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SYSTEM, DEVICE, AND METHOD FOR COUPLED HUB AND SENSOR NODE

ON-BODY ACQUISITION OF SENSOR INFORMATION

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] The present application claims the benefit of and priority to U.S. Provisional

Application No. 62/298,301, filed February 22, 2016, and, "SYSTEM, DEVICE, AND

METHOD FOR COUPLED HUB AND SENSOR NODE ON-BODY ACQUISITION OF

SENSOR INFORMATION," which is hereby incorporated by reference herein in its entirety.

FIELD OF THE INVENTION

[0002] The present disclosure relates to on-body sensors. In particular, the present

disclosure relates to acquiring sensor information from an on-body sensor by a hub.

BACKGROUND OF THE INVENTION

[0003] With advancements in the manufacturing of semiconductor devices, such

devices are becoming smaller and more versatile. These devices are spurring advancements

in different and new technological areas. One technological area is wearable devices. Within

the technological area of wearable devices is the concept of location-specific sensors worn on

a user to acquire sensor information. Despite the advancements in the semiconductor devices

themselves, however, the current state of power sources still imposes limitations on the

semiconductor devices. For example, the form factor and longevity of wearable devices are

directly related to the on-board power sources. The power sources for wearable devices are

typically in the form of bulky (relative to the size of the wearable devices), non-conformal

batteries, such as lithium ion batteries, which present issues regarding, for example,

placement of the sensor nodes on the body.

[0004] To counteract the issues presented by sensor nodes traditionally requiring on

board power supplies, advancements in wireless communications have allowed sensor nodes

to instead be powered through wireless interrogation by a smart device (also referred to as a

reader) that is brought into close proximity to the sensor node. However, such electrical

power transmission requires the reader to be in constant proximity to the sensor node, which

presents different issues than the sensor node having an on-board power source.

[0005] Further, there is a disparity between the rate of advancements related to sensor

components on sensor nodes that allow for the acquisition of sensor information, and the rate



of advancements in the backend components of sensor nodes used for processing, storing,

and/or transmitting the sensor information off of the body.

[0006] Therefore, there is a continuing need for developing systems, methods, and

devices that solve the above and related problems.

SUMMARY OF THE INVENTION

[0007] According to some embodiments, an interchangeable sensor system includes a

hub configured to be attached to a user and to be selectively coupled to one or more sensor

nodes. The hub is further configured to transmit electrical power and operational data

wirelessly to the one or more sensor nodes. The system further includes at least one sensor

node configured to be selectively coupled to the hub and to receive electrical power and

transfer (e.g., send and receive) data wirelessly. The at least one sensor node includes at least

one sensor configured to generate sensor data when electrical power is received from the hub.

The at least one sensor node is further configured to transmit the sensor data wirelessly to the

hub for processing, aggregation, and/or transmission to an off-body computer device. The at

least one sensor node can also receive commands, instructions, firmware, algorithms, and

system data updates wirelessly from the hub.

[0008] According to some additional embodiments, a method of acquiring sensor

information is disclosed. The method includes, transmitting, by a hub, electrical power and

optionally, operational data to at least one sensor node. The hub and at least one sensor node

can be attached to a surface (e.g., the body of a user) and the at least one sensor node can be

wirelessly, electrically, and/or physically coupled to the hub. The hub alternatively can be

placed on the surface of the skin and the at least one sensor can be beneath the skin, just

above the subcutaneous tissue. The method further includes the at least one sensor node

receiving electrical power sufficient to power the sensor node and optionally, operational

data, transmitted by the hub. The method further includes generating, by at least one sensor

of the at least one senor node, sensor information associated with the body. The method

further includes transmitting, by the at least one sensor node, the sensor information to the

hub. The method further includes aggregating, processing, and/or analyzing, by the hub, the

sensor information received from the at least one sensor node. The method is further

described in that the electrical power, the operational data, or a combination thereof are

transmitted to the at least one sensor node continuously, periodically, or semi-periodically by

the hub for acquiring the sensor information associated with the body.



[0009] Additional aspects of the disclosure will be apparent to those of ordinary skill

in the art in view of the detailed description of various embodiments, which is made with

reference to the drawings, a brief description of which is provided below.

BRIEF DESCRIPTION OF THE DRAWINGS

[00010] The invention will be better understood from the following description of

exemplary embodiments together with reference to the accompanying drawings, in which:

[00011] FIG. 1 shows a system including a sensor node coupled to a hub and attached

to a user, in accord with aspects of the present disclosure;

[00012] FIG. 2 shows a block diagram of the system of FIG. 1, in accord with aspects

of the present disclosure;

[00013] FIG. 3A shows a schematic diagram of an example sensor node used within the

system of FIG. 1, in accord with aspects of the present disclosure;

[00014] FIG. 3B shows a schematic diagram of another example sensor node used

within the system of FIG. 1, in accord with aspects of the present disclosure;

[00015] FIG. 3C shows a schematic diagram of a hub used within the system of FIG. 1,

in accord with aspects of the present disclosure;

[00016] FIG. 3D shows a schematic diagram of a hub and a sensor node coupled

together, in accord with aspects of the present disclosure; and

[00017] FIG. 4 shows a ladder diagram of electrical power and data transmission

between a hub and a sensor node, in accord with aspects of the present disclosure.

DETAILED DESCRIPTION OF THE ILLUSTRATED EMBODIMENTS

[00018] Although the present disclosure contains certain exemplary embodiments, it

will be understood that the disclosure is not limited to those particular embodiments. On the

contrary, the present disclosure is intended to cover all alternatives, modifications, and

equivalent arrangements as may be included within the spirit and scope of the disclosure as

further defined by the appended claims.

[00019] The present disclosure is directed to an interchangeable sensor system that

includes a hub and one or more sensor nodes. The sensor nodes are configured to be coupled

to the hub. By being coupled to the hub, the sensor nodes are converted from episodic sensor

nodes to continuous sensor nodes. The sensor nodes and the hub are both configured to be

coupled to a body of a user. The hub can be configured so that only one sensor node can be

coupled to the hub, or multiple sensor nodes can be coupled to a hub, at any given time. In a



coupled configuration, the hub wirelessly transmits electrical power and, optionally, data to

the coupled sensor node. The wirelessly transmitted electrical power causes the sensor node

to operate. Operation of the sensor node includes the sensor node acquiring (e.g., collecting

and/or generating) sensor information based on signals received from one or more sensors

within the sensor node. In some aspects, the wirelessly transmitted data further causes the

sensor node to collect and/or generate sensor information, including location and/or sensor-

specific information. Examples of sensor specific information include motion information

(e.g., acceleration), temperature (e.g., ambient and of the sensor), electrical signals associated

with cardiac activity, electrical signals associated with muscle activity, changes in electrical

potential and impedance associated with changes to the skin, biopotential monitoring (e.g.,

electrocardiography (ECG), electromyography (EMG), and electroencephalogram (EEG)),

bioimpedance monitoring (e.g., body-mass index, stress characterization, and sweat

quantification), galvanic skin response information, optically modulated sensing (e.g.,

photoplethysmography and pulse-wave velocity). Upon collecting and/or generating the

sensor information, the sensor node wirelessly transmits the sensor information back to the

hub as, for example, response data that is responsive to the electrical power and data

originally transmitted from the hub. The hub can be further configured to aggregate, process,

and/or transmit the response data from the coupled sensor nodes to an off-body computer

device, such as a smartphone, a tablet, a laptop, a desktop, etc., for further processing,

aggregation, and/or transmission to additional computer devices, such as computer devices

remote from the system.

[00020] The form factor of both the hub and the sensor nodes can allow for the coupled

hub and senor nodes to be placed on an irregular surface, (e.g., the body of a user, such as on

the surface of or under the skin of the user). When coupled to a surface of an object, the

sensor node acquires sensor information pertaining to the object. When coupled to the

surface of the body or an organ (e.g., the skin, the lungs, the heart, etc.), the sensor node

acquires sensor information pertaining to the body and/or the organ. Moreover, the

interchangeable nature of the sensor nodes with the hub allows for different types of sensor

nodes to be coupled to the hub depending on the desired sensor information and/or location.

Further, by removing the power source and the communications interface for the off-body

computer device from the sensor node, updates to sensor nodes driven by developments in

the sensors on the sensor nodes can be de-coupled from the more constant backend

technology of the power source and the communications interface. Thus, sensor nodes can be

replaced without having to replace, for example, the backend on-board power source and the



communications interface of the hub and new sensor nodes can be developed for existing

hubs. The separation of the sensor nodes from the hub facilitates focused designs that can

take advantage of the disparate developments between sensors and backend system

components. Advancements in sensors can be more quickly adapted and implemented into to

the system. Further, advancements in backend components can similarly be more quickly

adapted and implemented into the system.

[00021] Further, by coupling the sensor node to the hub, the paired sensor node and hub

can provide continuous, periodic, and/or semi-periodic generation and/or collection of sensor

information without requiring an off-body computer device in constant communication with

the sensor node. Thus, the pairing of a sensor node with the hub provides for a more efficient

and modular form factor for the acquisition of sensor information from an object, a subject,

or a user, particularly in active situations, such as swimming, jogging, exercising, and the

like, where an off-body computer device in constant communication with a sensor node is

impractical or impossible.

[00022] Referring to FIG. 1, FIG. 1 shows a schematic view of a system 100, in accord

with aspects of the present concepts. The system 100 includes two components, the hub 102

and the sensor node 104. As shown based on the overlap of the sensor node 104 on the hub

102, the sensor node 104 is configured to be coupled to the hub 102. Although only one hub

102 and one sensor node 104 are shown, the system 100 allows for multiple sensor nodes 104

that are interchangeably coupled to the hub 102. Further, although only one sensor node 104

is shown paired with the hub 102, in accordance with some embodiments of the invention,

more than one sensor node 104 can be coupled to and paired with a single hub 102 at the

same time.

[00023] The hub 102 and the sensor node 104, both when coupled and when un

coupled, are configured to attach to a surface, such as the skin of the body 106 of a user or the

surface of an object. Specifically, the hub 102 and the sensor node 104 can be provided with

an adhesive surface in order to attach the sensor node 104 to the surface 106a of the body 106

of the user. When attached to the surface 106a of the body 106, the sensor node 104 can

collect and/or generate sensor information from the body 106.

[00024] As discussed above, the hub 102 provides for the backend components of the

sensor node 104 within the system 100. The back end components can include, for example,

the power source and the communications interface to provide for communication of data

with an off-body computing device, such as a smart phone, laptop, or desktop computer (e.g.,

using Bluetooth, Bluetooth Low Energy, WiFi, Zigbee, medical telemetry or other wireless



communication protocol). In relation to the sensor node 104, the hub 102 can provide

electrical power for powering the sensor node 104 and data for providing algorithms and/or

instructions for operation of the sensor node 104. Further, the hub 102 can include a

processor, memory and computer programs for aggregating, processing, and/or storing sensor

information received from the sensor node 104.

[00025] By providing both electrical power and optionally, data, to the sensor node 104,

the hub 102 can selectively provide for continuous, periodic, and semi-periodic operation of

the sensor node 104, in addition to on-demand operation of the sensor node 104, for the

collection and/or generation of sensor information by the sensor node 104. Accordingly, the

hub 102 replaces the need to manually interrogate the sensor node 104 with an off-body

computer device, such as a smartphone, tablet, laptop, etc., that is repeatedly brought into

range of the sensor node 104.

[00026] The hub 102 can have a generally standardized form factor, and provides a

generally standardized platform for transferring electrical power and data to and from the

sensor node 104. Accordingly, sensor nodes 104 can be designed around the standardized

electrical power and data transfer protocols and requirements supported by the hub 102. The

standardized design of the hub 102 accounts, in part, for the disparate development schedules

between sensors and backend system components. Thus, the generally standardized electrical

power and data transfer define design rules and constraints that allow for a sensor designer to

design new and different sensor nodes that can be quickly and easily deployed and paired

with the hub 102.

[00027] As shown in FIG. 1, the hub 102 can communicate with an off-body computer

device 108. By way of example, and without limitation, upon aggregating, processing, and/or

storing the sensor information, the hub 102 includes a communication interface 204 to

communicate with the off-body computer device 108 and to transmit the sensor information

to the off-body computer device 108. In accordance with some embodiments, the sensor

information can include raw sensor data. Accordingly, the hub 102 handles the

communications with the off-body computer device 108, which allows for the sensor nodes

104 to be simple and with fewer components that are only used for generating and/or

collecting sensor information.

[00028] The sensor node 104 can be designed to target a specific sensing modality or a

limited number of modalities (e.g., less than 5) that are related to specific locations on the

body 106 of the user. The specific sensing modalities of the sensor node 104 can include, for

example, heat flux, acceleration and angular velocity, or motion in general, electrical signals,



such as electrocardiogram (ECG or EKG) and/or galvanic skin response signals, pressure,

sweat, and blood oxygen saturation levels. However, the sensing modalities can include

additional modalities not explicitly disclosed herein without departing from the spirit and

scope of the present disclosure.

[00029] In some aspects, the sensor node 104 can be a simple sensor node in that all

data for operation (e.g., initialization data, instructions, programs, and algorithms) is

transmitted to the sensor node 104 from the hub 102. Thus, the sensor node 104 needs the

electrical power and the data from the hub 102 to operate. Alternatively, the sensor node 104

may be a smart sensor node in that most, if not all, of the data required for operation is

already stored on the sensor node 104. Thus, the sensor node 104 needs the electrical power

and, optionally, triggering data only, for operation. In some aspects, the sensor node 104 may

fall between the simple sensor node and the smart sensor node described above. For

example, the sensor node 104 may have some data for operation already stored on the sensor

node 104, but additional data for operation (e.g., for optional or advanced operation) can be

transferred to the sensor node 104 from the hub 102.

[00030] In some aspects, the hub 102 transmits an "initiate" command via Near-Field

Communication (NFC) to a sensor node 104, allowing the latter to execute a predetermined

set of operations stored on a processor or stored on external memory on the sensor node 104.

The sensor node 104 then performs sensing and collects and/or processes the sensor

information in real time. The sensor node 104 then transmits the collected and/or processed

data back to the hub 102 via NFC.

[00031] In some aspects, the hub 102 transmits a set of commands via NFC to the

sensor node 104. The sensor node 104 then interprets and executes the set of commands in

real time, such as by an on-board processor executing the commands. The sensor node 104

then performs sensing and transmits the sensory data back to the hub 102 via NFC.

According to this aspect, the sensor node 104 can receive a command to enable sensing and a

command to transmit the raw (e.g., not processed) senor information back to the hub 102 via

NFC.

[00032] Referring to FIG. 2, FIG. 2 shows a block diagram of the system 100 of FIG. 1,

in accord with aspects of the present disclosure. Referring in detail first to the hub 102, the

hub 102 includes, for example, a power source 200, memory 202, a communications interface

204 for communicating with the off-body computer device 108, a power transmitter and data

transceiver 206 for communicating with the sensor node 104, and a processor 208.



[00033] The power source 200 provides the electrical power within the hub 102 and to

the sensor node 104 within the system 100. The power source 200 can be various

conventional power sources, such as a super-capacitor or one or more rechargeable or non-

rechargeable batteries or cells having various battery chemistries, such as lithium ion (Li-

ion), nickel-cadmium (NiCd), nickel-zinc (NiZn), nickel-metal hydride (NiMH), zinc and

manganese(IV) oxide (Zn/Mn0 2) chemistries, to name a few examples. In some aspects, the

power source 200 can be an electrical wall outlet that the hub 102 directly connects to, or

connects to through, for example, a power adapter (e.g., alternating current adapter). In some

aspects, the power source 200 can be a component that harvests non-electrical energy, such as

thermal energy, kinematic energy, and/or radio-frequency energy, and converts the energy

into electrical energy. However, the power source 200 can be various other power sources

not specifically disclosed herein.

[00034] The memory 202 stores various instructions and algorithms for both the

functioning of the hub 102 and the sensor node 104. The memory 202 can be any type of

conventional memory, such as read only memory (ROM), read-write memory (RWM), static

and/or dynamic RAM, flash memory, and the like. In some aspects, data received from the

off-body computer device 108 can be written to the memory 202 for updating the instructions

and algorithms stored on the hub 102. For example, updated instructions and algorithms can

be written to the memory to account for newly developed sensor nodes 104. Thus, rather

than replacing the entire backend components, new instructions can be written to the hub 102

as new sensor nodes 104 are developed that require new data from the hub 102.

[00035] The communications interface 204 can be any traditional communications

interface for communicating with the off-body computer device 108, such as one based on

the wireless communication protocols of Wi-Fi, Bluetooth, Bluetooth Low Energy, Zigbee,

and the like, based on 2.4 gigahertz (GHz) or 5 GHz radiofrequencies, and the like.

However, the communications interface 204 can also support wired communications, such as

wired communications with the off-body computer device 108, or with older sensor nodes

104 that do not support wirelessly receiving electrical power and data. Accordingly, in some

aspects, the hub 102 can be backwards compatible with older sensor nodes that require wired

connections.

[00036] In some aspects, the hub 102 is configured to communicate with only a

particular type or kind of off-body computer device 108. For example, separate hubs 102 can

be designed to be compatible with separate smartphones and/or tablets, and different hubs



102 can be used for communicating with different smartphones, such as smartphones running

iOS®, ANDROID™, and the like. Thus, in some aspects, although each hub 102 is

compatible with all of the sensor nodes 104 within the system 100, certain hubs 102 may be

compatible only with certain off-body computer devices 108. A user can select the hub 102

that is compatible with the particular off-body computer device 108 that the user wants to use

with the system 100.

[00037] The power transmitter and data transceiver 206 is configured to transmit

electrical power and data to the sensor nodes 104. In some aspects, the power transmitter and

data transceiver 206 is configured to modulate the electrical power with the data (e.g., analog

data signals) to transmit the data on the carrier of the electrical power. Thus, electrical power

and data can then be received by the sensor node 104 and demodulated and/or rectified to

cause the sensor node 104 to operate. In some aspects, the transceiver 206 includes an NFC

reader integrated circuit for interrogating the sensor node 104 based on the NFC protocol. In

such a configuration, the hub 102 further includes a conductive coil 218. The transceiver 206

or, more particularly the coil 218, is located on the hub 102 so that the coil 218 is co-located

with the corresponding transceiver or coil of the sensor node 104, as discussed further below.

The co-location of the coil 218 with the sensor node 104 promotes more efficient

transmission of the electrical power and data between the hub 102 and the sensor node 104.

Although the NFC wireless protocol is predominately discussed herein, other wireless power

protocols can be used including, for example, Qi (available from the Wireless Power

Consortium, Piscataway, NJ) or inductive, resonant and uncoupled (long distance) power

transfer technologies (available from the AirFuel Alliance, Beaverton, OR).

[00038] The processor 208 controls the operation of the hub 102. The processor 208

can be various types of processors, including microprocessors, microcontrollers (MCUs),

etc., that are capable of executing algorithms and data processing. Specifically, the processor

208 executes one or more instructions and/or algorithms stored in the memory 202 or

transmitted from the off-body computer device 108, which causes the hub 102 to transmit

electrical power and data to the sensor nodes 104, receive response data from the sensor

nodes 104, and aggregate, process, analyze, and/or store the response data. In some aspects,

the processor 208 analyzes and/or processes the response data from the sensor nodes 104,

such as the sensor information, prior to transmitting the response data to the off-body

computer device 108. In addition, or in the alternative, the processor 208 can simply cause

the hub 102 to transmit the response data to the off-body computer device 108, such as when

the off-body computer device 108 is actively communicating with the hub 102.



[00039] Referring to the sensor node 104, the sensor node 104 is a location specific

sensory platform that is placed at specific locations on the body for location-specific sensing.

The sensor node 104 receives the transmitted electrical power and data from the hub 102 to

perform sensing and communicate back to the hub 102. Further, because the sensor node 104

receives the electrical power from the hub 102 required for operation, the sensor node 104

does not include on-board power storage for the overall operation of the sensor nodes 104

(e.g., excluding power sources, such as capacitors, for temporary power disruption or small

power sources, such as small batteries for temporary power). By not including an on-board

power source, the form factor of the sensor node 104 can be reduced, among other benefits.

[00040] In some aspects, the sensor node 104 may merely stream sensor information

back to the hub 102. Such a sensor node 104 may be considered a simple node.

Alternatively, the sensor node 104 may store the sensor information on the sensor node 104

prior to transmitting the sensor information to the hub 102. Still further, the sensor node 104

may alternatively process the sensor information prior to transmitting the sensor information

to the hub 102. Processing of the sensor information may include, for example, smoothing

the data, analyzing the data, compressing the data, filtering the data, and the like. Such a

sensor node 104 may be considered a smart node. Thus, the functionality of the sensor node

104 may vary.

[00041] The configuration of the sensor node 104 can vary depending on the specific

modality and/or functionality of the sensor(s). However, in general, the sensor node 104

includes a processor 210, one or more sensors 212, and an electrical power receiver and data

transceiver 214.

[00042] The processor 210 can be various types of processors, including

microprocessors, MCUs, etc., that are capable of executing algorithms and data processing,

particularly based on the low electrical power transmitted from the hub 102. In some aspects,

the processor 210 can include memory for storing one or more algorithms performed by the

sensor node 104 and/or the processor 210, and for storing information transmitted from the

hub 102. Alternatively, or in addition, the sensor node 104 may include memory that is

independent from the processor 210.

[00043] As discussed above, in some embodiments, the sensor node 104 is a simple

node and functions based only on the data communicated from the hub 102. In such a case,

the sensor node 104 does not include on-board instructions, algorithms, or other data required

for functioning. Alternatively, the sensor node 104 can be a smart node that receives

electrical power and triggering instructions (e.g., data) from the hub 102, but otherwise



includes the necessary instructions, algorithms, or data internally for generating and/or

collecting sensor information.

[00044] In the case of a simple sensor node 104, the hub 102 acts as the backend

intelligence and power supply for the sensor node 104. Moreover, even in the case of a smart

sensor node 104, the hub 102 can provide additional intelligence in the form of more

advanced data processing. By way of example, and without limitation, the processor 210 can

be a Cortex-M Series MCU by ARM® Ltd., an MSP430 MCU by Texas Instruments Inc.,

and the like.

[00045] The one or more sensors 212 perform the sensing functionality on the sensor

node 104. The sensors 212 can be various types of sensors having various types of sensing

modalities. According to some embodiments, the sensors 212 include heat flux sensors,

accelerometers or gyroscopes (e.g., motions sensors), electrocardiogram (ECG or EKG)

sensors, pressure sensors, heart rate monitors, galvanic skin response sensors, sweat sensors,

non-invasive blood pressure and blood oxygen saturation monitors, pedometers, optical

sensors, acoustic sensors, blood glucose sensors, and the like. However, the sensor node 104

can include additional sensors not explicitly disclosed herein without departing from the spirit

and scope of the present disclosure. By way of some specific examples, the one or more

sensors 212 can include an ADS1 191 biopotential sensor by Texas Instruments, Inc., an

ADXL362 accelerometer by Analog Devices, and the like.

[00046] The power receiver and data transceiver 214 allows the sensor node 104 to

receive electrical power from the hub 102, and receive and transmit data communication from

and to the hub 102. The transceiver 214 extracts the data from the electrical power to both

power the sensor node 104 and provide the data for executing algorithms and processing data

generated by the sensors 212. In some aspects, the transceiver 214 includes an NFC tag

integrated circuit, such as an NFC energy harvester circuit, for responding to interrogation

from the sensor node 104 based on the NFC protocol. Where the hub 102 wirelessly

transmits the electrical power and data to the sensor node 104 based on the NFC protocol, or

a similar power and communication scheme, the sensor node 104 further includes a coil 220.

The coil 220 is connected to the transceiver 214 of the sensor node 104. Based on the

properties of NFC, energizing the coil 218 causes a reciprocal energizing of the coil 220,

which provides for the wireless transmission of both electrical power and data from the hub

102 to the sensor node 104.

[00047] Although not shown, the transceiver 206 of the hub 102 may, in some aspects,

include one or more circuit components and/or general electronic components required for



transmission of the electrical power and data from the hub 102, such as an amplifier, a

modulator, and/or a modem, etc. Similarly, although not shown, the sensor node 104 may

include one or more circuit components and/or general electronic components required for

reception of the electrical power and data from the hub 102, as well as for transmission of the

response data, such as an amplifier, a demodulator, and/or a modem, etc.

[00048] Referring to FIGS. 3A-3D, FIGS. 3A-3D show perspective views of the hub

102 and the sensor node 104, both individually and coupled together, in accord with aspects

of the present disclosure. More specifically, FIG. 3A shows a perspective view of a sensor

node 104a. In the specific illustrated example, the sensor node 104a is designed for sensing

electrical activity of the heart, such as an EKG or ECG sensor. The sensor node 104 includes

a processor 210a. The processor 210a controls the processing of one or more algorithms

and/or instructions for detecting the electrical activity of the heart. Additionally, the

processor 210a executes one or more algorithms or instructions for controlling the

communications (e.g., NFC communications) between the sensor node 104a and the hub 102.

[00049] FIG. 3A further shows the perspective view of the coil 220a. The coil 220a is a

series of concentric loops of a continuous electrically conductive material (e.g., copper,

silver, gold, aluminum, etc.) that extends around the perimeter of the sensor node 104a. The

coil 220a is electrically connected to the processor 210a for providing (e.g., communicating

or transferring) the electrical power and data to the processor 210a for extracting the data and

powering the sensor node 104a.

[00050] The sensor node 104a further includes one or more components or sensors for

sensing the ECG or EKG signals. As shown, the sensor node 104a can include two or more

electrodes 302a and 302b. The electrodes 302a and 302b can be positioned on the top side of

the sensor node 104a or on the bottom side of the sensor node 104a. The electrodes 302a and

302b detect the electrical signals generated by the heart beats as sensor information. The

sensor node 104a further includes one or more components connected to the electrodes 302a

and 302b, such as an MCU 304, for processing and/or analyzing the detected heart beat

signals. Alternatively, the electrodes 302a and 302b can be connected to the processor 210a

for processing and/or analyzing the detected heart beat signals.

[00051] Referring to FIG. 3B, FIG. 3B shows a perspective view of a sensor node 104b.

In the specific illustrated example, the sensor node 104b is designed for sensing motion. The

sensor node 104b includes a processor 210b. The processor 210b controls the processing of

one or more algorithms and/or instructions for sensing motion. Additionally, the processor



210b executes one or more algorithms or instructions for controlling the communications

(e.g., NFC communications) between the sensor node 104b and the hub 102.

[00052] FIG. 3B further shows the perspective view of the coil 220b. Like the coil

220a, the coil 220b is a series of concentric loops of a continuous electrically conductive

material (e.g., copper, silver, gold, aluminum, etc.) that extends around the perimeter of the

sensor node 104b. The coil 220b is electrically connected to the processor 210b for providing

the electrical power and data to the processor 210b, and other components of the sensor node

104b, for extracting the data and powering the sensor node 104b.

[00053] The sensor node 104b further includes one or more components or sensors for

sensing motion. In some aspects, the sensor node 104b can include one or more light sources

306, such as light emitting diodes, for indicating when the sensor node 104b is operating.

Further, the sensor node 104b includes an accelerometer 308 and a gyroscope 310. The

accelerometer 308 measures the force in up to three axes, and the gyroscope 310 measures

the angular velocity with respect to the body axis. The accelerometer 308 and the gyroscope

310 are connected to the processor 210b for transmitting the sensor information to the

processor 210b for subsequent processing and/or transmission to the hub 102.

[00054] Although FIGS. 3A and 3B illustrate an ECG or EKG sensor node 104a and a

motion sensor node 104b, the system 100 can include other types of sensors. Non-limiting

examples include heat flux sensors, accelerometers, gyroscopes, electrocardiogram (ECG or

EKG) sensors, pressure sensors, heart rate monitors, galvanic skin response sensors, sweat

sensors, and non-invasive blood pressure and blood oxygen saturation monitors, to name

merely a few types of sensors.

[00055] Referring to FIG. 3C, FIG. 3C shows a perspective view of the hub 102, in

accord with aspects of the present disclosure. As described above, the hub 102 includes a

power source 200. In the illustrated embodiment, the power source 200 is, for example, a

lithium ion button battery. The hub 102 further includes the memory 202, the

communications interface 204, and the processor 208. Also shown are the power transmitter

and data transceiver 206 and the coil 218. Similar to the coils 220a and 220b, the coil 218 is

a series of concentric loops of a continuous electrically conductive material (e.g., copper,

silver, gold, aluminum, etc.).

[00056] In some aspects, the hub 102 can include one or more additional components.

For example, the hub 102 can include circuitry 312 that allows for wireless charging of the

power source 200. The coil 218 can be used for both wirelessly transmitting electrical power



and data to the sensor node 104, as well as wirelessly receiving electrical power from, for

example, an inductive wireless charger (not shown).

[00057] Referring to FIG. 3D, the hub 102 and the sensor node 104a (but referring to all

sensor nodes) are shown coupled together. The sensor node 104a is coupled to the back of

the hub 102, opposite the power source 200, so that the sensor node 104a is in direct contact

with the body 106 of the user. However, in some aspects, the sensor node 104a can be

coupled to the other side of the hub 102, depending on the desired configuration and how the

hub 102 is configured to attach to the user.

[00058] As described above, the hub 102 and the sensor node 104a are configured so

that the coils 218 and 220a are co-located. Moreover, the hub 102 and the sensor node 104a

are further configured so that the coils 218 and 220a are co-located and concentric. The co-

located and concentric arrangement of the coils 218 and 220a maximizes the transmission of

electrical power from the hub 102 to the sensor node 104a, and also maximizes the

transmission of data between the hub 102 and the sensor node 104a. In the arrangement

shown in FIG. 3D, the hub 102 can provide a continuous, periodic, semi-periodic, and on-

demand supply of both electrical power and data to the sensor bode 104 for powering the

sensor node 104. In response, the sensor node 104 generates and/or collects sensor

information regarding the body 106 and transmits the sensor information back to the hub 102

as response data.

[00059] Referring to FIG. 4, FIG. 4 shows a ladder diagram 400 illustrating

communications between the hub 102, the sensor node 104, and the off-body computer

device 108 within the system 100, in accord with aspects of the present disclosure. For the

communications described with respect to the ladder diagram 400, the hub 102 and the sensor

node 104 are coupled together in a co-located and concentric arrangement, such as that

shown in FIG. 3D. Further, the coupled hub 102 and sensor node 104 are located on the body

106 of a user, such as that shown in FIG. 1 . Further, the hub 102 is in wireless

communication with the off-body computer device 108, such as a smartphone. However, the

hub 102 may only be in communication with the off-body computer device 108 for the

portions of the process in which the hub 102 communicates with the off-body computer

device 108.

[00060] At step 402, the hub 102 transmits electrical power and data to the sensor node

104. According to an NFC communication scheme, the transmission of electrical power and

data is via inductive coupling and transmission is of a signal at about 13.56 megahertz



(MHz). The electrical power is transmitted as the carrier wave. The data is transmitted as the

modulated signal within the carrier wave.

[00061] In some embodiments, the electrical power and data transmitted by the hub 102

is standard for all sensor nodes 104. Thus, sensor nodes 104 of varying sensing modalities

are all designed to operate in response to the same electrical power and data transmitted by

the hub 102. Alternatively, the electrical power and data transmitted by the hub 102 can vary

depending on the type of sensor node 104 that is coupled to the hub 102. In which case, prior

to step 402, a handshake can occur between the hub 102 and the sensor node 104. The

handshake informs the hub 102 of the specific type of sensor node 104 or the specific sensing

modalities supported by the sensor node 104 that is coupled to the hub 102. Based on the

specific sensor node 104 or the sensing modalities of the sensor node 104, the hub 102 can

vary the data, the electrical power, or both that are transmitted to the sensor node 104. For

example, different algorithms and/or instructions can be sent to the sensor node 104, as part

of the data transmitted to the sensor node 104 with the electrical power, depending on the

specific functionality and/or modality of the sensor node 104. As a further example, different

algorithms and/or instructions can be sent to the sensor node 104 depending on whether the

sensor node 104 is a dumb node, a smart node, or somewhere between. Moreover, different

algorithms and/or instructions can be sent to the sensor node 104 depending on whether the

sensor information is to be transmitted back to the hub 102 as, for example, raw data or as

data analyzed and/or processed by the processor 210 of the sensor node 104.

[00062] In some embodiments, sensor nodes 104 can receive some or all algorithms

and/or instructions for operation from the hub 102. In alternative embodiments, sensor nodes

104 receive triggering information from the hub 102, but otherwise include algorithms and/or

instructions for operation on-board, such as in the processor 210 or stored in separate

memory (not shown).

[00063] At step 404, the sensor node 104 receives the transmitted electrical power and

data from the hub 102. The sensor node 104 processes the received electrical power and data

by, for example, rectifying the electrical power and demodulating the data.

[00064] By receiving the electrical power, the sensor node 104 activates to perform one

or more processes related to collecting and/or generating sensor information. Specifically, at

step 406, the sensor node 104 records data or sensor information generated and/or collected

from one or more sensors 212 on the sensor node 104 based on the received electrical power.

Further, at step 408, the sensor node 104 executes one or more sensor-specific algorithms

based on the received electrical power to process and/or analyze the data or sensor



information received from the one or more sensors 212. For example, at step 408, the sensor

node 104 executes one or more processes for smoothing the sensor information, analyzing the

sensor information, compressing the sensor information, filtering the sensor information, and

the like. In some aspects, the processing includes executing one or more stored or

transmitted (e.g., from the hub 102) pattern recognition algorithms to detect one or more pre

defined patterns in the data. Further, other processing of the data not explicitly listed herein

can occur at step 408 (e.g., averaging, correlating, etc. of the sensor information). However,

in some instances, step 408 can be omitted, such as in the case of a dumb node where the data

or sensor information (e.g., raw data) from step 406 is streamed back to the hub 102 without

being processed. Instead, for example, the processing and/or analyzing of the data or sensor

information can instead be solely performed at the hub 102.

[00065] At step 410, the sensor node 104 transmits the processed and/or analyzed data

or sensor information, or simply the collected and/or generated data or sensor information

(e.g., raw data), to the hub 102 with the remaining received electrical power. The data is

transmitted back to the hub 102 according to the NFC communication scheme via inductive

coupling and transmission of a signal at about 13.56 megahertz (MHz). Because the

electrical power is not being transmitted back to the hub 102, the data is transmitted as the

sole signal, rather than as a modulated signal on an electrical power signal.

[00066] After receiving the response data from the sensor node 104, the hub 102 can

perform one or more functions on the data. For example, at step 412, the hub 102 aggregates

the processed and/or analyzed data or sensor information from the sensor node 104.

Additionally, at step 414, the hub 102 further processes and/or analyzes the received data or

sensor information from the sensor node 104. Similar to above, the processing can include,

for example, smoothing the sensor information, analyzing the sensor information,

compressing the sensor information, filtering the sensor information, and the like. The

processing also can include executing one or more pattern recognition algorithms to detect

one or more pre-defined patterns in the data. Based on, for example, the larger form factor of

the hub 102, a more advanced processor 208 (as compared to processor 210), and/or the on

board power source 200, the processing at the hub 102 can be more advanced or provide

optional processing. Further, other processing of the data not explicitly listed herein can

occur at step 414 (e.g., averaging, correlating, etc. of the sensor information). However, one

or both of steps 412 and 414 can be omitted or the order reversed depending on the specific

desired functions of the hub 102.



[00067] At step 416, the hub 102 transmits the data or sensor information to the off-

body computer device 108. The hub 102 transmits the data or sensor information based on

one or more wireless communication protocols, such as, for example, Bluetooth, WiFi,

Zigbee, etc. The off-body computer device 108 then performs one or more additional

processes and/or functions on the data, depending on the specific desired functions of the off-

body computer device 108.

[00068] The process described with respect to the ladder diagram 400 of FIG. 4 can be

repeated continuously, periodically, semi-periodically, or on-demand for acquiring the sensor

information over a period of time. Further, in some aspects, steps of the ladder diagram can

be omitted when the process is repeated. For example, the hub 102 can initially send both

electrical power and data to the sensor node 104, which causes the sensor node 104 to operate

according to a predefined mode of operation. However, subsequent transmissions from the

hub 102 can include only electrical power, such as to keep the sensor node 104 electrically

powered, but do not include data. Alternatively, subsequent transmissions from the hub 102

can include only data, such as where the sensor node 104 includes an electrical power

element (e.g., capacitor), but requires further data for operation. Thus, each repetition of the

process described in the ladder diagram may vary depending on the variable configuration

and functionality of the hub 102, the sensor node 104, or both.

[00069] As described above, the system 100 enjoys several benefits over existing

systems. For example, the sensor node 104 operates independent of an on-board discrete

power source. Accordingly, the sensor node 104 is not limited by the constraints on the form

factor typically experienced by needing an on-board power source. Further, the sensor node

104 can operate continuously, periodically, semi-periodically, or on-demand without

requiring an off-body computer device (e.g., reader), such as a smartphone, being in constant

proximity to the sensor node. Additionally, de-coupling the backend electrical power and

communications system from the frontend sensing system allows for different development

schedules for each of the backend and the frontend, without requiring replacement of the

entire system. The de-coupling of systems allows for faster development in system designs

and architectures. Furthermore, the system 100 covers the spectrum of wearable sensing

technology for users who are concerned with both episodic and continuous monitoring as the

sensor node 104 can be used alone, such as being interrogated by the off-body computer

device 108, or when coupled to the hub 102 for persistent monitoring. In accordance with

some embodiments, the one or more hubs 102 can be supplied with 2 or more sensor nodes

104 in the form of a kit wherein the sensing nodes provide sensing modalities that are



directed to a predefined class of injury, ailment or disease. For example, sensor nodes that

detect temperature (e.g., thermal sensors) and physical motion (e.g., accelerometers and

gyroscopes) can be included in a kit for multiple sclerosis or Parkinson's disease sensing and

monitoring. And, for example, sensor nodes that detect heart rates (e.g., EKG, EMG, ECG

and other biopotentials) as well as physical motion (e.g., accelerometers and gyroscopes) can

be included in a kit for heart disease and stroke sensing and monitoring.

[00070] Other embodiments are within the scope and spirit of the invention. For

example, due to the nature of software, functions described above can be implemented using

software, hardware, firmware, hardwiring, or combinations of any of these. Features

implementing functions may also be physically located at various positions, including being

distributed such that portions of functions are implemented at different physical locations.

[00071] Further, while the description above refers to the invention, the description may

include more than one invention.



CLAIMS

What is claimed is:

1 . An interchangeable sensor system comprising:

a hub configured to be attached to a user and to be selectively coupled to one or more

sensor nodes, the hub being further configured to transmit electrical power and

operational data wirelessly to the one or more sensor nodes; and

at least one sensor node configured to be selectively coupled to the hub and to receive the

electrical power and the operational data wirelessly, the at least one sensor node

including at least one sensor configured to generate sensor data responsive to the

electrical power transmitted from the hub, the at least one sensor node being further

configured to transmit the sensor data wirelessly to the hub for processing,

aggregation, and/or transmission to an off-body computer device.

2 . The system of claim 1, wherein the hub includes a hub coil configured to transmit the

electrical power and the operational data wirelessly, and the at least one sensor node includes

a sensor node coil configured to receive the electrical power and the operational data and to

transmit the sensor data.

3 . The system of claim 2, wherein the hub and the at least one sensor are configured such

that the hub coil and the sensor node coil are co-located when the at least one sensor node is

coupled to the hub.

4 . The system of claim 3, wherein the hub coil and sensor node coil are concentric when

the at least one sensor node is coupled to the hub.

5 . The system of claim 1, wherein the at least one sensor node comprises a plurality of

sensor nodes, each sensor node of the plurality of sensor nodes including an application-

specific sensor having a different sensing modality among the plurality of application-

specific sensors, and the hub is configured to be selectively coupled to the sensor nodes of the

plurality of sensor nodes one at a time.



6 . The system of claim 1, wherein the hub further includes a power source, and all

electrical power required by the at least one sensor node for generating the sensor data is

provided by the power source through the hub coil.

7 . The system of claim 6, wherein the electrical power is transferred from the hub coil to

the sensor node coil by induction.

8 . The system of claim 7, wherein the hub further includes an inductive charging circuit

configured to charge the power source based on an external power source by induction

through the hub coil.

9 . The system of claim 1, wherein the at least one sensor node includes a processor

configured to process the electrical power and the operational data for executing one or more

application-specific algorithms.

10. The system of claim 9, wherein the processor is configured to demodulate the

electrical power to obtain the operational data.

11 . The system of claim 1, wherein the hub includes memory configured to aggregate the

sensor data from the at least one sensor node.

12. The system of claim 1, wherein the hub includes a processor, and the processor is

configured to execute one or more application-specific algorithms based on the at least one

sensor node currently coupled to the hub.

13. A method of acquiring sensor information, the method comprising:

transmitting, by a hub, electrical power and operational data to at least one sensor node,

the at least one sensor node being coupled to the hub, and the hub and the at least one

sensor node being attached to a body of a user;

receiving, by the at least one sensor node, the electrical power and the operational data

transmitted by the hub;

generating, by at least one sensor of the at least one senor node, sensor information

associated with the body;

transmitting, by the at least one sensor node, the sensor information to the hub; and



aggregating, processing, and/or analyzing, by the hub, the sensor information received

from the at least one sensor node,

wherein the electrical power, the operational data, or a combination thereof are

transmitted to the at least one sensor node continuously, periodically, or semi-

periodically by the hub for acquiring the sensor information associated with the body.

14. The method of claim 13, wherein the electrical power and the operational data are

transmitted to the at least one sensor node continuously with the at least one sensor node

coupled to the hub.

15. The method of claim 13, wherein only the electrical power is transmitted to the at

least one sensor node continuously with the at least one sensor node coupled to the hub.

16. The method of claim 13, wherein only the operational data is transmitted to the at

least one sensor node continuously with the at least one sensor node coupled to the hub.

17. The method of claim 13, wherein the hub includes a hub coil and the at least one

sensor node includes a senor node coil.

18. The system of claim 17, wherein the hub and the at least one sensor node are

configured such that the hub coil and the sensor node coil are co-located when the at least one

sensor node is coupled to the hub.

19. The system of claim 18, wherein the hub coil and the sensor node coil are concentric

when the at least one sensor node is coupled to the hub.

20. The method of claim 17, wherein the electrical power and the operational data are

communicated to the at least one sensor node based on near field communication protocols.

21. The method of claim 13, further comprising:

modulating, by the hub, the electrical power with the operational data prior to

transmitting the electrical power and the operational data; and

demodulating, by the at least one sensor node, the operational data from the electrical

power to extract the operational data.



22. The method of claim 13, further comprising:

recording, by the at least one sensor node, the sensor information in on-board memory

prior to transmitting the sensor information to the hub; and

executing, by the at least one sensor node, one or more location-specific algorithms based

on the electrical power, the operational data, or a combination thereof to process

and/or analyze the sensor information prior to transmitting the sensor information to

the hub.

23. The method of claim 13, further comprising:

transmitting, by the hub, the sensor information to an off-body computer device after

aggregating, processing, and/or analyzing the sensor information by the hub.
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