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SYSTEMS AND METHODS FOR PROSTHETIC WRIST ROTATION

INCORPORATION BY REFERENCE TO ANY PRIORITY APPLICATIONS

[0001] This application claims the benefit of U.S. Provisional Patent

Application No. 62/382,919, filed September 2, 2016, entitled SYSTEMS AND

METHODS FOR PROSTHETIC WRIST ROTATION, the disclosure of which is

incorporated herein by reference in its entirety for all purposes.

BACKGROUND

Field

[0002] Described herein are features related to prosthetics, for example a

prosthetic hand and wrist system and associated methods.

Description of the Related Art

[0003] Hand and arm amputees benefit greatly from prosthetic replacements.

Prosthetic hands, wrists, and/or arms restore lost functionality and provide independence

to users. However, existing solutions have deficient wrist control. For instance, existing

solutions cause responsive delay with wrist rotation that detracts from more closely

mimicking the functionality of a natural wrist. As another example, existing solutions

insufficiently synchronize wrist movement with other prosthetic movements, such as grip

formation with a prosthetic hand and/or rotation of a prosthetic arm, which detracts from

more closely mimicking the functionality of a natural limb. Improved prosthetic wrist

solutions without these and other drawbacks are therefore desirable.

SUMMARY

[0004] The embodiments disclosed herein each have several aspects no single

one of which is solely responsible for the disclosure's desirable attributes. Without

limiting the scope of this disclosure, its more prominent features will now be briefly

discussed. After considering this discussion, and particularly after reading the section

entitled "Detailed Description," one will understand how the features of the embodiments

described herein provide advantages over existing systems, devices and methods.

[0005] The following disclosure describes non-limiting examples of some

embodiments. For instance, other embodiments of the disclosed systems and methods



may or may not include the features described herein. Moreover, disclosed advantages

and benefits can apply only to certain embodiments of the invention and should not be

used to limit the disclosure

[0006] Prosthetic hand and wrist systems and methods described herein

provide a more responsive upper limb prosthetic system for amputees. n some

embodiments, the rotation of a prosthetic wrist is performed in conjunction with the

formation of a grip with a corresponding prosthetic hand. Users can command a

particular grip to be formed with the prosthetic hand, and the prosthetic wrist will rotate

responsively and in an efficient manner to simulate natural hand and wri st movement.

[0007] In one aspect, a prosthetic hand and wrist system is described. The

prosthetic hand and wrist system comprises a prosthetic hand, a prosthetic wrist, and an

mertial measurement unit (IMU) attached to the prosthetic hand. The prosthetic wrist

comprises a fixed portion, an actuator, and a rotatable portion. The fixed portion is

configured to attach to an arm, the rotatable portion is configured to attach to the

prosthetic hand, and the actuator is attached to both the fixed and rotatable portions and is

configured to actuate the rotatable portion relative to the fixed portion thereby rotating

the prosthetic hand. The IMU is configured to detect an orientation of the prosthetic

hand. A processor in communication with the IMU and the actuator is configured to

execute a set of instructions to perform a method to control the actuator. The set of

instructions may be stored in a memory located on the prosthetic hand, the prosthetic

wrist or remotely. The method executed by the set of instructions comprises receiving

data from the IMU associated with the orientation of the prosthetic hand, identifying a

desired grip for the prosthetic hand, determining a rotation for the prosthetic hand based

on i) the data from the IMU and ii) the desired grip, and causing the actuator to perform

the rotation for the prosthetic hand by actuating the rotatable portion.

[0Θ08] In some embodiments, identifying the desired grip for the prosthetic

hand comprises receiving an electromyography (EMG) signal from a user of the

prosthetic hand and wrist system, detecting a gesture movement performed by the user,

and determining the desired grip based on the detected gesture movement. In some

embodiments, identifying the desired grip for the prosthetic hand further comprises

prompting the user to perform the gesture movement. In some embodiments, prompting

the user to perform the gesture movement comprises moving a finger of the prosthetic

hand.



[0009] In some embodiments, detennining the rotation for the prosthetic hand

comprises determining Euler angles for the prosthetic hand based on the data from the

IMU, and determining angular rotation data based on the determined Euler angles and on

the desired grip. The angular rotation data may comprise a direction and an angle of

rotation. The angular rotation data may comprise a speed of rotation.

[0010] I some embodiments, the prosthetic hand and wrist system further

comprises an actuator coupled with the prosthetic hand and configured to actuate to form

the desired grip with the prosthetic hand. In some embodiments, the actuation of the

prosthetic hand to the desired grip and the rotation of the prosthetic hand are performed

simultaneously. In some embodiments, the prosthetic hand and wrist system comprises a

plurality of digit actuators coupled with a plurality of digits of the prosthetic hand, and

the plurality of digit actuators are configured to actuate to form the desired grip with the

prosthetic hand. In some embodiments, the prosthetic hand and wrist system further

comprises a distal actuator coupled with a distal portion of the hand, and the distal

actuator is configured to rotate the hand about a pitch axis to form the desired grip with

the prosthetic hand.

[0011] In some embodiments, the actuator is configured to cause rotation of

the prosthetic hand about a single axis, such as a roll axis. The actuator may be

configured to cause rotation of the prosthetic hand about two or more axes. The actuator

may be configured to cause rotation of the prosthetic hand about a pitch axis and a roll

axis.

[0012] In some embodiments, the IMU comprises a nine-axis IMU including

three accelerometers, three gyroscopes and three magnetometers.

[0013] In some embodiments, the arm is a natural arm. In some embodiments,

the arm is a prosthetic arm. The prosthetic arm may be actuatable and include an elbow

joint and/or a shoulder joint. The actuatable prosthetic arm may be controlled in

conjunction with rotation of the prosthetic wrist and formation of a grip with the

prosthetic hand. An elbow joint and/or a shoulder joint may be controliabiy actuated, for

example rotated. In some embodiments, a prosthetic system includes the rotatable

prosthetic wrist, the prosthetic hand configured to form a grip, a prosthetic arm having an

actuatable elbow joint and/or shoulder joint. Additional IMUs may be included in the

additional prosthetic components, for example with the actuatable arm to detect and

measure orientations of one or more segments of the prosthetic arm, such as rotation



about the elbow and/or shoulder. Rotation of the prosthetic wrist and formation of the

grip with the prosthetic hand may be performed in conjunction with rotation of the elbow

and./or shoulder joints of the prosthetic arm and based on IMU data and selection of a

grip.

[0014] In another aspect, a prosthetic wrist is described. The prosthetic wrist

comprises a fixed portion, a rotatable portion, an actuator module and a processor. The

fixed portion is configured to attach to a prosthetic or natural arm . The rotatable portion

is configured to attach to a prosthetic hand that has an inertial measurement unit (IMU) to

detect an orientation of the prosthetic hand. The actuator module is attached to both the

fixed and rotatable portions and configured to actuate the rotatable portion relative to the

fixed portion thereby rotating the prosthetic hand. The processor is in communication

with the IMU and the actuator module and configured to execute a set of instructions to

perform a method to control the actuator module. The method comprises receiving data

from the IMU associated with the orientation of the prosthetic hand, identifying a desired

grip for the prosthetic hand, determining a rotation for the rotatable portion based on i)

the data from the IMU and ii) the desired grip, and causing the actuator module to

perform the rotation.

[0015] In some embodiments of the prosthetic wrist, identifying the desired

grip for the prosthetic hand comprises receiving an electromyography (EMG) signal from

a user of the prosthetic wrist, detecting a gesture movement performed by the user, and

determining the desired grip based on the detected gesture movement. Identifying the

desired grip for the prosthetic hand may further comprise prompting the user to perform

the gesture movement. Prompting the user to perform the gesture movement may

comprise moving a finger of the prosthetic hand.

[0016] In some embodiments of the prosthetic wrist, determining the rotation

for the prosthetic hand comprises determining Euler angles for the prosthetic hand based

on e data from the IMU, and determining angular rotation data based on the determined

Euler angles and on the desired grip. e angular rotation data may comprise a direction

and an angle of rotation. The angular rotation data may comprise a speed of rotation.

[0017] In another aspect, a method of rotating a prosthetic wrist is described.

The method comprises receiving data from an inertial measurement unit (IMU) that is

coupled with a prosthetic hand, wherein the data is associated with an orientation of the

prosthetic hand and the prosthetic hand is attached to the prosthetic wrist; identifying a



desired grip for the prosthetic hand; determining a rotation for the prosthetic wrist based

on i) the data from the IMU and ii) the desired grip, and causing the prosthetic wrist to

perform the rotation.

[0018] In some embodiments of the method, identifying the desired grip for

the prosthetic hand comprises receiving an electromyography (EMG) signal from a user

of the prosthetic wrist, detecting a gesture movement performed by the user, and

determining the desired grip based on the detected gesture movement. Identifying the

desired grip for the prosthetic hand may further comprise prompting the user to perform

the gesture movement. Prompting the user to perform the gesture movement may

comprise moving a finger of the prosthetic hand.

[0019] In some embodiments of the method, determining the rotation for the

prosthetic hand comprises determining Euler angles for the prosthetic hand based on the

data from the IMU, and determining angular rotation data based on the determined E der

angles and on the desired grip. The angular rotation data may comprise a direction and

an angle of rotation. The angular rotation data may comprise a speed of rotation.

[0020] In some embodiments, the method may further comprise forming the

desired grip with the prosthetic hand. Causing the prosthetic wrist to perform the rotation

and forming the desired grip with the prosthetic hand may be performed simultaneously.

[0021] In some embodiments of the method, the wrist rotation is about a

single axis. The wrist rotation may be about two or more axes. The wrist rotation may be

about a pitch axis and a roll axis.

[0022] In some embodiments of the method, the IMU comprises a nine-axis

IMU including three accelerometers, three gyroscopes and three magnetometers.

[0023] In another aspect, another prosthetic hand and wrist system is

described. The system comprises a prosthetic hand and a prosthetic wrist.

[0024] The prosthetic hand comprises a wrist attachment, a palm assembly,

four prosthetic finger digits and a prosthetic thumb digit. The wrist attachment includes a

connection ring and a bail bearing retainer on a proximal end of the wrist attachment.

The palm assembly is attached to the wrist attachment and includes a hand chassis, a

dorsal fairing, a palm fairing, an mertial measurement unit (IMU), a printed circuit board

(PCB), and an on-off switch. The hand chassis is attached to the wrist attachment and

includes structural walls having a motor assembly and a thumb rotator attached thereto.

The dorsal fairing is attached to the hand chassis and faces in a dorsal direction forming a



back of the prosthetic hand. The palm fairing is attached to the hand chassis and to the

dorsal fairing and forms a palm of the prosthetic hand, with the palm and dorsal fairings

forming a cavity therebetween. The IMU is attached to a dorsal side of the hand chassis

and is configured to detect an orientation of the prosthetic hand. The PCB includes a

processor and is attached to the hand chassis in the cavity formed by the dorsal and palm

fairings. The PCB is in electrical communication with the IMU, a battery and with

motors that control the prosthetic digits. The on-off switch is attached to the hand chassis

and is in electrical communication with the PCB. A portion of the on-off switch may

protrude through an opening of the palm fairing.

[0025] The four prosthetic finger digits are rotatably attached in a spaced

configuration along a distal end of the prosthetic hand. Each prosthetic finger digit

includes a finger knuckle assembly, a worm wheel, a gearbox, a knuckle fairing, a

knuckle cap thinner, a retaining tab thinner, a wire, an extension spring and a fingertip

assembly. The finger knuckle assembly is attached to the palm assembly. The worm

wheel is attached at a proximal end to the finger knuckle assembly and has a portion with

a hole. The gearbox contains a motor, a motor bearing, a worm gear, and a worm bearing

therein, and includes two prongs having aligned holes and extending toward the palm

assembly and defining a space in between the two prongs. The portion of the worm

wheel with the hole is inserted into the space, and the gearbox is rotatably attached to the

worm wheel via a gearbox pivot pin extending through the aligned holes of the worm

wheel and gearbox. The knuckle fairing is rotatably coupled with the gearbox pivot pin

and covers a distal portion of the gearbox. The knuckle cap thinner is connected to a

distal end of the gearbox. The retaining tab thinner is rotatably connected to a distal end

of the knuckle cap thinner. The wire connects the finger knuckle assembly to the

retaining tab thinner and extends over a hinge point such that a closing rotation of the

gearbox will pull on the wire and rotate the retaining tab thinner relative to the gearbox.

The extension spring connects the retaining tab thinner to the gearbox such that the

closing rotation of the gearbox will extend the spring thus causing the spring to bias the

retaining tab thinner to an opening rotation. Aan opening rotation of the gearbox will

cause the spring to pull on the retaining tab thinner to rotate the retaining tab thinner in an

opening direction. The fingertip assembly includes a finger extension and a fingertip.

The finger extension is attached to a distal end of the retaining tab thinner and the

fingertip is attached to a distal end of the finger extension.



[0026] The prosthetic thumb digit is rotatably attached to a side of the

prosthetic hand. The prosthetic thumb digit includes a thumb knuckle assembly, a worm

wheel, a gearbox, a thumb fairing, a fixed fairing, and a thumb tip. The thumb knuckle

assembly is attached to a side of the palm assembly. The worm wheel is attached at a

proximal end to the finger knuckle assembly and has a portion with a hole. The gearbox

contains a motor, a motor bearing, a worm gear, and a worm bearing therein. The gear

box includes two prongs having aligned holes and extending toward the palm assembly

and defining a space in between the two prongs. The portion of the worm wheel with the

hole is inserted into the space. The gearbox is rotatably attached to the worm wheel via a

gearbox pivot pin extending through the aligned holes of the worm wheel and gearbox.

The thumb fairing is rotatably coupled with the gearbox pivot pin and covers a distal

portion of the gearbox. The fixed fairing is coupled with the thumb knuckle assembly

and covers a portion of the thumb fairing and covers a distal portion of the gearbox. The

thumb tip is connected to a distal end of the gearbox.

[0027] The prosthetic wrist is attached to the prosthetic hand. The prosthetic

wrist comprises a circular bearing race, a circular threaded front, a wrist actuator module,

a pressure ring, a coupling piece, a coax subassembly, and a digital signal processor

(DSP) cover.

[0028] The circular bearing race is located on a distal end of the prosthetic

wrist and is configured to receive therein a corresponding bearing component for

rotatable connection to the wrist attachment of the prosthetic hand. The circular threaded

front is attached along an outer circumference of the bearing race and extends in the

proximal directional.

[0029] The wrist actuator module comprises a body, an asynchronous motor

(ASM), a motor driver printed circuit board (PCB), and the digital signal processor

(DSP). The body defines a central passageway therethrough and has a distal

circumferential end attached along an outer circumference of a proximal portion of the

threaded front. The asynchronous motor (ASM) is coupled with the body. The motor

driver PCB is in electrical communication with the ASM and with the DSP.

[0030] The pressure ring is attached to the outside of the distal end of the

wrist actuator module and secures the wrist actuator module to the threaded front. The

coupling piece has a base defining an opening therethrough and a series of tabs projecting

distally from an outer edge of the base. The base is in mechanically communication with



the wrist actuator module and in mechanical communication with the ASM such that

rotation of the ASM will rotate the coupling piece. The coax subassembly has a cable

extending through the central passageway of the wrist actuator module and a plug

extending distally through the opening of the coupling piece. The digital signal processor

(DSP) cover is attached to a proximal end of the wrist actuator module.

[0031] The DSP is disposed inside the DSP cover, with the DSP in electrical

communication with the ASM and with the IMU of the prosthetic hand. The DSP is in

communication with a memory having a set of instructions wherein the DSP is configured

to execute the set of instructions to perform a method to control the ASM to transmit

rotation to the prosthetic hand. The method comprises receiving data from the IMU

associated with an orientation of the prosthetic hand, identifying a desired grip for the

prosthetic hand, detennining a rotation for the prosthetic hand based on i) the data from

the IMU and ii) the desired grip, and causing the wrist actuator module to perform the

rotation for the prosthetic hand by driving the ASM.

BRIEF DESCRIPTION OF THE DRAWINGS

[0032] The foregoing and other features of the present disclosure will become

more fully apparent from the following description and appended claims, taken in

conjunction with the accompanying drawings. Understanding that these drawings depict

only several embodiments in accordance with the disclosure and are not to be considered

limiting of its scope, the disclosure will be described with additional specificity and detail

through use of the accompanying drawings. In the following detailed description,

reference is made to the accompanying drawings, which form a part hereof. In the

drawings, similar symbols typically identify similar components, unless context dictates

otherwise. The illustrative embodiments described in the detailed description, drawings,

and claims are not meant to be limiting. Other embodiments may be utilized, and other

changes may be made, without departing from the spirit or scope of the subject matter

presented here. It will be readily understood that the aspects of the present disclosure, as

generally described herein, and illustrated in the drawing, can be arranged, substituted,

combined, and designed in a wide variety of different configurations, all of which are

explicitly contemplated and make part of this disclosure.



[0033] FIG. 1 is a perspective view of an embodiment of a prosthetic hand

and wrist system that includes a prosthetic hand and a prosthetic wrist.

[0034] FIG. 2A is a perspective view of the prosthetic wrist of FIG. 1.

[0035] FIG. 2B is a top view of the prosthetic wrist of FIG. .

[0Θ36] FIG. 2C is an exploded view of the prosthetic wrist of FIG. 1.

[0Θ37] FIG . 2D is a cross-section view of the prosthetic wrist of FIG. 1 taken

along the line 2D-2D indicated in FIG. 2B.

[0038] FIG. 2E is a cross-section view of the prosthetic wrist of FIG. 1 taken

along the line 2E-2E indicated in FIG. 2B.

[0039] FIG. 3A is a perspective view of the prosthetic hand of FIG. .

[0040] FIGS. 3B-3G are various views of the prosthetic hand of FIG. 1 with

some components removed for clarity.

[0041] FIGS. 3 and 3 are bottom perspective and bottom views,

respectively, of the prosthetic hand of FIG. 1.

[0042] FIG. 4A is a perspective view of a prosthetic finger digit of the

prosthetic hand of FIG. 1.

[0043] FIG. 4B is a side view of the prosthetic finger digit of FIG. 4A with

some components removed for clarity.

[0044] FIG. 4C is a side cross-section view of the prosthetic finger digit of

FIG. 4A having a wire and spring for rotating outer portions of the prosthetic finger.

[0045] FIG. 5A is a perspective view of a prosthetic thumb digit of the

prosthetic hand of FIG. 1.

[0046] FIG. 5B is a side view of the prosthetic finger digit of FIG. 5A with

some components removed for clarity.

[0047] FIG . 6A is a perspective view of the prosthetic wrist of FIG . 1 attached

to an embodiment of a prosthetic lower aim.

[0048] FIG. 6B is a perspective view of the prosthetic wrist and arm of FIG.

6A with the prosthetic hand of FIG. 1 shown detached from the prosthetic wrist.

[0049] FIG. 6C is a perspective view of the prosthetic wrist and lower arm

system of FIG. 6A with the arm shown transparent for clarity, showing an

electromyography (EMG) system.

[0050] FIG. 7 is a perspective view of an embodiment of a prosthetic arm

system incorporating the prosthetic hand and wrist system of FIG. .



[0051] FIG. 8 is a perspective view of an embodiment of a prosthetic shoulder

and arm system incorporating the prosthetic hand and wrist system of FIG. 1.

[0052] FIG. 9A is a flowchart showing an embodiment of a method for using

the prosthetic hand and wrist system of FIG. .

[00S3] FIGS. 9B-9G are flowcharts showing embodiments of methods that

may be used in combination with the method of FIG. 9A.

[0Θ54] FIGS. 10A-10D are embodiments of remote devices that may be used

with the prosthetic hand and wris system of FIG. 1.

[0Θ55] FIG. 1 1 is an embodiment of a control system thai may be used to

control the prosthetic hand and wrist system of FIG. .

[0056] FIGS. 12A-12F are sequential perspective views of the prosthetic wrist

and arm of FIG. 6A showing simultaneous grip formation and rotation of the prosthetic

hand.

DETAILED DESCRIPTION

[0057] The following detailed description is directed to certain specific

embodiments of the development. In this description, reference is made to the drawings

wherein like parts or steps may be designated with like numerals throughout for clarity.

Reference in this specification to "one embodiment," "an embodiment," or "in some

embodiments" means that a particular feature, structure, or characteristic described in

connection with the embodiment is included in at least one embodiment of the invention.

The appearances of the phrases "one embodiment," "an embodiment," or "in some

embodiments" in various places in the specification are not necessarily all referring to the

same embodiment, nor are separate or alternative embodiments necessarily mutually

exclusive of other embodiments. Moreover, various features are described which may be

exhibited by some embodiments and not by others. Similarly, various requirements are

described which may be requirements for some embodiments but may not be

requirements for other embodiments.

[0058] The prosthetic hand and wrist system and methods described herein

provide a more responsive upper limb prosthetic system for amputees. In some

embodiments, the rotation of a prosthetic wrist is performed in conjunction with the

formation of a grip with a corresponding prosthetic hand. Users can command a

particular grip to be formed with the prosthetic hand, and the prosthetic wrist will rotate



responsively and in an efficient manner to simulate natural hand and wrist movement.

The prosthetic hand and wrist system and methods provide enhanced responsiveness of

wrist rotation and other advantages. A prosthetic hand orientation sensor, such as an

mertial measurement unit (IMU), communicates hand orientation data directly to one or

more processors of the prosthetic wrist to determine wrist rotational position and thus

necessary rotational movements for a particular chosen grip. This bypasses the need for

more complex and time-consuming solutions, such as wrist encoder analysis and/or

electromyography (EMG) sensor commands for wrist rotation, which are more

cumbersome and delayed when switching from control of the prosthetic hand to the

prosthetic wrist. By using the orientation sensor of the prosthetic hand to determine

prosthetic wrist rotation, the prosthetic hand and wrist movements are collectively

associated with orientation sensor data from only the prosthetic hand. Tire wrist rotation

is thus more responsive to user commands, and more synchronized with grip formation of

the prosthetic hand. The orientation sensor may be a nine-axis IMU, for example having

a . three-axis gyroscope, a three-axis accelerometer and a three-axis magnetometer. The

desired prosthetic hand grip can be indicated with translations of the prosthetic hand

along pre-determined paths, with muscle movements detected by EMG sensors, with

selections made with mobile devices such as phones or wearables and/or with

communicative sensors such as "grip chips" placed near or on items which the prosthetic

hand may grasp. In conjunction with indication of the desired grip, data from the

orientation sensor associated with the current prosthetic hand orientation is

communicated to the prosthetic wrist. The necessary wrist rotation is then determined

and performed based on the current orientation of the prosthetic hand and the indicated

grip.

[0059] FIG. 1 is a perspective view of an embodiment of a prosthetic hand

and wrist system 10. The prosthetic system 10 includes an embodiment of a prosthetic

wrist 100 attached to an embodiment of a prosthetic hand 200.

[0060] For sake of description, various geometric references are used. A

'distal" direction and a proximal direction are indicated. As shown, the prosthetic

wrist 100 is located proximaily relative to the prosthetic hand 200, and the prosthetic

hand 200 is located distaliy relatively to the prosthetic wrist 100. The distal and proximal

directions refer to, respectively, directions farther from and closer to a user of the

prosthetic system 10 along the length of an arm of the user containing the prosthetic



system . A longitudinal axis 12 is also indicated. The longitudinal axis 12 is an axis of

rotation about which the prosthetic wrist 100 and hand 200 rotate. The distal and

proximal directions may be directions along the longitudinal axis 12, for example when

the prosthetic system 10 is oriented as shown. "Inner," "inward," and like terms refer to

directions toward the longitudinal axis 12, while "outer," "outward," and like terms refer

to directions away from the longitudinal axis 2, unless otherwise indicated.

[0061] The prosthetic wrist 00 is attached to the prosthetic hand 200 to cause

movement of the prosthetic hand 200. A rotatable portion of the prosthetic wrist 100 may

be coupled with, for example attached to, the prosthetic hand 200. The rotatable portion

of the prosthetic wrist 100 rotates, thereby causing rotation of the prosthetic hand 200.

The rotatable portion of the prosthetic wrist 100 may include one, some or all of the

actuated, e.g. rotated, components of the prosthetic wrist 100, as described herein. The

prosthetic wrist 100 causes rotation of the prosthetic hand 200 relative to an arm,

prosthetic or natural, to which the prosthetic wrist 100 may be attached. The prosthetic

wrist 100 may be attached to an arm or other components via a fixed portion of the

prosthetic wrist 0 . The fixed portion of the prosthetic wrist 100 may include one, some

or all of the non-actuated, e.g. non-rotated, components of the prosthetic wrist 100, as

described herein. In some embodiments, particular components of the fixed portion of

the prosthetic wrist 100 may also couple with the prosthetic hand 200, for example a

bearing race that guides rotation of the prosthetic hand 200, as described herein . The

rotatable portion of the prosthetic wrist 00 may include one, some or all of the actuated,

e.g. rotated, components of the prosthetic wrist 100, as described herein. The prosthetic

wrist 100 and hand 200 rotate about the longitudinal axis 12. The prosthetic hand 200

may form a plurality of different grips, for example different palm and/or digit positions.

The prosthetic system 10 may synchronize the rotation of the prosthetic wrist 100 with

the formation of one of the grips with the prosthetic hand 200.

[0062] Further details of the prosthetic wrist 100 are described herein, for

example with respect to FIGS. 2A-2E. Further details of the prosthetic hand 200 are

described herein, for example with respect to FIGS. 3A-5B. Further details of prosthetic

arms that may be used with the prosthetic system are described herein, for example

with respect to FIGS. 6A-8. Further details of systems and methods for synchronizing

rotation of the prosthetic wrist 100 with grip formation of the prosthetic hand 200 are

described herein, for example with respect to FIGS. 9-12F.



[0063] FIGS. 2A-2E are various views of the prosthetic wrist 100. FIG. 2A is

a perspective view of the prosthetic wrist 100. FIG. 2B is a top view of the prosthetic

wrist 0 . FIG. 2C is a exploded view of the prosthetic wrist 100. FIG. 2D is a cross-

section view of the prosthetic wrist 100 taken along the line 2D-2D indicated in FIG. 2B.

FIG. 2E is a cross-section view of the prosthetic wrist of FIG. 1 taken along the line 2E-

2E indicated in FIG. 2B.

[0064] The prosthetic wrist 100 includes a body 1. The body 1 forms the

outer structure of the prosthetic wrist 100. The body 0 1 may be formed of metals,

composites, plastics, polymers, other suitable materials, or combinations thereof. The

body 101 has a generally cylindrical shape extending along the longitudinal axis 12. The

body 101 extends from a proximal end 102 to a distal end 103 of the prosthetic wrist 100.

The proximal end 02 is configured to attach to an arm, such as a natural or prosthetic

arm, of a user of the prosthetic system 10. The distal end 03 is configured to attach to

the prosthetic hand 200.

[0065] The prosthetic wrist 100 includes a bearing race 104. The bearing race

104 forms a distal end of the body 101. The bearing race 104 is located on the distal end

03 of the prosthetic wrist 0. The bearing race 4 has a generally circular shape with

an opening through the center. The distal side of the bearing race 104 is generally flat

and abuts a corresponding portion of a prosthetic arm or portion thereof. The proximal

side of the bearing race 104 is generally flat and abuts a corresponding portion of the

prosthetic wrist 100. Various fastening components, such as setscrews, bolts, etc., are

attached to the bearing race 04 to facilitate connection with an arm. The bearing race

104 may be formed of metals, other suitable materials, or combinations thereof. The

bearing race 104 is configured to couple with an arm and with corresponding components

of the prosthetic hand 100. The bearing race 104 includes features for rotational

connection with the prosthetic hand 100. The bearing race 104 guides rotation of the

prosthetic hand 100.

[0066] The bearing race 104 includes a groove 106. The groove 106 guides

the rotation of the prosthetic hand 100. The groove 106 is a recess extending

circumferentially along an inner side of the bearing race 104. The groove 6 is shaped

to receive therein corresponding bearing features that move along the groove 106 as the

prosthetic hand 200 rotates. The prosthetic wrist 100 may thus include the circular

bearing race 104 located on a distal end of the prosthetic wrist 100 configured to receive



therein, for example in the groove 06, a corresponding bearing component for rotatable

connection to the prosthetic hand 200. The groove 106 includes a square or rectangular

recess with angled chamfer edges to guide a bearing component, such as a ball, of the

prosthetic hand 200 along the length of the groove 106 The groove 106 may be or

include other shapes, such as semi-circular, etc.

[0067] The prosthetic wrist 100 includes a front 108. The front 108 is located

distally relative to the bearing race 104. The front 108 forms a distal portion of the body

10 . The front 108 is generally circular with an opening in the center. The opening of

the front 108 has rotatable components of the prosthetic wrist 100 rotating therein. The

front 108 may be formed of metals, composites, other suitable materials, or combinations

thereof. The distal end of the front 108 surrounds an outer wall of the bearing race 104.

The threaded front 108 may thus be circular and attached along an outer circumference of

the bearing race 104 and extending in the proximal directional. In some embodiments,

the front 108 may attach with or to the bearing 104 in a variety of suitable ways,

including friction fit, threads, fasteners, adhesive, other suitable mechanisms, or

combinations thereof. A proximal portion of the front 108 includes a plurality of outer

threads 109 along an outer circumferential wall of the front 108. The threads 109 are

configured to threadingly engage with a corresponding proximal component of the

prosthetic wrist 100. In some embodiments, there may be one thread 9 . In some

embodiments, the front 8 may attach with or to the bearing 104 in a variety of suitable

ways, including threads, friction fit, fasteners, adhesive, other suitable mechanisms, or

combinations thereof.

[0068] The prosthetic wrist 100 includes a pressure ring 0. The pressure

ring 110 is an outer band extending circumferentiallv and forming an outer portion of the

body 101. The pressure ring 110 is located proximally relative to the bearing race 104

and a portion of the front 108. The pressure ring 1 0 surrounds a portion of the front 108

and a portion of a distal body 122. In some embodiments, the pressure ring 0 may

attach with the front 108 and/or the distal body 122, or other components of the prosthetic

wrist 100, in a variety of suitable ways, including friction fit, fasteners, threads, adhesive,

other suitable mechanisms, or combinations thereof. The pressure ring 0 may be

relatively thin along the circumferential length of the pressure ring 0. The pressure

ring 0 may be formed of a variety of suitable materials, including metals, composites,

other materials, or combinations thereof. The pressure ring 0 provides an inward radial



force along the circumference of the pressure ring 110 to various components of the

prosthetic wrist 100, such as the front 108 and the distal body 2.

[0069] The prosthetic wrist 100 includes an expanding ring 112. The

expanding ring 112 is an outer structure extending circumferential!} to form an outer

portion of the body 101 and defines an opening through or near a center thereof. The

expanding ring 112 is located proximally relative to the pressure ring 0 and bearing

race 04 and to portions of the front 108 and the distal body 122. The expanding ring 12

includes an inner, circumferential projection along an inner side of the expanding ring

112. The expanding ring 112 is circular. The expanding ring 112 may be other shapes,

such as non-circular, etc. The expanding ring 2 as shown surrounds a portion of the

distal body 122. The expanding ring 112 may also surround other features of the

prosthetic wrist, for example the pressure ring 110. The expanding ring 2 sits on an

outer projection of the distal body 122. In some embodiments, the expanding ring 112

may attach with the distal body 122, or other components of the prosthetic wrist 100, in a

variety of suitable ways, including friction fit, fasteners, threads, adhesive, other suitable

mechanisms, or combinations thereof. The expanding ring 112 may be formed of a

variety of suitable materials, including metals, composites, other materials, or

combinations thereof. The expanding ring 2 provides an expansive circumferential

barri er to various components of the prosthetic wrist 100, such as the distal body 22 and

the pressure ring 0.

|0070] The prosthetic wrist 100 includes an actuator module 120. The

actuator module 120 forms a portion of the body 101. The actuator module 120 causes

rotation of various components of the prosthetic wrist 100. Rotation of the various

components of the prosthetic wrist 00 is transmitted to the prosthetic hand 200 to rotate

the prosthetic hand 200. The actuator module 120 may include the distal body 122, a

proximal body 124, a stator 125, a longitudinal passageway 126, one or more proximal

bearings 127, one or more heat shrinks 128, a motor 130, a rotor 131, one or more central

gears 132, and/or one or more peripheral gears 134, as described herein. The actuator

module 120 includes the motor 130 that causes rotation of a coupling 150, as described

herein. The actuator module 120 is located proximally relative to the bearing race 104.

Various portions of the actuator module 120 are located proximally relative to the front

108, the pressure ring 0, and the expanding ring 12, as described herein.



[0071] The distal body 122 is a structural support formed of metals,

composites, other suitable materials, or combinations thereof. The distal body 122 forms

a portion of the body 101 of the prosthetic wrist 100. The distal body 122 may include a

segmented cross-section extruded circularly about the longitudinal axis 112. A distal end

of the distal body 122 is sandwiched in between the front 108 and the pressure ring 110.

The distal end of the distal body 22 includes inner threads that engage with the outer

threads 109 of the front 108. An outer surface of the distal body 122 opposite the threads

contacts the inner surface of the pressure ring 110. An inner projection of the distal body

122 located proximally to the threads of the distal body 122 contacts a proximal surface

of the front 108. An outer, angled projection of the distal body 122 located proximally of

the pressure ring 0 contacts inner surfaces of the expanding ring 112 and a distal end of

the proximal body 124. In some embodiments, the distal body 2 may support the motor

130, as described herein. In some embodiments, the distal body 122 may rotatably

support various gears, rotors, etc. of the motor 130, as described herein.

[0072] The proximal body 124 is a structural support formed of metals,

composites, other suitable materials, or combinations thereof. The proximal body 124

forms a portion of the body 101 of the prosthetic wrist 100. The proximal body 124 may

include a segmented cross-section extruded circularly about the longitudinal axis 2 . A

distal end of the proximal body 24 surrounds a proximal end of the distal body 22 . The

proximal body 124 may attach to or with the distal body 122 with fasteners, adhesive, by

friction fit, other suitable mechanisms, or combinations thereof. An inner ledge of the

proximal body 124 extends radially inward and contacts an outer side of a proximal

bearing 127, such as an outer race of the proximal bearing 127. An inner side of the

proximal bearing 127, such as an inner race, may therefore rotate relative to the proximal

body 124. The proximal body 124 further extends proximally from the inner ledge,

forming an outer side of the body 101 at the proximal end 2 of the prosttietic wrist 100.

In some embodiments, the distal body 122 may rotatably support various gears of the

motor 130, for example the peripheral gears 134, as described herein.

[0073] The stator 125 is a moveable, structural component formed of metals,

composites, other suitable materials, or combinations thereof. The stator 125 has a

circular shape with an extended, cylindrical distal portion and a disc-shaped proximal

portion having an outer lip. An outer surface of the distal portion of the stator 125

contacts an inner side of the proximal bearing 127. The stator 125 may therefore rotate



relative to the outer side of the proximal bearing 27 and thus relative to the proximal

body 24 An inner surface of the distal portion of the stator 125 surrounds a heat shrink

128 located at least partially inside the distal portion of the stator 125 The stator 125

may rotate relative to the heat shrink 128. An outer side of the distal portion of the stator

125 may be coupled with one or more central gears 132, as described herein. The stator

125 is rotated by the motor 30, for example by a rotor 13 , and transmits rotation to the

one or more central gears 32 .

[0074] The stator bearing 7 allows for rotation of the stator 125 relative to

other components of the prosthetic wrist 100. The stator bearing 127 may be a variety of

suitable bearing types, including bail bearings, roller bearings, ball thrust bearings, roller

thrust bearings, tapered roller thrust bearings, or other suitable types. The stator bearing

127, or components thereof such as inner/outer races, retainers, bails, etc., may be formed

from a variety of materials, including metals, ceramics, other suitable materials, or

combinations thereof.

[0075] The heat shrink 128 separates portions of the stator 125 from other

features of the prosthetic wrist 100 located inside the heat shrink 128. The portions

separated by the heat shrink 128 may therefore rotate relative to each other. The heat

shnnk 128 may surround a coax holder 166 extending through the inner passage of the

heat shrink 128, allowing for rotation of the stator 125 relative to the coax holder 166, as

described herein.

[0076] The motor 130 is a machine that produces movement. The motor 130

is an electric motor that produce rotational movement. The motor 130 produces rotation

to produce a determined number of Hall Effect pulses corresponding to the required

amount of rotation. The motor 130 may be a variety of suitable types of motors, such as a

brushless direct current (DC) motor, a servo motor, a brushed motor, an ultrasonic motor,

or other suitable motor types. The motor 130 provides movement to various portions of

the prosthetic wrist 100 that causes rotation of the coupling 150.

[0077] The motor 130 is located proximally relative to the stator 125. The

motor 130 is operatively coupled with the stator 125. The motor 130 includes a rotor 130

that is operatively coupled with the stator 125 The motor 130 may include other

components operatively coupled with the stator 125. The motor 130 may be rigidly

attached to the stator 125 via one or more shafts. Operation of the motor 130 causes the

stator 125 to rotate. The motor 130 may be operated in a variety of manners. Angular



orientation data is received by the processor 44 of the prosthetic wrist 100 and that

angular information is calculated into the number of Hall Effect pulses that the motor 30

needs to drive to arrive at the correct position. The number of pulses per degree of the

prosthetic wrist 0 may be about four. Other fewer or greater numbers of pulses per

degree may be implemented. The motor 130 will rotate either clockwise or

counterclockwise to a target rotational orientation determined by the number of pulses to

reach the specified angle. The motor 130 may be operated in a variety of other manners,

as described in further detail herein, for example with respect to FIGS. 9-12F. The stator

125 may be rigidly attached to the central gear 132, such that operation of the motor 130

causes the stator 125 and thus the central gear 132 to rotate. The rotation of the stator

125 and central gear 132 may be about the longitudinal axis 2 .

[0078] The central gear 132 is a rounded, structural component having

features for transmitting rotation. The central gear 132 may be formed of a variety of

suitable materials, including metals, plastics, other suitable materials, or combinations

thereof. The central gear 132 is circular and rotates about the longitudinal axis 12. The

central gear 132 has teeth along an outer edge that mechanically communicate with

corresponding features of the prosthetic wrist 100, such as one or more peripheral gears

134. In some embodiments, the central gear 132 may have other shapes and/or features

that mechanically communicate with corresponding features of the prosthetic wrist 100.

There may be one, two, or more central gears 132.

[0079] The peripheral gears 134 are rounded, structural components having

features for transmitting rotation. The peripheral gears 34 may be formed of a variety of

suitable materials, including metals, plastics, other suitable materials, or combinations

thereof. The peripheral gears 134 are circular and rotate about axes parallel to the

longitudinal axis 12. The axes of rotation of the peripheral gears 134 are located in a

circular pattern about the longitudinal axis 12. The peripheral gears 134 are in

mechanical communicate with the central gear 32, the distal body 122 and the rotator

136. Rotation of the central gear 132 will rotate one or more of the proximal peripheral

gears 134, which will rotate the distal body 122, which will rotate the distal proximal

gears, which will rotate the rotator 136, and ultimately rotate the coupling 0. In some

embodiments, the distal body 22 and/or the rotator 36 may be and/or function as part of

the central gear 132 as well. The peripheral gears 134 have teeth along outer edges that

mechanically communicate with corresponding features of the prosthetic wrist 100, such



as the central gear 32, the distal body 2 and/or a rotator 36. In some embodiments,

the peripheral gears 134 may have other shapes and/or features that mechanically

communicate with corresponding features of the prosthetic wrist 0. There may be one,

two, three, four, five, six, seven, eight, nine, ten or more peripheral gears 134. The

peripheral gears 134 may have outer diameters that are less than, equal to, or greater than

outer diameters of the central gear 132 Thus, various gear ratios, mechanical

advantages, etc. may be implemented with the prosthetic wrist 100.

[0080] The rotator 136 is a rounded, structural component that transmits

rotation from the peripheral gears 134 to the coupling 150. The rotator 136 may be

formed of a variety of suitable materials, including metals, plastics, other suitable

materials, or combinations thereof. The rotator 136 circumferentially surrounds the

peripheral gears 134 and extends therefrom in the distal direction. An inner surface of a

proximal, outer portion of the rotator 136 is in mechanical communication with the

peripheral gears 134. The rotator 136 rotates about the longitudinal axis 12 due to

rotational forces transmitted from the peripheral gears 134. An inner surface of a distal,

inner portion of the rotator 136 contacts an inner distal bearing 137. An outer surface of a

distal, outer portion of the rotator contacts an outer distal bearing 156. The inner and

outer distal bearings 137, 156 may be a variety of suitable bearing types, including ba l

bearings, roller bearings, ball thrust bearings, roller thrust bearings, tapered roller thrust

bearings, or other suitable types. The inner and outer distal bearings 137, 156, or

components thereof such as inner/outer races, retainers, balls, etc., may be formed from a

variety of materials, including metals, ceramics, other suitable materials, or combinations

thereof. The rotator 136 can therefore rotate with low friction due to contacts with the

inner distal bearing 37 and the outer distal bearing 156. Rotation of the rotator 36 is

transmitted to the coupling 50, which transmit rotation to the prosthetic hand 200, as

described herein .

[0081] The prosthetic wrist 100 also includes a motor driver circuit 140,

having Hall Effect sensors 142, and a processor 144. An exploded view of the prosthetic

wrist 100 showing the circuit 140, sensors 142, and processor 144 is shown in FIG. 2C.

The circuit 140 may be a printed circuit board (PCB), a printed circuit assembly (PCA), a

printed circuit board assembly or PCB assembly (PCBA), a circuit card assembly (CCA),

a backplane assembly, etc. The circuit 140 mechanically supports and electrically

connects various electronic components of the prosthetic wrist 00 using conductive



tracks, pads and other features etched from copper sheets laminated onto a non-

conductive substrate. Components such as capacitors, resistors, sensors, active devices,

etc may be soldered on the circuit 140. The circuit 140 may contain these or other

components embedded in the substrate. The circuit 140 may be single sided (e.g. one

copper layer), double sided (e.g. two copper layers) or multi-layer (e.g. outer and inner

layers). In some embodiments, the circuit 140 may be a printed wiring board (PWB).

The circuit 140 is located adjacent and proximally relative to the motor 130. The circuit

140 may detect parameters of the motor 130, for example of the stator 131, for analyzing

and determining rotations to perform with the motor 130, for example with the stator 131 .

The circuit 140 can be commanded, for example by the processor 144, to drive the motor

130 or portions thereof. The circuit 40 may include an additional processor in addition

to the processor 144.

[0082] The circuit 140 includes one or more Hail Effect sensors 142. The

sensors 142 are supported by the circuit 140. The sensors 142 are transducers that

produce varied output voltages in response to a magnetic field. The sensors 142 are used

for detecting movement (e.g. speed) and position of magnets or magnetic components of

the motor 130, for example of the stator 131. The sensors 142 may operate as analog

transducers, directly returning a voltage due to movement of the stator 131. With a

known magnetic field, the distance between corresponding magnets of the stator 13 land

sensors 142 can be determined. Using multiple sensors 142, the relative position of the

magnets and thus of the stator 131can be determined. The sensors 142 can acts as

switches. For example, threshold distances between the magnets of the stator 13 land the

sensors 142 can be detected. The sensors 142 may be used to detect the position of one or

more permanent magnets of the stator 131, for example to analyze and control the speed,

position, etc. of the stator 131. Data from the sensors 142 can be communicated to the

processor 144 to drive the stator 131.

[0083] The processor 144 is located proximally relative to the circuit 140. The

processor 144 may be a specialized microprocessor such as a digital signal processor

(DSP). The processor 144 measures, filters and/or compresses signals from the various

sensors and devices. The processor 144 is in electrical communication with the circuit

140, sensors 142 and the motor 130. The processor 144 is also in electrical

communication with sensors of the prosthetic hand 200, such as an IMU, as described

herein. The processor 144 may also be in electrical communication with external control



devices, such as mobile devices like phones and wearables, as described herein. The

processor 144 analyzes data, signals, etc. received from the various sensors and devices,

and determines commands for driving the motor 130 via the Circuit 140 The processor

144 communicates data with the circuit 140 and/or the additional processor of the circuit

140, which data may regard, for example, speed, direction and position of the motor 130

or portions thereof. Driving the motor 130 causes the coupling 150 to rotate, as described

herein, thereby rotating the prosthetic hand 200

[0084] The prosthetic wrist 100 includes the coupling 150. The coupling 150

is a structural connector that is configured to rotatably couple the prosthetic wrist 100

with the prosthetic hand 200. The coupling 150 includes a circular base 15 1 coupled with

one or more teeth 152 extending in the distal direction from the base 151. The teeth 152

are located at or near a periphery or outer edge of the base 151. The teeth 152 are in a

circular pattern. The base 151 and teeth 152 may be formed from a variety of materials,

including metals, plastics, composites, other suitable materials, or combinations thereof.

The base 151 defines an opening 154 through or near the center of the base 151. The

base 151 may include holes or other features around the opening 154 for attaching the

coupling to the rotator 136. The coupling 150 may be connected to the rotator 136 with

fasteners, adhesives, other suitable mechanisms, or combinations thereof. An outer,

proximal portion of the base 151 contacts the outer distal bearing 156. Thus the coupling

150 may rotate with the rotator 136 and be guided by the outer distal bearing 156. The

coupling 150 and rotator 136 may contact the same inner race of the outer distal bearing

156. A portion of the coupling 150 may sit on a distal portion of the outer distal bearing

156.

[0085] The proximal end of the coupling 150 is shown rigidly connected to

the rotator 136. Rotation of the rotator 136 thus causes the coupling 50 to rotate. The

distal end of the coupling 150 is configured to couple with the prosthetic hand 200. With

the prosthetic hand 200 connected to the coupling 150, rotation of the coupling 150 is

thus transmitted to the prosthetic hand 200. The coupling 150 may connect with the

prosthetic hand 200 in a number of configurations. For example, the teeth 152 may-

contact, either fixedly or passively, corresponding features of the prosthetic hand 200 that

can be positioned between the teeth 152, as described herein. The coupling 150 may

removably connect with the prosthetic hand 200, for example by friction fit, such that a

threshold force applied to the prosthetic hand 200 in the distal direction and/or a



threshold force applied to the prosthetic wrist 00 in the proximal direction will

disconnect the coupling 150 from the corresponding features of the prosthetic hand 200.

The coupling 150, bearing race 104 and other features may allow for a simple, quick and

easy disconnect of the prosthetic hand 200 from the prosthetic wrist 100, as further

described herein.

[0086] The prosthetic wrist 100 includes a coaxial assembly 160. The coaxial

assembly 160 provides a wired transmission of electrical communication between the

prosthetic wrist 100 and the prosthetic hand 200. The coaxial assembly 160 includes a

plug 162, a circuit 164, a holder 166 and one or more cables 168. The plug 162 extends

in the distal direction through and away from the coupling 150. The plug 162 is

configured to connection to corresponding features of the prosthetic hand 100, such as a

coaxial socket. The plug 162 is rounded and extends distally along the longitudinal axis

12 with a portion thereof protruding slightly beyond the bearing race 104 in the distal

direction. The plug 162 includes conductive connections for electrically connecting with

the prosthetic hand 200. The plug 162 may be rotationally stationary about the

longitudinal axis 12 but allow for rotation of the prosthetic hand 200 about the plug 162

while maintaining electrical communication between the prosthetic wrist 100 and

prosthetic hand 200.

[0087] The circuit 164 and cables 168 are in electrical communication with

the plug 162. The circuit 164 may be a printed circuit board (PCB), or other types of

suitable circuits. The circuit 64 may be in wired connection with the plug 62 and the

cables 68. The circuit 64 may receive and/or transmit electrical signals from and/or to

the plug 162 and cables 168. The circuit 164 is located proximally relative to the plug

162. The cables 68 extend in a proximal direction from the circuit 64 . The cable 68

is a communication cable capable of transmitting data, information etc. The coaxial

assembly 160 may include multiple cables 168. As shown, there are four cables 168. In

some embodiments, the coaxial assembly 60 or portions thereof may not be necessary,

for example the prosthetic hand 200 may be entirely or partially in wireless

communication with the prosthetic wrist 00.

[0088] The holder 166 supports the one or more cables 168. The holder 166 is

an elongated structural support extending through the passageway 126. A distal end of

the holder 166 extends to the circuit 164. A proximal end of the holder 166 extends to

the motor driver circuit 140. The circuit 140 may support the proximal end of the holder



166 The holder 166 may have a generally planar shape as shown. The holder 66 may

be formed form a variety of materials, including plastics, polymers, other suitable

materials, or combinations thereof.

[0089] The prosthetic wrist 100 includes a proximal cover 170. The proximal

cover 170 is a structural end piece. The proximal cover 0 is rounded and connects with

the proximal body 124. The cover 170 may in addition or alternatively connect with

other features of the prosthetic wrist 100, such as the processor 144. The proximal cover

170 may connect with the various features by fasteners, threads, friction fit, adhesives,

other suitable mechanisms, or combinations thereof. The proximal cover 170 may cover

and protect the processor 144. The processor 144 may be disposed inside the proximal

cover 170. The proximal cover 170 may also facilitate attachment with various features

of other prosthetic components, such as prosthetic arms, as described herein.

[0090] The features of the prosthetic wrist 100 described herein relate to

merely some embodiments of the prosthetic wrist 100. Other embodiments of the

prosthetic wrist 100 and features thereof not explicitly described herein are within the

scope of the present disclosure. In some embodiments, the prosthetic wrist 100 is

configured to rotate about more than on axis. For example, the prosthetic wrist 100 may

be configured to rotate about the longitudinal axis 12 and about one or more axes

perpendicular to the longitudinal axis 12. An example X-Y-Z axis system is shown in

FIG. I , where the X axis is parallel to the longitudinal axis 12. Further indicated are roll,

pitch and yaw rotations about, respectively, the X axis, Y axis and Z axis. The rotations

may be in the directions indicated or in the opposite direction. The prosthetic wrist 100

may be configured to perform any combination of such rotations (roil, pitch and yaw),

such as roll and pitch, roll and yaw, or roll, pitch and yaw. Further, the various

embodiments of the prosthetic wrists 100 may be used with a multitude of embodiments

of prosthetic hands. Some embodiments of such prosthetic hands are described herein

with respect to the prosthetic hand 200. The prosthetic hand 200 may also be configured

to perform various rotations. n some embodiments, the prosthetic hand 200 may be

configured to perform any combination of the roil, pitch and yaw rotations, such as only

pitch, only yaw, roll and pitch, roll and yaw, or roil, pitch and yaw. In some

embodiments, wrist flexion and/or wrist deviation may be performed, e.g. pitch of the

wrist in both rotational directions. The prosthetic hand 200 and/or the prosthetic wrist

100 may be configured to perform such rotations. In some embodiments, separate



components may be incorporated with the prosthetic hand 200 and/or the prosthetic wrist

100 to perform such rotations. For example, a separate device in between the prosthetic

hand 200 and the prosthetic wrist 00 may perform such rotations

[0091] FIG. 3A is a perspective view of the prosthetic hand 200. FIGS. 3B-

3G are various views of the prosthetic hand 200 with some components removed for

clarity. FIG. 3H is a bottom perspective view and FIG. 3 is a bottom view of the

prosthetic hand 200. The geometric references "distal" and "proximal" directions are

indicated for sake of description. The longitudinal axis 12 is indicated as shown. The

prosthetic hand 200 connects to and is rotated by the prosthetic wrist 100. The prosthetic

hand 200 may rotate about the longitudinal axis 12. The prosthetic hand 200 is capable

of forming a multitude of grips, for example various orientations of one or more digits

and/or a palm . The prosthetic hand 200 may form such grips in sync with rotation of the

prosthetic hand 200, as described herein. The prosthetic hand 200 described herein is

merely an example of a prosthetic hand that may be implemented. Other prosthetic hands

may be implemented, for example as described in U.S. Patent No. 8,696,763, titled

PROSTHETIC APPARATUS AND CONTROL METHOD and issued on April 15 , 2014,

the entire contents of which are incorporated by reference herein for all purposes.

[0092] The prosthetic hand 200 includes a wrist attachment 204. The wrist

attachment 204 may be a quick wrist disconnect (QWD) device, allowing for quick

connection to and/or quick disconnection from the prosthetic wrist 100. The wrist

attachment 204 is a structural connector on the proximal end of the prosthetic hand 200.

The wrist attachment 204 includes a bail bearing retainer 206 having one or more ball

bearings 208 contained therein. The ball bearing retainer 206 extends in the distal

direction and is configured to be received by the prosthetic wrist 100. The ball bearing

retainer 206 may be received within the bearing race 4 of the prosthetic wrist 100. The

ball bearings 208 may be received into the groove 106 of the bearing race 104. The ball

bearings 208 may rotate within the groove 6 as the prosthetic hand 200 is rotated by the

prosthetic wrist 100. The ball bearing retainer 206 and ball bearings 208 may form a

variety of different bearing types, including ball bearings, roller bearings, ball thrust

bearings, roller thrust bearings, tapered roller thrust bearings, or other suitable types. The

ball bearing retainer 206 and ball bearings 208 be formed from a variety of materials,

including metals, ceramics, other suitable materials, or combinations thereof.



[0093] The wrist attachment 204 includes a locking ring 210 having a series

of projections (see FIGS. 3H and 31) for connecting to the coupling 0 . The locking

ring 2 0 is a rounded structure coupled with the wrist attachment 204. The locking ring

210 may be coupled with, for example attached directly to, the ba l bearing retainer 206.

The locking ring 210 engages with the coupling 150 of the prosthetic wrist 100. The

projections 2 1 may be complementary structures that correspond to and fit in between

the teeth 152 of the coupling 150. The projections 2 1 are raised, triangular portions of

the Socking ring 210 defining rectangular spaces therebetween into which the teeth 152

are received. The projections 2 1 and/or spaces defined thereby may have other shapes.

[0094] Rotation of the coupling 50 transm its rotation to the wrist attachment

204 via the teeth 152 and projections 2 11. When engaged together, the projections 21

may passively contact the teeth 152 such that lateral or circumferential movement of the

projections 2 relative to the teeth 152 is inhibited by the teeth 152. When engaged

together, the projections 2 may not be inhibited by the teeth 52 from moving axiaily

in the distal direction away from the teeth 152. The base 152 may inhibit axial movement

of the projections 2 in the proximal direction. The bearing race 104, such as the groove

106, may also prevent axial movement of the ball bearings 208 and thus of the prosthetic

hand 200 in the proximal and/or distal directions.

[0Θ95] The prosthetic hand 200 includes a palm assembly 212 connected to

four prosthetic finger digits 240 and one prosthetic thumb digit 280. The palm assembly

212 is a structural assembly forming a palm portion of the prosthetic hand 200. The palm

assembly 2 includes a hand chassis 214 having one or more chassis walls 2 16. FIG. 3B

is a palm-side view and FIG. 3C is a back-side view of the prosthetic hand 200. "Palm-

side" and back-side" are used here in their ordinary sense with respect to natural hands.

Both FIGS. 3B and 3C have some features removed for clarity, for example to see interior

components of the prosthetic hand 200.

[0096] The hand chassis 214 is a structural support for various features of the

prosthetic hand 00 . The walls 216 extend in various directions to support such features.

Walls 216 at the proximal end of the hand chassis 4 connect to the wrist attachment

204. The hand chassis 2 4 may be connected to the wrist attachment 204 with fasteners,

threads, other suitable mechanisms, or combinations thereof. The walls 2 6 may extend

in the distal direction to a distal end of the palm assembly 2 2



[0097] The walls 216 at the distal end of the hand chassis 214 connect to one

or more knuckle blocks 2 8 The knuckle blocks 2 8 are structural connectors that

connect the palm assembly 2 2 to the prosthetic finger digits 240. The prosthetic thumb

digit 280 may similarly attach to a thumb knuckle block on the thumb-side of the palm

assembly 2 2. Further details of the prosthetic finger digits 240 and the prosthetic thumb

digit 280 are described herein, for example with respect to FIGS. 4A-4B and FIG. 5A-5B

respectively.

[0098] The prosthetic hand 200 includes a motor assembly 220 and thumb

rotator 222. The motor assembly 220 and thumb rotator 222 may be part of the palm

assembly 212. The motor assembly 220 causes movement, for example rotation, of the

prosthetic thumb digit 280 via the thumb rotator 222. The motor assembly 220 may

include an electric motor for causing such movement. The motor assembly 220 may

include a variety of suitable types of motors, such as a brushless direct current (DC)

motor, a servo motor, a brushed motor, an ultrasonic motor, or other suitable motor types.

The thumb rotator 222 may transmit movement from the motor assembly 220 to the

prosthetic thumb digit 280. The motor assembly 220 and thumb rotator 222 may cause

the prosthetic thumb digit 280 to rotate about one or more axes.

[0099] The prosthetic hand 200 includes a dorsal fairing 224 (see FIG. 6B)

and a palm fairing 226. The dorsal fairing 224 is located on the dorsal or back-side of the

prosthetic hand 200. An outer side of the dorsal fairing 224 faces in a dorsal direction

when attached to the prosthetic hand 200, forming a back-side of the prosthetic hand 200.

The pa n fairing 226 is located on the palm-side of the prosthetic hand 200 opposite the

dorsal fairing 224. An outer side of the palrn fairing 226 faces in a palm direction when

attached to the prosthetic hand 200, forming a palm side of the prosthetic hand 200. In

FIG. 3B, the palm fairing 226 has been removed for clarity. In FIG. 3C, the dorsal fairing

224 has been removed for clarity. The dorsal and palm fairings 224, 226 are structural

covers of the prosthetic hand 200. The dorsal and palrn fairings 224, 226 may be formed

of composites, plastics, polymers, metals, other suitable materials, or combinations

thereof. The dorsal and palm fairings 224, 226 may be fastened to the prosthetic hand

200, for example to the hand chassis 214 or walls 216 thereof. The dorsal and palm

fairings 224, 226 may, in addition or alternatively, be attached to these or other features

of the prosthetic hand 200 with a variety of other suitable mechanisms.



[0100] The prosthetic hand 20 defines a cavity 228. The cavity 2 2 8 ay be

side the palm assembly 212. The cavity 228 is formed at least in part by the dorsal and

palm fairings 224, 226. The cavity 228 may contain various features of the prosthetic

hand 200, such as the hand chassis 214, the motor assembly 220 and associated motor,

the thumb rotator 222, the knuckle blocks 2 , the thumb knuckle block, and/or other

features.

[0101] The prosthetic hand 200 includes an inertia! measurement unit (IMU)

230. The IMU 230 is an electronic device that detects and communicates various

parameters related to the orientation of the IMU 230 and thus of the prosthetic hand 200.

The IMU 230 may measure accelerations and/or speeds (i.e. rates), which may be linear

and/or angular. The IMU 230 may measure magnetic fields. The IMU 230 may

incorporate one or more accelerometers, gyroscopes, and/or magnetometers. The IMU

230 as shown is a nine-axis IMU, including a three-axis acceierometer, a three-axis

gyroscope, and a three-axis magnetometer.

[0102] The prosthetic hand 200 includes one IMU 230. In some

embodiments, the prosthetic hand 200 may include multiple IMUs 230. As shown in FIG.

3C, the IMU 230 is located on a back-side of the prosthetic hand 200, connected to a

back-side of the hand chassis 2 4 . The IMU 230 may be located in various positions of

the prosthetic hand 200 and attached in various manners, for example depending on the

size, type, etc. of the prosthetic hand 200. Additional embodiments of the prosthetic hand

200 showing alternative locations of the IMU 230 are shown in FIGS. 3D-3G. FIG. 3D is

a back-side view with the dorsal fairing 224 removed, and FIG. 3E is a palm-side view, of

a relatively smaller prosthetic hand 200 including the IMU 230 orientated horizontally.

FIG. 3F is a back-side view with the dorsal fairing 226 removed, and FIG. 3G is a palm-

side view with part of the palm fairing 226 removed, of a relatively larger prosthetic hand

200 including the IMU 230 orientated vertically. FIGS. 3D and 3F do not include the

prosthetic thumb digit 280 for clarity.

[0103] The IMU 230 detects one or more accelerations, one or more rates of

movement and magnetic field strengths in one or more directions to determine an

orientation of the prosthetic hand 230 in three-dimensional space. The IMU 230 as

shown detects accelerations along three orthogonal directions, rates of movement along

three orthogonal directions, and magnetic field strength along three orthogonal directions.

The IMU 230 may detect the accelerations, rates and magnetic field strengths along the



same three orthogonal directions. In some embodiments, the IMU 230 may detect the

accelerations, rates and magnetic field strengths along different directions. The IMU 230

may communicate the detected parameters to other features of the prosthetic hand 200

and/or to the prosthetic wrist 100. The IMU 230 may communicate the detected

parameters to the processor 44 of the prosthetic wrist 100. The IMU 230 may

communkate the detected parameters to a communications device associated with the

processor 144. The IMU 230 may communicate the detected parameters to other devices,

electronics, etc. of the prosthetic wrist 0. The IMU 230 may communicate the detected

parameters to a processor, communications device, circuit, or other electronics of the

prosthetic hand 200 In some embodiments, the IMU 230 may perform calculations

based on the detected parameters and communicate the results of those calculations to the

aforementioned devices.

[0104] The prosthetic hand 200 includes a circuit 23 and processor 233. The

prosthetic hand 200 may also include a speed boost circuit 232. The circuits 23 , 232 are

a printed circuit boards (PCB) in electrical communication with the processor 233. The

circuit 23 is in communication with the processor 233 and the IMU 230. The circuit 23 1

may be a variety of suitable types of electronic circuits. The processor 233 may be a

variety of suitable types of processors, including those described with respect to the

processor 144 of the prosthetic wrist 100. The circuit 23 and/or processor 233 are in

electrical communication with the various electronics of the prosthetic hand 200,

including the motor assembly 220, the IMU 230, the prosthetic finger digits 240 and/or

actuators thereof, the prosthetic thumb digit 280 and/or actuators thereof, one or more

batteries, and other devices. The processor 233 measures, filters and/or compresses

signals from the various sensors and devices of the prosthetic hand 200 and controls

movement of the prosthetic hand 200, for example movement of the prosthetic finger

digits 240 and/or the prosthetic thumb digit 280. The circuit 231 and/or processor 233

may receive EMG signals and drive the prosthetic digits 240, 280 via an bridge circuit

chip, e.g. one bridge circuit chip for each of the prosthetic digits 240, 280. The circuit

23 and/or processor 233 may be in communication with one or more grip chips, as

described herein. The grip chips may be electronic sensors placed at or near items where

particular grips are desirable. Different particular grip chips may be used for various

items, such as a 'cup" grip chip placed near cups, so that the prosthetic hand 200 forms a



grip to hold a cup when the prosthetic hand 200 is within proximity of the "cup" grip

chip. This is merely one example and other suitable grip chips may be used

[0105] The speed boost circuit 232 may be a speed boost PCB. The speed

boost circuit 232, for example the speed boost PCB, may increase an input voltage

enabling the prosthetic digits to move, for example rotate, at a faster rate, acceleration,

etc. The speed boost circuit 2 3 2 includes an on-off switch 236 that protrudes through an

opening 238 of the palm fairing. The on-off switch 236 can be toggled to power the

electronics of the prosthetic hand 2 00 on and off. The on-off switch 236 can also control

powering the prosthetic wrist 00 on and off, for example via the coaxial assembly 60 .

[0106] The prosthetic hand 200 can form various grips. The prosthetic fmger

digits 240 and prosthetic thumb digit 2 80 may actuate, for example rotate, to form the

grips. In some embodiments, the palm assembly 212 can rotate, for example along the

longitudinal axis 12 and/or along other axes. The formation of various grips with the

prosthetic hand 200 is performed in sync with the wrist rotation by the prosthetic wrist

100. The prosthetic finger digits 240 and prosthetic thumb digit 280 actuate based on

commands sent to various actuators, as described herein.

[0107] FIG. 4A is a perspective view of one of the prosthetic finger digits 240

of the prosthetic hand 0. FIG. 4B is a side view of the prosthetic finger digit 240 with

some components removed for clarity. FIG. 4C is a side cross-section view of the

prosthetic finger digit 240 showing a wire 265 and spring 267 for rotating outer portions

of the prosthetic fmger 240. The prosthetic finger digits 240 may have the same or

similar features and/or functionalities as each other. The prosthetic fmger digits 240 may¬

be different sizes, for example to mimic natural finger sizes or to accommodate smaller or

larger prosthetic hands 200. The following description may apply to all of the prosthetic

fmger digits 240 regardless of these variations in size. The prosthetic finger digits 240

and components thereof may be formed of plastic, metal, composite, other suitable

materials, or combinations thereof.

[0 108] The prosthetic fmger digit 240 includes a fmger knuckle assembly 244

The finger knuckle assembly 244 is a structural attachment for connecting the prosthetic

fmger digit 240 to the prosthetic hand 200, for example to the hand chassis 214. A worm

wheel 246 is attached to the finger knuckle assembly 244 The worm wheel 246 includes

a body 247 having a rounded edge 248. The worm wheel 246 is a structural component

for guiding movement of the prosthetic f ger digit 240 The contour of the rounded edge



248 may provide a guide path for advancement of the prosthetic finger digit 240 along the

rounded edge 248 along the two directions indicated by the geometric reference double-

sided arrow 250. Advancement of the prosthetic finger digit 240 causes rotation about a

hole 249 of the worm wheel 246. The rotation may be in two directions, as indicated by

the geometric reference double-sided arrow 263. The hole 249 is configured to receive a

pivot pin 262 therein, as described herein, to facilitate rotation. The rounded edge 248

includes a series of teeth (not shown) configured to engage with a worm gear helix 258,

as described herein, that guide the prosthetic finger digit 240 along the rounded edge 248.

[0109] The prosthetic finger digit 240 includes a gearbox 252. The gearbox

252 is removed for clarity in FIG. 4B. The gearbox 252 is rotatably attached to the finger

knuckle assembly 244 and worm wheel 246 via the pivot pin 262. The gearbox 252

contains various actuation devices and accessories for moving the prosthetic finger digit

240. The gearbox 252 includes a motor 254, motor bearing 256 and worn gear 257. The

motor 254 actuates to cause the rotation of the prosthetic finger digit 240 about the pivot

pin 262. The motor 254 may be a variety of suitable motors, including electric, brushless,

etc. The motor bearing 256 is contacted on the distal side by the motor 254 and on the

proximal side by the worm gear 257. The proximal end of the worm gear 257 contacts a

worm bearing 260. The motor 254 causes the worm gear 257 to rotate. As the worm gear

257 rotates, a helix 258 of the worm gear 257 engages with the teeth of the worm wheel

246. Engagement of the helix 258 causes the worm gear 257 to advance along the

rounded edge 248 of the worm wheel 246, causing the gearbox 252 portion of the

prosthetic finger digit 240 to rotate about the pivot pin 262 in a first direction indicated

by the arrow- 263. The motor 254 can be reversed to cause rotation of the prosthetic

finger digit 240 to rotate about the pivot pin 262 in a second direction indicated by the

arrow 263 that is opposite the first direction. There may be no axial play between the

motor bearing 256, the helix 258, the wo m 257, the worm bearing 260 and/or the

motor 254 when assembled together as shown.

[0110] The prosthetic finger digit 240 includes a fairing 264 attached to the

prosthetic finger digit 240 that covers part of the gearbox 252. The fairing 264 may be

moveable or stationary. The fairing 264 may be rotatably connected, for example with

the pivot p 262. A knuckle cap thinner 266 is attached to a distal end of the gearbox

252. The knuckle cap thinner 266 extends in the distal direction and is rotatably

connected to a retaining tab thinner 268.



[0111] The retaining tab thinner 268 can rotate relative to the knuckle cap

thinner 266 in the two opposite directions indicated by the double-sided arrow 269.

Rotation of the retaining tab thinner 268 may be passive, for example caused by rotation

of the gearbox 252 about the pivot pin 262 . In some embodiments, the wire 265 (shown

in FIG. 4C) connects to portions of the prosthetic finger 240 located distally of the

knuckle cap thinner 266, for example to the retaining tab thinner 268. The wire 246

extends from one or more proximal portions of the prosthetic finger 240, such as the

worm wheel 2 46 as shown, to one or more distal portions of the prosthetic finger 240,

such as the gearbox 2 5 2 and retaining tab thinner 268, and/or the fingertip assembly 270.

The wire 246 may extend along or around one or more hinge points as shown. The wire

246 may be generally inelastic. The wire 246 may be a nylon monofilament cable, such

as gorilla wire. Rotation of the gearbox 252 about the pivot pin 2 62 may pull on, e.g.

increase tension in, the wire 265 thus pulling on the retaining tab thinner 268 and/or the

fingertip assembly 270 and causing the retaining tab thinner 268 and fingertip assembly

270 to rotate in a first direction indicated by the arrow 269 such that the prosthetic finger

digit 2/40 closes. By "closes" it is meant that the prosthetic finger 240 as oriented in FIG.

4B rotates at least partially in the counterclockwise directions at the arrows 262 and 269.

As oriented in FIG. 4C, closing of the prosthetic finger 240 is rotation i the clockwise

direction. Closing the prosthetic finger 240 may pull on and expand the spring 267

(shown in FIG. 4C), thus providing an opening force that acts against the closing force

provided by the wire 265. The spring 267 may be a tension spring, coil spring, or other

suitable types of springs. The spring 267 may provide a compressive force when

expanded. Rotation of the gearbox 252 about the pivot pin 26 2 may provide more slack

to, e.g. decrease tension in, the wire 265 allowing the spring 267 to pull on the retaining

tab thinner 268 to rotate the retaining tab thinner 268 i a second direction indicated by

the arrow 2 69 that is opposite to the first direction such that the prosthetic finger digit 240

opens. By "opens" it is meant that the prosthetic finger 240 as oriented in FIG. 4B rotates

m the clockwise directions at the arrows 262 and 269. As oriented in FIG. 4C, opening of

the prosthetic finger 240 is rotation in the counterclockwise direction. Thus, "closed" and

"opened" here refer to their ordinary meaning of a natural hand being opened, for

example with an opened hand with straight fingers, or closed, for example a closed fist

with curled fingers.



[01 12] The rotation of the outer segments of the prosthetic finger digit 240,

such as the retaining tab thinner 268, may therefore be proportional (e.g. linearly related)

to rotation of the inner segments, such as the gearbox 252. In some embodiments, other

mechanisms for rotation of the outer segments of the prosthetic fmger digit 240 may be

implemented. For example, the retaining tab thinner 268 or other segments may be

rotated by a separate motor. Thus, the particular configuration and grip formation means

of the prosthetic hand 200 described herein are merely some example embodiments, and

other suitable configurations and grip formation means may be implemented.

[0113] A fingertip assembly 270 is rigidly attached to a distal end of the

retaining tab thinner 268. The fingertip assembly 270 includes a finger extension 272 and

a fingertip 274. A proximal end of the finger extension 274 is attached to a distal end of

the retaining tab thinner 268. A proximal end of the fingertip 274 is attached to a distal

end of the finger extension 272. In some embodiments, the elastic member that causes

rotation in the directions along arrow 269 may be connected to the fingertip assembly

270.

[0114] The rotation of the various segments of the prosthetic finger digit 240

may be performed to form various grips with the prosthetic hand 200. For some grips,

the prosthetic finger digits 240 may be rotated different amounts at the respective joints

of each prosthetic finger digit 240. For some grips, the prosthetic finger digits 240 may¬

be rotated the same amounts at the respective joints of each prosthetic finger digit 240.

For some grips, some of the prosthetic finger digits 240 may be rotated the same amounts

while other prosthetic finger digits 240 may be rotated different amounts at the respective

joints. For example, the prosthetic hand 200 shown in FIG. 6B has one of the prosthetic

fmger digits 240 straight while the others are curved. Many other grips are possible.

Further details of an example grip formation are described herein, for example with

respect to FIGS. 12A-I2F. The movement of the prosthetic thumb digit 280 may also

contribute to various grip formations.

[0 115] FIG. 5A is a perspective view of the prosthetic thumb digit 280. FIG.

5B is a side view of the prosthetic finger digit 280 with some components removed for

clarity. The prosthetic thumb digit 280 may be different sizes, for example to

accommodate smaller or larger prosthetic hands 200. The following description of the

prosthetic thumb digit 280 may apply regardless of these variations in size. The



prosthetic thumb digit 280 and components thereof may be formed of plastic, metal,

composite, other suitable materials, or combinations thereof.

[0116] Tire prosthetic thumb digit 280 includes a thumb knuckle assembly

282 The thumb knuckle assembly 2 8 2 is a structural attachment for connecting the

prosthetic thumb digit 2 80 to the prosthetic hand 200, for example to the hand chassis

214 A worm wheel 284 is attached to the thumb knuckle assembly 282. The worm

wheel 284 includes a body 285 having a rounded edge 286. The worm wheel 284 is a

structural component for guiding movement of the prosthetic thumb digit 2 80 The

contour of the rounded edge 286 may provide a guide path for advancement of the

prosthetic thumb digit 280 along the rounded edge 2 86 along the two directions indicated

by the geometric reference double-sided arrow 287. Advancement of the prosthetic

thumb digit 280 causes rotation about a hole 288 of the worm wheel 284 The rotation

may be in two directions, as indicated by the geometric reference double-sided arrow 289.

The hole 288 is configured to receive a pivot pin 296 therein, as described herein, to

facilitate rotation. The rounded edge 286 includes a series of teeth (not shown)

configured to engage with a worm gear helix 294, as described herein, that guide the

prosthetic thumb digit 280 along the rounded edge 286.

[0117] The prosthetic thumb digit 280 includes a gearbox 290. The gearbox

290 is removed for clarity in FIG. 5B. The gearbox 290 is rotatably attached to the thumb

knuckle assembly 282 and worm wheel 284 via the pivot pin 296. The gearbox 290

contains various actuation devices and accessories for moving the prosthetic thumb digit

280. The gearbox 252 includes a motor 291, motor bearing 292 and worm gear 293. The

motor 291 actuates to cause the rotation of the prosthetic thumb digit 280 about the pivot

pin 296. The motor 291 may be a variety of suitable motors, including electric, brashless,

etc. The motor bearing 292 is contacted on the distal side by the motor 291 and on the

proximal side by the worm gear 293. The proximal end of the worm gear 293 contacts a

worm bearing 299. The motor 29 causes the worm gear 293 to rotate. As the worm gear

293 rotates, a helix 294 of the worm gear 293 engages with the teeth of the worm wheel

284. Engagement of the helix 294 causes the worm gear 293 to advance along the

rounded edge 286 of the worm wheel 284, causing the gearbox 290 portion of the

prosthetic thumb digit 280 to rotate about the pivot pin 296 in a first direction indicated

by the arrow 289. The motor 291 can be reversed to cause rotation of the prosthetic



thumb digit 280 to rotate about the pivot pin 296 in a second direction indicated by the

arrow 289 that is opposite the first direction.

[0118] The prosthetic thumb digit 280 includes a thumb fairing 297 and fixed

fairing 298 attached to the prosthetic thumb digit 280 that cover part of the gearbox 290.

The thumb fairing 297 may be connected to the pivot pin 296. The thumb fairing 297 is

moveable, for example rotatable about the pivot pin 296. The fixed fairing 298 may be

connected to the palm assembly 2 2, for example the hand chassis 214. The fixed fairing

298 may be stationary. A thumb tip 299 is attached to a distal end of the gearbox 290.

The thumb tip 299 may be rigidly attached to the gearbox 290. In some embodiments, the

thumb tip 299 may be moveable, for example rotatable, relative to the gearbox 290.

[0119] The prosthetic thumb digit 280 can rotate relative to the palm assembly

212. The prosthetic thumb digit 280 is rotatable in the two directions indicated by the

arrow 289. The prosthetic thumb digit 280 is rotatable to "open" and "close" as described

above. For example, the prosthetic thumb digit 280 can rotate counterclockwise as

oriented in FIG. 5B, for instance when closing the prosthetic thumb digit 280 and/or

forming a closed grip with the prosthetic hand 200. For example, the prosthetic thumb

digit 280 can rotate clockwise as oriented in FIG. 5B, for instance when opening the

prosthetic thumb digit 280 and/or forming an open grip with the prosthetic hand 200.

[0120] The rotation of the prosthetic thumb digit 280 may be performed to

form various grips with the prosthetic hand 200. For some grips, the prosthetic thumb

digit 280 may be rotated the same or different amounts compared to some or all of the

prosthetic finger digits 240. Many grips are possible. Further details of an example grip

formation are described herein, for example with respect to FIGS. 12A-12F.

[0121] FIG . 6A is a perspective view of the prosthetic wrist 100 attached to an

embodiment of a prosthetic lower arm 300. The prosthetic lower arm 300 is a prosthetic

for the lower or outer segment of an arm, for example the forearm. The prosthetic lower

arm 300 is a hollow tube with an arm-like shape. The prosthetic lower arm 300 may have

a variety of other suitable shapes and configurations. The proximal end of the prosthetic

lower arm 300 attaches to a user, for example to a stump of an amputee, a fitting, socket,

etc. The distal end of the prosthetic lower arm 300 attaches to the prosthetic wrist 100.

The prosthetic lower arm 300 may be mechanically and/or electrically connected to the

prosthetic wrist 100. The prosthetic lower arm 300 receives the prosthetic wrist 100

through an opening at the distal end of the prosthetic lower arm 300. In some



embodiments, the prosthetic wrist 100 when attached to the prosthetic lower arm 300 may

not be entirely inside the prosthetic lower arm 300. For example, the prosthetic wrist 100

when attached to the prosthetic lower aim 300 may be partially, mostly, or entirely

outside the prosthetic lower aim 300. Thus, the example configuration shown of

attachment of the prosthetic wrist 100 to the example embodiment of the prosthetic lower

aim 300 is merely one possible configuration, and many other suitable configurations

may be implemented. Further, the prosthetic wrist 100 can connect to the prosthetic

lower arm 300 in a number of suitable manners. For example, the body 102, the actuator

module 120, the proximal body 124, the circuit 140, the processor 144, the proximal

cover 70, portions thereof, and/or other features of the prosthetic wrist 00 may attach to

the prosthetic lower aim 300.

[0122] FIG. 6B is a perspective view of the prosthetic lower arm 300 having

the prosthetic wrist 100 installed therein, with the prosthetic hand 200 shown detached

from the prosthetic wrist 100. The prosthetic system 10 may therefore be used with the

prosthetic lower arm 300. The prosthetic hand 200 may be attached to the prosthetic

wrist 0, thereby forming a complete prosthetic lower arm, wrist and hand system . The

prosthetic hand 200 may be attached to the prosthetic wrist 100 by moving the prosthetic

hand 200 in the proximal direction along the longitudinal axis 12. The prosthetic hand

200 may be detached from the prosthetic wrist 100 by moving the prosthetic hand 200 in

the distal direction along the longitudinal axis 12. When attached together, the prosthetic

lower a m 300 and prosthetic wrist 100 may be aligned with the longitudinal axis 12, as

shown. When attached to the prosthetic wrist 100, the prosthetic hand 200 may rotate

about the longitudinal axis 12 as indicated, while the prosthetic lower aim 300 remains

rotationally stationary. Thus, the prosthetic hand 200, when attached to the prosthetic

wrist 100, may rotate about the longitudinal axis 12 relative to the prosthetic lower arm

300. The rotation of the prosthetic hand 200 is caused by the prosthetic wrist 100, as

described herein.

[0123] FIG. 6C is a perspective view of the prosthetic wrist 100 attached to

the lower arm prosthetic 300. The lower arm prosthetic 300 is transparent for clarity.

The lower arm prosthetic 300 includes an electromyography (EMG) system 180. The

EMG system 0 is configured to read EMG signals from a user of the prosthetic system

10. The EMG system 180 may be used to control the prosthetic system 10, for example

to enter a gesture control mode, as described herein.



[0124] The EMG system 180 includes a processor 182 in electrical

communication with the prosthetic wrist 100 via one or more wires 184 In some

embodiments, the processor 82 may be connected wirelessiy to the prosthetic wrist 0 .

The processor 182 may be connected with the circuit 140 and/or processor 144, or

features thereof, of the prosthetic wrist 100 The processor 182 is also connected with

one or more EMG sensors 186 via respective wires 188. There are five EMG sensors

186. There may be fewer or more EMG sensors 186. The EMG sensors 186 may be in

wireless communication with the processor 182. The EMG sensors 6 may be a variety

of different types of EMG sensors, including surface electrodes, intramuscular electrodes,

other types, or combinations thereof. The EMG sensors 186 are in electrical

communication with a natural limb or portion thereof of a user of the prosthetic system

10 Muscular movements, for example contractions, are detected by the EMG sensors

186 Data associated with the muscle movements are communicated via the processor

180 to the prosthetic wrist 100 and/or to the prosthetic hand 200. Such data is used to

enter a gesture control mode, as described herein. The EMG system 180 may also

include an IMU. For example, the processor 2 may include or be in communication

with an IMU of the lower arm prosthetic 300. The IMU of the lower arm prosthetic 300

may provide orientation data about the lower arm prosthetic 300. The IMU of the lower

arm prosthetic 300 may have the same or similar features and/or functionalities as the

other IMUs described herein, for example the IMU 230.

[0125] FIG. 7 is a perspective view of an embodiment of a prosthetic arm 30

attached to the prosthetic system 10. n some embodiments, the prosthetic system 10 may¬

be used with complete prosthetic arms, not just lower prosthetic arm segments as with the

lower arm prosthetic 300. A proximal end of the prosthetic arm 3 attaches, directly or

indirectly, to an upper arm or shoulder of a user. The opposite, distal end of the

prosthetic arm 3 is attached to the prosthetic wrist 100 which is attached to the

prosthetic hand 200. The prosthetic arm 3 includes an entire arm, i.e. upper and lower

arm segments. In some embodiments, the prosthetic arm 30 may include the lower arm

prosthetic 300 as well as an upper arm prosthetic connected thereto. Further, the

prosthetic arm 30 may include a rotatabie joint, for example an elbow, incorporating an

IMU 3 0. The IMU 3 0 may have the same or similar features and/or functionalities as

the IMU 230 of the prosthetic hand 200. The IMU 3 0 may detect orientation of the

prosthetic arm 301, for example rotational orientation at the elbow. Such orientation data



from the IMU 310 may be communicated to the prosthetic wrist 0 and/or prosthetic

hand 200 for controlled movement of the prosthetic wrist 0 and/or prosthetic hand 200

in conjunction with, e.g. synchronized with, controlled movement of the prosthetic a

301. The IMU 310 may be used in addition to the IMU 230 of the prosthetic hand 200.

In some embodiments, the IMU 230 may be used for both wrist rotation and movement of

the prosthetic arm 30 after a grip has been selected, as described herein. Thus, in some

embodiments, a single IMU may perform multiple functions for various prosthetic

segments of the system.

[0126] FIG. 8 is a perspecti ve view of an embodiment of a prosthetic ar and

shoulder system 400 incorporating the prosthetic system 10. The prosthetic arm and

shoulder system 400 attaches, directly or indirectly, to a side of a user. The prosthetic

arm and shoulder system 400 is attached to the prosthetic wrist 100 which is attached to

the prosthetic hand 200. The prosthetic arm and shoulder system 400 includes an entire

arm and shoulder, i.e. upper and lower arm segments and the shoulder. In some

embodiments, the prosthetic ar and shoulder system 400 may include the lower arm

prosthetic 300 as well as an upper arm prosthetic and shoulder prosthetic. Further, the

prosthetic arm and shoulder system 400 may include one or more rotatable joints. The

prosthetic arm and shoulder system 400 may include a rotatable elbow joint incorporating

the IMU 310. The prosthetic arm and shoulder system 400 may also include a rotatable

shoulder joint incorporating an IMU 410. The IMU 410 may have the same or similar

features and/or functionalities as the IMU 310 described herein. The IMU 410 may

detect orientation of the prosthetic arm and shoulder system 400, for example rotational

orientation at the shoulder. Orientation data from the IMU 310 and the IMU 410 may be

communicated to the prosthetic wrist 100 and/or prosthetic hand 200 for controlled

movement of the prosthetic wrist 100 and/or prosthetic hand 200 in conjunction with, e.g.

synchronized with, controlled movement of the prosthetic arm and shoulder system 400.

The IMU 310 and IMU 410 may be used in addition to the IMU 230 of the prosthetic

hand 200. In some embodiments, the IMU 230 may be used for both wrist rotation and

movement of the prosthetic arm 401 after a grip has been selected, as described herein.

Thus, in some embodiments, a single IMU may perform multiple functions for various

prosthetic segments of the system.

[0127] FIG. 9 is a flowchart showing an embodiment of a method 500 for

operating the prosthetic wrist 0. The method 500 may be performed by the prosthetic



system 10 that includes the prosthetic wrist 100 and prosthetic hand 200 The method

500 may be performed by other prosthetic systems that use an IMU sensor to detect a

orientation of a prosthetic to determine wrist rotation. The method 500 may be performed

by the prosthetic wrist 100 and in combination with an IMU associated with the

prosthetic hand 200, the prosthetic lower arm 300, the prosthetic arm 301, or the

prosthetic arm and shoulder system 400. Therefore, the method 500 may be performed

by the prosthetic wrist 100

[0128] The method 500 begins with step 501 wherein IMU data associated

with the orientation of a prosthetic is received. The IMU data received in step 501 may

be raw IMU measurements, or calculated results based thereon, such as Euler angles. In

step 501, the IMU data is received from the IMU 230 and is associated with the

orientation of the prosthetic hand 200. In some embodiments, in step 5 1 the IMU data is

received from the IMU 310 and is associated with the orientation of the prosthetic arm

301. In some embodiments, in step 501 the IMU data is received from the IMUs 310

and/or 410 and is associated with the orientation of the prosthetic arm system 400. In

step 50 , the IMU data is received by the prosthetic wrist 100, for example by the

processor 144, the circuit 140, or communications modules thereof. The IMU data in step

501 may be received by wire, for example via the coaxial assembly 160. The IMU data

in step 501 may be received wirelessly, for example via BLUETOOTH*", WiFi, or other

suitable connections.

[0129] I e method 500 then moves to step 502 wherein a desired hand grip is

identified. The desired hand grip in step 502 may be identified based on one or more

gestures performed by the user. For example, in step 502 a user may perform a

translation of the prosthetic hand 200, the IMU 230 may detect the movement, and the

processor 144 or 233 may determine that the translation satisfies a movement threshold

and identify the desired grip based on the specific movement detected. Instead of or in

addition to a translation, in some embodiments of step 502 the user may perform a non

linear movement, such as a rotation of the prosthetic hand 200, a sweeping movement of

the prosthetic hand 200 along a non-linear path, etc. Further details of entering a gesture

control mode and detecting a gesture movement is described herein, for example with

respect to the method 530 of FIG. 9E and the method 540 of FIG. 9F.

[0130] In some embodiments, the desired hand grip is identified in step 502

based on receiving a selection of a hand grip from a remote device, such as a mobile



phone or wearable. For example, in step 502 the prosthetic hand 200 may communicate

the particular gesture to the remote device which may determine the desired grip based

thereon and communicate the desired grip back to the prosthetic hand 200. As further

example, in step 502 a user may indicate which grip to perform on the remote device,

such as a mobile phone or wearable, and the remote device may then communicate the

selected desired grip to the prosthetic hand 200. Thus, gesture detection may not be

necessary. In some embodiments, the desired hand grip is identified in step 502 based on

receiving a selection of a hand grip from a "grip chip," as described herein. The

prosthetic hand 200 may fonn a particular grip when the prosthetic hand 200 is within

proximity of a corresponding grip chip. The communication to the prosthetic hand 200

from the remote devices, grip chips, etc. may be via BLUETOOTH ®, WiFi, or other

suitable connection.

[0131] In other embodiments, the desired hand grip may be determined in step

502 in a number of other suitable manners, for example by voice activation, by gesture

pattern recognition, cyclic movement, acyclic movement, by EMG signal detection, etc.

In some embodiments, the desired hand grip may be determined in step 502 by a

combination of these and other means. Some examples of possible approaches to

determining the desired hand grip that may be used step 502 are described in U.S. Patent

No. 8,696,763, titled PROSTHETIC APPARATUS AND CONTROL METHOD and

issued on April 15, 2014, the entire contents of which are incorporated by reference

herein for all purposes.

[0132] The method 500 then moves to step 503 wherein the wrist rotation is

determined based on the IMU data and on the desired hand grip. The wrist rotation

determined in step 503 relates to rotation of the prosthetic wrist 00. In step 503, the

wrist rotation is determined by the processor 144. In some embodiments, in step 503 the

wrist rotation may be determined by the processor 233. The various other electronic

components of the prosthetic wrist 100 and/or prosthetic hand 200 described herein may-

determine the wrist rotation in step 503.

[0133] The wrist rotation is determined in step 503 by analysis of the current

orientation of the prosthetic hand 200 based on the IMU data, determination of a target

orientation of the prosthetic hand 200 based on the desired hand grip, and comparison of

these current and target orientations.



[0134] In step 503, the current orientation of the prosthetic hand 200 based on

the IMU data is analyzed to determine the Euler angles for the current orientation of the

prosthetic hand 200. The IMU data received in step 501 is analyzed in step 503 by the

processor 144 and/or 233. Other electronic components of the prosthetic hand 200 and/or

prosthetic wrist 100 may perform the analysis. In some embodiments, in step 503

processors of other prosthetic components may perform the analysis, such as processors

of the prosthetic Sower arm 300, the prosthetic arm 301, or the prosthetic arm and

shoulder system 400. In some embodiments, in step 503 processors of other devices may

perform the analysis, such as remote devices like a mobile phone, wearable, etc.

[0135] In step 503, a particular target orientation for the prosthetic hand 200

may be required for a given desired hand grip. In some embodiments, a particular

orientation or range of orientations for the prosthetic hand 200 is identified for a given

desired hand grip. Thus each hand grip of a number of possible hand grips may correlate

to a particular orientation of the prosthetic hand 200. The target orientations in step 503

may be indicated by angular positions for the prosthetic hand 200 about one axis, two

axes or three axes. Further details of wrist rotations based on identified hand grips are

described herein, for example with respect to FIGS. 12A-12F.

[0136] In step 503, the difference between the target and current orientations

is analyzed to determine the wrist rotation. The wrist rotation determined in step 503

includes a direction of rotation and an amount of rotation in which to rotate the prosthetic

wrist 100. In some embodiments, other parameters of the wrist rotation may be

determined in step 503, such as the speed of rotation, the timing of the rotation, etc.

Further details of identifying the target orientation, determining the current orientation

and determining the wrist rotation based on the target and current orientations of the

prosthetic hand 200 are described herein, for example with respect to method 548 of FIG .

9G.

[0137] The method 500 then moves to step 504 wherein the prosthetic wrist

00 is rotated. The rotation of the prosthetic wrist 100 in step 504 is performed by an

actuator such as the motor 130 causing rotation of the coupling 150 and thus of the

prosthetic hand 200 when attached to the prosthetic wrist 100, as described herein. The

prosthetic wrist 100 may rotate in step 504 at a variety of speeds and in a variety of

directions. In some embodiments, the prosthetic wrist 100 rotates clockwise or



counterclockwise about the longitudinal axis 12 In step 504, the prosthetic wrist 100

may be rotated about roll, pitch and/or yaw axes, as described herein.

[0138] FIGS. 9B-9G are flowcharts showing embodiments of methods that

may be used in combination with the method 500 for rotation of the prosthetic wrist 100.

FIGS. 9B-9D relate to methods of rotating various prosthetic joints in addition to

prosthetic wrists that may be used in combination with the method 500.

[0139] FIG. 9B is a flowchart showing an embodiment of a method 506 for

forming a desired grip with the prosthetic hand 200 in combination with rotation of the

prosthetic wrist 100. The method 506 begins with step 508 wherein the wrist is rotated.

Step 508 may perform the steps of the method 500.

[0140] The method 506 then moves to step 510 wherein the desired grip is

formed with the prosthetic hand 200. The desired grip may be formed in step 0 by-

moving the prosthetic finger digits 240 and prosthetic tliumb digit 280 of the prosthetic

hand 200. For example, in step 5 0 the motors 254 may cause respective prosthetic

finger digits 240 to actuate and/or the motor 2 may cause the prosthetic thumb digit

280 to actuate, as described herein. Only some of the prosthetic finger digits 240 may-

actuate in step 510. Other examples of possible approaches to performing the desired

hand grip that may be used step 510 are described in U.S. Patent No. 8,696,763, titled

PROSTHETIC APPARATUS AND CONTROL METHOD and issued on April 15, 2014,

the entire contents of which are incorporated by reference herein for all purposes.

[0141] Step 510 is performed as step 508 is performed. The prosthetic wrist

100 is thus rotated at the same time that the desired grip is formed with the prosthetic

hand 200. Steps 510 and 508 are thus performed "simultaneously." "Simultaneously" as

used herein includes its ordinary and usual meaning and includes, for example, at least

part of one step is performed at the same time as a least part of another step. For

example, in some embodiments, steps 5 0 and 508 begin at the same time and end at the

same time. As further example, in some embodiments, steps 5 0 and 508 begin at the

same time and end at different times. As further example, in some embodiments, steps

510 and 508 begin at different times and end at the same time. The steps 5 0 and 508

may not be performed simultaneously. For example, in some embodiments, step 508 is

performed and then step 5 0 is performed, or vice versa. For example, the prosthetic

wrist 200 may rotate after the prosthetic hand 00 forms the desired grip, or vice versa.



[0142] FIG. 9C is a flowchart showing an embodiment of a method 2 for

forming a desired grip with the prosthetic hand 200 in combination with rotation of the

prosthetic wrist 0 and rotation of a prosthetic elbow. The method 12 begins with step

5 4 wherein the wrist is rotated. Step 514 may perform the steps of the method 500,

described herein. The method 512 then moves to step 5 6 wherein the desired grip is

formed with the prosthetic hand 200. Step 516 is the same as step 5 0 of the method 506,

described herein. The method then moves to step 5 8 wherein the elbow is rotated. The

prosthetic elbow rotated in step 5 8 may be part of the prosthetic lower arm 3 . In step

5 8 the prosthetic lower arm 30 may thus be rotated, as described herein. The prosthetic

lower arm 301 may be rotated based on IMU data received by one or more IMU sensors,

such as the IMU 2 30 and/or the IMU 310. Steps 514, 516 and 518 are performed

simultaneously. In some embodiments, only some or none of the steps 14, 5 6 and 518

are performed simultaneously. For example, two of the steps 514, 5 6 and 518 may be

performed simultaneously while the third step is performed before or after the other two

steps.

[0143] FIG. 9D is a flowchart showing an embodiment of a method 520 for

forming a desired grip with the prosthetic hand 200 in combination with rotation of the

prosthetic wrist 100 and rotation of a prosthetic elbow and shoulder. The method 520

begins with step 522 wherein the wrist is rotated. Step 522 may perform the steps of the

method 500, described herein. The method 520 then moves to step 524 wherein the

desired grip is formed with the prosthetic hand 200. Step 524 is the same as step 5 0 of

the method 506, described herein. The method then moves to step 526 wherein the elbow

is rotated. Step 526 may be the same as step 5 8 of the method 512, described herein. In

some embodiments, step 526 is similar to step 518 of the method 512 but includes

rotation of the elbow joint of the prosthetic arm and shoulder system 400. The method

then moves to step 528 wherein the prosthetic shoulder is rotated. The prosthetic

shoulder rotated in step 528 may be part of the prosthetic arm and shoulder system 400.

In step 528 the prosthetic arm and shoulder system 400 may thus be rotated, as described

herein. The prosthetic arm and shoulder system 400 may be rotated based on IMU data

received by one or more IMU sensors, such as the IMU 230, the IMU 3 0 and/or the IMU

410. Steps 522, 524, 526 and 528 are performed simultaneously. In some embodiments,

only some or none of the steps 522, 524, 526 and 528 are performed simultaneously. For

example, two of the steps 522, 524, 526 and 528 may be performed simultaneously while



the other two steps are performed before or after the first two simultaneous steps. As

further example, three of the steps 522, 524, 526 and 528 may be performed

simultaneously while the remaining step is performed before or after the first three

simultaneous steps.

[0144] FIG. 9E is a flowchart of an embodiment of a method 530 of rotating

the prosthetic wrist 100 and forming a desired grip with the prosthetic hand 200 using

gesture control. The method 530 begins with 532 wherein a gesture control mode is

entered. The gesture control mode may be entered in step 532 as described with respect

to the method 540 in FIG. 9F. The gesture control mode may be entered in step 532 as

described with respect to step 502 of the method 500 in FIG. 9A. Examples of possible

approaches to entering a gesture control mode that may be used step 532 are described in

U.S. Patent No. 8,696,763, titled PROSTHETIC APPARATUS AND CONTROL

METHOD and issued on April 15, 2014, the entire contents of which are incorporated by

reference herein for all purposes. The step 502 may incorporate some or all of the steps

of the method 540, described with respect to FIG. 9F.

[0145] The method 530 then moves to step 534 wherein a gesture movement

is detected and analyzed. The gesture movement in step 534 may be detected as

described with respect to step 502 of the method 500 in FIG. 9A. In step 534, the IMU

230 of the prosthetic hand 00 detects user movements, for example translations,

rotations, vibrations, etc., of the prosthetic hand 100. In some embodiments, in step 534

the prosthetic hand 100 may be moved in the north, south, east, west, up or down

directions, or combinations thereof, as described with respect to and shown in FIG. 12A.

Examples of possible approaches to detecting a gesture movement that may be used step

534 are described in U.S. Patent No. 8,696,763, titled PROSTHETIC APPARATUS

AND CONTROL METHOD and issued on April 15, 2014, the entire contents of which

are incorporated by reference herein for all purposes.

[0146] The gesture movement may be analyzed in step 534 to determine if a

gesture movement threshold was satisfied. In some embodiments of step 534, the gesture

movement may be analyzed over a set period of time, for example every 1,000

milliseconds (ms). If the gesture movement threshold is satisfied within the period of

time, the grip is affected. Otherwise, the process times out and returns to waiting for a

trigger or indication to enter gesture control mode again.



[0147] In some embodiments of step 544, an acceleration threshold may be

implemented. For example, the threshold may be an acceleration meeting or exceeding a

particular amount in a particular direction, for instance along a particular axis. In some

embodiments, two axes are used, such that an acceleration satisfying the acceleration

threshold in either direction along either of the two axes satisfies the threshold. The two

axes may be the North-South axis and East-West axis indicated in FIG. 12A. If

accelerations satisfying the acceleration threshold are detected along both axes, then the

larger acceleration may be used to determine the gesture movement. The threshold

acceleration amount may be within a range of about 1.05g to 1.3g. The threshold

acceleration amount may be between a range of about l.lg to 1.2g The threshold

acceleration amount may be about l.lg. The threshold acceleration amount may be l.lg.

[0148] The method 530 then moves to step 536 wherein one or more rotations

are performed. In step 536, the prosthetic wrist 100 rotates. In some embodiments, in

step 536 the prosthetic arm 301 and/or prosthetic arm and shoulder system 400 also

rotate. The rotations of these prosthetics in step 536 may be as described herein, for

example with respect to the steps 522, 526 and 528 of the method 520 in FIG. 9D.

[0149] The method 530 then moves to step 538 wherein the desired grip is

formed with the prosthetic hand 200. The desired grip may be formed in step 528 as

described herein, for example, with respect to step 5 0 of the method 506 in FIG. 9B.

[0150] FIG. 9F is a flowchart showing an embodiment of a method 540 for

entering gesture control mode. The method 540 may be incorporated into the step 532 of

the method 530. The method 540 begins with step 542 wherein an EMG signal is

received. The EMG signal is generated in step 542 by the muscle of a user. For example,

in step 542 a user may perform a pre-determined muscle movement, such as a co-

contraction or hold-open movement, to generate a corresponding EMG signal. The EMG

signal may be received in step 542 from the EMG sensors 186 of the EMG system 180.

In step 542, data associated with the detected EMG signal may be transmitted to the

processor 2 of the EMG system 0 and/or the processor 44 of the prosthetic wrist

100 and/or the processor 233 of the prosthetic hand 200. The data associated with the

EMG signal is analyzed in step 542 by one of the various processors and determined to be

associated with entering a gesture control mode.

[0151] The method 540 then moves to step 544 wherein the orientation of a

prosthetic is determined with one or more IMUs. In step 544, the orientation of the



prosthetic hand 200 may he determined by the IMU 230 or by another IMU of the

prosthetic hand 200. The processor 144 may command the IMU 230 to detect the

orientation based on receiving the EMG signal in step 542. In some embodiments, the

orientation of the prosthetic arm 301 is detected by the IMU 3 , and/or the orientation of

the prosthetic arm and shoulder system 4 is detected by the IMU 3 0 and/or the IMU

4 10

[0152] In some embodiments of step 544, the orientation of the prosthetic is

determined after a settling period. For example a chip, such as the processor 233, may

settle for a first period of time to determine any necessary offsets. In some embodiments,

the settling period may be from about 10 to 100 milliseconds (ms). In some

embodiments, the settling period time may be about 40 ms. In some embodiments, the

settling period time may be 40 ms. After the settling period, the Euler angles may be

calculated over a calculation period. In some embodiments, the calculation period may be

from about 10 to 100 ms. In some embodiments, the calculation period may be about 40

ms. In some embodiments, the calculation period may be 40 ms. An average of the Euler

angles calculated during the calculation period may be determined as the orientation.

[0153] The determined orientation may be analyzed in step 544 to determine

if an orientation threshold was satisfied. The orientation threshold may be indicative of

various desirable prosthetic hand 200 positions for entering gesture control mode, such as

palm up, palm down, thumb up, or parallel to the ground.

[0154] The method 540 then moves to step 546 wherein entry to gesture

control mode is indicated. Indication may be provided in step 546 by movement of one

or more of the prosthetic finger digits 240 and/or the prosthetic thumb digit 280. In some

embodiments, a particular prosthetic finger digit 240, for example the forefinger, will

twitch. A twitch may be a slight rotation in a first direction and then a slight rotation in

the opposite direction.

[0155] The methods 530 and 540 may be combined to combine gesture

control mode with rotation of the prosthetic wrist 100 and formation of the desired grip of

the prosthetic hand 200. In some embodiments, pitch and roll axes may be used with

particular parameters. Example parameters for such embodiments are provided in Tables

3, 2 and 3 below.



fable 1. Example gesture contra] parameters for an extra small left prosthetic hand 200.

Table 3, Example gesture coniroi parameiers or an small, medium and large sizes of left and right
prosthetic ha ds 200.

[0156] FIG. 9G is a flowchart showing an embodiment of a method 548 for

determining the required rotation of the prosthetic wrist 100. The method 548 may be

used in step 503 of the method 500 in FIG. 9A. The method 548 begins with step 550

wherein a target orientation for the prosthetic hand 200 is identified. The target

orientation may include orientations about one, two or three axes. The target orientation

may be determined in step 550 based on the identified desired grip, for example as

described in step 502 of the method 500. n step 550, the target orientation may be

identified based on a pre-determined relationship between various grips and

corresponding wrist orientations. For example, formulas, databases or other means may¬

be used to analyze the relationship. n some embodiments, each grip requires a particular

angular orientation of the prosthetic hand 200 about the longitudinal axis 12. n some

embodiments, the target orientation is based on that particular angular orientation. In



some embodiments, that particular angular orientation is the target orientation. In some

embodiments, that particular angular orientation may be modified based on the

determined current orientation of the prosthetic hand 200. For example, the prosthetic

hand 200 may require multiple rotations, segmented rotations, and the like. Thus, the

target orientation may include one or more angular orientations, such as rotation to a first

angle and then rotation to a second angle.

[0157] The method 548 then moves to step 552 wherein the current

orientation of the prosthetic hand 200 is determined based o the IMU data associated

with the prosthetic hand 200. The IMU data may be based on detecting the orientation of

the prosthetic hand 200 with the IMU 230, as described herein. The orientation of the

prosthetic hand 200 may indicate the current rotational position of the prosthetic wrist

00. For example, the prosthetic wrist 100 may have rotated the hand previously, and the

current orientation of the prosthetic hand 200 may be indicative of the rotated position of

the prosthetic wrist 100. As further example, a user may have manually rotated the

prosthetic hand 200, and thus the current orientation of the prosthetic hand 200 may be

used to determine the manually rotated position of the prosthetic wrist 100. As further

example, a user may have just installed the prosthetic hand 200 onto the prosthetic wrist

00, and thus the current orientation of the prosthetic hand 200 may be used to determine

the installed position of the prosthetic wrist 100

[0158] The method 548 then moves to step 554 wherein the required wrist

rotation direction and angle are determined. The angle is determined in step 554 by

comparing the current and target orientations of the prosthetic wrist 100. For example, it

may be determined that achieving the target orientation requires a rotation of thirty

degrees in the clockwise direction from the current orientation.

[0159] FIGS. 10A-10D are embodiments of remote devices that may be used

with the hand and wrist system 10. FIGS. lOA-lOC show example embodiments of a

mobile device 600 with various screen displays. The mobile device 600 may be used, for

example via the touch screen, with grip indicator software, such as apps, to indicate

desired grips, which may be based on particular gesture movements. The remote device

600 may include "quick grips" icons that a user can select, for example by touching on

the screen, and then via the software the prosthetic hand 200 will move into the

programmed grip and the prosthetic wrist 100 will rotate the prosthetic hand 200 to the

required position for that specific grip. e remote device 600 may or may not be used



with gesture control. The selection of a grip with the remote device 600 may be used in

conjunction with the various other prosthetic movements, such as wrist, elbow and/or

shoulder rotation FIG. 10D shows an example embodiment of a wearable device 700

with a screen display. The wearable device 700 may be used, for example via the touch

screen, voice activation, etc. to indicate desired grips based on particular gesture

movements. The devices 600, 700 may be communicated with via touch, voice control,

from other devices, and/or by other suitable means. In some embodiments, both devices

600, 700 may be used in combination with the prosthetic wrist 100 and/or prosthetic hand

100.

[0160] FIG. 1 is an embodiment of a control system 800 that may be used to

control the hand and wrist system 10. The control system 800 includes a prosthetic wrist

actuator 810 in communicating connection with a prosthetic wrist controller 82.0. The

prosthetic wrist actuator 810 may include the various prosthetic wrist actuators described

herein, for example the motor 130 and/or other components of the prosthetic wrist 100.

The prosthetic wrist controller 820 may include the various prosthetic wrist control

devices described herein, for example the processor 144 or circuit 140 of the prosthetic

wrist 100. The prosthetic wrist controller 820 may also be separate from the prosthetic

wrist 100, for example it may be part of the prosthetic hand 200, the prosthetic lower arm

300, the prosthetic arm 301, the prosthetic arm and shoulder system 400, the remote

devices 600 and/or 700. In some embodiments, the prosthetic wrist controller 820 is

distributed among these or other devices. The prosthetic wrist controller 82 0 may include

a number of suitable types of controllers and control techniques, including for example

open loop, closed loop, feedback, partial-integrative-denvative (P ), programmable

logic controller (PLC), microcontroller, on-off, linear, proportional, non-linear, fuzzy

logic, other types, or combinations thereof.

[0161] The prosthetic wrist controller 820 receives data from one or more

sensors and commands the prosthetic wrist actuator 0 based on the received data. The

prosthetic wrist controller 820 is in communicating connection with a prosthetic hand

IMU 830, a prosthetic elbow IMU 840, a prosthetic shoulder IMU 850, and a desired grip

indicator 860. In some embodiment, the prosthetic wrist controller 820 is in

communicating connection with only one or some of these components. In some

embodiments, the prosthetic wrist controller 820 is in communicating connection with

other components. The prosthetic hand IMU 830, prosthetic elbow IMU 840, prosthetic



shoulder IMU 850, and desired grip indicator 860 communicate data, information,

signals, etc to the prosthetic wrist controller 820 for controlling the prosthetic wrist

actuator 810.

[0162] The prosthetic hand IMU 830, prosthetic elbow- IMU 840, and

prosthetic shoulder IMU 850 may be any of the various types of IMUs described herein,

including for example a nine-axis IMU. The IMUs 830, 840 and 850 may be the same or

different type of IMUs. In some embodiments, the IMUs 830, 840 and 850 may be the

same IMU. The prosthetic hand IMU 830 may be the IMU 230 of the prosthetic hand

200. In addition or alternatively, in some embodiments the prosthetic hand IMU 830 may

include other IMUs of the prosthetic hand 200. The prosthetic elbow IMU 840 may be

the IMU 310 of the prosthetic arm 301. In addition or alternatively, in some

embodiments the prosthetic elbow IMU 840 may include other IMUs of the prosthetic

arm 301. The prosthetic shoulder IMU 850 may be the IMU 410 of the prosthetic arm

400. In addition or alternatively, in some embodiments the prosthetic elbow IMU 850

may include other IMUs of the prosthetic arm 400.

[0163] The control system 800 may be used to perform the various methods

described herein. In some embodiments, the control system 800 may be used to perform

the method 500, the method 506, the method 512, the method 520, the method 530, the

method 540 and/or the method 548. The prosthetic wrist controller 820 may receive data

from the IMUs 830, 840 and 850 and command the prosthetic wrist actuator 8 0 to

perform the various methods or steps thereof. The control system 800 may also include

the prosthetic hand 200 and components thereof, for example to form a desired grip. The

prosthetic wrist actuator 0 may be considered to include, for example, the various

prosthetic hand motors such as one or more of the prosthetic finger motors 254, the

prosthetic thumb motor 2 , the motor assembly 220 and thumb rotator 222, etc. The

control system 800 may also include the prosthetic lower arm 300, the prosthetic arm

30 , and/or the prosthetic arm and shoulder system 401, and components thereof, for

example to rotate an arm or receive data therefrom. The prosthetic wrist actuator 8 0

may be considered to include, for example, various prosthetic arm, elbow, and/or

shoulder motors.

[0164] The desired grip indicator 860 communicates a desired grip to the

prosthetic wrist controller 820. The desired grip indicator 860 may be an EMG system,

for example the EMG system 180, and communicate EMG signals or associated data to



the prosthetic wrist controller 820 Such signals may be analyzed by the prosthetic wrist

controller 820, for example to determine if a gesture control mode should be entered. The

desired grip indicator 860 may be or include an IMU that measures a movement of the

user, such as a gesture performed by the user to indicate a particular grip, as described

herein. The desired grip indicator 860 may be or use the IMUs 830, 840 and/or 850. The

desired grip indicator 860 may be a remote device that provides the desired grip, for

example the remote devices 600 and/or 700.

[0165] FIGS. 2A- 2F are sequential perspective views of the prosthetic wrist

and arm system 0 showing simultaneous grip formation of the prosthetic hand 200 and

rotation with the prosthetic wrist 100. The geometric reference North-South-East-West

system is indicated, with perp n cular "up" and "down" directions. The North-South-

East-West are in a plane generally aligned with the longitudinal axis 12 (see FIG. 12B)

and parallel to the ground. Other orientations of the North-South-East-West system may

be implemented. The system 10 may be moved, for example translated, in one of the

indicated directions to register an acceleration that satisfies an acceleration threshold, as

described herein. The prosthetic system 10 may then perform the grip formation and

wrist rotation, as described herein.

[0166] The grip formation and wrist rotation may begin such that the system

0 has the configuration as shown in FIG. 12A, with the palm of the prosthetic hand 200

up and generally parallel to the North-South-East-West plane, and the prosthetic finger

digits 240A, 240B, 240C and 240D and prosthetic thumb digit 280 extended as shown.

[0167] The grip formation and wrist rotation may continue such that the

prosthetic system 10 has the configuration as shown in FIG. 12B at a later point in time

compared to FIG. 12A. As shown in FIG. 12B, the prosthetic digits 240A, 240B, 240C,

240D, 280 are bent slightly toward the palm fairing 226 in the direction 13 as indicated,

and the prosthetic hand 200 has rotated slightly about the longitudinal axis 12 in the

direction 14 as indicated, as compared to FIG. 12A. The prosthetic digits 240B, 240C,

240D are bent slightly farther than the prosthetic digit 240A.

[0168] The grip formation and wrist rotation may continue such that the

prosthetic system 10 has the configuration as shown in FIG. 12C at a later point in time

compared to FIG. 12B. As shown in FIG. 12C, the prosthetic digits 240B, 240C, 240D,

280 are bent farther toward the palm fairing 226, and the prosthetic hand 200 has rotated

farther about the longitudinal axis 12, as compared to FIG. 12B. The prosthetic digit



240A may have the same curvature as in the FIG. 2B . The prosthetic digits 240B, 240C,

240D are further bent more than the prosthetic digit 240A.

[0169] Tire grip formation and wrist rotation may continue such that the

prosthetic system 10 has the configuration as shown in FIG. D at a later point in time

compared to FIG. 12C. As shown in FIG. 12D, the prosthetic digits 240B, 240C, 240D,

280 are bent farther toward the palm fairing 226, and the prosthetic hand 200 has rotated

farther about the longitudinal axis 12, as compared to FIG. 12C. The prosthetic digit

2 OA may have the same curvature as in the FIG. 12C. The prosthetic digits 240B, 240C,

2 0D are further bent more than the prosthetic digit 240D.

[0170] The grip formation and wrist rotation may continue such that the

prosthetic system 10 has the configuration as shown in FIG. 2E at a later point in time

compared to FIG. 12D. As shown in FIG. 12E, the prosthetic digits 24GB, 240C, 240D,

280 are bent farther toward the palm fairing 226, and the prosthetic hand 200 has rotated

farther about the longitudinal axis 12, as compared to FIG. 2D . The prosthetic digit

240A may have the same curvature as in the FIG. 12D. The prosthetic digits 240B,

240C, 240D are further bent more than the prosthetic digit 240A. The dorsal fairing 224

is approximately perpendicular to the North-South-East-West plane.

[0171] Finally, the grip formation and wrist rotation may end such that the

prosthetic system 10 has the configuration as shown in FIG. 12F at a later point in time

compared to FIG. 12E. As shown in FIG. 12F, the prosthetic digits 240B, 240C, 240D,

280 are curled completely or mostly toward the palm fairing 226, and the prosthetic hand

200 has rotated farther about the longitudinal axis 12, as compared to FIG. 12E. The

prosthetic digit 240A may have the same curvature as in the FIG. 12E. The prosthetic

digits 240B, 240C, 240D are further bent more than the prosthetic digit 240A. ie dorsal

fairing 224 is approximately parallel to the North-South-East- West plane. This is merely-

one example and a variety of other combinations of wrist rotations and grip formations

may be performed with the system 10.

[0172] A person/one having ordinary' skill in the art would appreciate that any

of the various illustrative logical blocks, modules, controllers, means, circuits, and

algorithm steps or blocks described in connection with the aspects disclosed herein can be

implemented as electronic hardware (e.g., a digital implementation, an analog

implementation, or a combination of the two, which can be designed using source coding

or some other technique), various forms of program or design code incorporating



instructions (which can be referred to herein, for convenience, as "software" or a

"software module"), or combinations of both. To clearly illustrate this interchangeability

of hardware and software, various illustrative components, blocks, modules, circuits, and

steps or blocks have been described above generally in terms of their functionality.

Whether such functionality is implemented as hardware or software depends upon the

particular application and design constraints imposed on the overall system. Skilled

artisans can implement the described functionality in varying ways for each particular

application, but such implementation decisions should not be interpreted as causing a

departure from the scope of the present disclosure.

[0173] A person having ordinary skill in the art would further understand that

information and signals can be represented using any of a variety of different

technologies and techniques. For example, data, instructions, commands, information,

signals, bits, symbols, and chips that can be referenced throughout the above description

can be represented by voltages, currents, electromagnetic waves, magnetic fields or

particles, optical fields or particles, or any combination thereof.

[0174] The various illustrative logical blocks, modules, and circuits described

in connection with the aspects disclosed herein and in connection with the figures can be

implemented within or performed by an integrated circuit (IC), an access terminal, or an

access point. The C can include a general purpose processor, a digital signal processor

(DSP), an application specific integrated circuit (ASIC), a field programmable gate array

(FPGA) or other programmable logic device, discrete gate or transistor logic, discrete

hardware components, electrical components, optical components, mechanical

components, or any combination thereof designed to perform the functions described

herein, and can execute codes or instructions that reside within the IC, outside of the IC,

or both. The logical blocks, modules, and circuits can include antennas and/or

transceivers to communicate with various components witliin the network or within the

device.

[0175] A general puipose processor can be a microprocessor, but in the

alternative, the processor can be any conventional processor, controller, microcontroller,

or state machine. A processor can also be implemented as a combination of computing

devices, e.g., a combination of a DSP and a microprocessor, a plurality of

microprocessors, one or more microprocessors in conjunction with a DSP core, or any-

other such configuration. The functionality of the modules can be implemented in some



other manner as taught herein. The functionality described herein (e.g., with regard to

one or more of the accompanying figures) can correspond in some aspects any similarly

designated "means for" functionality in the appended claims.

[0176] If implemented in software, the functions can be stored on or

transmitted over as one or more instructions or code on a computer-readable medium.

The steps or blocks of a methods or algorithms disclosed herein ca be implemented in a

processor-executable software module which can reside on a computer-readable medium.

Computer-readable media includes both computer storage media and communication

media including any medium that can be enabled to transfer a computer program from

one place to another. A storage media can be any available media that can be accessed by

a computer. By way of example, and not limitation, such computer-readable media can

include RAM, ROM, EEPROM, CD-ROM or other optical disk storage, magnetic disk

storage or other magnetic storage devices, or any other medium that can be used to store

desired program code in the form of instructions or data structures and that can be

accessed by a computer. Also, any connection can be properly tenned a computer-

readable medium . Disk and disc, as used herein, includes compact disc (CD), laser disc,

optical disc, digital versatile disc (DVD), floppy disk, and Blu-ray disc where disks

usually reproduce data magnetically, while discs reproduce data optically with lasers.

Combinations of the above should also be included within the scope of computer-

readable media. Additionally, the operations of a method or algorithm can reside as one

or any combination or set of codes and instructions o a machine readable medium and

computer-readable medium, which can be incorporated into a computer program product.

[0177] It is understood that any specific order or hierarchy of steps or blocks

in any disclosed process is an example of a sample approach. Based upon design

preferences, it is understood that the specific order or hierarchy of steps or blocks in the

processes can be rearranged while remaining within the scope of the present disclosure.

Any accompanying method claims present elements of the various steps or blocks in a

sample order, and are not meant to be limited to the specific order or hierarchy presented.

[0178] Various modifications to the implementations described in this

disclosure can be readily apparent to hose skilled in the art, and the generic principles

defined herein can be applied to other implementations without departing from the spirit

or scope of this disclosure. Thus, the disclosure is not intended to be limited to the

implementations shown herein, but is to be accorded the widest scope consistent with the



claims, the principles and the novel features disclosed herein. The word "example" is

used exclusively herein to mean "serving as an example, instance, or illustration." Any

implementation described herein as "example" is not necessarily to be construed as

preferred or advantageous over other implementations.

[0179] Certain features that are described in this specification in the context of

separate implementations also can be implemented in combination in a single

implementation. Conversely, various features that are described in the context of a single

implementation also can be implemented in multiple implementations separately or in any

suitable sub-combination. Moreover, although features can be described above as acting

in certain combinations and even initially claimed as such, one or more features from a

claimed combination can in some cases be excised from the combination, and the claimed

combination can be directed to a sub-combination or variation of a sub-combination.

[0180] Similarly, while operations are depicted in the drawings in a particular

order, this should not be imderstood as requiring that such operations be performed in the

particular order shown or in sequential order, or that all illustrated operations be

performed, to achieve desirable results. In certain circumstances, multitasking and

parallel processing can be advantageous. Moreover, the separation of various system

components in the implementations described above should not be understood as

requiring such separation in all implementations, and it should be understood that the

described program components and systems can generally be integrated together in a

single software product or packaged into multiple software products. Additionally, other

implementations are within the scope of the following claims. In some cases, the actions

recited in the claims can be performed in a different order and still achieve desirable

results.

[0181 ] It will be understood by those within the art that, in general, terms used

herein are generally intended as "open" terms (e.g., the term "including" should be

interpreted as "including but not limited to," the term "having" should be interpreted as

"having at least," the term "includes" should be interpreted as "includes but is not limited

to," etc.). It will be further understood by those within the art that if a specific number of

an introduced claim recitation is intended, such an intent will be explicitly recited in the

claim, and in the absence of such recitation no such intent is present. For example, as an

aid to understanding, the following appended claims may contain usage of the

introductory phrases "at least one" and "one or more" to introduce claim recitations.



However, the use of such phrases should not be construed to imply that the introduction

of a claim recitation by the indefinite articles "a" or "an" limits any particular claim

containing such introduced claim recitation to embodiments containing only one such

recitation, even when the same claim includes the introductory phrases "one or more" or

"at least one" and indefinite articles such as "a" or "an" (e.g., "a" and/or "an" should

typically be interpreted to mean "at least one" or "one or more"); the same holds true for

the use of definite articles used to introduce claim recitations. In addition, even if a

specific number of an introduced claim recitation is explicitly recited, those skilled in the

art will recognize that such recitation should typically be interpreted to mean at least the

recited number (e.g., the bare recitation of "two recitations," without other modifiers,

typically means at least two recitations, or two or more recitations). Furthermore, in

those instances where a convention analogous to "at least one of A, B, and C, etc." is

used, in general such a construction is intended in the sense one having skill in the art

would understand the convention (e.g., "a system having at least one of A, B, and C"

would include but not be limited to systems that have A alone, B alone, C alone, A and B

together, A and C together, B and C together, and/or A, B, and C together, etc.). In those

instances where a convention analogous to "at least one of A, B, or C, etc." is used, in

general such a construction is intended in the sense one having skill in the art would

understand the convention (e.g., "a system having at least one of A, B, or C" would

include but not be limited to systems that have A alone, B alone, C alone, A and B

together, A and C together, B and C together, and/or A, B, and C together, etc.). It will

be further understood by those within the art that virtually any disjunctive word and/or

phrase presenting two or more alternative terms, whether in the description, claims, or

drawings, should be understood to contemplate the possibilities of including one of the

terms, either of the terms, or both terms. For example, the phrase "A or B" will be

understood to include the possibilities of "A" or "B" or "A and B."



WHAT IS CLAIMED IS:

. A prosthetic hand and wrist system, the system comprising:

a prosthetic hand;

a prosthetic wrist comprising a fixed portion, an actuator module, and a

rotatable portion, the fixed portion configured to attach to an arm, the rotatable

portion configured to attach to the prosthetic hand, and the actuator module

attached to both the fixed and rotatable portions and configured to actuate the

rotatable portion relative to the fixed portion thereby rotating the prosthetic hand;

an inertial measurement unit (IMU) attached to the prosthetic hand and

configured to detect an orientation of the prosthetic hand; and

a processor in communication with the IMU and the actuator module and

configured to execute a set of instructions to perform a method to control the

actuator module, the method comprising:

receiving data from the IMU associated with the orientation of the

prosthetic hand,

identifying a desired grip for the prosthetic hand,

determining a rotation for the prosthetic hand based on i) the data

from the IMU and ii) the desired grip, and

causing the actuator module to perform the rotation for the

prosthetic hand by actuating the rotatable portion.

2 . The prosthetic hand and wrist system of Claim 1, wherein identifying the

desired grip for the prosthetic hand comprises:

receiving an electromyography (EMG) signal from a user of the prosthetic

hand and wrist system;

detecting a gesture movement performed by the user; and

determining the desired grip based on the detected gesture movement.

3 . The prosthetic hand and wrist system of Claim 2, wherein identifying the

desired grip for the prosthetic hand further comprises prompting the user to perform the

gesture movement.

4 . The prosthetic hand and wrist system of Claim 3, wherein prompting the

user to perform the gesture movement comprises moving a finger of the prosthetic hand.

5 . The prosthetic hand and wrist system of any of Claims 1-4, wherein

determining the rotation for the prosthetic hand comprises:



determining Euler angles for the prosthetic hand based on the data from

the IMU; and

determining angular rotation data based on the determined Euler angles

and on the desired gri p

6 . The prosthetic hand and wrist system of Claim 5, wherein the angular

rotation data comprises a direction and an angle of rotation.

7 . The prosthetic hand and wrist system of Claim 5, wherein the angular

rotation data comprises a speed of rotation.

8 . The prosthetic hand and wrist system of any of Claims 1-4, further

comprising an actuator coupled with the prosthetic hand and configured to actuate to form

the desired grip with the prosthetic hand.

9 . The prosthetic hand and wrist system of Claim 8, wherein the actuation of

the prosthetic hand to the desired grip and the rotation of the prosthetic hand are

performed simultaneously.

10. The prosthetic hand and wrist system of Claim 8, comprising a plurality of

digit actuators coupled with a plurality of digits of the prosthetic hand, the plurality of

digit actuators configured to actuate to form the desired grip with the prosthetic hand.

11. The prosthetic hand and wrist system of Claim 10, further comprising a

distal actuator coupled with a distal portion of the hand, the distal actuator configured to

rotate the hand about a pitch axis to form the desired grip with the prosthetic hand.

12. The prosthetic hand and wrist system of any of Claims 1-4, wherein the

actuator module is configured to cause rotation of the prosthetic hand about a single axis.

13. The prosthetic hand and wrist system of any of Claims 1-4, wherein the

actuator module is configured to cause rotation of the prosthetic hand about two or more

axes.

14. The prosthetic hand and wrist system of Claim 13, wherein the actuator

module is configured to cause rotation of the prosthetic hand about a pitch axis and a roll

axis.

15. The prosthetic hand and wrist system of Claim of any of Claims 1-4,

wherein the IMU comprises a nine-axis IMU including three accelerometers, three

gyroscopes and three magnetometers.

16. The prosthetic hand and wrist system of any of Claims 1-4, wherein the

arm is a natural arm.



17. The prosthetic hand and wrist system of any of Claims 1-4, wherein the

aim is a prosthetic arm.

8 . A prosthetic wrist comprising:

a fixed portion configured to attach to a prosthetic or natural arm;

a rotatable portion configured to attach to a prosthetic hand that has an

inertial measurement unit (TMU) to detect an orientation of the prosthetic hand;

an actuator module attached to both the fixed and rotatable portions and

configured to actuate the rotatable portion relative to the fixed portion thereby

rotating the prosthetic hand; and

a processor in communication with the IMU and the actuator module and

configured to execute a set of instructions to perform a method to control the

actuator module, the method comprising;

receiving data from the IMU associated with the orientation of the

prosthetic hand,

identifying a desired grip for the prosthetic hand,

determining a rotation for the rotatable portion based on i) the data

from the IMU and ii) the desired grip, and

causing the actuator module to perform the rotation.

19. The prosthetic wrist of Claim 8, wherein identifying the desired grip for

the prosthetic hand comprises:

receiving a electromyography (EMG) signal from a user of the prosthetic

wrist;

detecting a gesture movement performed by the user; and

determining the desired grip based on the detected gesture movement.

2 0 . The prosthetic wrist of Claim 19, wherein identifying the desired grip for

the prosthetic hand further comprises prompting the user to perform the gesture

movement.

21. The prosthetic wrist of Claim 20, wherein prompting the user to perform

the gesture movement comprises moving a finger of the prosthetic hand.

22. The prosthetic wrist of any of Claims 18-21, wherein determining the

rotation for the prosthetic hand comprises:

determining Euler angles for the prosthetic hand based on the data from

the IMU; and



determining angular rotation data based on the determined Euler angles

and on the desired gri p

23. The prosthetic wrist of Claim 22, wherein the angular rotation data

comprises a direction and an angle of rotation

24. The prosthetic wrist of Claim 22, wherein the angular rotation data

comprises a speed of rotation.

25. A method of rotating a prosthetic wrist, the method comprising:

receiving data from an inertia! measurement unit (TMU) that is coupled

with a prosthetic hand, wherein the da ta is associated with an orientation of the

prosthetic hand and the prosthetic hand is attached to the prosthetic wrist;

identifying a desired grip for the prosthetic hand;

determining a rotation for the prosthetic wrist based on i) the data from the

IMU and ii) the desired grip, and

causing the prosthetic wrist to perform the rotation

26. The method of Claim 25, wherein identifying the desired grip for the

prosthetic hand comprises:

receiving an electromyography (EMG) signal from a user of the prosthetic

wrist;

detecting a gesture movement performed by the user; and

determining the desired grip based on the detected gesture movement.

27. The method of Claim 26, wherein identifying the desired grip for the

prosthetic hand further comprises prompting the user to perform the gesture movement.

2.8. The method of Claim 27, wherein prompting the user to perform the

gesture movement comprises moving a finger of the prosthetic hand.

2.9. The method of any of Claims 25-28, wherein determining the rotation for

the prosthetic hand comprises:

determining Euler angles for the prosthetic hand based on the data from

the IMU; and

determining angular rotation data based on the determined Euler angles

and on the desired grip

30. The method of Claim 29, wherein the angular rotation data comprises a

direction and an angle of rotation.



31. The method of Claim 29, wherein the angular rotation data comprises a

speed of rotation.

32. The method of any of Claims 25-28, further comprising forming the

desired grip with the prosthetic hand.

33. The method of Claim 32, wherein causing the prosthetic wrist to perform

the rotation and forming the desired grip with the prosthetic hand are performed

simultaneously.

34. The method of any of Claims 25-28, wherein the rotation is about a single

axis.

35. The method of any of Claims 25-28, wherein the rotation is about two or

more axes.

36. The method of Claim 35, wherein the rotation is about a pitch axis and a

roll axis.

37. The method of any of Claims 25-28, wherein the IMU comprises a nine-

axis IMU including three accelerometers, three gyroscopes and three magnetometers.
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