery” as used
herein refers to any type of electrochemical energy storage
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device. A “battery” may have one or more cells, and may be
a primary (non-rechargeable) or secondary (rechargeable)
type.

[0038] As illustrated by FIG. 1, the reader device 10 may
also communicate with a data interface 17. The reader
device 10 and data interface 17 may be connected wirelessly,
and may be physically distant from one another. The reader
device 10 may send information, such as data related to the
sensor 12 to the data interface 17. The reader device 10 may
further send information regarding the status of the reader
device 10 to the data interface 17. The data interface 17 may
provide configuration information to the reader device 10.
For example, the data interface 17 may provide information
regarding schedules and intervals for sampling the sensor
12.

[0039] The data interface 17 may communicate with a
remote data gathering system 18 to exchange status and
control signals, as well as provide sensor data. The remote
data system 18 may include a data gathering module 19 to
receive data from the data interface 17, a data logging
module 20 to store the received data, and a data display 21
to display the sensor data. In one embodiment, the reader 10
may upload raw frequency data obtained from sensor 12 to
data interface 17. Data interface 17 may in turn upload the
raw data to data gathering system 18, which uses stored
calibration coefficients and preset algorithms to process the
raw frequency data and convert it to the parameter of
interest. Data gathering system 18 may further use identi-
fication data from the reader 10 or sensor 12 to associate the
processed data with a given user, based on a pre-loaded
associative database. In an embodiment, data interface 17
may be a device that accepts raw frequency data and formats
it for uploading via TCPIP to the internet. Further, data
gathering system 18 may reside on a remote server on the
internet, and may make its processed, associated data avail-
able to authorized users, such as clinicians responsible for
care of the patient taking the data at home. The data transfers
in this embodiment may occur in real time or after initial raw
data acquisition by the reader 10.

[0040] This disclosure may apply to any embodiment of a
wireless sensor system that is configured to communicate
with a reader device, e.g., a reader device 10 configured to
supply a stimulus signal 14 and subsequently receive a
response signal such as a ring signal 16 from a wireless
sensor implanted in the body. In some embodiments, stimu-
lus signal 14 may be an energizing signal that transfers
power to a passive sensor. However, various reader and
sensor type systems (e.g. active sensors, passive sensors,
continuous wave sensors, modulated sensors, analog sensors
and digital type systems) may be utilized in the system
described by this disclosure.

[0041] FIG. 3 illustrates an embodiment of the reader
device 10 and FIG. 4 illustrates the reader device 10 and
associated docking station 110. The reader device 10 may be
a portable handheld device that may be carried by the user
or placed in a port 112 of the docking station 110. The
docking station 110 may be kept in a convenient location for
the user such as the user’s home or office. The reader device
10 may be associated with the docking station 110 to charge
and communicate with the reader device 10. The data
interface 17 may be located within the docking station 110.
Likewise, the remote data gathering system 18 may com-
municate with the docking station 110 to exchange status
and control signals, as well as receive sensor data. The
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docking station 110 may include the remote data system 18,
the data gathering module 19, the data logging module 20,
and the data display 21. Alternatively, any one of these
modules may be separate from the docking station 110 and
may be remotely located such as on a networked or dedi-
cated standalone server device.

[0042] The reader device 10 may include a housing 120
having an ergonomic design including a reader surface 122
and a handle portion 124. The reader surface 122 may be the
active surface at which the reader’s antenna 26 is located.
The reader surface 122 may be opposite from the handle
portion 124 to allow a user or third party to grasp and
manipulate the reader device 10 with one hand and to
position the reader surface 122 in proximity to the sensor 12
as it may be located within a patient. In one embodiment, the
reader device 10 may weigh between about 0.5 kg (1.1 Ibs.)
to about 2 kg (4.4 1bs.) and more particularly weigh between
about 0.5 kg (1.1 Ibs.) to about 1.25 kg (2.76 1bs.) and may
weigh about 0.75 kg (1.65 1bs.). The housing 120 of the
reader device 10 may include various electrical components
therein. The housing 120 may be opened to allow a user to
access these components, such as for maintenance or
replacement purposes. In particular, the housing 120 may be
opened with the use of a tool unique to the housing 120. This
tool may be specialized or include an uncommon shape to
increase secure access, allow minimal access therein, and
prevent unauthorized access to the housed components. In
one embodiment, the reader device 10 may weigh between
about 0.1 kg to about 1 kg, allowing typical medical patients
to hold the reader 10 against the body with one hand, and
thus take readings by themselves, without assistance.
[0043] The reader device 10 may include the antenna 26
positioned adjacent to the reader surface 122 for transmitting
the excitation pulse 14 from the surface 122. The reader
device 10 may include a timing and control circuitry 32 to
configure and activate the other circuits in the reader device
10. The timing and control circuitry 32 may include control
interfaces operated by digital or low-frequency signals. The
timing and control circuitry 32 may generate an RF signal
that is sent to a transmit circuitry. The transmit circuitry 34
may receive the RF signal and send out the stimulus pulse
14 during a search mode and a read mode to excite the sensor
12 as will be discussed more fully below.

[0044] The antenna 26 may be connected to the transmit
circuitry 34 and a receive circuitry 36. The transmit circuitry
34 may utilize the antenna 26 for transmitting the stimulus
pulse 14, while the receive circuitry 36 may utilize the
antenna 26 for receiving the response signal 16. In an
embodiment, the antenna 26 may be connected to both the
transmit circuitry 34 and the receive circuitry 36 at all times
instead of being switched between transmit and receive. This
shared antenna 26 design may have isolation features to
prevent damage to the receive circuitry. Specifically, the
voltage at the antenna 26 may exceed 200 volts peak-to-peak
during transmission of the excitation pulse 14, and may be
single-digit millivolts, decaying rapidly to micro-volts, dur-
ing reception immediately following the response signal 16
from the sensor 12. The transmit circuitry 34 and receive
circuitry 36 may be located within the reader device 10.
[0045] While the reader device 10 is described as having
a shared antenna 26, it will be appreciated that the reader
device 10 may incorporate more than one antenna to sepa-
rately perform the functions of transmitting the stimulus
pulse 14 and receiving the response signal 16.
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[0046] The reader device 10 may further include a phase
locked loop (PLL) to receive and lock onto the response
signal 16, which may be a ring signal in an embodiment. The
receive circuitry 36 may amplify and condition the ring
signal 16 before sending it to the PLL. The PLL may include
a voltage controlled oscillator (“VCO”) that is configured to
change as necessary to match the frequency and phase of the
ring signal 16. The VCO interfaces with a frequency counter
which counts the VCO frequency, and provides the count to
an external interface circuitry for transfer to the data inter-
face 17 as raw frequency data.

[0047] Each component of the reader device 10 may be
designed to operate efficiently and reduce power consump-
tion. The transmit circuitry 34 of the reader device 10 may
be configured to transmit the stimulus pulse 14 to the sensor
12 by way of the antenna 26. The excitation pulse 14 may
be a fixed or rapidly varving frequency burst at or near the
resonant frequency of the sensor 12. For example, the
excitation pulse 14 may be a fixed frequency burst within
several bandwidths of the sensor 12 resonant frequency.
Alternatively, the excitation pulse 14 may be a fixed or
rapidly varying frequency burst or sweep of a very short
duration at or near a frequency harmonically related to the
sensor 12 resonant frequency. The excitation pulse 14 may
be dithered between two or more frequency values. The
excitation pulse 14 may also be an ultra-wide band pulse.
This plurality of excitation pulse 14 approaches may be
effective because the response signal 16 may be received
when the excitation pulse 14 transmissions have ceased.
Therefore, excitation pulse 14 transmissions may be limited
to frequency bands, amplitudes, and modulation schemes
acceptable to regulatory government bodies. Radio fre-
quency regulations generally may not apply to the sensor 12
as the sensor 12 may be a purely passive device.

[0048] For embodiments where the sensor is a passive
resonant type, the stimulus or excitation pulse 14 may not
require significant transmission time because a single short
transmission of energy may be sufficient to stimulate a
sufficiently strong sample of the ring signal 16. Reader 10
power consumption may be reduced by using a lower
transmission duty cycle, thereby reducing the duty cycle of
transmit, receive, counting, and digital processing circuitry.
By reducing power consumption, battery power becomes a
much more viable option to power the system as a recharge-
able battery 40 may also be within the reader device 10.
[0049] The excitation pulse 14 may be configured to
maximize several system parameters. For example, if a fixed
frequency excitation pulse 14 is used, the frequency of the
burst may be configured to maximize parameters such as
maximum allowable transmit peak power, maximum free-
dom from in-band or near-band interference during the
“receive” interval while the PLL is being locked to the ring
signal 16, maximum worldwide acceptance of a particular
frequency for reader transmissions for the desired sensor
purpose, or other such criteria. To utilize a fixed frequency
in this manner, the frequency of the excitation pulse 14 may
be predetermined before the sensor 12 is to be sampled. This
allows the excitation pulse 14 to be focused towards the
resonant frequency of the sensor 12 in which the excitation
pulse 14 is not a swept frequency. Use of a fixed frequency
allows power consumption to be reduced.

[0050] Once the excitation pulse 14 is transmitted by the
transmit circuitry at a fixed frequency, the receive circuitry
may be configured to acquire the ring signal 16. Voltages at
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the antenna 26 may reach upwards of 200 volts peak-to-peak
during transmission of the excitation pulse, requiring only
approximately 60 pico-farads of capacitance to tune the
antenna 26. In an embodiment, a 1 pico-farad capacitor may
be used as a high impedance input current limiting device on
a 13.5 MHz transmit circuit.

[0051] As illustrated by FIGS. 3 and 4, one or more input
members 130 such buttons, touch surfaces, roller balls,
sliders, or other tactile controls may be located along the
housing 120 to allow the user to activate various functions
of the reader device 10. The input member 130 may also
include a finger print reader that allows a user to securely use
a reader associated with only the designated patient or
sensor. The input member 130 may be programmed to
receive a user’s fingerprint to access use of the reader device
10 or to prevent the unauthorized use of the reader device 10.
The input member 130 may be programmed to allow various
users and to restrict access to various functions. The reader
device 10 may also include an individual ID number asso-
ciated with each reader device 10. The ID number may be
categorized and associated with any measured and commu-
nicated data to allow the data to be matched with the correct
user. Further, any data that is collected by the reader device
10 may also include a time stamp identifying the date and
time that that data was collected or processed. Further, the
reader 10 may include GPS or similar location finding
functionality, allowing location to be recorded with each
sensor reading.

[0052] Other methods for ensuring correct user identifi-
cation with date associated with a reader device 10 may also
be provided. For example, the reader device 10 may use a
voice audio cue that asks the user his/her name just before
or after a reading session. The reader device 10 may receive
and record the response and identify if access is granted or
rejected for use of the reader and/or access to the data. The
recorded sound file may be associated with the data from
that session.

[0053] Secure or positive user identification built into the
reader device 10 may be advantageous when the sensor 12
is attached to the user, for example, if the sensor 12 is
implanted inside the user’s body. or if the sensor 12 does not
include self-identification capability or otherwise include
secured communication.

[0054] The reader device 10 may be battery powered and
placed in the docking station 110 to be charged as shown in
FIG. 4. The docking station 110 may be plugged into a
standard wall socket and provide power to recharge the
battery of the reader device 10. The reader device 10 and
docking station 110 may be easily transportable by the user
and may provide a wireless and secure link to a network for
remote communication. Alternatively, the reader device 10
may include a port for a wired connection to the docking
station or other external device to allow for battery charge or
data transmission. The reader device 10 and its docking
station 110 may be configurable to enter a travel mode, in
which the devices remain quiet and in a dark mode.
[0055] In one embodiment, the reader device 10 may be
part of a larger system of devices, which work together to
measure a parameter from inside a medical patient’s body,
and communicate the results of the measurement to medical
personnel at a clinic, as depicted schematically in FIG. 5.
Starting at the lower left of FIG. 5, a wireless sensor 12 may
be implanted into the area of the body where the measure-
ment is to be taken. In an embodiment, the wireless sensor
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12 can be a cardiovascular pressure sensor that may be
implanted in the body using a delivery catheter 220. This
operation may be performed in a catherization lab in a
hospital 210. During the implant procedure, specialized
calibration equipment 230 may be provided to initially
calibrate the system. The calibration equipment 230 may
download calibration data, specific to the wireless sensor 12
and the reader device 10 from a remotely located database
240. Further, the calibration equipment 230 may take a
reference reading during the implantation from a trusted
device, such as an invasive measurement system. The cali-
bration equipment 230 may compare the reference measure-
ment and the wireless sensor 12 and the reader device 10
measurement to derive calibration coeflicients specific to
that system and patient. It may store these coeflicients or
upload them to the remote database 240 for use in future
readings. After implantation, the patient and the associated
reader device 10 may be sent to the patient’s home 250,
where daily readings may take place. The reader device 10
and its docking station 110 (FIG. 4) may be sent home with
the implanted patient. Each day, the patient may use reader
device 10 to interrogate the wireless sensor 12.

[0056] The reader device 10 may receive signals from the
wireless sensor 12 in the form of raw data. The raw data may
be communicated to a hub device 260, which may act as a
gateway to the internet or the system network. The hub 260
may include an application 270 that processes or re-formats
the raw data and further communicates it through the
network. The application 270 may be a software application
resident on the hub 260 and configured to perform further
functions such as storage, processing, or validating the raw
data. Hub 260 may be part of the docking station 110 or the
reader device 10. The hub 260 may connect to the reader
device 10 wirelessly or by hardwire. The hub 260 may
process the raw data to be communicated to the database
240. In another embodiment, the database 240 may include
a processing engine that processes the raw data for further
communicating and providing useful output data. In an
exemplary embodiment, the raw data may be in the form of
frequency, and the processed data in the form of pressure.
The database and processor 240 may use factory calibration
data communicated from a factory 280 that fabricates the
wireless sensor 12 and reader device 10, as well as in-situ
calibration data communicated from calibration equipment
230. The application 270 may communicate software or
firmware upgrades to the reader 10, change reader settings,
or query the reader for status and diagnostic information. In
addition to data from reader 10 readings from sensor 12,
application 270 may process, store, format, or upload results
of self-test data from the reader 10. The self-test data may be
derived from methods and devices as described in com-
monly owned application Ser. No. 14/842,973 which is
incorporated by reference in its entirety. Note that the
database and processor 240 depicted in FIG. 5 may be an
embodiment of the more general remote data gathering
system 18 of FIG. 1.

[0057] The database and processor 240 may include an
algorithm or logic that carries out one or more of the
following functions for processing the raw data: filtering;
averaging; removing bad data points according to preset
criteria; conversion to final output using calibration data;
authentication; validation; sanity checking; association with
a known hub 260; compression/decompression; condition-
ing based on historical data (learning algorithms), and
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associating the data with a given patient. Besides sensed
data, the reader device 10 and hub 260 may communicate
other information such as hardware and software configu-
ration and identification data, reader device diagnostics
(temperatures, battery life, battery status, etc.), patient posi-
tion (based on a tilt sensor on the reader device), ambient
pressure, software alerts, and usage or event logs. The
database 240 may store this data and make it available to the
factory 280. The database 240 may store the raw data as well
as the processed data to allow other processing to be
performed on the raw data in the future.

[0058] The database 240 may communicate the raw data
or the processed data to an electronic health record (EHR)
database 290. The EHR database 290 may interface with a
clinic 295. The interface to clinic 295 may store the pro-
cessed data, or may display it graphically or in some other
form. It may provide a search capability to users at the clinic
295. Users at clinic 295 may use the raw data or processed
data to guide therapy for patients implanted with the wire-
less sensor 10.

[0059] Further, the reader device 10 may include an elec-
tro-cardiogram (ECG, also called EKG). The ECG may be
a touch ECG and may allow the reader device 10 to provide
measured parameter data such as PA pressure as well as
electrical cardiac data to the remote data interface 17.
Notably, the PA pressure data and any ECG data may be
analyzed by the remote data interface 17 over a period of
time. Further, this data may be used for hemodynamic
analysis. In particular, hemodynamic data representing pul-
monary artery pressure waveforms or ECG waveforms, or
both, over a time interval may be analyzed through math-
ematical filters/algorithms to extract useful clinical param-
eters. The ECG device may be a single-lead, double-lead, up
through 12-lead type. The ECG leads may be stick-on wired
leads that plug into the reader device 10, wireless leads, or
electrodes built into the housing 120 of the reader device 10
that the patient will contact when holding the reader device
10. The ECG device may record data simultaneously with
the parameters recorded by the reader device 10.

[0060] As indicated above, the reader device 10 may
communicate with a remote data interface 17. This commu-
nication pairing may be considered an internet gateway
pairing that allows for secure transfer of data. There may be
a plurality of different approved gateway pairings such as a
home gateway, clinic gateway, factory gateway, and care
platform gateway wherein each gateway pairing may be
established for various communicating process steps for the
flow of data. (See FIG. 6). The term “gateway” describes a
device that may allow the data transferred to it to be
uploaded to the internet. In the present reader embodiment,
a gateway may be any device that has Bluetooth (to talk to
reader) and an internet connection (Wi-Fi, cable, cellular,
etc.). A gateway may be a laptop, desktop, tablet, smart
phone, or custom device. The gateway—home, clinic, fac-
tory, and care platform—may be devices like these that are
used in the different settings. They may differentiated by
where and how they are used. So one could be a tablet and
another a desktop, or they could all be smart phones, etc. The
hub 260 and calibration equipment 230 may also be gate-
ways.

[0061] The gateway pairings may be accomplished wire-
lessly through secure transmission such as with various
wireless communication systems for example: Bluetooth,
cellular, ZigBee, or Wi-Fi. In one embodiment, the remote
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data interface 17 may be part of the docking station 110 and
the communication pairing between the docking station 110
and the reader device 10 may be configured to provide the
approved gateway pairing when certain parameters are
established. For example, these parameters may include
when the docking station 110 and reader device 10 are
located indoors, when the docking station 110 and the reader
device 10 are within line-of-sight with one another, or when
the docking station 110 and reader device 10 are within a
specified distance from one another such as within 10 m
(32.8 ft) or more particularly within 8 m (26.25 ft), within
5 m (16.4 ft) or within 3 m (9.84 f1). Additionally, the
approved gateway pairings may be established when the
reader device 10 is placed within the port 112 of the docking
station 110. Notably, the reader device 10 may be adapted to
take and store readings from the sensor 12 without an
approved gateway pairing or other communication pairing
having been established with the docking station 110 or the
remote data interface 17. In this instance, the reader device
10 may establish the communication pairing at a later time
to communicate the readings to the data interface 17. Nota-
bly, the establishment of the approved gateway pairing
between the reader device 10 and the docking station 110 or
the reader device 10 and the remote data interface 17 may be
accompanied by audible or visual cues provided to indicate
the pairing status to the user.

[0062] Other devices may be combined with the reader 10
for taking and processing different measurements. In one
embodiment, a fingertip pulse oximeter may be added to the
reader 10, allowing the user to record blood oxygen satu-
ration along with the parameter measured by the wireless
sensor 12. In a further embodiment, the reader 10 incorpo-
rates a connection to an arterial noninvasive blood pressure
cuff. In an embodiment, these other devices may be com-
bined with the reader 10 to take simultaneous measure-
ments.

[0063] As indicated above, the reader device 10 may
communicate with a remote data interface 17. In an embodi-
ment, data interface 17 is a gateway device, located in the
home of a patient with an implanted sensor 12, along with
the patient’s reader 10. The data interface 17 may be an
off-the-shelf internet gateway device, such as a computer,
laptop, tablet, or smart phone. The data interface 17 may
have a custom app that accepts data from the reader 10 and
uploads it to the internet using a WLAN, FEthernet, the
cellular network, or other communication protocols. The
data interface 17 may receive data from devices in the
vicinity other than reader 10. The data interface 17 may
upload the data to remote data system 18. The data interface
17 may be built into docking station 110. The data interface
17 may communicated over a wired connection, or wire-
lessly, with reader 10. In wireless embodiments, the data
interface 17 may communicate with the reader 10 using
Bluetooth, ZigBee, or other communication protocol. A
specific reader 10 and data interface 17 may be configured
to only pair with one another, to ensure security of data. The
data interface 17 may store reader raw data. The data
interface 17 may provide software updates from sources on
the internet to the reader 10. The data interface 17 may
provide calibration data to reader 10, allowing it to process
its acquired data locally. The data interface 17 may perform
checks on the data to ensure data integrity and may also
encrypt data for privacy.
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[0064] In one embodiment, the reader device 10 may be
placed in various modes to carry out its functions and assist
the user in its operation. Further, the reader device 10 may
be configured to undergo various process steps to sample
readings from the sensor 12 and communicate these sampled
readings in an efficient way. The reader device 10 may be
programmed to include an algorithm that automatically
allows the reader to switch between the various modes when
a particular criterion has been satisfied. The criterion may be
in response to user inputs, or determined by programmable
threshold values of sensed parameters.

[0065] FIG. 7A is an embodiment of a state diagram that
illustrates various states or modes the reader device 10 may
operate. The change from one mode to the other may be
automatic and otherwise require minimal input by the user
to toggle between modes. The chart identifies that the reader
device 10 may toggle between an off mode, a boot mode, a
standby mode, a clinic mode, a search mode, a read mode,
and a read success mode. In the off mode, the reader device
10 may be shut down. Here the reader device 10 may be
docked or positioned within the port 112 of the docking
station 110. As the reader device 10 is removed from the port
112, the reader may be placed in the boot or wake up mode.
Once booted up, the reader device 10 may then be placed in
the standby mode and may go into search mode if the reader
device 10 is removed from the port 112 (“undocked™) by a
user (See FIG. 8). The reader device 10 may automatically
determine whether it is docked or not. If, from Standby
mode, the reader device 10 connects to a clinic-based
gateway, the reader device 10 may be placed in clinic mode
and otherwise be ready to connect with an approved gateway
pairing as described. Further, from standby mode, the reader
device 10 may execute a self-test. The reader may execute
a self test if the reader device 10 has been docked or
otherwise has undergone no self test within a duration of
time, such as for about 12 hours (this duration may be
programmable and adjustable). The self test mode is
described in commonly owned U.S. patent application Ser.
No. 14/842,973 which is incorporated by reference in its
entirety. Further, from standby mode, the reader device 10
may attempt to connect with a gateway to upload new data,
old data, or diagnostic or logistical data, including event
logs, warnings and errors, temperature, battery voltage, or
any data generated by the self-test. Any failures to connect
or attempts at pairing may also be logged and locally stored
by the reader device 10, and the logs may be uploaded to the
gateway. Notably, if the reader device 10 becomes undocked
during the clinic mode or self-test mode, the reader device
may abort the current operation and proceed to search mode.
Note that in FIG. 7A, the abbreviation “OR” stands for
operating room and “RTC” stands for real time clock.

[0066] FIG. 7B illustrates another embodiment of a state
diagram showing various modes of operation. The labeled
arrows indicate events that occur to move from one state to
another. The change from one mode to the other may require
minimal or no user input. In many embodiments, particu-
larly those in which the user is a medical patient, it is
advantageous to keep user operation simple. In this embodi-
ment, the diagram indicates that the reader device 10 may
toggle between a “docked” mode, a “search” mode, a “read”
mode, a “success” mode, a “fail” mode, a “please dock”
mode, and a “travel” mode. In the docked mode, the reader
device 10 may be shut down or dark. Notably, the reader
device 10 may automatically determine whether it is docked
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or not. Here the reader device 10 may be docked or
positioned within the port 112 of the docking station 110.
The reader and docking station may operate to recharge the
reader’s batteries. Further, from the docked mode, the reader
device 10 may execute a self-test as described above.
Further, from docked mode, the reader device 10 may
attempt to connect with a network gateway device to upload
new data, old data, or diagnostic or logistical data, including
event logs, warnings and errors, reader 1D, timestamped raw
frequency data captured from the sensor 12, ambient pres-
sure reading, transmit frequency selected, battery charge
level or voltage, average signal strength for the reading,
internal temperatures, boundary scan or watchdog timer
status, and optional other diagnostic or logistical data or any
data generated by the self-test. The reader 10 may mark all
past data as “uploaded” or “not uploaded” and only upload
data that has not previously been uploaded. Communication
with the network or gateway may also include reader
software or firmware updates, changes to reader settings,
real-time clock synchronization, or other data downloads.
Any failures to connect or attempts at pairing may also be
logged and locally stored by the reader device 10 and may
be uploaded to the gateway. As the reader device 10 is
removed from the port 112, the reader may wake up. Once
booted up, the reader device 10 may then go into search
mode if the reader device 10 is removed from the port 112
(“undocked”) by a user. Notably, if the reader device 10
becomes undocked during gateway communications or self-
test mode, the reader device may abort the current operation
and proceed to search mode.

[0067] Various conditions may also occur at any point in
the state machine, which may cause the reader 10 to toggle
modes, such as powering off. For example, the reader 10
may execute a safe shutdown in the event of low battery,
internal over-temperature of critical circuits, watchdog timer
failure, undefined logic state, or other off-nominal state
where device safety and performance would require a shut-
down. In the case of an automatic shutdown, the reader 10
may restart when the reader is in its dock and the off-
nominal condition causing the shutdown no longer exists.

[0068] FIG. 9 further illustrates the reader device 10 as it
is placed in search mode. Upon entering search mode, the
reader device 10 may undergo various processes including
initiating an audio, visual, or haptic (A/V/H) signal indicat-
ing the reader is in search mode, recording atmospheric
pressure, searching until lock conditions are met, and initi-
ating an A/V/H signal that indicates a lock with the sensor
12 has been accomplished. In search mode, the patient may
move the reader device 10 towards a location proximate to
the implanted sensor 12. Here, the reader device 10 attempts
to establish the proper distance D, (FIG. 2) that may be
acceptable for taking readings from the sensor 12. The
reader device 10 may include a lock circuitry 22 (FIG. 2) to
detect signal strength that emanates from the sensor 12. In
particular, the lock circuitry 22 may detect the signal
strength of the response signal 16 as the reader device 10 is
positioned or moved in position adjacent to the location of
the sensor 12 such as within the body of the patient. Note
that although FIG. 2 shows RF link distance D, in a direction
normal to the centerlines of reader 12 and sensor 10, the
reader 10 and Sensor 12 may also be offset laterally from
one another, may be positioned at any angle with respect to
one another, and generally may assume any position relative
to one another, influencing the magnitude and direction of
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D, . The lock circuitry 22 may be configured to measure an
amplitude of the response signal 16. Further, the lock
circuitry 22 may be configured to compare the measured
amplitude of the response frequency signal 16 relative to a
threshold measurement. The threshold measurement may be
known or otherwise programmed within the lock circuitry
22. Additionally, the threshold measurement may be based
on (i) a threshold calibration reading taken at a predeter-
mined time under controlled conditions, (ii) an instruction
directly input from the user at the docking station, or (iii) a
signal from an outside source. Notably, the lock circuitry 22
may be located within the reader device 10, docking station
110, or remotely located and communicated through an
outside source such as a network. The lock circuitry 22 may
be a processor, programmable logic controller, or other
arrangement of electrical components arranged to establish
the measurements and comparisons as described.

[0069] The lock circuitry 22 may also be able to commu-
nicate with the external or remote data interface 17 to
identify whether the reader device 10 is within sufficient
proximity to the sensor 12 to establish proper communica-
tion. This sufficient proximity or “lock™ on the sensor 12
may be identified by the lock circuitry 22 and communicated
to the data interface 17 such that an output signal may be
generated. The output signal may be in the form of an
audible, visual, or haptic signal illustrated on the display 21
or provided by the reader device 10 to notify the user that the
location of the reader device 10 is in sufficient proximity to
the sensor 12 for establishing communication as it is
implanted within the patient. Sufficient proximity may exist
when the reader device 10 is aligned with the sensor 12
along a common axis 50 and within an RF link distance D,
(See FIG. 2). Notably, the reader device 10 may be config-
ured to accurately measure the response signal 16 of the
sensor 12 when the reader device 10 and sensor 12 have a
link distance D, of about 5 cm (1.97 in) to about 30 cm (11.8
in) and more particularly between 9 em (3.54 in) to about 15
cm (5.91 in). Notably, a portion of link distance D, may be
through a patient’s body as well as clothing on the patient.
The A/V/H signal may comprise a set of tones, vibrations, or
flashing lights, which increase in frequency as the reader 10
moves closer to alignment with the implant 12, and
decreases in frequency as the reader moves further away
from alignment with the implant 12. The A/V/H signal may
also comprise spoken voice prompts.

[0070] Referring now to FIGS. 7B and 10, the reader
device 10 may produce a plurality of stimulus signals 14 in
search mode. Once the reader device 10 has identified at
least one response signal 16 or a sufficient number of
response signals 16 that includes an amplitude over a
threshold value, the reader device 10 may then be considered
locked and may enter the read mode to read and sample the
responding response signals 16 from the sensor 12.

[0071] Once the reader device 10 and the sensor 12 have
been identified to be locked, the reader device 10 may enter
the read mode. The reader device 10 may provide an A/V/H
signal to the user to indicate a lock on the sensor 12. The
A/V/H signal may instruct the user to hold the reader device
10 in a steady position for an amount of time sufficient to
complete a number of read cycles; each read cycle may
comprise transmission of a stimulus pulse, and reception of
at least one response signal from the sensor. The number of
read cycles may be determined by: (i) a predetermined time;
(i1) a predetermined number of cycles; (iii) a predetermined
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number of cycles wherein the reading obtained is deemed
valid according to a predetermined criterion; or (iv) detec-
tion of an event or events, such as a set number of cardiac
cycles or respiration cycles. As illustrated by FIG. 10, in
read mode the reader device 10 may be configured to read
and record the response signals 16 generated by the sensor
12. Further, the lock circuitry 22 may also identify whether
a given reading from the sensor 12 is valid or not valid.
Validity of a reading may be based on a predetermined
parametric threshold, such as a response signal strength
being above a certain amplitude. The reading device 10 may
keep a running count of valid and invalid data points (a “data
point” here is the result of one read cycle). If the number of
invalid data points exceeds a predetermined amount, either
cumulatively or continuously, the reading device 10 may
issue an A/V/H signal indicating a “failed read session”
designated “FAIL” in FIG. 7B. In this case the reading
device 10 may re-enter search mode, allowing the user to
attempt to initiate a new lock on sensor 12 and to try again.
Additionally, if the number of valid data points exceeds a
preset threshold, the reading device 10 may issue an A/V/H
signal indicating a “successful read session.” The reading
device 10 may store valid data points in memory and may
reject invalid ones. The reading device 10 may timestamp
each individual data point. The reading device 10 may use
an A/V/H signal to instruct the user to re-dock the reading
device 10 after a successful read session. The reading device
10 may log valid and invalid reading attempts, as well as
successful and failed read sessions for diagnostic purposes.
The lock circuitry 22 may generate a signal to indicate that
an additional reading may be required or that the reading
received is sufficient to extrapolate the measurement of the
desired parameter. In an exemplary embodiment, the reader
device 10 may declare a “failed read session” when more
than 2000 cumulative (not necessarily consecutive) invalid
data points have been counted, and may declare a “success-
ful read session” when more than 16000 valid data points
have been counted. However, this disclosure is not limited
to these amounts for declaring failed or successful read
sessions.

[0072] Once a successful reading has been completed, the
reader 10 may enter “please dock” mode as illustrated by
FIG. 7B. Here, an A/V/H signal may cue the user to “please
dock.” The reader 10 may continue to issue the “please
dock” A/V/H signal until the user docks the reader engaged
with the docking station 110. Alternatively, the reader’s state
machine may not feature a “please dock” mode. In such an
embodiment, the reader may repeatedly issue the “success”
A/V/H signal, or may remain silent and dark.

[0073] During read success mode as illustrated by FIG. 11,
the sampled signals may be communicated or otherwise
uploaded to the remote data interface 17 or docking station
110. The reader device 10 may communicate the new data to
a gateway. If the reader device 10 is docked, it may return
to standby mode, and upload data to the remote data
interface 17 from that mode. If in standby mode or read
success mode, the reader device 10 may then be placed in off
mode if not engaged in uploading data or performing
self-test. Each reading that is uploaded to the gateway or
stored in the reader device 10 may include the following
information: a reader 1D, timestamped raw frequency data
captured from the sensor 12, ambient pressure reading,
transmit frequency selected, battery charge level, average
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signal strength for the reading, internal temperatures, bound-
ary scan or watchdog timer status, and optional other diag-
nostic or logistical data.

[0074] The reader device 10 or the docking station 110
may prompt A/V/H signals that identify the status of the
reader device 10 and to prompt the user to dock the reader
device 10 when not in use, so that battery of the reader
device 10 may be recharged and also to prevent misplace-
ment of or inadvertent damage to reader device 10. Notably,
the A/V/H signal for “search mode” may be a beep, buzz,
vibration, or voice prompt that is slightly unpleasant or
annoying, motivating the user to either obtain a lock on a
sensor (and trigger read mode) or re-dock the reader device
10 (and trigger standby mode)—both read and standby
modes would feature a more pleasant A/V/H signal, or no
A/V/H signal. Motivating the user to get out of search mode
as quickly as possible will discourage behaviors such as
leaving the reader device 10 undocked on a tabletop, placing
the reader device 10 in a pocket, or carrying it to locations
away from the docking station. Further, the docking station
may provide a pushbutton or other means to cause an
undocked reader device 10 to issue an A/V/H signal, allow-
ing the user to find the Reader if it has been misplaced.
[0075] To ensure simple operation by a wide variety of
users, user actions may be limited to undocking, searching,
reading, and re-docking. All other system functions, includ-
ing data upload, self-test, pairing and communicating with
external devices, etc., may be done in non-real time and may
be invisible to the user.

[0076] For embodiments in which the reader device 10 is
portable, a user may take the reader device and docking
station along when traveling, so as not to miss daily read-
ings. The reader device 10 may also feature a “travel” switch
for situations wherein the user wants to travel to a different
location with the reader device 10. The “travel” switch
would allow the user to manually place the reader device 10
in travel mode so that the continuous beeping while
undocked and in Search mode would not become a nuisance.
Once at the new location, the reader device 10 could be
re-activated by docking to a powered dock, which would
boot up the reader device 10 and place it again in docked
mode per the normal state machine.

[0077] Notably, the display 21 may provide A/V/H signals
to identify the mode status of the reader device 10, i.e. when
the reader device 10 is in “search” mode, “read” mode,
standby mode, clinic mode, docked mode, travel mode, off
mode, whether an approved gateway pairing is established,
or if the reader device 10 is charging. Alternatively, such a
display may be built into the reader 10, the hub 260, or the
docking station 110. The reader device 10 may include a tilt
sensor 28 such as an accelerometer or other type of position
sensor to allow the reader device 10 to identify if the patient
is sitting/standing, or laying down during the reading (See
FIG. 2). The tilt sensor 28 may measure a tilt of the reader
device 10 along one or more axes normal to the reader
surfaces 122 with respect to earth’s gravity. The patient’s
position may affect the sensed parameter, e.g. pulmonary
artery pressure (and other pressures inside the body), due to
shifting of one’s body mass. For embodiments where the tilt
sensor 28 is an accelerometer, the accelerometer may also
provide an indication that a patient is walking or moving in
a vehicle (car or wheelchair) while taking a reading, or
whether the patient’s hand is shaking while holding the
reader device 10. Further, it may be desirable for the patient
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to be in the same position (upright versus supine) for each
reading, to ensure reading consistency. To ensure this, the
reader device 10 may issue an A/V/H signal prompting the
patient to assume to correct position, if the tilt sensor 28
detects an incorrect position. The reader device 10 may
further not take a reading until the position has been cor-
rected.

[0078] The tilt sensor 28 may also be used as a manual
switch. In one embodiment, the tilt sensor 28 may be used
to place the reader 10 into travel mode. The user may tilt the
reader device 10 to a given position, for example with the
reading surface 122 pointed upwards with respect to gravity,
and hold it there for several seconds, in order to place the
reader device 10 in travel mode, as schematized in FIG. 7B.
[0079] Further, the portability feature of the reader device
10 may be enhanced by including location finding capability,
which may be of interest to diagnosticians observing reader
data. In an embodiment, the reader device 10 may include
circuitry allowing it to use the Global Positioning System
(GPS) to determine its location during a given reading, and
upload this information. In another embodiment, the dock-
ing station 110 or the hub 260 may contain the location
circuitry. In other embodiments, the reader device 10 or its
docking station 110 may obtain location information from a
third device, such as a paired internet gateway. Location
information may be useful in determining local time, or
weather conditions that may affect the sensed parameter, for
example barometric pressure.

[0080] The embodiments of the disclosure have been
described above and, obviously, modifications and alterna-
tions will occur to others upon reading and understanding
this specification. The claims as follows are intended to
include all modifications and alterations insofar as they are
within the scope of the claims or the equivalent thereof.

1-5. (canceled)

6. A wireless sensor reader device comprising:

a transmit circuit configured to generate an excitation
signal to cause a wireless sensor to energize and emit
a response signal, wherein said wireless sensor is
implanted within a human body;

at least one antenna configured to transmit said excitation
signal and receive said response signal,

a lock circuit for evaluating whether said reader device is
adequately positioned relative to said wireless sensor to
receive readings from said wireless sensor; and

wherein said reader device uploads said response signal
data to a database and processor.

7. The wireless sensor reader device of claim 6 wherein
said reader device is portable or handheld and wherein said
response signal data is uploaded as raw data and processed
according to an algorithm to produce processed data.

8. The wireless sensor reader device of claim 6 further
comprising a sensor configured to record an orientation of
said reader device with respect to gravity, record motion of
the wireless sensor reader device, provide an indication that
a patient is walking or moving in a vehicle, record sounds
from a patient, and identify whether a hand of a patient is
shaking while holding the wireless sensor reader device.

9. The wireless sensor reader device of claim 6 further
comprising a sensor selected from one of: barometer, accel-
erometer, tilt sensor, blood glucose sensor, spirometer, pulse
oximeter, arterial blood pressure sensor, electrocardiogram,
weight scale, motion sensor, heartrate sensor, or echo-
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cardiogram wherein said wireless sensor reader device mea-
sures and records data from said sensor.

10. The wireless sensor reader device of claim 6 wherein
said wireless sensor reader device includes a plurality of
modes to establish communication, said modes comprising:

a docked mode wherein said wireless reader device is not
in use;

a search mode wherein said wireless reader device
attempts to establish the proper position acceptable for
taking readings from the wireless sensor,

a read mode wherein said wireless reader device reads and
samples response signals from the wireless sensor;

a clinic mode wherein said wireless reader device
attempts to establish communication with an approved
gateway, such as a clinic-based gateway, for sensor data
display in real-time or near-real time;

a self-test mode wherein said wireless reader device
conducts built-in tests of said transmit circuit.

11. The wireless sensor reader device of claim 6 wherein
said wireless sensor reader device is configured to emit at
least one audible, visual, or haptic signal to identify at least
one condition of the wireless sensor reader device including
battery power status, patient temperature, docked mode,
search mode, read mode, clinic mode, and self-test mode.

12. The wireless sensor reader device of claim 6 further
comprising a voice audio cue configured to communicate
with a patient to identify if access is granted or rejected for
use of the wireless sensor reader device.

13. The wireless sensor reader device of claim 6 wherein
said database and processor further comprises an algorithm
to process received signals from the wireless sensor reader
device.

14. The wireless sensor reader device of claim 13 wherein
said algorithm includes at least one of a learning algorithm,
an algorithm that utilizes calibration data obtained during
surgical implantation of said wireless sensor into a patient,
an algorithm that uses data obtained during sensor or reader
manufacture, and an algorithm that utilizes historical data
processed by said wireless sensor reader device.

15. The wireless sensor reader device of claim 6 wherein
said database is configured to be in communication with an
electronic health record database.

16. The wireless sensor reader device of claim 6 wherein
the wireless sensor reader device communicates with a
remote data interface to allow for the secure transfer of data
through a plurality of different approved gateway pairings
including a home gateway, clinic gateway, factory gateway,
and care platform gateway.

17. The wireless sensor reader device of claim 6 wherein
the wireless sensor reader device is configured to provide an
audible, visual, or haptic signal to provided instructions to a
user.

18. The wireless sensor reader device of claim 18 wherein
the wireless sensor reader device provides an audible, visual,
or haptic signal to instruct a patient to assume a correct body
position during the reading.

19. The wireless sensor reader device of claim 6 further
comprising a display in electrical communicating with said
wireless sensor reader device, said display is configured to
provide audible, visual, or haptic signals to identify a mode
status of the wireless sensor reader device.

20. A wireless sensor reader device comprising;

a transmit circuit configured to generate an excitation

signal to cause a wireless sensor to energize and emit
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a response signal, wherein said wireless sensor is
implanted within a human body;

at least one antenna configured to transmit said excitation
signal and receive said response signal;

a lock circuit for evaluating whether said reader device is
adequately positioned relative to said wireless sensor to
receive readings from said wireless sensor; and

wherein said reader device uploads said response signal
data to a database and processor, and

wherein the wireless sensor reader device is configured to
provide an audible, visual, or haptic signal to provide
instructions or information to a user.

21. The wireless sensor reader device of claim 21 wherein

said reader device is portable or handheld.

22. The wireless sensor reader device of claim 21 further
comprising a sensor configured to record an orientation of
said reader device with respect to gravity, record motion of
the wireless sensor reader device, provide an indication that
a patient is walking or moving in a vehicle, record sounds
from a patient, and identify whether a hand of a patient is
shaking while holding the wireless sensor reader device.

23. The wireless sensor reader device of claim 21 further
comprising a sensor selected from one of: barometer, accel-
erometer, tilt sensor, blood glucose sensor, spirometer, pulse
oximeter, arterial blood pressure sensor, electrocardiogram,
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weight scale, motion sensor, heartrate sensor, or echo-
cardiogram wherein said wireless sensor reader device mea-
sures and records data from said sensor.

24. The wireless sensor reader device of claim 21 wherein
said wireless sensor reader device is configured to emit at
least one audible, visual, or haptic signal to identify at least
one condition of the wireless sensor reader device including
battery power status, patient temperature, docked mode,
search mode, read mode, clinic mode, and self-test mode.

25. The wireless sensor reader device of claim 21 wherein
the wireless sensor reader device provides an audible, visual,
or haptic signal to instruct a patient to assume a correct body
position during a reading.

26. The wireless sensor reader device of claim 21 wherein
said database and processor include an algorithm to process
received signals from the wireless sensor reader device
wherein said algorithm includes at least one of a learning
algorithm, an algorithm that utilizes calibration data
obtained during surgical implantation of said wireless sensor
into a patient, an algorithm that uses data obtained during
sensor or reader manufacture, and an algorithm that utilizes
historical data processed by said wireless sensor reader
device.
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