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(57) Abstract: Technologies for interacting with
computing devices using haptic manipulation in-
cludes tracking a uset's gaze on an image displayed
on a display of a computing device and identitying
an image object of the image based on the uset's
gaze. The computing device generate haptic object
data for the identified image object and transmits
the haptic object data to a haptic interactive device.
The haptic interactive device generates a haptic ob-
ject on a haptic output surface base on the haptic
object data. The haptic interactive device may also
monitor the user's interaction with the haptic object
and generate user interactive data based on such in-
teraction. The user interaction data may be
provided to the computing device, and the comput-
ing device may modify the image based on the user
interaction data.
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TECHNOLOGIES FOR INTERACTING WITH COMPUTING DEVICES USING HAPTIC
MANIPULATION

CROSS-REFERENCE TO RELATED U.S. PATENT APPLICATION

[0001] The present application claims priority to U.S. Utility Patent Application Serial
No. 14/580,754, entitled “TECHNOLOGIES FOR INTERACTING WITH COMPUTING
DEVICES USING HAPTIC MANIPULATION,” which was filed on December 23, 2014.

BACKGROUND

[0002] Computing devices, in all their variety, are pervasive in the everyday life of
many people. Some computing devices allow extensive user interaction, such as a smartphone
or desktop computer; while others allow only limited user interaction. To facilitate such user
interaction, many computing devices include some type of user interface such as a keyboard,
mouse, touchscreen, or the like. Depending on the current activity of the user, interacting with
the computing device via some user interfaces may be challenging.

[0003] In addition to user interfaces for receiving user input, many computing devices
include one or more output devices, such as a display. A relatively emerging output technology
is the use of haptic surfaces or devices as output devices for certain computing devices. A
haptic device or surface provides a user with tactile feedback to create a sense of touch via use
of an array of haptic actuators. For example, some haptic surfaces or devices can simulate
contours, edges, or textures. In some cases, a haptic surface or device is integrated into another
output device, such as an output screen, to provide the user with an amount of haptic feedback
in response to interaction with the output device (e.g., pressing a virtual button on the display

screen of a computing device may provide a rumble effect).

BRIEF DESCRIPTION OF THE DRAWINGS

[0004] The concepts described herein are illustrated by way of example and not by way
of limitation in the accompanying figures. For simplicity and clarity of illustration, elements
illustrated in the figures are not necessarily drawn to scale. Where considered appropriate,
reference labels have been repeated among the figures to indicate corresponding or analogous
elements.

[0005] FIG. 1 is a simplified diagram of at least one embodiment of a system for haptic
manipulation of a computing device;

[0006] FIG. 2 is a simplified block diagram of at least one embodiment of a computing
device of the system of FIG. 1;
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[0007] FIG. 3 is a simplified block diagram of at least on embodiment of a haptic
interactive device of the system of FIG. 1;

[0008] FIG. 4 is a simplified flow diagram of at least one embodiment of a method for
managing haptic manipulation that may be executed by the computing device of FIGS. 1 and 3;

[0009] FIG. 5 is a simplified flow diagram of at least one embodiment of a method for
interacting with a computing device based on haptic manipulation that may be executed by the
haptic interactive device of FIGS. 1 and 3; and

[0010] FIGS. 6-9 are simplified illustrative diagrams of corresponding outputs of the
computing device of FIG. 1 and 2 and the haptic interactive device of FIGS. 1 and 3 during
execution of the methods of FIGS. 4 and 5.

DETAILED DESCRIPTION OF THE DRAWINGS

[0011] While the concepts of the present disclosure are susceptible to various
modifications and alternative forms, specific embodiments thereof have been shown by way of
example in the drawings and will be described herein in detail. It should be understood,
however, that there is no intent to limit the concepts of the present disclosure to the particular
forms disclosed, but on the contrary, the intention is to cover all modifications, equivalents, and
alternatives consistent with the present disclosure and the appended claims.

LRI

[0012] References in the specification to “one embodiment,” “an embodiment,” “an
illustrative embodiment,” etc., indicate that the embodiment described may include a particular
feature, structure, or characteristic, but every embodiment may or may not necessarily include
that particular feature, structure, or characteristic. Moreover, such phrases are not necessarily
referring to the same embodiment. Further, when a particular feature, structure, or
characteristic is described in connection with an embodiment, it is submitted that it is within the
knowledge of one skilled in the art to effect such feature, structure, or characteristic in
connection with other embodiments whether or not explicitly described. Additionally, it should
be appreciated that items included in a list in the form of “at least one A, B, and C” can mean
(A); (B); (O): (A and B); (B and C); (A and C); or (A, B, and C). Similarly, items listed in the
form of “at least one of A, B, or C” can mean (A); (B); (C): (A and B); (B and C); (A or C); or
(A, B, and C).

[0013] The disclosed embodiments may be implemented, in some cases, in hardware,
firmware, software, or any combination thereof. The disclosed embodiments may also be
implemented as instructions carried by or stored on one or more transitory or non-transitory

machine-readable (e.g., computer-readable) storage medium, which may be read and executed
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by one or more processors. A machine-readable storage medium may be embodied as any
storage device, mechanism, or other physical structure for storing or transmitting information in
a form readable by a machine (e.g., a volatile or non-volatile memory, a media disc, or other
media device).

[0014] In the drawings, some structural or method features may be shown in specific
arrangements and/or orderings. However, it should be appreciated that such specific
arrangements and/or orderings may not be required. Rather, in some embodiments, such
features may be arranged in a different manner and/or order than shown in the illustrative
figures. Additionally, the inclusion of a structural or method feature in a particular figure is not
meant to imply that such feature is required in all embodiments and, in some embodiments, may
not be included or may be combined with other features.

[0015] Referring now to FIG. 1, a system 100 for managing haptic manipulation of a
computing device includes a computing device 102 and a haptic interactive device 104, which
communicative with each other over a communication link 106. In use, as discussed in more
detail below, the computing device 102 displays an image to a user 110 on a display 132 and
tracks the user’s 110 gaze on the image. The computing device 102 identifies an image object
of the image that has been selected by the user 110 based on the user’s 110 gaze (e.g., based on
a fixation of the user’s 110 gaze on the image object). The image object may be embodied as a
pre-defined virtual object (e.g., a virtual button or control device, a picture, or component of the
image), as an area or region of the image, or other component, sub-component, or portion of the
image. The computing device 102 generates haptic object data based on the identified image
object and transmits the haptic object data to the haptic interactive device 104. The haptic
interactive device 104 generates a haptic object based on the haptic object data to allow the user
110 to interact with the haptic object using the user’s 110 sensor of touch. The haptic
interactive device 104 also monitors the user’s 110 interaction with the haptic object and
generates user interaction data indicative of such interaction. For example, the haptic
interactive device 104 may generate user interaction data indicative of the user’s 110 deletion,
movement, rotation, flipping, or other interaction of the haptic object or a component of the
haptic object (e.g., a portion of the haptic object may be deleted or modified on the haptic
interactive device 104). The haptic interactive device 104 transmits the user interaction data to
computing device 102, which modifies or updates the image object based on the user interaction
data. For example, the computing device 102 may delete a component of the image object
based on user interaction data indicative of the user’s 110 deletion of a corresponding

component of the haptic object generated on the haptic interactive device 104. In this way, the
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user 110 may interact with the computing device 102 using the haptic interactive device 104
and the user’s 110 sense of touch, which may improve the user’s 110 efficiency because the
user 110 need not switch her gaze from the computing device 102 while manipulating the image
object via the haptic interactive device 104.

[0016] The computing device 102 may be embodied as any type of computing device
capable of tracking a user’s gaze and performing the other functions disclosed herein. For
example, the computing device 102 may be embodied as or otherwise include, without
limitation, a head-mounted display, smart eyeglasses, a smart phone, a smart watch, a computer,
a tablet computer, a laptop computer, a notebook computer, a mobile computing device, a
cellular telephone, a handset, a messaging device, a distributed computing system, a
multiprocessor system, a processor-based system, a consumer electronic device, and/or any
other computing device capable of displaying images to a user and tracking the user’s gaze. As
shown in FIG. 1, the illustrative computing device 102 includes a processor 120, an /O
subsystem 122, a memory 124, a data storage 126, a communication circuit 128, and sensors
130, which include one or more eye tracking sensors 136. Of course, the computing device 102
may include other or additional components, such as those commeonly found in a computer
(e.g., various input/output devices), in other embodiments. Additionally, in some embodiments,
one or more of the illustrative components may be incorporated in, or otherwise form a portion
of, another component. For example, the memory 124, or portions thereof, may be incorporated
in the processor 120 in some embodiments

[0017] The processor 120 may be embodied as any type of processor capable of
performing the functions described herein. For example, the processor 120 may be embodied
as a single or multi-core processor(s), a single or multi-socket processor, a digital signal
processor, a microcontroller, or other processor or processing/controlling circuit. Similarly, the
memory 124 may be embodied as any type of volatile or non-volatile memory or data storage
capable of performing the functions described herein. In operation, the memory 124 may store
various data and software used during operation of the computing device 102 such as operating
systems, applications, programs, libraries, and drivers. The memory 124 is communicatively
coupled to the processor 120 via the I/O subsystem 122, which may be embodied as circuitry
and/or components to facilitate input/output operations with the processor 120, the memory
124, and other components of the computing device 102. For example, the I/O subsystem 122
may be embodied as, or otherwise include, memory controller hubs, input/output control hubs,
firmware devices, communication links (i.e., point-to-point links, bus links, wires, cables, light

guides, printed circuit board traces, etc.) and/or other components and subsystems to facilitate
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the input/output operations. In some embodiments, the I/O subsystem 122 may form a portion
of a system-on-a-chip (SoC) and be incorporated, along with the processor 120, the memory
124, and other components of the computing device 102, on a single integrated circuit chip.
[0018] The data storage 126 may be embodied as any type of device or devices
configured for the short-term or long-term storage of data. For example, the data storage 126
may include any one or more memory devices and circuits, memory cards, hard disk drives,
solid-state drives, or other data storage devices.

[0019] The communication circuit 128 may be embodied as any communication circuit,
device, or collection thereof, capable of enabling communications between the computing
device 102 and the haptic interactive device 104. To do so, the communication circuit 128 may
be configured to use any one or more communication technology and associated protocols (e.g.,
Ethernet, Bluetooth®, Wi-Fi®, WiMAX, etc.) to effect such communication.

[0020] The sensors 130 may be embodied as any type of sensor or collection of sensors
commonly found on a computing device having the capability to track a user’s gaze. For
example, the sensors 130 include one or more eye tracking sensors 136. The eye tracking
sensor 136 may be embodied as any one or more active or passive sensors capable of
determining a direction of the user’s gaze. For example, in some embodiments, the eye
tracking sensor 136 may use active infrared emitters and infrared detectors to track the viewer’s
eye movements over time. The eye tracking sensor 136 may capture the infrared light reflected
off of various internal and external features of the viewer’s eye and thereby calculate the
direction of the viewer’s gaze. In other embodiments, the eye tracking sensor 136 may be
embodied as a video camera capable of recording the user’s eye motion. In some embodiments,
the eye tracking sensor 136 may gather eye tracking data for both of the user’s eyes to improve
tracking accuracy. In those embodiments, the eye tracking sensor 136 may use more than one
active or passive sensor components to track both of the user’s eyes. Additionally, in some
embodiments, the sensors 130 may also include two-dimensional and/or three-dimensional
cameras, microphone arrays, and/or other sensors to allow the user 110 to interact with haptic
objects generated by haptic interactive deice 104 via the computing device 102.

[0021] The display 132 may be embodied may be embodied as any type of display
capable of displaying images, data, and other information to the user 110 including, but not
limited to, a liquid crystal display (LCD), a light emitting diode (LED), a plasma display, a
cathode ray tube (CRT), or other type of display device. Additionally, the display(s) 132 may
be of any size or shape and have any suitable resolution, color, and/or have any other feature or

quality commonly found in a display. Illustratively, the display 132 is local to the computing
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device 102, but may be remote therefrom in other embodiments. In such embodiments, the
computing device 102 is communicatively coupled to the display 132 to perform the functions
described herein. Additionally, in some embodiments, some or all of the sensors 130 may be
collocated with the display 132 or located remotely from the display 132 (e.g., located in a
device separate from the display 132).

[0022] In some embodiments, the computing device 102 may further include one or
more peripheral devices 134. Such peripheral devices 134 may include any type of peripheral
device commonly found in a computer device, for example, a hardware keyboard, input/output
devices, peripheral communication devices, and/or other peripheral devices.

[0023] The haptic interactive device 104 may be embodied as any type of device
capable of generating haptic objects (e.g., contours, elevations, geometric shapes, etc.) that are
detectable by the user 110 using a sense of touch. The illustrative haptic interactive device 104
includes a processor 140, an I/O subsystem 142, a memory 144, a communication circuit 146, a
haptic controller 148, and a haptic output surface 150. The processor 140, the I/O subsystem
142, the memory 144, and the communication circuit 146 may be similar to the corresponding
components of the computing device 102, the description of which is applicable to those
components of the haptic interactive device 104 and is not repeated herein for clarify of the
description.

[0024] The haptic controller 148 of the haptic interactive device 104 may embodied as
any circuit or collection of electrical components capable of controlling operation of the haptic
output surface 150. For example, in some embodiments, the haptic controller 148 may include
a proportional-integral-derivative (PID) controller to control the actuation of the haptic output
surface 150. The haptic output surface 150 may be embodied as any type of haptic surface or
structure capable of generating tactile feedback to a user’s 110 sense of touch. To do so, the
haptic output surface 150 may utilize any suitable technology to apply a force, vibration,
motion, or physical alternation that is capable of being tactilely sensed by the user 110. For
example, in some embodiments, the haptic output surface 150 includes an array of actuators,
which are controlled by the haptic controller 148 to generate the desired tactile feedback to the
user 110. As discussed in more detail below, the haptic controller 148 is configured to control
the haptic output surface 150 based on haptic object data received from the computing device
102 to cause the haptic output surface 150 to generate a haptic object, which is capable of being
felt by the user.

[0025] In some embodiments, the haptic interactive device 104 may include additional

sensors, such as cameras and microphones, to receive user input. In such embodiments, the
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additional sensors allow the user 110 to interact with the generated haptic object in ways other
than through the sense of touch, such as via voice commands or air gestures, for example.
[0026] The communication link 106 may be embodied as any type of communication
link or connection capable of facilitating data transfers between the computing device 102 and
the haptic interactive device 104. For example, in some embodiments, the communication link
106 may be embodied as a short-ranged communication link such as, but not limited to, a
Bluetooth communication link, a Near Field Communications (NFC) link, a ZigBee®
communication link, or other short-ranged communication link. However, in other
embodiments, the communication link 106 may be embodied as a long-range communication
link such as a network link (e.g., a data network, a cellular network, the Internet, etc.).

[0027] Referring now to FIG. 2, in use, the computing device 102 may establish an
environment 200. The illustrative environment 200 includes a display module 202, an eye
tracking module 204, a haptic management module 206, and a communication module 208.
Additionally, the eye tracking module 204 may include an image object selection module 210,
and the haptic management module may include a haptic data generation module 212 and a
haptic interaction module 214. Each of the modules and other components of the environment
200 may be embodied as firmware, software, hardware, or a combination thercof. For example
the various modules, logic, and other components of the environment 200 may form a portion
of, or otherwise be established by, the processor 120, the I/O subsystem 122, an SoC, or other
hardware components of the computing device 102. As such, in some embodiments, any one or
more of the modules of the environment 200 may be embodied as a circuit or collection of
electrical devices (e.g., an eye tracking circuit, a haptic management circuit, etc.).

[0028] The display module 202 is configured to control the display 132 of the
computing device 102 to display images thereon. Such images may be embodied as any type of
images commonly displayed by computing devices including, but not limited to, game images,
application images, browser images, and/or other images. It should be appreciated that such
images may not be static in some embodiments and may be, for example, embodied as or be
included in video content. As discussed in detail below, the images displayed on the display
132 may include one or more image objects, which may be selected by the user 110 by fixating
her gaze on the desired image object. The image object of the displayed image may be
embodied as discrete virtual objects, such as a virtual button, control, item, graphic, or other
virtual construct with which the user 110 may interact. Alternatively, the image object may be

embodied as a region, sub-region, or area of the image, which may or may not include one or
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more virtual objects (e.g., the center portion of the image, the upper left corner of the image,
etc.).

[0029] In some embodiments, the image displayed on the display 132 may be embodied
as an image of the local environment of the user 110. For example, a camera of the sensors 130
may capture an image of the local environment of the user 110, which is subsequently displayed
on the display 132. In this way, the user 110 may interact with virtual representation of real-
world objects locale within the user’s 110 environment.

[0030] The eye tracking module 204 is configured to track the gaze of the user 110
using the eye tracking sensor 136. As discussed above, the eye tracking module 204 may
utilize any suitable eye tracking technology and/or methodology to track the gaze of the user
110 based on, for example, the type of eye tracking sensor 136. For example, as discussed
above, the eye tracking module 204 may track the user’s 110 gaze by analyzing tracking data
indicative of infrared light reflected off of the user’s 110 eye, by analyzing captured images of
the user’s eye, and/or the like.

[0031] The image object selection module 210 of the eye tracking module 204 is
configured to identify an image object of the image displayed on the display 132 based on the
user’s gaze. To do so, the image object selection module 210 identifies the image object based
on the location of the gaze of the user 110. The image object selection module 210 may
identify the image object as being selected by the user 110 based on a fixation of the user’s 110
gaze on the identified image object. For example, the image object selection module 210 may
infer the user’s 110 selection of the image object in response to the user’s fixation on the image
object for a reference period of time or greater. As such, the user 110 may select a particular
image object of the displayed image by looking at the image object for a certain length of time.
As discussed above, the image object may be embodied as a discrete virtual object of the image
or as aregion or area of the image displayed on the display 132 by the display module 202.
[0032] The haptic management module 206 is configured to manage the haptic
interaction of the user 110 with the computing device 102. To do so, the haptic data generation
module 212 is configured to generate haptic object data for the image object identified by the
image object selection module 210. The haptic object data may be embodied as any type of
data usable by the haptic interactive device 104 to generate a haptic object corresponding to the
selected image object. For example, if the user selects an image of a tree from an image
displayed on the display 132, the haptic data generation module 212 generates haptic object
data usable by the haptic interactive device 104 to generate a haptic representation of the tree on

the haptic output surface 150 (e.g., by generating the contours or outline of the tree image). The
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communication module 208 controls the communication circuit 128 to transmit the haptic
object data to the haptic interactive device 104 to facilitate generation of the corresponding
haptic object.

[0033] As discussed in more detail below, the user 110 is able to manipulate, modify, or
otherwise interact with the haptic object generated by the haptic interactive device 104. The
haptic interactive device 104 generates user interaction data indicative of such interaction and
transmits the user interaction data to the computing device 102. In response, the haptic
interaction module 214 of the haptic management module 206 is configured to modify or
update the image object corresponding to the haptic object based on the user interaction data.
For example, referring back to the tree example, the user 110 may interact with the haptic
interactive device 104 using her sense of touch to rotate the tree on the haptic output surface
150. In response, the haptic interaction module 214 modifies or updates the corresponding
image object of the tree by rotating the image of the tree on the image displayed on the display
132. The haptic interaction module 214 may perform any number or types of modification,
updates, or other manipulations of the image object based on the user interaction data.

[0034] Referring now to FIG. 3, in use, the haptic interactive device 104 may establish
an environment 300. The illustrative environment 300 includes a communication module 302
and a haptic presentation module 304, which includes a haptic object generation module 306
and a haptic object interaction module 308. Each of the modules and other components of the
environment 300 may be embodied as firmware, software, hardware, or a combination thereof.
For example the various modules, logic, and other components of the environment 300 may
form a portion of, or otherwise be established by, the processor 140, the I/O subsystem 142,the
haptic controller 148, an SoC, or other hardware components of the haptic interactive device
104. As such, in some embodiments, any one or more of the modules of the environment 300
may be embodied as a circuit or collection of electrical devices (e.g., a communication circuit, a
haptic object generation circuit, etc.).

[0035] The communication module 302 is configured to control the communication
circuit 146 to communicate with the computing device 102. For example, as discussed above,
the communication module 302 receives haptic object data from the computing device 102 in
response to the user selecting an image object via the user’s gaze. Additionally, the
communication module 302 transmits user interaction data indicative of the users’110
interaction with a haptic object generated by the haptic interactive device 104 to the computing

device 102.
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[0036] The haptic presentation module 304 is configured to control the haptic controller
148 and haptic output surface 150 to generate haptic objects based on the haptic object data
received from the computing device 102, monitor the user’s 110 interaction with the generated
haptic object, and generate the user interaction data indicative of the user’s interaction with the
generated object. To do so, the haptic object generation module 306 is configured to control the
haptic controller 148 to generate the haptic object on the haptic output surface 150 based on the
haptic object data. As discussed above, the haptic object data may be embodied as any type of
data usable by the haptic object generation module 306 and/or haptic controller 148 to generate
the haptic object corresponding to the selected image object. In some embodiments, the haptic
object data may be embodied as specific control instructions usable by the haptic controller 148
to control the haptic output surface 150. In other embodiments, the haptic object data may be
embodied as reference data usable by the haptic object generation module 306 to generate the
specific control instructions usable by the haptic controller 148.

[0037] The haptic object interaction module 308 is configured to monitor the user’s
interaction with the haptic object generated on the haptic output surface 150. As discussed
above, the user 110 may interact with the haptic object by, for example, moving, deleting,
rotating, shifting, flipping, or resizing the haptic object or a component of the haptic object. For
example, touch sensitive sensors of the haptic output surface 150 may sense touch inputs from
the user 110, which are interpreted by the haptic object interaction module 308 as interactions
with the haptic object. Of course, the user 110 may interact with the haptic object in other ways
in other embodiments. The haptic object interaction module 308 monitors such interaction and
generates user interaction data indicative of the user’s 110 interaction with the haptic object.
The user interaction data may be embodied as any type of data that is capable of defining or
identifying the user’s interaction. In the illustrative embodiment, the user interaction data is
embodied as data usable by the computing device 102 to modify or update the image data. As
such, the user interaction data may be embodied as, or otherwise include, spatial data, pixel
data, vector data, instruction data, raw image data, or any other type of data from which the
computing device 102 can infer or determine the user’s desired interaction with the image
object displayed on the display 132. In some embodiments, the haptic interactive device 104
may include additional sensors, such as cameras and microphones, to receive user input, thus
the user may interact with the haptic object for example through voice commands and air
gestures.

[0038] Referring now to FIG. 4, in use, the computing device 102 may execute a

method 400 for managing haptic manipulation. The method 400 begins with block 402 in
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which the computing device 102 displays an image on the display 132. As discussed above, the
image may be embodied as a still image or an image of video, streaming content, or other
moving image. In block 404, the computing device 102 tracks the gaze of the user 110. As
discussed above, the eye tracking sensor 136 of the computing device 102 may utilize any
suitable methodology to track the user’s 110 gaze. In some embodiments, the computing
device 102 may provide a visual feedback to the user 110 that is indicative of the current area or
location of the image at which the user is looking. For example, the computing device 102 may
display a circle or other indicator on the image, highlight or colorize an image object of the
image, or otherwise provide an indication to the user 110 of the location at which the user is
currently looking or otherwise fixated on.

[0039] In block 408, the computing device 102 determines whether the user 110 has
selected an image object. To do so, as discussed above, the computing device 102 may
determine whether the gaze of the user 110 is fixated on an image object of the image displayed
on the display 132. As discussed above, the image object may be embodied as a discrete virtual
object, feature, or structure or may be embodied as a region or area of the image. In some
embodiments, the computing device 102 may determine that the user 110 desires to select a
particular image object in response to the user fixating her gaze on the image object for a
reference threshold of time (e.g., the user 110 may select an image object by staring at the
object for two or more seconds or some other temporal threshold). If the computing device 102
determines that the user 110 has not selected an image object, the method 400 loops back to
block 404 in which the computing device 102 continues to track the user’s gaze.

[0040] If, however, the computing device 102 determines that the user has selected an
image object of the image based on the user’s 110 gaze, the method 400 advances to block 410
in which the computing device 102 generates haptic object data based on the selected image
object. As discussed above, the haptic object data may be embodied as any type of data usable
by the haptic interactive device 104 to generate a haptic object corresponding to the selected
image object. In block 412, the computing device 102 transmits the haptic object data to the
haptic interactive device 104. The method 400 subsequently loops back to block 404 in which
the computing device 102 continues to monitor the user’s gaze for selection of a different image
object of the image displayed on the display 132.

[0041] After the computing device 102 has transmitted the haptic object data in block
412, the method 400 additionally advances to block 414 in which the computing device 102

monitors the user’s 110 interaction with the haptic interactive device 104. It should be
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appreciated that block 414 may be executed in parallel or otherwise contemporaneously with
the execution of block 404.

[0042] To monitor the user’s 110 interaction with the haptic interactive device 104, the
computing device 102 may execute a sub-method 416. The sub-method 416 begins with block
418 in which the computing device 102 monitors for communications from the haptic
interactive device 104. As discussed above, the haptic interactive device 104 transmits user
interaction data indicative of the user’s 110 interaction with the haptic object generated on the
haptic interactive device 104. If the computing device 102 has not received any
communications from the haptic interactive device 104, the sub-method 416 loops back to
block 418 to continue monitoring for communications from the haptic interactive device 104.
However, if the computing device 102 determines communications have been received from the
haptic interactive device 104, the sub-method 416 advances to block 420 in which the
computing device 102 receives the user interaction data transmitted by the haptic interactive
device 104.

[0043] In block 422, the computing device 102 updates or modifies the selected image
object based on the received user interaction data. As discussed above, the user interaction data
may be indicative of any kind of interaction of the user 110 with the haptic object, which can be
applied to the image object. For example, if the user interaction data indicates that the user has
moved the haptic object, the computing device 102 moves the image object in block 422.
Similarly, if the user interaction data indicates the user has deleted a portion of the haptic
object, the computing device 102 deletes a corresponding portion of the image object in block
422. In this way, the user can modify or interact with an image object displayed on the display
132 via use of the haptic interactive device 104.

[0044] Referring now to FIG. 5, in use, the haptic interactive device 104 may execute a
method 500 for interacting with the computing device 102 based on haptic manipulation. The
method 500 begins with block 502 in which the haptic interactive device 104 determines
whether any haptic object data has been received from the computing device 102. As discussed
above, the haptic object data may be embodied as any type of data from which the haptic
interactive device 104 may generate a haptic object corresponding to an image object selected
by the user 110. If no communication has been received from the computing device 102, the
method 500 loops back to block 502 in which the haptic interactive device 104 continues
monitoring for haptic object data from the computing device 102.

[0045] If, however, haptic object data has been received from the computing device 102

in block 502, the method 500 advances to block 504 in which the haptic interactive device 104
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generates a haptic object based on the received haptic object data. To do so, as discussed
above, the haptic presentation module 304 and/or haptic controller 148 may control the haptic
output surface 150 to generate the haptic object corresponding to the selected image object
based on the received haptic object data. Again, as discussed above, the haptic object data may
be embodied as specific control instructions usable by the haptic controller 148 to control the
haptic output surface 150 and/or as reference data usable by the haptic object generation
module 306 to generate the specific control instructions usable by the haptic controller 148.
[0046] After the corresponding haptic object has been generated on the haptic output
surface 150, the method 500 advances to block 506 in which the haptic interactive device 104
monitors for interaction with the haptic object by the user 110. As discussed above, the user
110 may interact with the haptic object in any way including, but not limited to, moving,
deleting, rotating, shifting, flipping, or resizing the haptic object or a component of the haptic
object. If no user interaction is detected by the haptic interactive device 104, the method 500
loops back to block 506 in which the haptic interactive device 104 continues to monitor for user
interaction.

[0047] If, however, the haptic interactive device 104 determines that the user has
interacted with the haptic object in block 506, the method 500 advances to block 508 in which
the haptic interactive device 104 generates user interaction data based on the user’s 110
interaction. Again, as discussed above, the user interaction data may be embodied as any type
of data that is capable of defining or identifying the user’s interaction. For example, the user
interaction data is embodied as data usable by the computing device 102 to modify or update
the image object and may be embodied as, or otherwise include, spatial data, pixel data, vector
data, instruction data, raw image data, or any other type of data from which the computing
device 102 can infer or determine the user’s desired interaction with the image object displayed
on the display 132 as discussed above.

[0048] Subsequently, in block 510, the haptic interactive device 104 transmits the user
interaction data generated in block 508 to the computing device 102 in block 510. In block 512,
the haptic interactive device 104 determines whether a new haptic object data has been received
from the computing device 102. If not, the method 500 loops back to block 506 in which the
haptic interactive device 104 continues to monitor for further user interaction with the present
haptic object. If, however, new haptic object data has been received, the method 500 loops
back to block 504 in which the haptic interactive device 104 generates a new haptic object
based on the new haptic object data. In this way, the haptic interactive device 104 may update

or change the generated haptic object based on the currently selected image object of the user.
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[0049] Referring now to FIGS. 6-9, example outputs of the computing device 102 and
that haptic interactive device 104 during execution of the methods 400 and 500 are shown. In
FIG. 6, the computing device 102 has displayed an image 600 on the display 132. The image
600 illustratively includes a set of three image objects 602, 604, 606. Image object 602 is an
illustrative picture of a dog, the image object 604 is an illustrative picture of a child, and the
image object 606 is an illustrative picture of a hat. It should be appreciated that although each
of the illustrative image objects 602, 604, 606 are embodied as discrete virtual objects, the
image objects 602, 604, 606 may be embodied as regions or areas of the image 600 in other
embodiments as discussed above.

[0050] The user 110 may select one of the image objects 602, 604, 606 by fixating her
gaze on the desired image object 602, 604, 606 as discussed above. In some embodiments, the
computing device 102 may highlight or provide some other form of visual feedback to the user
110 to indicate which image object 602, 604, 606 the user has selected and/or is currently
looking at.

[0051] In the illustrative example, the user 110 has selected image object 602 by
fixating her gaze on the image object 602. In response, the computing device 102 generates
haptic object data corresponding to the selected image object 602 and transmits the haptic
object data to the haptic interactive device 104. The haptic interactive device 104 subsequently
generates a haptic object 700 on the haptic output surface 150 based on the received haptic
object data. As discussed above, the haptic object 700 is a haptic representation of the selected
image object 602, which the user 110 is capable of sensing via touching the haptic output
surface 150.

[0052] The haptic interactive device 104 monitors the user’s 110 interaction with the
haptic object 700. As discussed above, the user 110 may manipulate the haptic object 700 in
any traditional way (e.g., moving, deleting, resizing, rotating, flipping, etc.). In the illustrative
example, the user 110 has deleted a portion of the tail of the dog represented in the haptic object
700 as shown in FIG. 8. In response, the haptic interactive device 104 generates user
interaction data indicative of the user’s 110 deletion or removal of the tail of the dog and
transmits the user interaction data to the computing device 102.

[0053] The computing device 102 receives the user interaction data from the haptic
interactive device 104 and updates the image object 602 based on the user interaction data. For
example, as shown in FIG. 9, the computing device 102 has updated the image object 602 to

reflect the removal of the dog’s tail represented in the image object 602. In this way, a user of
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the computing device 102 and haptic interactive device 104 can interact with the computing

device 102 via haptic manipulation of haptic objects.

EXAMPLES

[0054] Hlustrative examples of the devices, systems, and methods disclosed herein are
provided below. An embeodiment of the devices, systems, and methods may include any one or
more, and any combination of, the examples described below.

[0055] Example 1 includes a computing device for managing haptic manipulation, the
computing device comprising a display, a display module to display an image on the display; an
eye tracking module to track a user’s gaze on the image and identify an image object of the
image based on the user’s gaze; a haptic management module to generate haptic object data
based on the image object, wherein the haptic object data is to enable a haptic interactive device
to generate a haptic object representation of the image object; and a communication module to
transmit the haptic object data to the haptic interactive device to facilitate generation of the
haptic object based on the haptic object data.

[0056] Example 2 includes the subject matter of Example 1, and wherein the haptic
management module is further to monitor the user’s interaction with the haptic object.

[0057] Example 3 includes the subject matter of any of Examples 1 and 2, and wherein
to monitor the user’s interaction with the haptic object comprises to receive user interaction
data from the haptic interactive device, wherein the user interaction data is indicative of a user’s
interaction with the haptic object on the haptic interactive device; and modify the image object
of the image displayed on the display based on the user interaction data,

[0058] Example 4 includes the subject matter of any of Examples 1-3, and wherein to
modify the image object comprises to delete a component of the image object of the image
displayed on the display, move the image object on the image displayed on the display, delete
the image object from the image displayed on the display, change an orientation of the image
object of the image displayed on the display, flip the image object on the image displayed of the
image displayed on the display, resize the image object of the image displayed on the display,
or rotate the image object of the image displayed on the display.

[0059] Example S includes the subject matter of any of Examples 1-4, and wherein the
user interaction data is indicative of a user’s selection of a component of the haptic object and
wherein to modify the image object comprises to modify a component of the image object

corresponding to the selected component of the haptic object.

-15 -



WO 2016/105716 PCT/US2015/061603

[0060] Example 6 includes the subject matter of any of Examples 1-5, and wherein to
monitor the user’s interaction with the haptic object comprises to receive user interaction data
from the haptic interactive device, wherein the user interaction data is indicative of movement
of the haptic object on the haptic interactive device; and interpret a user’s interaction with the
image object based on the movement of the haptic object.

[0061] Example 7 includes the subject matter of any of Examples 1-6, and wherein the
image object comprises a region of the image.

[0062] Example 8§ includes the subject matter of any of Examples 1-7, and wherein to
identify the image object of the image comprises to identify an image object of the image based
on a fixation of the user’s gaze on the image object.

[0063] Example 9 includes the subject matter of any of Examples 1-8, and wherein to
identify the image object based on the fixation of the user’s gaze comprises to identify the
image object based on a length of time for which the user’s gaze is fixated on the image object.
[0064] Example 10 includes the subject matter of any of Examples 1-9, and wherein to
display an image comprises to display an image comprising a plurality of image objects; and to
identify an image object of the image comprises to identify a selected image object of the
plurality of image objects based on a fixation of the user’s gaze on the selected image object.
[0065] Example 11 includes the subject matter of any of Examples 1-10, and wherein
the eye tracking module is further to provide visual feedback of the identified image object to
the user.

[0066] Example 12 includes the subject matter of any of Examples 1-11, and wherein
the eye tracking module is to highlight the identified image object on display of the computing
device to provide the visual feedback.

[0067] Example 13 includes the subject matter of any of Examples 1-12, and wherein to
identify an image object of the image comprises to identify a first image object and a second
image object of the image based on the user’s gaze; generate haptic object data based on the
image object comprises to generate first haptic object data and second haptic object data,
wherein the first haptic object data is to enable the haptic interactive device to generate a first
haptic object representation of the first image object and the second haptic object data is to
enable the haptic interactive device to generate a second haptic object representation of the
second image object; and transmit the haptic object data comprises to transmit the first haptic
object data and the second haptic object data to the haptic interactive device to facilitate

generation of the first haptic object and the second haptic object.
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[0068] Example 14 includes the subject matter of any of Examples 1-13, and wherein
the haptic management module is further to receive user interaction data from the haptic
interactive device, wherein the user interaction data is indicative of a user’s rearrangement of
the relative location of the first haptic object and the second haptic object on the haptic
interactive device, and interpret a user’s interaction with the first image object or the second
image object based on the rearrangement of the relative location of the first haptic object and
the second haptic object.

[0069] Example 15 includes a haptic interactive device for interacting with a computing
device based on haptic manipulation, the haptic interactive device comprising a haptic output
surface; a communication module to receive haptic object data from a computing device in
response to a user’s gaze fixation on a corresponding image object of an image displayed by the
computing device; a haptic presentation module to generate a haptic object on the haptic output
surface based on the haptic object data, wherein the haptic object comprises a haptic object
representation of the image object and generate user interaction data based on the user’s
interaction with the haptic object; wherein the communication module is further to transmit, to
the computing device, the user interaction data indicative of the user’s interaction with the
haptic object.

[0070] Example 16 includes the subject matter of Example 15, and wherein to generate
the user interaction data comprises to generate user interaction data indicative of the user’s
intention to delete a component of the image object, move the image object, delete the image
object, modify an orientation of the image object, flip the image object, resize the image object,
or rotate the image object.

[0071] Example 17 includes the subject matter of any of Examples 15 and 16, and
wherein to generate user interaction data comprises to generate user interaction data indicative
of the user’s selection of a component of the haptic object.

[0072] Example 18 includes the subject matter of any of Examples 15-17, and wherein
the haptic object data corresponds to a region of the image displayed by the computing device.
[0073] Example 19 includes the subject matter of any of Examples 15-18, and wherein
to receive haptic object data comprises to receive first haptic object data and second haptic
object data from the computing device in response to the user’s gaze fixation on a first image
object and a second image object, wherein the first haptic object data corresponds to the first
image object and the second haptic object data corresponds to the second image object, generate
a haptic object comprises to generate a first haptic object based on the first haptic object data

and second haptic object based on the second haptic object data, wherein the first haptic object
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comprises a haptic object representation of the first image object and the second haptic object
comprises a haptic object representation of the second image object.

[0074] Example 20 includes the subject matter of any of Examples 15-19, and wherein
to generate user interaction data comprises to generate user interaction data indicative of the
user’s rearrangement of the first haptic object and the second haptic object on the haptic
interactive device.

[0075] Example 21 includes a method for managing haptic manipulation of a computing
device, the method comprising displaying, by the computing device, an image on a display of
the computing device; tracking, by the computing device, a user’s gaze on the image;
identifying, by the computing device, an image object of the image based on the user’s gaze;
generating, by the computing device, haptic object data based on the image object, wherein the
haptic object data is to enable a haptic interactive device to generate a haptic object
representation of the image object; and transmitting the haptic object data to the haptic
interactive device to facilitate generation of the haptic object based on the haptic object data.
[0076] Example 22 includes the subject matter of Example 21, and further including
monitoring, by the computing device, the user’s interaction with the haptic object.

[0077] Example 23 includes the subject matter of any of Examples 21 and 22, and
wherein monitoring the user’s interaction with the haptic object comprises receiving user
interaction data from the haptic interactive device, wherein the user interaction data is
indicative of a user’s interaction with the haptic object on the haptic interactive device; and
modifying the image object of the image displayed on the display based on the user interaction
data.

[0078] Example 24 includes the subject matter of any of Examples 21-23, and wherein
modifying the image object comprises at least one of deleting a component of the image object
of the image displayed on the display, moving the image object on the image displayed on the
display, deleting the image object from the image displayed on the display, changing an
orientation of the image object of the image displayed on the display, flipping the image object
on the image displayed of the image displayed on the display, resizing the image object of the
image displayed on the display, or rotating the image object of the image displayed on the
display.

[0079] Example 25 includes the subject matter of any of Examples 21-24, and wherein
the user interaction data is indicative of a user’s selection of a component of the haptic object
and wherein modifying the image object comprises modifying a component of the image object

corresponding to the selected component of the haptic object.
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[0080] Example 26 includes the subject matter of any of Examples 21-25, and wherein
monitoring the user’s interaction with the haptic object comprises receiving user interaction
data from the haptic interactive device, wherein the user interaction data is indicative of
movement of the haptic object on the haptic interactive device; and interpreting a user’s
interaction with the image object based on the movement of the haptic object.

[0081] Example 27 includes the subject matter of any of Examples 21-26, and wherein
the image object comprises a region of the image.

[0082] Example 28 includes the subject matter of any of Examples 21-27, and wherein
identifying the image object of the image comprises identifying an image object of the image
based on a fixation of the user’s gaze on the image object.

[0083] Example 29 includes the subject matter of any of Examples 21-28, and wherein
identifying the image object based on the fixation of the user’s gaze comprises identifying the
image object based on a length of time for which the user’s gaze is fixated on the image object.
[0084] Example 30 includes the subject matter of any of Examples 21-29, and wherein
displaying an image comprises displaying an image comprising a plurality of image objects;
and identifying an image object of the image comprises identifying a selected image object of

the plurality of image objects based on a fixation of the user’s gaze on the selected image

object.

[0085] Example 31 includes the subject matter of any of Examples 21-30, and further
including providing, by the computing device, visual feedback of the identified image object to
the user.

[0086] Example 32 includes the subject matter of any of Examples 21-31, and wherein

providing visual feedback comprises highlighting the identified image object on display of the
computing device.

[0087] Example 33 includes the subject matter of any of Examples 21-32, and wherein
identifying an image object of the image comprises identifying a first image object and a second
image object of the image based on the user’s gaze; generating haptic object data based on the
image object comprises generating first haptic object data and second haptic object data,
wherein the first haptic object data is to enable the haptic interactive device to generate a first
haptic object representation of the first image object and the second haptic object data is to
enable the haptic interactive device to generate a second haptic object representation of the
second image object; and transmitting the haptic object data comprises transmitting the first
haptic object data and the second haptic object data to the haptic interactive device to facilitate

generation of the first haptic object and the second haptic object.
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[0088] Example 34 includes the subject matter of any of Examples 21-33, and further
including receiving user interaction data from the haptic interactive device, wherein the user
interaction data is indicative of a user’s rearrangement of the relative location of the first haptic
object and the second haptic object on the haptic interactive device, and interpreting a user’s
interaction with the first image object or the second image object based on the rearrangement of
the relative location of the first haptic object and the second haptic object.

[0089] Example 35 includes a method for interacting with a computing device based on
haptic manipulation, the method comprising receiving, by a haptic interactive device, haptic
object data from a computing device in response to a user’'s gaze fixation on a corresponding
image object of an image displayed by the computing device; generating, by the haptic
interactive device, a haptic object based on the haptic object data, wherein the haptic object
comprises a haptic object representation of the image object; generating, by the haptic
interactive device, user interaction data based on the user’s interaction with the haptic object;
and transmitting, by the haptic interactive device and to the computing device, user interaction
data indicative of the user’s interaction with the haptic object.

[0090] Example 36 includes the subject matter of Example 35, and wherein generating
the user interaction data comprises generating user interaction data indicative of the user’s
intention to delete a component of the image object, move the image object, delete the image
object, modify an orientation of the image object, flip the image object, resize the image object,
or rotate the image object.

[0091] Example 37 includes the subject matter of any of Examples 35 and 36, and
wherein generating user interaction data comprises generating user interaction data indicative of
the user’s selection of a component of the haptic object.

[0092] Example 38 includes the subject matter of any of Examples 35-37, and wherein
the haptic object data corresponds to a region of the image displayed by the computing device.
[0093] Example 39 includes the subject matter of any of Examples 35-38, and wherein
receiving haptic object data comprises receiving first haptic object data and second haptic
object data from the computing device in response to the user’s gaze fixation on a first image
object and a second image object, wherein the first haptic object data corresponds to the first
image object and the second haptic object data corresponds to the second image object,
generating a haptic object comprises generating a first haptic object based on the first haptic
object data and second haptic object based on the second haptic object data, wherein the first
haptic object comprises a haptic object representation of the first image object and the second

haptic object comprises a haptic object representation of the second image object.
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[0094] Example 40 includes the subject matter of any of Examples 35-39, and wherein
generating user interaction data comprises generating user interaction data indicative of the
user’s rearrangement of the first haptic object and the second haptic object on the haptic
interactive device.

[0095] Example 41 includes one or more machine readable storage media comprising a
plurality of instructions stored thereon that in response to execution cause a computing device
to perform the method of any of Examples 21-40.

[0096] Example 42 includes a computing device for managing haptic manipulation, the
computing device comprising means for displaying an image on a display of the computing
device; means for tracking a user’s gaze on the image; means for identifying an image object of
the image based on the user’s gaze; means for generating haptic object data based on the image
object, wherein the haptic object data is to enable a haptic interactive device to generate a haptic
object representation of the image object; and means for transmitting the haptic object data to
the haptic interactive device to facilitate generation of the haptic object based on the haptic
object data.

[0097] Example 43 includes the subject matter of Example 42, and further including
means for monitoring the user’s interaction with the haptic object.

[0098] Example 44 includes the subject matter of any of Examples 42 and 43, and
wherein the means for monitoring the user’s interaction with the haptic object comprises means
for receiving user interaction data from the haptic interactive device, wherein the user
interaction data is indicative of a user’s interaction with the haptic object on the haptic
interactive device; and means for modifying the image object of the image displayed on the
display based on the user interaction data.

[0099] Example 45 includes the subject matter of any of Examples 42-44, and wherein
the means for modifying the image object comprises at least one of means for deleting a
component of the image object of the image displayed on the display, means for moving the
image object on the image displayed on the display, means for deleting the image object from
the image displayed on the display, means for changing an orientation of the image object of the
image displayed on the display, means for flipping the image object on the image displayed of
the image displayed on the display, means for resizing the image object of the image displayed
on the display, or means for rotating the image object of the image displayed on the display.
[00100] Example 46 includes the subject matter of any of Examples 42-45, and wherein

the user interaction data is indicative of a user’s selection of a component of the haptic object
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and wherein the means for modifying the image object comprises means for modifying a
component of the image object corresponding to the selected component of the haptic object.
[00101] Example 47 includes the subject matter of any of Examples 42-46, and wherein
the means for monitoring the user’s interaction with the haptic object comprises means for
receiving user interaction data from the haptic interactive device, wherein the user interaction
data is indicative of movement of the haptic object on the haptic interactive device; and means
for interpreting a user’s interaction with the image object based on the movement of the haptic
object.

[00102] Example 48 includes the subject matter of any of Examples 42-47, and wherein
the image object comprises a region of the image.

[00103] Example 49 includes the subject matter of any of Examples 42-48, and wherein
the means for identifying the image object of the image comprises means for identifying an
image object of the image based on a fixation of the user’s gaze on the image object.

[00104] Example 50 includes the subject matter of any of Examples 42-49, and wherein
the means for identifying the image object based on the fixation of the user’s gaze comprises
means for identifying the image object based on a length of time for which the user’s gaze is
fixated on the image object.

[00105] Example 51 includes the subject matter of any of Examples 42-50, and wherein
the means for displaying an image comprises means for displaying an image comprising a
plurality of image objects; and the means for identifying an image object of the image
comprises means for identifying a selected image object of the plurality of image objects based
on a fixation of the user’s gaze on the selected image object.

[00106] Example 52 includes the subject matter of any of Examples 42-51, and further
including means for providing visual feedback of the identified image object to the user.
[00107] Example 53 includes the subject matter of any of Examples 42-52, and wherein
the means for providing visual feedback comprises means for highlighting the identified image
object on display of the computing device.

[00108] Example 54 includes the subject matter of any of Examples 42-53, and wherein
the means for identifying an image object of the image comprises means for identifying a first
image object and a second image object of the image based on the user’s gaze; the means for
generating haptic object data based on the image object comprises means for generating first
haptic object data and second haptic object data, wherein the first haptic object data is to enable
the haptic interactive device to generate a first haptic object representation of the first image

object and the second haptic object data is to enable the haptic interactive device to generate a
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second haptic object representation of the second image object; and the means for transmitting
the haptic object data comprises means for transmitting the first haptic object data and the
second haptic object data to the haptic interactive device to facilitate generation of the first
haptic object and the second haptic object.

[00109] Example 55 includes the subject matter of any of Examples 42-54, and further
including means for receiving user interaction data from the haptic interactive device, wherein
the user interaction data is indicative of a user’s rearrangement of the relative location of the
first haptic object and the second haptic object on the haptic interactive device, and means for
interpreting a user’s interaction with the first image object or the second image object based on
the rearrangement of the relative location of the first haptic object and the second haptic object.
[00110] Example 56 includes a haptic interactive device for interacting with a computing
device based on haptic manipulation, the haptic interactive device comprising means for
receiving haptic object data from a computing device in response to a user’s gaze fixation on a
corresponding image object of an image displayed by the computing device; means for
generating a haptic object based on the haptic object data, wherein the haptic object comprises a
haptic object representation of the image object; means for generating user interaction data
based on the user’s interaction with the haptic object; and means for transmitting, to the
computing device, user interaction data indicative of the user’s interaction with the haptic
object.

[00111] Example 57 includes the subject matter of Example 56, and wherein the means
for generating the user interaction data comprises means for generating user interaction data
indicative of the user’s intention to delete a component of the image object, move the image
object, delete the image object, modify an orientation of the image object, flip the image object,
resize the image object, or rotate the image object.

[00112] Example 58 includes the subject matter of any of Examples 56 and 57, and
wherein the means for generating user interaction data comprises means for generating user
interaction data indicative of the user’s selection of a component of the haptic object.

[00113] Example 59 includes the subject matter of any of Examples 56-58, and wherein
the haptic object data corresponds to a region of the image displayed by the computing device.
[00114] Example 60 includes the subject matter of any of Examples 56-59, and wherein
the means for receiving haptic object data comprises means for receiving first haptic object data
and second haptic object data from the computing device in response to the user’s gaze fixation
on a first image object and a second image object, wherein the first haptic object data

corresponds to the first image object and the second haptic object data corresponds to the
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second image object, the means for generating a haptic object comprises means for generating a
first haptic object based on the first haptic object data and second haptic object based on the
second haptic object data, wherein the first haptic object comprises a haptic object
representation of the first image object and the second haptic object comprises a haptic object
representation of the second image object.

[00115] Example 61 includes the subject matter of any of Examples 56-60, and wherein
the means for generating user interaction data comprises means for generating user interaction
data indicative of the user’s rearrangement of the first haptic object and the second haptic object

on the haptic interactive device.
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WHAT IS CLAIMED IS:
1. A computing device for managing haptic manipulation, the computing device
comprising:
a display,

a display module to display an image on the display;

an eye tracking module to track a user’s gaze on the image and identify an image
object of the image based on the user’s gaze;

a haptic management module to generate haptic object data based on the image
object, wherein the haptic object data is to enable a haptic interactive device to generate a haptic
object representation of the image object; and

a communication module to transmit the haptic object data to the haptic

interactive device to facilitate generation of the haptic object based on the haptic object data.

2. The computing device of claim 1, wherein the haptic management module is

further to monitor the user’s interaction with the haptic object.

3. The computing device of claim 2, wherein to monitor the user’s interaction with
the haptic object comprises to:
receive user interaction data from the haptic interactive device, wherein the user
interaction data is indicative of a user’s interaction with the haptic object on the haptic
interactive device; and
modify the image object of the image displayed on the display based on the user

interaction data.

4. The computing device of claim 3, wherein the user interaction data is indicative
of a user’s selection of a component of the haptic object and wherein to modify the image
object comprises to modify a component of the image object corresponding to the selected

component of the haptic object.

5. The computing device of claim 2, wherein to monitor the user’s interaction with

the haptic object comprises to:
receive user interaction data from the haptic interactive device, wherein the user
interaction data is indicative of movement of the haptic object on the haptic interactive device;

and
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interpret a user’s interaction with the image object based on the movement of the

haptic object.

6. The computing device of any of claims 1-5, wherein the image object comprises

a region of the image.

7. The computing device of any of claims 1-3, wherein to identify the image object
of the image comprises to identify an image object of the image based on a fixation of the

user’s gaze on the image object.

8. The computing device of any of claims 1-5, wherein the eye tracking module is

further to provide visual feedback of the identified image object to the user.

9. A haptic interactive device for interacting with a computing device based on
haptic manipulation, the haptic interactive device comprising:

a haptic output surface;

a communication module to receive haptic object data from a computing device
in response to a user’s gaze fixation on a corresponding image object of an image displayed by
the computing device;

a haptic presentation module to generate a haptic object on the haptic output
surface based on the haptic object data, wherein the haptic object comprises a haptic object
representation of the image object and generate user interaction data based on the user’s
interaction with the haptic object;

wherein the communication module is further to transmit, to the computing

device, the user interaction data indicative of the user’s interaction with the haptic object.

10. The haptic interactive device of claim 9, wherein to generate user interaction
data comprises to generate user interaction data indicative of the user’s selection of a

component of the haptic object.

11. The haptic interactive device of any of claims 9-10, wherein the haptic object

data corresponds to a region of the image displayed by the computing device.

12. The haptic interactive device of any of claims 9-10, wherein to:
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receive haptic object data comprises to receive first haptic object data and
second haptic object data from the computing device in response to the user’s gaze fixation on a
first image object and a second image object, wherein the first haptic object data corresponds to
the first image object and the second haptic object data corresponds to the second image object,

generate a haptic object comprises to generate a first haptic object based on the
first haptic object data and second haptic object based on the second haptic object data, wherein
the first haptic object comprises a haptic object representation of the first image object and the

second haptic object comprises a haptic object representation of the second image object,

13. The haptic interactive device of any of claims 12, wherein to generate user
interaction data comprises to generate user interaction data indicative of the user’s

rearrangement of the first haptic object and the second haptic object on the haptic interactive

device.
14. A method for managing haptic manipulation of a computing device, the method

comprising:

displaying, by the computing device, an image on a display of the computing
device;

tracking, by the computing device, a user’s gaze on the image;

identifying, by the computing device, an image object of the image based on the
user’s gaze;

generating, by the computing device, haptic object data based on the image
object, wherein the haptic object data is to enable a haptic interactive device to generate a haptic
object representation of the image object; and

transmitting the haptic object data to the haptic interactive device to facilitate

generation of the haptic object based on the haptic object data.

15. The method of claim 14, further comprising monitoring, by the computing

device, the user’s interaction with the haptic object.

16. The method of claim 15, wherein monitoring the user’s interaction with the

haptic object comprises:
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receiving user interaction data from the haptic interactive device, wherein the
user interaction data is indicative of a user’s interaction with the haptic object on the haptic
interactive device; and

modifying the image object of the image displayed on the display based on the

user interaction data.

17. The method of claim 14, wherein the image object comprises a region of the

image.

18. The method of claim 14, further comprising providing, by the computing device,

visual feedback of the identified image object to the user.

19. A method for interacting with a computing device based on haptic manipulation,

the method comprising:

receiving, by a haptic interactive device, haptic object data from a computing
device in response to a user’s gaze fixation on a corresponding image object of an image
displayed by the computing device;

generating, by the haptic interactive device, a haptic object based on the haptic
object data, wherein the haptic object comprises a haptic object representation of the image
object;

generating, by the haptic interactive device, user interaction data based on the
user’s interaction with the haptic object; and

transmitting, by the haptic interactive device and to the computing device, user

interaction data indicative of the user’s interaction with the haptic object.

20. The method of claim 19, wherein generating user interaction data comprises
generating user interaction data indicative of the user’s selection of a component of the haptic

object.

21. The method of claim 19, wherein the haptic object data corresponds to a region

of the image displayed by the computing device.

22. The method of claim 19, wherein:
receiving haptic object data comprises receiving first haptic object data and

second haptic object data from the computing device in response to the user’s gaze fixation on a
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first image object and a second image object, wherein the first haptic object data corresponds to
the first image object and the second haptic object data corresponds to the second image object,
generating a haptic object comprises generating a first haptic object based on the
first haptic object data and second haptic object based on the second haptic object data, wherein
the first haptic object comprises a haptic object representation of the first image object and the

second haptic object comprises a haptic object representation of the second image object.

23. The method of claim 22, wherein generating user interaction data comprises
generating user interaction data indicative of the user’s rearrangement of the first haptic object

and the second haptic object on the haptic interactive device.

24. One or more machine readable storage media comprising a plurality of
instructions stored thereon that in response to execution cause a computing device to perform

the method of any of claims 14-23.

25. A device for managing haptic manipulation, the device comprising means for

performing the method of any of claims 14-23.
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