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AUGMENTING THE FUNCTIONALITY OF NON-DIGITAL OBJECTS USING A
DIGITAL GLOVE

BACKGROUND
[0001] Computers can utilize many different types of user input devices:
touchscreens; mice; digital pens; digital dials; eye tracking systems; and motion tracking
systems, just to name a few. Traditional user input devices such as these can be utilized to
control computing systems in many different ways. However, user input devices such as
these also suffer from a number of drawbacks. For example, traditional user input devices
can be expensive, require power such as from batteries for instance, and can be prone to
malfunctioning or becoming completely inoperative. Traditional user input devices are also
typically “one size fits all.” For example, digital dials and computer mice are usually
available only in one size. This can be frustrating to users for whom another size would be
more comfortable, such as users with large or small hands for instance.
[0002] It is with respect to these and other technical challenges that the disclosure
made herein is presented.

SUMMARY

[0003] Technologies are disclosed herein for augmenting the functionality provided
by non-digital objects using a digital glove. In particular, the disclosed technologies address
the technical problems described above by enabling a user of a digital glove to use non-
digital objects to control aspects of the operation of a host computer. For example, common
non-digital objects like cups, non-digital writing implements, notebooks, planar surfaces
like tables, and others, can be used to control a host computer in a manner that is similar to
the way in which a traditional digital user input device would be utilized to control the host
computer. In this way, inexpensive non-digital items can be used to control a host computer
rather than traditional digital user input devices, thereby saving power, allowing greater
customization for the physical requirements of individual users, and eliminating the
possibility of failure. Through implementations of the disclosed technologies, human-
computer interaction can be improved, thereby improving the overall operation of
computing systems that implement the disclosed technologies.
[0004] Other benefits of the disclosed technologies include the ability to enable new
types of functionality using new non-digital objects that can be delivered via a software
update rather than requiring the purchase of a new hardware accessory. For example, a user

might create a new module for using a new non-digital object (e.g. a table-tennis paddle or
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a hammer) with a digital glove. Installing the new module would be sufficient for the new
interaction to be enabled when the digital glove is used to manipulate the non-digital object.
Other technical benefits not specifically mentioned herein can also be realized through
implementations of the disclosed subject matter.

[0005] In order to realize the technical benefits mentioned briefly above, and
potentially others, the technologies disclosed herein are implemented in conjunction with a
digital glove. A digital glove is a glove that has been configured with sensors to detect the
pose of the wearer’s (who also might be referred to as a “user”) hand and pressure exerted
at the fingertips of their hand. For instance, the fingers of a digital glove can be equipped
with flex/bend/stretch sensors (referred to herein as “flex sensors”) capable of detecting the
amount of flex or bend in a wearer’s fingers. Some flex sensors utilize
capacitive/piezoresistive sensing.

[0006] Tactile pressure sensors (which might be referred to herein as “pressure
sensors”), which might also utilize capacitive/piezoresistive sensing, can also be mounted
in the fingertips of a digital glove to sense the amount of pressure at the fingertips of a
wearer. An inertial measurement unit (“IMU”) might also be included in a digital glove to
detect the pronation and supination of the wearer’s hand. Digital gloves can also, or
alternately, include other types of sensors in order to detect other aspects of the pose or
position of a user’s hand. Digital gloves can also include output devices, such as haptic
devices such as those including LRA, ERM, voice-coil, and various types of actuating
hardware, to provide feedback to a wearer.

[0007] Digital gloves are typically paired with a host computer and include
appropriate hardware to transmit sensor data to the host computer. For example, a digital
glove can transmit flex data to a host computer that describes the flex in the joints of a
wearer’s fingers, pressure data indicating the pressure exerted at the fingertips of a wearer,
and IMU data describing the pronation and supination of the wearer’s hand. A digital glove
can also receive instructions from the host computer to activate haptics or other types of
feedback in a digital glove. As will be described in detail below, a digital glove such as that
described briefly above and a host computer can be configured to augment the functionality
of non-digital objects such as, but not limited to, cups, non-digital writing implements like
pens or pencils, notebooks, planar surfaces like tables, and others.

[0008] In order to provide this functionality, a machine learning model is trained
using sensor data generated by the sensors in a digital glove when the digital glove is used

to manipulate an object, such as a user input device or a non-digital object. For example, a
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machine learning model can be trained using sensor data generated by the sensors in a digital
glove and data generated by a user input device, referred to herein as “user input device
data,” while the digital glove is utilized to manipulate the user input device. For example,
and without limitation, a wearer of a digital glove might operate a digital dial by spinning
the digital dial in different directions and at different speeds. Sensor data is collected from
the sensors in the digital glove while the user is spinning the digital dial. For example, flex
data describing the flex in the wearer’s fingers while spinning the digital dial can be
collected. Data output by the digital dial is also collected from the digital dial during
manipulation. A machine learning model can then be trained on the sensor data obtained
from the digital glove and the corresponding user input device data obtained from the digital
dial during manipulation. In this example, the trained machine learning model can map
sensor data obtained from a digital glove to rotation intent (e.g. the rotation of a dial).
[0009] Once trained, the machine learning model can take sensor data generated by
a digital glove while manipulating a non-digital object and generate virtual user input device
data that can be utilized to control a host computer. Continuing the example above, for
instance, a wearer of a digital glove might rest their gloved hand on a non-digital object,
such as a coffee cup. The user might select a coffee cup with a size and diameter that is
comfortable to grasp. The user might then rotate the coffee cup in a manner similar to that
used to rotate a digital dial. Sensor data generated by the sensors in the digital glove are
obtained while the user is rotating the coffee cup. The sensor data can then be input to the
trained machine learning model which, in turn, outputs virtual user input device data. The
virtual user input device data can then be utilized to control the host computer. In this way,
the coffee cup can be utilized to control aspects of the operation of the host computer in the
same way that a digital dial would.

[0010] A digital glove can also be utilized to perform selection operations, such as
a click of a mouse button or digital dial, using non-digital objects. For example, pressure
data can be obtained from the pressure sensors of a digital glove while the digital glove is
being used to manipulate a non-digital object. A host computer can then determine if
pressure data generated by one or more of the pressure sensors in the digital glove indicates
that pressure was exerted at one of the fingers in excess of a threshold value. If so, the host
computer can perform a selection operation.

[0011] Continuing the example above, for instance, a user holding a coffee cup with
their gloved hand might exert pressure on the cup using one or more of their fingers. If the

pressure exceeds a threshold value, a selection operation will be performed on the host
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computer in the same manner as if the user had clicked the button on a digital dial. A
command might also be provided to the digital glove to provide haptic feedback to the
wearer of the glove in the event that pressure in excess of a threshold value is detected at
one of the fingers.
[0012] In some configurations, end users can train a machine learning model such
as that described above using their own non-digital object, which might be appropriate to a
user’s particular trade or specialization. The user would record and train the machine
learning model with their choice of non-digital object, and then identify triggers to associate
with actions in the computing device. The user’s choice of non-digital object can then be
utilized to control a computing device using a digital glove in the manner described briefly
above and in further detail below.
[0013] It should be appreciated that various aspects of the above-described subject
matter can be implemented as a computer-controlled apparatus, a computer-implemented
method, a computing device, or as an article of manufacture such as a computer readable
medium. These and various other features will be apparent from a reading of the following
Detailed Description and a review of the associated drawings.
[0014] This Summary is provided to introduce a brief description of some aspects
of the disclosed technologies in a simplified form that are further described below in the
Detailed Description. This Summary is not intended to identify key features or essential
features of the claimed subject matter, nor is it intended that this Summary be used to limit
the scope of the claimed subject matter. Furthermore, the claimed subject matter is not
limited to implementations that solve any or all disadvantages noted in any part of this
disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS
[0015] FIG. 1 is a computing architecture diagram that shows aspects of the
configuration and operation of an illustrative digital glove utilized in various embodiments
disclosed herein;
[0016] FIG. 2 is a computing system architecture diagram showing aspects of a
computing system configured for training a machine learning model for use in augmenting
the functionality provided by non-digital objects using a digital glove;
[0017] FIGS. 3A-3C illustrate several examples of different user input devices being
utilized to train a machine learning model for use in augmenting the functionality provided
by non-digital objects using a digital glove;

[0018] FIG. 4 is a flow diagram showing a routine that illustrates aspects of one
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mechanism for training a machine learning model for use in augmenting the functionality
provided by non-digital objects using a digital glove;
[0019] FIG. 5 is a computing system architecture diagram showing aspects of a
computing system configured to augment the functionality provided by non-digital objects
using a digital glove;
[0020] FIGS. 6A-6C illustrate several examples of different non-digital objects
being utilized to control a host computer;
[0021] FIG. 7 is a flow diagram showing a routine that illustrates aspects of the
operation of a digital glove for controlling a host computer using non-digital objects;
[0022] FIG. 8 is a computer architecture diagram showing an illustrative computer
hardware and software architecture for a computing device that can implement aspects of
the technologies presented herein; and
[0023] FIG. 9is a network diagram illustrating a distributed computing environment
in which aspects of the disclosed technologies can be implemented.

DETAILED DESCRIPTION
[0024] The following detailed description is directed to technologies for augmenting
the functionality provided by non-digital objects using a digital glove. As discussed briefly
above, implementations of the disclosed technologies can improve human-computer
interaction, thereby improving the overall operation of computing systems that implement
the disclosed technologies. Other technical benefits not specifically mentioned herein can
also be realized through implementations of the disclosed subject matter.
[0025] In the following detailed description, references are made to the
accompanying drawings that form a part hereof, and which are shown by way of illustration
specific configurations or examples. Referring now to the drawings, in which like numerals
represent like elements throughout the several FIGS., aspects of various technologies for
augmenting the functionality provided by non-digital objects using a digital glove will be
described.
[0026] FIG. 1 is a computing architecture diagram that shows aspects of the
configuration and operation of an illustrative digital glove 100 utilized in various
embodiments disclosed herein. As described briefly above, a digital glove 100 is a glove
that has been configured with sensors to detect the pose of the wearer’s (who also might be
referred to as a “user”) hand and pressure exerted at the fingertips of the user’s hand. For
instance, the fingers 102A-102E of a digital glove 100 can be equipped with flex sensors

106 capable of detecting the amount of flex or bend in a wearer’s fingers. Some flex sensors
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utilize capacitive/piezoresistive sensing, but other flex sensors based on other technologies
can also be utilized.

[0027] In the example configuration shown in FIG. 1, only a single flex sensor 106B
has been illustrated in the index finger 102B of the digital glove 100 for ease of reference.
It is to be appreciated, however, that the digital glove 100 can be configured with one or
more flex sensors 106 in each of the fingers 102A-102D.

[0028] The flex sensors 106 can be mounted in the digital glove 100 such that the
flex of the joints of a user’s hand can be measured. For example, the digital glove 100 can
include flex sensors 106 for measuring the flex in a user’s distal interphalangeal (“DIP”)
joint 108A, proximal interphalangeal (“PIP”) joint 108B, metacarpophalangeal (“MCP”)
joint 108C, interphalangeal (“IP”) joint 108D, or metacarpophalangeal (“MCP”) joint 108E.
[0029] Tactile pressure sensors 104 (which might be referred to herein as “pressure
sensors 104”) can also be mounted in the fingertips of the digital glove 100 to sense the
amount of pressure exerted by the fingertips of a wearer. In the example configuration
shown in FIG. 1, only a single pressure sensor 104B has been illustrated in the tip of the
index finger 102B of the digital glove 100 for ease of reference. It is to be appreciated,
however, that the digital glove 100 can be configured with one or more pressure sensors 104
in the tips of each of the fingers 102A-102D. Pressure sensors can be mounted at other
positions in the digital glove 100 in other configurations.

[0030] The digital glove 100 might also include an inertial measurement unit
(“IMU”) 110. The IMU 110 can detect the pronation and supination of the wearer’s hand.
The IMU 110 might be mounted in the digital glove 100 at a location at or around the user’s
wrist 112. The digital glove 100 can also, or alternately, include other types of sensors in
order to detect other aspects of the pose of a user’s hand.

[0031] The digital glove 100 can also include output devices, such as one or more
haptic devices 124B, to provide feedback to a wearer. For example, the digital glove 100
can include haptic devices 124B, such as those including LRA, ERM, voice-coil, and
various types of actuating hardware. In the example configuration shown in FIG. 1, only a
single haptic device 124B has been illustrated in the tip of the index finger 102B of the
digital glove 100 for ease of reference. Itisto be appreciated, however, that the digital glove
100 can be configured with one or more haptic devices 124 in the tips of each of the fingers
102A-102D. Haptic devices 124 can be mounted at other positions in the digital glove 100
in other configurations.

[0032] As illustrated in FIG. 1, the digital glove 100 is also equipped with a main
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board 114. The main board 114 is a circuit board that receives sensor data 128 from the
digital glove 100. For example, the main board 114 can receive pressure data 116 describing
the pressure exerted by a user’s fingers from the pressure sensors 104. The main board 114
also receives flex data 118 describing the flex in a user’s fingers from the flex sensors 106.
The main board 114 also receives IMU data 120 describing the pronation and supination of
auser’s hand. The main board 114 can receive other types of sensor data 128 describing
other aspects of the pose of a user’s hand from other types of sensors in other configurations.
[0033] As also shown in FIG. 1, the main board 114 is connected to a host computer
122 via a wired or wireless connection. The host computer 122 can be any type of computer
including, but not limited to, a desktop computer, laptop computer, smartphone, tablet
computer, electronic whiteboard, video game system, and augmented or virtual reality
systems. The main board 114 includes appropriate hardware to transmit sensor data 128 to
the host computer 122. For example, the digital glove 100 can transmit the pressure data
116, flex data 118, and IMU data 120 to the host computer 122 for processing in the manner
described below. The main board 114 of the digital glove 100 can also receive haptic
commands 126 from the host computer 122 instructing the digital glove 100 to activate one
or more of the haptic devices 124.

[0034] The digital glove 100 can be calibrated prior to use in order to provide
accurate measurements for the motion and pressure of a particular user’s hand. For instance,
the digital glove 100 might be calibrated based upon the flex of a particular user’s hand
and/or the amount of pressure exerted by the user. The digital glove 100 might be re-
calibrated when another user utilizes the digital glove 100.

[0035] Although illustrated in FIG. 1 as encompassing all five of a user’s fingers,
the digital glove 100 might encompass fewer fingers in other configurations. The digital
glove 100 can be constructed from cloth, leather, or another type of material. In some
configurations, all or a portion of the material is conductive such that a user of the glove
100 can interact with a capacitive touchscreen device while wearing the glove 100. The
digital glove 100 might be battery powered or powered by a cable from the host computer
122. 1In this regard, it is to be appreciated that the configuration of the digital glove 100
shown in FIG. 1 has been simplified for ease of discussion and might include additional or
alternate components in other configurations. As will be described in detail below with
regard to FIGS. 2-7, the digital glove 100 and the host computer 122 can be configured to
augment the functionality of non-digital objects such as, but not limited to, cups, non-digital

writing implements, notebooks, planar surfaces like tables, and others.
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[0036] FIG. 2 is a computing system architecture diagram showing aspects of a
computing system configured for training a machine learning (“ML”) model 208 for use in
augmenting the functionality provided by non-digital objects using a digital glove 100. In
one configuration, the ML model 208 is trained using sensor data 128 generated by a digital
glove 100 when a user 202 wearing the digital glove 100 utilizes their gloved hand to
manipulate a user input device 204. For example, the pressure data 116, flex data 118, and
IMU data 120 generated by the digital glove 100 when the user 202 manipulates the user
input device 204 can be provided to a ML component 206 capable of training the ML model
208.

[0037] As shown in FIG. 2, the output of the user input device 204 (i.e. the user
input device data 210A) is also utilized to train the ML model 208. Using this data and the
sensor data 128, a ML model 208 can be trained that maps the sensor data 128 obtained
from a digital glove 100 to movement intent (e.g. the rotation of a dial or movement of a
mouse) as indicated by the user input device data 210A. Various ML algorithms can be
utilized to train the ML model 208 including, but not limited to, support vector machines,
linear regression, logistic regression, naive Bayes, linear discriminant analysis, decision
trees, k-nearest neighbor algorithm, or neural networks.

[0038] In one specific example, shown in FIG. 3A, a wearer of a digital glove 100
operates a digital dial 302 by spinning the digital dial 302 in different directions and at
different speeds. The digital dial 302 might be a SURFACE DIAL from MICROSOFT
CORPORATION or another type of digital dial from another manufacturer.

[0039] As discussed briefly above, sensor data 128 is collected from the sensors in
the digital glove 100 while the user is spinning the digital dial 302. For example, flex data
118 describing the flex in the wearer’s fingers while spinning the digital dial 302 can be
collected from the flex sensors 106A-106E. Pressure data 116 and IMU data 120 can also
be collected in some configurations.

[0040] As also mentioned above, data 210A that is output by the digital dial 302 is
also collected from the digital dial 302 during manipulation by the user 202. The ML model
208 can then be trained on the sensor data 128 obtained from the digital glove 100 and the
corresponding user input device data 210A obtained from the digital dial 302 during
manipulation.

[0041] In the example shown in FIG. 3B, a wearer of a digital glove 100 writes
digital ink 354 with a digital pen 304 on the touchscreen 256 of a host computer 122 while
wearing the digital glove 100. The digital pen 304 might be a SURFACE PEN from
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MICROSOFT CORPORATION or another type of digital pen from another manufacturer.
[0042] As in the example given above, sensor data 128 is collected from the sensors
in the digital glove 100 while the user is writing with the digital pen 304. For example, flex
data 118 describing the flex in the wearer’s fingers while writing with the digital pen 304
can be collected from the flex sensors 106A-106E. Pressure data 116 and IMU data 120
can also be collected from the digital glove while the user 202 writes with the digital pen
304 in some configurations.

[0043] Data 210A that is output by the touchscreen 256 as a result of the user 202
writing on the touchscreen 256 with the digital pen 304 is also collected from the
touchscreen 256 while the user is writing on the touchscreen 256. The ML model 208 can
then be trained on the sensor data 128 obtained from the digital glove 100 and the
corresponding user input device data 210A obtained from the touchscreen 256 during
manipulation. In this way, a ML model 208 can be trained that maps the sensor data 128
obtained from a digital glove 100 to writing intent (e.g. the movement of the digital pen
304) as indicated by the user input device data 210A.

[0044] In the example shown in FIG. 3C, a wearer of a digital glove 100 manipulates
a mouse 310 while wearing the digital glove 100. As in the examples given above, sensor
data 128 is collected from the sensors in the digital glove 100 while the user 202 is
manipulating the mouse 2310 For example, flex data 118 describing the flex in the wearer’s
fingers while manipulating the mouse 310 can be collected from the flex sensors 106A-
106E. Pressure data 116 can also be obtained from the digital glove 100 when the user 202
moves the mouse 310, when the user 202 presses either of the buttons 306A or 306B on the
mouse, or manipulates the wheel 308 of the mouse 310. IMU data 120 can also be collected
from the digital glove while the user 202 manipulates the mouse 310 in some configurations.
[0045] Data 210A that is output by the mouse 310 as a result of the user 202
manipulating the mouse 310 is also collected from the mouse 310. The ML model 208 can
then be trained on the sensor data 128 obtained from the digital glove 100 and the
corresponding user input device data 210A obtained from the mouse 310 during
manipulation. In this way, a ML model 208 can be trained that maps the sensor data 128
obtained from a digital glove 100 to movement or input intent (e.g. the movement of the
mouse 310 or selection of a mouse button) as indicated by the collected user input device
data 210A. As will be described in greater detail below with regard to FIGS. 5-7, the trained
ML model 208 can be utilized to augment the functionality provided by non-digital objects
using a digital glove 100. It is to be appreciated that the ML model can be trained in other
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configurations using sensor data 128 obtained from the digital glove 100 while the digital
glove 100 is used to manipulate a non-digital object.

[0046] FIG. 4 is a flow diagram showing a routine 400 that illustrates aspects of one
mechanism for training a ML model 208 for use in augmenting the functionality provided
by non-digital objects 502 using a digital glove 100. It should be appreciated that the logical
operations described herein with regard to FIG. 4, and the other FIGS., can be implemented
(1) as a sequence of computer implemented acts or program modules running on a
computing device and/or (2) as interconnected machine logic circuits or circuit modules
within a computing device.

[0047] The particular implementation of the technologies disclosed herein is a
matter of choice dependent on the performance and other requirements of the computing
device. Accordingly, the logical operations described herein are referred to variously as
states, operations, structural devices, acts, or modules. These states, operations, structural
devices, acts and modules can be implemented in hardware, software, firmware, in special-
purpose digital logic, and any combination thereof. It should be appreciated that more or
fewer operations can be performed than shown in the FIGS. and described herein. These
operations can also be performed in a different order than those described herein.

[0048] The routine 400 begins at operation 402, where sensor data 128 generated by
sensors in a digital glove 100 is received while a wearer of the digital glove 100 utilizes
their gloved hand to manipulate a user input device 204 such as, but not limited to, the digital
dial 302, digital pen 304 and touchscreen 256, and mouse 310 described above. The routine
400 then proceeds from operation 402 to operation 404.

[0049] At operation 404, user input device data 210A is received from the user input
device 204 while the wearer of the digital glove 100 manipulates the user input device 204
with their gloved hand. The routine 400 then proceeds from operation 404 to operation 406.
[0050] At operation 406, the ML model 208 is trained using the sensor data obtained
at operation 402 and the user input device data 210 obtained at operation 404. The routine
400 then proceeds from operation 406 to operation 408, where a determination is made as
to whether the ML model 208 has been sufficiently well trained. For example, a
determination can be made as to whether the ML model 208 can correlate sensor data 128
generated by the digital glove 100 with user input device data 210A received from a user
input device within a certain range of accuracy. If training of the ML model 208 has
completed, the routine 400 proceeds from operation 408 to operation 410. Otherwise, the

routine 400 proceeds back to operation 402, where training of the ML model 208 can

10



10

15

20

25

30

WO 2020/117533 PCT/US2019/063118

continue in the manner described above.

[0051] At operation 410, the trained ML model 208 can be deployed to a host
computer 122 for use in generating virtual user input device data (described below) based
upon sensor data 128 received from a digital glove 100 while a wearer of the digital glove
100 manipulates a non-digital object with their gloved hand. The routine 400 then proceeds
from operation 410 to operation 412, where it ends.

[0052] FIG. 5 is a computing system architecture diagram showing aspects of a
computing system configured to augment the functionality provided by a non-digital object
502 using a digital glove 100. A non-digital object 502 is an object that includes no circuitry.
Examples of non-digital objects 502 include, but are not limited to, coffee cups, pens and
pencils, blocks of wood, planar surfaces like tables or notebooks, and others.

[0053] As described above, the trained ML model 208 can take sensor data 128
generated by a digital glove 100 while the glove is used to manipulate a non-digital object
502 and generate virtual user input device data 210B that can be utilized to control a host
computer 122, The virtual user input device data 210B appears to the host computer 122 as
if it were being generated by a user input device 204.

[0054] In the example shown in FIG. 6A, for instance, the ML model 208 has been
trained using a digital dial 302 in the manner described above with regard to FIG. 3A. In
this example, a wearer of a digital glove 100 might rest their gloved hand on a non-digital
object 502, such as a coffee cup 602 in this case. The user might then rotate the coffee cup
602 in a manner similar to that used to rotate a digital dial 302. Sensor data 128 generated
by the sensors in the digital glove 100 are obtained while the user is rotating the coffee cup
602. The sensor data 128 can then be input to the trained machine learning model 208
which, in turn, outputs virtual user input device data 210B. The virtual user input device
data 210B can then be utilized to control the host computer 122. In this way, the coffee cup
602 can be utilized to control aspects of the operation of the host computer 122 in the same
way that a digital dial 302 would.

[0055] In the example shown in FIG. 6B, the ML model 208 has been trained using
a digital pen 304 in the manner described above with regard to FIG. 3B. In this example, a
wearer of a digital glove 100 might utilize a non-digital object 502 with their gloved hand,
a pencil 604 in this case, to write text 606 on a piece of paper. Sensor data 128 generated
by the sensors in the digital glove 100 are obtained while the user is writing. The sensor
data 128 can then be input to the trained machine learning model 208 which, in turn, outputs

virtual user input device data 210B. The virtual user input device data 210B can then be
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utilized to generate digital ink or other types of input at the host computer 202. In this way,
the pencil 604 can be utilized to control aspects of the operation of the host computer 122
in the same way that a digital pen 304 would.

[0056] In the example shown in FIG. 6C, the ML model 208 has been trained using
a mouse 310 in the manner described above with regard to FIG. 3C. In this example, a
wearer of a digital glove 100 might rest their gloved hand on a non-digital object 502, such
as a block of wood 608 in this case. The user might then move the block of wood 608 in a
manner similar to that used when moving a mouse 310. Sensor data 128 generated by the
sensors in the digital glove 100 are obtained while the user is moving the block of wood
608. The sensor data 128 can then be input to the trained machine learning model 208
which, in turn, outputs virtual user input device data 210B. The virtual user input device
data 210B can then be utilized to control the host computer 122. In this way, the block of
wood 608 can be utilized to control aspects of the operation of the host computer 122 in the
same way that a digital mouse 310 would.

[0057] As described briefly above, a digital glove 100 can also be utilized to perform
selection operations, such as a click of a mouse button 306 or digital dial button, using non-
digital objects. For example, pressure data 116 can be obtained from the pressure sensors
104 of a digital glove 100 while the digital glove 100 is being used to manipulate a non-
digital object 502. For instance, pressure data 116 might be obtained while the user 202 is
holding the coffee cup 602, the pencil 604, or the block of wood 608.

[0058] A host computer 122 can then determine if pressure data 116 generated by
one or more of the pressure sensors 104 in the digital glove 100 indicates that pressure was
exerted at one of the fingers in excess of a threshold value. If so, the host computer 122 can
perform a selection operation. Continuing the example above, for instance, a user holding
a coffee cup 602 with their gloved hand might exert pressure on the cup 602 using one of
their fingers. If the pressure exceeds a threshold value, a selection operation will be
performed on the host computer 112 in the same manner as if the user had clicked the button
on a digital dial 302. A command might also be provided to the digital glove 100 to provide
haptic feedback to the wearer of the glove 100 in the event that pressure in excess of a
threshold value is detected at one of the fingers. Selection operations can be detected in a
similar manner on the pencil 604, the block of wood 608, or other type of non-digital item.
[0059] FIG. 7 is a flow diagram showing a routine 700 that illustrates aspects of the
operation of a digital glove 100 and a host computer 122 for controlling aspects of the

operation of the host computer 122 using non-digital objects 502. The routine 700 begins
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at operation 702, where sensor data 128 is received from the digital glove 100 while the
digital glove 100 is used to manipulate a non-digital object 502, such as those described
above. The routine 700 then proceeds from operation 702 to operation 704.

[0060] At operation 704, the trained ML model 208 generates virtual user input
device data 210B based on the sensor data 128 generated by the digital glove 100 when the
glove 100 is utilized to manipulate a non-digital object 502. The routine 700 then proceeds
from operation 704 to operation 706.

[0061] At operation 706, the virtual user input device data 210B can be utilized to
control aspects of the operation of a host computer 122 coupled to the digital glove 100.
For example, if the non-digital object 502 is a coffee cup 602, the virtual user input device
data 210B might be utilized to scroll the view of a document or web page. If the non-digital
object 502 is a pen or pencil 604, the virtual user input device data 210B might be utilized
to generate digital ink. If the non-digital object 502 is a block of wood 608, the virtual user
input device data 210B might be utilized to move a mouse cursor. Other types of functions
can be performing in response to the utilization of other types of non-digital objects 502 in
other configurations.

[0062] From operation 706, the routine 700 proceeds back to operation 702, where
the non-digital object 502 can continue to be utilized to control the host computer 122 in the
manner described above.

[0063] FIG. 8 is a computer architecture diagram showing an illustrative computer
hardware and software architecture for a host computer 122 that can implement the various
technologies presented herein. In particular, the architecture of the computer 800 illustrated
in FIG. 8 can be utilized to implement a server computer, mobile phone, an e-reader, a
smartphone, a desktop computer, an AR/VR device, a tablet computer, a laptop computer,
or another type of computing device.

[0064] The computer 800 illustrated in FIG. 8 includes a central processing unit 802
(“CPU”), a system memory 804, including a random-access memory 806 (“RAM”) and a
read-only memory (“ROM?”) 808, and a system bus 810 that couples the memory 804 to the
CPU 802. A basic input/output system (“BIOS” or “firmware”) containing the basic
routines that help to transfer information between elements within the computer 800, such
as during startup, can be stored in the ROM 808. The computer 800 further includes a mass
storage device 812 for storing an operating system 822, application programs, and other
types of programs. The mass storage device 812 can also be configured to store other types

of programs and data.
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[0065] The mass storage device 812 is connected to the CPU 802 through a mass
storage controller (not shown) connected to the bus 810. The mass storage device 812 and
its associated computer readable media provide non-volatile storage for the computer 800.
Although the description of computer readable media contained herein refers to a mass
storage device, such as a hard disk, CD-ROM drive, DVD-ROM drive, or USB storage key,
it should be appreciated by those skilled in the art that computer readable media can be any
available computer storage media or communication media that can be accessed by the
computer 800.

[0066] Communication media includes computer readable instructions, data
structures, program modules, or other data in a modulated data signal such as a carrier wave
or other transport mechanism and includes any delivery media. The term “modulated data
signal” means a signal that has one or more of its characteristics changed or set in a manner
so as to encode information in the signal. By way of example, and not limitation,
communication media includes wired media such as a wired network or direct-wired
connection, and wireless media such as acoustic, radio frequency, infrared and other
wireless media. Combinations of the any of the above should also be included within the
scope of computer readable media.

[0067] By way of example, and not limitation, computer storage media can include
volatile and non-volatile, removable and non-removable media implemented in any method
or technology for storage of information such as computer readable instructions, data
structures, program modules or other data. For example, computer storage media includes,
but is not limited to, RAM, ROM, EPROM, EEPROM, flash memory or other solid-state
memory technology, CD-ROM, digital versatile disks (“DVD”), HD-DVD, BLU-RAY, or
other optical storage, magnetic cassettes, magnetic tape, magnetic disk storage or other
magnetic storage devices, or any other medium that can be used to store the desired
information and which can be accessed by the computer 800. For purposes of the claims,
the phrase “computer storage medium,” and variations thereof, does not include waves or
signals per se or communication media.

[0068] According to various configurations, the computer 800 can operate in a
networked environment using logical connections to remote computers through a network
such as the network 820. The computer 800 can connect to the network 820 through a
network interface unit 816 connected to the bus 810. It should be appreciated that the
network interface unit 816 can also be utilized to connect to other types of networks and

remote computer systems. The computer 800 can also include an input/output controller
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818 for receiving and processing input from a number of other devices, including a
keyboard, mouse, touch input, an electronic stylus (not shown in FIG. 8), or a physical
sensor such as a video camera. Similarly, the input/output controller 818 can provide output
to a display screen or other type of output device (also not shown in FIG. 8).

[0069] It should be appreciated that the software components described herein,
when loaded into the CPU 802 and executed, can transform the CPU 802 and the overall
computer 800 from a general-purpose computing device into a special-purpose computing
device customized to facilitate the functionality presented herein. The CPU 802 can be
constructed from any number of transistors or other discrete circuit elements, which can
individually or collectively assume any number of states. More specifically, the CPU 802
can operate as a finite-state machine, in response to executable instructions contained within
the software modules disclosed herein. These computer-executable instructions can
transform the CPU 802 by specifying how the CPU 802 transitions between states, thereby
transforming the transistors or other discrete hardware elements constituting the CPU 802.
[0070] Encoding the software modules presented herein can also transform the
physical structure of the computer readable media presented herein. The specific
transformation of physical structure depends on various factors, in different
implementations of this description. Examples of such factors include, but are not limited
to, the technology used to implement the computer readable media, whether the computer
readable media is characterized as primary or secondary storage, and the like. For example,
if the computer readable media is implemented as semiconductor-based memory, the
software disclosed herein can be encoded on the computer readable media by transforming
the physical state of the semiconductor memory. For instance, the software can transform
the state of transistors, capacitors, or other discrete circuit elements constituting the
semiconductor memory. The software can also transform the physical state of such
components in order to store data thereupon.

[0071] As another example, the computer readable media disclosed herein can be
implemented using magnetic or optical technology. In such implementations, the software
presented herein can transform the physical state of magnetic or optical media, when the
software is encoded therein. These transformations can include altering the magnetic
characteristics of particular locations within given magnetic media. These transformations
can also include altering the physical features or characteristics of particular locations within
given optical media, to change the optical characteristics of those locations. Other

transformations of physical media are possible without departing from the scope and spirit
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of the present description, with the foregoing examples provided only to facilitate this
discussion.

[0072] In light of the above, it should be appreciated that many types of physical
transformations take place in the computer 800 in order to store and execute the software
components presented herein. It also should be appreciated that the architecture shown in
FIG. 8 for the computer 800, or a similar architecture, can be utilized to implement other
types of computing devices, including hand-held computers, video game devices, embedded
computer systems, mobile devices such as smartphones, tablets, and AR/VR devices, and
other types of computing devices known to those skilled in the art. It is also contemplated
that the computer 800 might not include all of the components shown in FIG. 8, can include
other components that are not explicitly shown in FIG. 8, or can utilize an architecture
completely different than that shown in FIG. 8.

[0073] FIG. 9 is a network diagram illustrating a distributed network computing
environment 900 in which aspects of the disclosed technologies can be implemented,
according to various embodiments presented herein. As shown in FIG. 9, one or more server
computers 900A can be interconnected via a communications network 820 (which may be
either of, or a combination of, a fixed-wire or wireless LAN, WAN, intranet, extranet, peer-
to-peer network, virtual private network, the Internet, Bluetooth communications network,
proprietary low voltage communications network, or other communications network) with
a number of client computing devices such as, but not limited to, a tablet computer 900B, a
gaming console 900C, a smart watch 900D, a telephone 900E, such as a smartphone, a
personal computer 900F, and an AR/VR device 900G.

[0074] In a network environment in which the communications network 820 is the
Internet, for example, the server computer 900A can be a dedicated server computer
operable to process and communicate data to and from the client computing devices 900B-
900G via any of a number of known protocols, such as, hypertext transfer protocol
(“HTTP”), file transfer protocol (“FTP”), or simple object access protocol (“SOAP”).
Additionally, the networked computing environment 900 can utilize various data security
protocols such as secured socket layer (“SSL”) or pretty good privacy (“PGP”). Each of the
client computing devices 900B-900G can be equipped with an operating system operable to
support one or more computing applications or terminal sessions such as a web browser (not
shown in FIG. 9), or other graphical user interface (not shown in FIG. 9), or a mobile desktop
environment (not shown in FIG. 9) to gain access to the server computer 900A.

[0075] The server computer 900A can be communicatively coupled to other
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computing environments (not shown in FIG. 9) and receive data regarding a participating
user’s interactions/resource network. In an illustrative operation, a user (not shown in FIG.
9) may interact with a computing application running on a client computing device 900B-
900G to obtain desired data and/or perform other computing applications.

[0076] The data and/or computing applications may be stored on the server 900A,
or servers 900A, and communicated to cooperating users through the client computing
devices 900B-900G over an exemplary communications network 820. A participating user
(not shown in FIG. 9) may request access to specific data and applications housed in whole
or in part on the server computer 8800A. These data may be communicated between the
client computing devices 900B-900G and the server computer 900A for processing and
storage.

[0077] The server computer 900A can host computing applications, processes and
applets for the generation, authentication, encryption, and communication of data and
applications, and may cooperate with other server computing environments (not shown in
FIG. 9), third party service providers (not shown in FIG. 9), network attached storage
(“NAS”) and storage area networks (“SAN”) to realize application/data transactions.
[0078] It should be appreciated that the computing architecture shown in FIG. 8 and
the distributed network computing environment shown in FIG. 9 have been simplified for
ease of discussion. It should also be appreciated that the computing architecture and the
distributed computing network can include and utilize many more computing components,
devices, software programs, networking devices, and other components not specifically
described herein.

[0079] The disclosure presented herein also encompasses the subject matter set forth
in the following clauses:

[0080] Clause 1. A computer-implemented method, comprising: receiving
sensor data generated by sensors in a digital glove while the digital glove is utilized to
manipulate a non-digital object; running a machine learning model to generate virtual user
input device data based on the sensor data generated by the sensors in the digital glove while
the digital glove is utilized to manipulate the non-digital object, the machine learning model
being trained on sensor data generated by the sensors in the digital glove while the digital
glove is utilized to manipulate an object; and controlling a host computer using the virtual
user input device data.

[0081] Clause 2. The computer-implemented method of clause 1, wherein the

sensor data generated by the digital glove comprises pressure data generated by one or more
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pressure sensors of the digital glove.

[0082] Clause 3. The computer-implemented method of any of clauses 1-2,
wherein the sensor data generated by the digital glove comprises flex data generated by one
or more flex sensors of the digital glove.

[0083] Clause 4. The computer-implemented method of any of clauses 1-3,
wherein the sensor data generated by the digital glove comprises inertial measurement unit
(IMU) data generated by an IMU of the digital glove.

[0084] Clause 5. The computer-implemented method of any of clauses 1-4,
wherein the object comprises a user input device, and wherein the user input device
comprises a digital dial.

[0085] Clause 6. The computer-implemented method of any of clauses 1-5,
wherein the object comprises a user input device, and wherein the user input device
comprises a digital pen.

[0086] Clause 7. The computer-implemented method of any of clauses 1-6,
wherein the object comprises a user input device, and wherein the user input device
comprises a mouse.

[0087] Clause 8. A computing device, comprising: a processor; and a memory
storing instructions executable by the processor to: obtain sensor data from a digital glove
coupled to the computing device, wherein the digital glove comprises a plurality of fingers,
each of the plurality of fingers comprising a plurality of sensors configured to generate the
sensor data, and wherein the sensor data is obtained from the sensors in the digital glove
while the digital glove is utilized to manipulate a non-digital object; execute a machine
learning model to generate virtual user input device data based on the sensor data obtained
from the sensors in the digital glove while the digital glove is utilized to manipulate the non-
digital object; and control the computing device using the virtual user input device data.
[0088] Clause 9. The computing device of clause 8, wherein the sensor data
generated by the digital glove comprises pressure data generated by one or more pressure
sensors of the digital glove, flex data generated by one or more flex sensors of the digital
glove, or inertial measurement unit (IMU) data generated by an IMU of the digital glove
[0089] Clause 10. The computing device of any of clauses 8-9, wherein the
memory stores further instructions executable by the processor to: determine if pressure data
generated by the one or more pressure sensors indicates pressure exerted at one of the fingers
in excess of a threshold value; and initiate an operation at the computing device responsive

to determining that the pressure data generated by the one or more pressure sensors indicates
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pressure exerted by one of the fingers in excess of a threshold value.

[0090] Clause 11. The computing device of any of clauses 8-10, wherein the
digital glove further comprises one or more haptic devices in the plurality of fingers, and
wherein the memory stores further instructions executable by the processor to: initiate
feedback by the one or more haptic devices based upon the sensor data obtained from the
Sensors.

[0091] Clause 12. The computing device of any of clauses 8-11, wherein the
machine learning model is trained on sensor data generated by the sensors in the digital
glove and data generated by a digital dial while the digital glove is utilized to manipulate
the digital dial.

[0092] Clause 13. The computing device of any of clauses 8-12, wherein the
machine learning model is trained on sensor data generated by the sensors in the digital
glove and data generated by a digital pen while the digital glove is utilized to manipulate
the digital pen.

[0093] Clause 14. The computing device of any of clauses 8-13, wherein the
machine learning model is trained on sensor data generated by the sensors in the digital
glove and data generated by a mouse while the digital glove is utilized to manipulate the
mouse.

[0094] Clause 15. The computing device of any of clauses 8-14, wherein the
non-digital object comprises a cup or a non-digital writing implement.

[0095] Clause 16. A computer-readable storage medium having computer-
executable instructions stored thereupon which, when executed by a processor, cause the
processor to: obtain sensor data from a digital glove coupled to a computing device, wherein
the digital glove comprises a plurality of fingers, each of the plurality of fingers comprising
a plurality of sensors configured to generate the sensor data, and wherein the sensor data is
obtained from the sensors in the digital glove while the digital glove is utilized to manipulate
a non-digital object; execute a machine learning model to generate virtual user input device
data based on the sensor data obtained from the sensors in the digital glove while the digital
glove is utilized to manipulate the non-digital object; control the computing device using
the virtual user input device data.

[0096] Clause 17. The computer-readable storage medium of clause 16, wherein
the sensor data generated by the digital glove comprises pressure data generated by one or
more pressure sensors of the digital glove, flex data generated by one or more flex sensors

of the digital glove, or inertial measurement unit (IMU) data generated by an IMU of the
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digital glove.

[0097] Clause 18. The computer-readable storage medium of any of clauses 16-
17, having further computer-executable instructions stored thereupon to: determine if
pressure data generated by the one or more pressure sensors indicates pressure exerted at
one of the fingers of the digital glove in excess of a threshold value; and initiate a selection
operation at the computing device responsive to determining that the pressure data generated
by the one or more pressure sensors indicates pressure exerted by one of the fingers in excess
of a threshold value.

[0098] Clause 19. The computer-readable storage medium of any of clauses 16-
18, wherein the machine learning model is trained on sensor data generated by the sensors
in the digital glove and data generated by a user input device while the digital glove is
utilized to manipulate wherein the user input device.

[0099] Clause 20. The computer-readable storage medium of any of clauses 16-
19, wherein the object comprises a user input device, and wherein the non-digital object
comprises a cup or a non-digital writing implement.

[00100] Based on the foregoing, it should be appreciated that technologies for
augmenting the functionality provided by non-digital objects using a digital glove have been
disclosed herein. Although the subject matter presented herein has been described in
language specific to computer structural features, methodological and transformative acts,
specific computing machinery, and computer readable media, it is to be understood that the
subject matter set forth in the appended claims is not necessarily limited to the specific
features, acts, or media described herein. Rather, the specific features, acts and mediums
are disclosed as example forms of implementing the claimed subject matter.

[00101] The subject matter described above is provided by way of illustration only
and should not be construed as limiting. Various modifications and changes can be made
to the subject matter described herein without following the example configurations and
applications illustrated and described, and without departing from the scope of the present

disclosure, which is set forth in the following claims.
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CLAIMS

1. A computer-implemented method, comprising:

receiving sensor data generated by sensors in a digital glove while the digital glove
is utilized to manipulate a non-digital object;

running a machine learning model to generate virtual user input device data based
on the sensor data generated by the sensors in the digital glove while the digital glove is
utilized to manipulate the non-digital object, the machine learning model being trained on
sensor data generated by the sensors in the digital glove while the digital glove is utilized to
manipulate an object; and

controlling a host computer using the virtual user input device data.

2. The computer-implemented method of claim 1, wherein the sensor data
generated by the digital glove comprises pressure data generated by one or more pressure
sensors of the digital glove.

3. The computer-implemented method of claim 1, wherein the sensor data
generated by the digital glove comprises flex data generated by one or more flex sensors of
the digital glove.

4. The computer-implemented method of claim 1, wherein the sensor data
generated by the digital glove comprises inertial measurement unit (IMU) data generated by
an IMU of the digital glove.

5. The computer-implemented method of claim 1, wherein the object comprises
a user input device, and wherein the user input device comprises a digital dial.

6. A computing device, comprising:

a processor; and
a memory storing instructions executable by the processor to:

obtain sensor data from a digital glove coupled to the computing device, wherein the
digital glove comprises a plurality of fingers, each of the plurality of fingers comprising a
plurality of sensors configured to generate the sensor data, and wherein the sensor data is
obtained from the sensors in the digital glove while the digital glove is utilized to manipulate
a non-digital object;

execute a machine learning model to generate virtual user input device data based
on the sensor data obtained from the sensors in the digital glove while the digital glove is
utilized to manipulate the non-digital object; and

control the computing device using the virtual user input device data.

7. The computing device of claim 6, wherein the sensor data generated by the
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digital glove comprises pressure data generated by one or more pressure sensors of the
digital glove, flex data generated by one or more flex sensors of the digital glove, or inertial
measurement unit (IMU) data generated by an IMU of the digital glove.

8. The computing device of claim 7, wherein the memory stores further
instructions executable by the processor to:

determine if pressure data generated by the one or more pressure sensors indicates
pressure exerted at one of the fingers in excess of a threshold value; and

initiate an operation at the computing device responsive to determining that the
pressure data generated by the one or more pressure sensors indicates pressure exerted by
one of the fingers in excess of a threshold value.

9. The computing device of claim 8, wherein the digital glove further comprises
one or more haptic devices in the plurality of fingers, and wherein the memory stores further
instructions executable by the processor to:

initiate feedback by the one or more haptic devices based upon the sensor data
obtained from the sensors.

10.  The computing device of claim 6, wherein the machine learning model is
trained on sensor data generated by the sensors in the digital glove and data generated by a
digital dial while the digital glove is utilized to manipulate the digital dial.

11. A computer-readable storage medium having computer-executable
instructions stored thereupon which, when executed by a processor, cause the processor to:

obtain sensor data from a digital glove coupled to a computing device, wherein the
digital glove comprises a plurality of fingers, each of the plurality of fingers comprising a
plurality of sensors configured to generate the sensor data, and wherein the sensor data is
obtained from the sensors in the digital glove while the digital glove is utilized to manipulate
a non-digital object;

execute a machine learning model to generate virtual user input device data based
on the sensor data obtained from the sensors in the digital glove while the digital glove is
utilized to manipulate the non-digital object;

control the computing device using the virtual user input device data.

12.  The computer-readable storage medium of claim 11, wherein the sensor data
generated by the digital glove comprises pressure data generated by one or more pressure
sensors of the digital glove, flex data generated by one or more flex sensors of the digital
glove, or inertial measurement unit (IMU) data generated by an IMU of the digital glove.

13. The computer-readable storage medium of claim 12, having further
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computer-executable instructions stored thereupon to:

determine if pressure data generated by the one or more pressure sensors indicates
pressure exerted at one of the fingers of the digital glove in excess of a threshold value; and

initiate a selection operation at the computing device responsive to determining that
the pressure data generated by the one or more pressure sensors indicates pressure exerted
by one of the fingers in excess of a threshold value.

14. The computer-readable storage medium of claim 13, wherein the machine
learning model is trained on sensor data generated by the sensors in the digital glove and
data generated by a user input device while the digital glove is utilized to manipulate
wherein the user input device.

15. The computer-readable storage medium of claim 14, wherein the object
comprises a user input device, and wherein the non-digital object comprises a cup or a non-

digital writing implement.
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