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AMPLIFYING ORIENTATION CHANGES FOR ENHANCED MOTION

DETECTION BY A MOTION SENSOR

FIELD

The present invention relates generally to electrical and electronic hardware,

electromechanical and computing devices. More specifically, techniques related to amplifying

orientation changes for enhanced motion detection by a motion sensor are described.

BACKGROUND

Conventional devices and techniques for motion detection are limited in a number of

ways. Conventional implementations of motion sensors, such as accelerometers, are not well-

suited for accurately detecting and measuring movement having a small linear acceleration, as

may occur by displacement of a skin surface in response to a pulse in a blood vessel. In

particular, accelerometers typically have a threshold sensitivity and have a difficult time

measuring translations that result in accelerations close to that threshold sensitivity.

Thus, what is needed is a solution for amplifying orientation changes for enhanced

motion detection by a motion sensor without the limitations of conventional techniques.

BRIEF DESCRIPTION OF THE DRAWINGS

Various embodiments or examples ("examples") are disclosed in the following detailed

description and the accompanying drawings:

FIG. 1 illustrates an exemplary structure for enhancing motion detection;

FIG. 2 illustrates an alternative exemplary structure for enhancing motion detection;

FIG. 3 illustrates another alternative exemp lar ' structure for enhancing motion detection;

FIG. 4 is a diagram depicting the use of wearable devices equipped with enhanced motion

detection;

FIG. 5 is a diagram illustrating an exemplary motion sensor changing orientation;

FIG. 6 is a diagram illustrating exemplary planes of orientation;

FIGs. 7A-7B illustrate exemplary articulators;

FIGs. 8A-8C illustrate exemplary articulator shapes;

FIG. 9 illustrates an exemplary configuration for coupling a motion sensor, circuitry, and

a structure for enhancing motion detection;

FIG 0 illustrates an exemplary funnel structure for enhancing motion detection;

FIG. is a diagram depicting placement of an exemplary structure for enhancing motion

detection adjacent to a skin surface;



FIG. 12 is another diagram depicting placement of an exemplary structure for enhancing

motion detection adjacent to a skin surface;

FIG. illustrates an exemplary structure for amplifying orientation changes for

enhancing motion detection;

FIG 14 illustrates an alternative exemplary structure for amplifying orientation changes

for enhancing motion detection;

FIG. 15 illustrates another alternative exemplary structure for amplifying orientation

changes for enhancing motion detection;

FIG. 6 illustrates different exemplary structure for amplifying orientation changes for

enhancing motion detection;

FIG. 7 illustrates another different exemplary structure for amplifying orientation

changes for enhancing motion detection;

FIG. 8 is a diagram showing another exemplary structure for amplifying orientation

changes for enhancing motion detection;

FIGs. 19A-19B are diagrams depicting placement of exemplary articulators for

amplifying orientation changes for enhancing motion detection;

FIGs. 20A-20C illustrate an exemplary structure for directing movement of a motion

sensor; and

FIG. 2 1 is a graph illustrating an exemplary measured acceleration over time of

movement caused by a pulse.



DETAILED DESCRIPTION

Various embodiments or examples may be implemented in numerous ways, including as

a system, a process, an apparatus, a device, and a method for enhanced motion detection. In

some embodiments, motion may be detected using an accelerometer that responds to an appl ed

force and produces an output signal representative of the acceleration (and hence in some cases a

velocity or displacement) produced by the force. Embodiments may be used to detect the motion

of a sub-component of a system. Techniques described are directed to systems, apparatuses,

devices, and methods for using acceferometers, or other devices capable of detecting motion, to

detect the motion of an element or part of an overall system. In some examples, the described

techniques may be used to accurately and reliably detect the motion of a part of the human body

or an element of another complex system m general, operations of disclosed processes may be

performed in an arbitrary order, unless otherwise provided in the claims.

A detailed description of one or more examples is provided below along with

accompanying figures. The detailed description is provided in connection with such examples,

but is not limited to any particular example. The scope is limited only by the claims and

numerous alternatives, modifications, and equivalents are encompassed. Numerous specific

details are set forth in the following description in order to provide a thorough understanding.

These details are provided for the purpose of example and the described techniques may be

practiced according to the claims without some or all of these specific details. For clarity,

technical material that is known in the technical fields related to the examples has not been

described in detail to avoid unnecessarily obscuring the description.

FIG. 1 illustrates an exemplary structure for enhancing motion detection. Here, structure

100 includes articulator (i.e., applicator) 102 and pin 104. As used herein, the terms "articulator"

and "applicator" can be used, at least in some embodiments, interchangeably to refer to a

structure suitable for applying, or placing, onto a surface (e.g., skin or other surface), to which a

motion sensor may be coupled. n some examples, articulator 02 may be configured to transfer

energy, for example rotational energy, from skin or another surface to a motion sensor. Here,

articulator 2 may be formed using metal, plastic, or other suitable materials (i.e., holds a shape

and compatible with skin). In some examples, articulator 2 may be configured to amplify

rotational motion (i.e., orientation changes) or to amplify linear motion by converting or

translating the linear motion into rotational motion. In some examples, pin 104 may apply force

108 to articulator 102. As shown, pin 104 may have a pointed end that fits into a



CQTTespondingly-shaped indentation in articulator 102, for example on a pivot point (i.e., at the

center of a side or on an axis of rotation) of articulator 2, so that pin 104 may apply force 08

to articulator 102 without applying moment, torque, or any rotational force, to articulator 02 In

some examples, structure 0 may rotate along rotation 6. For example, force 108 may be

applied to one side of articulator 102 in order to hold another side of articulator 2 against skin,

while allowing the another side of articulator 102 to register movement along adjacent skin by

rotating along rotation 106. In other examples, articulator 102 may rotate differently than along

rotation 06. For example, articulator 1 2 may be configured to rotate two or more planes. In

some examples, articulator 102 may be configured to translate small amount of linear movement

(i.e., near a threshold sensitivity of an accelerometer) in blood vessel into a rotational

movement more easily detected by a motion sensor (e.g., motion sensors 0 and 3 0 in FIGs. 2

and 3, respectively) coupled to articulator 2. r example, articulator 1 2 may be placed (and

held) against a surface of skin adjacent to tissue, which in turn is adjacent to a blood vessel (see,

e.g., FIGs. 1 - 12 and 19A-20). A pulse (i.e., pulse wave) of blood through such a blood vessel

may have a small amount of linear movement that may be transferred through tissue to a skin

surface against which articulator i 02 may be placed such that articulator 02 may rotate in

response to the movement of the blood vessel (see, e.g., FIGs. 1-12 and 19A-20). In other

examples, the quantity, type, function, structure, and configuration of the elements shown may

be varied and are not limited to the examples provided.

FIG. 2 illustrates an alternative exemplary structure for enhancing motion detection.

Here, simcture 200 includes articulator 202, pin 204 and motion sensor 2. 0 Like-numbered and

named elements may describe the same or substantially similar elements as those shown in other

descriptions. In some examples, pin 204 may be configured with a tip (i.e., pointed tip) that fits

into a correspondingly-shaped indentation in articulator 202, for example on a pivot point (i.e., at

the center of a side or on an axis of rotation) of articulator 102, so that pin 204 may be placed

onto articulator 202 to apply a force to articulator 202 holding articulator 202 against a surface

(e.g., skin or other surface) without applying moment. For example, articulator 202 may freely

rotate in multiple planes in response to movement on the surface against which it is being held.

In some examples, motion sensor 210 may be, or include, an accelerometer, a vibration

sensor (e.g., acoustic, piezoelectric, or the like), a gyroscopic sensor, or other type of motion

sensor. In some examples, motion sensor 210 may be coupled to articulator 202 by being

mounted, or otherwise placed securely, onto articulator 202. In some examples, motion sensor



210 may be coupled to articulator 202 at or ear an edge farther or farthest out from pin 204 so

that motion sensor 2 0 may be subjected to, and thereby register, a greater amount of rotation, or

other movement. In some examples, motion sensor 2 0 may be configured to register, or sense,

rotational energy from articulator 202 For example, movement on a surface against which

articulator 202 is being held may cause articulator 202 to rotate in one or more planes. In this

example, motion sensor 2 0 may register and measure various characteristics (e.g., acceleration,

direction, or the like) of the rotation of articulator 202. In some examples, articulator 202 may

be configured to translate small amount of linear movement (i.e., near a threshold sensitivity of

an accelerometer) in a blood vessel into a rotational movement more easily detected by motion

sensor 210. For example, articulator 202 may be placed (and held) against a surface of skin

adjacent to tissue, which in turn is adjacent to a blood vessel (see, e.g., FIGs. 1-12 and 19A-20).

A pulse of blood through such a blood vessel may have a small amount of linear movement that

may be transferred through tissue to a skin surface against which articulator 202 may be placed

such that articulator 202 may rotate i response to the movement of the blood vessel (see, e.g.,

FIGs. - 2 and 9A-20), and motion sensor 2 10 may capture the rotation of articulator 202. In

other examples, the quantity, type, function, structure, and configuration of the elements shown

may be varied and are not limited to the examples provided.

FIG. 3 illustrates another alternative exemplary structure for enhancing motion detection.

Here, structure 300 includes articulator 302, pin 304, motion sensor 310 and post 312. Like-

numbered and named elements may describe the same or substantially similar elements as those

shown in other descriptions. In some examples, post 3 2 may be mounted, or otherwise placed

securely, onto articulator 302. In some examples, post 3 2 may be configured to couple motion

sensor 3 0 to articulator 302. In some examples, post 3 2 may be configured to extend outward

from an edge of articulator 302, and away from a pivot point (i.e., an axis of rotation) of

articulator 302, such that motion sensor 3 0 may be subjected to, and thereby register, a greater

amount of rotation when articulator 302 rotates in response to movement on a surface against

which articulator 302 is being held. In some examples, motion sensor 3 0 may be configured to

register, or sense, rotational energy from articulator 302. For example, movement on a surface

against which articulator 02 is being held may cause articulator 302 to rotate in o e or more

planes. In this example, motion sensor 310 may register and measure various characteristics

(e.g., acceleration, direction, or the like) of the rotation of articulator 302. In some examples,

articulator 302 may be configured to translate small amount of linear movement (i.e., near a



threshold sensitivity of an accelerometer) in a blood vessel into a rotational movement more

easily detected by motion sensor 310. For example, articulator 302 may be placed (and held)

against a surface of skin adjacent to tissue, which in turn is adjacent to a blood vessel (see, e.g.,

FIGs. - 2 and A-20). A pulse of blood through such a blood vessel may have a small

amount of linear movement that may be transferred through tissue to a skin surface against which

articulator 302 may be placed such that articulator 302 may rotate in response to the movement

of the blood vessel (see, e.g., F Gs. - and A-20), and motion sensor 3 0 may capture the

rotation of articulator 302. in other examples, the quantity, type, function, structure, and

configuration of the elements shown may be varied and are not limited to the examples provided.

FIG 4 is diagram depicting the use of wearable devices equipped with enhanced motion

detection. Here, diagram 400 includes users 402-404, wearable devices 406-408, and structures

200-300. Like-numbered and named elements may describe the same or substantially similar

elements as those shown in other descriptions. As shown, wearable device 406 may be worn by

user 402, and wearable device 408 may be worn by user 404. In some examples, wearable

devices 406-408 may be implemented as a band having one or more sensors, including motion

sensors. In some examples, wearable devices 406-408 may include motion sensors configured to

register and process data associated with greater movement, for example the movement of user

404, as well as smaller movement, for example the movement of user 402. In some examples,

wearable device 406-408 may be implemented with structure 200 or structure 300 to enhance

detection of motion by a motion sensor, as described herein. In some examples, wearable

devices 406-408 may be implemented with circuitry, logic, software and/or processing

capabilities to distinguish betwee different types of motion data, for example, to identify data

associated with motion caused by a user's gait or physical activity from data associated with

motion caused by user's heartbeat or pulse. In some examples, wearable devices 406-408 also

may be configured to process data from a motion sensor coupled to structures 2.00-300 to derive

data associated with movement on an adjacent skin surface (e.g., on users 402-404's wrists,

arms, or other body parts). For example, wearable devices 406-408 may be configured to derive

data associated with a direction of movement on an adjacent skin surface, a magnitude of a force

exerted by a pulse in a blood vessel underneath an adjacent skin surface, a time period between

two pulses, a heart rate, a blood pressure, or the ike. In other examples, the quantity, type,

function, structure, and configuration of the elements shown may be varied and are not limited to

the examples provided.



FIG. 5 is a diagram illustrating an exemplary motion sensor changing orientation. Here,

diagram 500 includes motion sensors 502-504, x-axis acceleration 508-512, z-axis acceleration

514-516, and gravitational acceleration 518-520. Like-numbered and named elements may

describe the same or substantially similar elements as those shown in other descriptions. In some

examples, x-axis acceleration 508, to which motion sensor 502 may be subject to, may be a

linear or translational acceleration. In some examples, the linear or transiational movement

giving rise to x-axis acceleration 508 may be converted into rotation, for example by mounting

motion sensors 502-504 onto structures (e.g., as shown in at least FIGs. -3, 9, I and 13-18)

configured to amplify motion. Then, as shown with motion sensor 504, changes in orientation of

acceleration due to gravity (e.g., gravitational acceleration 518-520) relative to an orientation of

motion sensor 504, as indicated by x-axis acceleration 5 -5 2 and z-axis acceleration 514-516,

gravity being large relative to the sensitivity of motion sensor 504. n other examples, the

quantity, type, function, stiiicture, and configuration of the elements shown may be varied and

are not limited to the examples provided.

FIG. 6 is a diagram illustrating exemplary planes of orientation. Here, diagram 600

includes rotational directions 602-606 and planes 608-612. As shown, an object rotating in

direction 602 is rotating in plane 608, an object rotating in direction 604 is rotating in plane 610,

and an object rotating in direction 606 is rotating in plane 612. In this example, plane 608 is

normal to gravity, and rotation in direction 602 may not provide gravitation advantage for

detecting orientation changes, as described in FIG. 5. On the other hand, creating or causing

rotation in planes 610-612. can provide the gravitation advantage for detecting orientation

changes, as described in FIG. 5. n some examples, a motion sensor may be placed or mounted

on an articulator (e.g., FIGs. 1-4, 7A-7B, 8A-8C, and 3- 18) configured to rotate in multiple

planes, and thus to provide the gravitation advantage described in FIG. 5 In other examples, the

quantity, type, function, structure, and configuration of the elements shown may be varied and

are not limited to the examples provided

FIGs. 7A-7B illustrate exemplary articulators. In some examples, articulator 702 may be

configured to move in directions 706 along a plane. In other examples, articulator 704 may be

configured to move in directions 708 along two or more planes. As shown, articulators 702-704

may have a rounded surface for placing adjacent to, or contacting, a surface (i.e., a skin surface).

In some examples, articulators 702-704 may be configured to rotate (e.g., in directions 706-708)

in response to movement on a surface adjacent to the rounded surface of articulators 702-704.



instabilities in articulators 702-704 that cause orientation changes in two or more axes may assist

in enhancing motion detection, for example, by exaggerating movement. Examples of articulator

shapes ha may give rise to such instabilities are shown in FIGs. 8A-8C, which sho articulators

802-806. In some examples, articulators 802-806 may be configured to be placed against a

surface (e.g., skin surface or the like) such that movement on said surface causes articulators

802-806 to roll, or otherwise cause a rotational force. In some examples, articulators 802-806

may be shaped to minimize deformation of a surface against which articulators 802-806 may be

held. In particular, articulators 802-806 may be shaped to reduce edges or comers (which may

stretch or stress skin thereby changing skin tension) on a side that contacts a skin surface, such

that the skin's movement associated with a pulse is not dampened, or otherwise reduced or

changed. For example, articulator 802 has filleted or rounded edges on one side. I another

example, articulator 804 has no edges on one side, the one side being substantially round, or

semispherical. In still another example, articulator 806 has an asymmetrical, rounded shape

configured to cause orientation changes in a plurality of planes. In other examples, the quantity,

type, function, structure, and configuration of the elements shown may be varied and are not

limited to the examples provided.

FIG 9 illustrates an exemplary system for coupling a motion sensor, circuitry, and a

structure for enhancing motion detection. Here, system 900 includes articulator 902, pin 904,

sensor 906, wire 908 and circuitr 0. Like-numbered and named elements may describe the

same or substantially similar elements as those shown in other descriptions. In some examples,

articulator 902 may be shaped similar to the shapes shown in FIGs. 1-4, 7A-7B and 8A-8C In

other examples, articulator 902 may be shaped differently. In some examples, sensor 906 may

be a motion sensor (e.g., motion sensors 2 10, 310, 10 4, 1112, 6 and 1710 in FIGs. 2, 3, 0,

11, 16 and 17, respectively), and may be placed (i.e., mounted) on or near an edge of articulator

902 far from a pivot point of articulator 902 (see, e.g., FIG. 2). In other examples, sensor 906

may be coupled to articulator 902 differently (see, e.g., FIG. 3). In some examples, sensor 906

may be coupled to circuitry 9 0 using wire 908. In some examples, wire 908 may be configured

to enable the transfer o communication of data between sensor 906 and circuitry 9 0, for

example by allowing an electrical, or other type of, signal to pass through. In some examples,

wire 908 may have a coil form, or may be able to be manipulated into a coil. In some examples,

wire 908 may comprise a stress-relieving coil of wire. In other examples, sensor 906 and

circuitry 910 may be coupled differently, for example, wireJessly. In some examples, circuitry



910 may be mounted to a wearable device (e.g., wearable devices 406-408 in FTG. 4). n some

examples, circuitry 9 0 may be configured to process data received from sensor 906. For

example, circuitry 910 may be configured to translate data associated with rotational motion of

articulator 902, as detected by sensor 906, into data associated with linear motion of an adjacent

structure (e.g., a blood vessel or other tissue). In another example, circuitry 910 may be

configured to derive additional data using sensor data from sensor 906, as well as other data f om

databases, other sensors, and/or other devices. In other examples, the quantity, type, function,

structure, and configuration of the elements shown may be varied and are not limited to the

examples provided.

FIG 0 illustrates an exemplary funnel structure for enhancing motion detection. Here,

structure 1000 includes funnel 1002, large diaphragm 1004, small diaphragm 1006, fluid 1008,

edges 0 0- 12, and motion sensor 0 4. Like-numbered and named elements may describe

the same or substantially similar elements as those shown in other descriptions. In some

examples, structure 00 may be configured to transmit a force from a larger area to a smaller

area. In some examples, large diaphragm 004 may be placed against or adjacent to a surface

(i.e., skin surface), and may be configured to move in response to movement on said surface.

For example, diaphragm 04 may be formed using a deformable material (e.g., rubber, plastic,

other materials having material memory, or the like). On the other hand, funnel 1002 may be

formed using a stiffer material, and thus edges 0 0- 12 may be stiffer relative to diaphragms

04- 06. In some examples, funnel 002 may be configured to hold or contain a liquid

(viscous or otherwise), such as fluid 1008. Deformations in large diaphragm 004 may travel

through fluid 1008, being tunneled by funnel 02, and echo in small diaphragm 1006, the

displacement of which may then be sensed using motion sensor 0 4. In some examples,

diaphragm may be placed directly onto a skin surface, and edges 0 - 2 may be held against

such skin surface to occlude (i.e., hold, trap, keep or place) a blood vessel (i.e., through skin

tissue), for example, against a bone, tendon, or other tissue structure. In other examples, the

quantity, type, function, stiiicture, and configuration of the elements shown may be varied and

are not limited to the examples provided.

FIG. is a diagram depicting placement of an exemplary structure for enhancing motion

detection adjacent to a skin surface. Here, diagram 0 includes articulator 02, skin surface

1104, blood vessel 106, tendons 8- 1 0, and forces 12- 14. Like-numbered and named

elements may describe the same or substantially similar elements as those shown in other



descriptions n some examples, blood vessel 1106 may be an artery through which a pulse may

travel. In other examples, blood vessel 1 06 may be a vein, capillary, or other part of the

circulatory system. In some examples, articulator 02 may be held against skin surface 04 by

a force 112, for example using a pin-like structure (e.g., pins 104, 204, 304 and 904 in FIGs. 1-3

and 9, respectively), creating a dip in skin surface 1104 between tendon 1 08 and blood vessel

1106. In some examples, force 1 2 may be directed onto a pivot point, or on an axis of

rotation, on a side of articulator 2 opposite to the skin adjacent side. In some examples, force

2 may be of sufficient magnitude to fonn a dip in skin surface 1 4 that pushes fat tissue or

other subcutaneous tissue away to improve the response of articulator 02 to force 114. In

some examples, force 1 2 may be configured (i.e., located and provided with sufficient

magnitude) to occlude blood vessel 106 against a bone tissue (e.g., a radius in a wrist). As

shown in FIG. 2, the placement of articulator 02 between tendon 108 and blood vessel 1 6

may increase the rotation of articulator 1 2 in response to force 14 by allowing force 1 4 to

act on articulator 02 with a tangential or circumferential force. In some examples, force 1 4

may be caused by a pulse running through blood vessel 1106. In some examples, force 114

may act as a radial force, causing a moment about a pivot point, or on axis of rotation, of

articulator 102, thereby causing articulator 102 to rock, rotate, or otherwise move about the

pivot. n some examples, articulator 102 may be implemented with a motion sensor (e.g.,

motion sensors 210, 3 0, 14, 1112, 16 0 and 1710 in FIGs. 2, 3, 10, 1, 16 and 17,

respectively) to register (i.e., sense) the rotational acceleration resulting from the movement of

articulator 02 in response to force 14. In other examples, other motion sensors may be

implemented on or near the skin surface and articulator 1 2 to detect orientation change (or

other motion) not caused by a pulse. For example, a second motion sensor (not shown) may be

placed elsewhere on the same skin surface or body part (i.e., on the other side of tendon 10) to

detect and measure orientation change (or other motion) of the skin surface or body part

unrelated to motion caused by blood vessel 6. In this example, data from the second motion

sensor may be used to cancel, or subtract, out a portion of sensor data detected using articulator

02 that may not be attributable to a pulse in blood vessel 106, and thereby determine the

attributes associated with said pulse. In other examples, a first motion sensor may be

implemented to detect and measure the motion of articulator 1 2 only when a second motion

sensor determines that a body part, which articulator 02 is in contact with or adjacent to, is in a

good state for such measurements. For example, if a first motion sensor and articulator 2 are



configured for detection and measurement of pulse-related information, a second motion sensor

may determine when a wrist, to which the first motion sensor and articulator 102 is coupled, is

at rest. When the wrist is not at resi, the data from the first motion sensor may not be considered

or used in (i.e., to derive information such as heart rate) n still other examples, the quantity,

type, function, structure, and configuration of the elements shown may be varied and are not

limited to the examples provided.

FIG. 12 is another diagram depicting placement of an exemplary structure for enhancing

motion detection adjacent to a skin surface. Here, diagram 1200 includes limb (i.e., cross-

section) 1 02, articulator 1204, blood vessel 1206 and rotation direction 1208. Like-numbered

and named elements may describe the same or substantially similar elements as those shown in

other descriptions. n some examples, limb 2.02 may be a wrist and blood vessel 1206 may be

an artery below the skin surface of the wrist In some examples, articulator 1204 may be placed

in a location offset from blood vessel 1206, for example along an axis parallel to blood vessel

1206, such that movement from a pulse through blood vessel 1206 may act tangentialiy or

circumferentially on articulator 1204 (e.g., to cause rotation in at least a plane perpendicular to

blood vessel 1206). In other examples, the quantity, type, function, structure, and configuration

of the elements shown may be varied and are not limited to the examples provided.

FIG. 13 illustrates a exemplary structure for amplifying orientation changes for

enhancing motion detection. Here, structure 300 includes articulator 1302, lever 1304 and

rotations 306- 30 . Like-numbered and named elements may describe the same or

substantially similar elements as those shown in other descriptions. In some examples, lever

1304 may be a rigid bar with one end placed on a pivot point, or on a axis of rotation, of

articulator 1302. In some examples, when articulator 302 moves to position 1302a, lever 1304

will move correspondingly to position 1304a, and when articulator 1304 moves to position

302b, lever 304 will move correspondingly to position 04b. Thus, when articulator moves

according to rotation 1308 (i.e., the acceleration and distance of rotation 1308), an end of lever

1304 not attached to articulator 1302 (i.e., a tree end of lever 1304) moves according to rotation

1306 (i.e., the acceleration and distance of rotation 1306). In some examples, lever 1304 may be

longer tha a diameter of articulator 1302, and thus rotation 1308 has a greater rotational

acceleration than rotation 306. In some examples, a motion sensor (e.g., motion sensors 2 0,

310, 1014, 12, 1610 and 1710 in FIGs. 2, 3, 10, , 16 and 17, respectively) may be coupled to

a free end of lever 304 to detect motion at the free end. Thus, where articulator 302 is placed



on or adjacent to a surface wherein a movement in the surface is sufficient to cause articulator

1302 to rotate as indicated by rotation 1308, a motion sensor implemented at a tree end of lever

1304 may register (i.e., detect) and measure rotation 1306, thereby amplifying the movement

(i.e., using orientation changes). In other examples, the quantity, type, function, structure, and

configuration of the elements shown may be varied and are not limited to the examples provided.

FIG. 14 illustrates an alternative exemplary structure for amplifying orientation changes

for enhancing motion detection. Here, structure 1400 includes housing 1402, pin 1404, slot

1406, direction 1408 and rotation 1410. Like-numbered and named elements may describe the

same or substantially similar elements as those shown in other descriptions. In some examples,

slot 1406 may comprise a narro opening or indentation on the side of housing 1402, which has

a cylindrical shape In some examples, pin 404 may be a stationary pin constrained within slot

1406, such that when housing 1402 moves in direction 1408, stationary pin 1404 slides along the

slot causing housing 1402 to rotate about an axis as indicated by rotation 1410. Thus, structure

1400 may convert a linear movement (i.e., no orientation change) into a rotation. n other

examples, the quantity, type, function, structure, and configuration of the elements shown may

be varied and are not limited to the examples provided.

FIG 15 illustrates another alternative exemplary structure for amplifying orientation

changes for enhancing motion detection. Here, structure 500 includes articulator 1502, lever

504, sliding joint 506 and pivot 1508. Like-numbered and named elements may describe the

same or substantially similar elements as those shown in other descriptions. In some examples,

lever 1504 may comprise pivot 1508 at which lever 1504 may bend at an angle. In some

examples, lever 504 also may be pinned by sliding joint 1506, and may be configured to bend at

a point where fever 1504 is pinned by sliding joint 506. Where the distance along lever 504

between sliding joint 1506 and pivot 1508 is small (i.e., smaller than the distance between sliding

joint 1506 and a free end of lever 1504), movement of articulator 1502. may be amplified. For

example, using the placement of articulator 1502, lever 1504, sliding joint 1508 and pivot 1508,

as shown, movement of articulator 1502 from position 1502a to position 1502b may result in

rotation 1512 at an edge of articulator 1502, and may result in rotation 1510 at a f ee end of

articulator 1502. In other examples, the quantity, type, function, structure, and configuration of

the elements shown may be varied and are not limited to the examples provided.

FIG 6 illustrates different exemplary structure for amplifying orientation changes for

enhancing motion detection. Here, structure 00 includes hump 602, footings 1604-1606,



distance 1608, motion sensor 1610 and rotation 16 . Like-numbered and named elements may

describe the same or substantially similar elements as those shown in other descriptions. In some

examples, hump 1602 may be coupled to a surface using footings 1605-1606. In some examples,

footing 604 may be coupled to a housing, or other structure, while footing 1606 may be coupled

to a skin surface, wherein footing 06 may be displaced with movement on the skin surface,

and footing 604 may not. As shown, a displacement of footing 1606 of distance 608 may

result in a rotation 6 2 of tha may be registered ( .e., detected) and/or measured by motion

sensor 16 0. In other examples, the quantity, type, function, structure, and configuration of the

elements shown may be varied and are not limited to the examples provided.

FIG 7 illustrates another different exemplary structure for amplifying orientation

changes for enhancing motion detection. Here, structure 700 includes articulator 1702, skin

surface 1704, bubble 1706, fluid 1708, motion sensor 17 0, blood vessel 1712, force 714 and

rotation 1716. Like-numbered and named elements may describe the same or substantially

similar elements as those shown in other descriptions. In some examples, articulator 702 may

be placed on or adjacent to skin surface 704, and may be configured to move (e.g., rotate, rock,

or the like) in response to movement by skin surface 704, for example caused by a pulse

traveling through blood vessel 2. For example, a pulse through blood vessel 1712 may

displace skin surface 704, which may cause articulator 702 to move according to rotation

7 6 In some examples, articulator 702 may be coupled to bubbie 706, which may be filled

with fluid 1708. In some examples, fluid 1708 may be incompressible, such that rotational

movement by ariiculator 702 may be transferred through bubble 1706 to motion sensor 7 0

without compression distortion by fluid 1708. In some examples, bubble 1706 may be formed of

a flexible, but inelastic, material (e.g., plastic (i.e., thermoplastic elastomer), rubber, or the like).

In other examples, the quantity, type, function, structure, and configuration of the elements

shown may be varied and are not limited to the examples provided.

FIG 18 is a diagram showing another exemplary structure for amplifying orientation

changes for enhancing motion detection. Here, diagram 1800 includes articulator 1802, beam

1804, blood vessel 1806, skin surface 1808, direction 10 and waveform 1 2. Like-numbered

and named elements may describe the same or substantially similar elements as those shown in

other descriptions. In some examples, beam 804 may be a resonant beam placed, mounted or

otherwise coupled, to articulator 1802. In some examples, beam 1 04 may be configured to

oscillate (i.e., resonate) in response to rotation in articulator 1802. For example, a pulse



running through blood vessel 806 may exert a force o articulator 802 by moving skin surface

1808. In some examples, such a force may cause articulator 1802 to rotate in one or more

planes. In an example, a rotation of articulator 1802 may cause beam 1804 to oscillate in

direction 8 at a frequency, represented by waveform . n some examples, a motion

sensor (e.g., motion sensors 210, 310, 1014, 2, 16 0 and 1710 in FIGs. 2, 3, 10, 1 , 16 and

17, respectively) may be coupled to beam 1804 (i.e., mounted onto, or near a free end of, beam

1804) to detect a resonance in beam 804 caused by a pulse in blood vessel 1806. In some

examples, beam 804 may resonate at a higher frequency, which may result in lower noise. In

other examples, the quantity, type, function, structure, and configuration of the elements shown

may be varied and are not limited to the examples provided.

FIGs. 9A - 9B are diagrams depicting placement of exemplary articulators for

amplifying orientation changes for enhancing motion detection. Here, diagrams 00 and 1920

mclude articulators 1902 and 1912, skin surface 1904, blood vessel 906, tendons 1908-1910

and bone 4. Like-numbered and named elements may describe the same or substantially

similar elements as those shown in other descriptions. In some examples, blood vessel 1906 may

be a radial artery, tendon 1908 may be a flexor caipi radialis, tendon 1910 may be a Palmaris

iongus, and bone 1914 may be a radius. A pulse traveling through blood vessel 1906 may act

upo an articulator (e.g., articulators 1902 and 1912, or the like) placed on (i.e., against or

adjacent to) skin surface 904 at a location between tendon 08 and blood vessel 1906. In

some examples, articulators 1902 and 1912 may be configured (i.e., shaped) to rock or rotate in

response to pulse from blood vessel 906, as described herein. In some examples, articulators

902 and 19 2 may be sized to fit in a dip in skin surface 1 04 that may be formed between

tendon 908 and blood vessel 906 when force is applied to press articulators 902 and 912

against skin surface 1904. In other examples, the quantity, type, function, structure, and

configuration of the elements shown may be varied and are not limited to the examples provided.

FIGs. 20A-20C illustrate an exemplary structure for housing a motion sensor. Here,

structure 2000 includes motion sensor casing 2002 and canal 2004, structure 2010 includes

motion sensor casing 2012 and canal 2014, and structure 2020 includes motion sensor casing

2022 and canal 2024. In some examples, canals 2004, 2014 and 2024 may be formed as part of

structures 2000, 2 0 and 2020, and may encircle partially or wholly motion sensor casings

2002, 2012 and 2022, respectively. In some examples, canals 2004, 2014 and 2024 may be filled

with a material (e.g., treated cloth (i.e., fabric), rubber, plastic, foam, wood, or the like) that is



rigid or has material memory (i.e., ab e to restore an original shape after being deformed), and be

configured to provide a force that acts as a barrier to linear movement, instead directing motion

sensors (not shown) to change orientation in response to other forces acting on structures 2000,

2 0 and 2020. n some examples, a constraining force provided by canal 2 4, and any

material filling canal 2014, may direct a motion sensor to rotate in direction 2016 about axis

2 8. In another example, a constraining force provided by canal 2024, and any material filling

cana 2024, may direct a motion sensor to rotate i direction 2026. In other examples, the

quantity, type, function, structure, and configuration of the elements shown may be varied and

are not limited to the examples provided.

FIG 2 1 is a graph illustrating an exemplary measured acceleration over time of

movement caused by a pulse. Here, graph 2 0 shows waveform 02, heights 2104-2106,

times 2 08-2 and volumes 2 2-2 14. Like-numbered and named elements may describe the

same or substantially similar elements as those shown in other descriptions. In some examples,

waveform 2 2 may represent acceleration of movement of a blood vessel, or tissue adjacent to,

or acted upon by, the blood vessel, over time as a result of a pulse (i.e., of blood pushed through

the blood vessel by a heart beat). In some examples, height 2 1 4 may represent a peak

acceleration (i.e., in a positive direction) during an attack portion of waveform 2102. For

example, the attack may last time 2. 08, and the attack portion of waveform 2 02 may have a

volume 2 12. In some examples, height 2106 may represent a trough acceleration (i.e.,

acceleration in a negative or opposite direction) during a decay portion of waveform 2 102. For

example, the decay may last time 2 1 and the decay portion of waveform 2102 may have

volume 2 1 4 . Using the parameters provided by waveform 2 02, information about blood

pressure (i.e., pressure exerted by circulating blood on walls of a blood vessel) may be inferred.

In other examples, the quantity, type, function, structure, and configuration of the elements

shown may be varied and are not limited to the examples provided.

Although the foregoing examples have been described in some detail for purposes of

clarity of understanding, the above-described inventive techniques are not limited to the details

provided. There are many alternative ways of implementing the above -described invention

techniques. The disclosed examples are illustrative and not restrictive.



What is claimed:

I . A device, comprising:

a structure configured to enhance detection of movement, the structure comprising an

articulator configured to amplify a motion and a pin configured to apply a force on a pivot point

on the articulator;

a motion sensor coupled to the structure and configured to detect motion of the structure;

and

circuitry configured to translate data associated with rotational motion of the articulator

to determine a movement of an adjacent surface.

2. The device of claim 1 wherein the force is configured to hold the articulator against the

adjacent surface.

3. The device of claim 1, wherein the adjacent surface comprises skin and the movement is

caused by a blood vessel residing beneath the skin.

4. The device of claim , wherein the articulator is configured to amplify the motion by

translating the motion into a plurality of orientation changes in a plurality of planes.

5. The device of claim 1, wherein the circuitry is coupled to the motion sensor using wire

configured to carry an electrical signal.

6. The device of claim 1, further comprising a processor configured to distinguish between a

plurality of types of motion data.

7. The device of claim , wherein the motion sensor is coupled to a post configured to

extend outward from an edge of the articulator in a direction away from the pivot point.

8. The device of claim I , wherem the articulator comprises a fiat surface and a rounded

surface, the rounded surface configured to be placed against the adjacent surface.

9. The device of claim 1, wherein the articulator is configured to be placed on a wrist such

that the force is configured to occlude a blood vessel against a bone tissue.

10. The device of claim 9, wherein the articulator is configured to rotate about the pivot point

in response to a radial force caused by a pulse running through a blood vessel

. The device of claim , further comprising another motion sensor configured to be placed

in a second location on the adjacent surface different from a first location of the motion sensor,

the another motion sensor configured to detect motion unrelated to the structure.

12. A method, comprising:



coupling a motion sensor to a skin surface using an articulator, the skin surface

configured to move in response to a pulse in a blood vessel, the articulator configured to rotate in

two or more planes i response to a movement o the skin surface;

detecting rotational motion of the articulator using the motion sensor; and

deriving data associated with the movement on the skin surface.

3 . The method of claim 12, wherein deriving data associated with the movement o the skin

surface comprises determining a direction of the movement.

4 . The method of claim 12, wherein deriving data associated with the movement on the skin

surface comprises determining a magnitude of a force exerted by the pulse.

15. The method of clai 2, wherein deriving data associated with the movement on the skin

surface comprises determining a time period between the pulse and another pulse

16. The method of claim 12, wherein deriving data associaied with the movement on the skin

surface comprises determining a heart rate.

7. The method of claim 12, wherein deriving data associated with the movement on the skin

surface comprises determining a blood pressure.

18. The method of claim 12, wherein detecting rotational motion of the articulator comprises

detecting an amplified motion translated using a post configured to extend outward from an edge

of the articulator in a direction away from a pivot point on a side of the articulator, the post

coupling the motion sensor to the articulator.

9. The method of claim 12, wherein the articulator is configured to exert a force on the skin

surface, the force sufficient to occlude a blood vessel disposed below the skin surface against a

bone tissue

































A. CLASSIFICATION OF SUBJECT MATTER
IPC(8) - A61B 5/024 (2014.01)
USPC - 600/503

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
IPC8 : A61B 5/024 (2014.01)
USPC : 600/503

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
IPC8 : A61 B 5/00, 5/02, 5/0245, 5/0295, 5/103 (2014.01 )
USPC : 600/300, 481 , 500, 502, 508, 527, 587

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
Patbase, Google Patent, Google Scholar: wrist, articulate, lever, arm, pin, plate, pulse, beat, heart, pivot, angular, angulate, angle, rotate
twist, velocity, sense, detect, determine, contact, pressure, occlude, force, load, motion, movement, articulator, displacement,
mechanical, amplify, Ivdt

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

US 3,903,873 A (ROYAL et al) 9 September 1975 (09.09.1975) see especially col 3, In 28 to col 1-3, 5, 7, 9,10
4 , In 32, col 4 , In 60-68, fig 1-4

11

US 2,658,505 A (SHEER) 10 November 1953 (10.1 1.1953) see especially col 6, In 5-54, col 7, 1-10, 12-14, 17-19
In 33-6 , col9, In 66 to col 10, In 15, fig 7 , 8, 9 , 11

15, 16

US 201 1/0152701 A 1 (BUXI et al) 23 June 201 1 (23.06.201 1) see especially para [0008], 11, 15, 16
[0030]-[0036], [0065]

US 6,491 ,647 B 1 (BRIDGER et al) 10 December 2002 (10.12.2002) see whole document 1-19

A US 5,807,267 A (BRYARS et al) 15 September 201 2 ( 15.09.201 2) see whole document 1-19

A US 4,409,983 A (ALBERT) 18 October 1983 (18.10.1983) see whole document 1-19

US 4,307,727 A (HAYNES) 29 December 1981 (29.1 2. 981) see whole document 1-19

US 3,154,066 A (GRINDHEIM et al) 27 October 1964 (27.10.1964) see whole document 1-1 9

□ Further documents are listed in the continuation of Box C .

* Special categories of cited documents: "

□
later document published after the international filing date or priority

"A" document defining the general state of the art which is not considered date and not in conflict with -the application but cited to understand
to be of particular relevance the principle or theory underlying the invention

"E" earlier application or patent but published on or after the international 'X" document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive

"L" document which may throw doubts on priority claim(s) or which is step when the document is taken alone
cited to establish the publication date of another citation or other Ύ " document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is

"O" document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination
means being obvious to a person skilled in the art

"P" document published prior to the international filing date but later than '&" document member of the same patent family
the priority date claimed

Date of the actual completion of the international search Date of mailing of the international search report

10 March 2014 (10.03.2014) 0 8 APR 2014
Name and mailing address of the ISA/US Authorized officer:

Mail Stop PCT, Attn: ISA/US, Commissioner for Patents Lee W. Young

P.O. Box 1450, Alexandria, Virginia 22313-1450
PCT Helpdesk: 571-272-4300

Facsimile No. 571-273-3201 PCT OSP: 571-272-7774


	abstract
	description
	claims
	drawings
	wo-search-report

